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Abstract

COVID-19 is currently the third leading cause of death in the United States, and unvaccinated people continue to die in high
numbers. Vaccine hesitancy and vaccine refusal are fueled by COVID-19 misinformation and disinformation on social media
platforms. This online COVID-19 infodemic has deadly consequences. In this editorial, the authors examine the roles that social
media companies play in the COVID-19 infodemic and their obligations to end it. They describe how fake news about the virus
developed on social media and acknowledge the initially muted response by the scientific community to counteract misinformation.
The authors then challenge social media companies to better mitigate the COVID-19 infodemic, describing legal and ethical
imperatives to do so. They close with recommendations for better partnerships with community influencers and implementation
scientists, and they provide the next steps for all readers to consider. This guest editorial accompanies the Journal of Medical
Internet Research special theme issue, “Social Media, Ethics, and COVID-19 Misinformation.”

(J Med Internet Res 2022;24(2):e35552)   doi:10.2196/35552
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The COVID-19 Infodemic

The COVID-19 pandemic continues to have a substantial impact
worldwide, with over 266 million diagnosed cases and over 5
million deaths [1]. In 2021, depending on the month, COVID-19
was either the first, second, or third leading cause of death in
the United States, alongside heart disease and cancer [2]. People
are still dying from COVID-19 despite a vaccine surplus in
wealthy countries, public health interventions to curb viral
transmission, new therapeutic options, and the heroic efforts of

frontline care providers. Why? Although we initially focused
on a deadly and contagious virus, we were simultaneously
overwhelmed by the deadly and contagious impact of online
misinformation and disinformation about that virus [3]. Much
like the COVID-19 pandemic itself, we face a widespread
disease with long-term consequences: the COVID-19 infodemic.

The World Health Organization defines an infodemic as “too
much information or false and misleading information” that
“causes confusion, risk taking behaviors...and mistrust of health
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officials” [4]. The United Nations Educational, Scientific, and
Cultural Organization considers fake news a general term for
false information that can be further defined by intentionality
[5]. Misinformation consists of “information that is false but
not created with the intention of causing harm,” whereas
disinformation is “information that is false and deliberately
created to harm a person, social group, organisation, or country”
often orchestrated with financial or political motives [5]. Both
are prevalent across all social media platforms [6]. Together,
these serve to undermine trust in governmental interventions,
public health responses, expert guidance, and scientific facts
about COVID-19 [7,8]. Accordingly, we define the COVID-19
infodemic as the overwhelming amount of complex and often
contradictory information available about COVID-19, inclusive
of substantial fake news about the origins of the virus, treatment
options unsupported by rigorous clinical data, and baseless
claims regarding adverse effects of lifesaving vaccines; these
false narratives may be spread by authoritative institutions or
influencers who are otherwise thought to be trustworthy, and
they play a substantial role in shaping views and influencing
human behaviors that can lead to poor health outcomes.

The clinical impact of the COVID-19 infodemic is profound.
Effective strategies such as masking and social distancing have
been undermined to the detriment of those at greatest risk. With
several effective vaccines now available for SARS-CoV-2,
vaccine hesitancy and vaccine refusal—two distinct problems
with different causes and different solutions—have become
major issues. Vaccine hesitancy is prolonged deliberation or
delay in accepting vaccination, even when supply is ample; this
differs from vaccine refusal, which is defined by the specific
intent not to vaccinate, similar to the “anti-vax” movement
adherents, in which people refuse all vaccines including
childhood vaccinations. Both vaccine hesitancy and refusal are
fueled by misinformation on social media, and vaccine
misinformation that initially manifests offline can quickly spread
to social media platforms; the misinformation exchange is
bidirectional [9]. In fact, the US Surgeon General warned in
2021 that misinformation is the greatest threat to COVID-19
vaccination efforts [10]. COVID-19 misinformation and
disinformation on social media increases vaccine hesitancy,
lowers vaccination rates, and causes preventable deaths,
especially among certain demographic populations [11,12]. The
COVID-19 infodemic remains deadly, and we must act.

To address this, the Stanford University Ethics, Society, and
Technology Hub and the Stanford Department of Emergency

Medicine cosponsored INFODEMIC: A Stanford Conference
on Social Media and COVID-19 Misinformation. INFODEMIC
convened experts from the fields of social media, medicine,
public health, and biomedical ethics with a goal of identifying
new best practices to combat COVID-19 misinformation online
[13]. The corresponding Journal of Medical Information
Research theme issue, “Social Media, Ethics, and COVID-19
Misinformation” builds upon this work to discuss the impact
of this infodemic and approaches to ending it. In this editorial,
we will examine the role of social media companies (executives,
financiers, leaders, and users) in health misinformation and their
obligations to mitigate the COVID-19 infodemic.

The Role of Social Media

Recognition of social media’s power to propagate fake health
news came well before COVID-19, notably surrounding topics
such as tobacco use, vaping, and recreational drug use [6].
However, 2020 was the year of online disinformation, with
political and scientific misinformation and disinformation often
reinforcing one another [14]. Social media companies and
platform users both played a substantial role in the birth of the
COVID-19 infodemic that year. The internet propagates
knowledge rapidly and globally, typically without checks for
accuracy, and facilitates the current infodemic. Social media
companies attempt to self-police erroneous content on their
platforms with variable success, both due to the overwhelming
amount of COVID-19 information they must process and their
reluctance to censor their users’posts. Information filters swiftly
through various avenues on the internet, often accessed via
search engines and social media algorithms. Google is the
dominant search engine with over 3.5 billion global searches
each day, allowing individuals to retrieve information from a
wide array of sources [15]. Although it may appear that users
pull information, search engines prioritize certain results, in
effect pushing relevant information to the user [16]. Social
media algorithms push selected content to billions of users as
well (Table 1) [17]. The proprietary algorithms used by social
media companies are routinely exploited to spread COVID-19
misinformation and disinformation, with certain content
repeatedly presented to users who have specific profiling
characteristics or search histories. These algorithms could be
better optimized to reduce the online trafficking of harmful
information that risks the public health.

Table 1. Approximate numbers of monthly users of several social media platforms.

Approximate number of usersSocial media platform (company, location)

3 billionFacebook (Meta Platforms, Inc; Menlo Park, California)

2.3 billionYouTube (Google LLC; San Bruno, California)

2 billionWhatsApp (Meta Platforms, Inc; Menlo Park, California)

1.4 billionInstagram (Meta Platforms, Inc; Menlo Park, California)

400 millionTwitter (Twitter; San Francisco, California)

In addition to social networking, an increasing number of users
consume news on social media platforms compared with

traditional media outlets [18]. Individuals engage in social
circles and networks on these platforms virtually, and they do
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not leave—their beliefs are reinforced by information chosen
for them and others like them by computer algorithms. Without
intervention, there is exposure to new content but little to no
exposure to new knowledge or ways of thinking. The algorithms
used by social media companies create news echo chambers
that can serve as a vector for misinformation by amplifying low
credibility information sources. During the early COVID-19
pandemic, low credibility sources dominated both Twitter and
Facebook posts related to COVID-19, topping traditional news
and media outlets [19]. Online bots further confuse users and
reduce their ability to discern truth from fake news. Bots are
computer codes designed to appear as user profiles or credible
news sources but are instead weapons for disinformation. Social
media companies struggle to identify and remove bots that use
even the simplest artificial intelligence, which take advantage
of platform data and social media push algorithms. Thus, it is
unsurprising that social media platforms fuel hoaxes and
misinformation about the etiology and origins of COVID-19,
its treatment, and its prevention through vaccines [19]. Social
media companies could invest greater resources to combat these
agents of the infodemic.

Moreover, health misinformation is not confined to COVID-19.
In a 2021 systematic review, the greatest prevalence of health
misinformation was found on Twitter and related to smoking,
drugs, and vaccines [6]. Who is to blame? Many fingers can be
pointed, and social media companies are among the culpable.
Top-down misinformation from celebrities and other public
figures that are allowed on these platforms exacerbates the
problem. Celebrities account for 20% of online misinformation
and 70% of the attention of platform users, compared to
noncelebrity posts [19]. Social media companies benefit from
increased user activity, and celebrity influencers are engaging.
These attention-grabbing individuals enjoy unfettered reach to
users because social media companies rarely place limits on
their messaging, even when that messaging includes erroneous
facts about COVID-19. The blurred lines between factual news
and entertainment and falsehoods about COVID-19 could be
labeled for users by social media companies through better
oversight of their platforms.

An Obligation to Act

US-based social media companies are legally regulated by the
US Federal Trade Commission in the same ways that any other
US-based businesses are regulated. However, they are not
subject to federal social media regulations of any kind—because
there are none [20]. Social media platforms are private
companies who set their own internal regulatory policies and
are not subject to oversight by the US Federal Communications
Commission (FCC) nor, specifically, Section 230 of the
Communications Act of 1934 [21]. Subsection (c) (1) of the
Act maintains that social media companies do not act as
publishers of information, as do other media entities, absolving
them of an obligation to monitor user-generated content on their
platforms. There are no legal mandates to the manner or methods
by which they self-govern, and any actions by these companies
are simply made in good faith. However, they do maintain
internal policies, some of which are intended to curb
dissemination of different types of information that are harmful

to the public welfare, ranging from COVID-19 misinformation
to communications among terrorist organizations. These Good
Samaritan policies determine what constitutes an acceptable
use of their platforms and draw a line limiting certain types of
social expression [22].

That said, social media companies are mostly unregulated, and
some claim they should remain so, rather than be subject to
FCC oversight as are television and radio companies. Current
actions by these companies are voluntary, not compulsory, and
often in response to external pressures. However, if companies
do not meaningfully address misinformation and disinformation
on their platforms, government oversight should be considered.
Internal policies are an important first step, yet we continue to
see blatantly false information that contradicts scientific
evidence regularly posted across most social media platforms
[3]. For example, a content analysis study that evaluated 1225
fake news stories found that social media platforms were
responsible for disseminating half (50.5%) of the identifiable
misinformation [3]. Social media companies are partly
responsible for fueling the COVID-19 infodemic, and we believe
that ongoing inaction or inadequate action to address it keeps
them complicit. Given the stakes, failure to address health
misinformation and disinformation should be viewed as a public
health crisis, and the commensurate response should include
government oversight of social media companies (similar to
other media sources) in the name of the public good.

Beyond law and public policy, there are other interventions to
consider. We maintain that there is an ethical obligation for
social media companies to act. Bioethicists recognize the broader
public health consequences of social media use and how bias
is determined by the specific design and implementation of
social media platforms [23]. Ethical frameworks guide moral
decision-making and action/inaction, two of which are especially
relevant for social media companies [24]. First, utilitarian ethics
calls for decisions that positively affect the greatest number of
people. This is also a bedrock of public health. The application
of utilitarian ethics suggests that companies should make
socially conscious decisions, even when inconvenient [25]. For
example, social media companies can and should redesign their
algorithms that have propagated the infodemic, even if such
changes risk ad revenue and profits. Similarly, censorship of
celebrity users who disseminate misinformation might decrease
user engagement and activity with a platform, but these actions
are needed to address the infodemic. Second, virtue ethics is
reasoning based on the virtues of what makes a good person,
or in this case a good company. Kaptein [26] defined corporate
virtue ethics that include clarity, transparency, and
sanctionability, among others. A good social media company
that earnestly engages in self-regulation would exhibit many
other virtues including honesty, courage, self-control, and
integrity. When considering corporate virtues, and what makes
a good social media company, it is worth noting corporate vices
in the absence of good: deficiency, ambiguity, subversiveness,
and opaqueness [26]. These vices are commonly associated with
the current practices of social media companies, specifically
when considering their algorithms that repeatedly drive
dangerous content to users. These algorithms reinforce
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COVID-19 misinformation for some users and cloister them
from reports on legitimate scientific evidence.

It does not have to be this way. There is hope for “good social
media companies,” ones which take bold actions in the face of
a global pandemic, and perhaps at their own expense. We think
that social media companies could become allies after all,
especially as their power to enact social change is
unprecedented. Indeed, many companies are working to mitigate
misinformation already. For instance, Twitter, Facebook, and
Google Search remove content, add warning labels, and
deactivate misleading accounts that promote disinformation.
However, these companies must navigate the substantial influx
of constantly changing information about COVID-19, struggling
to discern between deceptive content, scientifically inaccurate
alternative facts, and even genuine scientific disagreement [27].
That struggle deserves consideration. For example, a claim that
SARS-CoV-2 is airborne may have been flagged as
misinformation or disinformation in January 2020. Today, in
early 2022, most scientists believe that the virus is airborne at
least in certain environments and conditions. Would a social
media company that removed a post claiming that SARS-CoV-2
is airborne have harmed the public or prevented important
academic debate in the early days of the pandemic?

Acknowledging the genuine complexity of the situation does
not undermine but rather illuminates the urgency of our call to
action. In fact, recognizing the difficulties that social media
companies have in fairly adjudicating misinformation implies
that far more financial and human resources will need to be
marshaled to sufficiently address the problem. Wealthy
companies have invested some capitol toward these efforts, but
they are capable of so much more. The volume of
misinformation is impressive, and removed information is often
quickly replaced by similarly harmful messages within a
platform, stifling progress. In essence, social media companies
are treading water, at best, and additional resources and
initiatives are warranted. Such efforts may need to be
strategically directed toward specific aspects of the infodemic,
such as misinformation about the clinical severity of the virus
or disinformation about the efficacy of the vaccine. Different
strategies are warranted to address a range of fixed beliefs that
may have developed at different stages of the pandemic; a
singular approach by a social media company may be
insufficient to change minds about the origins of the virus, its
transmissibility, and its prevention, all at once. Each type of
misinformation deserves a unique message in response, and
these messages must be tailored to the cultural differences of
users in certain communities.

Addressing the infodemic does not fall solely to social media
companies, and we cannot rely only on a few people or a small
number of entities to battle it. Key potential change agents also
include elected government representatives, public health
officials, research scientists, journalists, clinical ethicists, and
physicians. However, for many constituencies, a general distrust
of government and an underappreciation of science is magnified
in part by social media, requiring a truly multidisciplinary
response to the challenge [28]. Therefore, we believe that major
impact could also result from effective messaging delivered by
trusted community leaders who can, for example, reach

communities of vaccine hesitant individuals online and in
person: ministers, youth counselors, teachers, social and mental
health workers, frontline workers, and others.

Finally, implementation scientists have been inadequately used
as resources. Implementation science is the study of methods
used to introduce research findings into a health care context.
With respect to COVID-19, the methods used to introduce a
new vaccine to the entire world’s population represented an
important and frequently missed opportunity [29]. During 2020,
significant attention was given to the rapid development and
testing of COVID-19 vaccines; relatively less attention was
given to equally crucial areas, including how to equitably
manufacture vaccines to scale and how to equitably distribute
them [30]. The COVID-19 vaccine is widely accessible
throughout most industrialized nations now, but the potential
influence of implementation science remains no less important.
A key tenet of implementation science is the use of different
strategies to target different patient populations [31]. Especially
in the face of stiffening vaccine hesitancy in certain communities
and subpopulations, we believe that implementation scientists
should be engaged to help guide strategies and actions of social
media companies, and similarly to help other change agents
such as elected officials. There is a social imperative and an
ethical imperative to embrace the best available evidence and
methods needed to improve COVID-19 vaccination rates. We
recommend that social media companies seek the advisement
of experts in implementation science as they develop strategies
to combat vaccine and other COVID-19 misinformation.

Next Steps

Health misinformation and disinformation have been increasing
rapidly for over a decade [14]. During the COVID-19 pandemic,
substantial attention was initially focused on ensuring the
distribution of the vaccines themselves but, unfortunately, not
the distribution of reliable information nor the mitigation of
harmful misinformation and disinformation. This has had
long-lasting effects. Over time, some who have said “I won’t
wear a mask” now say, “I won’t take a vaccine.” Going forward,
it is imperative that we move beyond our roles as scientists in
a laboratory, physicians on the frontline, or strategists at social
media companies. We must seek to expand our influence in
health education and public health messaging more broadly.
We must exit the silo of the house of medicine and meet patients
and the public where they are at: online. As we do this, we need
to rely on sound strategies gleaned from education and
leadership literature to reach our patients effectively [8,32]. We
need to identify evidence-based interventions that effectively
dismantle online misinformation and then implement them [14].

If we want to create meaningful change, we cannot merely rely
on the progress of clinical science alone. We must consider how
best to implement and disseminate new discoveries to the public
via social networks and offline communities. For many in
science and medicine, this may mean engaging with mass media
for the first time. That means personalizing our direct outreach
to patients and communities, engaging with empathy, and
seeking to understand before seeking change [33]. Moreover,
we must resist a paternalistic approach in which we protect
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patients from information but rather empower them to seek
reliable information and make informed choices about their
health. Fortunately, there are frameworks that can guide us.
Bautista et al [33] proposed a two-step conceptual model for
physicians seeking to refute misinformation—step 1:
identification of the types and sources of health misinformation;
and step 2: attempting to make private and public corrections,
done strategically and respectfully. Meanwhile, Chou et al [34]
urged physicians to partner with social media companies and
influencers to address health misinformation online, teach the
public to recognize potential misinformation, and cultivate better
trust toward the medical community. Finally, Walter et al [35]
confirmed that interventions to correct health misinformation
are the most successful when they come from experts in a given
field.

Complicated problems call for collaborative approaches. Social
media companies, medical professionals, researchers,
implementation scientists, and trusted messengers must form
synergistic partnerships to successfully combat the COVID-19
infodemic and health misinformation and disinformation

generally. Rather than focusing on assigning blame, change
agents can be most effective by demonstrating their willingness
to act and implement new best practices, regardless of whether
or not they previously contributed to some of the problems we
face today.

As you read the articles in this special theme issue of the Journal
of Medical Internet Research, we urge you to reflect on
expanding your own contributions beyond your current working
environment. In Textbox 1, we offer several actionable next
steps for social media companies and health care providers to
combat COVID-19 misinformation. Consider how we all can
better address the current COVID-19 infodemic and combat
and prevent future ones. To truly win this battle, we must
urgently convert our expertise into the right words and the right
actions. Whether we find our patients in the clinical environment
or on social media, we must protect them from the harms of
misinformation and disinformation and help them benefit from
the lifesaving medical and health information that we have to
offer.

Textbox 1. Actions to address the COVID-19 infodemic.

Recommendations for social media companies

• Redesign social media algorithms to reduce the spread of COVID-19 misinformation

• Identify and remove harmful bots from platforms

• Censor sources of COVID-19 misinformation and disinformation

• Label erroneous content

• Promote sound science

• Support public health efforts

• Target culturally appropriate messaging to specific communities

• Direct users to local health clinics and COVID-19 resources

Recommendations for health care providers

• Engage patients on social media

• Offer COVID-19 content expertise to social media companies and online news media

• Commit to posting public health messaging online

• Identify and implement evidence-based interventions to combat health misinformation

• Partner with online influencers to disseminate accurate COVID-19 information

• Provide expert advice to mass media outlets

• Personalize direct outreach to patients and communities

• Seek to understand patients with empathy before seeking behavior change

• Empower patients to seek reliable health information and make informed choices

• Create synergistic partnerships with leaders in other disciplines
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Abstract

Background: There is a lack of evidence in the literature regarding the learning outcomes of immersive technologies as
educational tools for teaching university-level health care students.

Objective: The aim of this review is to assess the learning outcomes of immersive technologies compared with traditional
learning modalities with regard to knowledge and the participants’ learning experience in medical, midwifery, and nursing
preclinical university education.

Methods: A systematic review was conducted according to the Cochrane Collaboration guidelines. Randomized controlled
trials comparing traditional learning methods with virtual, augmented, or mixed reality for the education of medicine, nursing,
or midwifery students were evaluated. The identified studies were screened by 2 authors independently. Disagreements were
discussed with a third reviewer. The quality of evidence was assessed using the Medical Education Research Study Quality
Instrument (MERSQI). The review protocol was registered with PROSPERO (International Prospective Register of Systematic
Reviews) in April 2020.

Results: Of 15,627 studies, 29 (0.19%) randomized controlled trials (N=2722 students) were included and evaluated using the
MERSQI tool. Knowledge gain was found to be equal when immersive technologies were compared with traditional learning
modalities; however, the learning experience increased with immersive technologies. The mean MERSQI score was 12.64 (SD
1.6), the median was 12.50, and the mode was 13.50. Immersive technology was predominantly used to teach clinical skills
(15/29, 52%), and virtual reality (22/29, 76%) was the most commonly used form of immersive technology. Knowledge was the
primary outcome in 97% (28/29) of studies. Approximately 66% (19/29) of studies used validated instruments and scales to assess
secondary learning outcomes, including satisfaction, self-efficacy, engagement, and perceptions of the learning experience. Of
the 29 studies, 19 (66%) included medical students (1706/2722, 62.67%), 8 (28%) included nursing students (727/2722, 26.71%),
and 2 (7%) included both medical and nursing students (289/2722, 10.62%). There were no studies involving midwifery students.
The studies were based on the following disciplines: anatomy, basic clinical skills and history-taking skills, neurology, respiratory
medicine, acute medicine, dermatology, communication skills, internal medicine, and emergency medicine.

Conclusions: Virtual, augmented, and mixed reality play an important role in the education of preclinical medical and nursing
university students. When compared with traditional educational modalities, the learning gain is equal with immersive technologies.
Learning outcomes such as student satisfaction, self-efficacy, and engagement all increase with the use of immersive technology,
suggesting that it is an optimal tool for education.
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Introduction

Background
Educational technology is changing the way in which we learn
today, and its purpose is to ultimately improve education [1,2].
The addition of educational technology to a curriculum needs
to be developed and guided by informed, evidence-based
research. Educational technology includes instructional software
such as virtual reality (VR), augmented reality (AR), and mixed
reality (MR), known collectively as immersive technology [3].
Immersive technologies should be built around effective
teaching methods that provide an appropriate learning method
and learning outcome [4]. Immersive technologies are thought
to provide pedagogy based on the constructivist theory and
experiential learning, creating an environment that aids visual
learners and enables students to learn by doing, develop
creativity, and increase understanding of invisible concepts [5].
The Association for Medical Education in Europe has previously
published guidance on e-learning in medical education: “Designs
for effective medical e-learning, therefore, need to mirror the
dynamics and details of real-world practice as well as affording
effective learning opportunities” [6].

Immersive technologies are defined as devices that provide
sensory stimuli to provide a sense of realism and immersion in
the interactions with the computer-generated world [7]. VR is
a technology that allows the user to explore and manipulate
computer-generated real or artificial 3D multimedia sensory
environments in real time. It dates back to 1956, when Morton
Heilig, a cinematographer, developed the Sensorama, a display
box first used for background scenes in the Hollywood motion
picture industry. This was the first head-mounted display to be
developed. In the mid-1960s, Ivan Sutherland, an American
Computer Scientist, went on to develop the concepts of VR
further. He described The Ultimate Display, a VR system that
could simulate reality [8], and his paper described core concepts
that are the foundation of VR use today. Owing to the
heterogeneity of the terminology used to describe VR, we can
characterize VR as a “collection of hardware such as Personal
Computer (PC), HMDs and tracking sensors, as well as software
to deliver an immersive experience” [9]. In comparison, AR is
an interactive experience of a real-world environment where
the objects that reside in the real world are augmented by
computer-generated perceptual information. Historically, the
development of AR started in the 1960s; however, the term AR
was not established until 1990. Although VR and AR share
many technical aspects, the main difference is that AR does not
construct a fully artificial environment and simply overlays
computer-generated images onto images of the real world.
Therefore, it uses machines that allow a physical view of the
surrounding environment to be visible but enhanced with virtual
images [10]. Finally, MR is the merging of real and virtual
worlds to produce new environments and visualizations where

physical and digital objects coexist and interact in real time
[11].

Objective
To date, there has been a multitude of publications detailing the
development and implementation of immersive tools, in addition
to demonstrating the benefits of VR, AR and MR technology
in medical, nursing and midwifery education [12-17]. This
technology is thought to provide increased engagement and
understanding during learning coupled with feedback
mechanisms and design capabilities of varying difficulty levels
[5]. In addition, it facilitates practice without the risk of human
harm and also helps build professional skills and teamwork
[18,19]. However, there is a paucity of evidence on the learning
outcomes of these innovative educational tools.

As outlined by the Digital Health Education Collaboration, there
is a need for a strong evidence base to guide the development
of immersive educational tools so that the learning goals and
outcomes are in line with national and international standards
[20]. There have been an increasing number of systematic
reviews documenting the use, application, and effectiveness of
VR, AR, and MR in an effort to establish an evidence-based
network of research for use in medical education. However, the
results have been mixed; including a systematic review that
looked at the effectiveness of AR in medical education which
found that there was insufficient evidence to recommend its
implementation into the curriculum. Similarly, another review
looked at serious games used in medical education and found
that the evidence was moderate to support the use of immersive
technology, stating that it should not replace traditional learning
tools [21-25]. Immersive technologies are used mainly as
educational tools for complex topics such as anatomy and
embryology and are thought to enhance the learning experience
[26,27]. Are VR, AR, and MR as effective in delivering
knowledge as well as an enhanced learning experience in
comparison with traditional teaching tools such as 2D didactic
presentations?

Therefore, the aim of this systematic review is to assess the
learning outcomes of VR, AR, and MR across 3 health care
student disciplines—medicine, nursing, and midwifery
education—compared with traditional learning modalities. The
learning outcomes include knowledge, skill development, and
the learning perceptions of students, including satisfaction and
self-confidence in learning along with engagement and
motivational factors.

Methods

Purpose and Protocol
A systematic review of the available scientific literature was
conducted to assess the learning outcomes associated with the
application of VR, AR, and MR as educational tools compared
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with traditional learning modalities for medical, nursing, and
midwifery students in preclinical university education. The
review protocol was registered with PROSPERO (International
Prospective Register of Systematic Reviews) in April 2020
(CRD42020154598). The search results were reported according
to the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines [28] and the Cochrane
Collaboration guidelines [29].

Eligibility Criteria
The eligibility criteria were based on the Population,
Intervention, Comparison, and Outcomes criteria. The
population selected for this review included preclinical
university students enrolled in three educational disciplines:
medicine, nursing, or midwifery courses only. Randomized
controlled trials (RCTs) that implemented VR, AR, or MR
technology in comparison with a control method were included.
Owing to the heterogeneity of the definitions surrounding VR
applications, we restricted inclusion to interactive 3D models
requiring a headset, virtual patients (VPs), or VR learning
environments. The primary outcomes included knowledge and
reference to the learning experience, which involved
engagement, satisfaction, and perceived learning experience.
Only studies published in English were included.

Search Strategy
A large-scale search was undertaken because of the wide use
of the various terminology to describe VR, AR, and MR and
the technology surrounding their use in health care student
education. The following method was used to identify empirical
studies for inclusion in the systematic review. We conducted a
comprehensive computerized database search of full-text articles

published in English. Only RCTs assessing learning outcomes
using VR, AR, or MR technologies in comparison with
traditional learning models were included. The reason for this
was that we wanted to review the learning outcomes of
immersive technologies compared with traditional learning
outcomes, including knowledge and learner experience. The
fundamental study design of an RCT requires a control and an
intervention group; therefore, we selected these types of studies
for this review. Searches were conducted with predefined search
terms (Multimedia Appendix 1) using the following electronic
databases: PubMed, Embase, Web of Science, CINAHL, and
ERIC. Medical Subject Headings terms included virtual reality,
augmented reality, educational technology, imaging, three
dimensional, education, and teaching materials. Search terms
were connected using Boolean operators AND and OR to capture
all relevant article suggestions. The latest search was conducted
on March 8, 2021.

Databases were downloaded to EndNote reference manager
software (Clarivate Analytics), which recorded citations and
identified duplicates. A spreadsheet was created to record
decisions and comments. Screening of articles was conducted
by 2 researchers (GR and SC) in an unblinded, standardized
approach (independently and in parallel). Titles and abstracts
of studies sourced from electronic databases were reviewed
according to the inclusion and exclusion criteria previously
described. Subsequently, full texts of the included articles from
the initial screening process were reviewed for eligibility
according to the described inclusion and exclusion criteria.
Differences of opinion were resolved through conversations
between the reviewers. A schematic stepwise algorithm for the
search strategy is shown in Figure 1.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram adapted for this study.
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Data Collection
Microsoft Excel was used to build a data extraction form, which
was divided into three categories: (1) study identification, (2)
analysis of learning outcomes, and (3) study design. The first
section included bibliographic information, the country of origin
of the study, and a demographic description of the participants.
The second section examined learning outcomes related to
teaching strategies, relationships between technologies, and
learning objectives. The third section evaluated the
methodological quality of the study design.

Study Quality Assessment
We used the Medical Education Research Study Quality
Instrument (MERSQI) to evaluate the study design of the RCTs
[30]. The MERSQI is divided into several domains, including
evaluation of study design, sampling, data type, validity, data
analysis, and outcomes. The learning outcomes are based on
the hierarchy of educational outcomes by Kirkpatrick and
Kirkpatrick [31], which adopts a constructional framework using
a 4-level model for evaluating educational effectiveness. The
first level describes the participants’ perception of the learning
experience; knowledge, skills, and attitudinal change are
assessed in the second level; changes in behavior are evaluated
in the third level; and changes in health care or patient outcomes
are evaluated in the fourth level.

Data Analysis
A narrative review of the results reported in the included studies
on learning outcomes was conducted. The data in the final
included studies did not allow for a formal meta-analysis as the
studies were not sufficiently homogenous, given the stated

research question and the use of different technologies and
educational topics.

Results

Study Selection
We identified 15,627 articles from the primary database search.
After duplicates were removed, there were 86.63%
(13,538/15,627) of articles left for abstract review. Abstracts
were screened and, of those 13,538 articles, 179 (1.32%)
remained for a full paper review. Of those 179 articles, 150
(83.8%) were excluded, leaving 29 (16.2%) full papers for study
inclusion. Details of the study selection process are displayed
in Figure 1. In total, 29 RCT studies (N=2722) were included
in this review. All studies were conducted in the past 10 years,
with most studies (18/29, 62%) published within the past 3
years.

Study Designs
In total, 2722 students participated in the 29 RCTs. Of the 29
articles, 19 (66%) included medical students (1706/2722,
62.67%), 8 (28%) included nursing students (727/2722,
26.71%), and none of the studies involved midwifery students.
Approximately 7% (2/29) of studies included both medical and
nursing students (289/2722, 10.62%). The following disciplines
were used to test the immersive technologies: anatomy, basic
clinical and history-taking skills, neurology, respiratory
medicine, acute medicine, dermatology, communication skills,
internal medicine, and emergency medicine. A full list of the
RCTs, basic demographic details, and immersive technology
applications included in this review is outlined in Table 1.
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Table 1. Randomized controlled trials included in this review of immersive educational tools.

OutcomePurposeSample
size, N

Application detailSettingAuthor

Similar levels of long-term knowledge
gained; participants assessed the learning

VP—basic clinical
skills

40VPa cases (Moodle learning
management system)

GermanySeifert et al [32]

experience and the comprehensibility of the
seminars as either very good or good

There was no difference in knowledge ac-

quisition between groups; only MRb group

Anatomy teaching523D visualizer software
(preloaded 3D hologram) on
Microsoft HoloLens device

New ZealandWang et al [33]

demonstrated higher retention in nominal
and spatial types of information; increased

engagement in 3DMc and MR group

No differences in knowledge; intervention
group participants were noted to meet per-

Fire safety knowledge20Virtual Electrosurgery Skill
Trainer developed by the Na-
tional Institutes of Health

United StatesRossler et al [34]

formance criteria for their assigned role in
their perioperative team

Plastic model group achieved significantly
higher overall scores on initial and follow-

Anatomy teaching29Virtual heart activities using
physiology software programs

United StatesLombardi et al
[35]

up exams; attitude surveys demonstrated a
higher preference for organ dissection

(Practice Anatomy Lab, Pear-
son Education, and Interactive
Physiology)

Improved knowledge and higher levels of
learning satisfaction in the intervention

Respiratory medicine42Body Interact (simulation
with VPs)

PortugalPadilha et al [36]

group; no statistically significant differences
in self-efficacy perceptions

No significant educational difference was
found; satisfaction and motivation were

found to be greater with the use of SGd

Basic clinical skills146VP cases—LabForSIMS
(simulation center) and a
software designer (Interaction
Healthcare)

FranceBlanie et al [37]

No difference in knowledge acquisition; VP
was rated positively

Clinical deterioration57VP simulation—eRAPIDS,
developed at the National
University of Singapore

SingaporeLiaw et al [38]

No statistically significant differences be-
tween the learning formats

Cultural attitudes51Second Life (Linden Lab)
virtual simulation environ-

ment (WALDe Island)

United StatesMenzel et al [39]

No difference in knowledge acquisition;

HGf group rated higher for overall effective-

Anatomy teaching29Campbell’s 3DM of the inner
ear—publicly available data
sets displayed on Microsoft
HoloLens

CanadaGananasegaram
et al [40]

ness, ability to convey spatial relationships,
and learner engagement and motivation

Increased levels of self-efficacy and atti-
tudes toward interprofessional team care

VP to teach MDTh

rounds

198VRg (no details)SingaporeLiaw et al [41]

No difference in knowledge test scores;
significant increase in dizziness using the
HoloLens

Physiology and brain
anatomy

40Microsoft HoloLens, 3D Stu-
dio Max (Autodesk Inc), Uni-
ty 3D (Unity Technologies),
Vuforia v5 plug-in for Unity

AustraliaMoro et al [42]

(PTC Inc), Samsung Galaxy
Tab 3 (Samsung Electronics),
Visual Studio v2019

No difference in anatomy knowledge; VR
group found learning experience to be sig-

Cerebral anatomy66VR model of brain anato-

my—brain CTi scans and

United StatesStepan et al [26]

nificantly more engaging, enjoyable, useful,
and motivatingMRIsj, Surgical Theater,

Oculus Rift VR system (Ocu-
lus VR)

Significant improvement in ultrasound task
performance and ultrasonographic image

identification MCQk tests in the VR group

Anatomy teaching101Anatomy Master module of
Medical Holodeck

TaiwanHu et al [43]
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OutcomePurposeSample
size, N

Application detailSettingAuthor

Significant improvement in cognitive gains,
student satisfaction, and documentation of
the procedure with the traditional laboratory
group compared with the computer catheter
simulator group

Intravenous catheter
training

93CathSim Intravenous Training
System (CathSim) developed
by HT Medical (Immersion)

United StatesEngum et al [44]

Noninferiority of learning modality; more
students in VR group reported liking the
way they practiced and that it was a good
way to learn; VR group scored high on the
System Usability Scale

ABCDE basic resusci-
tation skills

289VR application developed by
the authors with hired help for
programming (Unity
2018.30f2) and video of the
VR features

NorwayBerg et al [45]

Case formats with a VP did not affect
knowledge gain or diagnostic accuracy [46]

VP to teach clinical
skills

142VR learning environment
CASUS

GermanyKiesewetter et al
[46]

MR group had significantly better learning
outcomes [47]

Catheter training164Instructions for catheteriza-
tion displayed on Microsoft
HoloLens

GermanySchoeb et al [47]

No difference in outcomes between groups
[48]

Dermatological teach-
ing

44ARl mobile app, iPhone oper-
ating system (iOS, Apple
Inc)–based app mArble Der-
ma (m-ARBLE-dermatology)

GermanyNoll et al [48]

No difference between groups in communi-
cation performance scores [49]

Interprofessional skill
training

1203D virtual hospital devel-
oped—CREATIVE

SingaporeLiaw et al [49]

Better performance scores in VR flash card
group [50]

Emergency ultrasound
skills

463D USSm images played on
the downloaded phone app
and AR

ThailandIenghong et al
[50]

No difference in exam performance between
groups

Internal medicine
skills

34VP—no detailSloveniaSobocan et al
[51]

There were no significant differences in
knowledge scores; participants rated the 3D
method as superior to 2D teaching methods
in four domains: spatial understanding, ap-
plication in future anatomy classes, effec-
tiveness, and enjoyableness [52]

Neuroanatomy169Virtual 3DM developed from
MRI and CT scans and Dex-
troBeam system (Bracco Ad-
vanced Medical Technolo-
gies)

SwitzerlandKockro et al [52]

3D group had higher scores, and participants
had a preference for 3D training [53]

Liver anatomy410Computer-based TMn devel-
oped using the open-source
Medical Imaging Interaction
Toolkit software developed
by the German Cancer Re-
search Center

GermanyNickel et al [53]

Group self-practice of the ABCDE approach
in multiplayer, immersive, interactive VR
application was noninferior to practice with
physical equipment [54]

VP to teach clinical
skills

289ABCDE resuscitation applica-
tion developed with help from
hired programmers for Unity
using Oculus Quest software
(Oculus)

NorwayBerg et al [54]

No significant differences in knowledge
scores [55]

Anatomy teaching60DynamicAnatomy AR appli-
cation developed at the Depart-
ment of Anatomy and Embry-
ology at the Leiden University
Medical Centre for Innovation

The Nether-
lands

Bogomolva et al
[55]

No significant between-group differences

on the POMSo 2 or salivary cortisol concen-

tration following the SPp interaction; stu-
dents had similar emotional and behavioral
responses when delivering bad news to SP

or vSPq [56]

Clinical skill—break-
ing bad news

60VP model simulation devel-
oped with a real patient in real
time

United StatesO’Rourke et al
[56]
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OutcomePurposeSample
size, N

Application detailSettingAuthor

No significant differences in MCQ scores
between groups; VR groups scored highly
on the interest, competence, and importance

subscales of the IMIr; both VR groups con-
sidered the system to be fun and beneficial

to their learning; MPs group reported higher
stress levels

Anatomy teaching183DMs—Autodesk 3DS Max
software (Autodesk Media
and Entertainment) and Unity
3D developed into a VR
gaming system for HTC Vive

TaiwanDu et al [57]

VR group scored higher on knowledgeCardiac anatomy42Using TeraRecon (TeraRecon,
Inc), Slicer, and The Body
VR: Anatomy Viewer private
beta version (The Body VR
LLC) together with software
provided by Sharecare VR
(Sharecare Reality Lab)

CanadaMaresky et al
[12]

Classic BLS training with a seminar and
training sessions seemed superior to VR in
teaching technical skills [58]

Resuscitation training160VR software developed in co-
operation between the Univer-
sity of Hamburg and

VIREEDt—VR-BLSu course
(using the Laerdal (man-
nequin)

GermanyIssleib et al [58]

aVP: virtual patient.
bMR: mixed reality.
c3DM: 3D model.
dSG: simulation by gaming.
eWALD Island named for Lillian Wald, a public health nursing pioneer.
fHG: holographic.
gVR: virtual reality.
hMDT: multidisciplinary team.
iCT: computed tomography.
jMRI: magnetic resonance imaging.
kMCQ: multiple-choice question.
lAR: augmented reality.
mUSS: ultrasound scan.
nTM: teaching module.
oPOMS: Profile of Mood States.
pSP: simulated patient.
qvSP: virtual simulated patient.
rIMI: Intrinsic Motivation Inventory.
sMP: multiple-player.
tVIREED: Virtual Reality Education (medical virtual reality education platform).
uBLS: basic life support.

Study Characteristics
Approximately 76% (22/29) of authors used VR applications,
which included virtual simulation scenarios and VPs.
Approximately 17% (5/29) of articles used AR applications,
which involved using the Microsoft HoloLens headset and
mobile phone apps. There were 7% (2/29) of studies that used
MR.

Of the 29 articles retrieved, 28 (97%) were from high-income
countries and 1 (3%) was from an upper–middle-income
country. Most studies originated in the United States (6/29,
21%) and Germany (6/29, 21%), followed by Singapore (3/29,
10%), Canada (2/29, 7%), Norway (2/29, 7%), Taiwan (2/29,

7%), Australia (1/29, 3%), France (1/29, 3%), the Netherlands
(1/29, 3%), New Zealand (1/29, 3%), Portugal (1/29, 3%),
Slovenia (1/29, 3%), Switzerland (1/29, 3%), Thailand (1/29,
3%), and Turkey (1/29, 3%).

Primary and Secondary Learning Outcomes
Learning outcomes were reported in all studies, including
outcomes for both knowledge and the participants’ learning
experience. Knowledge was assessed via multiple-choice
question tests, single best answer tests, general clinical
knowledge tests, open-ended style tests, or objective structured
clinical examinations. Of the 29 studies, 12 (41%) studies
evaluated knowledge using multiple-choice question tests.
Approximately 31% (9/29) of studies evaluated knowledge via
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general clinical knowledge–based tests that used a variety of
validated questionnaires such as the Maastricht Assessment of
Simulated Patients questionnaire and the Attitudes toward
Poverty scale questionnaire [39,56]. Approximately 10% (3/29)
of studies assessed knowledge using open-ended style exam
questions. Approximately 3% (1/29) of studies evaluated
knowledge via an objective structured clinical
examination–based exam. Of the 29 studies, 1 (3%) evaluated
knowledge via a single best answer test, 1 (3%) did so via
interprofessional skill assessment, and 1 (3%) did not specify
the type of evaluation test. Approximately 90% (26/29) of
studies reported on satisfaction, attitudes, perceptions, opinions,
and general facts regarding the technology used. The learning
experience was evaluated in various ways, including validated
and nonvalidated instruments on satisfaction, engagement, and
perceived learning outcomes. Approximately 3% (1/29) of
studies used psychometric testing to evaluate the learning
experience [33]. Another study measured salivary cortisol levels
before and after the intervention to evaluate whether delivering
bad news via a real simulated patient or a virtual simulated
patient evoked the same psychological stress [56].
Approximately 66% (19/29) of studies used validated scales to
assess the learning experience, namely, the Intrinsic Motivation
Inventory [57], General Self-Efficacy Scale, Learner Satisfaction
with Simulation Scale [36], and Diagnostic Thinking Inventory
[51]. A full list of the validated scales used in the RCTs in this
review is provided in Multimedia Appendix 2
[26,33,34,36-38,41,42,45-49,51,54-58]. Approximately 7%
(2/29) of studies reported on behaviors as an outcome, and none
of the studies reported patient or health care outcomes [51,56].
Only 3% (1/29) of studies reported on adverse health outcomes
as part of their secondary outcomes [42].

Study Quality Assessment
The MERSQI scale scores ranged from 10 to 15, with a mean
score of 12.64 (SD 1.6). The median was 12.5, and the mode
was 13.5. The mean (SD) domain and item scores are illustrated
in Multimedia Appendix 3. The mean domain scores were
highest for study design (mean 1, SD 0), data analysis (mean
0.7, SD 0.46), and outcomes (mean 0.6, SD 0.21). The
lowest-scoring domains included type of data (mean 0.5, SD
0), sampling (mean 0.3, SD 0.15), and validity of the evaluation
instrument (mean 0.3, SD 0.27). All articles used an RCT (29/29,
100%) study design, which meant that all studies obtained the
highest score in this domain.

Of the 29 studies, 1 (3%) was a double-center RCT, and the
remaining 28 (97%) were conducted at a single site. In relation
to participant response rate, 93% (27/29) of the studies had a
high response rate of >75%.

The authors used appropriate statistical analysis in all studies
according to the MERSQI [59]. In relation to the validity of the
evaluation instrument, 66% (19/29) of studies used validated
instruments and scales to assess learning outcomes, including
satisfaction, self-efficacy, engagement, and perceptions of the
learning experience.

Finally, according to classification using the criteria by
Kirkpatrick [31] in the MERSQI scale, 97% (28/29) of studies
assessed knowledge as the primary outcome, and 62% (18/29)

of studies used a pre- and postlearning experience knowledge
assessment.

Discussion

Principal Findings
The aim of this systematic review was to assess the current
educational role of immersive technology in medical, midwifery,
and nursing education at the university level compared with
traditional learning modalities. Second, the review evaluated
the associated learning outcomes of VR, AR, and MR and how
they were evaluated. A total of 29 RCTs were selected for this
review. The main findings of this study indicate that knowledge
gain is equal when using VR, AR, or MR in health care student
education compared with traditional learning modalities. In
addition, VR, AR, and MR provide an enhanced learning
experience based on the secondary outcomes of the studies
included in this review [12,26,33,36,38,40,45]. This supports
the current evidence that immersive educational technology is
a useful and valuable learning tool in medical and nursing
preclinical university education. The most common form of
immersive technology used was VR. The favored use of VR
may be due in part to the widespread availability of
cost-effective 3D software and web-based material for the
development of anatomy tools [14,60]. Comparators were
present in every study and ranged from 2D didactic presentations
to textbooks. All the studies retrieved involved medical and
nursing students in preclinical university education.
Interestingly, there were no studies involving midwifery
students. Although there are studies involving midwifery
students and immersive technologies in the literature, this review
found no RCTs within this domain.

The MERSQI tool provided a standardized approach to
evaluating the methodological quality of the studies included
in this review [59], which resulted in a moderate level of
evidence for these studies. The MERSQI tool also allowed us
to classify the learning outcomes of the RCTs clearly, with
knowledge identified as the most common primary outcome.
Secondary outcomes were identified and included attitudes and
opinions related to the learner experience (ie, satisfaction,
self-efficacy, engagement, and perceptions of the learning
experience). All studies were conducted in upper–middle-income
or high-income countries, which may be because of the
availability of more funding to support the purchase of such
equipment. The articles identified for this review were published
within the past 10 years, with most (19/29, 66%) being published
in the past 3 years. This highlights the recent rise in interest in
immersive technologies for use in preclinical university medical
and nursing education. The International Data Corporation has
forecasted the shipment of 36.7 million VR headset units by
2023 [61].

Anatomy was the most common topic taught with immersive
technologies, which may be because of the ability of immersive
technologies to enhance the understanding of complex body
processes that cannot be visualized [24]. Subjects such as
anatomy and embryology require students to translate 2D images
into 3D concepts, which can be a cognitive challenge for those
who have difficulty visualizing this transformation of images
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[62,63]. Students may also mentally rotate complex structures
inaccurately, leaving the mind to fill the gaps in any missing
structures [64]. The introduction of immersive technology as
an educational tool could automatically standardize this process
for students and enhance the understanding of certain subjects
such as anatomy and embryology. Similarly, midwifery
education requires an understanding of complex concepts, such
as fetal development in the womb. Therefore, this would be an
important area for future research comparing traditional learning
tools with immersive technologies.

VPs were developed in 41% (12/29) of the studies in this review.
VPs play a key role in learning basic clinical skills for both
nursing and medical education. In addition, they create an
environment for repeated practice in a safe space without harm
to patients [65,66]. Traditionally, clinical education relies on
practicing diagnostic, therapeutic, and procedural skills on live
patients. This can be difficult to balance on a day-to-day basis
because of the fast-paced nature of medicine, time constraints
for clinical teaching in busy wards, and competition between
students [67]. In addition, over the past year, the experience of
the global COVID-19 pandemic has vastly reduced access to
bedside teaching for nursing, midwifery, and medical students
[68]. Therefore, the availability and development of VPs and
immersive learning environments can play a key role in the
future as an adjunct to developing clinical skills for students at
all levels and at any time [61].

The primary outcome in most studies (28/29, 97%) was
knowledge. This review demonstrated that immersive
technology is equally effective in knowledge gained by the
student and, in some studies, reflects a higher level of knowledge
retention. Regarding secondary outcomes concerning the
learning experience, all studies reported overall positivity and
higher satisfaction in learning, self-efficacy, and engagement
with immersive technologies. Moreover, this review revealed
the heterogeneity of tools and instruments used to evaluate
secondary learning outcomes such as student satisfaction,
self-efficacy, engagement, and learning perceptions. Several
studies developed their own Likert-style assessment scales,
whereas others used and adapted previously developed and
validated scales for the assessment of secondary learning
outcomes. According to the Association for Medical Education
in Europe, “assessment tools selected should be valid, reliable,
practical and have an appropriate impact on student learning”
[69]. Perhaps this highlights the need for a standardized,
validated instrument to be designed specifically for immersive
technology in education for the evaluation of learning outcomes
related to the students’ learning experience. For example, in
simulation, the National League of Nursing developed a
validated standardized scale to evaluate the use of simulation
and student learning experience with simulation activity,
including students’ satisfaction and self-confidence, perceived
learning, and engagement [36]. Therefore, the development of
a standardized instrument to evaluate learning outcomes, such
as satisfaction, self-confidence, self-efficacy, and engagement,
for immersive educational tools may be beneficial so that future
research may be better informed by a more uniform approach
to assessing learning outcomes.

Strengths and Limitations
This systematic review provides an up-to-date review on the
learning outcomes of immersive technologies in university-level
medical and nursing education. This study illustrates important
findings on the use of immersive technologies that will provide
a foundation for future research in this area. Knowledge gain
with immersive technologies was shown in this review to be
equal to or greater than that of traditional modalities, thus
providing an evidence base for future curriculum developers
and researchers alike to implement these immersive tools into
university programs. A comprehensive search strategy and
robust methodology support the strengths of this study. The use
of the validated MERSQI tool to assess the study design of the
included studies also adds to the strength of our study design.

Most of the reviewed studies developed their own bespoke
immersive educational tool specific to their needs, with VR
being primarily used. The favored use of VR may be due in part
to the widespread availability of cost-effective 3D software and
web-based material for the development of anatomy tools
[14,60]. However, the development of these tools has financial
and resource implications, including the time spent developing
content for these devices. With the increased amount of content
and material, there may be an opportunity to develop a universal
platform that makes content sharable and available worldwide
for health care education. This may reduce the barriers to
accepting and implementing this technology in health care
education.

Nevertheless, we recognize that there were also some limitations
to this study. Common biases exist within the methodology
section, including the study eligibility criteria, identification
and selection of studies, data extraction, and study appraisal.
Predefined search criteria and inclusion criteria were set out in
the published protocol, which aimed to reduce these biases.
Within the published literature, there is heterogeneity in how
VR is defined, requiring us to confine VR to include the use of
a headset, providing only an immersive experience, as opposed
to a 3D visualization on a computer screen. Therefore, this may
have resulted in the exclusion of studies involving a 3D
animation or model on a computer screen that did not place the
learner in an immersive environment. Furthermore, because of
the initial large database of articles retrieved, we decided to
only include RCTs, as they are regarded as the highest-quality
study type and also included a comparator that was a traditional
learning modality. This process was conducted by 2 independent
reviewers (GR and SC), and full-text inclusion was dependent
on agreement by both reviewers. During the study retrieval
process, bias may have occurred because of the unavailability
of some studies. Authors were contacted in cases of unavailable
data; however, this may have led to data availability bias and
unrepresented data. This study included only preclinical
university students; therefore, the value of immersive technology
in the postqualification setting is unknown.

Conclusions
In conclusion, this systematic review demonstrates that VR,
AR, and MR are beneficial educational tools in preclinical
medical and nursing university education. Immersive technology
is equally effective in teaching and increases learner satisfaction,
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self-confidence, and engagement. However, further research is
required to explore the role of VR, AR, and MR in midwifery
education. With the increasing availability of cost-effective

immersive tools, the use of immersive technologies in health
care student education is potentially very valuable.
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Abstract

Background: Juvenile idiopathic arthritis (JIA) management aims to promote remission through timely, individualized,
well-coordinated interdisciplinary care using a range of pharmacological, physical, psychological, and educational interventions.
However, achieving this goal is workforce-intensive. Harnessing the burgeoning eHealth and mobile health (mHealth) interventions
could be a resource-efficient way of supplementing JIA management.

Objective: This systematic review aims to identify the eHealth and mHealth interventions that have been proven to be effective
in supporting health outcomes for children and young people (aged 1-18 years) living with JIA.

Methods: We systematically searched 15 databases (2018-2021). Studies were eligible if they considered children and young
people (aged 1-18 years) diagnosed with JIA, an eHealth or mHealth intervention, any comparator, and health outcomes related
to the used interventions. Independently, 2 reviewers screened the studies for inclusion and appraised the study quality using the
Downs and Black (modified) checklist. Study outcomes were summarized using a narrative, descriptive method and, where
possible, combined for a meta-analysis using a random-effects model.

Results: Of the 301 studies identified in the search strategy, 15 (5%) fair-to-good–quality studies met the inclusion criteria,
which identified 10 interventions for JIA (age 4-18.6 years). Of these 10 interventions, 5 (50%) supported symptom monitoring
by capturing real-time data using health applications, electronic diaries, or web-based portals to monitor pain or health-related
quality of life (HRQoL). Within individual studies, a preference was demonstrated for real-time pain monitoring over recall pain
assessments because of a peak-end effect, improved time efficiency (P=.002), and meeting children’s and young people’s HRQoL
needs (P<.001) during pediatric rheumatology consultations. Furthermore, 20% (2/10) of interventions supported physical activity
promotion using a web-based program or a wearable activity tracker. The web-based program exhibited a moderate effect, which
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increased endurance time, physical activity levels, and moderate to vigorous physical activity (standardized mean difference

[SMD] 0.60, SD 0.02-1.18; I2=79%; P=.04). The final 30% (3/10) of interventions supported self-management development
through web-based programs, or apps, facilitating a small effect, reducing pain intensity (SMD −0.14, 95% CI −0.43 to 0.15;

I2=53%; P=.33), and increasing disease knowledge and self-efficacy (SMD 0.30, 95% CI 0.03-0.56; I2=74%; P=.03). These
results were not statistically significant. No effect was seen regarding pain interference, HRQoL, anxiety, depression, pain coping,
disease activity, functional ability, or treatment adherence.

Conclusions: Evidence that supports the inclusion of eHealth and mHealth interventions in JIA management is increasing.
However, this evidence needs to be considered cautiously because of the small sample size, wide CIs, and moderate to high
statistical heterogeneity. More rigorous research is needed on the longitudinal effects of real-time monitoring, web-based pediatric
rheumatologist–children and young people interactions, the comparison among different self-management programs, and the use
of wearable technologies as an objective measurement for monitoring physical activity before any recommendations that inform
current practice can be given.

(J Med Internet Res 2022;24(2):e30457)   doi:10.2196/30457

KEYWORDS

eHealth; mobile health; mHealth; juvenile idiopathic arthritis; pediatric; effectiveness; pain; physical activity; health-related
quality of life; self-management; education; mobile phone

Introduction

Background
Juvenile idiopathic arthritis (JIA) is the most common rheumatic
disease in pediatric populations [1]. Early diagnosis and active
treatment are essential for maintaining physical function and
psychological well-being. The treatments aim to control the
disease, promote clinical remission, and prevent long-term
disability [2-5]. However, to achieve these goals, the
management of JIA should be multifactorial [6].
Pediatric-specific issues need tending, such as the use of
antirheumatic medications in children and young people, growth
retardation, pain and coping, school attendance, psychosocial
functioning, dealing with parents, and, in the adolescent years,
preparing for the transition to adult care [4,7,8]. For good reason,
children and young people need to be closely monitored and
supported by specialized rheumatology centers that provide
interdisciplinary care using a range of pharmacological, physical,
psychological, and educational interventions [6,9-12]. However,
several barriers have been identified that hinder this current
model of support, delaying the delivery of timely, individualized,
and well-coordinated care.

There is an inadequate number of experienced pediatric
rheumatologists (PRs) to meet demand and oversee care
[7,13-18]. This has resulted in long waiting lists, the
centralization of services into tertiary children’s hospitals, and
the need for many children and young people to travel long
distances to access pediatric rheumatology centers [2,18] or
care being delivered by a primary health care provider with no
pediatric rheumatology training [2,5,14,18-20]. The World
Forum on Rheumatic and Musculoskeletal Diseases clearly
states that poor access to health care services can significantly
impede diagnosis, appropriate treatment, and health outcomes
[14], highlighting the need to overcome these barriers in the
delivery of JIA management.

In addition, to achieve optimal health outcomes, children and
young people need to adhere to their prescribed treatment plan
[21,22], and parents need to support treatment recommendations

[2,22]. However, suboptimal rates of adherence are commonly
reported [22-24]. For example, a literature review of children
and young people with chronic rheumatoid disease reported
medication adherence rates as low as 38% and physical activity
adherence rates of 40%, particularly during adolescence [22].
The primary reasons included the complexities of chronic
disease management and medication schedules, time-consuming
nonpharmacological treatments, lack of disease knowledge, and
low satisfaction with the health care team [22]. These reasons
are not surprising, as a recent systematic review identified 70
studies in which health information was inappropriately tailored
to children and young people and their parents’ level of health
literacy, increasing their concerns and uncertainties about their
condition, treatment options, and shared care decisions [25].

For JIA specifically, further reasons for nonadherence vary
across treatment modalities [24] as follows: for oral medications,
forgetfulness, taste, and long-term side-effects; for parenteral
medications (injectables and infusions), pain and side-effects;
and for physical and occupational therapy, forgetfulness, pain,
and therapy not being considered necessary [24]. Fortunately,
all these reasons are modifiable.

To uphold the expectations of rheumatology care, children and
young people should be empowered to take an active role in
their disease management by being provided opportunities to
improve their health literacy and develop good self-management
skills [2,10,25], particularly when considering the long-term
benefits these skills will have across their life span. The
development of self-management skills is also important as
parents only hold a surrogate role in children’s and young
people’s health care decisions; therefore, children and young
people need to be prepared for their transition from pediatric to
adult health care services [26].

A resource-efficient way of supplementing JIA management
and the development of self-management skills could be to
harness the burgeoning eHealth and mobile health (mHealth)
interventions [27]. eHealth is described by the World Health
Organization as an activity that delivers health-related
information, resources, and services through electronic
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technology and the internet [28]. mHealth is described as a
subbranch of eHealth [28] that uses wireless technology to
rapidly uptake, process, and communicate information to support
health system efficiency and patient outcomes [29].

The number of studies exploring the potential of eHealth and
mHealth interventions for chronic disease management is rapidly
increasing. However, most are still at an early stage of
development and are limited in their scientific rigor [30-35];
most have been conducted with adults rather than children and
young people [31,35], which is interesting, considering that
children and young people are experienced users of this form
of technology and more likely to use a digital intervention or
health app [36-38]. In fact, a recent systematic review identified
that children and young people use the internet for at least 1 to
4 hours a day (9438/10,974, 86%) [37] and some type of app
every day (719/719, 100%) [39]. Higher rates of use have also
been reported for children and young people living with JIA
who are at risk of poor psychosocial functioning compared with
their peers (>1 hour a day) [36].

However, concerns have been raised about how children and
young people use the internet [37,40]. Studies have established
that children and young people have poor internet-searching
skills, tend to use a 1-word search strategy, briefly skim through
search-engine result pages [40], and lack the ability to appraise
quality [33,36]. This limits their capacity to find high-quality,
personally relevant health information and potentially exposes
them to incorrect material [36] or results in them turning to apps
and platforms not specifically developed as health resources
such as YouTube, Tumblr, and Instagram [41].

Johnson et al [36] believe that for pediatric services to better
support the needs of children and young people living with
chronic illness, they need to be provided with accessible,
developmentally appropriate, and high-quality health-related
information. Children and young people with JIA (n=134)
agreed, particularly those with low health-related quality of life
(HRQoL), expressing an interest in being provided with
supportive internet-based interventions [36]. In addition,
children and young people participating in feasibility and
usability studies and reporting on the delivery of health messages
[42], exercise programs [43], symptom monitoring [44,45], and
disease management [35,36,44] have also reported high levels
of acceptability [42-44], usefulness [35], and satisfaction [43]
when using these interventions. However, personal, technical,
and device-related barriers have also been identified, which
hinder their use [46]. Understandably, before a health care
professional can prescribe a digital intervention, it has been
suggested that they need at least 3 published papers
demonstrating the intervention’s effectiveness [47] to see
whether the intervention works in a real-world setting [48].

Definition of Children and Young People
Internationally, pediatric services cater to children aged 0 to 12
years [49], and adolescents up to the age of 18 years (mean 18.7,
SD 2.6 years), before they are transferred to adult services [50].
In this review, we use the term “children and young people” to
broadly include all individuals in the age range of 1 to 18 years.
We exclude neonates and infants (<1 year) [51].

Aim and Rationale
This systematic review aims to identify what eHealth and
mHealth interventions have proven to be effective in supporting
health outcomes for children and young people (aged 1-18 years)
living with JIA. We anticipate that this review may aid the
clinical use of eHealth and mHealth interventions and their
integration in arthritis management.

Methods

Overview
This systematic review complies with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [52]. Before commencement of this review, a protocol
for this review was registered on PROSPERO
(CRD42018108985) [53]. Protocol questions 1, 2, and 4 were
presented in a previous study [46], whereas question 3 is
presented in this review [53]:

1. What types of eHealth and mHealth interventions have been
used to investigate the health care of children and young
people diagnosed with JIA?

2. What is the usability of eHealth and mHealth interventions
for children and young people diagnosed with JIA?

3. What eHealth and mHealth interventions have proven to
be effective in helping children and young people diagnosed
with JIA?

4. Are the existing eHealth and mHealth interventions
cost-effective for pediatric rheumatology?

Eligibility Criteria

Search Strategy
The search terms in this review were developed by SB after
initially searching the National Center for Biotechnology
Information Medical Subject Heading terms (Multimedia
Appendix 1) [54]. The search terms were adapted to suit 15
health databases with the aim of gaining a broad range of
interdisciplinary literature. These databases included MEDLINE
or PubMed, Cochrane Library, Joanna Briggs Institute, AMED,
CINAHL complete, Embase, JAMA, Informit Health, ProQuest
database, PsycINFO, IEEE Xplore, SAGE Publishing,
ScienceDirect, Scopus, and Web of Science. The search was
conducted in October 2018 and July 2021 and was not restricted
by language or year of publication to ensure the inclusion of all
relevant studies. Further studies were retrieved from Google
Scholar and JMIR and by hand searching reference lists.

Studies retrieved by the search strategy were exported to the
web-based platform Covidence [55]. This allowed 2 authors
(SB and AC) to independently review titles and abstracts—and
then the full-text versions—against the inclusion and exclusion
criteria via individual log-ins (Multimedia Appendix 2). The
authorship and results of the studies were not masked. Any
disagreements that arose were resolved through discussions
between SB and AC.

Risk of Bias
The Downs and Black [56] (modified) checklist for randomized
and nonrandomized studies was used to appraise study quality
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[57]. Independently, 2 authors (SB and AF) rated 5 main
assessment areas—the reporting, external validity, internal
validity based on bias, internal validity based on cofounding
and selection bias, and power—to provide an overall score out
of 28. A score of 24 to 28 was graded excellent, 19 to 23 was
graded good, 14 to 18 was graded fair, and <14 was graded poor
[57]. Any disagreements between SB and AF in these ratings
were resolved through discussion and re-examination of the
study.

Summary Measures and Synthesis
To assist with data collection, a data spreadsheet was developed
using Microsoft Excel to organize the data. Data collection
included study characteristics, population, eHealth and mHealth
interventions, outcome measurements, and study findings. Data
collection was completed by 1 author (SB) and checked by all
authors. A narrative synthesis method was used for
methodological heterogeneity to identify and present common
statistical descriptions [58]. All results were interpreted within
the context of each study against the total number of studies
and the considered risk of bias.

Where possible, data outcomes from similar studies were pooled,
and a meta-analysis was performed to allow the comparison of
an intervention group (IG) with a control group (CG). Baseline
(time point 1) and end-of-study scores (time point 2) were
entered into Review Manager software (RevMan version 5.4)
to determine standardized mean differences (SMDs) and 95%
CIs [59]. Forest plots were established using continuous data
and a random-effects model because of the anticipated effect

of clinical heterogeneity and to provide a summary of the
distribution of effect [60]. A subanalysis was also conducted to
reduce statistical heterogeneity. For the studies examining the
same intervention and same fixed parameter, continuous data
and a random-effects model were used to consider the common
effect of the intervention [61].

Finally, conclusions were drawn by visually inspecting forest
plots and interpreting SMDs using the Hedge (adjusted) g. An
effect size of 0.2 was considered small, 0.5 was considered
medium, and 0.8 was considered large [62]. The presence of

heterogeneity was also considered using I2(I2=100%×Q
[chi-square]−df). A variation of 25% was reported as low, 50%
was reported as moderate, and 75% was reported as high [63].
A P value of <.05 was considered statistically significant [64].

Results

Study Selection
The database search retrieved 301 studies. Of the 301 studies,
90 (29.9%) were duplicates; 145 (48.2%) did not meet the
inclusion criteria based on their title or abstract; and 51 (16.9%)
were excluded in the full-text screening because of study design,
population, age range, outcomes, or the inability to gain the full
text (eg, abstract only, conference presentations, and posters).
Approximately 5% (15/301) of studies met the inclusion criteria
to be introduced into this review (Figure 1) [65-79]. Of the 15
studies, only 1 (7%) was retrieved in a language other than
English (Dutch), and an English version of the same study was
attained through ResearchGate [72].

Figure 1. Summary of the study selection process using the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow
diagram.

Study Characteristics

Overview
The 15 studies included in this review were conducted in four
countries: Canada [69,70,73-79], the Netherlands [65,67,68,72],

the United States [66], and the United Kingdom [71]. These
studies were published between 2008 and 2021 (Table 1)
[65-79].
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Table 1. Characteristics of the 15 studies showing population, intervention, control, outcomes, and study design.

Dropout
(n)

Study designOutcomesControl (n)InterventionPopulation (N)
and age range or
mean (SD; years)

First author and
country

7cMulticenter observer

blinded RCTb
Physical activity (effective-
ness)

21aRheumates@Work49; 8.7-10.8Armbrust et al
[65], the Nether-
lands

24e2-arm parallel group
RCT

Self-management (effective-
ness)

144dTeens taking charge:
managing arthritis on the
web

289; 12-18Connelly et al [66],
United States

0iRetrospective monocen-
tric study

HRQoLh monitoring to de-
tect disease activity (effica-
cy)

N/AgEQ-5D-Y-5Lf via Rue-
ma2Go App

72; 10.6-16.4Doeleman et al
[67], the Nether-
lands

—lSequential cohort studyHRQoL (effectiveness) and

PRk feedback (n=3)

67ePROfile176; mean 11.6

(SD 4.5)j
Haverman et al
[68], the Nether-
lands

3ePre- and postinterven-
tion design

Physical activity (feasibility)N/AWearable accelerometer
using Misfit Flash

31; 12.8-18.6Heale et al [69],
Canada

12e2-arm pilot parallel
group RCT

Self-management (feasibili-
ty and effectiveness)

29diCanCope60; mean 15 (SD

1.7)j
Lalloo et al [70],
Canada

0Randomized N-of-1
crossover trail

Pain (effectiveness)1 of 4 rotat-

ing groupsd
My Pain Tracker14; 7-16Lee et al [71],

United Kingdom

0Pilot RCTPhysical activity (effective-
ness)

16Rheumates@Work33; 8-12Lelieveld et al
[72], the Nether-
lands

114e2-arm parallel group
RCT

Self-management (effective-
ness)

169dTeens taking charge:
managing arthritis on the
web

333; 12-18Stinson et al [73],
Canada

9ePilot RCTSelf-management (feasibili-
ty, usability, and effective-
ness)

15aiPeer2Peer Program39; 12-17Stinson et al [74],
Canada

—Correlational researchPain (feasibility)N/AeOuch70c; age not
available

Stinson et al [75],
Canada

—mDescriptive design and
2-stage Delphi tech-
nique

Pain (efficiency) and PR
feedback (n=15)

N/ASUPER-KIDZ101; 4-18Stinson et al [76],
Canada

9cPilot RCTSelf-management (feasibili-
ty)

24Teens taking charge:
managing arthritis on the
web

46; 12-18Stinson et al [77],
Canada

3nDescriptive studyPain (feasibility and usabili-
ty)

N/AeOuch13; 9-18Stinson et al [78],
Canada

2Prospective descriptive
study

Pain (feasibility and usabili-
ty)

N/AeOuch112; 9-17Stinson et al [79],
Canada

aWaitlist control.
bRCT: randomized controlled trial.
cIntention-to-treat analysis.
dActive control group.
eExcluded in final analysis.
fEQ-5D-Y-5L: EuroQol 5-dimensional youth 5-level.
gN/A: not applicable.
hHRQoL: health-related quality of life.
iData from 4 children and young people were misinterpreted in the assessment and excluded from analysis.
jAge range not available.
kPR: pediatric rheumatologist.
lNot provided.
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mPain assessments were completed by parents instead of children (n=4; 4-7 years) and, therefore, excluded from the analysis.
nDropouts (n=3) replaced in phase 2.

Participants
A total of 1438 children and young people (range 13-333) were
included in this review [65-79]. Studies recruited children and
young people from pediatric rheumatology centers or pediatric
rheumatology departments within children’s hospitals
[65-70,72-79]; one of the studies recruited children and young
people from the Childhood Arthritis Prospective Study [71].

Approximately 93% (14/15) of the studies reported on children
and young people characteristics [65-74,76-79]. The mean age
was 12.97 (SD 1.85) years, varying across studies between 9.7
years and 15.1 years. Most children and young people were
female (887/1237, 71.7%) compared with males (350/1237,
28.29%), ranging from 62.9% to 96.7% [65-74,76-79]. The JIA
subtypes were aligned with the International League for
Rheumatology criteria [80]. Across the study population, the
most common subtype of JIA that was reported was
oligoarthritis, making up between 21% to 61% [65-74,76-79].
Approximately 7% (1/15) of the studies did not include these
characteristics (N=70) [75], and 27% (4/15) of studies excluded
the characteristics of children and young people lost during
follow-up (n=123) [73,74] or excluded from the final analysis
(n=8) [67,76]; (Multimedia Appendix 3 [65-79]).

Approximately 87% (13/15) of the studies considered disease
activity [65-70,72-74,76-79]. Reporting either the mean range
of disease (range 0.1 to 3.75) using the Physician Global
Assessment, Juvenile Arthritis Disease Activity Score or 0-10cm
Visual Analogue Scale [65,67-69,74,76-79], or the number of
children and young people with low (range 60%-82.5%) scores,
or moderate-to-high (range 17.4%-25%) scores [66,70,73], or
the number of active (87%, 13/15) and inactive cases (13%,
2/15) [72].

Approximately 20% (3/15) of studies also included feedback
from a range of pediatric rheumatology health care providers
[67,68,76]. This included PRs (n=18; range 3-15) using eHealth
interventions during consultations [68,76] or members of the
Childhood Arthritis and Rheumatology Research Alliance (PRs
and allied health) replying to a survey (survey 1:115 members;
survey 2:157 members [73% replied to survey 1]) or attending
a 2-day consensus conference (20 members; pediatric pain and
rheumatology experts). Childhood Arthritis and Rheumatology
Research Alliance members were from the United States and
Canada [76].

Interventions
In total, 10 interventions were identified to support children and
young people with JIA. The interventions were categorized
according to their clinical aim to align with our research
question, resulting in the formation of three themes: symptom
monitoring, physical activity promotion, and self-management
development.

Theme 1: Symptom Monitoring
Approximately 33% (5/15) of studies focused on self-reporting
pain [71,75,76,78,79]. The interventions used included the
following:

1. My Pain Tracker, an mHealth app aimed at monitoring pain
1 to 3 times a day or when needed [71]

2. eOuch, a customized electronic pain diary aimed at
monitoring pain 3 times a day [75,78,79]

3. SUPER-KIDZ, a web-based assessment to self-report pain
before consultations [76]

Approximately 13% (2/15) of studies focused on self-reporting
HRQoL [67,68]. The used interventions included the following:

1. EuroQol 5-dimensional youth 5-level questionnaire
(EQ-5D-Y-5L), accessed through the Reuma2Go health
app aimed at remotely identifying disease activity and the
need for treatment adjustments [67]

2. ePROfile, a web-based assessment (Kwaliteit van leven in
kaart or quality of life map website) aimed at improving
HRQoL discussion during rheumatology consultations [68]

Theme 2: Physical Activity Promotion
Approximately 20% (3/15) of studies focused on promoting
physical activity [65,69,72]. The interventions used included
the following:

1. A wearable activity tracker—using the commercially
available MisFit Flash—aimed at improving physical
activity levels (PALs) [69]

2. Rheumates@Work, a web-based behavioral and cognitive
program aimed at delivering health information related to
JIA and improving PALs [65,72]

Theme 3: Self-management Development
Approximately 33% (5/15) of studies aimed to develop
self-management skills [66,70,73,74,77]. The interventions used
included the following:

1. Teens taking charge: managing arthritis online, which is
a web-based behavioral and cognitive program aimed at
providing disease-specific information and self-management
strategies to improve health outcomes [66,73,77]

2. iCanCope, a smartphone app aimed at tracking and
improving pain self-management [70]

3. iPeer2Peer Program, a web-based peer-mentoring program
aimed at facilitating positive role modeling and social
support through video calls [74]

The expected level of engagement with the interventions varied
from a few minutes before rheumatology consultations to 17
weeks [65-79]. Of the 15 studies, 14 (93%) required the children
and young people to use the intervention at home (age range
7-18 years) [65-75,77-79], and only 1 (7%) was conducted in
a clinical setting (age range 4-18 years) to monitor use [76]. For
a more detailed description of each intervention, see Multimedia
Appendix 4 [65-79,81].
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Comparator or Control
Approximately 53% (8/15) of studies compared a pretested
(time point 1) and posttested (time point 2) IG (455/904, 50.3%;
range 17-144, median age 12.9, SD 2.09 years; female 322/455,
70.8%) with a CG (449/904, 49.7%; range 14-145, median age
13.4, SD 1.91 years; female 352/449, 78.4%)
[65,66,68,70,72-74,77]. Of these 8 studies, 3 (38%) compared
the IG with a CG receiving usual care (no eHealth or mHealth
input) [68,72,77], 2 (25%) used a waitlist control method to
allow all children and young people exposure to the intervention
before study completion [65,74], and 3 (38%) compared the IG
with an active CG also receiving a digital intervention
[66,70,73].

One of the studies compared different real-time reporting
schedules across 4 groups (n=12) with a median age of 12.5
years (range 10-14 years; female 9/12, 75%) [71].

Outcomes
Study outcomes varied according to the intervention stage of
development (feasibility, usability, efficiency, and effectiveness)
[65-79]. Health outcomes that considered an evaluation
measurement to allow the quantitative comparison between
groups, and an effectiveness analysis, were categorized to
support the clinical aim of each intervention under the three
intervention themes: symptom monitoring, physical activity
promotion, and self-management development (Table 2).
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Table 2. Formation of themes, evaluation criteria, and main outcomes supporting the delivery of the eHealth and mobile health interventions for juvenile
idiopathic arthritis.

Outcomes (evaluation measurement)Theme (interventions aim)

Theme 1: symptom monitoring

Real-time pain • Pain intensity, unpleasantness, interference using electronic VASa 5 cm [75,78,79] and RPIb [75,78,79]
• Pain location and descriptors: size (severity), throb rate (intensity), and emotion, PROMISc and Pediatric pain In-

terference Scale–Short Form [71]
• PedsQLd generic inventory—and arthritis module and PCQe and Physician Rated Disease Activity Indices [79]
• Children and young people aged 4-7 years: Faces Pain Scale–Revised; children and young people aged 8-18 years:

NRSf (0-10 cm) [76], survey, and consensus conference [76]

HRQoLg • EuroQol 5-dimensional youth 5-level questionnaire and 0-100 cm VAS (current health status)
• Juvenile Arthritis Disease Activity Score with 71 joint count [67]

Pediatric rheumatology
feedback

• HRQoL communication during pediatric rheumatology consultation, number of psychologist referrals, and PRh

satisfaction [68]
• Satisfaction questionnaire and 2-stage Delphi survey [76]

Theme 2: physical activity promotion

Objective measure-
ments

• Bruce Treadmill protocol for exercise capacity (endurance time) [65,72]
• Accelerometer (Actical Phillips Respironics) for physical activity [65]

Self-reporting measure-
ments

• A 7-day activity diary [65,72]
• 3-Day Activity Recall to measure the metabolic equivalent values of activities and PROMIS [69]
• PedsQoL (version 4) and pain and well-being (0-10 cm VAS); functional ability: CHAQi [65,69]
• School absenteeism, participation in physical education classes, and follow-up 3 and 12 months [65]

Functional capacity • CHAQ [69]
• Dutch version CHAQ38 [65]

Disease activity • Disease and medication use records [72]
• Disease activity 0-10 cm VAS [65]
• Physician Global Assessment 0-10 cm or 0-100 cm VAS [69,72]

Theme 3: self-management development

Pain reduction • RPI [74,77]
• Pain intensity [66,70,73] and interference [66,73] using an 11-point NRS (0-10) [66,70]
• Tracking logs [70]
• Follow-up at 3, 6, and 12 months [66,73]

HRQoL improvement • PedsQL [66,70,73,74]
• Juvenile Arthritis Quality of Life Questionnaire [77]
• PROMIS: pediatric anxiety short form and depressive symptoms short form [66,73]
• Perceived Stress Questionnaire [77]
• Follow-up at 3, 6, and 12 months [66,73]

Functional capacity • Child Activity Limitations Interview [70]

Health literacy • Medical Issues, Exercise, Pain, and Social Support Questionnaire [66,73,74,77]
• Children’s Arthritis Self-Efficacy scale [66,73,74,77]
• PCQ (behavioral and cognitive pain-coping strategies) [66,73]
• Follow-up at 3, 6, and 12 months [66,73]

Adherence to pre-
scribed treatment

• Child Adherence Report Questionnaire and Parent Adherence Report Questionnaire [73,77]

aVAS: visual analog scale.
bRPI: Recall Pain Inventory.
cPROMIS: Patient-Reported Outcomes Measurement Information System.
dPedsQL: Pediatric Quality of Life Inventory.
ePCQ: Pain Coping Questionnaire.
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fNRS: numeric rating scale.
gHRQoL: health-related quality of life.
hPR: pediatric rheumatologist.
iCHAQ: Childhood Health Assessment Questionnaire.

Study Design
Study designs included two 2-arm parallel group randomized
controlled trials (RCTs) [66,73], one 2-arm pilot parallel group
RCT [70], 1 multisite observer-blinded RCT [65], 3 pilot RCTs
[72,74,77], 1 randomized N-of-1 crossover trial [71], 1
descriptive study with 2-stage Delphi technique [76], 1
descriptive study with 2-phase testing [78], 1 prospective
descriptive study [79], 1 retrospective monocentric study [67],
1 pre- and postdesign study [69], 1 correlational study [75], and
1 sequential cohort intervention study [68] (Table 1) [65-79].

Methodological Quality of Studies
Using the Downs and Black [56] (modified) checklist, the
overall mean quality score of the 15 studies was 18.87 (SD 1.92)
[65-79]. The scores ranged from 15 to 21, providing a
fair-to-good score [57] (Multimedia Appendix 5 [65-79]). There
were no disagreements between SB and AF that needed to be
resolved by a third author (AC). The 2 areas in which study
quality was consistently limited were power and sampling bias;
87% (13/15) of studies had insufficient power to detect a
clinically significant effect [65,67-78], and convenience
sampling and selection bias may have prevented full
representation of the JIA population [68,72,75,79]. Children
and young people were selected because of pain experience
[66,70,78]; level of disease activity [65,66,69,71,75,78,79];
unlikelihood of medication changes [69]; no other comorbidities
or cognitive impairments [65,66,69-71,73-75,77,79]; good visual
acuity [75,79]; no hand deformities [75,79]; reduced PALs [65];
access to a computer, tablet, or phone or the internet
[65,69,70,72,74]; and level of comprehension and ability to
speak and read English [65,66,70,73-77,79], Dutch [72], Spanish
[66], or French [73,77]. Methodological concerns were also
seen in internal validity because of contamination or unreliable
compliance [65-67,69-71,73,75-79].

Results of the Studies

Theme 1: Symptom Monitoring

Real-time Pain

Approximately 33% (5/15), fair-to-good–quality studies reported
on real-time pain assessments [71,75,76,78,79]. Of these 5
studies, 3 (60%) reported on children and young people (aged
11.2-18 years) using eOuch to record their pain 3 times a day
against the three pain rating measurements: intensity,
unpleasantness, and interference [75,78,79], demonstrated a
strong correlation (r=0.71-0.74, P<.01) between these pain
measurements [79]. On average, pain scores reported were mild
to moderate, interfering mostly with walking and least with
school work, relationships with friends or family, and sleeping
[78,79]. A good-quality study demonstrated changes in
children’s and young people’s pain recordings throughout the
day (interference P<.01, stiffness P<.01, and fatigue P<.01)
and, week to week (intensity P<.01, unpleasantness P<.01,
interference P<.01, and stiffness P<.01) [79]. Predicted changes

in pain were also seen after a joint injection (medium effect
size: 0.52-0.71); the main effect was for pain intensity [79]. A
weak effect was reported for tiredness (r=0.24-0.26) and
perceived ability to control pain (r=0.6-0.26) [79]; Multimedia
Appendix 6 [71,75,78,79]).

Of the 5 studies, a further 1 (20%) fair-quality study reporting
on the intervention SUPER-KIDZ that targeted children and
young people aged between 4 to 18 years considered the pain
dimensions that should be included in a pain assessment [76].
Using a 2-stage Delphi technique, the consensus view from
health care experts (survey 1: n=115; survey 2: n=157; 2-day
conference: n=20) concluded the inclusion of the characteristics
of pain—intensity, location, frequency, duration, and the
consequences of pain—and functional limitations [76].

Another 20% (1/5) of fair-quality studies reported on the
frequency of recording real-time pain scores using My Pain
Tracker [71]. Children and young people (aged 7-16 years)
adherence rates were higher when pain was reported once a
week (15/24, 63%) compared with when pain was reported once
a day (85/168, 50.6%) or twice a day (127/336, 37.8%) or as
and when pain was experienced (range 0-7 reports) [71]. There
were no significant differences in pain interference scores
because of reporting frequency (P=.77) or the different time
points (weeks) across the study (r=−.004; P=.68). The children
and young people qualitative results reported that they preferred
once a day or as and when (6/14, 43%) reporting schedules [71]
(Multimedia Appendix 6).

Real-time Pain Assessments Versus Recall Pain Assessments

Of the 5 real-time pain assessment studies, 3 (60%)
fair-to-good–quality studies considered the correlation between
eOuch real-time pain recordings and the Recall Pain Inventory
short form [75,78,79]. For CPY (aged 11.2-18 years), a moderate
to strong correlation (r=0.49-0.84) was reported between the
real-time pain recordings and recall pain recordings (P<.01)
[79], and the magnitude of changes in pain did not differ
significantly when pain was defined as >0/100 or >0/30.
However, when pain was defined as >0/10, there was weak
within-person consistency, resulting in an 8% variance and a
moderate association between the 2 assessments [75]. The same
study also reported computed changes in pain (P=.02) against
the judged assessment of pain (P=.004), finding both to be
significantly similar, although the Recall Pain Inventory was
higher and predictable [75]. Recall pain assessment
measurements were mostly influenced by the children and young
people peak pain score and the last real-time pain score. This
finding appeared to be clinically significant (Multimedia
Appendix 6).

Real-time Pain Scores Versus Other Commonly Used
Pediatric Assessments

Of the 5 real-time pain studies, 1 (20%) fair-quality study
compared real-time pain scores, using eOuch, with other
pediatric tools (Pediatric Quality of Life Inventory [PedsQL]
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Generic Inventory, PedsQL Arthritis Module, and Pain Coping
Questionnaire). For children and young people (aged 9-17
years), a weak to moderate correlation (r=0.02-0.64) was seen,
highlighting differences in the assessment tools, suggesting the
need for specific pediatric pain assessments (Multimedia
Appendix 6).

HRQoL Assessment Versus Disease Activity Assessment

Of the 15 studies, 1 (7%) good-quality study compared children
and young people (aged 10.6-16.4 years) self-reporting HRQoL
at home, using the EQ-5D-Y-5L assessment, with the commonly
used clinical care tool Juvenile Arthritis Disease Activity Score
with 71 joint count, which was completed by the PR during
consultation to measure disease activity [67]. The HRQoL
assessment (EQ-5D-Y-5L sum score) across all 5 levels
(mobility, self-care, daily activities, pain or discomfort, and
anxiety or depression) displayed satisfactory diagnostic accuracy
(87%; 95% CI 76-94; P<.001), sensitivity (85%), specificity
(89%), and predictive values (positive 88% and negative 86%)
in identifying moderate to high disease activity [67]. This
suggests that disease activity would not have been missed
through remote monitoring of HRQoL, and treatment
adjustments based on the current-to-treat guidelines (>1.5 for
oligoarthritis and >2.5 for polyarthritis) could be applied [67].

PR’s Feedback

Of the 15 studies, 1 (7%) good-quality study compared the
preferred method of reviewing pain assessments by PRs (11/15,
73% female; 10/15, 67% practicing >10 years) [76].
SUPERKIDZ pain assessments were completed by children and
young people (aged 4-18 years; with no help from parents)
before the PR consultation using three different methods: a
laptop or computer, a multimedia player, and a paper-based
assessment. PRs (10/15, 67%) reported the electronic
assessments to be more time efficient (P=.02) than the
paper-based assessment and would recommend the use of
web-based pain summaries to colleagues (9/15, 60%). There
were no differences reported in developing pain management
plans (10/15, 67%) [76].

Of the 15 studies, 1 (7%) fair-quality study reported on the PR’s
review of the web-based HRQoL assessment, ePROfile, during
consultation [68]. PRs (n=5) reviewed 176 children and young

people (mean 11.6, SD 4.5 years) tabulated answers and were
satisfied with the care they provided for the IG compared with
the care they provided for the CG, particularly in the areas of
emotional support (first consultation [time point 1] P<.01 and
second consultation [time point 2] P<.001) and meeting children
and young people needs (time point 1 and time point 2 P<.001).
PR satisfaction increased slightly in the second consultation
compared with that of the first. PR evaluations reported
ePROfile as useful (time point 1: 97/102, 95%; time point 2:
64/64, 100%), and the number of referrals increased (time point
1=9.2% and time point 2=4.3%) compared with the CG (3%).
These results were not significant [68]. Parents also evaluated
ePROfile as useful (time point 1: 57/65, 88%; time point 2:
37/46, 80%); however, parent satisfaction did not differ between
the IG and CG, and children and young people (mean age 11.6,
SD 4.5 years) reported the consultation as normal (time point
1: 47/48, 98%; time point 2 29/35, 83%). ePROfile was
considered by the study authors as an efficient medium for
monitoring HRQoL and was implemented in clinical use after
the study [68].

Theme 2: Physical Activity Promotion

Overview

Approximately 20% (3/15) of the fair-to-good–quality studies
considered the interventions’ effect on physical activity of
children and young people [65,69,72]. Of these 3 studies, 1
(33%) fair-quality study reported on children and young people
(aged 12.8-18.6 years) wearing an activity tracker, Misfit Flash,
daily for 28 days. No significant differences in PALs were
recorded [69].

The other 67% (2/3) good-quality studies reporting on children
and young people (aged 8.7-12 years) who used the intervention
Rheumates@Work were pooled in a meta-analysis [65,72].
Overall, a moderate effect (SMD 0.60, 95% CI 0.02-1.18, P=.40)
was seen in physical activity (endurance time, PAL, and
moderate to vigorous physical activity [MVPA]). However,
there was high statistical heterogeneity between the studies

(I2=79%), suggesting a 79% variance across the studies,
reducing confidence in these results (Figure 2) [65,72]. No
changes were reported for pain intensity, disease activity, or
functional ability [65,69].
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Figure 2. Effectiveness of Rheumates@Work on the promotion of physical activity for juvenile idiopathic arthritis (aged 8-12 years). MVPA:
moderate-to-vigorous physical activity; PAL: physical activity level.

Seasonal Intervention Effect

Of the 3 studies considering physical activity promotion, 1
(33%) good-quality study, Rheumates@Work, reported a
seasonal intervention effect after comparing a winter IG to a
summer IG. For the winter IG, a 24-minute reduction in rest
was recorded using an accelerometer (Actical Phillips
Respironics). This result was significant (P=.05) [65].

Follow-up

Of the 3 studies considering physical activity promotion, only
1 (33%) good-quality study, Rheumates@Work, considered
follow-up after the study period [65]. At 3 months, for the IG,
children’s and young peoples’ (aged 8.7-18 years) physical
activity (endurance time and PAL) continued to improve, and
by 12 months, it declined. However, this reduction did not reach
the preintervention levels. Positive improvements were also
reported for educational participation. At 3 months, school
absenteeism decreased from 43% to 14% (P=.02) in the IG and
increased from 24% to 29% (P=.60) in the CG. Children’s and
young peoples’ participation in physical education classes also
improved in the IG group, from 57% to 71% (P<.01) and from
62% to 67% in the CG (P=.01). However, these differences
were not statistically significant [65].

Theme 3: Self-management Development

Overview

Approximately 33% (5/15) of fair-to-good quality studies
assessed the health-related benefits of self-management
development [66,70,73,74,77].

Pain Reduction

Of the 5 studies promoting self-management, all (100%)
fair-to-good–quality studies monitored for changes in pain
because of the intervention [66,70,73,74,77]. Of these 5 studies,
1 (20%) fair-quality study reported on children and young people
(mean age 12, SD 1.7 years) using iCanCope [70]. The IG
received a pain monitoring and self-management program, and
the CG received pain monitoring only. Both groups reported a
reduction in pain intensity (IG: 1.73-point reduction; CG:
1.09-point reduction), using a 0 to 10 numerical rating scale.
These results were not statistically significant (P=.24) [70].

Of the 5 studies, 4 (80%) good-quality studies (children and
young people aged 8-18 years) reporting on Teens taking charge
and the iPeer2Peer Program were pooled for a meta-analysis
[66,73,74,77]. A small postintervention effect was seen in the
IG compared with the CG in reducing pain intensity (SMD

−0.14, 95% CI −0.43 to 0.15; I2=53%; P=.33). However, these
results were not statistically significant, and moderate statistical
heterogeneity was seen between the studies (Figure 3)
[66,73,74,77]. No effect was seen on pain interference (Figure
4) [66,73].
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Figure 3. Effectiveness of self-management programs in reducing pain intensity for children and young people (aged 12-18 years) with juvenile
idiopathic arthritis.

Figure 4. Effectiveness of Teens taking charge intervention in reducing pain interference for children and young people (aged 12-18 years) with juvenile
idiopathic arthritis.

HRQoL Improvements

Of the 5 studies targeting self-management development, 4
(80%) fair-to-good–quality studies considered the intervention
effect on HRQoL for the IG compared with CG (age range
8.7-18.6 years) [66,70,73,74,77]. Of these 5 studies, 4 (80%)
good-quality studies, reporting on Teens taking charge and the
iPeer2Peer Program, were pooled for a meta-analysis. No effect
was demonstrated for HRQoL [66,73,74,77]. For Teens taking

charge, a further subanalysis of the individual HRQoL domains
(problems with pain, daily activities, treatment, worry, and
communication), using the PedsQL, demonstrated a small effect
in improving problems with pain and problems with daily
activity (SMD 0.16, 95% CI −0.04 to 0.35; I=0%; P=.13)
(Figure 5) [73,74]. This effect was not statistically significant.
From the study outcomes excluded from the meta-analysis, no
improvements were seen in anxiety, depression [66,73], or stress
[77].
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Figure 5. Subanalysis of Teens taking charge intervention and the health-related quality of life domains: problems with pain and daily activities for
children and young people (aged 8.7-18 years) with juvenile idiopathic arthritis.

Follow-up

Of the 5 studies targeting self-management development, 2
(40%) good-quality studies considered follow-up after the study
period at 3, 6, and 12 months [66,73]. In the Canadian Teens
taking charge study, children and young people (aged 12-18
years) in the IG retained the improvements they gained during
the study period for pain intensity and in the HRQoL domains
of problems with pain and problems with daily activities. These
results were not statistically significant. A significant
improvement was seen in the domain of problems with treatment
(P=.008) [73]. In the US Teens taking charge study, children
and young people (aged 12-18 years) in the IG and CG
continued to have a stable reduction in pain intensity and pain

interference and improvements in HRQoL. The differences
between the IG and CG were not significant [66].

Health Literacy

Of the 5 studies targeting self-management development, 4
(80%) good-quality studies, reporting on Teens taking charge
and the iPeer2Peer Program (children and young people aged
8.7-18 years) and considering health literacy, were pooled in a
meta-analysis [66,73,74,77]. A small, nonsignificant effect was
seen in improving disease knowledge and self-efficacy (SMD

0.30, 95% CI 0.03-0.56; I2=74%; P=.03); however, confidence
in these results was reduced because of high statistical
heterogeneity (Figure 6) [66,73,74,77]. No improvements were
seen in pain coping strategies [66,73].
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Figure 6. Effectiveness of self-management programs in improving disease knowledge and self-efficacy for children and young people (aged 12-18
years) with juvenile idiopathic arthritis.

Functional Ability and Adherence to Treatment

Of the 5 studies targeting self-management development, only
1 (20%) fair-quality study reported on functional ability. There
was no improvement in pain-related limitations (P=.65) [70].
Another 40% (2/5) of good-quality studies reported on treatment
adherence. No improvements were reported for medication,
exercise, or splint adherence [73,77].

Adverse Events
Of the 15 studies, 3 (20%) fair-to-good–quality studies recorded
adverse events [65,66,69]. Teens taking charge (age range 12-18
years) reported the highest number of adverse events (n=72),
mostly related to infections (18/72, 25%) and arthritis-related
flares (17/72, 24%) [66]. The more serious events involved
hospitalization (9/72, 13%) or suicidal thoughts (4/72, 6%).
There was no significant difference in adverse events between
the IG and CG groups (P=.67) [66]. MisFit Flash (age range
12.8-18.6 years) also reported illness, injury, or pain (9/28,
32%), including arthritis-related ankle and knee pain (1/28, 4%).
However, no significant difference was seen in functionality
(mean Childhood Health Assessment Questionnaire score), pain,
or active joint count during the study [69]. Whereas
Rheumates@Work (age range 8-12 years) reported
arthritis-related flares, affecting more children and young people
in the CG (2/17, 12%) compared with the IG (1/16, 6%) [65].

Dropout
Of the 15 studies, 10 (67%) studies reported dropout rates (range
0-114) by children and young people (aged 8.7-18.6 years)
[65,66,69,70,72-74,77-79]. Dropout reasons before study
commencement included not being interested anymore
[65,66,74], early withdrawal before allocation [66,77], not
receiving allocation [65,70,77], not completing app orientation
[70], technical issues [77], and no show and no reason [65].
Reasons during the study period included other health problems

[65,69], school and extracurricular activities [69,78],
discontinued use [66,74,77], did not complete final web-based
measures [77], unable to reach [66], lost to follow-up
[66,69,73,74,77,79], and removal because of lack of compliance
[74]. No comparisons were made between age or gender
[65,66,69,70,72-74,77-79].

Of the 15 studies, 7 (47%) studies reported both the IG and CG
dropout rates [65,66,70,72-74,77]. A higher dropout rate was
reported in the IG (119/455, 26.2%; range 0-76) compared with
the CG (56/449, 12.5%; range 0-56) [65,66,70,72-74,77]. The
Canadian Teens taking charge study reported the highest dropout
rate (IG: 76/164, 46.3%; CG: 38/169, 22.5%) [73].

Discussion

Principal Findings
To the best of our knowledge, this is the first systematic review
to evaluate the effectiveness of eHealth and mHealth
interventions in supporting children and young people living
with JIA. In total, 10 interventions were identified to support
symptom monitoring, physical activity promotion, or
self-management development for children and young people
aged 4 to 18.6 years. These 10 interventions included 4 (40%)
web-based programs [65,66,68,72,73,76,77], 3 (30%) health
applications [67,70,71], 1 (10%) telecommunication application
[74], 1 electronic diary (10%) [75,78,79], and 1 (10%)
accelerometer compatible with a tablet or smartphone [69]. The
methodological quality of the studies supporting these
interventions ranged from fair [68-71,75,76,78] to good
[65-67,72-74,77,79].

Theme 1: Symptom Monitoring (4-18 Years)
Pain assessment was the most common type of intervention
used to support symptom monitoring. The interventions My
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Pain Tracker and eOuch aimed to capture real-time data through
children and young people self-reporting pain [71,75,78,79].
Monitoring pain is important as pain is the most frequently
reported symptom by children and young people living with
JIA [12,82]. Pain can dramatically interfere with physical
functioning, coping mechanisms, and quality of life [12]. Stinson
et al [79], through the use of eOuch pain diaries, demonstrated
a correlation between pain intensity and the impact pain can
have on emotional well-being (unpleasantness) and activities
of daily living (interference), reinforcing the need for ongoing
comprehensive pain monitoring, which could allow the health
care team to make timely recommendations and prevent poor
health outcomes [83-85].

However, there is no consensus on the required number of
real-time assessments, per day or week [71,86,87], to ensure
the collection of high-quality data and avoid the burden of
momentary reporting [71]. Instead, a large variation, ranging
from 2 to 9 times a day for children and young people, has been
seen [87]. In this review, real-time pain monitoring ranged from
1 to 3 times a day [71,75,78,79] or when needed [71]. Lee et al
[71], through My Pain Tracker, compared these reporting
frequencies, finding that children and young people preferred
once-a-week or when-needed pain assessments to avoid thinking
about their pain. Although more details in pain data were
collected from once-a-day reporting, and, for some children and
young people, adherence to once-a-day reporting was easy as
it became a routine [71], more research is needed on reporting
frequencies.

Real-time pain monitoring also exposed differences between
real-time pain and recall pain assessments [75]. Recall pain
measurements were higher and predictive compared with
average real-time pain measurements, influenced by the
children’s and young peoples’ most intense pain and last pain
score [75]. This is known as recall bias or peak-end effect
[75,88]. This nonequivalence between real-time pain
assessments and recall pain assessments adds significance to
previous research by Stone et al [88], highlighting
methodological concerns around relying on retrospective pain
assessments, especially when considering the length between
rheumatology appointments.

Longitudinal variances were also seen between real-time and
recall pain monitoring [75]. Stinson et al [75] and Stone et al
[88] both demonstrated a weak correlation with within-person
data when pain was defined as >0/10, which is the most common
pediatric pain scale. This suggests that real-time and recall pain
assessments cannot be compared or used interchangeably when
assessing long-term changes in pediatric pain [75]. Considering
that the length of the studies in this review was only 2 to 8 weeks
[71,75,78,79], further research on the longitudinal effects of
real-time pain monitoring is needed.

The use of real-time symptom monitoring for children and young
people is also supported by previous work in reducing the recall
time to days, hours, or minutes [87], and importantly, a recent
systematic review, reporting on real-time monitoring using
mobile technology, suggests that it can be successfully
implemented from the age of 7 years [87]. In addition, a study
considering adults with chronic illnesses supports real-time

monitoring for the identification of exacerbations, confidence
in self-management, and prevention of hospital admissions [89].
In this review, the intervention EQ-5D-Y-5L endorsed this
finding, as remote HRQoL monitoring identified, with
satisfactory diagnostic accuracy (P<.001), moderate to high
levels of disease activity, promoting the need for adjustments
with prescribed treatments and rheumatology consultation
frequency [67]. Further research is now needed on this
web-based PR– children and young people interaction and the
impact remote monitoring may have on safety [67,90].

In this review, 13% (2/15) of studies reported positive feedback
from PRs after they reviewed web-based assessments during
consultation [68,76]. PRs reported that SUPER-KIDZ pain
assessments increased time efficiency compared with a
paper-based assessment [76]. However, ePROfile increased PR
satisfaction with the care they provided as the HRQoL
discussion improved and the number of psychological referrals
increased [68]. Although these findings were not significant,
reviewing pain and HRQoL during consultation is important as
children and young people with JIA have significantly lower
HRQoL compared with that of healthy children and young
people, and children aged 8 to 12 years with JIA have lower
HRQoL than that of children with other chronic health
conditions [9].

Interestingly, the use of web-based portals in adult rheumatology
has been long standing. The Feed Forward System, for example,
used in Sweden generates a patient’s progress over a period and
has been successfully used to guide health care provider
recommendations and aid the development of patient
self-management skills [91].

For JIA, feasibility studies considering web-based portals also
support their use, reporting that this form of technology can
increase children’s and young peoples’ (aged 5-22 years) feeling
of control [92,93].

Regrettably, parents and children and young people did not
report the same level of satisfaction with the ePROfile
consultation as PRs [68]. Haverman et al [68] suggest that this
may be as they are already happy with the quality of their care.
Nonetheless, many factors that can influence children’s and
young peoples’ opinions on digital assessments need to be
considered. First, they can be influenced by the assessment
experience; they need graphical and tailored feedback to
encapsulate their results and catch their interest [94]. In addition,
children and young people may not value and understand the
importance of monitoring symptoms, disease, and general
well-being (mood, fatigue, and functional ability) [44,95] or
the need for a person-centered framework that builds
partnerships between families and health care teams [92].
Further research on the use of web-based portals for children
and young people is needed.

Theme 2: Physical Activity Promotion (8-18.6 Years)
In this review, 20% (2/10) of interventions, Rheumates@Work
and the wearable activity tracker, Misfit Flash, aimed at
improving self-management behavior by promoting physical
activity for children and young people (aged 8-18.6 years)
[65,69,72]. Of these 2 interventions, only 1 (50%)
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Rheumates@Work, demonstrated a moderate but clinically
meaningful effect on physical activity, improving endurance
time, PAL, and MVPA for children and young people (aged
8-12 years) [65,72]. This finding is important as children and
young people with JIA are less physically active [96,97] and
spend more time in sedentary activities than their peers [96].
Improving physical activities helps to retain musculoskeletal
function, muscle strength, and functional capacity [98].

In addition, increased physical activity did not exacerbate
disease activity or pain in the IG compared with the CG [65,69].
In fact, no significant difference was reported [65,69], and
absenteeism from school decreased [65]. These findings are
encouraging, especially considering the related impact JIA can
have on reducing academic performance, as depicted by Bouaddi
et al [99] and Laila et al [100]. Although these findings are
limited, they will add to the growing body of evidence reporting
that exercise therapy is well-tolerated by children and young
people with JIA [98,101,102], further supporting physical
activity as a helpful and necessary treatment modality,
improving adherence [24,103].

Theme 3: Self-management Development (8-18 Years)
In this review, 30% (3/10) of interventions—iCanCope [70],
Teens taking charge [66,73,77], and the iPeer2Peer program
[74]—supported self-management development for children
and young people (aged 8-18 years). These interventions
(including Rheumates@Work [65]) are typical behavior change
technique interventions used for children and young people
[31]. They support self-management through the development
of disease-specific knowledge, goal setting, self-management
strategies, and social support [66,70,73,74,77].

In this review, identified in the meta-analysis, children and
young people participating in the self-management programs
Teens taking charge and iPeer2Peer Program reported a small
but nonsignificant improvement in pain intensity, disease
knowledge, and self-efficacy scores [66,73,77]. However, high
statistical heterogeneity was also seen within the results. This
may be because of several reasons. First, a range of comparators
was used for the CG. For example, in 2 of the 3 Teens taking
charge studies, the IG was compared with an active CG rather
than usual care. The CG also received an eHealth intervention
12 publicly available health education websites with phone
support to support care. Improvements were then seen in both
the IG and CG, reducing the mean difference between the groups
[66]. Most digital studies primarily focus on a single intervention
to demonstrate the intervention effect rather than comparing
different digital interventions. However, it is this direct
comparison that can reveal a more effective intervention [104].
The CG’s intervention, the use of health care workers
signposting quality health education websites to support
self-management skills [105,106] and improve well-being [107],
is supported in the literature. Therefore, acknowledging the
improvements seen in the CG is important, as the use of publicly
available websites can be a cost-effective solution for dissipating
health information among the masses to support the delivery of
health care [28]. For example, a study of adults living with
chronic pain (n=20; aged 18-74 years) explained that if they
had been provided with quality pain-related information, it

might have prevented the desperation and anxiety they
experienced, especially during the first few years [107].

Another explanation for the moderate to high statistical
heterogeneity may have been that the studies were conducted
in different countries, within different health care delivery
systems, with different levels of pre-existing support [73].
Differences exist with the pediatric rheumatology workforce
worldwide [7,13-18] and within publicly funded and self-funded
health care systems [108,109]. Differences also exist in PRs’
opinions on pediatric self-management and the use of an
interdisciplinary approach to care [108]. Successful publicly
available digital interventions may be a solution to transcending
these boundaries and universally improving access to care
[28,106]. Further comparisons between different
self-management interventions is needed, especially when
considering the dropout rates in this review, which, for the
self-management programs, were higher in the IG
[65,66,70,73,74]. These dropout patterns were similar to a recent
systematic review predicting dropout rates in adults, with
dropouts occurring at the beginning and over the course of the
intervention [110].

There may also be no one-size-fits-all intervention, or there may
be a need for a combination of interventions. For example, the
iCanCope pain self-management application combined 2
interventions (real-time pain monitoring and self-management)
and then compared this combination to standalone pain
monitoring. This combination demonstrated a greater decrease
in pain intensity scores (>1 point, 0-10 on the numerical rating
scale) [70]. Although this finding was not significant, the
inclusion of self-management programs could be clinically
beneficial. Improving and providing effective educational
interventions early in childhood should be when children and
young people are beginning to develop their health behaviors
[23]. Studies have shown that a high level of health literacy can
support informed decision-making [111-113]; treatment
adherence, especially for nonmedication interventions [113];
and the prevention of chronic health-related problems [22].

Unfortunately, not all the results of this review are promising.
Across the studies, the interventions had no effect on pain
interference [66,73], HRQoL [65,66,69,70,73,74,77], anxiety,
depression, pain coping [66,73], disease activity [69,72],
functional ability [65,69,70], or treatment adherence [73,77].
In addition, only 20% (3/15) of studies considered long-term
follow-up [65,66,73]. More research is needed to gain wider
health-related benefits.

Limitations
It is essential that several limitations are considered when
interpreting the findings of this review. First, our search strategy
was restricted to an academic context, using eHealth
electronically indexed health databases that publish
peer-reviewed journals, rather than apps within commercial
stores. This means that our results may not provide a true
reflection of the health apps available for JIA. This decision
was based on the commonly reported shortcomings of health
apps available to the general public that are related to data safety
and lack of rigorous testing [114].
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Second, the selection criteria in this review deviated from our
systematic review protocol [53]. In the protocol, we outlined
that the comparator or CG was to receive usual care, with no
eHealth or mHealth input. Instead, we included 13% (2/15) of
studies comparing an eHealth intervention to another digital
intervention [66,73], as a preliminary pilot study of this
intervention met our inclusion criteria to be included in this
review [77]. This decision enabled us to provide the most
up-to-date evidence for this intervention.

Third, our findings in this review supporting the use of real-time
monitoring and web-based assessments were based on
descriptive summaries. The use of a narrative, descriptive
methodology to summarize, synthesize, and report the results
is at risk of reporting bias. To reduce this risk, all authors
internally reviewed all the stages of this review.

In addition, there were methodological concerns in the data
reported by some studies because of performance bias. It was
not possible to blind children and young people from the
intervention, which could have resulted in a placebo effect. For
example, Rheumates@Work reported improvements in both the
IG and CG for MVPA and participation in physical education
classes. Baseline testing may have made the CG more aware of
the need to improve their physical activities [65]. The
interventions’ true effects may have also been overestimated,
as activity levels entered by children and young people in the
exercise diaries did not match the accelerometers. Overreporting
exercise is not uncommon. Various correlations have been
reported between exercise diaries and accelerometer recordings
in the general population (r=0.52) [115]; among children and
adolescents (reliable coefficient ranges r=0.5-0.93 and validity
coefficient ranges r=0.03-0.88), with children being in the lower
range [116]; and for JIA (light PAL and MVPA r<0.24; rest
and PAL r=0.41) [117]. Unexpectedly, a 4% inaccuracy has
also been identified in accelerometer recordings for JIA in light

PALs (effect size 1.2) because of nonwearable periods (aquatic
activities and ball games) [117]. Awareness of these possible
variations enables correction. For example, Armbrust et al [117]
recommend, for research purposes, the use of accelerometer
recordings (7-19 days) and an activity diary (>13 days). Another
feasible suggestion may be the use of wearable forms of digital
technology (ie, a smartwatch) [27]; however, more research is
needed to overcome the nonwearable periods such as contact
sports [118] or while attending school [119].

Finally, the generalizability of our findings may be limited. We
included 40% (6/15) of studies where several children and young
people were categorized as unknown, not yet diagnosed, or
other (55/1438, 3.82%; range 2-37) [68,70,73,76,77,79].
Dissecting the results to target children and young people
specifically with JIA was not possible (Table 2). For a
fair-quality study, which reported the highest number of children
and young people in this category (37/101, 36.6%), our data
extraction focused on the consensus view of pediatric
rheumatology providers (PRs, allied health experts, and pain
experts) rather than the children and young people [76], which
is an area of research that is currently limited.

Conclusions
Evidence that supports the inclusion of eHealth and mHealth
interventions in JIA management is on the rise; however, this
evidence needs to be considered cautiously. Confidence in the
results is reduced because of low sample size, wide CIs, high
statistical heterogeneity, and no similar effect being seen across
similar studies. More rigorous research is needed that focuses
on the longitudinal effects of real-time monitoring, web-based
PR–children and young people interactions, comparison of
self-management strategies, and the use of wearable digital
technology as an objective measurement for monitoring physical
activity before any recommendations informing current practice
can be given.
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Abstract

Background: Hearing loss affects 1 in 5 people worldwide and is estimated to affect 1 in 4 by 2050. Treatment relies on the
accurate diagnosis of hearing loss; however, this first step is out of reach for >80% of those affected. Increasingly automated
approaches are being developed for self-administered digital hearing assessments without the direct involvement of professionals.

Objective: This study aims to provide an overview of digital approaches in automated and machine learning assessments of
hearing using pure-tone audiometry and to focus on the aspects related to accuracy, reliability, and time efficiency. This review
is an extension of a 2013 systematic review.

Methods: A search across the electronic databases of PubMed, IEEE, and Web of Science was conducted to identify relevant
reports from the peer-reviewed literature. Key information about each report’s scope and details was collected to assess the
commonalities among the approaches.

Results: A total of 56 reports from 2012 to June 2021 were included. From this selection, 27 unique automated approaches
were identified. Machine learning approaches require fewer trials than conventional threshold-seeking approaches, and personal
digital devices make assessments more affordable and accessible. Validity can be enhanced using digital technologies for quality
surveillance, including noise monitoring and detecting inconclusive results.

Conclusions: In the past 10 years, an increasing number of automated approaches have reported similar accuracy, reliability,
and time efficiency as manual hearing assessments. New developments, including machine learning approaches, offer features,
versatility, and cost-effectiveness beyond manual audiometry. Used within identified limitations, automated assessments using
digital devices can support task-shifting, self-care, telehealth, and clinical care pathways.

(J Med Internet Res 2022;24(2):e32581)   doi:10.2196/32581

KEYWORDS

audiology; automated audiometry; automatic audiometry; automation; digital health technologies; digital hearing health care;
machine learning; remote care; self-administered audiometry; self-assessment audiometry; user-operated audiometry; digital
health; hearing loss; digital hearing; digital devices; mobile phone; telehealth
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Introduction

Background
Hearing loss affects 1.5 billion persons worldwide and is
expected to increase by another billion by 2050 [1,2]. Hearing
testing is the first step toward appropriate and timely treatment.
Unfortunately, most persons affected with hearing loss are
unable to access hearing assessments, with less than one hearing
health professional for every million people in regions such as
Africa [2,3]. Increasingly automated approaches (all aspects of
the method associated with automated audiometry), including
machine learning, are being developed and made available to
provide self-administered hearing assessments. The term
automated audiometry refers to all hearing tests that are
self-administered from the point the test starts. More
specifically, in this review, we define automated audiometry as
calibrated pure-tone threshold audiometry in any setting (ie,
hearing health care, occupational health, and community
settings) that is self-administered from the point the test starts.
Machine learning refers to model-based approaches that learn
from examples (data) instead of being programmed with rules
[4]. As the direct involvement of professionals is not required,
automated approaches enable health care pathways with the
potential to increase accessibility, efficiency, and scalability.
Digital (health) technologies, including apps, smartphones,
tablets, and wearables, can acquire data remotely; expand the
reach and precision of clinicians; and facilitate more
personalized hearing health care within a network of distributed
expertise [5,6]. Recent examples of automated hearing
assessments include clinical grade and consumer-grade
applications [7]. General global health trends suggest that
increased availability of diagnostic tools could lower health
care costs and improve quality of life [8]. For example, in
Parkinson disease, remote care based on wearables provides
ecologically valid methods for monitoring and evaluating
symptoms [9,10]. In tuberculosis screening in low-resource
settings, an automated diagnosis can increase the sensitivity of
identifying persons at risk while reducing costs [11].
Self-assessment using eHealth vision tools improves access to
diagnosis and facilitates timely diagnosis, although consistent
criteria for referring to the clinical pathway and validity and
reliability of eHealth tools are still a concern [12].

Timely detection and treatment of hearing loss are essential to
enable optimal outcomes and quality of life across the life span
[2]. Untreated hearing loss restricts language development and
educational potential in children and is associated with a more
rapid cognitive decline in adults [13]. It may lead to social
isolation, lower socioeconomic status, increased social
disparities, and decreased health, resulting in lower quality of
life at the individual level and substantial costs at the community
level [14,15]. Importantly, treating hearing loss in midlife has
been identified as the largest potentially modifiable risk factor
for developing dementia in later life [16]. The global annual
cost of untreated hearing loss is US $980 million [14]. Global
health investment models indicate a significant return on
investment in both hearing diagnosis and treatment [2]. The
capacity of the entire clinical pathway should be increased as
a bottleneck looms if the accessibility of diagnosis is increased

faster than the availability of affordable treatment and
rehabilitation.

Automated self-test options are important for detecting and
diagnosing hearing loss to direct timely and appropriate
treatments. The overwhelming majority of treatments are for
permanent age-related and noise-induced hearing loss; however,
a significant portion of the population requires medical treatment
for hearing loss [1]. The onset of the COVID-19 pandemic has
further emphasized the importance of self-testing approaches
[17,18]. Automation on digital devices is a powerful enabler of
alternative diagnostic pathways that can include home-based
testing, low-touch service models outside traditional clinic
settings, and decentralized community-based models that rely
on task shifting to minimally trained facilitators [19].

Automation in hearing assessment is not a new concept and
dates back to >7 decades [20]. In recent years, it has resurged
with the convergence of digital technologies and machine
learning approaches. The primary tool for hearing assessment
is pure-tone audiometry, which describes the degree of hearing
loss relative to normal hearing, expressed in decibels hearing
level across specific frequencies (125-8000 Hz). Pure-tone
audiometry can also differentiate the type of hearing loss, that
is, sensorineural or conductive, when bone conduction and air
conduction transducers are used. Machine learning–based
threshold-seeking approaches, known as Bayesian active
learning, have demonstrated their potential to optimize
efficiency and increase the precision of automated hearing
assessments [21]. The increased efficiency comes from the
ability of these methods to target trials to those areas of the
frequency space where the estimation has the greatest
uncertainty [22,23].

Objective
In 2013, a systematic review that included 29 reports on
automated audiometry showed that automated procedures have
comparable accuracy with that of manual procedures when
performing air conduction audiometry. Although a few validated
automated procedures that included automated bone conduction
audiometry had been reported, machine learning–based
audiometry approaches had not been reported yet, and
approaches were rarely validated in children or hard-to-test
populations [24]. Since 2013, there has been significant work
and innovation in this area, which calls for an update and
extension of the previous review. This study aims to provide
the current status of automation and machine learning
approaches in hearing assessment using validated pure-tone
audiometry with potential indicators of accuracy, reliability,
and efficiency of these approaches.

Methods

We conducted a systematic scoping review of the peer-reviewed
literature on automated and machine learning approaches to
validate pure-tone threshold audiometry using digital
technologies by considering accuracy, reliability, and efficiency.
This review followed the methodological framework outlined
by Arksey and O’Malley [25].
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Identifying Potentially Relevant Records
A search across the electronic databases of PubMed, IEEE, and
Web of Science was conducted to identify relevant reports from
the peer-reviewed literature. Complementary and redundant
search terms were applied to ensure thorough coverage and
cross-checking of the search findings. In the PubMed database,
medical subject headings and relevant keywords were collected
to determine all records related to the study aim. The following
synonyms of, and closely related terms to, automated audiometry
were used: automatic audiometry, self-administered audiometry,
self-assessment audiometry, and user-operated audiometry. The
complete set of terms and the applied search strategy are
provided in Multimedia Appendix 1. The IEEE database is
engineering oriented, and only relevant keywords based on
audiometry were used, as it was assumed that any result in
audiometry would be highly associated with automated
audiometry. The Web of Science database is known to index
the PubMed and IEEE databases and was explored using search
terms similar to the PubMed search. After preliminary
explorations to identify appropriate keywords, we conducted a
search on July 8, 2020, and updated it on January 12, 2021, and
July 6, 2021. The search included all reports that met the
inclusion criteria published from January 1, 2012, to June 30,
2021. The start date was chosen as we regard this scoping review
as an extension and generalization of a previous (systematic)
review by Mahomed et al [24], which included studies up to
July 20, 2012.

Selecting Relevant Records
Reports had to meet the following three inclusion criteria: (1)
the report had to be about automated or machine learning and
pure-tone frequency-specific threshold audiometry, (2) it had
to be written in English, and (3) the automated threshold
audiometry had to be compared against the gold standard or
reasonable standard. The gold standard is defined as manual
audiometry in a sound booth according to the International
Organization for Standardization standards. Automated
audiometry also needed to be performed inside a sound booth,

and the results needed to be compared with the gold standard.
A reasonable standard for validation was defined as either a
within-subject comparison between the gold standard and the
automated audiometry in an unconventional setting (eg, a quiet
room) or a within-subject comparison between a validated
automated audiometry approach and an experimental approach
of audiometry in the same unconventional setting.

We excluded reports on screening audiometry (eg, provided
pass or refer as an outcome) rather than threshold audiometry,
review papers, and studies reporting approaches that were not
compared with the gold or reasonable reference standard.

The first phase of screening was based on the title. If the title
indicated that content was within the scope of the research
question (ie, automated or machine learning approaches in
diagnostic hearing assessment), the report was included in the
second screening phase. In the second phase, the abstracts of
the remaining reports were assessed using the inclusion and
exclusion criteria stated earlier.

Two researchers (LP and JWW) conducted the abstract
screening. They were blinded from each other to avoid
confirmation bias. After the screening, the researchers discussed
any disagreements to reach an agreement. When in doubt, the
report was admitted to the third, full-text review phase. In this
phase, all the remaining reports were reviewed in full to
determine whether the inclusion criteria were met. As can be
seen in the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flow diagram (Figure 1), the
resulting selection of reports was complemented by additional
reports. After some reports were clustered as having identical
approaches (explained in Collating Approaches, Summarizing,
and Reporting the Results), additional reports were added to
avoid missing validation data of these clustered approaches.
These additional reports were published before the inclusion
date criteria (from before January 1, 2012) or did not appear in
the search and were added based on the reference lists of the
already included reports.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of the screening process.

Extracting Data Items
A template for grading the reports was agreed upon by all the
authors (Multimedia Appendix 2 [26]). Two researchers (LP
and JWW) independently extracted information directly relevant
to the scoping review question. In cases of disagreement, a
consensus was reached after discussion between the 2
researchers. The compulsory data fields were test frequency
and intensity range; response method; test equipment, including
the type of transducers; calibration; hardware; test quality
control; accuracy; reliability; efficiency; validation; and test
population. In the report by Mahomed et al [24], the accuracy
and reliability of manual and automated approaches
demonstrated equivalent performances. Time efficiency had
primarily been reported by comparing the testing times of
manual and automated audiometry [27-29]. The reports on
machine learning audiometry explicitly used the number of
trials or stimuli needed to converge to a certain precision (eg,
5 dB) as a performance outcome [23,29]. Therefore, we added
time efficiency as a necessary parameter. Where available,
accuracy and reliability were expressed in decibels using the
overall root mean square deviation (RMSD) between the
automated approach and the gold (or reasonable) standard. On
the basis of the study by Margolis et al [30] and the minimum
acceptable accuracy recommended by clinical guidelines [31],
RMSD values of 6 dB and 10 dB were chosen as criteria for
desired and minimal accuracy, respectively. To establish a
benchmark for an acceptable test duration, the mean testing
time for conventional manual bilateral audiometry (air 7 and

bone 5 frequencies) was estimated (Multimedia Appendix 3
[27-29,31,34,38]). For manual bilateral air conduction, based
on the benchmark measurement times, a mean testing time of
5 to 10 minutes was considered acceptable, and for manual
bilateral air and bone conduction, 10 to 20 minutes was
considered acceptable. If testing times exceeded these ranges
by >5 minutes, the time efficiency was assessed as a potential
issue.

Data collected from the reports provided key information about
the scope and details of each report, enabling the authors to
assess commonalities between the approaches.

Collating Approaches, Summarizing, and Reporting
the Results
When multiple reports described the same underlying approach,
these reports were pooled into one approach cluster. The first
report describing an approach and subsequent studies that
validated or extended the approach were included. The name
of the approach, citations to the initial report, or common
authorships were used to cluster the reports. The grading table
was completed for each cluster separately to provide a structure
for the subsequent content analysis. In the last part of the grading
table, under the heading Validation Approach, all validation
studies are described together. For every approach cluster, a
key contribution to the audiological field was derived from the
associated reports. A key contribution is a finding or claim made
by the authors significant to the approach in general, stated in
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either the conclusion or the discussion section of a report in
accordance with their objective.

Results

Overview
A total of 64 reports were included in this study. Of the 64
reports, 56 (88%) were included according to the inclusion and

exclusion criteria, and 8 (13%) were added to the approach
clusters. After clustering identical approaches, 27 approach
clusters remained, including 2 that used machine learning.
Extracted data items and grading of results on approaches are
provided in Multimedia Appendix 4 [21,23,27-30,32-89]. The
specifications of the reported accuracy, reliability, and time
efficiency are described in Table 1.

Table 1. Review of the accuracy, test–retest reliability, and time efficiency for automated and machine learning audiometry approaches (2012-2021;
N=27 approach clusters).

Time efficiencyReliability (test–retest)AccuracyType of transducer

Values, n
(%)

Reported findingValues, n
(%)

Reported find-
ing

Values, n
(%)

Reported find-
ing

Air conduction (n=23 approach clusters)

10 (43)Acceptable testing time per (partial) audiogram4 (17)RMSD<6 dB4 (17)RMSDa<6 dBb

2 (9)Acceptable testing time and number of trials
per audiogram

1 (4)RMSD<10 dB7 (30)RMSD<10 dB

1 (4)Acceptable testing time and number of trials
per frequency

9 (39)Statistical
equivalence

9 (39)Statistical
equivalence

1 (4)Testing time potential burden9 (39)Not reported3 (13)No statistical
equivalence

9 (39)Not reportedN/AN/AN/AN/Ac

Bone conduction (n=1 approach cluster)

1 (100)Not reported1 (100)Test–retest not
reported

1 (100)Statistical
equivalence

Both air and bone conduction (n=3 approach clusters)

Air conduction

2 (67)Acceptable testing time per audiogram1 (33)RMSD<6 dB2 (67)RMSD<6 dB

N/AN/A2 (67)RMSD<10 dB1 (33)RMSD<10 dB

Bone conduction

N/AN/A1 (33)RMSD<6 dB1 (33)RMSD<10 dB

N/AN/A2 (67)Test–retest not
reported

2 (67)Statistical
equivalence

Air and bone conduction

1 (33)Acceptable testing time per audiogramN/AN/AN/AN/A

aRMSD: root mean square deviation.
bdB: decibels.
cN/A: not applicable.

Accuracy
Accuracy is represented as a comparison against the gold
standard or reasonable standard. Most of the automated
techniques (14/27, 52%) expressed accuracy in RMSD. Other
types of analyses used average differences and SD (10/27, 37%),
average thresholds and SD (1/27, 4%) [32], linear regression
and correlation coefficients (1/27, 4%) [33], and analysis of
variance (1/27, 4%) [34]. The types of analysis used can be seen
in Multimedia Appendix 5 [23,32-37,39,40,43,45,48-50,57-59,
65,67,68,70,74,77,81,83-85].

Test–Retest Reliability
Test–retest reliability was reported for some automated and
machine learning audiometry approaches. Of the 27 approaches,
17 (63%) did not report on test–retest reliability, and 7 (26%)
expressed it in RMSD. Other statistical methods used were
average differences and SD (6/27, 22%), Pearson product
moment correlation coefficients (2/27, 7%) [35,36], standard
of variance (1/27, 4%) [37], and repeated analysis of variance
(1/27, 4%) [34].

Test Efficiency
Of the 27 approaches, 17 (63%) reported a measure for test
efficiency based on the test duration. Test efficiency expressed

J Med Internet Res 2022 | vol. 24 | iss. 2 | e32581 | p.56https://www.jmir.org/2022/2/e32581
(page number not for citation purposes)

Wasmann et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


in testing time seems to be a standard metric, similar across
studies and defined as the time from presenting the first stimulus
until the final response of the participant, expressed in seconds
or minutes. However, there were disagreement among reports
on what to include in the measurement and what groups to use
as a reference. Reported time-efficiency measures included the
recorded time per frequency, recorded time per unilateral or
bilateral air conduction audiogram (between 2 and 7 frequencies)
in normal hearing or people with hearing impairment, or full
air and bone conduction audiograms in people with hearing
impairment. Of the 27 approach clusters, 13 (48%) approach
clusters reported acceptable testing times; 3 (11%) approach
clusters indicated the number of trials in addition to the testing
time for either a bilaterally masked air audiogram [29], unilateral
air audiogram [23], or per frequency [38]; 1 (4%) approach
cluster that applied Bekesy tracking reported the testing time
but was not in the acceptable range [39]; and 10 (37%) approach
clusters did not report anything about the testing time.

Test Parameters and Specifications
All tests were self-administered from the point at which the test
started. Approximately 15% (4/27) of approaches had the option
of switching to a manual audiometry mode. Table 2 summarizes
an overview of the test parameters and specifications of the 27
approach clusters, and Table 3 highlights the key contributions.
Most of the approaches used adaptive procedures that relied
only on the previous response (here referred to as partially
adaptive procedures).

The most common example was the (modified)
Hughson-Westlake staircase procedure (20/27, 74%), which is
based on the classical method of limits [91]. Other partially
adaptive procedures applied the method of adjustment, such as
the Bekesy tracking method [39] or the coarse-to-fine focus
algorithm [40]. There was a single report of an approach that
did not define the threshold-seeking method but had a built-in
protocol to alternate between ears during testing [35]. In
contrast, fully adaptive procedures used a complete set of all
previous responses. Examples include Bayesian active learning

procedures (also referred to as machine learning audiometry;
2/27, 7%) [21,23] and maximum likelihood estimation (2/27,
7%) [37,38]. All machine learning audiometry methods applied
active Bayesian model selection, which is a type of shallow
machine learning that uses individual models. They apply
supervised learning, as every data point is labeled by the
participant [22].

Most of the approaches (20/27, 74%) used conventional
calibration according to the International Organization for
Standardization standards. Of the 27 approaches, 6 (22%) used
an unconventional calibration technique. Patel et al [32]
determined a reference equivalent threshold level for air
conduction for a specific phone–headphone combination using
manual audiometry as a reference. Masalski et al [41] used
reference levels for calibration for smartphone and transducer
combinations, collected under uncontrolled conditions in people
with normal hearing. Other calibration techniques set the volume
of the device to 50% [42], comparing and adjusting the output
level to the input using a sound level meter [34,43], or using
Thévenin-equivalent probe calibration [39].

Of the 27 approaches, 22 (82%) were validated in people with
normal hearing and hearing impairment. Approximately 7%
(4/56) of studies were performed in people with normal hearing
[34,36,38]. One of the approach clusters was only validated in
a population with hearing impairments using hearing aids as
transducers [40]. Automated audiometry was applied across a
range of populations. All approaches were applied to adults,
except in the study by Patel et al [32] that only included children.
Approximately 30% (8/27) approaches were validated in
children, including 50% (4/8) of approaches that designed a
child-friendly user interface [32,44-46]. Other test populations
were older people [47], veterans [48], and persons exposed to
occupational noise [49] or ototoxic substances [50]. Automated
audiometry has also been applied as an alternative to traditional
manual audiometry in low-resource environments [51-53]. The
user interface plays an important role in making self-testing
feasible in all populations and may require an iterative design
process (including clinical pilot studies) [52,54].
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Table 2. Description of test parameters and specifications for automated audiometry approaches (2012-2021; N=27).

Descriptions of approach clusters, n (%)Test parameters and specifications

Threshold-seeking method (underlying algorithm to determine the thresholds)

20 (74)Hughson-Westlake (modified)

2 (7)Machine learning

1 (4)Bekesy tracking

4 (15)Other method

Test range (limits of the frequency that can be tested)

18 (67)Clinical frequency range (125 Hz-8000 Hz)

4 (15)Extended high frequencies range (125 Hz-16,000 Hz)

5 (19)Reduced frequency range

Test range (limits of intensity that can be tested)

14 (52)Intensity range (0-100 dBa hearing level)

10 (37)Reduced intensity range

3 (11)Intensity range not reported

Masking (needed to prevent responses from the nontest ear and obtain the true threshold of the test ear)

9 (33)Automated masking

1 (4)Manual masking

13 (48)No masking

4 (15)Masking not reported

Response method (method of recording participants’ responses to test stimuli)

9 (33)Forced choice

13 (48)Single response

3 (11)Forced choice and single response

2 (7)Not reported

Transducers (method of presenting stimuli, eg, insert phone or supra- or circumaural headphones)

23 (85)Air conduction transducers

3 (11)Air and bone conduction transducers

1 (4)Only bone conduction transducer

Calibration (unconventional calibration methods are explained in the text)

20 (74)Conventional calibration

6 (22)Unconventional calibration

1 (4)Calibration not reported

Digital devices (reported hardware needed to run the test)

2 (7)Portable audiometer

9 (33)Computer based

1 (4)Web-based (requires connectivity)

1 (4)Smartphone- or tablet-based

Quality control measures (indicators of the reliability of the test)

5 (19)Detect false responses

6 (22)Have noise control

7 (26)Detect false responses and have noise control

9 (33)Quality control measures not reported

Validation (highest level of validation reported for each approach cluster)
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Descriptions of approach clusters, n (%)Test parameters and specifications

22 (82)Gold standard

4 (15)Reasonable standard

1 (4)Proof of concept

Test population (hearing status)

3 (11)Normal hearing only

1 (4)Hearing loss only

23 (85)Normal hearing and hearing loss

Test population (age)

17 (63)Adults only

1 (4)Children only

9 (33)Adults and children

adB: decibels
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Table 3. Key contributions of the automated and machine learning approaches to the audiological field.

Key contributions to the fieldApproach cluster
(name)

Approach cluster (lead au-
thor of first report, reports)

It has the potential to be used in test environments such as examination rooms as a clinical tool for
identifying hearing loss via air conduction separating people with normal and impaired hearing.

OtoKioskBean et al [55]

It is a hearing test that runs on a hearing aid, which has statistical equivalence to manual audiometry.SHSAaChen et al [40]

Portable devices that use calibrated headphones result in much higher accuracies than uncalibrated
devices.

—bColsman et al [36]

The reliability of audiometer apps should not be assumed. Issues of accuracy and calibration of
consumer headphones need to be addressed before such combinations can be used with confidence.

—Corry et al [34]

It is a proof of concept for smartphone-based bone conduction threshold testing.EarboneDewyer et al [33]

It is an iOS-based software app for automated pure-tone hearing testing without the need for addi-
tional specialized equipment, yielding hearing test results that approach those of conventional au-
diometry.

EartrumpetFoulad et al [43,51,56]

They are automated (remote) hearing tests to provide clinicians information for ototoxicity monitor-
ing.

Oto-IDJacobs et al [50,57]

It includes tablet-based audiometry using game design elements that can be used to test and screen
for hearing loss in children who may not have adequate access to resources for a traditional hearing
screening.

Kids Hearing
Game

Kung et al [45]

A self-testing system comprising a notebook computer, sound card, and insert earphones is a valid,
portable, and sensitive instrument for hearing thresholds self-assessment.

—Liu et al [58]

It is an application that detects increased levels of ambient noise when it is programmed to stop the
testing.

AgilisManganella et al [35]

AMTAS is designed to fit into the clinical care pathway, including air and bone conduction, and
incorporates a quality assessment method (QUALIND) that predicts the accuracy of the test.

AMTAScMargolis et al [30,46,59-61]

It is developed and well-suited to provide increased access to hearing testing and support home
telehealth programs.

Home Hearing
Test

Margolis et al [48,62,63]

It is an automated method that uses smartphone model–specific reference sound levels for calibration
in the app. Biological reference sound levels were collected in uncontrolled conditions in people
with normal hearing.

—Masalski and Krecicki
[41,64,65]

WHATS is a mobile wireless automated hearing test system in occupational audiometry for obtaining
hearing thresholds in diverse test locations without the use of a sound booth.

WHATSdMeinke et al [66,67]

It is a novel, subjective, test-based approach used to calibrate a smartphone–earphone combination
with respect to the reference audiometer.

HearTestePatel et al [32]

Specific Bekesy tracking patterns were identified in people who experienced difficulty converging
to a reliable threshold.

—Poling et al [39]

Bayesian active learning methods provide an accurate estimate of hearing thresholds in a continuous
range of frequencies.

—Schlittenlacher et al [23]

A user-operated, 2-alternative, forced choice in combination with the method of maximum likelihood
does not require specific operating skills; repeatability is acceptable and is similar to conventional
audiometry.

—Schmidt et al [37]

MLAG is a Bayesian active learning method that determines the most informative next tone, leading
to a fast audiogram procedure and threshold estimation in a continuous range of frequencies, with
the potential to measure additional variables efficiently.

MLAGfSong et al [21,29,68,69]

It is an active noise control technology to measure outside the sound booth.—Sun et al [70]

It is an automated portable diagnostic audiometer using improved passive attenuation and real-time
environmental noise monitoring, making audiometry possible in unconventional settings.

KUDUwaveSwanepoel et al
[27,47,53,71-75]

It is a smartphone-based automated hearing test applicable in low-resource environments.HearTestgSwanepoel et al
[28,52,54,76-80]

It is an approach that is applicable to the initial evaluation of patients with sudden sensorineural
hearing loss before a standard audiogram is available.

UhearSzudek et al [42,81,82]

Method of adjustment and the Hughson–Westlake method embedded in automated audiometry can
be considered equivalent in accuracy to conventional audiometry.

—Van Tasell and Folkeard
[83]
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Key contributions to the fieldApproach cluster
(name)

Approach cluster (lead au-
thor of first report, reports)

NEWT, which is incorporated inside an active communication earplug, serves as a reliable and ef-
ficient method of measuring auditory thresholds, especially in the presence of high background
noise.

NEWThVinay et al [38,49]

It is a proof-of-concept study of several self-administered, automated hearing measurements at
home, showing statistical equivalency to conventional audiometry in the clinic.

—Whitton et al [84]

It is a method for threshold hearing assessments outside conventional sound booths and with an in-
terface suitable for children.

ShoeboxYeung et al [44,85-89]

aSHSA: smartphone-based hearing self-assessment.
bNot available.
cAMTAS: Automated Method for Testing Auditory Sensitivity.
dWHATS: Wireless Automated Hearing Test System.
eSmartphone-based hearing test app (not yet commercialized).
fMLAG: Machine Learning Audiogram.
gAutomated hearing test commercialized by the hearX group.
hNEWT: The New Early Warning Test.

Discussion

Principal Findings
In 2013, evidence for automated audiometry demonstrated
similar reliability and accuracy as that of manual audiometry.
However, especially for children and bone conduction, the
number of reports was limited [24]. In less than a decade, 22
novel approaches and developments across 5 existing approaches
had appeared in 56 publications, adding to the 29 papers
published before 2013. Promising new developments include
the use of machine learning techniques for more time-efficient
hearing assessment (2/27, 7%), use of tablets or smartphones
as audiometer interface (15/27, 56%), and child-friendly user
interfaces (4/27, 15%), including game design elements. The
number of approaches that include bone conduction is still
limited (4/27, 15%)—only 7% (2/29) more approaches were
reported compared with the number reported in 2013 [24].

Accuracy
The required accuracy, reliability, and efficiency depend on the
clinical aims and consequences. The ultimate aim of the
automated hearing assessment is to deliver clinically actionable
estimates of hearing status (ie, the clinician or patient acts
appropriately for treatment, given the diagnostic test results).
In fully adaptive procedures, the level of precision and
confidence needed to conclude the assessment can be set to any
level by choosing the proper termination criteria, resulting in
different trade-offs. A study by Schmidt et al [37], for instance,
aimed for high accuracy and reliability, whereas a study by
Heisey et al [29] aimed for high efficiency with machine
learning audiometry. Overall, a shift in the type of analysis to
demonstrate the accuracy has been observed. In this review, the
2 major types of analysis included were RMSD (14/27, 52%)
and average differences and SD (10/27, 37%). In the report by
Mahomed et al [24], accuracy was primarily expressed in
average differences (11/27, 41%) or thresholds and SD (11/27,
41%). In our view, RMSD is the preferred indicator for accuracy
as it has clinical relevance [31], assuming it has already been
demonstrated that there is no bias between the automated and

manually determined hearing thresholds (eg, signed differences).
In traditional clinical terms, automation is equal in accuracy to
manual audiometry if the difference is within 6 dB RMSD. Of
the 27 automated approaches, 6 (22%) meet this strict accuracy
criterion. However, for many applications, the less strict 10 dB
RMSD criterium is sufficient, which was achieved by 26%
(7/27) additional automated approaches.

For bone conduction measurements, the accuracy was inherently
lower than that of air conduction measurements because of
conductor placement [30]. However, this reduced accuracy is
typically sufficient to address the clinical question of whether
conductive or mixed hearing loss is present, as well as choose
and evaluate appropriate treatment. The technical feasibility of
bone conduction assessments outside of a clinical setting (sound
booth) remains difficult. Alternatively, this clinical question
can be addressed with other tests, including tympanometry,
otoscopy, or a combination of air conduction thresholds for tone
and speech stimuli [90]. At least 13 automated techniques had
accuracy comparable with that of traditional manual air
conduction audiometry, as expressed in RMSD.

A limitation to the impact of achieved test accuracy is the high
variation in the interpretation of audiograms by clinicians,
regardless of whether those audiograms are determined using
an automated or manual approach [92]. Automation can assist
clinicians and patients in interpreting the measurement by
data-driven automated reporting of accuracy and reliability
(including signaling for suspicious outcomes) such as
QUALIND [60] or by automated classification for diagnostic
purposes (including the type and degree of hearing loss).
Examples of automated classification include AMCLASS [93],
Autoaudio [94], and data-driven audiogram classification [95].

Reliability
RMSD is also increasingly used as a measure of test–retest
reliability. Of the 27 approaches that reported test–retest
reliability, 8 (30%) used RMSD as a measure, whereas in 2013,
this was only used in 2 (2/29, 7%) studies. Furthermore, 41%
(11/27) of approaches did not report on test–retest reliability or
used a measure of statistical equivalence that did not allow us
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to assess the accuracy. Advances in automated audiometry that
increase reliability include procedures to identify invalid
responses (5/27, 19%), monitoring environmental noise (6/27,
22%), or both (7/27, 26%) to warn for invalid test conditions,
making these tests applicable in more populations and
environments. The reliability can be increased, for instance, by
alternative response methods, including the forced-choice
paradigm [37], or by using machine learning to account for
lapses of attention [23]. Digital (health) technologies, including
smartphones and tablets, lend themselves to quality control
measures for increased reliability with the host of integrated
sensors [6].

Efficiency
A fair indicator of efficiency is the overall time required to
conduct a test. Most approaches (20/27, 74%) used the modified
Hughson–Westlake procedure, of which some (7/20, 35%)
showed a similar test duration to manual audiometry. Maximum
likelihood procedures demonstrated a 45% reduction in test
time in people with normal hearing [38]. Bayesian active
learning methods can be extended by adding variables that share
some interrelationships using a conjoint estimator that exploits
nonlinear interactions between the variables [96]. The resulting
machine learning–based automated procedures demonstrated a
30% to 70% reduction in test time compared with manual
audiometry for air conduction audiograms in people with normal
hearing and hearing impairment [29]. No machine learning
approaches had incorporated bone conduction. Therefore,
time-efficiency gains compared with full audiogram procedures
are not available; however, one can assume that these will yield
similar time-efficiency gains. Another indicator of test efficiency
is the number of stimuli required to achieve the desired accuracy.
This indicator is helpful in optimizing the threshold-seeking
part of the approach. Reporting the equivalent time gains under
operational conditions is recommended as this can be readily
compared with other efficiency gains, including the reduced
traveling time if a visit to the outpatient clinic can be replaced
for an at-home test or time savings by automating other parts
of the clinical care pathway such as interpretation of the
outcome. Other aspects of efficiency beyond time that should
be considered are cost reductions when enabling task shifting
of professionals or the ability to test outside the sound booth.

Future Developments
To obtain an overall indicator of the technical maturity of an
approach, developers should be encouraged to use the
technology readiness level (TRL) to report the development
phase of a technology. TRLs were initially developed in the
aerospace industry to estimate the maturity of technology from
basic concepts to flight-proven products [97]. To apply TRLs
to automated audiometry, further adjustments can be made to
fit the hearing health care sector to the version of biomedical
TRLs created by the US Army Medical Research and Materiel
Command [98]. For those approaches that are ready for
operational use, certification (eg, Conformité Européenne and
the United States Food and Drug Administration) can further
stimulate clinical adoption and iterative improvements based
on clinical feedback. In order to be cost-effective, timely, and
responsive, certification for digital self-care approaches may

need to be less stringent than those for clinical care. A study by
Yeung et al [12] proposed alternative procedures for (fast)
certification to keep up with the rapidly developing field of
visual eHealth tools. Their recommendations might also be
applicable to automated hearing assessments, including a rating
by health agencies or nongovernmental organizations (eg, a
repository of trusted approaches; see Psyberguide [99] as an
example of mental health apps reviewed by experts) or adopting
the Clinical Laboratory Improvement Amendments model to
ensure that approaches comply with the basic requirements of
usability, privacy, and security [12]. Following similar
certification procedures in the visual and auditory domains may
facilitate diagnosis across medical domains. In addition,
standards on minimum quality and consensus on what metadata
are needed in health applications to describe the test conditions
and facilitate interpretation are currently missing.

Limitations
This scoping review included peer-reviewed reports from widely
used and recognized scientific databases. A potential limitation
is that some of the commercialized automated approaches may
have been developed without peer-reviewed reports. Therefore,
some automated approaches could be more mature than
previously reported. There is no gold standard for reporting
audiometry validation studies, which limits a consistent
comparison among approaches. Finally, automated procedures
may well be embraced by early adopters first, which could lead
to projections on suitability that are overly optimistic for users
with poorer digital proficiency.

Conclusions and Recommendations
Since 2013, an increasing number of automated audiometry
approaches on digital devices have demonstrated similar
accuracy, reliability, and time efficiency as conventional manual
audiometry. New developments offer features, versatility, and
cost-effectiveness beyond manual audiometry. Fully adaptive
procedures, including machine learning techniques, seek hearing
thresholds more efficiently. Inexpensive digital devices such
as smartphones can be turned into audiometers, increasing
accessibility and availability. Higher reliability is achievable
by signaling invalid test conditions, and child-friendly user
interfaces offer a solution to the hard-to-test population. These
approaches can be implemented in the clinical care pathway,
remote or virtual hearing health care, community-based services,
and occupational health care to address the global need for
accessible hearing loss diagnosis.

For successful adoption, standardized measures of accuracy,
reliability, and efficiency are needed for comparative purposes.
Certification and independent reviews may help prospective
users select trustworthy approaches. Further reliability can be
achieved by determining which difficult-to-test populations
may not be appropriate for automated testing and how to detect
and then triage these patients to specialized centers. More
user-friendly and failsafe procedures that include remote
surveillance and quality control can support automated hearing
assessment at scale in specific populations and in concert with
diagnostic assessments in other medical domains, including
visual health and mental well-being [12,99]. Further contextual
information, such as standardized metadata, is needed to help
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clinicians interpret the context and limitations of test outcomes.
If researchers and clinicians deal carefully with their limitations,
automated hearing assessments can be designed such that they
form an effective part of service delivery for many people who
have or are at risk of hearing loss. Automated audiometry can

be part of existing care pathways and also enable new service
models, including task shifting to community health workers
delivering decentralized care, virtual hearing health care, and
over-the-counter or direct-to-consumer hearing aid dispensing.
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Abstract

Background: As dementia progresses, symptoms and concerns increase, causing considerable distress for the person and their
caregiver. The integration of care between care homes and health care services is vital to meet increasing care needs and maintain
quality of life. However, care home access to high-quality health care is inequitable. eHealth can facilitate this by supporting
remote specialist input on care processes, such as clinical assessment and decision-making, and streamlining care on site. How
to best implement eHealth in the care home setting is unclear.

Objective: The aim of this review was to identify the key factors that influence the implementation of eHealth for people living
with dementia in long-term care.

Methods: A systematic search of Embase, PsycINFO, MEDLINE, and CINAHL was conducted to identify studies published
between 2000 and 2020. Studies were eligible if they focused on eHealth interventions to improve treatment and care assessment
or decision-making for residents with dementia in care homes. Data were thematically analyzed and deductively mapped onto
the 6 constructs of the adapted Consolidated Framework for Implementation Research (CFIR). The results are presented as a
narrative synthesis.

Results: A total of 29 studies were included, focusing on a variety of eHealth interventions, including remote video consultations
and clinical decision support tools. Key factors that influenced eHealth implementation were identified across all 6 constructs of
the CFIR. Most concerned the inner setting construct on requirements for implementation in the care home, such as providing a
conducive learning climate, engaged leadership, and sufficient training and resources. A total of 4 novel subconstructs were
identified to inform the implementation requirements to meet resident needs and engage end users.

Conclusions: Implementing eHealth in care homes for people with dementia is multifactorial and complex, involving interaction
between residents, staff, and organizations. It requires an emphasis on the needs of residents and the engagement of end users in
the implementation process. A novel conceptual model of the key factors was developed and translated into 18 practical
recommendations on the implementation of eHealth in long-term care to guide implementers or innovators in care homes.
Successful implementation of eHealth is required to maximize uptake and drive improvements in integrated health and social
care.
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Introduction

Background
Dementia is a progressive, complex neurodegenerative condition
with a multitude of types and clinical presentations. It is the
leading cause of death in the United Kingdom [1] and is
projected to have the highest global proportional rise (264%)
in suffering associated with a need for palliative care [2].
Dementia is characterized by a complexity of care needs, which
advance as the condition progresses [3]. These needs span
multiple domains of health care, and multimorbidity is common
[4]. Symptoms such as pain and breathlessness [5,6] cause
significant distress for the person and their caregiver and
increase toward the end of life [7].

Over half of the people with dementia (58%) die in care homes
in England [8]. They are the main providers of end-of-life
dementia care, with the average life expectancy on admission
for a resident with dementia being 1 to 2 years [9]. The term
care home in the United Kingdom refers to both residential and
nursing homes. These differ with regard to the provision of
input from health care professionals, with nursing homes
providing additional access to 24-hour on-site nursing care.
Care homes require the resources to deliver multidisciplinary
care to meet these advancing and acute dementia-specific needs
[10]. Providing access to good quality, continuous care
throughout the dementia trajectory is essential. This can be
achieved by integrating care homes with primary care, palliative
care, and dementia care teams to enable multidisciplinary and
specialist input on vital care processes [11].

Care needs change and develop over time and cause considerable
distress if left unmet [6]. A comprehensive assessment by a
multidisciplinary team to review medical, functional, mental,
and social abilities is essential for this population with complex
needs [12]. Interprofessional collaboration is also required to
share clinical expertise and experience, best inform complex
clinical decisions concerning treatment for multimorbidities,
and deliver appropriate care [13]. Integrating these processes
across services is widely acknowledged to improve
person-centered treatment outcomes for older people with
complex needs [11] and reduce detrimental transitions between
settings occurring in the final years of life, such as unplanned
hospitalization [14].

To integrate services and deliver continuous and coordinated
care, established methods of communication are required to
share information between systems about residents’ care needs
and outcomes. A way to facilitate this is through the use of
eHealth [15], which is defined as “health services and
information delivered or enhanced through the internet and
related technologies” [16], encompassing an array of
interventions that enable care to be delivered remotely.

The COVID-19 pandemic has had major implications for the
use of eHealth in care homes. In response, former barriers to

the integration of health and social care services in England
have been liberalized, with restrictions on information sharing
between services relaxed [17]. The pandemic highlighted the
lack of systems for efficiently sharing information between
services nationally and internationally [18,19]. This
compromised the delivery of care to meet the escalating health
care needs and residents’quality of life. Innovation was required
to communicate between services for the comprehensive
assessment of symptoms and management of care and outcomes.
eHealth provides a way to do this [20].

Objective
There is little evidence to guide the design and implementation
of eHealth resources to manage symptoms and concerns for
people with dementia in care homes. The key task at hand is to
understand how we can scale-up eHealth interventions to embed
them in routine care. Despite positive findings regarding their
benefit [21], eHealth interventions are yet to attain widespread
implementation in care homes, and the way of effectively
achieving this remains unclear. This study aimed to explore
factors that influence the implementation of eHealth
interventions to support assessment and decision-making
regarding care and treatment for people with dementia in care
homes.

Methods

Design
The review is reported in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-analyses; Multimedia Appendix 1) guidelines. A
systematic review, using narrative synthesis and thematic
analysis, was conducted to identify common facilitators of and
barriers to eHealth implementation in care homes. The synthesis
followed the guidance of Popay et al [22], which provides a
specific direction for reviews concerned with the implementation
of interventions. The protocol for this review was registered on
PROSPERO (International Prospective Register of Systematic
Reviews; registration number CRD42020184587). Before
registering this review, a search of PROSPERO was conducted
to ensure that no similar reviews were underway. Our final
search was performed in the week the review was registered
(June 1, 2020). Originally, the scope of the review also included
collecting data on intervention effectiveness and key
components; however, given the breadth of evidence relating
to these outcomes, the findings regarding effectiveness will be
reported in a second review.

Search Strategy
A total of 4 databases (Embase, PsycINFO, MEDLINE, and
CINAHL) were searched for studies published in English from
January 2000, with the final search being on April 28, 2020.
The year 2000 was chosen as the cutoff year to exclude eHealth
that may be outdated in the context of today’s technological
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advancements. A search strategy was developed with the help
of an information support specialist and informed by scoping
the literature for the types of eHealth interventions currently in
use (see Multimedia Appendix 2 for the full search strategy).
A combination of Medical Subject Headings terms and
keywords was used to develop a strategy based on the following
concepts: dementia AND care homes AND eHealth AND
assessment OR decision-making. The search strategy was

complemented through reference chaining and citation tracking
using Google Scholar, following the initial identification of
studies from the database search. The eligibility criteria were
developed using the PICO (population, intervention, control,
and outcomes) acronym, following recommendations on its
suitability and enhanced sensitivity when conducting qualitative
systematic reviews [23]. The criteria are outlined in Textbox 1.

Textbox 1. Eligibility criteria.

Inclusion criteria

• Population: residents with a diagnosis of dementia residing in a long-term care facility; studies that included residents with dementia in a mixed
population

• Intervention: eHealth interventions that aimed to facilitate comprehensive assessment of care home residents or improve decision-making about
care and treatment; eHealth interventions that enable care coordination between practitioners and the sharing of information between settings to
facilitate integrated working, such as between care homes and health care services

• Outcome: data relating to factors that influence or inhibit the implementation of eHealth interventions in care homes

• Comparator: no restrictors

• Study design: all study designs that reported data relating to implementation

Exclusion criteria

• Population: people with a diagnosis of dementia living at home or staying in short-term care or acute care settings; studies that did not mention
dementia in the population

• Intervention: nondigitalized intervention studies; eHealth interventions that did not focus on aiding comprehensive assessment or supporting
clinical decision-making; interventions that monitored clinical signs only, such as a motion sensor, or recorded biodata, for example, blood
pressure remote monitoring, were out of scope

• Outcome: not applicable

• Comparator: not applicable

• Study design: opinion pieces

Study Selection Procedure
Studies identified from the search were exported to Endnote
[24]. Duplicates were identified and removed. All titles and
abstracts were screened by 1 researcher (JG). Approximately
20% were randomly selected for blinded double screening by
2 independent researchers (TA and EY) as a calibration process
to test the application of the eligibility criteria. Once an
agreement of 90% was confirmed between the reviewers, the
eligibility criteria were applied to all identified studies. This
was undertaken to screen for eligibility at the title and abstract
screening and again at the full paper review. Discrepancies were
resolved through discussion.

Quality Appraisal
The quality of publications was appraised using the Critical
Appraisal Skills Programme (CASP) tool [25], which was
appropriate for the study design. It was conducted by 1 author
(JG) and reviewed independently by 2 authors (CE and ND).
Where the design was not amenable to the CASP, alternative
tools were used, including the Mixed Methods Appraisal Tool
(MMAT) [26] and the Joanna Briggs Institute (JBI) critical
appraisal tools [27]. No studies were excluded only on the basis
of their appraised quality; rather, it was conducted to help
understand and describe the studies.

Data Extraction
A standardized data extraction tool was developed in Microsoft
Excel and informed by the review questions. Extracted data
included study aim, country of origin, design, population of
interest, setting, eHealth intervention (type, components, and
summary), methods of data collection and analysis, outcomes
regarding intervention implementation and conclusions,
implications, and limitations. Implementation data were
extracted from both the results and discussion sections to capture
relevant findings relating to the authors’ observations of why
an intervention was or was not effective.

Data Analysis and Synthesis
A deductive thematic analytic approach was undertaken,
underpinned by the adapted version of the Consolidated
Framework for Implementation Research (CFIR) [28]. The
original CFIR [29] comprises 5 broad theory-based constructs
and 39 subconstructs within these: intervention characteristics,
inner setting, outer setting, individual characteristics, and
implementation process. It is a comprehensive and practical
guide for assessing the potential factors that influence
implementation. A recent adaptation of the framework added a
sixth construct [28], patient needs, acknowledging the
importance of person-centered care in health care interventions
and the paucity of attention it frequently receives in
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implementation frameworks. Given the nature of this review,
the adapted CFIR was used.

Preliminary synthesis involved tabulation to organize the
findings and compare data across different studies. The data
from each study were then mapped onto the framework.
Common themes that arose across the studies in line with the
subconstructs of the framework were then synthesized to form
a narrative regarding facilitating elements of and inhibiting
barriers to successful implementation. Where data did not align
to a subconstruct, an inductive thematic analytic approach was
undertaken to avoid biasing data and identify gaps in the
framework when applying it to this context. The themes were
then developed to identify additional constructs to adapt the
framework to this specific context.

Results

Summary
A total of 1055 papers were screened by title and abstract, of
which 128 (12.13%) full-text articles were assessed; of the 128
articles, 29 (22.7%) met the eligibility criteria for the review
(Figure 1 [30]). The included studies reported 27 unique
interventions that aimed to facilitate comprehensive assessment
of care home residents or improve decision-making surrounding
care and treatment, published between 2000 and 2020. The
sample sizes ranged from 5 to 4171 for residents and 6 to 609
for carers. Approximately 31% (9/29) of studies omitted the
number of participants.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart [30].

Of the 29 articles, the included studies comprised 7 (24%)
randomized controlled trials, 7 (24%) quasi-experimental studies
[31-37], 6 (21%) qualitative studies [38-43], 3 (10%) descriptive
studies [44-46], 2 (7%) mixed methods studies [47,48], 2 (7%)
cohort studies [49,50], and 2 (7%) cross-sectional studies
[51,52].

All studies included adults with dementia, focusing specifically
on requirements for people with dementia (11/29, 38%)

[31,32,38-40,43,47,49,50,53,54] or within a mixed population
(18/29, 62%) [33-37,41,42,44-46,48,51,52,55-59]. The average
percentage of residents with dementia was 52.8% in the mixed
population studies that reported the proportion (6/29, 21%)
[35,37,44,46,55,56]. Approximately 41% (12/29) of studies did
not delineate the proportion of residents with dementia
[33,34,36,41,42,45,48,51,52,57-59] (see Table 1 for a summary
of study characteristics).
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Table 1. Summary of characteristics of included studies grouped by population residents.

Type of eHealth inter-
vention

Setting (n)Age (years), meanPopulation (n)Study designCharacteristics, study, and
country of origin

Population with dementia and specific requirements

Video consultationNursing home (11)82.5Dementia (46)CohortCatic et al [49], Unit-

ed Statesa

Video consultationNursing home (11)Not specifiedDementia (115)Matched-cohort studyGordon et al [50],

United Statesa

PDARegional aged care
facility (1)

59-88Dementia (5)QualitativeKlein et al [38], Aus-
tralia

Video consultations
and computerized sys-
tem

Nursing home (1)Not specifiedDementia (53)Quasi-experimentalLee et al [53], Korea

Video consultationsLong-term dementia
facility (1)

Not specifiedDementia (not specified)Quasi-experimentalLyketsos et al [54],
United States

Video decision sup-
port tool

Nursing home (64)86.7Dementia (402)Cluster RCTbMitchell et al [31],
United States

PDANursing home (3)Not specifiedDementia (not specified)Mixed methodsQadri et al [47], Unit-
ed States

Computerized deci-
sion support tool

Care home (58)Not specifiedDementia (832)Cluster RCTMoniz-Cook et al
[32], United Kingdom

Video consultationsLong-term care facili-
ty (10)

Not specifiedDementia (90)QualitativePiau et al [39], France

Electronic patient
records

Nursing home (3)Not specifiedDementia (not specified)QualitativeShiells et al [40],
Czechia

Computerized deci-
sion support tool

Care home (27)Not specifiedDementia (not specified)QualitativeKeenan et al [43],
United Kingdom

Population with mixed requirements (dementia and nondementia)

Video consultationsNursing home (1)85.6Mixed (304); others:
wounds and psychiatric

DescriptiveSalles et al [45],
France

Electronic patient
records

Long-term care facili-
ty (1)

86Mixed (22)RCTDaly et al [33], United
States

Video consultations
and tele-counseling

Nursing home (1)79.1Mixed (59)RCTDe Luca et al [34],
Italy

Video consultationsRural skilled nursing
facility (1)

79.3Mixed; dementia
(52.5%); others: deliri-
um, depression, and dys-
thymia

DescriptiveJohnston and Jones
[44], United States

Electronic patient
records with decision
support tool

Nursing home (7)84.4Mixed; dementia (76.6%)
and stroke (23.4%)

Quasi-experimentalKrüger et al [55],
Norway

Video decision sup-
port tool

Nursing home (inter-
vention=119; con-
trol=241)

Not specifiedMixed; dementia (70%)Cluster RCTMitchell et al [35],
United States

Video consultationsLong-term care facili-
ty (1)

87Mixed; dementia (69%);
other: cardiovascular,
respiratory, frailty, and
psychiatric.

Quasi-experimentalPerri et al [56], Cana-
da

PDA, electronic pa-
tient records, and deci-
sion support tool

Nursing home (3)Not specifiedMixed; dementia (20),
Alzheimer (13), and oth-
er: osteoarthritis, pneumo-
nia, and cerebrovascular
accident

DescriptiveAlexander [46], Unit-

ed Statesc
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Type of eHealth inter-
vention

Setting (n)Age (years), meanPopulation (n)Study designCharacteristics, study, and
country of origin

Video decision sup-
port tool

Nursing home (360)Not specifiedMixed (not specified);
dementia (30%); others:
cardiopulmonary

RCTMor et al [37], United
States

Web-based assess-
ment tool

Long-term care facili-
ty dementia unit (1)

≥65 (intervention)Mixed (not specified)QualitativeVuorinen [41], New
Zealand

Video consultationsNursing home (1)64Mixed (369)RCTWeiner et al [36],
United States

Electronic patient
records and PDAs

Nursing home (10)79.4Mixed (761)Quasi-experimentalPillemer et al [57],
United States

Video consultationsSkilled nursing facili-
ties (2)

Not specifiedMixed (not specified);
dementia, cancer, chronic
obstructive pulmonary
disease, liver disease, and
renal failure

Quasi-experimentalO’Mahony et al [58],
United States

Electronic patient
records

Nursing home (1) and
specialized home (1)

Not specifiedMixed (not specified)Mixed methodsMunyisia et al [48],
Australia

PDA, electronic pa-
tient records, and deci-
sion support tool

Nursing home (4)Not specifiedMixed (not specified)QualitativeAlexander et al [42],

United Statesc

Electronic patient
records

Nursing home (927)Not specifiedMixed (not specified)Cross-sectional analysisBjarnadottir et al [51],
United States

Video consultationsLong-term care facili-
ty (1)

72Mixed (62); dementia,
seizure, Parkinson, and
urinary tract infections

Cross-sectional analy-
sis/longitudinal

Wakefield et al [52],
United States

Electronic patient
records with decision
support tool

Nursing home (15)84.5Mixed (491)Quasi-experimentalFossum et al [59],
Sweden

aArticles from the same study.
bRCT: randomized controlled trial.
cArticles from the same study.

Quality Appraisal
The included studies varied in their quality. In general, the
CASP criteria for the experimental studies identified consistent
reporting of clear and focused aims, with appropriate
methodologies to address the research questions. Weaknesses
were related to small sample size, evidence of selection and
attrition bias, poor description of analysis, and nonblinding.
Descriptive studies were generally well-reported (average 86%
of MMAT criteria met) and quasi-experimental studies (average
77.7% of JBI criteria met). The weaker study design used mixed
methods (average 50% of MMAT criteria met) and
cross-sectional studies (average 56.2% of JBI criteria met).
Weaknesses pertained to the management of confounding factors
and the integration of qualitative and quantitative data.

Multimedia Appendix 3 [31-59], details the quality appraisal
results for each study using the respective appraisal checklist.

CFIR Constructs Associated With eHealth
Implementation
Table 2 details the respective CFIR constructs and subconstructs
that were identified as important determinants for
implementation. The number of subconstructs identified per
study ranged from 1 to 13, with a median of 6. No major
differences in implementation requirements were identified
between studies with a specific focus on requirements for people
with dementia and studies reporting on dementia within a mixed
population (Multimedia Appendix 4). Findings for each CFIR
construct and respective subconstructs is presented in turn.
Constructs that were identified in ≤2 studies are not presented
as a narrative because of insufficient data.
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Table 2. Factors identified to influence the implementation of eHealth interventions in a care home (N=29).

Total, n (%)Definition in the context of care homes and integrated care for people with
dementia

CFIRa construct and subconstructs

Intervention characteristics: aspects of eHealth that might affect implementation success

0How end users perceive the legitimacy of the eHealth source—whether it has
been developed internally as a response to a problem in the care home or
externally

Intervention source

0Stakeholder perception of the strength of the evidence supporting the belief
that eHealth will produce the desired outcomes from sources such as published
literature

Evidence strength and quality

9 (31)Whether stakeholders perceive eHealth as advantageous over current practiceRelative advantage [36-39,47,48,54-56]

7 (24)How interoperable eHealth is with current care home information technology
systems

Adaptability [37,40,48,49,52,55,59]

0Whether eHealth can be tested initially on a small scale, such as piloted in a
small number of care homes

Trialability

13 (45)How simple and user-friendly end users perceive eHealth to be within routine
care

Complexity [36-38,40,41,44,45,47,48,53,54,56,58]

0Stakeholder perception of the physical presentation of the eHealth interventionDesign quality and packaging

8 (28)Cost associated with implementing eHealthCost [36,37,47,49-51,53,54]

Patient needs: the extent to which resident needs are known and prioritized by the care home

11 (38)How clinically beneficial eHealth is perceived to be for the residentClinical benefitb [34,36,38,39,41,45,47,48,52,55,58]

4 (14)Whether eHealth can be tailored to the individual needs of the resident and
care home

Person-Centered careb [40,41,45,52]

6 (21)The effect that eHealth has on resident needs and satisfaction with careResident experienceb [34,39,40,52,56,57]

Outer setting: external influences on eHealth implementation

2 (7)The degree to which the care home is networked with othersCosmopolitanism [37,43]

0Pressure experienced by the care home to implement eHealthPeer pressure

5 (17)External influences of implementation of eHealth for the care homeExternal policy and incentives [40,49,52-54]

Inner setting: characteristics of the implementing care home

4 (14)The social architecture, age, maturity, and size of the care homeStructural characteristics [35,37,43,52]

1 (3)The nature and quality of social networks and communication within a care
home

Networks and communications [47]

0Norms and values of the care homeCulture

The capacity for change and shared receptivity of individuals to eHealth and
the extent to which it will be supported within the care home

Implementation climate

1 (3)The extent to which stakeholders perceive current practices as needing changeTension for change [32]

8 (28)The degree of fit between the care home and eHealth in terms of values and
existing workflows

Compatibility [36-38,40,47,51,52,54]

0Individuals’ shared perception of the importance of implementation within
the care home

Relative priority

0Incentives to increase participation with eHealth such as awards and promo-
tions for staff

Organizational incentives and rewards

0The degree to which goals of eHealth are acted upon and feedback to staffGoals and feedback

10 (34)A climate in which staff feel valued in the implementation process and com-
fortable to participate through encouragement by care home leaders

Learning climate
[32,33,39,40,43,44,51,52,58,59]

Indicators of care home commitment to eHealth implementationReadiness for implementation

5 (17)Commitment and involvement of care home managers and leaders in imple-
mentation

Leadership engagement [31,32,37,39,43]

14 (48)The level of care home resources dedicated to eHealth implementation, in-
cluding money and staff time

Available resources
[32,33,35,36,39,41,42,44,46,48,51-53,59]
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Total, n (%)Definition in the context of care homes and integrated care for people with
dementia

CFIRa construct and subconstructs

17 (59)Access to sufficient eHealth training for end usersAccess to knowledge and information
[31-33,35,37,38,40-44,48,51,52,54,56,59]

Individual characteristics: end-user individual beliefs, knowledge, and attitudes toward eHealth and implementation

16 (55)End users’ attitudes toward eHealth and its impactKnowledge and beliefs about the intervention
[36,38,39,41,43,45-48,51-53,55,56,58,59]

7 (24)End users’ belief in their own abilities to use the eHealth interventionSelf-efficacy [33,36,38,41,47,56,59]

0The phase an individual is in as they progress toward sustained use of eHealthIndividual stage of change

0End user’s perception of their relationship with the care homeIndividual identification with organization

7 (24)Individuals’ attributes that affect implementation such as staff willingness,
experience, age, or grade

Other personal attributes [32,33,40,43,44,58,59]

Process: stages of the implementation process that can impact its success

13 (45)The degree to which tasks required for implementation of eHealth are agreed
in advance

Planning [32,38,42-44,46,48,51,54,56-59]

Attracting and involving stakeholders in eHealth implementationEngaging

7 (24)Individuals who are dedicated to driving the implementation of eHealth and
overcoming resistance in the care home

Champions [32,35,37,43,48,58,59]

10 (34)Other stakeholders, including end users and staff, within the care homeEnd usersb [32,33,37,39,40,42-44,54,59]

0Individuals in a care home who have a formal or informal influence on others’
attitudes toward implementation

Opinion leaders

0Individuals from within the care home who are formally appointed to imple-
ment eHealth

Formally appointed internal leaders

0Individuals from outside the care home who formally influence implementa-
tion of eHealth

External change agents

5 (17)The extent to which eHealth implementation is conducted as plannedExecuting [32,35,37,43,44]

7 (24)Monitoring of eHealth implementation and feedback about its progressReflecting and evaluating [35,37,43,46,51,55,59]

aCFIR: Consolidated Framework for Implementation Research.
bAdditional subconstructs identified inductively from the data.

Intervention Characteristics
This refers to aspects of the eHealth intervention that might
affect implementation success in care homes and includes
findings relating to intervention complexity, adaptability, and
cost.

Relative Advantage
eHealth that is perceived as advantageous to an alternative
system by improving access to emergency care [39], increasing
efficiency [37,38,54,55], and reducing paperwork [47] is more
likely to be adopted [48]. Barriers to uptake include a preference
for face-to-face consultations [56] and increased time required
to organize eHealth consultations [36].

Adaptability
eHealth is at an advantage if it aligns with data and technology
already in use [37,40,51,52]. Concerns on patient privacy and
electronic transfer of confidential information act as institutional
firewalls [40,49] but can be overcome by encrypting data and
assigning residents confidential numbers [49]. A way to increase
the adaptability of a device is through the provision of
customizable tools such as drop-down menus [40]. Incorporating
a decision support system in eHealth interventions is advocated

to respond to changes in individual residents’needs by providing
alerts and directing staff to appropriate care [40,48,55].

Complexity
eHealth is more likely to be implemented if it is straightforward
and user-friendly [36-38,40,41,44,45,47,48,53,54,56,58]. Simple
devices are regarded as more reliable [36,40,48], and it is
recommended that more advanced technology be used only
where necessary [36]. Dual systems of paper-based and
electronic devices should be avoided to minimize inconsistency
[38] and the complexity of data recording [48]. Uptake is also
influenced by the ease of access to eHealth [36,37,40,47,54,55],
with portable tools improving ease of access [38,48] and thereby
saving staff time [37,38,47,55]. However, some staff report that
handheld devices are easy to break and misplace [47] and prefer
a desktop computer [40]. Technological difficulties, including
software and memory issues [47], inability of patients and
physicians to see or hear each other [52,56], and difficulty in
obtaining technical support despite frequently requiring it
[36,56], can impede eHealth implementation
[35,36,44,47,53,56,58]. Providing training and specialist
technical support for staff are key to overcoming these barriers
[40-42,44,46,53,56].
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Cost
Cost is a major barrier to implementing electronic health records
in care homes [52]; for an intervention to be implemented, the
benefits must be perceived to outweigh the costs [36,51].
eHealth tools that incur no additional financial cost beyond staff
time [37,49] and installation [54] can integrate with
preassembled data [37], are cheaper to purchase than full-size
computers [47], and are more likely to be adopted. Uptake is
optimized by external funding [51,53,54] and intervention
outcomes that minimize spending such as reduced resident
transition between care settings, for example, unplanned
hospitalization [36,49,53], or reduced antipsychotic prescriptions
[50].

Patient Needs
This refers to the extent to which resident needs are known,
prioritized, and pursued by a care home. A total of 3 novel
subconstructs were identified inductively.

Clinical Benefit
An important contributor toward successful implementation is
the perceived clinical benefit for residents
[34,36,38,39,47,52,55,58]. eHealth interventions are reported
to help staff focus on the resident’s condition [47], better manage
residents’ symptoms and vital signs [34,55,58], improve safety
around medication administration [55], enable staff to attend
to residents in a timely manner, and identify common behavior
patterns [38]. The positive impact of eHealth interventions to
minimize burdensome care transitions has also been recognized.
Reduced unplanned hospital transitions are suggested to improve
residents’ quality of life [45] by preventing disruption in care
continuity with attendance to care needs in the care home [38].
Residents appreciate minimal journeys to acute care settings
[52] and the benefit of emergency telemedicine sessions to
deliver timely skilled health care interventions remotely [39].
Barriers to uptake of eHealth interventions pertained to opinions
that the intervention little benefited residents [48] by
inadequately monitoring and identifying resident change or
deterioration and failing to improve assessment processes [41].

Person-Centered Care
Interventions must be tailored to the individual and
accommodate changing resident needs if they are to be
successfully implemented [40,41,52]. Given the heterogeneous
population in care homes and variable incidence of dementia,
eHealth interventions will not make a positive difference if they
do not have the capacity to assist with dementia-specific needs
when required [40,41,45]. Extra consideration must go into
ensuring that technology is unobtrusive if used in the presence
of this patient group [40,52] who may lack the capacity to
understand the change in care. Where residents experience
cognitive, visual, or hearing difficulties, eHealth must be
tailored, such as through the provision of a larger monitor [52].

Resident Experience
A negative resident experience of eHealth obstructs
implementation [39,40,57]. Dissatisfaction stems from devices
interfering with the time spent with staff [57] and a switch from
face-to-face to remote communication [56]. Staff report concerns

that using eHealth in the presence of residents may be intrusive
and dehumanizing [39,40]. Concerns tend to diminish with
continued use of eHealth tools; however, over time, staff
acknowledge that eHealth can improve care quality [39,52].
Other residents report no unintentional harm or negative effects
on communication [57], with 1 study attributing positive
findings to residents, reporting that they felt more followed and
cared for [34].

Outer Setting
The outer setting is concerned with external influences on
intervention implementation. This was least considered construct
across the studies, with the main focus on the ‘External policy
and barriers’ subconstruct. External barriers include policies on
the medical liability of telemedicine [53], licensing requirements
that do not allow physicians to consult across different parts of
the country [49], and issues around reimbursement policies
[52-54]. External financial support acts as an incentive to
circumvent the additional cost barriers to implementation
[40,53,54].

Inner Setting
The most commonly considered construct across the studies
was the inner setting, referring to the internal characteristics of
a care home. These focused on the 2 main subconstructs of
implementation climate (compatibility and learning climate)
and readiness for implementation (leadership, available
resources, and access to knowledge).

Structural Characteristics
The structural characteristics of the care home setting that affect
implementation success include the complex patient population,
with the heterogeneity of residents’ conditions affecting the
compatibility between the intervention and the care home
[35,60]. Care home size can also affect the uptake of an eHealth
intervention, with larger homes facilitating uptake through more
comprehensive provision of information technology services
or inhibiting uptake with larger home leaders exhibiting more
resistance to adoption and delivering training [43].

Implementation Climate

Compatibility

Portable eHealth devices that can be used at the point of care
[38,40,54] and during nighttime hours [36] prevent disruption
to workflow, thereby facilitating uptake [36,37,40,47,51,52,54].
Interventions are at an advantage if their goals are aligned with
those of the care home, for example, improving advance care
planning [37], and they may face resistance if they do not
support existing practice [40]. Providing individually tailored
implementation protocols [37] and delivering the intervention
when care homes are maximally staffed can ease adoption
[43,58].

Learning Climate

Creating a climate within the care home that encourages learning
and active participation in the intervention is key
[32,39,43,44,51,52,59]. Staff members in the frontline must be
receptive [43] and participate if they are to influence patient
outcomes [33,44] and affect care delivery [32]. Changes to
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personnel at the site [44] and reluctance from staff [51,52,58,59]
undermine a conducive learning climate. Hierarchical staffing
can inhibit implementation [32,58] if junior staff feel they are
unable to speak up [32] or access the new tools [40,43]. If a
learning climate is not fostered, the staff lack practice in
delivering an intervention [32] and opportunities to share and
embed their learning to change practice [43].

Readiness for Implementation

Leadership Engagement

Organizational commitment from the top down is crucial
[31,32,37,43]. Staff leaders and managers who collaborate with
the research team [37] and lead by example through attending
training and contributing to data collection [43] foster an
engaged and cohesive workforce [39]. A lack of enthusiasm
from management can lead to delays in implementation and
reluctance from other staff [43]. Unwillingness and resistance
from general practitioners to change practice also act as a barrier
[32,39] and contribute to a fragmented learning climate [43].

Available Resources

Providing extra time for implementation planning
[33,39,41,46,52] and end-user training [32,33,42,46,52] is
required to accommodate a change in practice. A collective staff
opinion of insufficient time to adjust to change hinders
implementation [32,39,44,48,51,52,59]. Sufficient bandwidth
is required to allow eHealth to function properly [35,36,44,53],
and insufficient bandwidth can lead to significant motion
artefact [44] and jerky motion images [53]. Additional space
may be required for training, either within the home [42] or off
site [32]. Equipment needs may include extra computers [42]
and software [59], incurring further financial costs [32,51].
Reduced staffing [51], high staff turnover [44,58], and staff
absence [43] obstruct the implementation of eHealth
interventions. Limited resources can act as a barrier unless
benefits can be demonstrated to outweigh costs [43,51].
Managers need to consider the additional resources required to
accommodate adoption [43].

Access to Knowledge and Information

Providing adequate training to end users is crucial for promoting
uptake [31-33,35,37,38,40-44,48,51,52,56,59]. A variety of
educational methods are used, including interactive learning
strategies [56], lectures, exercises, and group discussions [59].
Training is often provided through a cascaded learning
train-the-trainer approach [37,43,48]. Preference varies as to
receiving training on the job [31,40,42] or continuously over a
designated period in the months leading up to implementation
[35,37,48]. Training tailored to individual needs [38,40,48] can
help facilitate uptake, whereas inadequate training can
negatively influence perceptions of intervention benefits [32,48]
and how staff disseminate knowledge to colleagues [32].
Incorporating a period of joint work and supervision from a
qualified external expert can further facilitate the benefits of
training [32].

Individual Characteristics
This pertains to end users’ individual beliefs, knowledge, and
attitudes toward eHealth and implementation. The findings
focused on 3 main subconstructs.

Knowledge and Beliefs About the Intervention
Fostering a positive end-user attitude toward eHealth is key to
ensuring willing adoption. eHealth tools that are perceived as
high quality [45,48,53] and efficient [38,47,48,55], by cutting
back on paperwork [47] and providing instant access to data
[48], are more likely to be adopted. Interventions judged to
improve staff understanding and knowledge [39,48,52,56,58]
and benefit residents [36,39,48,58] are more likely to be used.
eHealth devices that improve overall job satisfaction
[45,48,55,56] while providing additional benefits, such as
reducing staff anxiety [38], and social features that enrich staff
lives outside of work [47] encourage use. Conversely, negative
attitudes toward eHealth act as barriers to implementation. These
include concerns regarding a lack of care improvement
[39,41,45,58], a preference to deliver care in person
[39,45,52,56], and concerns of inequity in health care provision,
resulting in difficulty obtaining family consent [39]. Other
barriers include a lack of positive impact on staff workload
[36,41,45], concerns over increased time and effort because of
implementation [36,39,51,52,58], and uncertainty about the
purpose of eHealth and how it works [43,46]. This indicates the
need for comprehensive training to highlight the benefits and
importance of implementing the intervention [48].

Self-efficacy
Self-efficacy refers to an individual’s belief in their own
capabilities to implement an intervention. Low self-confidence
in ability [47,56,59] and apprehension toward using new
technology [38,47] can act as barriers to implementation. These
can be overcome by providing sufficient training, which is
tailored to individual needs [38,40,48], and on-hand technical
support [36,56].

Other Personal Attributes
Other issues that affect implementation relate to staff willingness
and commitment to ensuring that the intervention is executed
as planned [32,33,44,59]. A lack of experience can also act as
a barrier if senior members of staff consider more junior
members to be less capable of participating [32,40,43,59]
because of age, grade, educational background, or experience
[32,59]. However, demonstrating that training designed for
medical caregivers is effective across disciplines and grades
should help dispel these notions [58].

Implementation Process
This concerned reporting on the stages of the implementation
process that affect its success. A novel subconstruct was
inductively identified to capture data related to engaging end
users and other stakeholders.

Planning
Insufficient planning and preparation for change can result in
overwhelmed staff perceiving eHealth to be incompatible with
their care home [51], technology systems and facilities being
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inundated [42], and essential care being omitted [46]. Poorly
planned study timelines can lead to a low number of participants
if enough time is not allocated to recruitment [58] and to
implementation impact being undetected if insufficient time is
allocated to following up and monitoring outcomes [48,57,59].
Time must also be allocated to prospectively explore different
types of eHealth to ensure suitability [54]. Multiple strategies
are required to initiate a change in behavior and routine practice
[32,38]. Developing contingency plans to support the program
[44,54] and establishing a team whose primary goal is to assist
implementation can help facilitate uptake [59]. Staff members
must be fully informed of the aim of the intervention [43] and
have full clarity of their designated role to achieve maximum
impact [56].

Engaging: Champions
Engaging individuals is key to successful implementation. This
is often done through designating champions—individuals from
within an organization responsible for driving and supporting
implementation [32,35,37,43,48,58,59]. To be successful, there
must be a sufficient number of assigned champions in each
home [32]. They must be committed to the position [43] and
not feel undermined by others in leadership roles [32].
Designating champions is often undertaken by the team manager
[59] to ensure they are appropriately able to support other staff
members [43,48].

Engaging: End Users
Engaging champions alone is insufficient; other staff members
must be involved for successful implementation
[33,37,39,40,42-44,54,59]. For a change in the quality of care
to be observed, staff engagement must be sustained [43], with
all disciplines, including frontline staff [33,54] and corporate
leaders, committed to implementation [37]. Involving end users
in the design and development of technology [39,40,59] and
considering individual requirements is key if an intervention is
to be embedded in a new context.

Execution
Low intervention fidelity is a challenge in complex care home
settings [35], and residents often do not receive the intervention
as planned [32]. Flexible protocols tailored to the care home
environment should be developed [37,44]. Barriers to successful
execution include lengthy gaps between initial contact with
participants and data collection and intervention activity, which
can undermine the coherence of the intervention [43].

Reflecting and Evaluating
Ongoing evaluation of progress is vital to ensure a new
intervention is effectively embedded [37,43,46,51,55,59]. This

can be done using routine data collected through the eHealth
tool [43], through in-person visits to the home, monthly
conference calls, or video status reports [35,37] to determine
the effect and use of the intervention [46]. Receiving feedback
can also motivate care home participation, with an absence of
evaluative feedback leading to a feeling of being short-changed
[43].

Discussion

Principal Findings
This review investigated the key facilitators and barriers that
influence the implementation of eHealth interventions to support
comprehensive assessment and decision-making for people with
dementia in care homes. Our findings inform a model of eHealth
implementation in long-term care for people with dementia
(Figure 2). We identified 4 novel subconstructs (denoted in the
figure by an asterisk) required to adapt the CFIR to the care
home context and use of eHealth to enhance integrated care for
people with dementia. This modification enables the framework
to accommodate the context-specific findings identified in this
review and enhances its use when applied to implement eHealth
in the care home context.

The 3 novel subconstructs—resident experience, clinical benefit,
and person-centered care—were identified within the patient
needs construct. No subconstructs have previously been
delineated here, and the framework was previously not nuanced
enough to capture the data and implementation requirements
for this population. Clinical benefit was the most commonly
identified theme, with the capacity to minimize burdensome
transition between care settings as a key facilitator of
implementation. This is echoed in the literature that highlights
the adverse impact of burdensome care transitions, both on the
resident [61] and on costs [62]. Although outcomes were not
the focus of this review, eHealth interventions are more likely
to be embedded if they can improve the delivery of integrated
health care where it is required, enhance integrated care, and
improve cost-effectiveness in the National Health Service [63].

Findings around the potential dehumanization of care reiterate
a concern raised previously in relation to eHealth
implementation [64]. Although the aim of eHealth is to enhance
care delivery, entirely omitting in-person contact has clear
disadvantages. Striking the right balance between delivering
care face to face and virtually is crucial. Future research should
focus on delineating the components of health care that must
be delivered in person and identifying those that are more
amenable to remote delivery to ensure that care quality is not
compromised.
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Figure 2. A model of factors that influence the implementation of eHealth in care for people with dementia.

The engaging subconstruct of the implementation process was
also modified for the purpose of this review. None of the
proposed subcategories of engaging (opinion leaders, formally
appointed internal implementation leaders, champions, and
external change leaders) were suitable for capturing data around
engaging end users. The importance of involving end users
throughout the implementation process is a key finding and is
consistently advocated in the literature to help close the gap
between research production and clinical practice [65,66].
Therefore, a novel subcategory titled end users was added to
the CFIR. Contradictory findings regarding staff and resident
preferences on the design and use of eHealth devices are an
important indication that there is no one-size-fits-all approach
to eHealth implementation. This inconsistency in preferences
highlights the critical need to involve end users during
intervention development to accommodate a range of
requirements and enhance the likelihood of sustained
implementation. Progressing the CFIR to include a subcategory
suitable for data pertaining to all stakeholders’ input increases
its relevance and applicability for this context.

The most salient construct identified in this review was inner
setting of the implementing organization. This is concurrent
with the existing research on care homes. A systematic review
by Goodman et al [67] identified many of the same factors that
influence the readiness of care homes to participate in change.
These include ensuring compatibility between the intervention
and existing care home routine, providing sufficient training
and resources, and engaging care home leaders. Both reviews
highlight the significance of the organizational context on
implementation success and the need to consider context in the
planning stage to inform study design rather than retrospectively.
This is contrary to a review of determinants for eHealth
implementation with informal caregivers in the community [68],

where few factors relating to context were identified as
important. This indicates that factors influencing implementation
may not be consistent across health care settings and stresses
the importance of understanding specific contextual factors and
tailoring implementation strategies accordingly.

One of the most prominent determinants of implementation
identified in this review was the complexity of the intervention,
consistent with previous findings highlighting ease of use as
the most important facilitator of eHealth adoption. The
nonadoption, abandonment, scale-up, spread, and sustainability
framework [69] was developed specifically in response to the
finding that eHealth, which is categorized as complex is rarely,
if ever, successfully embedded in mainstream care. It aims to
help innovators and implementers measure and minimize
complexity in eHealth and scale-up and sustain innovation, and
therefore, it could helpfully be used in this context.

Implications for Policy and Clinical Practice
Using the most salient subconstructs of the framework, a
conceptual model was developed to highlight the most important
factors that influence the implementation of eHealth
interventions to enhance integrated care focusing on care
processes of comprehensive assessment and decision-making
about care and treatment (Figure 2). The findings can be
translated into practical recommendations for organizations
aiming to embed eHealth within long-term care settings for
people with dementia (Textbox 2). The model indicates that for
implementation to be successful, eHealth devices must be low
cost, simple to use, and tailored to the care home setting and
residents. It must be clinically beneficial to the residents, with
special consideration of changing, multimorbid
dementia-specific needs. Extensive planning and engagement
of care home leaders, end users, and champions in the
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development and implementation process are key to ensuring
successful execution. Providing sufficient training and resources
to ensure that care home staff feel valued, motivated, and

optimistic about a change in practice is crucial to fostering a
positive implementation climate.

Textbox 2. Practical recommendation for implementation of eHealth in long-term care for residents with dementia.

Consolidated Framework for Implementation Research constructs and practical recommendations for eHealth implementation

Patient needs

• eHealth should be tailored to the individual resident and accommodate changing and complex needs.

• It should be unobtrusive and not replace in-person contact or compromise care quality.

• eHealth must not just streamline workload but clinically benefit the resident and improve outcomes.

Intervention characteristics

• eHealth should be user-friendly and accessible to increase sustainability.

• eHealth that is interoperable with current systems is advisable to minimize installation cost and complex new learning for end users.

• Technical support should be easily attainable and readily available.

Outer setting

• Policies that endorse eHealth use in care homes ease implementation, for example, rapid policy-driven implementation of remote consultations
during the COVID-19 pandemic.

Inner setting

• eHealth tools should be tailored to care home settings to fit with existing workflow and care home values.

• Engaging care home leaders in the intervention is key to promoting enthusiasm and a cohesive working environment.

• Staff participation and learning about eHealth should be encouraged.

• Sufficient training should be provided for end users, which should be tailored to individual requirements.

• Additional resources need to be allocated to accommodate a change in practice. These include technological requirements such as bandwidth
and equipment and extra staff time.

Individual characteristics

• Fostering a positive staff attitude toward eHealth is essential for uptake.

• The tool should benefit staff by easing workload, increasing knowledge, and improving job satisfaction.

Implementation process

• Preparation for change and consideration of implementation timelines, strategies, and contingency plans in advance is crucial.

• Champions should be designated in each care home to drive and support implementation.

• End users and other stakeholders should be engaged from an early point and consulted in the implementation process to accommodate individual
requirements.

• Ongoing evaluation and reflection on uptake and adherence to eHealth should occur to inform any necessary developments and improvements.

CFIR Framework
The CFIR is a comprehensive determinant framework and is
chosen to guide analysis owing to its previous application with
eHealth interventions [68,70,71]. Generally, the extracted data
were amenable to the CFIR, with no data left uncoded. However,
33% (13/39) of the subconstructs had no associated data (Table
2), concurrent with findings from a previous review of eHealth
implementation across health care settings [70]. This consistency
either suggests that some subconstructs are not relevant to
implementing eHealth or highlights a limitation of the evidence
base and lack of existing literature for this setting and
population. These areas of uncertainty are important for
informing future research, which should focus on identifying

barriers to and facilitators of the implementation of these
underresearched constructs.

Strengths and Limitations
A systematic approach to this review allowed for the rigorous
and thorough identification of the relevant literature. Evidence
synthesis was theory driven and guided by the CFIR, which has
been built upon here to increase its relevance in eHealth and
long-term care contexts.

Although this review specifies care home residents with
dementia as its population of interest, only 38% (11/29) of the
included studies had an exclusive dementia population. This
was to reflect the real-world heterogeneous populations in care
homes and include interventions that were suitable at an
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organizational level rather than the individual level. Although
there was no real difference in factors that influence
implementation between dementia-specific and mixed
populations, caution must be exercised when extrapolating these
findings to homogeneous dementia populations.

Gray literature was not included in this review. This was
because, when identified, it provided little data on the factors
that influence implementation. This could have excluded
relevant data on the eHealth interventions used in care homes.
A recent scoping review on telehealth during the COVID-19
pandemic reported a rapid rise in eHealth during the pandemic
[72].

Conclusions
To our knowledge, this is the first review to synthesize evidence
on the implementation of eHealth interventions focusing
specifically on improving assessment and decision-making in
care homes for people with dementia. We adapted the CFIR
and progressed its applicability for use in this context. We
developed a conceptual model to demonstrate the most important
factors to consider when designing and implementing an eHealth
intervention and translated it into 18 practical recommendations
for implementers, innovators, and organizations to implement
eHealth for people with dementia in long-term care. Particular
focus should be placed on the individual care home setting and
on the consideration of resident and end-user needs when
developing an implementation strategy for use in this context.
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Abstract

Background: Digital health interventions have revolutionized multiple sclerosis (MS) care by supporting people with MS to
better self-manage their disease. It is now understood that the technological elements that comprise this category of digital health
interventions can influence participant engagement in self-management programs, and people with MS can experience significant
barriers, influenced by these elements, to remaining engaged during a period of learning. It is essential to explore the influence
of technological elements in mitigating attrition.

Objective: This study aimed to examine the study design and technological elements of documented digital health interventions
targeted at people with MS—digital health interventions that were intended to support a program of engagement over a defined
period—and to explore how these correlated with attrition among participants of randomized controlled trials (RCTs).

Methods: We conducted a systematic review and meta-analysis of RCTs (n=32) describing digital health self-management
interventions for people with MS. We analyzed attrition in included studies, using a random-effects model and meta-regression
to measure the association between potential moderators.

Results: There were no measured differences in attrition between the intervention and control arms; however, some of the
heterogeneity observed was explained by the composite technological element score. The pooled attrition rates for the intervention
and control arms were 14.7% and 15.6%, respectively.

Conclusions: This paper provides insight into the technological composition of digital health interventions designed for people
with MS and describes the degree of attrition in both study arms. This paper will aid in the design of future studies in this area,
particularly for digital health interventions of this type.

(J Med Internet Res 2022;24(2):e27735)   doi:10.2196/27735

KEYWORDS

digital health; meta-analysis; self-management; eHealth; attrition; digital health interventions; DHI; multiple sclerosis; MS;
randomized controlled trials

Introduction

Multiple sclerosis (MS) is a chronic neurological disease that
affects over 2 million people globally [1]. The disease course
of MS is highly variable and can be associated with a
progressive decline in physical and cognitive function. The
current treatment for MS involves the use of disease-modifying

treatments and symptom management; however, the delivery
of health care for MS is becoming increasingly supported by
digital health interventions.

People with MS readily seek out web-based information on
their disease and appear to do so at rates higher than those with
other neurological conditions [2,3]. Further, many people with
MS engage with digital technologies to manage their disease,
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including exchanging medical information with health care
providers or to assist in making and maintaining positive
lifestyle changes [4]. Digital health interventions that support
learning to self-manage MS and scaffold learning and practicing
over a specific period of time are a particular subset of digital
health interventions for people with MS. Evidence suggests that
there are barriers to remaining engaged for the recommended
duration in these interventions [5] and technological elements
that could support engagement (such as interactivity, multimedia
components, or feedback) can play a pivotal role in ameliorating
attrition. Understanding the extent to which these technological
elements may impact engagement by people with MS in such
digital health interventions remains to be explored and is a
necessary next step in designing and evaluating such digital
health interventions.

We conducted a meta-analysis to address the following primary
questions: (1) is there a difference in attrition for participants
that were allocated to the intervention in randomized controlled
trials (RCTs) of digital health interventions for people with MS
between intervention and control arms? (2) How do study
characteristics and technological elements of digital health
interventions influence observed degrees of attrition?

Methods

Eligibility Criteria
Studies were eligible for inclusion in the review if they met
each of the following predetermined criteria: (1) describe RCTs
examining a treatment intervention or interventions for MS; (2)
were delivered via a technological platform (ie, a
“computer-assisted” or “web/internet-based intervention” or
“eHealth/mHealth”), limited to a PC or to Mac, smartphone,
and tablet devices. Interactivity and communication over a
specified period of time were important components; therefore,
episodic teleconferencing or telemonitoring and virtual
reality–only interventions were excluded; (3) included study
participants with a diagnosis of MS (any type); (4) reported
attrition for those allocated to the intervention or control group
upon conclusion of the intervention and study period, and the
intervention and control arms were randomized from the same
subject population; that is, no comparisons with healthy controls.

Search Strategy
A literature search was conducted on April 30, 2021, for
published studies in the following databases: IEEE, Medline,
Scopus, and CINAHL. The search contained terms related to
identifying online interventions: (online OR web-based OR
internet OR digital OR virtual OR computer-assisted OR
mhealth OR mobile OR smartphone OR ehealth OR telehealth
OR telemedicine OR app), a term identifying multiple sclerosis
(multiple sclerosis), and a Medical Subject Headings (MeSH)
term (telemedicine).

Reference lists and in-text citations were also screened for
additional studies, as well as recommendations via
correspondence from authors of other included studies.

Selection and Data Collection
Duplicates were first removed within and between databases.
The remaining articles were then screened on the basis of their
titles and abstract; thereafter, the eligibility of the final papers
was confirmed following review of the full-text articles (Figure
1). Extraction of study characteristics and outcome data was
conducted by authors WB and TW.

The following study characteristics were extracted: study design,
study population, country, intervention type, control and
comparison intervention, mean age of participants in both arms,
percentage of female participants, years since diagnosis, length
of intervention in weeks, number of sessions, length of time to
final follow-up assessment in weeks, attrition in the intervention
and control arms upon conclusion of the intervention, and
primary outcome measures. In studies where there were multiple
intervention or control arms, attrition data from intervention
arms were combined and attrition data from control arms were
combined for meta-analysis purposes [7].

Each study was scored on the basis of its technological elements
by WB in accordance with the published manuscript. The
scoring system used was adapted from Barakat et al [8], who
developed it for use in web-based eTherapy programs targeted
to eating disorders. Studies were scored in accordance with four
domains:

• multimedia channels (written text=“1,”
graphics/images=“1,” audio/voiceover=“2,” video=“3,”
simulation/3D virtual reality=“4”);

• degree of user interactivity (questionnaires=“1,”
quizzes=“1,” goal setting/to‐do list=“2,” homework
tasks=“3,” user dashboard=“3,” forums=“3,”
self‐monitoring tools=“4,” interactive exercises=“4,”
virtual games=“4,” video coaching with professional=“4”);

• level of automated feedback (motivational pop‐ups=“1,”
reminders=“2,” nonpersonalized feedback=“3”),
personalized feedback (telephone or email)= “4”);

• technological device through which the program was made
accessible (outdated technology; eg, compact disk
read‐only memory (CD‐ROM)=“1,” modern technology;
eg, tablet, desktop computer, laptop, and mobile
phone=“2”).

The reporting of technological features of digital health
interventions was often vague or absent in publications;
therefore, it was necessary to survey each author regarding their
examined web-based intervention to clarify scores in accordance
with the system adapted from Barakat et al [8]. An email was
sent out to authors who had not completed the survey. These
authors were sent a summary of the initial scoring by WB and
asked to confirm that all the elements listed were present in
their study and to identify any that were missed. In total, 19 of
the 32 studies responded and the remaining 11 provided
additional elements that were not identified in the initial screen
by WB. In total, 3 of the 33 studies [9-11] provided access to
the program itself and provided confirmation of elements.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram [6]. RCT: randomized controlled trial.

Quality Appraisal
The methodological quality of the final studies included in the
review was assessed by author WB using the Cochrane Risk of
Bias tool 2 [12]. The tool uses five domains to assess the bias
within study design: allocation concealment and random
sequence generation, blinding of participants and study
personnel, blinding of outcome assessment, incomplete outcome
data, and selective reporting of data. Briefly, each domain is
composed of questions, to which the response can be “yes,”
“possibly yes,” “possibly no,” “no,” and “no information.”
Based on answers, each domain is scored as “low risk,” “some

concerns,” or “high risk,” whereby the overall judgement is
made by the combination of all domains.

Statistical Analyses
Analyses were conducted using Stata (Stata/SE 16 for Mac,
StataCorp).

Meta-analysis
The Stata command meta [13] was used for meta-analysis. The
input variables required by meta were contained in a 2×2 table;
that is, number of individuals who did and did not experience
the “outcome event” in either the treatment or the control group.
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To compare study attrition rates between the intervention groups
and the control group, risk ratios were meta-analyzed using the
default restricted maximum likelihood method. Log-transformed
relative risk of attrition was computed separately for each study,
weighted by the inverse of study variance, and pooled to create
a summary effect. Studies with no loss to follow-up in one of
the intervention or control arms were adjusted by adding 0.5 to
each cell within a study’s 2×2 table, enabled by meta-analysis
settings within Stata. Studies with no attrition in both
intervention and control arms were excluded from the
meta-analysis as is best practice [14]. Heterogeneity was

assessed using the I2 statistic. Publication bias was assessed by
funnel plots. Data were exponentiated and also presented as a
Forest plot using the meta forestplot command in Stata.

Meta-regression
Meta-regression was used to examine the relationship between
the log-transformed relative attrition rates, and various study
characteristics, participant demographics, and intervention
technological elements. Study characteristics included the type
of control, type of intervention, duration of the study, and
duration to the final follow-up. Type of control was
dummy-coded as follows: wait-list, active control, usual care
or active control computerized (1, 2, 3, 4). The type of
intervention was dichotomized owing to small numbers of
observations dummy-coded as follows: containing an exercise
or physiotherapy condition or other (1, 2). The length of the
intervention period was converted to years and evaluated as a
continuous variable.

Demographic elements included the type of MS, mean age of
the participants, female-to-male ratio, and years since disease
onset. The type of MS was dummy-coded as either all MS types
or relapsing-remitting MS (1, 2).

The intervention technological elements that could support
engagement were as follows: multimedia channels, interactivity,
and feedback; overall score was the sum of these 3 elements.
This analysis omitted the element that assessed how the

intervention was made accessible since all interventions used
desktop computers. An attempt was made to further clarify
whether interventions were designed to accommodate multiple
platforms, but this remained unclear for many studies.

Variables were first examined individually and then jointly as
a single meta-regression model informed by a directed acyclic
graph.

Results

Results Overview
The database search retrieved 1167 articles, of which 187 were
duplicates. After duplicates were removed, titles and abstracts
of the remaining 835 were screened. Of these, 127 articles were
obtained for full-text review. In total, 95 papers did not meet
the inclusion criteria and were excluded after full-text review.
Of the excluded papers, 34 were not applicable interventions,
36 were not RCTs, 10 had the wrong subject population, and
15 others were excluded for other reasons (Multimedia
Appendix 1). In total, 32 papers that described 32 studies were
eligible for meta-analysis.

Study Characteristics
Details of the study characteristics for the 32 included papers
are reported in Table 1. Of the 32 studies, 10 were published
before 2015, and the earliest paper was published in 2004. A
total of 23 of 32 studies included all types of MS, 8 included
only people with relapsing-remitting MS, and 1 included
primary-progressive MS (PPMS). Two included any type of
MS if fatigue was a symptom, 2 others included any type of
MS if depression was a symptom, 1 assessed whether
participants experienced migraines, and 1 only assessed whether
participants experienced severe disability. The mean length of
interventions was 14.0 (SD 10.2) weeks, and the mean length
to last follow-up was 20.9 (SD 12.1) weeks. In total, 20 of 32
studies reported a high risk of bias upon quality appraisal with
none reporting low risk (Figure 2).
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Table 1. Characteristics of the included studies.

Maximum
follow-up
(weeks)

Length of
the interven-
tion (weeks)

Control
type

Intervention typeFemales, %Participant
age (years),
mean

CountryPopulationStudy

1312Wait-listExercise8446.65United StatesRelapsing-remitting
multiple sclerosis

Dlugonski,

2012 [15]

44Wait-listExercise8541.30CanadaAll types of multiple
sclerosis

Donkers,

2020 [16]

2624ActiveExercise4548.60AustriaAll types of multiple
sclerosis

Ehling,

2017 [17]

3913Usual careExercise6147.00GermanyAll types of multiple
sclerosis

Flachenecker,

2020 [18]

1212ActiveExercise and falls
prevention train-
ing

8445.60GermanyRelapsing-remitting
multiple sclerosis

Frevel,

2015 [19]

228Wait-listExercise7055.75United StatesAll types of multiple
sclerosis

Kannan,

2019 [20]

1313Wait-listExercise9145.85United StatesRelapsing-remitting
multiple sclerosis

Motl,

2011 [21]

2424Wait-listExercise8551.90United StatesAll types of multiple
sclerosis

Motl,

2017 [22]

1212Usual careExercise5151.10GermanyPrimary-progressive
multiple sclerosis

Nasseri,

2020 [23]

268Active
(computer)

Exercise7649.00United StatesAll types of multiple
sclerosis

Pilluti,

2014 [24]

2613Wait-listExercise7540.80GermanyAll types of multiple
sclerosis

Tallner,

2016 [25]

1312Wait-listPhysiotherapy7551.25United KingdomAll types of multiple
sclerosis

Paul,

2014 [10]

3926ActivePhysiotherapy7756.05United KingdomAll types of multiple
sclerosis

Paul,

2019 [11]

4936Active

(computer)

Cognitive rehabil-
itation

7840.9ItalyRelapsing-remitting
multiple sclerosis

Amato,

2014 [26]

17.410Wait-listProblem-solving
treatment for de-
pression

8248.90NetherlandsAll types of multiple
sclerosis with depres-
sion

Boeschoten,

2017 [27]

88ActiveCognitive rehabil-
itation

7841.90Czech RepublicAll types of multiple
sclerosis

Chmelařová,

2020 [28]

269Wait-listCognitive be-
havioural therapy

7845.28GermanyAll types of multiple
sclerosis with depres-
sion

Fischer,

2015 [29]

2610Usual careCognitive rehabil-
itation

6945.60GreeceRelapsing-remitting
multiple sclerosis

Messinis,

2017 [30]

2613Usual careCognitive be-
havioural therapy

8939.70United StatesAll types of multiple
sclerosis with mi-
graine

Minen,

2020 [31]

108Wait-listCognitive be-
havioural therapy

0.8240.95United KingdomAll types of multiple
sclerosis

Moss-Morris,

2012 [32]

268Active
(computer)

Cognitive train-
ing

6847.60ItalyAll types of multiple
sclerosis

Pedulla,

2016 [33]
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Maximum
follow-up
(weeks)

Length of
the interven-
tion (weeks)

Control
type

Intervention typeFemales, %Participant
age (years),
mean

CountryPopulationStudy

2412Wait-listCognitive be-
havioural therapy

8141.35GermanyAll types of multiple
sclerosis with fatigue

Pottgen,

2018 [34]

168Active
(computer)

Cognitive be-
havioural therapy

6443.70ItalyAll types of multiple
sclerosis

Solari,

2004 [35]

138Wait-listGroup cognitive
rehabilitation

89N/AaUnited StatesAll types of multiple
sclerosis

Stuifbergen

2012 [36]

268Usual careGroup cognitive
rehabilitation

88N/AUnited StatesAll types of multiple
sclerosis

Stuifbergen

2018 [37]

1010ActiveCognitive be-
havioural therapy

7443.00New ZealandAll types of multiple
sclerosis with fatigue

van Kessel,

2016 [38]

128ActiveCognitive train-
ing

5852.4BelgiumAll types of multiple
sclerosis

Veldkamp,

2019 [39]

268ActiveMindfulness
training

6542.73ItalyRelapsing-remitting
multiple sclerosis

Cavalera,

2019 [40]

0.140.14Active
(computer)

Health literacy7140.1GermanyAll types of multiple
sclerosis

Kasper,

2017 [41]

5252ActiveFalls prevention
training

7948.10United StatesAll types of multiple
sclerosis

Miller,

2011 [42]

44Wait-listPowerPoint to
build work skills

8541.30AustraliaRelapsing-remitting
multiple sclerosis

Dorstyn,

2018 [9]

66Active
(computer)

Cognitive rehabil-
itation

7532.7ItalyRelapsing-remitting
multiple sclerosis

Cerasa,

2013 [43]

aN/A: not applicable.
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Figure 2. Risk of bias assessment summary using the Cochrane Risk of Bias tool. ITT: intention-to-treat; PP: per-protocol.

Study Populations
The mean sample size across all 32 studies was 97.7 (SD 121.8).
The smallest study contained 18 participants [19] and the largest
682 participants [41]. The median numbers of participants in
the intervention and control arms at the final follow-up were
33 and 27, respectively.

Types of Digital Health Intervention and Control
All studies included a program aimed at people with MS
delivered via web-based technology, with 2 studies [36,37] that
included in-person components. The program ranged from 0.14

week to 52 weeks intended duration. In total, 15 of the 32 studies
included a cognitive behavioral training element, 11 included
an exercise training component, 2 included web-based
physiotherapy, 1 included a fall prevention intervention, 1
included a program to build “returning to work” skills, 1
included a program to build health literacy, and 1 included a
mindfulness intervention.

In total, 12 of the 32 studies used a wait-list control, while 7
studies used a usual care control. Eight studies used a
noncomputerized active control, which included a physical
activity regime [17-19,42], physiotherapy [11], modified version

J Med Internet Res 2022 | vol. 24 | iss. 2 | e27735 | p.93https://www.jmir.org/2022/2/e27735
(page number not for citation purposes)

Bevens et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


of the intervention [38,39], or non–MS-specific psychoeducation
[40]. Five studies used a computerized active control, which
were all broadly modified versions of the intervention
[26,33,35,41,43].

Digital Health Intervention Characteristics App
Complete scoring information for each individual study is
available in Multimedia Appendix 2.

Multimedia
The mean multimedia score across all 32 studies was 3.5 (SD
2.2). In total, 29 of the 32 studies contained written text. Two
of the remaining 3 studies that did not include written text were
a gamified web-based cognitive training program [36,37], and
1 study described a web-based, asynchronous messaging system
that uses electronic personal health records [42]. In total, 15 of
32 studies contained video or animation, half of all studies
including images or graphics, and only one study used audio
voiceover to augment written material [27].

Interactivity
The mean interactivity score across all 32 studies was 5.2 (SD
3.3). Eight of 32 studies contained homework tasks [9,27,32,34,
36-38,40], which varied from set questions or self-directed
learning to diary entries between course sessions. In total, 15
of 33 studies contained a self-monitoring component
[10,11,15,16,18,21-25,31,32,38,42], which varied from a
validated tool integrated within the program to generic
mood-related questions and diary entries. Nine studies included
interactive exercises or games [26,28,30,33,35-37,39,43], 5

studies contained goal-setting elements [15,21,22,24,38], 3
contained forums for interaction with other participants [20-22],
3 contained video coaching or interactive meditation by
professionals [15,24,40], and 1 contained a questionnaire or
quiz [32].

Feedback
The mean feedback score across all 32 studies was 2.8 (SD 2.4).
In total, 14 of 32 studies included feedback [9-11,16,
18,19,21,22,27,28,36,37,39,40], which ranged from personalized
feedback from a trained staff member or professional to general
feedback delivered automatically via the web-based platform.
Reminders were included in 6 of 17 studies [15,17,20,25,32,42],
which prompted users to complete the sessions, while 2 studies
also included reminders on when new content was added or
existing content was updated [21,22].

Meta-analysis
The final meta-analysis included 29 studies after 3 exclusions
due to no attrition in both the intervention and control arms.
Meta-analysis described an overall effect size of =–0.993 (95%
CI 0.95-1.04) and a P value of .75, which indicates no statistical
difference in the degree of attrition between the intervention
and control arms (Figure 3). The test of homogeneity of
study-specific effect sizes (Q) was rejected (P<.01). The data
also suggested the presence of a medium level of heterogeneity

between studies (I2=50.50). There is evidence of publication
bias as described by the funnel plot showing some asymmetry
(Figure 4).
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Figure 3. Individual effect sizes and forest plot of the difference in the degree of attrition between the intervention and control arms of the included
studies within our analysis (negative values indicate greater attrition in the intervention arm than in the control arm and vice versa).
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Figure 4. Contour-enhanced funnel plot of the relative attrition rates (>0 indicates a higher attrition rate in the intervention condition).

Meta-regression

Univariable Association
Univariable assessment of study characteristics and eHealth
elements are described in Table 2. No significant association

between length-of-treatment, weeks to last follow-up, type of
control, MS type, feedback or interactivity, or attrition was
observed. Lower attrition was observed when eHealth elements
overall score and multimedia score were higher.

Table 2. Univariable meta-regression model describing the association between differential attrition and study characteristics.

P valueCoefficient (95% CI)Variables

.881.00 (1.00-1.00)Length of treatment (years)

.641.03 (0.92-1.15)Active control

.381.07 (0.92-1.23)Usual care

.291.06 (0.94-1.20)Active control computerized

.601.03 (0.93-1.14)Relapsing-remitting multiple sclerosis

.311.12 (0.89-1.42)Primary-progressive multiple sclerosis

.881.01 (0.92-1.10)Non–cognitive behavioral therapy intervention

.601.00 (0.99-1.01)Mean age (years)

.010.99 (0.99-1.00)Female-to-male ratio

.281.01 (0.99-1.04)Years since onset

.201.00 (1.00-1.01)Overall score

.031.02 (1.00-1.04)aMultimedia subscore

.471.00 (0.99-1.02)Interactivity subscore

.791.00 (0.98-1.02)Feedback subscore

aItalicized values are significant at P<.05.
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Multivariable Models
Adjustment for other covariates did materially impact the

association of overall score with attrition, which was significant
(P<.01; Table 3). After adjustment, the multimedia subscore
remained a significant association (P=.03; Table 4).

Table 3. Multivariable meta-regression model describing the association between overall score and attrition.

P valueRisk ratio (95% CI)Variables

.011.01 (1.00-1.03)aOverall score

.501.08 (0.85-1.39)Length of treatment (years)

.461.04 (0.88-1.22)Active control

.640.96 (0.79-1.16)Usual care

.091.15 (0.97-1.37)Active control computerized

.590.97 (0.88-1.08)Nonexercise intervention

.840.99 (0.88-1.12)Relapsing-remitting multiple sclerosis

.481.11 (0.82-1.49)Primary-progressive multiple sclerosis

.130.99 (0.99-1.00)Female-to-male ratio

.911.00 (0.99-1.01)Mean age (years)

aItalicized values are significant at P<.05.

Table 4. Multivariable meta-regression model describing the association between multimedia subscore and attrition.

P valueRisk ratio (95% CI)Variables

.031.04 (1.00-1.08) aMultimedia subscore

.321.14 (0.87-1.48)Length of treatment (years)

.531.05 (0.89-1.24)Active control

.940.99 (0.82-1.20)Usual care

.281.09 (0.93-1.28)Active control computerized

.841.01 (0.92-1.11)Nonexercise intervention

.801.01 (0.90-1.14)Relapsing-remitting multiple sclerosis

.681.06 (0.79-1.42)Primary-progressive multiple sclerosis

.341.00 (0.99-1.00)Female-to-male ratio

.551.00 (0.98-1.01)Mean age (years)

aItalicized values are significant at P<.05.

Discussion

Principal Findings
The aim of this systematic review and meta-analysis was to
describe the study characteristics and technological components
of digital health interventions that supported people with MS
through a program of learning and practicing self-management,
and then investigate any associations these factors may have
with attrition. Our meta-analysis found no difference in attrition
between participants allocated to intervention and control arms
of the included RCTs. A multivariable association was found
between degree of attrition and overall score, which was not
observed in the univariable model, and between the degree of
attrition and the multimedia subscore in both univariable and
multivariable models. This suggests that among included studies,
the interactivity subscore was the main driver in the association
observed between overall score and degree of attrition; that is,
the likelihood of attrition within the intervention arm compared

with the control arm was associated with the inclusion of
interactive elements such as self-directed tasks or
self-monitoring.

Only 8 of the 32 studies described a design process or
framework by which the intervention was developed.
Development methods included engagement with the MS
community [9,10,31,32,38], design with practitioners and allied
health professionals [34], both [31], or followed a preset
development plan [23]. There was no association observed
between the number or type of technological elements used
within the intervention and whether the study used or described
a development framework. It is possible that a greater degree
of consultation with the MS community during design phases
does not necessarily lead to a great quantity of or more complex
technological features. This highlights that while engagement
with communities during the design phase is important, it is
crucial to ensure this engagement is constructive and not
perfunctory. Population preferences for number and type of
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features require further exploration; however, our findings
suggest that elaborate features are not necessarily what people
with MS want in a web-based intervention of this kind.

Interestingly, length of intervention was not associated with
attrition in either control or intervention arms. Intuitively, the
longer the intervention itself, the greater the potential attrition
from these studies, in which a negative relationship between
attrition and length of treatment for self-management
interventions for people with MS has been reported [45]. It is
possible that the role of treatment length in attrition may only
be true at longer time frames than in the included studies of
both meta-analyses. Another likely variable is the number of
sessions or time in contact with participants. It is possible that
rather than the length of the intervention being a mediator, it is
the time participants are exposed to the intervention (“dose”).
Studies infrequently report these data; therefore, this needs to
be addressed in future studies.

Another interesting finding is that the mean average attrition
rates in the intervention and control arms were 14.7% and
15.6%, respectively, which is a useful figure for calculating
sample sizes for future studies. A previous meta-analysis
investigating attrition rates based on published studies of
existing self-management interventions for people with MS
reported pooled attrition rates of 16.8% and 14.4% for the
intervention and control groups, respectively [45]. Interestingly,
studies that used face-to-face delivery of interventions were
described as having higher attrition rates. Our analysis supports
their pooled data attrition rates, which indicates that there may
not actually be a difference between face-to-face and
non–face-to-face digital health interventions of this kind.
Further, their meta-analysis described associations between
attrition and sex, age, and length of intervention, which was not
observed in our data set. As their data was pooled between
face-to-face and other modes of delivery, it is possible that the
web-based mode of delivery may be mediating that relationship
in our analysis.

Importantly, 9 of 32 studies did not report any outcomes related
to the use of the intervention or technological elements within
their intervention; they only reported primary outcome measures
related to health outcomes. In total, 15 of 32 studies reported
logins, app use, or sessions completed, while only 4 studies
reported any interactions between participants and technological
elements that were not directly related to the primary outcome
measure. This has implications of measuring the “dose” for
digital health interventions, whereby factors not reported may
have an impact on the outcome measures reported as well as on
attrition. Studies describing digital health interventions should
address this in the future.

Limitations
Technological elements were underreported in published papers
as evidenced by the authors of 10 of 32 studies needing to be
followed up to provide information not accessible within the
papers. It is possible that this analysis failed to capture the
entirety of the included technological elements present within
these studies; however, this is unlikely with the follow-up
procedure. The need for better reporting of digital health
interventions is crucial in ensuring reproducibility and

assessment of web-based interventions, especially as several
accessible frameworks exist directed at digital tools [44,46] or
more generally [47]. Providing access to explore the intervention
itself—as 3 authors did for this study—may be another solution,
although it is not feasible for some studies.

Digital health interventions are not new; however, there have
been fewer published studies on their use in MS compared with
other chronic conditions; a greater number of studies would
make the meta-regression more reliable. Further stratification
of participants may provide greater insight into the attrition in
these interventions by accounting for digital literacy, level of
access to technology infrastructure, and better general reporting
of the intervention design overall.

While the scoring system used for technological component
ratings in this review has previously been used and was created
in accordance with guidelines for digital intervention
development, this system is not yet validated. Several additions
were made to this scoring system to accommodate features that
were not included, and it is possible that these additions have
compromised internal validity. Analysis was undertaken using
the previous, unmodified scoring system and revealed no
changes to the results using our modified scoring system;
however, caution must be applied to interpreting these results
before validation has occurred. Additionally, while the scoring
was derived from both publication and authors themselves, it
is possible there were inaccuracies due to misinterpretation or
inability to recall.

It is possible that using qualitative methods and direct
observations to understand the ways in which people with MS
engage with technological components of these digital health
interventions is a better predictor of attrition than merely
quantifying and scoring the components themselves.
Unfortunately, no studies provided the data required to carry
out these analyses. It also possible that analyzing individual
components of the subscores for multimedia, interactivity and
feedback, rather than overall subscores themselves, may
elucidate further associations; however, the weighting within
these subscores of the different components aims to address
this.

The inclusion criteria were also strict on the definition of the
digital health interventions of interest to us. This excluded
studies that were exclusively virtual reality interventions and
those that were exclusively telemonitoring or conferencing.
These exclusions may have biased our data. It is noteworthy
that the category of digital health interventions of interest to us
is not well-defined in the major taxonomy of digital health
interventions published by the World Health Organization; the
category Interventions for Clients, this describes
“communication” but overlooks the structuring and scaffolding
of interventions that would be better described as “education”
[48].

Conclusions
In conclusion, this study describes no difference in the rates of
attrition between participants allocated to the intervention and
control arms in digital health interventions for people with MS.
An association between overall technological elements score
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and attrition was observed; however, the underlying mechanism
is unclear. Future studies should further investigate the roles

these elements play in retention in web-based interventions.
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Abstract

Background: There are a host of emergent technologies with the potential to improve hospital care in low- and middle-income
countries such as Vietnam. Wearable monitors and artificial intelligence–based decision support systems could be integrated with
hospital-based digital health systems such as electronic health records (EHRs) to provide higher level care at a relatively low
cost. However, the appropriate and sustainable application of these innovations in low- and middle-income countries requires an
understanding of the local government’s requirements and regulations such as technology specifications, cybersecurity, data-sharing
protocols, and interoperability.

Objective: This scoping review aims to explore the current state of digital health research and the policies that govern the
adoption of digital health systems in Vietnamese hospitals.

Methods: We conducted a scoping review using a modification of the PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Extension for Scoping Reviews) guidelines. PubMed and Web of Science were searched for academic
publications, and Th  Vi n Pháp Lu t, a proprietary database of Vietnamese government documents, and the Vietnam Electronic
Health Administration website were searched for government documents. Google Scholar and Google Search were used for
snowballing searches. The sources were assessed against predefined eligibility criteria through title, abstract, and full-text screening.
Relevant information from the included sources was charted and summarized. The review process was primarily undertaken by
one researcher and reviewed by another researcher during each step.

Results: In total, 11 academic publications and 20 government documents were included in this review. Among the academic
studies, 5 reported engineering solutions for information systems in hospitals, 2 assessed readiness for EHR implementation, 1
tested physicians’performance before and after using clinical decision support software, 1 reported a national laboratory information
management system, and 2 reviewed the health system’s capability to implement eHealth and artificial intelligence. Of the 20
government documents, 19 were promulgated from 2013 to 2020. These regulations and guidance cover a wide range of digital
health domains, including hospital information management systems, general and interoperability standards, cybersecurity in
health organizations, conditions for the provision of health information technology (HIT), electronic health insurance claims,
laboratory information systems, HIT maturity, digital health strategies, electronic medical records, EHRs, and eHealth architectural
frameworks.

Conclusions: Research about hospital-based digital health systems in Vietnam is very limited, particularly implementation
studies. Government regulations and guidance for HIT in health care organizations have been released with increasing frequency
since 2013, targeting a variety of information systems such as electronic medical records, EHRs, and laboratory information
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systems. In general, these policies were focused on the basic specifications and standards that digital health systems need to meet.
More research is needed in the future to guide the implementation of digital health care systems in the Vietnam hospital setting.

(J Med Internet Res 2022;24(2):e32392)   doi:10.2196/32392

KEYWORDS

digital health; eHealth; policy; Vietnam; hospital care; data; health; electronic medical records; standards; compulsory; patient
ID; administrative information; health insurance ID; mobile phone

Introduction

Digital health systems such as electronic health records (EHRs)
and patient administration systems used in hospitals in
high-income countries (HICs) have been adopted with the dual
aim of increasing the quality of patient care and improving
hospital finances through cost reductions and new revenue
streams. These systems are commonly introduced in response
to major government initiatives, often with significant public
funding [1]. Despite major challenges and high-profile failures
[2], HICs have now reached the point where secondary use of
data from digital health systems can, in some cases, enable
hospitals and health care systems to become learning health
systems, using routinely collected data to facilitate research and
quality improvement [3]. In recent years, data from
hospital-based digital health systems have been used to develop
and implement innovative artificial intelligence (AI) systems
for monitoring patients and providing clinical decision support
(CDS) to health care providers [4].

Although the adoption of digital health systems in low- and
middle-income countries (LMICs) such as Vietnam has largely
only taken place within the last decade, these solutions have
the potential to support the development of universal health
coverage and projects working toward addressing sustainable
development goals [5,6]. However, in resource-constrained
settings, new health care information technologies are often
implemented with insufficient funding, infrastructure,
regulations, and computer literacy of the staff who will be using
them [7-9]. These challenges may be able to be mitigated
through the use of open-source software [8,10], mobile
technologies [11], and cloud-based data infrastructure [12]. The
adoption of new policies and standards (such as Health Level
7’s [HL7] Fast Healthcare Interoperability Resources [13]) may
also enable simpler and more effective methods for health

information exchange than was available to HICs in previous
years [14].

Recent initiatives in Vietnam and other LMICs have sought to
exploit the potential of digital technologies such as machine
learning and low-cost wearable devices in improving critical
care at an affordable cost [15,16]. For these innovations to attain
scalability and sustainability, their research and development
needs to consider the technical infrastructure and the regulatory
frameworks that govern local technology adoption [5,6,15,16].
The Vietnamese government has recognized the role that digital
health technologies can play in improving health care and
optimizing administration processes [17], and along with
building national health databases such as the national EHR
system, new digital health policies and guidance have been
promulgated by the Vietnam Ministry of Health (MoH) [18,19].
Awareness of the government’s current regulations and future
directions for digital health and the local research evidence in
this area is important for the introduction of these emergent
technologies in Vietnamese hospitals. This scoping review aims
to map and summarize the academic literature and government
policies in the field of hospital-based digital health systems in
Vietnam. We have chosen a scoping review methodology as it
allowed us to effectively explore and summarize information
from a wide range of sources, given the rapidly evolving nature
of digital health in Vietnam [20,21].

Methods

We conducted this review using a modification of the
PRISMA-ScR (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses Extension for Scoping Reviews): Checklist
and Explanation guidelines [22].

Eligibility Criteria
The eligibility criteria are listed in Textbox 1.
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Textbox 1. Eligibility criteria.

Inclusion criteria

• Policies and guidance documents from the government that regulate and guide the adoption of digital health systems in Vietnam’s public hospitals.
Academic publications that address digital health systems in Vietnam’s hospitals

• Policies and guidance documents that are functioning or to be mandated

• Documents written in Vietnamese or English

Exclusion criteria

• Policies and guidelines that have been replaced by a newer version

• Policies and studies that only examine technical aspects of the digital solution without discussing its adoption and implementation in clinical
settings

• Stand-alone apps or digital solutions that are implemented in the hospital settings but not linked with a particular hospital-based information
system such as hospital information management systems and electronic medical records

Information Sources
We conducted searches on PubMed, Web of Science, and
Google Scholar to identify academic literature. A structured
search string (Multimedia Appendix 1) was built for the search
on PubMed and Web of Science, and additional relevant
publications identified during the full-text screening were
retrieved and screened using Google Scholar.

A search of Vietnamese policies was conducted on the Th  Vi n
Pháp Lu t database [23]. A total of 10 search queries were built
and executed separately (Multimedia Appendix 1). All document
titles resulting from each of the search queries were extracted
and compiled in a Microsoft Excel spreadsheet, from which all
duplicates were removed. The MoH Electronic Health
Administration’s website was used to search for relevant
documents that had not been found in the structured database
search. Follow-up visits to the website were done throughout
the study and at the end of the data-charting phase to identify
newly released documents. Relevant documents that were
referred to in the reviewed text but not found by the 2 former
search strategies were searched for using Google.

No restriction on publication type and publication year was set.

Data-Charting Process
A data-charting form was developed based on the research
objectives and guidelines from the PRISMA-ScR guidelines.
A draft version of the data-charting form was piloted during the
full-text screening, from which discussions were made to modify
and finalize the charting form.

All the charting tasks were conducted by one researcher (DMT)
using a Microsoft Excel spreadsheet. The charted data were
then reviewed by another researcher (CP), and follow-up
discussions were arranged to resolve any disagreements between
the 2 investigators.

For academic literature, the charting form collected information
about the publication year, methods, study population, or source
of information reviewed (if the publication is a review), the
study scope, the digital health domain being studied, the context
that the domain was investigating, and key findings. The
charting form of government documents sought to extract
information about the domain of intervention, policy enactment
time, the intended purpose of the policy, and the ministry that
mandated the document.

Selection of Sources of Evidence
Academic publications were assessed through 3 steps including
title, abstract, and full-text screening. Studies that did not meet
the eligibility criteria in each step were ruled out from the
screening list. Government policies and guidance were selected
using a 2-stage process. In the first screening round, the title,
introduction, and scope and regulated entities section of each
document was screened to determine their eligibility. For
documents that passed the first screening round, full text was
screened in the second round. The selection was based on the
eligibility criteria. Any uncertainty during the selection process
was discussed between the authors for a final agreement.

Results

Overview
From the initial search results of 2033 academic publications
and 266 government documents, 11 academic studies and 20
government documents were included in the review. We have
organized the Results section into 2 major parts: academic
literature and policies. Each part features the source selection
process, characteristics of selected sources, and the results of
individually selected sources. Figure 1 depicts the layout of the
Results section.

J Med Internet Res 2022 | vol. 24 | iss. 2 | e32392 | p.105https://www.jmir.org/2022/2/e32392
(page number not for citation purposes)

Tran et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 1. Layout of the Results section. The branches represent the subsections in the Results section and the information included therein. Square
boxes and round boxes denote the Academic Literature and Policies subsections, respectively.

Academic Literature

Selection of Sources of Evidence
The PubMed and Web of Science searches of the academic
literature returned 1833 and 334 articles, respectively. After the
removal of duplicates, title screening was conducted on 2033
articles (1833 from PubMed and 200 from Web of Science),
resulting in 169 marked considered for abstract screening. Titles
were excluded if they did not imply any relation to the use of
information technology (IT) in health care. In addition, the
snowballing and manual search found an additional 10 studies,
making it a total of 179 abstracts to be screened. The abstract
screening ruled out 161 articles that did not meet the eligibility
criteria and identified 18 articles eligible for the full-text review.

The main reasons for exclusion during abstract screening were
as follows: duplicated articles (n=2), the reviewed information
was outdated to Vietnam’s current digital health situation (n=1),
the interventions studied were neither of health information
systems (n=86) nor of hospitals’ health information systems
(n=50), the research was about machine learning techniques
(n=3), and the research was not conducted in Vietnam (n=19).
Of the full-texts screened, 11 articles were included in the final
review. The full-text screening found 7 studies not eligible for
the review, of which 1 did not examine health information
systems, 5 studies investigated health information systems that
were not implemented in hospitals or their findings were of
limited relevance to the hospital information systems (HISs),
and 1 study’s full text was not available in English (Figure 2).
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Figure 2. Summary of academic publication selection.

Characteristics of Sources of Evidence
Characteristics of each study including title, authors, publication
year, methods, studied population or source of information
reviewed, and study scope are summarized in Table 1.
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Table 1. Summary of included studies.

Study scopeStudied population or source
of information reviewed

MethodsReferenceStudy title

Described how BK-LIS, a laboratory infor-
mation system, was designed and developed

Common laboratory test re-
sults in Vietnam’s hospitals

Case studyVu et al [24]Design of Laboratory Infor-
mation System for Health
Care in Vietnam BK-LIS to support the laboratory activities in Viet-

nam’s hospitals

A case study of the development of BK-HD

manager, an ITa solution that centrally

Hemodialysis systems in
Bach Mai Hospital and E
Hospital, 2 central-level hos-
pitals in Vietnam

Case studyVu et al [25]A Design of Renal Dataflow
Control and Patient Record
Management System for
Renal Department Environ-
ment in Vietnam

manages the hemodialysis system in the
hospital

Demonstrated technical solutions to auto-
matically retrieve data from medical de-

Electronic medical equipment
commonly used in Viet-
namese hospitals

Case studyHai et al [26]Automatic Retrieving Data
From Medical Equipment to
Create Electronic Medical
Records for an e-Hospital
Model in Vietnam

vices. The types of data include images and
video data, laboratory test result data, and
waveform data

Introduced VNUMED, an intermediate
database that gathers data from EMRs to

EMRsb from hospitals in
Vietnam

Case studyVo et al [27]Toward VNUMED for
health care research activi-
ties in Vietnam support health care research, and related

challenges for its development in Vietnam

Described the development and testing of
EMR visualization, a visualization tool for

Gastroenterologists and EMR
data in Thong Nhat central-
level hospital

Case studyVO et al [28]EMR Visualization for Pa-
tient Progress Tracking: In-
terface Design and System
Implementation

patient progress tracking, using data from
the hospital’s EMR system

A review of the IT applications in Viet-
nam’s health sector before 2012. Challenges

IT use in health care in Viet-
nam before 2012

ReviewNguyen et al
[29]

Strategic Challenges Facing
User- and Patient-Centered
e-Health in Vietnam in implementing patient-centered eHealth

in Vietnam were discussed

PEMSoftc, a clinical decision support sys-
tem, was tested against physicians’ perfor-
mance on a multiple-choice exam

203 physicians from 11 hospi-
tals across Vietnam

Multicenter, prospec-
tive, pretest–posttest
study

Lin et al [30]English-Based Pediatric
Emergency Medicine Soft-
ware Improves Physician
Test Performance on Com-
mon Pediatric Emergencies:
A Multicenter Study in
Vietnam

Investigation of the Vietnamese health sys-
tem’s core readiness for electronic health
record implementation

Participant observation and
document analysis was con-
ducted in a department of a
top-level hospital in Vietnam;

Document analysis,
participant observation,
and in-depth interview

Hochwarter et
al [31]

Toward an Electronic Health
Record System in Vietnam:
A Core Readiness Assess-
ment

in-depth interview with an

MoHd expert.

Described the building and scale-up of a
national LIMS program for clinical and

Reports from a national LIMS
project using an open-source
LIMS from 2008 to 2016

Reviewing the program
reports

Landgraf et al
[32]

Open-Source LIMSe in
Vietnam: The Path Toward
Sustainability and Host
Country Ownership

public health laboratories in Vietnam. Out-
comes of the program and the lessons
learned were discussed. A model for sustain-
ability that could be applied to diverse labo-
ratory programs was proposed

The study assessed the readiness for elec-
tronic health record implementation in Thái

Thái Binh provincial hospitalCross-sectional study
using a scoring tool

Nguyen [33]Electronic Health Record
Readiness Assessment in
Thái Binh Hospital, Vietnam Binh hospital, Vietnam. The 4 main compo-

nents of readiness included core readiness,
technological readiness, learning readiness,
and societal readiness

An overview of AI research and applica-
tions in medicine worldwide, proposing a

The literature about AI in
medicine worldwide, the liter-

Nonsystematic reviewVuong et al
[34]

Artificial Intelligence vs
Natural Stupidity: Evaluat-

ing AIf Readiness for the framework to evaluate AI readiness. The
assessment of AI readiness in Vietnam’s

ature about eHealth in Viet-
nam, and the Joint AnnualVietnamese Medical Infor-

mation System health care sector using the proposed
framework

Health Review of Vietnam
from 2012 to 2016
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aIT: information technology.
bEMR: electronic medical record.
cPEMSoft: Pediatric Emergency Medicine Software.
dMoH: Ministry of Health.
eLIMS: laboratory information management system.
fAI: artificial intelligence.

Results of Individual Sources of Evidence
The digital health domain that each study addressed, the context
in which the domain was considered, year of data collection or
reviewed evidence, and key findings of each study are presented
in Table 2.

Among the 11 publications reviewed, 5 reported the
development and testing of engineering solutions to gather,
manage, or visualize data from the medical devices or
information systems that were being used in the chosen
hospitals. The 3 studies published in 2010 and 2011 described
solutions to retrieve and manage data from laboratory devices
or hemodialysis systems, whereas the 2 studies published in
2019 involved electronic medical record (EMR)-based solutions.

The other 6 articles addressed aspects of digital health
implementation in Vietnam’s health care system. Among these,
no study examined a specific clinical information system in the
hospital setting. EHR implementation was discussed in the 2
readiness assessment studies, in which one interviewed an MoH
staff member, whereas the other study surveyed health care
workers in a provincial hospital. These stakeholders recognized
the benefits offered by EHRs and expressed positive attitudes
toward EHR adoption. However, there was a lack of IT
infrastructure, basic IT use among the hospital staff such as
regular communication via email, and IT training capacity in

place for EHR implementation. Lin et al [30] evaluated
physicians’ performance on a multiple-choice exam with the
support of a system (CDS system [CDSS]). The participants
improved their exam performance when using the CDS software
compared with when not using the CDS software. However,
the software was only used for testing purposes and not
implemented in the studied hospitals. The national laboratory
information management system program published by Landgraf
et al [32] was largely used in public health laboratories rather
than integrated into a hospital-based system. The 2 reviews by
Nguyen et al [29] and Vuong et al [34] provided an overview
of how health care facilities in Vietnam had implemented IT
applications. Specifically, barriers for the development of
patient-centered eHealth and AI in medicine in Vietnam were
summarized, including the lack of national health databases,
unstandardized data collection, and paper-based workflows.
Importantly, most of the data analyzed in these 6 studies were
collected in 2016 or earlier. The CDS performance and the EHR
readiness assessments were conducted in the period from 2010
to 2014. The paper by Landgraf et al [32] was based on program
reports from 2008 to 2016, whereas the review by Nguyen et
al [29] provided insights into Vietnam eHealth before 2012.
Discussions in the review by Vuong [34] were significantly
carried out upon the analysis of the MoH annual reports from
2012 to 2016.
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Table 2. Summary of the digital health domains and findings from academic publications.

Summary of findings relevant to digital health systems in hospitals in
Vietnam

Year of data
collection or re-
viewed evi-

dencea

Context in which the
intervention was
considered

Digital health do-
main

Study

2010 or earlierbCommon laboratory
test results in hospi-
tals in Vietnam

Laboratory informa-
tion system

Vu et al [24] • Presented how a laboratory information system was designed to
solve the paper-based laboratory result management.

2010 or earlierbHemodialysis sys-
tems in Vietnam’s
hospitals

Hemodialysis man-
agement system

Vu et al [25] • A central management system for hemodialysis machines in 2
hospitals in Vietnam was designed and tested.

2011 or earlierbElectronic medical
equipment common-

Data acquisition
from medical de-
vices

Hai et al [26] • An engineering solution to automatically retrieve data from med-

ical devices such as ultrasound, ECGc, and laboratory devices for
personal health records.ly used in Viet-

namese hospitals

After 2019EMRs from hospi-
tals in Vietnam

A database of EMRd

data

Vo et al [27] • The lack of standardized EMR use among Vietnamese hospitals
posed a challenge for data gathering and research. VNUMED is
a database that aims to collect and standardize data from different
EMR systems.

Between 2015

and 2019b
Data in EMR from a
Vietnamese hospital

Data visualization
for EMRs

VO et al [28] • A data visualization app to track patient progress based on data
collected from the local EMR system was developed and tested
by the gerontologists as the end users. The testing results showed
positive feedback from the end users regarding usability. The app
was being updated for large-scale testing.

Before 2012Health care in Viet-
nam before 2012

Readiness for pa-
tient-centered
eHealth

Nguyen et al
[29]

• Provided an overview of information technology applications in
Vietnam’s health care system from its beginning until 2011.

2010 to 2011Physicians in hospi-
tals

CDSeLin et al [30] • The study provided evidence that CDS technologies can improve
physicians’ medical knowledge in the context of Vietnamese
hospitals.

2013Hospitals in Viet-
nam

EHR readinessHocwarter et
al [31]

• Provided evidence on the core readiness to a national EHR includ-
ing the following:
• Identification of needs for future changes that will be ad-

dressed by the EHR system.
• Challenges posed by the status quo that demanded an EHR

system: the existing system of medical records; quality of
the existing record-keeping practice; the numbering system
for medical records; patient identification methods in medical
records; use of daily admissions and discharge lists; medical
record archiving after patient discharge; medical record

preservation when in archive; practice of ICD-10f and use
of ICD-10 in reality.

• Planning for the new EHR project by the Ministry of Health.

• Integration of technology:
• Integration with the current services; plan to integrate the

EHR system with the existing hospital information systems;
use of health informatics standards; the use of defined inter-
faces or gateways in data exchange.

2008 to 2016Mainly district
health centers and

Laboratory informa-
tion system

Landgraf et
al [32]

• Described the development, deployment, and operation of a na-

tional LIMSg project using an open-source LIMS.
public health labora- • Proposed factors for the sustainability of a health information

system in Vietnam: (1) selection of appropriate technology, (2)tories in provinces
with a high preva-
lence of HIV

capacity building and knowledge transfer, (3) financial viability,
(4) leadership and management, and (5) alignment with national
health strategies.
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Summary of findings relevant to digital health systems in hospitals in
Vietnam

Year of data
collection or re-
viewed evi-

dencea

Context in which the
intervention was
considered

Digital health do-
main

Study

• Provided evidence on EHR readiness in a Vietnamese provincial
hospital, including the following:
• Core readiness: needs for change, planning, suitability of in-

frastructure, and integration of new technology with the ex-
isting services in the hospital.

• Technological readiness: need for information technology
adoption and information technology infrastructure’s capabil-
ity to implement an EHR.

• Learning readiness: information technology training for
hospital and implementation staff.

• Societal readiness:
• Electronic communication with other organizations, data

exchange between organizations, and sociocultural elements
between health workers and patients.

2013 to 2014A provincial hospital
in Vietnam

EHR readinessNguyen et al
[33]

• Readiness for AI in medicine in Vietnam was assessed based on
3 factors: financial support, technological, and sociopolitical. In
general, although AI in medicine research and political commit-
ment was somewhat promising, the technical factor was seen as
weak and inadequate.

2012-2018
(mainly 2012-
2016)

Health care of Viet-
nam

Readiness for AIh in
medicine

Vuong et al
[34]

aThe period when primary data are collected or reviewed sources are published.
bOn the basis of published year and reported grant period.
cECG: electrocardiogram.
dEMR: electronic medical record.
eCDS: clinical decision support.
fICD-10: International Classification of Diseases, Tenth Revision.
gLIMS: laboratory information management system.
hAI: artificial intelligence.

Policies

Selection of Sources of Evidence
A total of 10 search queries on the Th  Vi n Pháp Lu t database
returned 266 results. After removing duplicate titles, there were
221 results remaining in the first screening round. In total, 30
articles were selected from this screening phase with 191 articles
excluded for the following reasons: unrelated to HIS adoption

(n=157), limited relevance to HIS adoption (n=13), not a policy
or guidance document (n=5), expired (n=13), and documents
whose contents are covered in an included policy (n=3; Figure
3). Manual scanning on the MoH’s Electronic Health
Administration website and snowballing from the reviewed
documents helped identify 13 potential policies and guidance
documents. Full text was screened for a total of 43 documents,
which yielded 20 documents including for review and data
charting.

Figure 3. Summary of government document selection.
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Characteristics of Sources of Evidence
Table 3 presents an overview of the policies and guidance
documents included. Characteristics of the documents were
charted, including the enactment time points, policy ID numbers

and titles, the digital health domains related to the policies, and
the ministries that mandated the policies. Owing to the lengthy
original titles, shorter denoted titles were created for easier
reference of the documents in this paper.
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Table 3. Summary of policy documents.

MinistryDomainDenoted titlePolicy ID number and titleValid from

MoHbHospital information
management system

The HIMSa GuidanceDecision 5573/QD-BYT year 2006 on Guideline for Hospital Infor-
mation Management Systems [35]

December 2006

MoHStandards for hospital
information systems

The Recommended

Standards for HITd
Decision 2035/QD-BYT year 2013 on Terminology Systems and

Data Exchange Standards Recommended for Health ITc [36]

June 2013

MoHCybersecurity in
health organizations

The Cybersecurity
Guidance

Decision 4159/QD-BYT year 2014 on Guidance on Ensuring Secu-
rity of Electronic Health Data in the Health Sector [37]

October 2014

MoHConditions for provi-
sion of health IT

The Required Condi-
tions for HIT

Circular 53/2014/TT-BYT on Required Conditions for Provision of
Health IT Activities [38]

March 2015 or

January 2017e

MoHCybersecurity in
health organizations

The Guidance for Lo-
cal Cybersecurity Pol-
icy

Decision 4495/QD-BYT year 2015 on Guideline for Developing
Local Information Safety and Security Rules in Health Facilities
[39]

October 2015

MoHCybersecurity in
health organizations

The Guidance for Cy-
bersecurity Response

Decision 4494/QD-BYT year 2015 on Response Procedures for In-
formation Safety and Security Issues in the Health Sector [40]

October 2015

MoHElectronic health insur-
ance claim

The Social Health In-

surance EAFf
Decision 5004/QD-BYT year 2016 on The Architectural Framework
of the Social Health Insurance Information System [41]

September 2016

Vietnam So-
cial Security

Electronic health insur-
ance claim

The Insurance Portal
V2 Guidance

Decision 917/QD-BHXH year 2016 on Announcement of the Health
Insurance Portal version 2 [42]

June 2016

MoHElectronic health insur-
ance claim

The Claim Standard-
ization Guidance

Decision 4210/QD-BYT year 2017 on Requirements for Standard
and Format of Output Data Used in Management, Assessment and
Reimbursement of Insurance-Paid Health Care Expenses [43]

September 2017

MoHLISThe LISg GuidanceDecision 3725/QD-BYT year 2017 on Guidelines for Functionalities,
Interoperability, Infrastructure and Human Resources for Establish-

August 2017

ing and Implementing Laboratory Information Systems at Healthcare
Facilities [44]

MoHHIT maturityThe HIT Maturity
Model

Circular 54/2017/TT-BYT on Assessment Criteria for Information
Technology Implementation in Healthcare Facilities [45]

February 2018

MIChStandards for IT appli-
cations in state organi-
zations

The Recommended
Standards for IT in
State Organizations

Circular 39/2017/TT-BTTTT on Technical Standards for IT Imple-
mentation in State Organizations [46] (replaced circular 22/2013/TT-
BTTTT)

July 2018

MoHElectronic health insur-
ance claim

The Electronic Claim
Regulations

Circular 48/2017/TT-BYT on Regulations on Data Exchange in
Management and Reimbursement of Health Insurance Claims [47]

March 2018

MoHElectronic health insur-
ance claim

The Terminology and
Service Coding Sys-
tem version 6

Decision 7603/QD-BYT year 2018 on The Service Coding System
for Healthcare Management and Health Insurance Reimbursement
version 6 [48]

December 2018

MoHDigital health strate-
gies

The Smart HIT
Scheme

Decision 4888/QD-BYT year 2019 on The Smart Health IT Imple-
mentation and Development Scheme from 2019 to 2025 [49]

October 2019

MoHEMRsThe Regulations for

EMRsi
Circular 46/2018/TT-BYT on Regulations for Electronic Medical
Records [50]

March 2019

MoHEHRsThe EHRj PlanDecision 5349/QD-BYT year 2019 on Implementation Plan for
Electronic Health Record [51]

November 2019

MoHArchitectural frame-
work

The EHAFk version 2Decision 6085/QD-BYT year 2019 on the eHealth Architectural
Framework version 2.0 [52]

December 2019

MoHDigital health strate-
gies

The Digital Transfor-
mation Scheme

Decision 5316/QD-BYT year 2020 on The Digital Transformation
in Health Care Scheme Until 2025 and Navigated Toward 2030 [53]

December 2020

MoHNational health IDThe Health ID Regula-
tion

Decision 2153/QD-BYT year 2020 on Regulations on Creation,
Utilization and Management of Health ID [54]

May 2020

aHIMS: Hospital Information Management System.
bMoH: Ministry of Health.
cIT: information technology.
dHIT: health information technology.
eMarch 2015 or January 2017: applicable since March 2015 for organizations that had not implemented any health information systems and since
January 2017 for organizations that had implemented health information systems.
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fEAF: electronic architecture framework.
gLIS: laboratory information system.
hMIC: Ministry of Information and Communications.
iEMR: electronic medical record.
jEHR: electronic health record.
kEHAF: eHealth architectural framework.

Results of Individual Sources of Evidence
A total of 20 government documents were combined into 11
groups based on the digital health domains or subjects that they
addressed. These groups included hospital information
management systems, general and interoperability standards,
cybersecurity in health organizations, conditions for the
provision of health IT, electronic health insurance claims,
laboratory information systems (LISs), health IT (HIT) maturity,
digital health strategies, EMRs, EHRs, and eHealth architectural
framework (EHAF). Table 4 presents these policy groups and
the main purpose of each policy. In the following section, we
have summarized the policies and their objectives in
chronological order.

Most of the digital health policies reviewed were released and
came into effect after 2013, excluding the Hospital Information
Management System (HIMS) Guidance, which was enacted in
2006. The HIMS Guidance was an instruction regarding the
functionalities and standards for HIMS used in state health
facilities [35]. In 2013, the MoH promulgated guidance for
interoperability standards and terminology systems applicable
for health information systems [36]. Some of these are
mandatory such as the HL7 messaging version 2 or 3, Digital
Imaging and Communications in Medicine, SDMX-HD
(Statistical Data and Metadata Exchange–Health Domain), and
International Classification of Diseases, Tenth Revision
(ICD-10) Clinical Modification, whereas the others are
recommended, including the HL7 Clinical Document
Architecture, HL7 Continuity of Care Document, World Health
Organization Anatomical Therapeutic Chemical, and Logical
Observation Identifiers Names and Codes. Standards for general
IT applications are guided by the Ministry of Information and
Communications (MIC) [46].

The 3 Cybersecurity Guidance documents for state health
organizations were published in 2014 and 2015. The

Cybersecurity Guidance covers 16 components of an IT system
in a health organization such as network, databases, applications,
account management, and data transmission [37]. As
organizations using IT systems are required to develop and
implement their own cybersecurity policy, the Guidance for
Local Cybersecurity Policy provides general instructions for
the making of these local policies [39]. Finally, the Guidance
for Cybersecurity Response is a standard procedure to identify,
classify, report, and handle cybersecurity issues in health
facilities [40]. In March 2015, the Required Conditions for HIT
announced the essential criteria that organizations must meet
when implementing HIT in Vietnam [38]. Accordingly,
organizations must satisfy specific requirements for IT
infrastructure, information security, IT workforce, and
implementation of several technologies.

In 2016 and 2017, the MoH and the Vietnam Social Security
(VSS) initiated the electronic social health insurance claim
system, which was accompanied by the promulgation of several
regulations and guidance. First, the Social Health Insurance
Electronic Architectural Framework was published, describing
the system’s structure and operation [41]. A web-based portal
was established, on which health providers can submit claims
and check insurance information. To provide instructions for
health facilities on using the portal, the VSS published the
Insurance Portal V2 Guidance [42]. As claim data must be
collected and formatted in a standardized manner, the Claim
Standardization Guidance is intended to provide the necessary
instructions for health facilities on claim preparation [43]. The
Vietnam social health insurance system uses a national
terminology and service coding system to form billing codes
from medical documentation. In 2018, this coding system was
in its sixth iteration [48]. Finally, the Electronic Claim
Regulations defines the responsibilities of health providers and
insurance agencies surrounding claim sharing and feedback
[47].
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Table 4. Main purposes of the policies.

Valid fromPurpose of the documentGroup of domains and denoted title

Hospital information management system

December 2006A guidance for functionalities and standards of HIMSsThe HIMSa Guidance

General and interoperability standards

June 2013A list of nomenclature systems and interoperability standards that the MoHc required
or recommended for health information systems

The Recommended Standards for HITb

July 2018A list of general IT standards that the MICe required or recommended for health in-
formation systems

The Recommended Standards for ITd

in State Organizations

Cybersecurity in health organizations

October 2014A comprehensive guidance of cybersecurity measures for health facilitiesThe Cybersecurity Guidance

October 2015A guideline for developing organization information safety and security policies for
health facilities

The Guidance for Local Cybersecurity
Policy

October 2015A guidance for classifying, identifying, reporting, and handling cybersecurity issues
in health facilities

The Guidance for Cybersecurity Re-
sponse

Conditions for provision of health IT

March 2015 or
January 2017

Criteria that health facilities must satisfy when implementing digital health systems.
Four areas addressed in the circular include IT infrastructure, information security,
human resource, and specific criteria for some HIT systems

The Required Conditions for HIT

eHealth insurance claim

September 2016Explaining the architecture model for the social health insurance information system
to be built by the MoH

The Social Health Insurance EAFf

June 2016Announcing the launching of the Health Insurance Portal version 2 with an installation
manual attached

The Insurance Portal V2 Guidance

September 2017A guidance for standardization of claims data including variable definition and data
standards

The Claim Standardization Guidance

March 2018Responsibilities of the health care organizations and the insurance agencies in elec-
tronic claim exchange and investigation

The Electronic Claim Regulations

December 2018A common list of health services with the relevant codes used in the social health
insurance claim and reimbursement, updated to version 6

The Terminology and Service Coding
System version 6

LISg

August 2017A guidance for functionalities and standards of LISsThe LIS Guidance

HIT maturity

February 2018Seven levels of HIT application applicable for health care organizations, made of 8
key components and capabilities. Criteria for each HIT level and component were
provided herein.

The HIT Maturity Model

Digital health strategies

October 2019Presenting the agenda to develop and implement digital and smart technologies in
Vietnam’s health care for the period from 2019 to 2025

The Smart HIT Scheme

December 2020Presenting the agenda to comprehensively implement IT in Vietnam’s health care
until 2025 and navigated toward 2030

The Digital Transformation Scheme

EMRsh

March 2019Criteria for EMR development and implementation to abide by Health Care Law and
replace paper medical records

The Regulations for EMRs

EHRi

November 2019The national plan of the MoH to build and implement the EHR system in VietnamThe EHR plan

May 2020The health ID system used for eHealth data of Vietnamese residentsThe Health ID Regulation

Architectural framework
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Valid fromPurpose of the documentGroup of domains and denoted title

December 19Explaining the architecture model of key IT systems and databases built by the MoHThe EHAFj version 2

aHIMS: health information management system.
bHIT: health information technology.
cMoH: Ministry of Health.
dIT: information technology.
eMIC: Ministry of Information and Communications.
fEAF: electronic architectural framework.
gLIS: laboratory information system.
hEMR: electronic medical record.
iEHR: electronic health record.
jEHAF: eHealth architectural framework.

Guidance for LISs was published in August 2017, addressing
the functionalities and standards required for such systems in
Vietnam [44]. From 2018 to 2020, the MoH issued several
policies that govern key digital health systems such as the
maturity model for HIT, EMRs, and EHRs. From February
2018, the HIT Maturity Model began to be used as a roadmap
for health care organizations to build and upgrade their digital
health system [45]. Similar to the Healthcare Information and
Management Systems Society’s Analytics Electronic Medical
Record Adoption Model [55], this maturity model features 7
levels of HIT application, each of which is built on a specific
set of criteria. The most basic level (level 1) only requires the
implementation of HISs to manage outpatient services, whereas
the highest level (level 7) defines a paperless environment that
deploys a comprehensive range of HIT such as HIS, EMR, LIS,
radiology information system and picture archiving and
communication systems (RIS-PACS), and CDSS with
interoperability between the systems. EMR adoption is governed
by the Regulations for EMRs, enacted in March 2019 [50]. The
circular sets out the requirements for EMRs so that their use
abides by Health Care Law and is eligible to completely replace
paper medical records. In the same year, the MoH announced
a plan to roll out EHRs on a nationwide scale, starting in
municipal cities [51]. Although EMRs serve inpatient care and

can vary in their specifications depending on the specialty in
which they are implemented, the EHR system can be seen as
the digital version of the paper-based primary health record [56]
and is a lifetime health document of every Vietnamese resident.
Information in EHRs is mainly collected and updated by the
district health facilities and outpatient clinics. The MoH has
also announced the National Health ID system in the Health ID
Regulation [54], in which each health ID number is unique and
represents an individual for their lifetime.

An overall picture of the IT systems that the MoH has been
developing is depicted in their EHAF, presented in Figure 4
(adapted from the Vietnam MoH [52]). The framework was
first published in 2015 [57] and subsequently updated in 2018
[58] and 2019 with the EHAF version 2 [52]. According to the
EHAF version 2, EMRs and EHRs are the 2 main components
of the health care building block. In 2019, the MoH announced
the Smart HIT Scheme, presenting an agenda to develop and
implement digital and smart technologies in Vietnam’s health
care for the period from 2019 to 2025 [49]. By the end of 2020,
the Digital Transformation Scheme was published, setting the
goals to implement IT in multiple areas of the health sector
including state administration, cashless payment and telehealth,
disease prevention and primary care, and health care [53].
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Figure 4. The Ministry of Health’s eHealth Architecture Framework version 2.0 (adapted from the Vietnam Ministry of Health [52]). The following
are English translations for the abbreviations—ATTP: food safety; BHYT: health insurance; DMDC: reference catalogs; DSKHHGD: population
planning; D  C: pharmacy; HTQT: international collaboration; KCB: health care; KHĐT: research and training; KHTC: finance; MTYT: environmental
health; PC: legislation; SKBMTE: maternal and child health; Tri th c y t : health knowledge; TCCB: human resources; TTB-CTYT: medical devices
and infrastructure; TTRA: inspection; TT-TĐKT: reward; YHCT: traditional medicine; YTDP: preventive medicine. EHR: electronic health record;
IT: information technology; MoH: Ministry of Health.

Details of Included Policies
In the subsequent sections, we have expanded on the key policies
in each digital health domain.

Architectural Framework: The EHAF Version 2
The framework is intended to guide the future developments of
eHealth in the public sector, ensuring their compatibility with
the current components and directed toward common goals.

The EHAF version 2.0 (decision 6085/QD-BYT year 2019 on
the eHealth Architectural Framework Version 2.0 [52]) has 7
layers including the following:

1. End users (people and businesses)
2. Communication channels (means to communicate with

applications and services of the MoH such as computers,
smartphones, and information portals)

3. Services and applications layer. This layer comprises 4
building blocks including disease prevention, health care,
administration, and public services

4. Databases and data analysis tools layer. This includes
multiple databases specialized for each health area managed
by the MoH, for example, traditional medicine, pharmacy,
and health insurance

5. The MoH’s Local Government Service Platform. This
platform provides shared supporting services for the upper
layers. The MoH’s Local Government Service Platform is
also able to communicate with other ministries and
provinces through the National Government Service
Platform

6. Technological infrastructure layer
7. Management and monitoring layer

An illustration of the EHAF version 2.0 can be found in Figure
4 (adapted from the Vietnam MoH [52]).

Digital Health Strategies

The Smart HIT Scheme

The Smart HIT Scheme (decision 4888/QD-BYT year 2019 on
the Smart HIT Implementation and Development Scheme from
2019 to 2025 [49]) seeks to use digital health, particularly smart
technology, in Vietnamese health care. The scheme highlighted
the Industrial Revolution 4.0 concept and the technologies
characterizing this era, for example, big data, AI, and the internet
of things. Following the intention of the Vietnamese government
to take advantage of this revolution, the scheme points out the
readiness of Vietnam’s health system for implementing digital
health technologies along with the impact that these technologies
can have on the health system. Finally, the scheme presents an
agenda to promote and implement digital and smart health IT
in Vietnam. The information relevant to the scope of this study
is summarized in the subsequent sections.

The scheme aims to implement and develop digital health and
smart health technologies for a modern, high-quality, equitable,
efficient, and internationally integrated health system and to
promote residents’ access to health information so that they
can use a highly efficient health service and have their health
continuously protected, taken care of, and promoted during
their lifetime. The following goals are specified:

1. Developing a smart health care and disease prevention
system

2. Promoting IT implementation in health facilities for
administrative process improvement and reducing hospital
overload: adopting EMRs to replace paper records, using
a cashless payment system for hospital billings, and
establishing smart hospitals

3. Promoting IT implementation in health administration:
installing the electronic office system, public portals, and
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single-window information system of administrative
procedures, promoting level 3 and level 4 web-based public
service, building a smart health administration

To achieve these goals, the scheme proposes 9 areas of action
from 2019 to 2025, including the following:

1. Building the regulatory framework, guidance, standards,
and economic–technical norms

2. Building the health IT infrastructure
3. Building a smart health care and disease prevention system
4. Building a smart health care system

5. Building a smart health administration system
6. Developing the workforce
7. Promoting smart health IT research, development, and

implementation
8. International cooperation
9. Educating the public’s awareness of smart health care

In the scope of this study, we presented the detailed agenda of
area 1—building the regulatory framework, guidance, standards,
and economic–technical norms—and area 4, building a smart
health care system (Textboxes 2 and 3).

Textbox 2. Area 1 of the Smart Health Information Technology Scheme: building the regulatory framework, guidance, standards, and economic–technical
norms.

Area 1 of the Smart Health Information Technology Scheme

• Building eHealth architecture framework as a prerequisite for information technology implementation in the health system

• Developing regulations for the resident health ID system

• Developing standards for interoperability between health information technology (HIT) systems, that is, health station management software,
electronic medical records, and electronic health records (EHRs)

• Developing economic–technical norms for HIT, in which HIT costs are a part of the total health service cost

• Building policy for managing and using electronic nomenclature and coding systems in the health system

• Building policy for using EHRs

• Developing regulations for cybersecurity and privacy protection for health information in the web-based environment

• Building human resource policies for HIT specialists

Textbox 3. Area 4 of the Smart Health Information Technology Scheme: Building a Smart Health Care System.

Area 4 of the Smart Health Information Technology Scheme

• Updating the management software and digital health systems in hospitals:

• Develop health information systems that adhere to the national and international standards, in which interoperability between the information
systems and between the information system and the digital devices (lab devices, imaging diagnosis devices, interactive screens, personal
mobile devices, etc) is ensured

• Standardizing the National Health ID system

• Building smart hospitals—health care organizations consult the Health Information Technology Maturity Model to develop their smart
hospital roadmap

• Electronic medical records (EMRs) are implemented in all health care organizations according to the EMR rollout timeline in circular
46/2018/TT-BYT on the Regulations for EMRs, aiming for paperless medical records and cashless payments in hospitals

• Establishing and scaling up information kiosks in hospitals

• Promoting artificial intelligence (AI) application in health care with the following priorities:

• Building interoperability standards to implement the Internet of Medical Things as an infrastructure to operate clinical decision support
systems (CDSSs)

• Developing real-time CDSSs closely integrated with EMRs

• Imaging diagnosis assistance

• Surgery assistance

• Encouraging businesses and health care organizations to build big data systems embedded with AI algorithm to support clinical decision-making

• Disease diagnosis, treatment, and prevention with traditional medicines

• Applying AI in specialties such as imaging diagnosis, cardiovascular diseases, respiratory diseases, orthopedics, cancer, obstetrics, and
pediatrics
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The Digital Transformation Scheme

The Digital Transformation Scheme (decision 5316/QD-BYT
year 2020—The Digital Transformation in Health Care Scheme
until 2025 and navigated toward 2030 [53]) seeks to implement
IT in all aspects of health care as it defines digital transformation
in health care as the comprehensive application of information
technology which prioritizes the cutting-edge digital technology
that can make positive changes in all aspects of health care.

The key 4 areas addressed in this scheme are state
administration, cashless payment and telehealth, disease
prevention and primary care, and health care. In the health care
area, the scheme aims for 15% (210/1400) and 50% (700/1400)

of hospitals in the country to successfully adopt paperless EMRs
and cashless payment by 2025 and 2030, respectively.

Textbox 4 summarizes the areas and subareas of action set out
in the scheme.

Area 5 (digital transformation in primary care and disease
prevention) and area 6 (digital transformation in hospitals) are
considered priorities over the others. We present details of area
1.2 (Textbox 5) and area 6 in subsequent sections.

Area 6, ie, Digital Transformation in Hospitals is largely similar
to area 4 (building a smart health care system) of the Smart HIT
Scheme. A comparison between these is shown in Table 5.

Textbox 4. Summary of areas of action in the Digital Transformation Scheme.

Areas of action

• Area 1: infrastructure development

• Area 1.1: awareness education

• Area 1.2: building the regulatory framework, guidance, standards, and economic–technical norms

• Area 1.3: building and upgrading the information technology infrastructure

• Area 1.4: building health databases

• Area 1.5: building digital health platforms

• Area 1.6: ensuring cybersecurity

• Area 1.7: international cooperation, research, and innovations in digital health

• Area 1.8: workforce development

• Area 2: implementing information technology in administration and public services

• Area 3: promoting investments in digital health from businesses and hospitals

• Area 4: digitalization in societies

• Area 5: digital transformation in primary care and disease prevention

• Area 6: digital transformation in hospitals

Textbox 5. Area 1.2 of the Digital Transformation Scheme: building the regulatory framework, guidance, standards, and economic–technical norms.

Area 1.2 of the Digital Transformation Scheme

• Publishing regulations and guidance for doing trials of novel digital health products; developing digital health platforms

• Developing regulations and standards for data exchange and interoperability between health information systems based on international standards

• Developing regulations for collecting and managing health data; building a decree for the national health database

• Providing guidance for digital health technologies; updating guidance for building smart hospitals and paperless hospitals

• Developing regulations for protecting security, safety, and confidentiality of health data in the web-based environment

• Developing regulations and guidance for electronic authentication in health care

• Implementing and updating the MoH’s e-government structure

• Developing financial mechanisms for health IT services as part of the overall health care service and mechanisms for hiring health IT services

• Developing policies and regulations for telemedicine and e-prescription so that patients can use remote health care services
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Table 5. Comparing area 4 (decision 4888/QD-BYT year 2019) and area 6 (decision 5316/QD-BYT year 2020).

Area 6 of the Digital
Transformation Scheme

Area 4 of the smart HITa

schemeCategory

YesYesbUpdating management software and digital health systems in hospitals

YesYesStandardizing the National Health ID system

YesYesBuilding smart hospitals based on circular 54/2017/TT-BYT

YesYesEMRc implementation based on circular 46/2018/TT-BYT

NoYesBuilding information kiosks

YesYesPromoting AId application in health care

YesNoeConducting telehealth and web-based registration based on decision 2628/QD-BYT year 2020

YesNoImplementing the national prescription management system in all health care organizations

aHIT: health information technology.
bThe information was addressed in the document.
cEMR: electronic medical record.
dAI: artificial intelligence.
eThe information was not addressed in the document.

EMRs: The Regulations for EMRs
EMR refers to the clinical record system used in hospitals’
inpatient departments. They are locally managed by health care
institutions and different from the EHR system, which is
centrally managed on the national database and intended for
use by the commune health facilities and outpatient clinics
(circular 46/2018/TT-BYT on Regulations for EMRs [50]).

This circular is the first official guidance for EMRs in public
health care facilities. It ensures that the use of EMRs can uphold
the equivalent law and can legitimately replace paper-based
medical records. Health care organizations are eligible to
discontinue paper-based medical record–keeping if they can
satisfy all the criteria in this circular, which concern the
following areas:

1. Content specifications
2. EMR creation and update
3. Storage and backup
4. Access right and secondary use
5. Patient identification
6. Digital or electronic signatures
7. Basic functionalities
8. Adherence to interoperability and IT standards
9. Data security and confidentiality
10. Nomenclature system

A total of 4 essential criteria that must be prioritized are as
follows:

• Each patient’s EMR is provided with an ID number that is
unique in the health organization.

• All information that a traditional medical record collects
can also be recorded by EMRs.

• Each EMR must have a digital signature of the one who is
responsible for the information entered in that record.

• Data stored in an EMR system are protected by Section 2,
Article II of Cyber information Security Law [59].

In addition, the circular also provides the criteria for paperless
lab test and imaging diagnosis management with LIS and picture
archiving and communication system. Full details of this
document can be found in Multimedia Appendix 2.

HIT Maturity: The HIT Maturity Model

Overview

The MoH put into effect the HIT Maturity Model (circular
54/2017/TT-BYT on Assessment Criteria for IT Implementation
in Health Care Facilities [45]) as a roadmap for HIT
implementation in health care facilities. Health care
organizations are required to evaluate their current HIT maturity
using this model and report the evaluation results to the MoH.
The baseline results are a requisite for health care organizations
to set goals for their next maturity level. An overall HIT maturity
level depends on the maturity level of the individual domains,
which are as follows:

1. IT infrastructure
2. Administration and operation software
3. HIS
4. RIS-PACS
5. LIS
6. Nonfunctionality standards
7. Security and information safety
8. EMR

In addition, there are specific capabilities that are required for
each maturity level. An organization’s overall HIT maturity can
range from HIT level 1 to HIT level7.

There are 7 levels (1 to 7) applicable for the IT infrastructure
domain and the HIS domain, and 2 levels (basic and advanced)
applicable for the other domains (administration and operation
software, LIS, nonfunctionality standards, security and
information safety, RIS-PACS, and EMRs). The 7 levels of HIT
maturity are summarized in subsequent sections. An overview
of all the 7 levels can be found in Table 6.
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Table 6. Levels of health information technology (HIT) maturity.

Extra capabilitiesNonfunc-
tionality
criteria

Security
and infor-
mation
safety

Administra-
tion and
operation
software

EMRdRIS-

PACSc
LISbHISaInformation

technology
infrastruc-
ture

AdvancedAdvancedAdvancedAdvancedAdvancedAdvancedLevel
7

Level 7HIT lev-
el 7

• “Paperless” hospital if all rele-
vant criteria are met

• CDSSe level 3 supporting doc-
tors’ decisions related to treat-
ment protocols and treatment
results using suitably customized
templates

• Data in CDRf is analyzed to im-
prove care quality, patient safe-
ty, and care efficiency

• Clinical data can be readily
shared for stakeholders in care

coordination based on HL7g

standards
• Continuous reports of hospital

services using the data collected

AdvancedAdvancedAdvancedBasicAdvancedAdvancedLevel
6

Level 6HIT lev-
el 6
(smart

• CDSS level 2 providing: evi-
dence-based warnings for treat-
ment; that is, health and

hospi-
tal)

medicine advice, drug informa-
tion and interaction check, and
initial order and prescription vi-
olation identification rules

• All structured forms; that is,
progress notes, consultation
notes, problem lists, and dis-
charge summaries are digitalized

• Closed-loop management of
drugs, using identification tech-
nologies to assist drug adminis-
tration

BasicBasicBasicN/AhAdvancedAdvancedLevel
5

Level 5HIT lev-
el 5

• PACSi can replace physical
films

BasicBasicBasicN/ABasicAdvancedLevel
4

Level 4HIT lev-
el 4

• PACS allows doctors to access
images outside the imaging de-
partment

• Electronic ordering
• Electronic management of inpa-

tient orders

BasicBasicBasicN/AN/ABasicLevel
3

Level 3HIT lev-
el 3

• Electronic records having digital
vital sign records, nursing notes,
medical procedures, and surgical
procedures are stored in CDR

• CDSS level 1 assisting electron-
ic prescription (new or historic
prescription)

• Pharmacy information available
in the hospital network and sup-
ported with CDSS

N/AN/AN/AN/AN/AN/ALevel
2

Level 2HIT lev-
el 2

• A CDR consisting of normencla-
ture and coding systems, pharma-
cy, orders, and test results (if
available)

• Data in CDR can be shared be-
tween stakeholders for care coor-
dination
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Extra capabilitiesNonfunc-
tionality
criteria

Security
and infor-
mation
safety

Administra-
tion and
operation
software

EMRdRIS-

PACSc
LISbHISaInformation

technology
infrastruc-
ture

• Patient’s information can be ac-
cessed electronically

N/AN/AN/AN/AN/AN/ALevel
1

Level 1HIT lev-
el 1

aHIS: hospital information system.
bLIS: laboratory information system.
cRIS-PACS: radiology information system-picture archiving and communication system.
dEMR: electronic medical record.
eCDSS: clinical decision support system.
fCDR: clinical data repository.
gHL7: Health Level 7.
hN/A: not applicable.
iPACS: picture archiving and communication systems.

HIT Level 1

HIT level 1 includes level 1 of IT infrastructure and level 1 of
HIS, which aims to provide electronic access to patient data.
This IT infrastructure level essentially requires workstation
computers, a local area network, and an internet connection
while HIS manages outpatient and pharmacy data, and sends
claim data to the health insurance claim system. Adoption of
MoH’s terminology and service coding system is compulsory.

HIT Level 2

HIT level 2 is an upgrade of IT infrastructure and HIS from
level 1 to level 2. This will add to the pre-existing system a
dedicated server and the laboratory modules that manage
laboratory orders and results. HIT level 2 particularly aims at
building a clinical data repository (CDR) of pharmacy data,
laboratory orders, test results, and the terminology and service
coding system. Data in the CDR can be accessed by multiple
stakeholders engaging in patient care.

HIT Level 3

HIT level 3 requires an upgrade of IT infrastructure and HIS
from level 2 to level 3. Added components include LIS,
administrative applications, and cybersecurity solutions at a
basic level. At this level, more security and storage
infrastructures are provided, including firewall devices, security
solutions, and specialized storage. CDR capacity is increased
to cover vital sign data, nurse notes, and medical procedures.
Health care organizations would start implementing CDSS level
1 to assist doctors with drug information via the facility’s
intranet.

HIT Level 4

HIT level 4 comprises level 4 IT infrastructure, level 4 HIS,
advanced LIS, and a basic level of RIS-PACS, administration
and operations software, cybersecurity, and nonfunctional
standards. Organizations at this HIT level can manage their
imaging diagnosis data electronically using RIS-PACS.
Although a basic RIS-PACS has yet to discontinue physical
film archiving [50], it offers essential functionalities such as
integration with imaging diagnosis machines and HISs, digital
image viewing, and measurement. An advanced LIS can manage
test samples and supplies, integrate with the HIS, and send out

alerts for abnormal test values. A storage network (a storage
area network or a network-attached storage), a queue
management system with display screens, will complement the
IT infrastructure. Outpatient orders from doctors can be made
electronically, whereas all inpatient orders will be managed in
the digital system.

HIT Level 5

HIT level 5 differs from HIT level 4 in level 5 IT infrastructure,
level 5 HIS, and advanced RIS-PACS. The advanced level of
RIS-PACS is able to conduct multi-site consultation, allowing
images to be viewed on multiple devices such as laptops and
mobile phones. Furthermore, the Regulations for EMRs allow
paperless image management if health care facilities have
advanced RIS-PACS with an eligible storage capacity [50]. At
level 5, HISs can manage emergency rooms, operating theaters,
appointments, and follow-ups and can integrate electronic
patient card.

HIT Level 6

Transitioning from HIT level 5 to HIT level 6 requires
organizations to implement a basic EMR system in addition to
upgrading their IT infrastructure, HIS, administration and
operation software, security and data safety, CDSS, drug
management, and nonfunctional standards to an advanced level.
Hospitals qualified for HIT level 6 or higher are certified as a
smart hospital. The basic EMR system provides inpatient
medical records and can integrate with other clinical information
systems. Mobile devices working on wireless local area network,
hospital security cameras, and backup storage systems are
needed to meet level 6 IT infrastructure.

Hospitals at HIT level 6 can receive and use data from multiple
information systems such as drug information and interactions,
treatment protocols, and nutrition. Clinical information can be
accessed via mobile devices. In addition, HIT level 6 features
several extra capabilities including a level 2 CDSS, a safe
medicine management procedure, and increased digitalization
of clinical documents. Level 2 CDSSs can warn doctors of drug
interactions and potential treatment risks based on the most
updated evidence. The medicine management system provides
a closed and automatic medicine management procedure using
automated dispensing systems and digital identification devices,
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for example, barcodes and radio frequency identification. All
structured clinical forms such as progress reports, consultation
notes, problem lists, and discharge summaries are digitized.

HIT Level 7

At HIT level 7, all 8 domains are at their highest level.
Organizations are now equipped with information kiosks and
network monitoring systems. A level 7 HIS provides
functionalities to manage EMRs, professional procedures,
control information kiosks, and support cashless payment. EMR
systems at the advanced level have dedicated functionalities to
manage medical records including increased storage duration,
syncing records, and restoring records. Data stored in the EMR
system are better protected and can be exchanged under
international standards such as HL7. According to the
Regulations for EMRs [50], an advanced EMR system with
qualified storage capacity is eligible to replace the paper-based
medical record system. Data from CDR are analyzed to improve
quality of care, patient safety, and service efficiency. Insights
for operational activities can be continuously generated to
inform hospital departments such as inpatient, outpatient, and
emergency departments. Organizations at this HIT level can
exchange data using HL7 standards. Finally, level 3 CDSSs can
support a wider range of diagnosis and treatment decisions
(Table 6).

Conditions for Provision of Health IT: The Required
Conditions for HIT
The Required Conditions for HIT (circular 53/2014/TT-BYT
on Required conditions for provision of health IT activities [38])
can be seen as a summary of the criteria that health care facilities
need to satisfy when implementing eHealth systems.

This circular announces the conditions and requirements that
health care facilities operating in Vietnam must abide by when

implementing and operating health IT systems. Health IT
activities, as defined in the circular, involve providing,
transferring, collecting, analysing, storing and exchanging
health care data through the IT infrastructure. The conditions
specify 4 areas related to health IT implementation: IT
infrastructure, information security, human resource, and
operational requirements (Multimedia Appendix 3).

General and Interoperability Standards
This group included 2 guidance documents, one from the MIC
and one from the MoH. Although the former addressed the
general technical standards that IT applications in state
organizations need to adopt, the latter revolved around the
national and international standards targeted at health
information systems.

The Recommended Standards for HIT

In June 2013, the MoH published decision 2035/QD-BYT (year
2013—Terminology systems and data exchange standards
recommended for health IT [36]) recognizing the terminology
systems and technical standards applicable for health IT systems.
Some terminologies and standards are required, whereas others
are recommended for adoption in public health care
organizations. It is strongly advised in the decision that all public
facilities should adopt these systems, and information systems
not matching them should plan for relevant transitions. Table
7 presents the standards and nomenclature systems
recommended in the decision.

In addition to the standards, the MoH instructs IT systems in
the health sector to follow other relevant IT standards from the
MIC that were addressed in circular 01/2011/TT-BTTTT, which
was then replaced by the new version, circular
22/2013/TT-BTTTT.
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Table 7. Standards and nomenclature systems for health information technology systems.

GuidanceReferenceCategories and standard names

Administrative nomenclature

CompulsoryDecision 124/2004/QD-TTg year 2004 and its amendmentsThe list of official administrative units in Vietnam

CompulsoryDecision121-TCTK/PPCD year 2004 and its amendmentsThe list of ethnic groups in Vietnam

CompulsoryDecision 114/1998/QD-TCTK year 1998 and its amendmentsThe list of occupations in Vietnam

International classification and coding for diseases and medical services

CompulsoryWHObICD-10-CMa

RecommendedWHOICD-O-3c

RecommendedWHOICD-10-PCSd

RecommendedWHOATCe

RecommendedRegenstrief InstituteLOINCf

International interoperability standards

CompulsoryHealth Level 7Health Level 7 messaging version 2.x or 3.0

CompulsoryThe National Electrical Manufacturers AssociationDICOMg version 2.0

CompulsoryWHOSDMX-HDh

RecommendedHealth Level 7HL7 CDAi

RecommendedHealth Level 7HL7 CCDj

RecommendedThe California HealthCare FoundationELINCSk

aICD-10-CM: International Classification of Diseases, Tenth Revision, Clinical Modification.
bWHO: World Health Organization.
cICD-O-3: International Classification of Diseases for Oncology, Third edition.
dICD-10-PCS: International Classification of Diseases, Tenth Revision, Procedure Coding System.
eATC: Anatomical Therapeutic Chemical.
fLOINC: Logical Observation Identifiers Names and Codes.
gDICOM: Digital Imaging and Communications in Medicine.
hSDMX-HD: Statistical Data and Metadata eXchange–Health Domain.
iHL7 CDA: Health Level 7 Clinical Document Architecture.
jHL7 CCD: Health Level 7 Continuity of Care Document.
kELINCS: EHR-Lab Interoperability and Connectivity Specification.

The Recommended Standards for IT in State Organizations

The MIC released circular 39/2017/TT-BTTTT (Technical
Standards for IT Implementation in State Organizations [46])
as guidance for the adoption of technical IT standards in state
organizations. Its first version is circular 22/2013/TT-BTTTT,
released in 2013. The circular advises on 5 categories of
standards such as connection, data integration, information
access, information security, and public key infrastructure. The
MIC encourages systems currently not adopting the standards
in this circular to carry out transitions by July 2018. A detailed
list of the standards is shown in Multimedia Appendix 4.

Electronic Health Insurance Claim

The Insurance Portal V2 Guidance

Decision 917/QD-BHXH year 2016 (Announcement of the
health insurance portal version 2 [42]) from the VSS announces
the health insurance portal version 2 and provides detailed
guidelines on connection configuration and structuring data
sets. The guideline is intended for use by health care facilities
and provincial health insurance agencies who are responsible
for regular data upload to the portal. The VSS health insurance
claim and investigation structure are presented in Figure 5.
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Figure 5. The Vietnam Social Security health insurance and investigation structure. HIS: health information system.

The guideline demonstrates 3 protocols that claim data can be
submitted, each of which is accompanied by detailed instructions
such as setting up connections, properly formatting data, and
uploading data to the portal:

• Via web service connection—supports a variety of data
submission including clinical data, service validation,
monthly reports, health insurance ID checking, examination
history, and referral receipt from other facilities.

• Data sync from client software—supports syncing clinical
data to the system.

• Direct data entry on the portal—supports clinical data entry
to the system.

The portal also offers functionalities for checking health
insurance account information, viewing information of previous
hospital visits, and checking referral documents between health
care facilities.

The Electronic Claim Regulations

The MoH-mandated circular 48/2017/TT-BYT (Regulations
on data exchange in management and reimbursement of health
insurance claims [47]) as an official regulatory document for
web-based health insurance claims and investigation for health
care organizations. The circular essentially articulates the
responsibilities of health care facilities and the health insurance
agency as well as relevant rules in sending data and follow-ups.
The fundamental technical requirements previously described
in the VSS’s guidelines are also outlined in the document
(Multimedia Appendix 5).

The Claim Standardization Guidance

The health insurance portal requires claim data to be formatted
as XML, encoded with Unicode Transformation Format–8-bit
(UTF-8), and relevant data sets to be standardized for efficient
management and assessment. To support organizations in
preparing claim data, the MoH has delivered data formatting
guides and continuously updated them. The latest release is
found in decision 4210/QD-BYT year 2017 (Requirements for
standard and format of output data used in management,
investigation and reimbursement of insurance-paid health care
expenses [43]). Claims for groups of health services are recorded
into separate data sets. Data sets from the same patient are linked
through a unique ID number coded as MA_LK. The instructions

include data item, data type, the allowed maximum length, and
guidance for data collection.

The scope of the document is as follows:

• Guidance for claims of general health services
• Guidance for claims of medications
• Guidance for claims of medical procedures and supplies
• Guidance for claims of imaging diagnosis and laboratory

test services
• Guidance for claims of follow-up interventions
• The official groups of services by cost
• The official hospital department codes
• The official accident and injury codes
• The official medicine bid packages and package codes

The Terminology and Service Coding System Version 6

The Service Coding System for Health Care Management and
Health Insurance Reimbursement (decision 7603/QD-BYT year
2018 on the Service Coding System for Health Care
Management and Health Insurance Reimbursement version 6
[48]), or the terminology and service coding system, was first
piloted in 3 cities in Vietnam in 2015 [60]. Since then, it has
been continuously updated, with version 6 [48] being the most
up-to-date. The system features nomenclatures of health
services, their standardized codes, regulated prices, and the
ICD-10 codes with Vietnamese instruction. The terminology
and service coding system has been made compulsory for use
in health information systems of state health facilities and
web-based health insurance claim activities. The 11
nomenclature groups provided in version 6 are as follows:

• Technical service codes
• Department codes
• Inpatient bed codes
• Half-day bed codes in chemotherapy and radiotherapy
• Medication codes
• Traditional medication codes
• Traditional diagnosis codes
• Medical supply codes
• Blood product codes
• ICD-10 codes
• Laboratory test codes
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Cybersecurity in Health Organizations: The
Cybersecurity Guidance
In October 2014, the MoH promulgated decision 4159/QD-BYT
year 2014 (Guidance on ensuring the security of electronic
health data in health organizations [37]) detailing the required
measures to safeguard cybersecurity in health facilities. These

regulations are applicable for organizations that conduct health
IT activities in the web-based environment, including managing,
using, storing, and exchanging health information. In general,
the measures and recommendations addressed by this decision
aim to maintain 3 characteristics (Textbox 6) in digital health
implementation The 16 cybersecurity areas covered in the
guidance can be found in Multimedia Appendix 6.

Textbox 6. Characteristics in digital health implementation safeguarded by The Cybersecurity Guidance.

Security

• Only authorized users can access the health information.

• Passwords and access keys are encrypted during access and transmission and are saved at the health care facilities.

Integrity

• Information can only be deleted or edited by authorized users. Information is preserved during storing and transmission.

• Integrity is maintained in the management, use, storage, and transmission of information, in which changes are not allowed without authorization
from the administration unit.

• Measures to ensure integrity must be applied in accessing, entering, storing, using, processing, transferring, extracting, and recovering data.

Availability

• Uninterrupted operation of the information technology (IT) system is ensured.

• Information can be accessed quickly in response to authorized requests.

• Human resource personnel operating the IT system is ensured.

• Policies for managing and implementing the IT system are developed, publicized, and adhered to (Multimedia Appendix 6).

LISs: The LIS Guidance
Decision 3725/QD-BYT year 2017 (guideline for
implementation of LIS in health care facilities [44]) guides the
technical features and functionalities of an LIS used in health
care facilities.

The guideline first highlights the essential points that
organizations need to consider when implementing or
developing an LIS:

• LIS’s capability to communicate and integrate with other
information systems in the hospital or health care system.

• Laboratory test results and related information can be
exchanged and linked between different laboratories in a
facility and with other facilities.

• LIS’s design and technical documents to allow for easy
repair, maintenance, and upgrade.

• Technical standards recognized in circular 22/2013/BTTTT
and decision 2035/QD-BYT year 2013, where applicable,
must be adopted for LISs.

• Advanced technologies are encouraged for implementing
LISs.

• Facilities must ensure the necessary conditions for managing
and operating LISs such as safety, data security, IT
infrastructure, and human resources (Multimedia Appendix
7).

HIMS: The HIMS Guidance
In 2006, the MoH released the decision 5573/QD-BYT year
2006 (Requirements and functional modules for hospital
management software (HMS) [35]) to guide the adoption of

HMS in Vietnam’s public and private health care facilities. The
guideline addresses the key requirements that an HMS should
meet in the regulatory and clinical context of Vietnam. An
HMS’s functional modules and detailed instructions for each
module are also presented in the document (Multimedia
Appendix 8).

Electronic Health Records

Overview

The EHR system aimed to create and maintain a lifetime EHR
for every Vietnamese resident. It differed from EMR systems
that are managed by hospitals. EHR contents were developed
based on the paper-based personal health record’s standardized
template. Each EHR profile is identified by a unique health ID
number.

The EHR Scheme

Overview

In decision 5349/QD-BYT year 2019 (The EHR Scheme [51]),
the MoH presents the scheme for setting up and implementing
the EHR system on a national scale. Accordingly, an EHR is
the digital version of health records that are created, displayed,
updated, stored, and exchanged using electronic devices. Health
records are the medical documents that keep health care
information of a person for their lifetime and are regulated by
the MoH. The ultimate goal of this scheme is to provide every
Vietnamese citizen with an EHR while step-by-step establishing
a population health database in the National Health Data Center.
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The scheme requires the manufacturers to apply specific
standards for the EHR software. Textbox 7 lists the requirements
for EHR systems according to the EHR Scheme.

Every EHR profile will have a national health ID number that
is unique for every citizen. The National Health ID system is
guided by decision 2153/QD-BYT year 2020 [54].

For data ownership, the government’s administrative bodies
(the MoH and the relevant Provincial Department of Health)
own and manage the data generated during EHR use. EHR
providers or EHR developers have responsibilities to hand over
data, software source codes, and other tools that allow the MoH
or the Department of Health to continue the EHR service with
another provider.

Textbox 7. Summary of requirements for electronic health record systems.

Category and requirements

• The electronic health record (EHR) software’s design must meet the required standards:

• The EHR software can collect all the data in a standard paper health record guided in decision 831/QD-BYT year 2017 (the standard template
of personal health record for primary health care)

• The EHR software can export data to XML files that follow the guidance set out in decision 4210/QD-BYT year 2017 (Standards for claim
data submitted to the web-based health insurance system)

• The EHR software can satisfy the regulations in circular 48/2017/TT-BYT year 2017 (regulations for data sharing in health insurance claim)

• Compatible with Health Level 7 standards

• The EHR software can use the National Health ID system and is interoperable with related health information systems

• EHR functional modules

• Health service provision functionality

• Administrative management functionality

• Information infrastructure management functionality

• Personal information protection

• Protection of personal data in EHRs abides by Section 2, Chapter II of the Electronic Data Safety Law

Per the timeline announced in the scheme, the MoH aims to
reach an EHR coverage of 80% in the population of central
government provinces by the end of 2020 and a coverage of
95% in Vietnam’s population by the end of 2025. Following
are the steps to install and implement EHRs:

• Developing EHR software
• Installing EHR software in health facilities
• Providing EHR training for health workers
• Creating EHRs and collecting data for EHRs using the

pre-existing data at health facilities or via interviews
• Continuously updating data to EHRs at health facilities
• Making use of data collected in EHRs
• Maintaining the EHR system

Technical documents and guidance to operate and manage EHRs
will be built to guide EHR use at health facilities, including the
following:

• Interoperability specifications with the National Health ID
system and related health information systems.

• Policies for using, managing, operating, and ensuring data
safety for the EHR system.

• Policies for creating, updating, and making use of EHRs.
• Financial mechanisms for maintaining and operating the

EHR system.

The Health ID Regulation

Decision 2153/QD-BYT year 2020 (Regulations on creation,
use, and management of health identification [54]), released in

May 2020, announced that the social insurance ID will be the
national health ID. These ID numbers are nationally unique for
each patient and represent a set of identification data for that
patient. Each identification data set includes the patient’s full
name, date of birth, gender, place of birth ID, and health
insurance ID. Health ID is intended to be used with EHR, EMR,
and other health information systems as a common patient
identifier system.

Discussion

Principal Findings
This review explored the current state of digital health research
and policies in Vietnam to inform the implementation of digital
systems used in hospital care. Nearly half of the hospital-based
studies were case reports of engineering solutions; 1 study
assessed physicians’ performance with assistance from a CDS
software; 2 explored readiness to adopt EHRs; and 2 provided
a high-level review of Vietnamese eHealth. The data analyzed
in these studies were mostly collected in 2016 or earlier. These
findings suggest a lack of research studies that investigate and
inform the implementation of digital health systems in
Vietnamese hospital settings.

Government policies in Vietnam have paid significant attention
to digital health over the past 5 years. The MoH has set out
specific regulations for EMR use and a maturity framework that
shapes the development of digital health systems in hospitals.

J Med Internet Res 2022 | vol. 24 | iss. 2 | e32392 | p.127https://www.jmir.org/2022/2/e32392
(page number not for citation purposes)

Tran et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Other national projects have occurred, such as the electronic
insurance claim system, the nationwide rollout of an EHR, and
a national health ID system. International standards such as
HL7v2 messaging, ICD-10, and recently HL7’s Fast Healthcare
Interoperability Resources have been consistently recommended.
Guidance documents have also addressed measures to ensure
cybersecurity in health organizations. These policies are guided
by an architectural framework and digital health strategies that
ultimately aim to leverage IT, especially smart technology, in
all aspects of the sector.

Of all the policies reviewed, the Regulations for EMRs and the
HIT Maturity Model can be seen as the key policies for HIT
application in Vietnam’s hospitals. Although the previous
national efforts focused on administrative systems such as the
HIMS [35], these policies aimed to promote the adoption of
clinical systems such as EMR, laboratory information
management system, and RIS-PACS. At this nascent stage of
HIT adoption, Vietnam has been focusing on building the
necessary infrastructure and emphasizing the role of HIT in
achieving a more efficient paperless environment. This is
reflected in the recent digital health agenda, which highlighted
the crucial role of EMRs in replacing paper medical records
[49,53]. A major theme that the Regulations for EMRs addressed
is the eligibility of transitioning to a completely paperless
environment for EMR systems, as well as LIS and RIS-PACS
[50]. Although this is a practical and well-defined motivation
for EMR adoption, the World Health Organization
recommended the true benefits of EMRs, such as improved data
quality, timely access to information, and increased care quality,
should be proven to encourage buy-in from health care workers
[61]. Thus, future policies may seek to link EMR and HIT
adoption with such benefits through clearly defined quality
indicators to ensure meaningful HIT use. Lessons learned from
some countries also recommend that financial incentives, when
possible, should be made to increase EMR adoption [62-64].

The HIT Maturity Model defined a wide spectrum of HIT
implementation levels that are applicable for hospitals of various
digitization stages. Although the Smart HIT Scheme and the
Digital Transformation Scheme aimed to establish smart
hospitals (HIT level 6) in the next few years, there may be a
need for further policy development that takes into account the
Vietnamese context as an LMIC. The Assessment of HIT
Maturity conducted in 2019 showed a large dispersion of HIT
maturity across the top-level hospitals directly governed by the
MoH, among which 19% (8/42) were only at HIT level 1, most
hospitals (20/42, 48%) were at HIT level 3, and only 2% (1/42)
of hospitals was at HIT level 5 [65]. A readiness assessment
conducted by the MoH in 2017 revealed that among 36
MoH-governed hospitals, only 11 (31%) had EMR systems, 14
(39%) had some forms of CDS software, and over half of these
hospitals lacked specialized IT workforce and information
security capacity [66]. Given the low HIT maturity levels that
these high-rank hospitals held, HIT implementation and
readiness in smaller hospitals can be even poorer. It is likely

that rural hospitals will struggle to reach even the most basic
levels of digital maturity owing to a lack of funding, IT
workforce, and infrastructure. Therefore, future policies may
need to recommend further support for small and rural hospitals
to reduce these gaps in digital maturity.

The 2 digital health strategies aim to promote AI in health care
through applications such as CDSSs integrated with EHR
systems, imaging diagnosis, and surgical support. New
regulations, guidance, and standards are to be released to inform
these adoptions [53]. Some of these intended policies are
regulations for trials of novel digital health products, guidance
for digital health technologies, and guidance for protecting
web-based health data, to name a few. New regulation
frameworks, along with an increased use of EMRs and EHRs
in Vietnam’s hospitals, will be important facilitators for the
development and implementation of AI for hospital care in
Vietnam. However, there is currently a lack of research to
inform appropriate and sustainable use of these technologies in
Vietnam. Local context factors such as disease burden, health
care practices, and infrastructure constraints should be
considered for future AI research and implementation, as
highlighted by Schwalbe and Wahl [5], Wahl et al [6], and
Alami et al [67]. Future digital health research should seek to
investigate these factors to best guide HIT and AI development
and application in Vietnam’s hospitals.

Limitations
This review was limited to the context of hospital-based digital
health systems and does not cover the more extensive academic
literature on community-based systems and the use of national
systems for monitoring infectious disease outbreaks and other
public health interventions. Academic studies were only
searched on international databases, hence this study did not
cover publications in Vietnamese journals that are not registered
in these databases.

At the time this study was conducted, the digital health policy
landscape in Vietnam was experiencing significant changes
with new policies likely to be released and the existing policies
being subject to modifications over the next year. Therefore,
this scoping review should be viewed as a snapshot of this area
at the end of 2020.

Conclusions
Quantity and areas of research studies about digital health
systems in hospitals in Vietnam are limited with little evidence
to inform the implementation of new technologies in hospital
care. The policies developed over the past 5 years to inform the
adoption of digital health systems in Vietnam are comprehensive
and will be useful for hospitals. They focus on guiding the basic
functionalities and largely follow international standards and
guidelines. Further research is needed to ensure that policies
and guidelines can deal in detail with issues not encountered in
HIC settings or that may be specific to the Vietnamese context.
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Abstract

Background: In recent years, virtual reality exposure–based cognitive behavioral therapy (VRE-CBT) has shown good treatment
results in (subclinical) anxiety disorders and seems to be a good alternative to exposure in vivo in regular cognitive behavioral
therapy (CBT). However, previous meta-analyses on the efficacy of VRE-CBT on anxiety disorders have included studies on
specific phobias and subthreshold anxiety; therefore, these results may not be generalizable to patients with more severe and
disabling anxiety disorders.

Objective: The objective of our study is to determine the efficacy of VRE-CBT on more severe anxiety disorders, excluding
specific phobias and subthreshold anxiety disorders. Meta-analyses will be conducted to examine the efficacy of VRE-CBT versus
waitlist and regular CBT. Our secondary objectives are to examine whether the efficacy differs according to the type of anxiety
disorder, type of recruitment, and type of VRE-CBT (virtual reality exposure either with or without regular CBT). Furthermore,
attrition in VRE-CBT and CBT will be compared.

Methods: Studies published until August 20, 2020, were retrieved through systematic literature searches in PubMed, PsycINFO,
and Embase. We calculated the effect sizes (Hedges g) for the difference between the conditions and their 95% CIs for posttest
and follow-up measurements in a random effects model. A separate meta-analysis was performed to compare attrition between
the VRE-CBT and CBT conditions.

Results: A total of 16 trials with 817 participants were included. We identified 10 comparisons between VRE-CBT and a waitlist
condition and 13 comparisons between VRE-CBT and a CBT condition. With regard to risk of bias, information on random
sequence generation, allocation concealment, and risk of bias for selective outcome reporting was often absent or unclear. The
mean effect size of VRE-CBT compared with waitlist (nco=10) was medium and significant, favoring VRE-CBT (Hedges g=−0.490,
95% CI −0.82 to −0.16; P=.003). The mean effect size of VRE-CBT compared with CBT (nco=13) was small and nonsignificant,
favoring CBT (Hedges g=0.083, 95% CI −0.13 to 0.30; P=.45). The dropout rates between VRE-CBT and CBT (nco=10) showed
no significant difference (odds ratio 0.79, 95% CI 0.49-1.27; P=.32). There were no indications of small study effects or publication
bias.

Conclusions: The results of our study show that VRE-CBT is more effective than waitlist and as effective as CBT in the treatment
of more severe anxiety disorders. Therefore, VRE-CBT may be considered a promising alternative to CBT for patients with more
severe anxiety disorders. Higher-quality randomized controlled trials are needed to verify the robustness of these findings.
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Introduction

Background
Exposure-based cognitive behavioral therapy (CBT) is known
as the gold standard for treatment of patients with anxiety
disorders as its efficacy has been well-established by extensive
research [1,2]. Despite its efficacy, potential disadvantages
concern CBT being time- and cost-inefficient, impracticable,
or considered too aversive by patients [3]. Virtual reality
exposure–based cognitive behavioral therapy (VRE-CBT) offers
an alternative to regular CBT and has several advantages. It
allows immersion within a feared virtual environment that is
tailored to the individual patient while being offered within a
convenient and safe clinical setting. In VRE-CBT, the therapist
can ensure complete control over the content and dose of feared
stimuli and therefore optimize individualized pacing through
exposures. Moreover, each step of VRE-CBT can be repeated
as often as needed before proceeding to the next feared situation,
thereby facilitating the complex processes responsible for the
effect of exposure therapy. Attrition rates between VRE-CBT
and CBT do not seem to differ [4]. However, it was shown that
most of a clinical sample with phobic disorders (76%) preferred
VRE-CBT over exposure in vivo, and refusal rates of those who
were offered VRE-CBT (3%) were substantially lower compared
with refusal rates of those who were offered exposure in vivo
(27%) [5].

In recent years, many studies have been conducted on the
efficacy of VRE-CBT on anxiety disorders and have shown
good treatment results. A total of 5 meta-analyses on the efficacy
of VRE-CBT versus control conditions, consisting mostly of
studies on specific phobias, have been published. They
consistently show a clear superiority of VRE-CBT versus
nonactive control groups (ie, waitlist) [6-10] and similar
[6,7,9,10] or larger [8] effects of VRE-CBT versus CBT
conditions incorporating in vivo exposure. In addition, Opris
et al [6] showed good stability of VRE-CBT results over time,
similar to those of CBT, and a dose-response relationship with
more sessions yielding a larger treatment effect. Although it
has been questioned whether VRE-CBT induces significant
behavior changes in real life [8], Morina et al [7] showed that
treatment gains after VRE-CBT generalize well to real-life
situations as measured by means of behavioral laboratory tests
and recordings of behavioral activities in real life [7].
Considering the advantages of VRE-CBT and its promising
results in previous meta-analyses, it is not surprising that a
significant expansion of VRE-CBT in mental health care is both
predicted and advocated to occur in the coming years [11].
However, these meta-analyses have limited generalizability to
patients with more severe and disabling anxiety symptoms—a
diagnosis of an anxiety disorder according to the criteria of the
Diagnostic and Statistical Manual of Mental Disorders, Fourth
and Fifth Edition (DSM-IV and DSM-V, respectively), and the
International Classification of Diseases, 10th and 11th Revision

(ICD-10 and ICD-11, respectively), established by a structured
diagnostic interview, excluding specific phobias. First, most
previous meta-analyses included studies that completely [7],
largely, or partly [6,8-10] focused on specific phobias. However,
specific phobias are generally less severe than more disabling
anxiety disorders such as social anxiety disorder (SAD),
posttraumatic stress disorder (PTSD), panic disorder (PD), and
agoraphobia (AGO). Second, the inclusion of studies in previous
meta-analyses was not restricted to samples with a formal
anxiety disorder diagnosis (following DSM or ICD criteria),
thereby including subthreshold anxiety disorders that are less
severe. Carl et al [9] also stated that “The applications for
clinical settings are clearer when conclusions can be drawn from
clinical samples.” The experience with and effects of VRE-CBT
may be different for patients with more severe symptoms. On
the one hand, they might be more reluctant to expose themselves
to feared situations with regular CBT and may favor and benefit
most from a controlled exposure therapy setting, such as in
VRE-CBT. On the other hand, treating these more severe anxiety
disorders with VRE-CBT may be far more challenging than
treating milder symptoms. VRE-CBT for the treatment of more
severe anxiety disorders requires more varied and elaborate
virtual settings while still ensuring a high sense of presence (the
feeling that one is actually present in the virtual world). For
example, rather than fear of a specific situation or object,
treatment of AGO generally requires exposure to various public
places (eg, streets, shops, and public transport). In addition, for
SAD, it may be essential that VRE-CBT also incorporates
interaction through verbal and nonverbal behavior of others in
response to the behavior of the patient as SAD centers on the
perception of negative evaluation. In addition to the
predominance of studies targeting specific phobias, most
previous meta-analyses also included nonrandomized studies,
thereby possibly leading to biased results. Ultimately, there is
a lack of evidence for the efficacy of VRE-CBT in the treatment
of more severe and formal anxiety disorders. Hence, a careful
examination of research is necessary to prevent unjustified
expansion of VRE-CBT in clinical settings.

We conducted a meta-analysis to determine whether the positive
results of VRE-CBT as reported in earlier meta-analyses are
sustained when focusing solely on more severe anxiety disorders
(according to DSM-IV, DSM-V, ICD-10, or ICD-11 criteria):
PD with or without AGO, AGO, SAD, generalized anxiety
disorder (GAD), obsessive-compulsive disorder (OCD), or
PTSD, limiting our inclusion criteria to studies with a formal
diagnosis to avoid heterogeneity in our sample.

Objectives
Our main objective is to examine the efficacy of VRE-CBT on
anxiety severity compared with (1) waitlist and (2) CBT at
posttest and follow-up measurements (if available). Our
secondary objectives are to examine whether efficacy differs
according to the type of anxiety disorder, type of recruitment,
and type of VRE-CBT (virtual reality exposure [VRE] with or
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without regular CBT). Furthermore, the feasibility of VRE-CBT
has been evaluated by comparing the attrition of VRE-CBT and
CBT.

Methods

Study Selection
Studies published until August 20, 2020, were retrieved through
systematic literature searches in PubMed, PsycINFO, and
Embase (see Multimedia Appendix 1 for the complete search
strings) for studies that randomized patients with anxiety
disorders into VRE-CBT, active control condition, or an inactive
control condition and compared the effects of these treatments.
A librarian and IvL conducted the search by combining search
terms indicative of anxiety disorders (PD with or without AGO,
AGO, GAD, SAD, OCD, and PTSD) with terms indicative of
VRE therapy. Furthermore, we checked the reference lists of
the retrieved articles and previous meta-analyses and reviews
for additional studies.

The inclusion criteria were (1) adult patients (aged >18 years);
(2) at least one VRE-CBT condition; (3) random assignment to
conditions; (4) comparison with waitlist or CBT without virtual
reality (VR); (5) measure of outcome related to anxiety; (6) a
primary diagnosis of an anxiety disorder according to DSM-IV,
DSM-V, ICD-10, or ICD-11 criteria established by a structured
diagnostic interview, excluding specific phobias; and (7) original
empirical findings. Consistent with the DSM-IV or DSM-V
classification, PTSD and OCD were also included even though
these are no longer classified as anxiety disorders in the DSM-V.
No date restrictions were applied. Articles consisting of only
abstracts or not presenting original data were excluded, as were
studies with a crossover design. No language restrictions were
applied.

In total, 2 authors (WS and IvL) independently assessed the list
of titles and abstracts that resulted from the literature search for
eligibility. WS and IvL independently examined full texts and
selected eligible randomized controlled trials (RCTs).
Discrepancies were resolved by consulting and discussing with
a third author (NB). This meta-analysis was conducted in
accordance with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines [12].

Data Extraction
In total, 2 authors (WS and IvL) independently extracted the
data from the selected articles. This information included
characteristics of the study population (mean age and range and
gender), classification instrument, recruitment method, primary
outcome, and conditions (sample size, number of dropouts,
number of sessions, and follow-up in months for each condition).

For studies using more than one validated outcome measure,
we selected the reported primary outcome measure. When
undefined, we selected the domain-specific outcome that was
most frequently used in the included trials for that type of
anxiety disorder as the primary outcome measure.

For each study, the mean and SD of the primary outcome on
posttest and follow-up measurements were used to calculate the
effect sizes. For the study of Pitti et al [13], the effect size was

calculated using the mean and P value of the between-group
comparison as SDs were not available. Discrepancies in data
extraction were resolved through discussion and by studying
the original article. In case of a lack of clarity or missing data,
the authors of selected studies were contacted.

Risk of Bias Assessment
In total, 2 authors (WS and IvL) independently assessed the risk
of bias in the included studies. Differences were resolved
through discussion. Five areas of risk of bias according to the
Cochrane tool for assessing risk of bias were rated [14]: (1)
random sequence generation, (2) allocation concealment, (3)
blinding of outcome assessment, (4) incomplete outcome data,
and (5) selective reporting. The criterion of blinding of
participants and personnel was omitted as blinding is not
possible in these psychological interventions. We assessed all
areas as having low, high, or unclear risk of bias. Incomplete
outcome data were assessed by evaluating attrition rates in all
the comparison groups. Attrition was defined as all randomized
patients who dropped out of the treatment. If attrition rates were
>30% and no appropriate methods were used to minimize biased
comparisons among groups (intention-to-treat analyses), the
study was coded as being at high risk of bias for incomplete
outcome data. Selective outcome reporting was assessed by
evaluating differences in primary outcomes between publication
and trial registration, if available. If no trial registration was
available for a study, the study was coded as being at unknown
risk for selective outcome reporting. We computed a summary
score for each study by summing the number of items scoring
high risk of bias, which could range from 0 to 5, with low scores
indicating low risk of bias.

Meta-analysis
Meta-analyses were conducted to assess the effect of VRE-CBT
on the severity of anxiety symptoms when compared with
waitlist and CBT conditions. We calculated the effect sizes
(Hedges g) for the difference between the conditions and their
95% CIs for posttest and follow-up measurements if data were
available. For the follow-up date, we chose the longest follow-up
period available. The effect sizes were based on
intention-to-treat analysis, if available. Otherwise, completer
analysis results were used. Heterogeneity among the studies

was examined using the Cochran Q test and Higgins I2 statistics
[15]. The possibility of publication bias was evaluated by visual
inspection of the funnel plot and Egger test [16] and using the
Duval and Tweedie trim and fill procedure [17]. Random effects
models were used as heterogeneity across the studies was
expected, for example, because of variations in the number of
sessions, treatment protocols, recruitment setting, and type of
anxiety disorder.

Predefined subgroup analyses were conducted for type of
anxiety disorder and method of recruitment (community,
clinical, or both). Meta-regression analyses were used to
estimate the impact of year of publication, quality of the
individual studies (risk of bias), and treatment duration (in
sessions). We conducted sensitivity analyses excluding outliers
and studies in which the VRE-CBT condition included
additional CBT elements or sessions with psychoeducation,
cognitive restructuring, interoceptive exposure, and exposure
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in vivo. A separate meta-analysis was performed to compare
the dropouts between the VRE-CBT and CBT conditions to
assess the feasibility of VRE-CBT. Odds ratios indicated the
odds of participants dropping out from the VRE-CBT versus
CBT. The analyses were performed using Comprehensive
Meta-Analysis (version 2.2; Biostat Inc) [18].

Results

Study Inclusion
After removal of duplicates, the literature searches resulted in
a total of 1405 papers for consideration. A total of 2 papers

(2/1405, 0.1%) were identified from checking references. After
screening the titles and abstracts, of the 1405 papers, 45 (3.2%)
full-text articles were retrieved for a more detailed evaluation
of eligibility. Figure 1 shows the flowchart of the inclusion
process following the PRISMA guidelines [19]. Subsequently,
of the 45 articles, 26 (58%) were excluded as they did not meet
the inclusion criteria for various reasons. In addition, 3 studies
(3/45, 7%) were excluded because of missing data for analyses
despite efforts to acquire these data by contacting the authors
(for specific reasons, see Figure 1). Finally, 16 studies were
included in the meta-analysis.

Figure 1. Flowchart of study inclusion. RCT: randomized controlled trial.

Study Characteristics
A total of 16 trials were included in Multimedia Appendix 2
[13,20-34]. These trials entailed 10 comparisons between
VRE-CBT and a waitlist and 13 comparisons between
VRE-CBT and a CBT condition. The number of participants
per study ranged from 10 to 162 (12/16, 75% of the studies had
<25 participants in each arm). Follow-up data were available
for 38% (5/13) of the comparisons between VRE-CBT and a
CBT condition and ranged from 6 to 12 months. Of the 16

studies, 7 (44%) focused on PD with or without AGO, 4 (25%)
focused on SAD, 4 (25%) focused on PTSD, and 1 (6%) focused
on GAD. None of the screened studies on OCD were included
as they did not meet our inclusion criteria.

Risk of Bias
In each trial, 5 areas of risk of bias were rated as low, unclear
(because of lack of information), or high risk of bias. As blinding
of participants and personnel was not possible, all studies had
a high risk of performance bias; therefore, this was not reported
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(see Figure 2 for the risk of bias summary). Information on
random sequence generation and allocation concealment was
absent or not reported clearly in 44% (7/16) and 63% (10/16)

of the trials, respectively. Of the 16 trials, 9 (56%) were scored
with unclear risk of bias for selective outcome reporting as
registration in a trial database could not be found.

Figure 2. Risk of bias summary [13,20-34].

Effect Size: VRE-CBT Versus Waitlist at Posttest
Measurement
The mean effect size of VRE-CBT on symptoms of anxiety
when compared with waitlist control at posttest measurement

(nco=10) was medium and significant, favoring VRE-CBT
(Hedges g=−0.490, 95% CI −0.82 to −0.16; P=.003; see Figure
3 for the forest plot). There was moderate heterogeneity

(I2=56%). Effect size decreased after exclusion of 1 potential
outlier [20] (Hedges g=−0.391, 95% CI −0.66 to −0.12; P=.005),
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with low heterogeneity (I2=33%). Sensitivity analysis excluding
studies in which VRE-CBT included additional CBT elements
or sessions (nco=6) showed a decrease in the effect size to
Hedges g of −0.255 (95% CI −0.49 to −0.02; P=.03). Sensitivity

analysis excluding 1 study with medication (antidepressants;
nco=9) as part of the intervention and control conditions showed
a decrease in the effect size to Hedges g of −0.432 (95% CI
−0.78 to −0.09; P=.01).

Figure 3. Forest plot of virtual reality exposure–based cognitive behavioral therapy versus waitlist at posttest measurement [20,22,24,26-30,32,34].
GAD: generalized anxiety disorder; PTSD: posttraumatic stress disorder; VRE-CBT: virtual reality exposure–based cognitive behavioral therapy.

Effect Size: VRE-CBT Versus CBT at Posttest
Measurement
The mean effect size of VRE-CBT on symptoms of anxiety
when compared with CBT at posttest measurement (nco=13)
was small and nonsignificant, favoring CBT (Hedges g=0.083,
95% CI −0.13 to 0.30; P=.45) with low to moderate

heterogeneity (I2=36%; see Figure 4 for the forest plot).

Sensitivity analysis excluding studies in which VRE-CBT
included additional CBT elements or sessions (nco=6) showed
a nonsignificant increase in the effect size to Hedges g of 0.209
(95% CI −0.14 to 0.56; P=.24). Sensitivity analysis excluding
1 study with medication (antidepressants; nco=12) as part of the
intervention and control conditions showed a similar effect size
of Hedges g of 0.09 (95% CI −0.14 to 0.33; P=.34).

Figure 4. Forest plot of virtual reality exposure–based cognitive behavioral therapy versus cognitive behavioral therapy at posttest measurement
[21-28,31-33]. CBT: cognitive behavioral therapy; PTSD: posttraumatic stress disorder; VRE-CBT: virtual reality exposure–based cognitive behavioral
therapy.

Effect Size: VRE-CBT Versus CBT Condition at
Follow-up (6-12 Months)
In total, there were 5 studies (5/16, 31%) with follow-up
assessments that were compared with CBT. Of the 16 studies,
3 (19%) only conducted follow-up assessments after 6 months
[24,27,31], 1 (6%) had 6- and 12-month assessments [25], and
only 1 (6%) had a 12-month follow-up [20]. For the
meta-analysis, the longest follow-up period was used. The mean
effect size of VRE-CBT on symptoms of anxiety when
compared with CBT (nco=5) remained nonsignificant at

follow-up (Hedges g=−0.082, 95% CI −0.40 to 0.24; P=.61;

I2=0).

Subgroup Analyses and Meta-Regression Analyses
Subgroup analyses were performed for the type of anxiety
disorder and type of VRE-CBT (VRE either with or without
regular CBT). Type of anxiety disorder (SAD: nco=3; PD with
or without AGO, or AGO: nco=7; and PTSD: nco=3) was a
significant moderator (P=.005) for the comparison between
VRE-CBT and waitlist, although this result was most likely
affected by the high heterogeneity within 2 of the small
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subgroups—PD with or without AGO, or AGO (I2=75%) and

SAD (I2=59%). Only 1 GAD study (1/16, 6%) was available;
therefore, we did not include this study in the analysis.

We were not able to conduct planned subgroup analyses for
type of recruitment (community, clinical, or both) as there was
only 1 study (1/16, 6%) with community recruitment, which
did not allow for subgroup analysis.

Meta-regression to estimate the impact of year of publication
(P=.16), treatment duration (in sessions; P=.85), and quality of
the individual studies (risk of bias; P=.32) showed no significant
effects in the comparison of VRE-CBT with waitlist control.
In the comparison with CBT, year of publication (P=.44),
treatment duration (in sessions; P=.07), and quality of the
individual studies (risk of bias; P=.50) also showed no
significant differences.

Comparison of Attrition Between VRE-CBT and CBT
A separate meta-analysis was conducted to compare the dropouts
between VRE-CBT and CBT conditions to assess the feasibility
of VRE-CBT. The dropout rates between the 2 conditions

(nco=10) showed no significant difference (odds ratio 0.79, 95%
CI 0.49-1.27; P=.32).

Publication Bias
We conducted the Egger test for asymmetry of the funnel plot
for the comparison between VRE-CBT and waitlist. Visual
inspection of the funnel plot seemed to show some asymmetry,
which could indicate small study effects. The Egger regression
intercept test was not statistically significant (intercept=−0.53,
95% CI −4.09 to 3.03; P=.74). The Duval and Tweedie trim
and fill procedure showed that adjustment for potentially missing
studies (n=1) was associated with the effect size slightly
increasing from −0.51 (95% CI −0.84 to −0.17) to −0.56 (95%
CI −0.88 to −0.22; Figure 5). The Egger test for the comparison
between VRE with and without CBT also showed some
asymmetry. The Egger regression intercept test was not
statistically significant (intercept=−2.15, 95% CI −4.60 to 0.30;
P=.08). The Duval and Tweedie trim and fill procedure showed
that adjustment for potentially missing studies (n=3) was
associated with the effect size increasing from 0.09 (95% CI
−0.13 to 0.30) to 0.19 (95% CI −0.04 to 0.42; Figure 6), with
largely overlapping CIs.

Figure 5. Trim and fill adjusted funnel plot of virtual reality exposure–based cognitive behavioral therapy versus waitlist (the white circles represent
the observed studies, and the black circles represent the imputed studies). Std diff: Standard difference.
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Figure 6. Trim and fill adjusted funnel plot of virtual reality exposure–based cognitive behavioral therapy versus cognitive behavioral therapy (the
white circles represent the observed studies, and the black circles represent the imputed studies). Std diff: Standard difference.

Discussion

Principal Findings
This is the first meta-analysis of VRE-CBT for anxiety disorders
focusing solely on patients with more severe anxiety disorders
with a formal diagnosis, excluding specific phobias. The
meta-analysis, consisting of 16 VRE-CBT trials including 817
patients with anxiety disorders, showed a medium effect size
compared with waitlist conditions. In the comparison between
VRE-CBT and CBT, no significant differences were found
between posttest and follow-up measurements. These findings
are somewhat less positive than findings from previous
meta-analyses as the effect sizes of VRE-CBT were lower in
our meta-analysis. We found an effect size (Hedges g) of −0.49
of VRE-CBT versus waitlist compared with an estimated Hedges
g of 0.88 and 0.79 in the meta-analyses by Carl et al [9] and
Fodor et al [10], respectively. It can be hypothesized that their
higher effect size is a result of the inclusion of specific phobias
and subthreshold anxiety disorders. Specific phobias seemed
to account for the larger effect sizes in the meta-analysis by
Fodor et al [10], in which high effects of VRE-CBT for specific
phobias and fight anxiety, and moderate or small effects for
SAD and PTSD were found. However, in the study by Carl et
al [9], this was not the case. Thus, the influence of specific
phobias on the effect size is inconclusive. With regard to
subthreshold anxiety disorders, neither study requested that
participants be formally diagnosed with anxiety disorders.
Therefore, it can be assumed that less severe cases were also
included. It could be argued that people with less severe anxiety
are easier to treat, and a greater effect can be reached in
treatment. On the other hand, the reverse may also be true—with
more symptoms at the start of treatment, greater gains can be
made. Fodor et al [10] conducted sensitivity analyses that were
restricted to patients with an anxiety disorder diagnosed with a

clinical interview or a cutoff score on a questionnaire, which
resulted in a smaller effect (Hedges g=0.72). This finding seems
to support the hypothesis that people with less severe disorders
might benefit more from treatment with VRE-CBT. With regard
to the role of CBT elements or CBT sessions in 56% (9/16) of
the VRE-CBT studies, sensitivity analyses with only pure VRE
studies showed that pure VRE studies without additional CBT
elements showed lower effect sizes in the comparison with the
waitlist condition, indicating that adding CBT elements (such
as psychoeducation, cognitive restructuring, interoceptive
exposure, and exposure in vivo) to VRE is advised for
optimizing effects.

Compared with the other studies, it is more difficult to interpret
the effect size of the only study on GAD [34] in this
meta-analysis as the VRE-CBT in this study mostly consisted
of progressive muscle relaxation and autogenic techniques, and
only 2 of 8 sessions consisted of exposure therapy. Furthermore,
exposure itself differed from regular exposure-based
interventions in GAD. It involved exposure to preselected words
or images related to personal stressful events, although in regular
CBT treatments patients with GAD are exposed to worries about
hypothetical scenarios describing their worst fear [35]. It is
possible that more focused exposure could lead to better results
in future VRE-CBT studies for GAD.

We found no difference in attrition between VRE-CBT and
CBT, which is in line with the findings of Benbow and Anderson
[4], who conducted a meta-analysis on attrition between
VRE-CBT and CBT across 46 studies with a combined sample
size of 1057 participants. Fodor et al [10] also found that
VRE-CBT yielded similar dropout rates to other interventions.
These findings also suggest that VRE-CBT does not mitigate
attrition.
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The heterogeneity of the studies was low to moderate and did
not seem to influence the results. We found no indications of
small study effects or publication bias.

The risk of bias assessment in our study showed that, in many
studies, it was difficult to assess risk of bias because of lacking
or unclear information on random sequence generation and
allocation concealment and because of lack of registration in a
trial register. Keeping this in mind, it is difficult to interpret our
results from the meta-regression, in which we found no
significant effect of the total risk of bias score. Fodor et al [10]
also used the Cochrane tool [14] for assessing the risk of bias
in their meta-analysis on VRE-CBT in anxiety and depression,
and they found that most studies had high or uncertain risk of
bias across domains. In exploratory subgroup analyses, they
also did not find differences between studies with high,
uncertain, and low risk of bias, but these results must be
interpreted with caution, as there were only few studies with a
small risk of bias. Furthermore, previous research on adherence
to study quality criteria in VRE-CBT studies on anxiety
disorders by McCann et al [36] showed that the studies met an
average of 2.85 (SD 1.56) of 8 quality criteria for research
design, but study quality did not affect the effect size. It may
be concluded that better reporting of quality in VRE-CBT RCTs
is needed before conclusions can be drawn on the effect of
quality on effect sizes.

Limitations
This meta-analysis has some limitations. First, there were a
limited number of trials per diagnosis (ie, none on OCD and
only 1/16, 6% on GAD) and per method of recruitment (only
1/16, 6% recruited in the community) and few studies with
follow-up outcome data (5/16, 31%). Subgroup analyses showed
that type of anxiety disorder was a significant moderator in the
waitlist comparison, but no conclusions can be drawn from this
result, as there was high heterogeneity within the subgroups,
expressing excessive clinical diversity and therefore showing
no true effect. Second, we did not investigate the sense of
presence or other indicators of interaction, although presence
may influence the effectiveness of VRE-CBT. Ling et al [37]
found a positive relationship between sense of presence and
anxiety disorders, which was stronger in studies with participants
with a formal anxiety disorder than in nonclinical populations.
Third, 3 studies (3/45, 7%) were excluded because of missing
data for analyses despite efforts to acquire these data by

contacting the authors. This may have influenced the
estimations.

Clinical Implications
There are some clinical implications of the findings in this
meta-analysis and for the position that VRE-CBT holds in the
treatment of more severe anxiety disorders. Patients should be
made aware of the state of the current evidence regarding
VRE-CBT relative to alternatives to be able to make a shared
decision with the therapist. The advantages of VRE-CBT over
CBT may play a role in this decision. Bouchard et al [27] used
a Specific Work for Exposure Applied in Therapy scale
(evaluating topics such as cost, time, planning, and difficulties),
which showed that VRE-CBT was more cost-efficient and
practical for therapists than CBT with in vivo exposure. In
addition, VRE-CBT offers a large potential for exposing patients
to situations and stimuli that are too complex, costly, or
challenging for in vivo exercises. It can be hypothesized that
when these applications are exploited accordingly, it creates the
potential to increase the effectiveness of VRE-CBT above and
beyond in vivo exposure.

Furthermore, there are some specific concerns regarding
VRE-CBT that clinicians should take into account: the use of
the VR simulators can cause simulator sickness, appropriate
training and supervision are needed, and technical support
should be available in case of technical problems. In addition,
although lower-cost options are becoming available, such as
using smartphones as VR viewers, they still need to be evaluated
[38]. Regarding improving VRE-CBT, developing VR that can
be customized precisely to a patient’s needs with a better sense
of presence and interaction may lead to even better outcomes.

Conclusions
In conclusion, the results of our study show that VRE-CBT is
as effective as CBT in the treatment of more severe formal
anxiety disorders. However, VRE-CBT studies in this
meta-analysis not only were limited in number but the quality
of reporting was also poor. Therefore, awaiting further
high-quality data, VRE-CBT may be considered a promising
alternative to CBT, especially for patients who prefer VRE-CBT
over CBT [5].

Future research should focus on conducting high-quality RCTs.
Subsequently, examining for which patients or anxiety disorders
VRE-CBT or CBT works best could be a next step in research.
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Abstract

Background: The internet has now become part of human life and is constantly changing people's way of life. With the increasing
popularity of online health information (OHI), it has been found that OHI can affect the physician-patient relationship by influencing
patient behaviors.

Objective: This study aims to systematically investigate the impact of OHI-seeking behavior on the physician-patient relationship.

Methods: Literature retrieval was conducted on 4 databases (Web of Science, PubMed, China National Knowledge Infrastructure,
SinoMed), and the time limit for literature publication was before August 1, 2021.

Results: We selected 53 target papers (42 [79%] English papers and 11 [21%] Chinese papers) that met the inclusion criteria.
Of these, 31 (58%) papers believe that patients’ OHI behavior can enable them to participate in their own medical care, improve
patient compliance, and improve the physician-patient relationship. In addition, 14 (26%) papers maintain a neutral attitude, some
believing that OHI behavior has no significant effect on doctors and patients and others believing that due to changes in the factors
affecting OHI behavior, they will have a negative or a positive impact. Furthermore, 8 (15%) papers believe that OHI search
behavior has a negative impact on doctors and patients, while 6 (11%) papers show that OHI reduces Chinese patients’ trust in
doctors.

Conclusions: Our main findings showed that (1) OHI-seeking behavior has an impact on patients' psychology, behavior, and
evaluation of doctors; (2) whether patients choose to discuss OHI with doctors has different effects on the physician-patient
relationship; and (3) the negative impact of OHI on China’s internet users is worthy of attention. Due to the low quality of OHI,
poor health information literacy, short physician-patient communication time, and various types of negative news, patients' trust
in doctors has declined, thus affecting the physician-patient relationship. Improvement of people's health information literacy
and the quality of OHI are important factors that promote the positive impact of OHI on the physician-patient relationship.

(J Med Internet Res 2022;24(2):e23354)   doi:10.2196/23354
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Introduction

About 4.66 billion people worldwide have access to the internet
[1]. The internet has gradually become part of human life,
constantly changing people's lifestyle. As the availability and
immediacy of information services provided by the internet
continue to improve, and patients' private information can be
concealed to a certain extent, internet health information services
have become increasingly attractive [2]. In addition, the lack
of medical resources makes people choose to obtain health
information online to meet their own health information needs
[3]. The online health information (OHI) that patients search
for on the internet mainly includes information about diseases,
nutrition, treatments, physical and mental health, etc [4,5]. The
uneven quality of OHI has a major impact on patients. The
credibility of information perceived by patients affects whether
the patients use the internet as a frequently used and preferred
information source [6]. Physicians are still the most popular
source of health information, but the internet has gradually
become another important source of health information [7].

OHI seeking can influence physician-patient relationships and
patient compliance. Patients who can obtain more health
information can better follow the treatment process and enjoy
better therapeutic effects [8]. The rapid development of the
internet has changed the access of patients to health information
and affected the existing physician-patient relationship, which
to a large extent determines the medical result that patients
receive [9]. As mentioned before, patients choose to obtain
health information online to meet their own needs. At the same
time, the health information search results provided by the
internet show that extreme situations, for example, advice that
is contrary to the standard medical opinion or complex data
provided by health care professionals, leads to misinterpretation,
confusion, and other problems for patients [10]. Of course, the
availability of health information on the internet is transforming
many patients from passive medical service consumers to those
who can participate in the medical process, which brings new
challenges for many physicians [11,12]. When patients carry a
lot of health information in a short consultation, can physicians
deal with it as usual?

With the continuous development of the internet, the
physician-patient relationship has attracted much attention. In
terms of importance, the relationship between patients and
physicians is second only to that of family [13]. It is viewed as
extremely or very important by 67%, exceeding relationships
with spiritual advisors, pharmacists, coworkers, and financial
advisors [13]. Due to the patients' lack of understanding of
diseases and communication barriers between physicians and
patients, some patients cannot understand the results of diagnosis
and treatment of the disease and the treatment behavior, which
causes a series of problems [14]. Physician-patient
communication is a complex clinical behavior whose main goal
is to share medical information to improve the education of
clinical diagnosis, treatment, and specific diseases [14]. The
quality of physician-patient communication affects the
physician-patient relationship. In the past, physicians made
decisions and patients obeyed them, which constitutes the
traditional physician-patient relationship [15]. Patients and

medical staff advocate the transition to mutual participation,
that is, shared power and responsibility [15]. Previous studies
have shown that processing patients' OHI-seeking behavior in
daily consultation can improve the quality of medical services
[16]. In an ideal physician-patient relationship, patients should
be guided instead of looking for OHI independently [17].
However, at present, patients are mainly looking for OHI by
themselves, and they are unable to control the quality of
information and other aspects.

In China, the total population is about 1.4 billion [18]. As of
June 2021, the number of internet users reached 1.011 billion,
and the internet penetration rate reached 71.6%. The “Healthy
China” strategy is China’s priority development strategy [19].
By implementing internet medicine, the Healthy China strategy
promotes the mobility of medical services, enhances the
operation efficiency of the overall medical and health system,
and optimizes the allocation of medical resources [19]. Due to
China's large population and the impact of COVID-19, China's
demand for medical resources is growing exponentially.
Increasingly more doctors and patients are seeking health
information through internet platforms, effectively breaking the
time and space restrictions and giving China's unbalanced
medical resources a chance to be redistributed [20]. Considering
that OHI may have a positive or a negative impact on the
physician-patient relationship, which is important in medical
care, this study aims to examine the impact of OHI on the
physician-patient relationship in China.

In recent years, studies on health information seeking have been
increasing. It is of great significance to understand the impact
of the current health information seeking on the
physician-patient relationship. Thus, the purpose of this study
is to systematically review the current studies on the impact of
OHI seeking on the physician-patient relationship.

Methods

Literature Retrieval
In this study, English references were obtained from the
databases Web of Science and PubMed. The PubMed database
contains references related to medicine and life sciences. Web
of Science includes the most influential core academic journals
on natural science, engineering technology, biomedicine, and
other research fields. Chinese references were obtained from
the databases China National Knowledge Infrastructure (CNKI)
and SinoMed. The CNKI is China's largest full-text journal
database, while SinoMed focuses on collecting the biomedical
literature in China.

After consulting with librarians, the search strategy for this
paper consisted of all possible keywords related to 4 topics: (1)
online OR internet OR web OR network, (2) wellness
information OR health information, (3) search* OR seek* OR
inquiry OR query, and (4) physician-patient communication
OR doctor-patient communication OR physician-patient
relation* OR doctor-patient relation* OR physician-patient
interaction OR doctor-patient interaction OR physician-patient
trust OR doctor-patient trust. The papers were published before
August 31, 2021. Combinations of these keywords were
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searched in the 4 databases to make the literature search as
comprehensive as possible. In addition, we searched the PubMed
database separately with Medical Subject Headings (MESH).
The Mesh terms were “patient-physician relations” and
“internet.”

This systematic review conforms to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement (Multimedia Appendix 1).

Inclusion and Exclusion Criteria of Publication
Standards
To make the coverage of this study comprehensive enough, the
types of papers included were journal papers, conference papers,
and academic dissertations. Paper retrieval covered all regions
and languages, but only papers with full text in English or
Chinese were retained. Papers involving only OHI-seeking
studies or only physician-patient relationship studies were
excluded. We also excluded all nonempirical research papers,
including reviews, research on websites, and research
commentaries. Then, we evaluated the quality of the included
papers. We used the Critical Appraisal Skills Programme quality
assessment tool for qualitative studies, which comprises 10
questions [21] (Multimedia Appendix 2). We also used a quality
assessment tool for quantitative studies that comprises 14
questions customized by Tan et al [22] (Multimedia Appendix
3). Papers with a quality assessment score lower than 0.7 were
excluded.

Paper-Screening Process
The literature screening in this study was independently carried
out by 2 researchers. They screened the titles and abstracts,
respectively, and read the full text to extract opinions. We
compared the 2 researchers' screening results and the consistency
of the extracted views, discussed the discrepancies to ensure
the consistency and integrity of results, and used quality
assessment tools to assess the quality of the papers. Endnote 20
was used to merge related search results and delete duplicate
papers.

Data Extraction and Management
The research data of papers were independently extracted by 2
researchers according to the predesigned table. It mainly
included the following information: country, research design
method, sample size, respondents, and conclusion. Where there
was ambiguity, the 2 researchers discussed it and reached an
agreement.

Results

Characteristics of the Papers
In this study, we searched the PubMed and Web of Science
databases and retrieved 10,303 and 9345 records, respectively,
for a total of 19,648 initially searched records and 15,801
(80.42%) exported records that remained after duplication
removal using Endnote 20. According to the screening criteria,
whether the papers discussed OHI seeking and the
physician-patient relationship, 173 (1.09%) papers were included
according to the title and abstract for further screening. Through
the application of inclusion and exclusion criteria, of these 173
papers, 72 (41.6%) did not involve the impact of the
physician-patient relationship; 7 (4%) were reviews; for 9
(5.2%), the original text could not be obtained; 19 (10.9%) did
not have health information seeking as the main research object;
13 (7.5%) had full text in languages other than English; 10
(5.8%) were on nonempirical research; and 1 (0.6%) focused
on physicians. The screening process is shown in Figure 1.

Finally, we included 42 of 173 (24.2%) English papers in the
study; see Table 1. From the perspective of literature research
methods, most of the studies were carried out in the form of
questionnaires and interviews, and there were 11 (26%) studies
in which research models and hypotheses were first proposed
and questionnaires were designed for verification to study the
mechanism of OHI seeking affecting the physician-patient
relationship from different perspectives [11,23-32].
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Figure 1. Flowchart of the selection process (English papers). OHI: online health information.
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Table 1. Summary of included English papers (n=42).

Discussion of OHI
and physician-pa-
tient relationship
covered in this pa-
per (Y=yes/N=no)

OHI seeking af-
fects patients'
evaluation of
physicians cov-
ered in this pa-
per
(Y=yes/N=no)

Impact of
OHI seeking
on patients
covered in
this paper
(Y=yes/N=no)

Factors affect-

ing OHIa use
covered in this
paper
(Y=yes/N=no)

Participant charac-
teristics

Participants, nMethodCountryRef-
er-
ence

Num-
ber

YNYYAdult patients with
psychosis

22 (12 [55%]
female, 10
[45%] male)

Semistruc-
tured in-
terview

United
Kingdom

[33]1

YNNNInternet citizens562 (332
[59.1%] female,

Email in-
terview

Austria[7]2

230 [40.9%]
male)

NYYYConsecutive adult
hematology clinic
patients

202 (102
[50.5%] female,
100 [49.5%]
male)

SurveyUnited
Kingdom

[34]3

YYNNPatients with
schizophrenia

26 (12 [46%]
female, 14
[54%] male)

Semistruc-
tured in-
terview

Austria[35]4

YNYNPatients at 3 osteo-
pathic primary care
medical clinics

154 (98
[63.6%] female,
48 [31.2%]
male, 8 [5.2%]
missing data)

SurveyUnited
States

[36]5

YNNNAdult patients with
diabetes mellitus,

34 (12 [35%]
female, 22
[65%] male)

Focus
group in-
terview

United
Kingdom

[37]6

ischemic heart dis-
ease, or hepatitis C

YNYNHealth information
seekers

31 (28 [90%]
female, 3 [10%]
male)

Email in-
terview

United
Kingdom

[38]7

YNNYAdult dermatology
outpatients

431 (181
[41.9%] female,
250 [58.1%]
male)

SurveySaudi
Arabia

[39]8

YNYNAdults aged ≥50
years

56 (30 [54%]
female, 26
[46%] male)

Semistruc-
tured in-
terview

Canada[40]9

YNNNPatients new to the
rheumatology clin-
ic

120 (92
[76.6%] female,
28 [23.3%]
male)

Survey
and
semistruc-
tured in-
terview

United
States

[41]10

YNNYBreast cancer pa-
tients

70 (42 [60%]
recent internet
users [RIUs],

SurveyUnited
States

[42]11

28 [40%] ever
internet users
[EIUs])

YNNNNew patients with
multiple sclerosis

61 (49 [80%]
female, 12
[20%] male)

Survey
and
semistruc-
tured in-
terview

United
States

[43]12

NNYNOlder adults20 (11 [55%]
female, 9 [45%]
male)

Individu-
al and fo-
cus group
interview

United
States

[25]13
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Discussion of OHI
and physician-pa-
tient relationship
covered in this pa-
per (Y=yes/N=no)

OHI seeking af-
fects patients'
evaluation of
physicians cov-
ered in this pa-
per
(Y=yes/N=no)

Impact of
OHI seeking
on patients
covered in
this paper
(Y=yes/N=no)

Factors affect-

ing OHIa use
covered in this
paper
(Y=yes/N=no)

Participant charac-
teristics

Participants, nMethodCountryRef-
er-
ence

Num-
ber

YNYNA household proba-
bility sample from
the 48 contiguous
states

3209 (1765
[55%] female,
1444 [45%]
male)

Tele-
phone
survey

United
Kingdom

[44]14

YNNNPatients with con-
tact with health
services for infor-
mation/treatment
in relation to hor-
mone replacement
therapy
(HRT)/menopause
and Viagra/erectile
dysfunction

47 (32 [68%]
female, 15
[32%] male)

Semistruc-
tured in-
terview

United
Kingdom

[45]15

YNYNOncology patients93 (44 [47%]
female, 49
[53%] male)

SurveyAustralia[46]16

NNYNWomen faced with
decisions concern-
ing menopause and
HRT

15 females (8
[53%] high
school certifi-
cate, 5 [33%]
bachelor’s de-
gree, 2 [14%]
postgraduate
degree)

Tele-
phone
survey

United
Kingdom

[47]17

NNYYAdults aged ≥18
years selected from
among parents of
public school stu-
dents

1039 (704
[67.76%] fe-
male, 335
[32.24%] male)

SurveyItaly[48]18

NNNYParticipants in the
Health Information
National Trends
Survey 2007

5075 (3141
[61.89%] fe-
male, 1934
[38.11%] male)

SurveyUnited
States

[49]19

NNYYAdult emergency
department pa-
tients

400 (192 [48%]
female, 208
[52%] male)

SurveyAustralia[50]20

YNNYAdults hospitalized
for acute coronary
syndromes

1142 (346
[30.29%] fe-
male, 796
[69.71%] male)

Struc-
tured in-
person in-
terview

United
States

[51]21

YNYNPatients with
prostate cancer

33 malesInterviewAustralia[9]22

YNYNPatients and physi-
cians from primary
care and medical
specialist practices

32 patients (12
[38%] female,
20 [62%] male)
and 20 physi-
cians (4 [20%]
female, 16
[80%] male)

Semistruc-
tured in-
terview

Switzer-
land

[10]23

NNYYPatients at 10 pri-
mary care clinics

138 (83
[50.7%] female,
54 [39.3%]
male)

SurveyIsrael[52]24
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Discussion of OHI
and physician-pa-
tient relationship
covered in this pa-
per (Y=yes/N=no)

OHI seeking af-
fects patients'
evaluation of
physicians cov-
ered in this pa-
per
(Y=yes/N=no)

Impact of
OHI seeking
on patients
covered in
this paper
(Y=yes/N=no)

Factors affect-

ing OHIa use
covered in this
paper
(Y=yes/N=no)

Participant charac-
teristics

Participants, nMethodCountryRef-
er-
ence

Num-
ber

NYNNParticipants in the
Surveying the Dig-
ital Future, Year 4,
national survey

2010 (1214
[60.39%] fe-
male, 796
[39.61%] male)

Tele-
phone
survey

United
States

[53]25

YNYNPatients with thy-
roid cancer attend-
ing appointments
with radiation on-
cologists at 2 ter-
tiary cancer centers

39 (27 [70%]
female, 11
[28%] male, 1
[2%] unknown)

SurveyCanada[54]26

YNNY460 patients aged
≥18 years

459 (207
[45.1%] female,
252 [54.9%]
male)

Question-
naire sur-
vey

Switzer-
land

[12]27

NNYYPatients recently
diagnosed with
colorectal cancer
recruited from 6
hospitals in the
Netherlands

90 (31 [34%]
female, 59
[66%] male)

Question-
naire sur-
vey，in-
terview

Nether-
lands

[26]28

YNYYConsecutive pa-
tients presenting
for preoperative
consults for hernia
repair requiring
surgical mesh

30 (15 [50%]
female, 15
[50%] male)

Question-
naire sur-
vey

United
States

[55]29

NNYYAdult patients485 (242
[49.9%] female,
mean age 50.42
years)

Question-
naire sur-
vey

Romania[56]30

YNNYInternet users423 (209
[49.4%] female,
214 [50.6%]
male)

Web-
based
question-
naire sur-
vey

Singa-
pore

[11]31

YNNYPatients in a hospi-
tal-based primary
care clinic in the
University of
Malaya Medical
Centre

381 (239
[62.7%] female,
142 [37.3%]
male)

Question-
naire sur-
vey

Malaysia[57]32

YNNYAdults between the
ages of 50 and 64
years (middle-aged
adults) and 65 and
80 years (older
adults)

40 (22 [55%]
female, 18
[45%] male)

Qualita-
tive
semistruc-
tured in-
terview

Belgium[58]33

YNYYPatients with can-
cer or their fami-
lies

46 (34 [74%]
cancer patients,
12 [26%] fami-
ly members)

Focus
group in-
terview

China[59]34
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Discussion of OHI
and physician-pa-
tient relationship
covered in this pa-
per (Y=yes/N=no)

OHI seeking af-
fects patients'
evaluation of
physicians cov-
ered in this pa-
per
(Y=yes/N=no)

Impact of
OHI seeking
on patients
covered in
this paper
(Y=yes/N=no)

Factors affect-

ing OHIa use
covered in this
paper
(Y=yes/N=no)

Participant charac-
teristics

Participants, nMethodCountryRef-
er-
ence

Num-
ber

NNYNInternet citizens668 (320
[47.9%] preuse
internet sam-
ples, 348
[52.1%] not-use
internet sam-
ples)

SurveyChina[23]35

NYYNParticipants who
underwent treat-
ment with a month

336 (180
[53.6%] female,
156 [46.4%]
male)

SurveyChina[24]36

NYYNChinese individu-
als who received
treatment in the
past month and
searched the inter-
net for health infor-
mation

336 (180
[53.6%] female,
156 [46.4%]
male)

Web-
based
question-
naire sur-
vey

China[27]37

YYYNOHCb users316 (194
[61.4%] female,
122 [38.6%]
male)

Question-
naire sur-
vey

China[28]38

NYYNPatients who visit-
ed the hospital
within the past half
year or who are
visiting the doctor
for the first time

280 (114
[40.7%] female,
166 [59.3%]
male)

Web-
based
question-
naire sur-
vey

China[29]39

YNYYPatients attending
the primary care
clinic of a universi-
ty in Hong Kong

1179 (717
[60.81%] fe-
male, 462
[39.19%] male)

Question-
naire sur-
vey

Hong
Kong

[60]40

NYYNPatients in Tongji
Hospital in Wuhan
and the Huazhong
University of Sci-
ence and Technolo-
gy hospital

446 (224
[50.2%] female,
222 [49.8%]
male)

Question-
naire sur-
vey

China[31]41

NNNYChinese individu-
als who have expe-
rience seeking
health information
and going to hospi-
tals within the pre-
vious month

336 (180
[53.6%] female,
156 [46.4%]
male)

Online
survey

China[30]42

aOHI: online health information.
bOHC: online health community.

With searching in the CNKI and SinoMed, there were 5440
initially searched papers, of which 5219 (95.94%) exported
papers in Chinese remained after duplication removal using
Endnote 20. Of these, 88 (1.69%) papers were included
according to the title and abstract for further screening. Through
the application of inclusion and exclusion criteria, of these 88
papers, 54 (61%) did not involve the impact of the

physician-patient relationship; 10 (11%) did not have health
information seeking as the main research object; 7 (8%) were
on nonempirical research; for 3 (3%), the original text could
not be obtained; and 1 (1%) focused on physicians. The
screening process is shown in Figure 2. All 13 (15%) papers
met the quality rating except for 2 (15%). Finally, 11 of 88
(13%) Chinese papers were included in this study; see Table 2.
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The conclusions of these papers were divided into 5 themes:
(1) factors that affect patients' use of OHI, (2) the impact of
OHI on patients, (3) OHI seeking affecting patients' evaluation
of physicians, (4) discussion with physicians about OHI
affecting the physician-patient relationship, and (5) the impact

of OHI seeking on the physician-patient relationship, including
positive effects, negative effects, and neutral views (Table 3).
The neutral view refers to no significant effect or both positive
and negative effects.

Figure 2. Flowchart of the selection process (Chinese papers). OHI: online health information.
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Table 2. Summary of included Chinese papers (n=11).

Discussion of OHI
and physician-pa-
tient relationship
covered in this pa-
per (Y=yes/N=no)

OHI seeking af-
fects patients'
evaluation of
physicians cov-
ered in this pa-
per
(Y=yes/N=no)

Impact of
OHI seeking
on patients
covered in
this paper
(Y=yes/N=no)

Factors affect-

ing OHIa use
covered in this
paper
(Y=yes/N=no)

Participant charac-
teristics

Participants, nMethodCountryRef-
er-
ence

Num-
ber

YNNNOutpatients with
chronic diseases

179 (85
[47.5%] female,
94 [52.5%]
male）

SurveyChina[61]1

NNNYChinese citizens467 (277
[59.3%] female,

Survey,
interview

China[62]2

190 [40.7%]
male)

NNYNHealth information
seekers

446 (224
[50.2%] female,
222 [49.8%]
male)

SurveyChina[63]3

NYNYPatients over 18
and doctors in each
department

951 patients
(495 [52.1%]
female, 456
[47.9%] male)

SurveyChina[64]4

and 888 physi-
cians (348
[39.2%] female,
540 [60.8%]
male)

YYYNChinese netizens1232 (611
[49.59%] users

SurveyChina[65]5

of OHI, 621
[50.41%] non-
users of OHI)

NYNYChinese citizens29,647 (14,815
[49.97%] fe-

China
Family

China[66]6

male, 14,832
[50.03%] male)

Panel
Studies
(CFPS)
data

NYNYChinese citizens10,206 (2073
[20.31%] neti-

2013 Chi-
nese So-

China[67]7

zens, 4654cial Sur-
vey data [45.6%] nonneti-

zens, and 3479
[34.09%] miss-
ing data)

NYNNChunYu Doctors
website users

336 (180
[53.6%] female,
156 [46.4%]
male)

SurveyChina[68]8

NNNYChinese citizens25,015 (13,083
[52.3%] female,

2018 CF-
PS adult

China[69]9

11,932 [47.7%]
male)

question-
naire data

NYNYChinese citizens5546 (in 2021)
and 5797 (in
2012)

2011 and
2012 Chi-
nese Gen-
eral So-

China[70]10

cial Sur-
vey
(CGSS)
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Discussion of OHI
and physician-pa-
tient relationship
covered in this pa-
per (Y=yes/N=no)

OHI seeking af-
fects patients'
evaluation of
physicians cov-
ered in this pa-
per
(Y=yes/N=no)

Impact of
OHI seeking
on patients
covered in
this paper
(Y=yes/N=no)

Factors affect-

ing OHIa use
covered in this
paper
(Y=yes/N=no)

Participant charac-
teristics

Participants, nMethodCountryRef-
er-
ence

Num-
ber

NYYYChinese citizens464 (241
[51.9%] female,
253 [48.1%]
male)

Question-
naire sur-
vey

China[32]11

aOHI: online health information.
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Table 3. OHIa seeking affects physician-patient relationships.

Impact of OHI seeking on physician-patient relationshipCountryReferenceNumber

Negative effects covered in
this paper (Y=yes/N=no)

Neutral views covered in
this paper (Y=yes/N=no)

Positive effects covered in
this paper (Y=yes/N=no)

NNYUnited Kingdom[33]1

NYNAustria[7]2

NNYUnited Kingdom[34]3

NNYAustria[35]4

NNYUnited States[36]5

NNYUnited Kingdom[37]6

NNYUnited Kingdom[38]7

NNYSaudi Arabia[39]8

NYNCanada[40]9

NYNUnited States[41]10

NYNUnited States[42]11

NYNUnited States[43]12

NNYUnited States[25]13

NNYUnited Kingdom[44]14

NYNUnited Kingdom[45]15

NNYAustralia[46]16

NNYUnited Kingdom[47]17

NNYItaly[48]18

NYNUnited States[49]19

NNYAustralia[50]20

NNYUnited States[51]21

NYNAustralia[9]22

NYNSwitzerland[10]23

NNYIsrael[52]24

NNYUnited States[53]25

NYNCanada[54]26

NYNSwitzerland[12]27

NYNNetherlands[26]28

YNNUnited States[55]29

NNYRomania[56]30

NNYSingapore[11]31

YNNMalaysia[57]32

NNYBelgium[58]33

NNYChina[59]34

NYNChina[23]35

NNYChina[24]36

NNYChina[27]37

NNYChina[28]38

NNYChina[29]39

YNNChina[60]40
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Impact of OHI seeking on physician-patient relationshipCountryReferenceNumber

Negative effects covered in
this paper (Y=yes/N=no)

Neutral views covered in
this paper (Y=yes/N=no)

Positive effects covered in
this paper (Y=yes/N=no)

NNYChina[31]41

NNYChina[30]42

NNYChina[61]43

YNNChina[62]44

NYNChina[63]45

NNYChina[64]46

NNYChina[65]47

YNNChina[66]48

YNNChina[67]49

NNYChina[68]50

YNNChina[69]51

YNNChina[70]52

NNYChina[32]53

aOHI: online health information.

Factors Affecting the Use of OHI
Studies show that education level, income, gender, age, health
literacy, culture, and other factors can affect people's use of
OHI [12,26,33,34,39,42,49,51,56]. Five papers showed that
users with high education level and high income are more
willing to use OHI [12,33,34,39,42,62]. This population has
relatively high health literacy and can better deal with OHI.
Patients with difficulties in understanding health information
are less likely to ask questions or seek guidance during
consultation. Gantenbein et al [12] found that women are more
willing to conduct OHI searches, while Aref-Adib et al [33]
found that young male psychiatric patients are more likely to
discuss health information with their physicians. De Looper et
al [26] and Drug et al [56] found that younger patients engage
more in OHIS, but Waring et al [51] did not observe the age
difference possibly because the large age-grouping scope could
not reflect the difference between the elderly and the young. In
addition to personal factors, Chiu et al [59] found that the
cultural environment of patients may also affect the
communication on health factors. In a hierarchical culture of
patients and physicians, patients are unwilling to ask questions
for fear that the physicians would be unhappy. Instead, they
choose to listen to the advice of physicians [59]. In this paper,
we only included papers studying the relationship between
physicians and patients; however, maybe many other factors
also affect the use of OHI by patients.

Impact of OHI Seeking on Patients
Several studies have shown that OHI can enhance the
communication ability and decision-making ability of patients.
The study conducted by Iverson et al [36] showed that 46% of
patients said they would change their health-related behaviors
after searching for health information online. After searching
the health information online, patients have a certain
understanding of their own health status and disease treatment

and can better understand the medical terms used by physicians
when talking with them [25,38,59]. Murray et al [44] showed
that people who discuss health information with physicians
often have higher self-assessment ability to assess their own
health. Liang et al [61] showed that patients who think that OHI
is important and helpful to health decision making are more
inclined to think that it will be beneficial to the physician-patient
relationship.

However, some patients may show some negative effects after
OHI query. Aref-Adib et al [33] found that some patients may
have concerns over what they read and that they change
medication adherence and behavior without communication
with the physicians. Another concern raised by OHI seeking is
related to the quality of OHI, such as the credibility and
limitations of information [40]. OHI will affect patients’decision
making, but patients still regard physicians as the main source
of health information [47]. Due to the uneven quality of OHI
and the lack of quality control, in addition to patients lacking
medical information literacy, the judgments made by patients
based on OHI are generally unscientific and difficult to be
recognized by doctors, which may have a negative impact on
the physician-patient relationship [62].

OHI Seeking Affects Patients' Evaluation of Physicians
The impact of OHI is mainly reflected in patients' trust in and
satisfaction with physicians [42]. Patients' satisfaction with
physicians is composed of many factors, among which the the
main influencing factors are related to the actual communication
between patients and physicians [23]. However, most patients
are afraid to challenge their doctors, so they are reluctant to
discuss their OHI [41]. Patients' satisfaction with OHI has a
direct and positive impact on psychological safety [34], while
psychological safety might have a direct and positive impact
on patients' trust in physicians [24]. When patients use the
network health community, the trust relationship among
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community members also affects patients' trust in and
satisfaction with physicians [71]. Liu [68] showed that
continuous use of online health communities (OHCs) increases
users' satisfaction with medical services.

Discussion With Physicians About Health Information
Affects Physician-Patient Relationships
After OHI seeking, some patients choose to share health
information with their physicians. Part of the motivation for
discussing health information with physicians is that patients
want to meet their psychological and emotional needs [42].
Iverson et al [36] showed that 73% of patients like to discuss
OHI with physicians mainly because they think physicians are
willing to discuss OHI. The willingness of physicians to discuss
health information with patients is crucial. After discussing their
concerns about OHI with physicians, the patients’ medication
adherence and behavior remain unchanged and the anxiety
caused by OHI reduces [33]. In addition, after discussing OHI
with physicians, patients' satisfaction with physicians
significantly improves [39]. People who discuss OHI with their
physicians think it has a positive impact on the disease and their
relationship with their physicians [7].

However, some studies have also proved that the main reason
patients do not actively discuss health information with
physicians is the fear of challenging physicians' authority
[33,35,38,40,42,43,59]. Patients worry that when they talk about
OHI, or express some opinions that physicians cannot refute,
the physicians will feel criticized [35]. Of course, there are also
some health care professionals trying to maintain the existing
authority by not discussing OHI [45]. Guanghua [62] showed
that the negative impact of OHI is greater, which creates greater
obstacles in the communication between doctors and patients
in China.

OHI Seeking Affects Physician-Patient Relationships
in China
A total of 53 papers were included in this study, of which 31
(58%) hold that OHI seeking has a positive impact on the
physician-patient relationship, 14 (26%) have a neutral view,
and 8 (15%) have a negative influence. It is worthy of in-depth
study that 6 (11%) papers showed that OHI seeking has a
negative impact on the physician-patient relationship in China.
Therefore, the negative impact of OHI on China’s internet users
is worthy of attention. Due to the large population of China, the
time for each patient to communicate with the doctor is short,
and patients choose to search online for health information more
for convenience than for accuracy or authority [67]. Some
studies have shown that the inclusion of some wrong medical
information and reports of malignant incidents in the
physician-patient relationship have a negative impact on
physician-patient trust, confirming media depression theory
[67,69,70]. Feifei [64] found that for ordinary patients, due to
the professional barriers of medical knowledge, it is difficult
for them to distinguish between true and false after receiving
false health information on the internet. This causes patients to
question doctors and leads to difficulties in the physician-patient
relationship [64]. Therefore, it is important to improve patients'
health information literacy and the quality of OHI.

Discussion

Principal Findings
Based on the review of the included studies, we found that there
are many factors that affect patients' choice of OHI, such as
gender, age, education level, income, health literacy, and culture
[33,34,39,42,49,51]. People with high income, education level,
and health literacy are more likely to use OHI. The age
difference is mainly between the young and the old. There is a
digital divide between the elderly and the young [72]. One study
found that older people prefer to choose people as sources of
information, such as health care providers, pharmacists,
relatives, and retired community workers [73]. From the
perspective of patients, most of them think that OHI seeking
does not affect the physician-patient relationship; some patients
think it has a positive impact on the physician-patient
relationship, and a few patients think it may have a negative
impact on the physician-patient relationship [46]. As the impact
of OHI seeking on the physician-patient relationship may be
restricted by social and cultural factors, it may have adverse
effects in a culture with distinct levels of patients and physicians
[59].

The mechanism of OHI seeking affecting the physician-patient
relationship is relatively complex. According to the study
findings, OHI seeking can enhance patients' understanding of
medical knowledge and enhance their decision-making ability
and communication ability with physicians. At the same time,
OHI seeking can also have an impact on patients' own
psychology. Good quality of health information has a positive
impact on the psychological safety of patients. Bylund [74]
found that high satisfaction with OHI can promote patients'
psychological security when communicating with physicians.
Psychological safety has a certain impact on the distrust in the
physician-patient relationship so as to affect the relationship
[75]. Side effects of drugs and other information cause anxiety
in patients. As the internet provides an opportunity to
communicate with others about their concerns, anxiety tends
to increase [76]. A small number of patients even have drug
compliance changes and changes in their own medical behavior
[76]. Previous studies have shown that that OHI can affect the
consistency of communication between physicians and patients
and the compliance of patients [33].

It is important that patients discuss health information with their
physicians. Patients will seek OHI to prepare for seeing a doctor,
fully participate in the decision making, and actively supplement
their information during the process of seeking medical service
[77]. However, this will also cause anxiety and a series of
changes, such as compliance change and medical behavior
change [33]. If patients do not discuss health information with
physicians, the negative effects on some patients might even
worsen. If patients discuss health information with physicians,
these negative effects can be eliminated and alleviated. The
survey results show that discussing health information with
physicians is beneficial to patients' satisfaction with and trust
in physicians. We must admit that patients need to discuss their
health information with physicians to better promote the
physician-patient relationship and improve medical services
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[78]. Good physician-patient communication can improve the
clinical outcomes of some diseases [79].

Several studies have mentioned that patients are afraid to discuss
health information with physicians because they are afraid of
challenging the authority of physicians and even of conflicts
with physicians. The OHC is not well received by the
professional medical staff. They have doubts about the quality
of a lot of OHI and whether they can explain the medical
information to the patients in a better way [16]. Patients tend
to remain silent if they do not feel the physician's willingness
to discuss OHI with them. When patients consult about
traditional and nontraditional therapies, many physicians react
defensively, resulting in adverse effects on patients’ trust in
them and the communication between physicians and patients
[80]. Some physicians try to maintain their authority as
physicians by avoiding discussing OHI [45]. Due to the
widespread popularity of OHI, physicians should be aware that
many patients seek OHI before consultation, and actively discuss
and exchange OHI with patients [81].

Of the included 53 papers, 21 (39.6%) studied the impact of
OHI seeking on the physician-patient relationship in China, of
which 2 (9%) papers specifically mentioned that cultural factors
play a potential role in OHI seeking for physician-patient
relationships [59,62]. In the culture of hierarchical
physician-patient relationships in China, the patient fully follows
the physician’s recommendations [59]. The popularity of OHI
allows patients to play a more important role in the medical
process. However, under the medical environment of “more
patients, fewer physicians” in China, the communication time
between each physician and patient is too short [62]. If the
doctor cannot convince the patient and deny the patient's opinion
directly without explanation, the conflict weakens the authority
of the doctor and exacerbates the negative impact on the
physician-patient relationship [62].

Several papers have shown that the internet usage time could
reduce the patient's trust in the doctor [66,67]. Medical
corruption, medical malpractice, physician-patient conflict, and
other contents are more likely to spread among Chinese patients.
Various types of negative news is frequently pushed to patients.
The negative factors in the physician-patient relationship are
magnified. The media often blame medical disputes on medical
personnel, which exacerbates patients' distrust of doctors. In
addition to negative news, the low quality of OHI has a negative
impact on the physician-patient relationship [61,82].

OHI is a double-edged sword for the relationship between
physicians and patients. It is becoming increasingly important
in the relationship between physicians and patients. With
high-quality OHI, it is relatively easier to have a positive impact
on patients, thus promoting the physician-patient relationship.
With the rapid growth and wide use of medical websites, there

are important problems about the necessity of quality control
[83]. The pattern of patients' access to health information is
changing from passive recipients to active service seekers [77].
Health care professionals should not only discuss health
information with patients but also guide them to correctly seek
and use health information. Patients who can reasonably
understand OHI can reduce the burden of physicians in the
consultation and improve the communication [63].

Limitations
This study has a wide range of retrieval. When references were
included, the focus was on whether health information seeking
has an impact on the relationship between physicians and
patients. Papers studying the impact of health information
seeking on patients were not included, which may have led to
missing potential research. In addition, due to the lack of a large
number of studies and more reliable evidence, we could not
reach a strong conclusion about how health information seeking
affects the physician-patient relationship.

Conclusion
This study mainly focused on the effects of OHI on the
relationship between physicians and patients. There are many
factors influencing people's use of OHI, and young, female,
highly educated, and high-income patients are more willing to
search OHI. OHI seeking can affect patients' mentality and
behavior. Through understanding OHI, patients can have a better
understanding of medical knowledge, improve self-confidence
during communication, and enhance self-decision-making
behaviors. However, some OHI can lead to negative emotions
and even change patients' health behaviors, due to the uneven
quality of OHI. OHI seeking also affect patients' evaluation of
doctors, including patients' trust in and satisfaction with
physicians. OHI users choose to discuss OHI with doctors,
which is beneficial to the physician-patient relationship in most
cases. However, due to the subjective consciousness of patients,
they may be concerned that it might affect the authority of
physicians, which is the reason some patients do not initiate the
discussion of health information. Moreover, the negative impact
of OHI on China’s internet users is worthy of attention; due to
the low quality of OHI, poor health information literacy, short
physician-patient communication time, and various types of
negative news, patients' trust in doctors has declined. At present,
China's vigorous promotion of “internet + medical health” and
the reform of the hierarchical medical will be of great
significance to improving the physician-patient communication
model and promoting harmonious physician-patient
relationships. At the same time, improving people's health
information literacy and the quality of OHI is the crucial step
in facilitating the positive effects of OHI on the physician-patient
relationship.
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Abstract

Background: Many children with mental health problems do not receive professional help. Despite the frequent use of digital
health interventions (DHIs) such as websites or web-based service navigation platforms, their effects on parents’ mental health
literacy, help seeking, or uptake of professional services are unclear.

Objective: This study aims to provide a systematic review and narrative synthesis to describe whether DHIs improve the
aforementioned parental outcomes.

Methods: Databases, including CINAHL, Embase, MEDLINE OVID, PsycINFO, and PubMed (2000-2020), were accessed.
Studies were included if they evaluated quantitative changes in mental health literacy, help seeking, or the uptake of services by
parents of children with mental health problems. Theoretical frameworks, sample sizes, participant demographics, recruitment,
interventions, DHI use, results, and health economic measures were used for data extraction.

Results: Of the 11,379 search results, 5 (0.04%) studies met the inclusion criteria. One randomized controlled trial found the
reduced uptake of services after using a DHI coupled with a telephone coach for a child’s behavioral problem. Of 3 studies, 2
(66.7%) found statistically significant improvement in mental health literacy for attention-deficit/hyperactivity disorder but had
no control group. One study found nonsignificant improvement in mental health literacy and help-seeking attitudes toward anxiety
and depression compared with those in active controls. All studies were rated as having a high or serious risk of bias. Search
results were affected because of a single reviewer screening articles, overall low-quality studies, and a lack of consistent
nomenclature.

Conclusions: There is no high-quality evidence that DHIs can improve parents’ mental health literacy, help seeking, or uptake
of services. More research is needed to evaluate DHIs by using rigorous study designs and consistent measures.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42020130074;
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020130074

(J Med Internet Res 2022;24(2):e28771)   doi:10.2196/28771
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Introduction

Background
Mental health problems are common among children [1,2].
They include internalizing problems, such as anxiety and
lowered mood, and externalizing problems, such as
hyperactivity, oppositional defiance, and aggression. Around
half of these problems can progress to mental health disorders
that are associated with adverse outcomes, including early school
dropout, criminal justice system involvement, lower life
satisfaction, poorer relationships, and lower earning potential
[3-9]. Fortunately, there is a range of evidence-based treatments
that have been shown to improve mental health problems in
children, including the use of websites or web-based programs
or other digital health interventions (DHIs) [10-13]. A DHI can
be defined as the digital delivery of health information, such as
through websites or apps, for health-related purposes [14]. Many
of these treatments, including those delivered by DHIs and
face-to-face interventions, focus on improving parenting—a
key modifiable risk factor for these problems [15]. Despite
treatments being available, many children with mental health
problems do not receive professional help [2,16-18].

There are several recurrent barriers that prevent children
receiving professional help. These barriers can be viewed along
the help-seeking process, as parents need to recognize their
child’s problem and acknowledge their need for additional
support, be aware of treatment options, overcome stigma in
accessing treatment, and ultimately access available services or
treatments [2,19,20]. A lack of problem recognition and
awareness of available treatments reflect inadequate mental
health literacy, which has been defined as the “knowledge and
beliefs about mental disorders which aid their recognition,
management or prevention” [21]. Mental health literacy is
important because it is linked to actions and mental health
outcomes [22]. For children, especially young children, parents
play a large role in recognizing the child’s problem and
facilitating help seeking (Figure 1).

Ideally, we should be able to improve parents’ knowledge of
mental health problems in children and where to find available
and accessible services to help their children. This could be
done by improving their mental health literacy, a known
modifiable factor of help seeking [23]. However, previous
research on interventions designed to improve mental health
literacy and help seeking has been hampered by a lack of
consistent measures of mental health literacy and a lack of focus
on parents [22,24,25]. For parents, a US study with 165 children
with mood disorders and other mental health comorbidities
showed that face-to-face mental health literacy interventions
can improve the quality of services accessed by families
compared with waitlist control. The quality of services was
measured by consensus among a group of blinded expert
clinician researchers [26]. However, this intervention was
intensive (8 group sessions lasting 90 minutes each) and may
have been affected by attrition bias, as only 74% of participants
completed the 18-month follow-up. In addition, several families
dropped out of the waitlist control group after their child’s
symptoms improved, underscoring the need for controlled trials

to account for the natural history of some mental health
problems improving over time.

Digital delivery of this educational material to parents, such as
through a DHI, may prove to be an effective, accessible,
scalable, and desirable way to improve parents’ mental health
literacy and help seeking. Most parents search the web for health
information and seek out the lived experience of other parents
through forums, such as those on Facebook [27,28]. As parents
seek out this information on the web, money and resources are
devoted to building websites, apps, and platforms to help parents
better understand their child’s mental health and where to
receive help. Child mental health websites, such as
childmind.org, can have enormous reach with a recent mental
health campaign reaching 275 million people [29].

The World Health Organization states that DHIs have many
perceived benefits, including enhanced reach, accessibility,
scalability, desirability, reduced stigma, and perceived
cost-effectiveness [14]. DHIs’ perception of cost-effectiveness
comes from the potential for near-infinite scalability at low cost
and targeted early intervention [14,30,31]. However, data on
cost-effectiveness are rarely collected, despite recommendations
to measure the economic impact as part of any DHI evaluation
[32,33].

DHIs have been shown to improve mental health literacy in
adults, based on the findings of 2 systematic reviews [34,35].
However, these reviews, which included a combined total of
28 studies, only included 1 study with parents.

The single-parent study was a randomized controlled trial that
found that a convenience sample of parents recruited from a
single workplace improved their mental health literacy from a
DHI [36]. This lack of focus on parents in previous reviews is
important because parents are the agents of change for their
child’s mental health. Unlike adults seeking help for themselves,
parents’ willingness to receive help for their child’s mental
health problem is influenced by unique factors, such as whether
the child participates in mental health treatment, or whether the
treatment is framed in terms of child development [37,38]. With
half of all adult mental health disorders originating in childhood,
it is crucial to determine how DHIs can improve parents’mental
health literacy, help seeking, and uptake of mental health
services for their children [9].

However, there have been no consistent positive effects on
parental help-seeking attitudes, with some low-quality studies
finding a positive effect of DHIs, but most found no effects
[34,35]. Studies in these 2 reviews had some limitations,
specifically the common use of convenience sampling, the
predominant focus on young people, lack of consistent measures,
and low-quality evidence.

Recently, a universal education program delivered via SMS text
messaging improved mental health literacy in the parents of
adolescents compared with care as usual control. However, this
study did not include parents of younger children or parents
who were identified as having an adolescent with a mental health
problem, who may be more likely to benefit from an intervention
that facilitates help seeking [39].
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Little is known about the effects of a DHI on the mental health
literacy of parents, especially parents of young children, and
even less is known about the effects on help seeking and uptake

of services and cost-effectiveness. This is despite the frequent
use of DHIs by parents and low uptake of services among many
children with a mental health problem.

Figure 1. Link between parent mental health literacy and child mental health outcomes (adapted from a study by Jorm [22]).

Objectives
In this study, we aim to conduct a systematic review of the
literature to understand (1) whether DHIs targeting parents of
children aged 2 to 12 years with a mental health problem
improve mental health literacy and (2) whether the use of DHIs
is associated with changes in parental help seeking or uptake
of mental health services for their child. We also aim to report
the cost-effectiveness of such DHIs.

Methods

The systematic review was registered with PROSPERO
(CRD42020130074). We conducted and reported a systematic
review according to the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines [40].

Eligibility
We included studies that evaluated a DHI delivered directly to
parents of children aged 2 to 12 years, with quantitative data
reporting on outcomes of mental health literacy (specifically
knowledge of treatment), help seeking (attitudes, intentions,
and behaviors), or uptake of mental health services. Quantitative
data were chosen to narratively synthesize the impact of DHIs
on mental health literacy, help seeking and uptake of services.

For this review, we defined a DHI as a consumer-facing
intervention using information communication technology
targeting parents. The intervention could deliver information
as a static webpage, a web-based parenting program, a
web-based social network, a native mobile app, or other content
delivered using digital means (other than telehealth). This
definition was included in the PROSPERO registration.

We included DHIs targeting children with and without a mental
health condition as long as the DHI was delivered as part of a
program where some families were identified as having a mental
health concern for their child. We included children aged 2 to
12 years. This age range was selected because of their likely
dependence on parents to receive help for their mental health
and the long-term impact of these early years on the well-being
into adulthood [9]. We required a minimum of 1 outcome
question on mental health literacy focusing on any of the
following: knowledge of treatment, help seeking, or uptake of
services.

Study designs included randomized controlled trials,
quasi-randomized trials, and uncontrolled single-cohort studies.

We restricted our analysis to articles published between January
2000 and December 2020 and written in English. We excluded
conference proceedings and gray literature.

Data Sources and Search Strategy
We developed our search strategy after consultation with a
research librarian at The Royal Children’s Hospital, Melbourne,
Australia. A pilot search was performed in MEDLINE OVID,
followed by a review of keywords and further development of
the search strategy. We searched the electronic databases
CINAHL, Embase, MEDLINE OVID, PsycINFO, and PubMed
in late 2019 and repeated the search in January 2021 to identify
any more recent publications.

We also reviewed the reference list of the included studies to
identify additional studies for full-text review. All search results
were compiled in Endnote and then exported to Covidence for
screening. The search strategy used for all the databases is given
in Multimedia Appendix 1.

Study Selection
One author (DP) screened the titles and abstracts of all articles
produced from the search against the eligibility criteria. The
full text of the remaining articles was obtained and screened
again against the inclusion criteria. Any concerns about study
eligibility were resolved in discussions with the supervising
author (HH) during fortnightly supervision meetings. If there
was insufficient evidence from the full-text study on whether
it met the inclusion or exclusion criteria, DP attempted to contact
the authors to obtain relevant information.

Data Collection Process
Two authors (DP and MG) independently extracted data from
the included studies using a pre-existing data collection form
for intervention reviews from Cochrane [41].

Data Items
Data extracted included study design; number of participants;
type of comparison (where relevant); setting; recruitment; age
and sex of participants and their children; the intervention,
including the theoretical basis (a factor that may influence the
success of a help-seeking intervention) [42] and measures of
DHI use; outcome measures and whether they are validated
measures; results; and economic outcomes. The data extracted
were compared for accuracy, and the supervising author (HH)
resolved any disagreements. Where possible, we calculated the
effect sizes of the interventions and included these in Table 1.
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Table 1. Primary outcomes of the interventions.

Vali-
dated
mea-
sure

P valueOutcomeMeasurePrimary out-
come

Timing of
measures

InterventionSample,
n

DesignStudy

NoMental health
literacy: ADHD

Unspecified
time points

DISCERN tool
assessing popular

35Pre or
post sin-

Mon-
toya et
al [43]

••• <.01Pre: mean
49.09 (SD
9.46)

The ADHD-
knowledge
and motiva-
tion for treat-

specific knowl-
edge and moti-

pre, post par-
ents using

Spanish websites

about ADHDa

treatment

gle co-
hort • Post: mean

63.21 (SD
9.45)

ment question-
naire (AD-

vation for treat-
ment

the DIS-
CERN tool

HD-KMT). • Cohen d=1.49
• Basic knowl-

edge subscale

Un-
clear

Mental health
literacy: ADHD
knowledge and
treatment

Pre, post in-
tervention,
though exact
timing un-
clear

Web-based deci-
sion aid on AD-
HD treatment

195Pre or
post sin-
gle co-
hort

Osse-
baard
et al
[44]

••• .60Pre: mean 6.2
(SD 1.9)

“Would you
please rate
your knowl-
edge on AD-
HD and its
treatment pos-

• Post: mean
6.5 (SD 1.9)

• Cohen d=0.16

sibilities”
with a re-
sponse on a
1-10 numeri-
cal scale

NoMental health
literacy: ADHD
knowledge

Baseline: 28
days post-
baseline

Information-
based website on
ADHD manage-
ment

172Pre or
post sin-
gle co-
hort

Ryan
et al
[45]

••• <.01Wilcoxon
signed rank
test showed a
statistically
significant

ADHD
Knowledge
and Opinions
Survey-Re-
vised

moderate in-(AKOS-R) –
crease inadapted
knowledge;• Lower score

(min: 30; Z=−4.799;
Cohenmax:
d=−0.50360)=higher

knowledge

J Med Internet Res 2022 | vol. 24 | iss. 2 | e28771 | p.169https://www.jmir.org/2022/2/e28771
(page number not for citation purposes)

Peyton et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Vali-
dated
mea-
sure

P valueOutcomeMeasurePrimary out-
come

Timing of
measures

InterventionSample,
n

DesignStudy

Not re-
ported

• Within-
group
differ-
ence (pre
or post)
in Power-
Point
group:
P=.04

• Compari-
son be-
tween
Power-
Point
group
and con-
trol (in-
person
group): P
value not
reported

• Median num-
ber of incor-
rect scores:
Intervention:
Pre 7, post 1;
Control: Pre
7.5, post 4

• Within-group
difference
(pre or post)
in PowerPoint
group:
Wilcoxon
signed-rank
test showed
statistically
significant
improvement
in responses
(Z=−2.30;
P=.04)

• Comparison
between Pow-
erPoint group
and control
(in-person
group): One-
way ANOVA
showed no
statistically
significant
improvement
difference in
responses

• Understand-
ing mood dis-
orders ques-
tionnaire

• Lower incor-
rect
score=higher
knowledge

Mental health
literacy and
help-seeking at-
titudes for de-
pression

Pre and post
intervention,
though exact
timing un-
clear

3× PowerPoint
presentations
emailed to partici-
pants

27Nonran-
dom-
ized
con-
trolled
trials

Sapru
et al
[46]

Not re-
ported

• Within-
group
differ-
ence (pre
or post)
in Power-
Point
group:
P=.04

• Compari-
son be-
tween
Power
Point
group
and con-
trol (in-
person
group): P
value not
reported

• Understand-
ing of anxiety
disorders
questionnaire

• Lower incor-
rect
score=higher
knowledge

Mental health
literacy and
help-seeking at-
titudes for anxi-
ety

Pre, post in-
tervention,
though exact
timing un-
clear
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Vali-
dated
mea-
sure

P valueOutcomeMeasurePrimary out-
come

Timing of
measures

InterventionSample,
n

DesignStudy

• Median num-
ber of incor-
rect scores:
Intervention:
Pre 9, post 2;
Control: Pre
6.5, post 3.5

• Within-group
difference
(pre or post)
in PowerPoint
group:
Wilcoxon
signed-rank
test showed
statistically
significant
improvement
in responses
(Z=−2.30,
P=.04)

• Comparison
between Pow-
erPoint group
and control
(in-person
group): one-
way ANOVA
showed no
statistically
significant
improvement
difference in
responses

No• .02• Number of
participants
reporting up-
take of ser-
vices: Inter-
vention: 28
(18%); Con-
trol: 46
(28%); OR
1.8 [95% CI
1.1-3.1]

• Past service
use evaluated
using a yes or
no question:
“asking the
parents if the
child had re-
ceived any
behavioural
treatment in
the last 6
months”

Uptake of ser-
vices in the past
6 months

6 months, 12
months, and
2 years after
randomiza-
tion

Strongest Fami-
lies’ Smart web-
site and 11×
weekly 45-
minute telephone
coaching sessions

464Random-
ized
con-
trolled
trial

Souran-
der et
al [47]

aADHD: attention-deficit/hyperactivity disorder.

Risk of Bias
The included studies were assessed for quality against 1 of 2
instruments. For nonrandomized studies, we assessed the risk
of bias using the Risk of Bias in Nonrandomized Studies of
Interventions tool [48]. For randomized studies, we assessed
bias using the revised Cochrane tool for assessing risk of bias
in randomized trials [49]. The quality assessment was conducted
independently by DP and MG. They compared their assessments
and resolved any disputes by discussion or through the input of
the supervising author (HH).

Summary Measures
Whenever possible, we presented the outcome data of mental
health literacy, help seeking, and uptake of services consistently,
with parametric continuous data compared using means,
nonparametric continuous data presented using medians, and
categorical data presented as proportions. We also attempted to
group the outcome data by validated and unvalidated measures.

Synthesis
Owing to the heterogeneity in outcome measures, we could not
conduct a meta-analysis. Accordingly, we used a narrative
synthesis to describe the effects of the DHIs.
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Results

Search Results
Through the search strategy detailed in the previous section, a

total of 11,379 potentially eligible articles were identified. Of
the 11,379 articles, 5 (0.04%) met all inclusion and exclusion
criteria (Figure 2). The primary author (DP) reviewed the
reference list of these included studies, which revealed no
additional studies meeting inclusion and exclusion criteria.

Figure 2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of search results and study selection.

Description of Included Studies
Of the 5 included studies, 1 (20%) was a randomized controlled
trial [47], 1 (20%) was a nonrandomized trial of 2 interventions
[46], and 3 (60%) were uncontrolled before and after studies
[43-45] (Table 2).

All 5 studies were published between 2010 and 2018. There
were 893 participants across the 5 studies, with the number of
participants ranged from 27 to 464. The mean age of the children
ranged from 4 to 10 years across the 5 studies. All studies were
published in Europe or North America. Outcome measures
included knowledge of attention-deficit/hyperactivity disorder
(ADHD) treatment, knowledge and help seeking for anxiety
and depression, and uptake of treatment for a child’s behavioral
problem.

A total of 3 studies included participants with concerns about,
or a recent diagnosis of, ADHD [43-45]. Another study included

only participants who were parents of children with high-level
disruptive behavior on the Strengths and Difficulties
Questionnaire and who recognized that their child had a problem
[47]. The final study included participants who were referred
to a tertiary center for management of the child’s anxiety or
depressive disorder, although the authors did not describe how
the disorder had been diagnosed [46].

Participants were sampled using a variety of techniques. Of the
5 studies, 2 (40%) used consecutive sampling techniques to
approach participants attending a scheduled universal health
appointment [47] or a tertiary hospital mental health outpatient
clinic [46]; 1 (20%) used a convenience sample of participants
who had already attempted to access the intervention evaluated
in the study [44]; and 1 (20%) used a convenience sample in
which participants were selected by their child’s physician or
from a local advocacy group [43].

J Med Internet Res 2022 | vol. 24 | iss. 2 | e28771 | p.172https://www.jmir.org/2022/2/e28771
(page number not for citation purposes)

Peyton et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 2. Study description.

Economic
outcomes

Digital health
intervention use

Theoretical
basis for
the inter-
vention

ComparatorInterven-
tion

Recruit-
ment

Partici-
pants

Sam-
ple, n

DesignCountryStudy

Not report-
ed

Not report-
ed

NilUse of the
DISCERN
tool to as-
sess the
quality of
10 popular
Spanish
websites
about AD-
HD treat-
ment

Parents se-
lected by
their
child’s
physician
or from a
local advo-
cacy group

Parents of
children
with a re-
cent diagno-
sis of AD-

HDa

35Single co-
hort pre or
post study

SpainMontoya
et al [43]

• Not report-
ed

Not report-
ed

YesNilWeb-based
decision
aid on AD-
HD treat-
ment

The web-
based deci-
sion aid in-
vited visi-
tors to the
website to
participate
in the study

Parents of
children
with a re-
cent diagno-
sis of AD-
HD

195Single co-
hort pre or
post study

Nether-
lands

Osse-
baard et
al [44]

• About
7500
unique vis-
its

• About 6
minutes on
site

• About 8-9
clicks to
navigate

Not report-
ed

Not report-
ed

NilInforma-
tion based
website on
ADHD
manage-
ment

Invited to
attend if at-
tending
one of 3
pediatric
outpatient
clinics for
suspected
or con-
firmed AD-
HD

Parent or
carer of a
child with
confirmed
or suspect-
ed ADHD

172Single co-
hort pre or
post study

United
Kingdom

Ryan et
al [45]

• Never
used the
website:
62 (41%)

• 1-2 times:
50 (33%)

• 4-5 times:
27 (18%)

• 5-6 times:
6 (4%)

• 7+ times:
8 (5%)

Not report-
ed

Yes3 × 1-hour in-
person group
family psy-
choeducation
sessions

3× Power-
Point pre-
sentations
emailed to
participants

Families
on a wait-
list for out-
patient
treatment
of depres-
sion or anx-
iety were
invited to
attend

Families
referred to
a tertiary
hospital for
manage-
ment of a
mood or
anxiety dis-
order

27Prospective
nonrandom-
ized con-
trolled trial
before and
after study

CanadaSapru et
al [46]

• Power-
Point pre-
sentations
completed:
mean 2.7
(SD 2.7)

• Control
group:
mean 3.75
(SD 2.3)

Not report-
ed

Not report-
ed

Brief website
on positive
parenting
strategies and
single 45-
minute tele-
phone coach-
ing session
and standard
care

Strongest
families
smart web-
site and
11× week-
ly 45-
minute
telephone
coaching
sessions

Families at-
tending a
universal
4-year-old
health
check were
screened
and invited
to attend

Parents of
children
with high
level dis-
ruptive be-
havior at a
universal
4-year-old
health
check

464Prospective
randomized
controlled
trial

FinlandSouran-
der et al
[47]

• Not report-
ed

aADHD: attention-deficit/hyperactivity disorder.
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Description of the Included Interventions
Of the 5 interventions, 4 (80%) were delivered on the web
through a website [43-45,47] and 1 (20%) was delivered via a
series of PowerPoint presentations [46]. These PowerPoint
presentations were emailed to each family every week for 3
weeks. The topics of the three PowerPoint presentations were
(1) introduction and treatment options, (2) interpersonal illness
and communication skills, and (3) problem solving and personal
reflection [46].

A total of 2 (40%) web-based interventions were delivered with
a cointervention [43,47]. One (20%) of these cointerventions
consisted of 11 consecutive weekly telephone coaching sessions,
in addition to access to the Strongest Families Smart Website
[47]. This website features 11 sessions containing tailored
content, exercises, and instructional videos and requires parents
to complete knowledge and experience-based questions. This
content is designed to help parents develop skills to promote
positive behavior and a positive relationship with their children
[47]. Another study by Montoya et al [43] used a cointervention.
In this study, parents evaluated popular ADHD websites against
the DISCERN instrument [50] to assess the quality of written
consumer health information available on ADHD treatment
[43].

The remaining 2 (40%) interventions consisted of a website
focused on ADHD [44,45]. A study by Ossebaard et al [44]
trialed a web-based decision aid designed to help support parents
and caregivers through the decision-making process of ADHD
treatment. The average visitor, which included participants and
nonparticipants, visited the website for an average of 6 minutes
[44]. The final ADHD website contained information on the
management of ADHD [45]. The website was funded by the
pharmaceutical company Shire, which was disclosed to the
participants. The participants could access the website for 1
month, and most of the participants accessed the website once
or twice during that time [45]. For these 2 ADHD websites,
postintervention outcomes were measured immediately
following the intervention [44], 30 days after the intervention
started [45], or 2 years after the intervention commenced [47].

Of the 5 studies, 2 (40%) did not specify precisely when they
recorded postintervention outcomes [43,46].

Effect on Mental Health Literacy, Help Seeking, and
Uptake of Services
Mental health literacy outcomes were the most common
outcome assessed by the included studies, with 80% (4/5) of
the studies measuring some form of mental health treatment
knowledge (Table 1). The most common mental health problem
assessed by the knowledge measures was ADHD [43-45],
followed by depression and anxiety knowledge and help-seeking
attitudes studied by Sapru et al [46]. Only 1 (20%) study
measured the parent-reported uptake of mental health services
[47].

ADHD Knowledge
Despite 60% (3/5) of the studies intending to measure ADHD
knowledge and all through survey responses, each study used
a different measure. None of these measures were validated.

An adapted version of a validated measure was used by Ryan
et al [45], but the authors did not provide a description of how
it had been adapted and whether it was still valid. All of the
ADHD knowledge studies were uncontrolled pre-post studies,
and all showed an improvement in parent ADHD knowledge
scores, 2 (40%) of which were statistically significant [42,49].

In addition, changes in knowledge among those who accessed
the website and those who did not were assessed by Ryan et al
[45]. Their study [45] showed that those who accessed the
website at least once had a moderately significant improvement
in knowledge compared with those who never accessed the
ADHD and You website.

Of note, evaluation of a web-based decision aid by Ossebaard
et al [44] was affected by a large number of missing data. From
the 7500 unique views to the site, all of whom were invited to
participate in the study, only 195 participants were enrolled,
leading to potential selection bias. In addition, of these 195
participants, only 12 (6.2%) provided outcome data before and
after the intervention, leading to potential attrition bias.

Depression and Anxiety Knowledge and Attitudes to
Help Seeking
The only study that evaluated anxiety and depression-based
mental health literacy and help-seeking attitudes was carried
out by Sapru et al [46]. One measure was used for anxiety, and
another for depression, with each measure assessing both
knowledge and help-seeking attitudes within the same
instrument. It was not reported whether these tools had been
validated for this population.

Both the anxiety and depression measures showed an
improvement in median scores of the intervention (web-based)
compared with those of the control (in-person) group, although
this difference was not significant in a small sample size.

Missing data and high attrition rates were again common, with
outcome data provided for only 38% (5/13) of the intervention
participants and 57% (8/14) of the control participants. The
authors did not report why so many families failed to initiate
or complete the programs and outcome measures. Two of the
authors were contacted but did not provide further clarification
on reasons for the missing data.

Uptake of Mental Health Services
Only 1 (20%) study measured the uptake of mental health
services, which was also the largest study and had the longest
follow-up of 2 years [47]. A study by Sourander et al [47] asked
parents to self-report whether they had received any behavior
treatment for their child in the previous 6 months. This measure
was recorded at 6, 12, and 24 months after starting the 11-week
intervention. The authors did not report whether this measure
had been validated. Fewer parents in the intervention group,
consisting of a website and 11 weekly telephone coaching
sessions, reported that their child had accessed behavioral
treatments (28/160, 17.5% participants) than did parents in the
control group (46/164, 28% participants; odds ratio 1.8, 95%
CI 1.1-3.1; P=.02). This reduction in the uptake of behavioral
treatments occurred in the context of a small but significant
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improvement in the child’s behavior in the intervention group
compared with the control group.

Cost-effectiveness
No studies reported on the cost-effectiveness or costs of the
DHIs.

Assessment of Risk of Bias
One randomized controlled trial was rated as having a high risk
of bias in 1 domain because of missing data, giving it an overall
rating of high risk (Table 3) [47].

A total of 4 study designs were nonrandomized, with 3 (75%)
of these studies [43,45,46] rated at serious risk of bias and 1
(25%) [44] rated at critical risk of bias (Table 4). The studies
were rated at serious risk of bias because of a lack of
identification of, or control for, potential confounders; potential
for bias in selection of participants; and lack of objective
outcome measures. The large number of missing participants
also contributed to attrition bias and subsequent critical risk
ratings.

Table 3. Risk of bias of randomized studies using the Cochrane tool for assessing risk of bias in randomized trials (RoB 2).

OverallSelection of reported
result or reporting bias

Measurement of outcome
or detection bias

Missing outcome
or attrition bias

Deviations from inter-
vention

Randomization process
or selection bias

Study

HighSome concernsSome concernsHighLowLowSourander et
al [47]

Table 4. Risk of bias in nonrandomized studies using the Risk of Bias in Non-randomized Studies–of Interventions (ROBINS-I) tool.

OverallSelection of
reported result

Measurement of
outcomes

Missing dataDeviations from
intended interven-
tions

Classification of
interventions

Selection of
participants

ConfoundingStudy

SeriousModerateModerateLowLowLowLowSeriousMontoya et
al [43]

CriticalModerateSeriousCriticalLowLowCriticalSeriousOssebaard
et al [44]

SeriousModerateSeriousModerateLowLowLowSeriousRyan et al
[45]

SeriousModerateModerateModerateLowLowSeriousSeriousSapru et al
[46]

Discussion

Principal Findings
This study identified 5 studies of DHIs for parents of children
with a mental health problem, measuring changes in mental
health literacy, help seeking, or uptake of services.

Of those measuring mental health literacy, 80% (4/5) of the
studies showed an improvement in parent knowledge. However,
most of these studies focused on ADHD knowledge and were
of low quality.

Of the 5 studies, 1 (20%), using a very small sample size of
parents, measured both mental health literacy and help-seeking
attitudes and used a nonrandomized control group, showing a
nonsignificant trend to improved knowledge and help-seeking
attitudes for child’s anxiety and depression. For this study, the
mental health literacy and help-seeking attitudes outcomes were
evaluated using the same measure and results were not presented
separately, precluding conclusions about whether this
improvement was predominantly because of changes in
knowledge or attitudes.

The only large randomized controlled trial measured uptake of
services and found the use of a website coupled with a telephone
coach, reduced uptake of services for the child’s behavior, whilst
simultaneously improving child behavior compared with a
control group at 24 months follow up [47]. Despite the

widespread use of websites and apps to help parents understand
their child’s mental health or find services to help their child,
only one study evaluated a universally accessible website [43].
Of the 5 studies, 2 (40%) had a comparison group, and neither
of these studies compared the DHI to an existing and previously
evaluated face-to-face, web-based, or school-based intervention.
Thus, the comparative efficacy, feasibility, and
cost-effectiveness of DHIs and face-to-face interventions remain
unclear.

Of the 5 studies, 2 (40%) reported using theory to inform the
design of the DHI. Although there is no evidence to definitively
support the use of theory in designing a DHI, it is recommended
to use a theory, or theories, to inform the design of health
promotion interventions, and it may be beneficial for DHIs
targeting help seeking [42,51].

None of the studies reported health economic outcomes of the
interventions, such as development costs, implementation
expenses, or potential financial benefits from the intervention
on the family or health services. The overall quality of the papers
was low, with only 20% (1/5) of the studies being a randomized
controlled trial. All studies were rated as either high risk of bias
on the revised Cochrane tool or serious or critical risk of bias
on the Risk of Bias in Nonrandomized Studies of Interventions
tool.
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In addition, the lack of consistent and validated measures made
a meta-analysis impossible and limited our ability to compare
efficacy among the interventions. The lack of consistent
measures has been described previously [24].

This is the only review showing the impact of DHIs on mental
health literacy, help seeking, and referral uptake in parents of
children with mental health problems. We searched a wide range
of databases, hand searched references from included articles,
and attempted to contact authors where data were missing. This
study included all quantitative studies evaluating a DHI across
multiple time points and thus presented a wider scope of
included study designs than existing review articles on DHIs
for mental health literacy or help seeking. Finally, this was the
only study that extracted data on the theoretical basis of the
intervention and economic outcomes.

Limitations
We included only studies with quantitative outcome measures.
We recognize that we could have used categorical coding of
qualitative data (eg, positive, neutral, or negative impact) to
include qualitative research. This could be an area for future
research. In addition, qualitative studies may provide more
nuanced data into the effectiveness or otherwise of DHIs in this
area, particularly on factors influencing help-seeking attitudes,
intentions, and behaviors. In addition, a single reviewer (DP)
evaluated all search results against the inclusion and exclusion
criteria, which may have resulted in studies being missed at the
screening stage. However, hand searching of references within
these papers revealed no new studies, suggesting that it is
unlikely that we missed any published studies. The studies
included were of poor quality; therefore, the results must be
interpreted with caution. This review only included
peer-reviewed journals and did not include a search for gray
literature. As such, there is potential for publication bias in the
results. Finally, a lack of consistent nomenclature around help
seeking and uptake of services may have resulted in the search
strategy missing some studies that measured these outcomes.

Impact
There is no high-quality evidence that DHIs improve parent
mental health literacy, help seeking, or uptake of services, even
for the most studied area of ADHD. There is low-quality
evidence that parents’ mental health literacy can be improved
through the use of DHIs. There is also evidence that the use of
a website and telephone coach may reduce the long-term uptake
of mental health services for preschool children with disruptive
behavior. The economic benefit of any DHI targeting parent
mental health literacy, help seeking, or uptake of services
remains unknown. This study cautiously supports the use of

DHIs, especially ADHD websites, to improve parent mental
health literacy. There is no evidence that any DHI can improve
help seeking or uptake of services for children with a mental
health problem.

Future Research
Despite the widespread availability, enthusiasm for, and use of
DHIs among parents, there is little rigorous evidence regarding
the effect of DHIs on parent mental health literacy, help seeking,
and uptake of services for their children. There is an urgent need
to develop, implement, and rigorously evaluate DHIs designed
to improve these outcomes, including an economic evaluation
of their effects. Websites targeting parent mental health literacy,
especially for mental health problems other than ADHD, should
be evaluated to establish whether they increase mental health
literacy. Ideally, this evaluation would compare new and
previously evaluated interventions using validated measures of
parent mental health literacy.

Researchers should conduct randomized controlled trials of new
and existing DHIs, including existing interventions that are
already frequently accessed by parents. Comparison of
face-to-face and school- or community-based interventions
would also prove helpful in understanding the role of DHIs
within the broader context of child mental health services [25].
Outcomes should include validated measures of parents’
knowledge of mental health problems in children and mental
health actions, such as help seeking and uptake of services [25].
Consistent use of validated measures would allow a comparison
of interventions and meta-analysis of their effects [52]. Research
focusing on help seeking and uptake of services is especially
important, given that so many children with mental health
disorders are not receiving professional help. Until such research
is conducted, we do not know whether a DHI can improve the
uptake of mental health services among parents of children with
mental health problems. A systematic review of qualitative
studies may provide additional information on the influence of
DHIs on parents’ help-seeking behaviors.

Conclusions
This review found low-quality evidence that DHIs may increase
mental health literacy for ADHD and increase mental health
literacy and help-seeking attitudes toward anxiety and
depression. Overall, the heterogeneity of measures and high
risk of bias across studies impacted our ability to confidently
interpret these findings. We highlight the gap between parents’
frequent use of web-based sources of health information and
the paucity of published evidence on the effect of these DHIs
on help seeking, the uptake of services, and cost-effectiveness.
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Abstract

Background: Recent meta-analyses suggest the use of technology-based interventions as a treatment option for obesity in
adulthood. Similar meta-analytic approaches for children are scarce.

Objective: The aim of this meta-analysis is to examine the effect of technology-based interventions on overweight and obesity
treatment in children and adolescents.

Methods: A systematic literature search was performed using MEDLINE (PubMed), Scopus, and Cochrane Library for
randomized clinical trials to identify interventional studies published between January 2000 and February 2021.

Results: In total, 9 manuscripts from 8 clinical trials of 582 children or adolescents were considered eligible. BMI, BMI z-score,
and other BMI-related baseline metrics during and after intervention were considered as primary outcomes. In 7 of 8 studies, a
technology-based intervention was applied in addition to conventional care. Of the 8 studies, 6 studies were conducted in the
United States, 1 in Australia, and 1 in northwestern Europe. In total, 5 studies included adolescents, whereas the rest addressed
children aged 9 to 12 years. Intervention duration ranged from 3 to 24 months. Significant differences between groups in BMI
metric changes were reported by 5 of the 8 studies. Pooled analysis revealed an overall significant decrease in BMI metrics in
the intervention group (standardized mean difference –0.61, 95% CI –1.10 to –0.13; P=.01). Subgroup analysis revealed that
significance was lost in case of no parental involvement (standardized mean difference –0.36, 95% CI –0.83 to 0.11; P=.14). The
small number of clinical trials found, the varying study quality, and the study heterogeneity are some limitations of this review.

Conclusions: The studies reported herein describe functional and acceptable technology-based approaches, in addition to
conventional treatments, to enhance weight loss in young populations.

(J Med Internet Res 2022;24(2):e30675)   doi:10.2196/30675

KEYWORDS

childhood obesity; eHealth; mHealth; digital health; youth; mobile phone

Introduction

Background
Excess weight in childhood and adolescence has remained one
of the most important global public health challenges since
emerging as a concern several decades ago [1]. The urgent need

to reverse the course of childhood obesity has led to significant
growth in research regarding the efficacy of childhood obesity
interventions [2]. Various interventions have been tested so far,
from school-based interventions to comprehensive behavioral
programs with multiple components, delivered by a
multidisciplinary team [3,4]. Such models of treatment—even
when effective—are often inconvenient, burdensome, and

J Med Internet Res 2022 | vol. 24 | iss. 2 | e30675 | p.181https://www.jmir.org/2022/2/e30675
(page number not for citation purposes)

Kouvari et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:myianna@hua.gr
http://dx.doi.org/10.2196/30675
http://www.w3.org/Style/XSL
http://www.renderx.com/


inaccessible in some cases. New computer- or mobile-assisted
information and communication tools can provide useful means
to develop smart digital health interventions that could tackle
childhood obesity [5,6]. Data collected through internet-linked
systems, electronic health records capturing clinical or
demographic information, and sensors or smartphones tracking
dietary behaviors provide the opportunity to generate useful
knowledge regarding users’ health, behavior, and progress [7].

A previous meta-analysis with 83 randomized clinical trials
(RCTs) has suggested the use of technology-based interventions
as a treatment option for obesity in adulthood with potential
benefits in weight loss [8]. For children and adolescents, there
is only 1 meta-analysis on eHealth overweight and obesity
interventions, where parents or caregivers were the agents of
change [9]. The meta-analysis included interventions, such as
behavioral websites with nutrition information, interactive voice
response sessions, or telemedicine via videoconferencing. The
fact that most of the eligible technological facilities lacked an
interaction with users and the self-monitoring component is
considered a limitation. Other meta-analyses examined the effect
of web-based or mobile-based interventions on children
commenting on modifications in obesogenic behaviors, such
as sedentary lifestyle or unhealthy nutritional habits and not on
core outcomes such as BMI [10,11]. Therefore, this systematic
review and meta-analysis examines the effect of
technology-based interventions on overweight and obesity
treatment in childhood and adolescence.

Objectives
The objective of this meta-analysis is to determine whether such
interventions, delivered mostly on top of conventional care,
could be more effective in improving the weight status of
children or adolescents with overweight or obesity compared
with conventional care or no care. The research hypothesis in
this study is that technology-based interventions are effective
in weight management and in case of direct comparison with
conventional care, at least equivalent to conventional care.

Methods

Search Strategy
Following the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) 2009 guidelines, a
computer-assisted systematic literature search (not a registered
protocol) was performed by 2 independent researchers (M
Kouvari and M Karipidou) using MEDLINE (PubMed), Scopus,
and the Cochrane Library for RCTs examining the effect of

technology-based versus conventional interventions on weight
management of children and adolescents with excess weight.
The search strategy was mainly based on Medical Subject
Headings terms as follows: (obesity OR overweight OR body
mass index OR weight OR diet OR nutrition) AND (mobile
health OR ehealth OR mhealth OR mobile technology OR
Internet OR cellular phone OR cellular phones OR smartphone
OR telecommunications OR mobile applications OR web-based
OR mobile apps OR portable electronic app OR portable
software app OR text message OR SMS OR short message
service OR portable game OR computers, handheld OR PDA
OR personal digital assistant OR social media OR social media
health OR Twitter OR tweets OR Facebook OR Instagram OR
mobile fitness apps OR online social networking OR virtual
reality OR avatars OR online gaming OR video games) AND
(pediatric OR child OR adolescent OR youth) AND (clinical
trial OR pilot study OR randomized controlled clinical trial).
The search was limited to publications in English from January
1, 2000, to February 1, 2021. Reference lists of retrieved articles
were also considered when these were relevant to the issue
examined yet not allocated in the basic search. The relevance
of the studies was assessed using a hierarchical approach based
on the title, abstract, and full manuscript.

Titles and abstracts of the identified studies were independently
screened by 2 researchers (M Kouvari and M Karipidou), and
duplicates were removed. Full-text copies of papers were
assessed for eligibility (M Kouvari and M Karipidou), with any
disagreements resolved by a third researcher (EB). Data for
each included study were extracted by 1 researcher (M Kouvari)
and cleaned and checked by another (M Karipidou). The 2
researchers (M Kouvari and M Karipidou) extracted data using
a standardized extraction form to ensure that it adequately
captured trial data. For papers in which additional information
was required, the corresponding authors were contacted via
email.

Selection Criteria
Studies were selected based on the inclusion and exclusion
criteria presented in Textbox 1.

Quality Assessment of Selected Studies
The quality assessment of the selected validation studies was
independently implemented by 2 researchers (M Kouvari and
M Karipidou) using the Consolidated Standards of Reporting
Trials statement [12]. Any differences were discussed, and a
decision was made by consensus.
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Study design: controlled clinical trials with at least one arm with a technology-based intervention controlled by a second arm with a conventional
care intervention or without any intervention

• Sample: children and adolescents with overweight or obesity (defined through BMI or validated growth charts) aged ≤18 years

• Intervention: technology-based intervention for children or adolescents with or without parents’ or families’ support

• Outcome: BMI, BMI z-score, and other BMI-related metrics (eg, BMI-SD score) at baseline, during the intervention, and at the postintervention
phase were considered as the primary measurements for this meta-analysis

Exclusion criteria

• Review articles

• Letters to editors

• Editorials

• Articles based on studies with adults

• Articles providing only feasibility or acceptance level of the applied technology-based interventions or outcomes related only to obesogenic
behaviors

• Articles in which the technology-based intervention was applied only to parents

• Articles in which the control group included the use of technology

• Articles in which the technology-based intervention was not interactive with the user, for example, telemedicine or it had only an informative
character, for example, a website

• Articles with inadequate statistical information

Effect Size Measurements
The outcome of interest in this meta-analysis was the difference
between the web-based intervention and the control group with
regard to the potential changes from cumulative frequency
distribution in BMI or BMI z-score or BMI-SD score. Studies
that reported BMI-related metric results as change scores or
baseline and final values; SD, SE, or CIs; and number of
participants in each intervention group were included in the
meta-analysis. The mean change was calculated where required,
and SDs were calculated from SE or 95% CI where SD was not
reported [13]. Finally, missing SDs of the changes from baseline
were calculated using an imputed correlation coefficient [13].

Data Analysis
Standardized mean difference (SMD) was used to enable the
inclusion of BMI-related metrics in the same meta-analysis. In
a study that reported >1 BMI metric, BMI was used. Pooled
values of SMDs between the technology-based intervention and
the control group and 95% CIs as the recommended summary
statistics of the effect size were calculated using either a fixed
or random effects model. The fixed effects model was used
when sample heterogeneity was <50%, and the random effects
model was used when heterogeneity was >50%. Heterogeneity
assessed the null hypothesis that all studies evaluated the same
effect and was evaluated using the chi-square test. Inconsistency
(I2) was calculated to quantify the total variation consistent with
interstudy heterogeneity, ranging from 0% to 100%. A P value
of <.10 for the chi-square test and I2 >50% reflected a significant
heterogeneity [14]. Estimates of the effect size measures were

weighted by the inverse of their variances. The random effects
model (DerSimonian and Laid method) was used in the presence
of heterogeneity. In contrast, fixed effects models were used to
calculate effect size estimates for studies that lacked
heterogeneity. Subgroup analysis of prespecified groupings was
performed for the following study characteristics: duration of
follow-up (3-24 months), parental involvement, and type of
intervention (web based vs mobile based and others). In
subgroup analyses, only the last follow-up values were
considered. In studies with multiple follow-ups, only the last
follow-up time was considered for the estimation of the overall
effect size. Possible publication bias was assessed using a
contour-enhanced funnel plot of each trial’s effect size against
the SE. Funnel plot asymmetry was evaluated using the Begg
and Egger tests [15]. Stata software, version 14 (StataCorp LLC)
was used for all statistical analyses.

Results

Flow of Included Studies
A literature search flow diagram is presented in Figure 1.
Initially, 7245 papers were retrieved and selected for evaluation.
Then, 6713 manuscripts were removed based on their titles and
abstracts as they were irrelevant to the scope of this work,
accompanied by 340 duplicate records from multiple databases
and searches that were also excluded. Among the rest (n=192),
9 manuscripts from 8 studies (ie, 2 separate articles were
published based on 1 study regarding 2 follow-up periods) were
considered relevant; 183 manuscripts were excluded, as they
did not meet the inclusion criteria of this systematic review.
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Figure 1. Flow diagram describing the literature review process.

General Characteristics of the Selected Clinical Trials
The characteristics of the eligible clinical trials for this
meta-analysis are presented in Multimedia Appendix 1 [16-24].
In total, 582 children and adolescents participated in the selected
8 studies with a range of cultural or ethnic groups, including
African American, Chinese American, White, and others. Of
the 8 studies, 6 (75%) studies were conducted in the United
States [16-22], 1 (13%) in Australia [23], and 1 (13%) in
northwestern Europe (Netherlands) [24]. Moreover, 75% (6/8)
of studies were conducted within the last decade [16-19,23,24],
whereas the remaining 25% (2/8) of studies were conducted
earlier [20-22]. Most of the selected studies addressed
adolescents [16,17,20-23], whereas the rest had children aged
9-12 years as the target group [18,19,24]. The length of
interventions ranged from 3 months [16,19,24] to 4 months
[20], 6 months [17,18], and 24 months [21-23]. All studies were
2-arm controlled clinical trials, in which technology-based
interventions were controlled for 1 conventional care
intervention, except for 2 studies in which no intervention was
implemented in the control group [16,19,24].

Description of the Technology-Based Interventions
Of the 8 studies, 4 (50%) examined the effect of a mobile health
(mHealth) intervention with or without sensors [16,17,19,24],
3 (38%) studies used a web-based intervention [18,20-22], and
1 (13%) study used an SMS text messaging intervention
accompanied by telemedicine [23]. Focusing on mobile-based

interventions, they also addressed nutrition-related issues and
unhealthy dietary behaviors [16,17,19,24], whereas in 38% (3/8)
of studies, physical activity and screen time were also taken
into account [16,19,24]. In 1 study with web-based interventions,
participants were enhanced to increase their physical activity
level via a gamification method [18]. The other 2 web-based
interventions, following a family-oriented approach, provided
nutrition education accompanied by physical activity tips and
counseling regarding healthy body image [20-22]. The SMS
text messaging intervention along with telemedicine and group
sessions focused on weight loss and weight loss maintenance,
covering issues from nutrition and physical activity to body
image and psychological well-being [23]. The level of parental
involvement varied among the selected studies. In 6 (75%) of
the 8 studies, there was participation of parents in the
intervention group [18-24] accompanied by a similar
participation of parents in the control group, with the exception
of 2 (25%) studies [18,19]. In 7 (88%) out of 8 interventions,
a hybrid approach was followed, which means that the
technological tools—of any kind—were examined as supportive
of conventional care treatment [17,19-24]. In 7 (88%) of the 8
studies, there was support from health care practitioners, such
as dietitians, physicians, pediatricians, and psychologists
[17-24]. Participants in the intervention group (children or
adolescents alone or with their parents) attended weekly,
biweekly, or monthly face-to-face sessions with health
professionals [17,19-24] or videoconferences [18]. These
sessions included goal setting, motivation techniques,
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individualized feedback based on the technology-based dietary
or physical activity records, and enhancement to use the digital
tools provided.

Primary and Secondary Outcomes of the Selected
Clinical Trials
Different measures of weight status and adiposity were used in
the selected studies, with most of them using multiple measures.
In total, of the 8 studies, 5 (63%) used BMI z-score [17-20,23],
3 (38%) used BMI [16,19,21,22], 3 (38%) used BMI percentiles
[17,19,21,22], 2 (25%) used body fat [18,21,22], 1 (13%) used
waist-to-hip ratio [23], and 1 (13%) used BMI-SD score [24].
Other metrics included modifications in obesogenic behaviors,
such as dietary habits [16,18-20,22-24], physical activity habits
and/or screen time [16,18,19,22,23], and physical examination
or biochemical metrics [18,23]. All studies included
psychological and self-efficacy metrics related to diet, physical
activity, well-being, or healthy body image. With the exception
of 25% (2/8) of studies [16,23], the remaining studies provided
information on participants’ satisfaction and compliance with
the technology-based intervention.

Risk of Bias Within Selected Studies
The results of the risk of bias assessment for all included studies
are summarized in Table 1. The selected eligible studies were
of moderate quality, meeting on average, approximately 6 out
of the 9 quality criteria. In particular, all studies except 1 had a
well-documented randomization process [17]. In all studies,
except for 1 study [22], the baseline characteristics were
presented. All studies used a valid method to assess the main
outcome of interest, that is, BMI, whereas only 4 (44%) out of
9 studies reported blinded assessment of the outcome of interest
[16,18,20,23]. All studies except 1 [23] met the dropout rate
cut-off points (ie, ≤20% for <6 months and ≤30% for ≥6
months). Regarding the quality of statistical analysis, on average,
the selected studies met 2 out of 9 criteria. Specifically, all
studies except 3 used intention-to-treat analysis [17,20,24]; all
studies except 2 reported adequate statistical power [17,19],
whereas only 4 studies provided adjusted differences between
groups [16-18,23].
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Table 1. Quality assessment of the eligible clinical trials (9 manuscripts and 8 studies)a.

StudyCharacteristics

Williamson
et al [21]

Williamson
et al [22]

Doyle et al
[20]

de Niet et
al [24]

Nguyen et
al [23]

Wright et
al [19]

Staiano et
al [18]

Vidmar et
al [17]

Chen et
al [16]

Study design

✓✓✓✓✓✓✓✓Randomization described
and conducted

✓✓✓✓✓✓✓✓Baseline characteristics by
group

Outcome assessment

✓✓✓✓✓✓✓✓✓Valid measurement of
BMI

✓✓✓✓Blinded outcome assess-
ment

Dropout rate

✓✓✓✓✓✓✓✓≤20% for <6 months and
≤30% for ≥6 months

Statistical analysis

✓✓✓✓✓✓Intention to treat for BMI
outcomes

✓✓✓✓✓Covariates accounted for
in analysis

✓✓✓✓✓✓Power calculation reported
and power adequate

✓✓✓✓Summary results, adjusted
difference between groups,
and CI

Scoring

212222212Score in study design
(range 0-2)

112121212Score in outcome assess-
ment (range 0-2)

111101111Score in dropout rate
(range 0-1)

231141414Score in statistical analysis
(range 0-4)

666585949Total score (range 0-9)

aQuality assessment was performed based on the Consolidated Standards of Reporting Trials statement.

Separate Outcomes of Selected Studies

Overview
The separate outcomes of the eligible clinical trials are
summarized in Multimedia Appendix 2 [16-24].

Weight and Adiposity Outcomes
Of the 8, 5 (63%) studies reported significant differences
between groups in BMI metrics from baseline to the end of
intervention [18,20,21,23,24]. The intervention duration of these
studies was >6 months, and all of them addressed not only
children or adolescents but also their parents. Significant
reductions in body fat [22] and waist-to-hip ratio [23] were
observed in interventions with a 2-year duration.

Diet-Related Outcomes
The 7 studies reporting modifications on dietary intake and
behaviors revealed a significant difference between groups with
regard to improvement in at least one dietary outcome. In
particular, a decrease in consumption of sugar-sweetened
beverages [16], lower carbohydrate intake [18], increased fruit
consumption [19], decreased meat and fruit juice intake [23],
better adherence to a healthier dietary pattern [20,24], and lower
consumption of food products with high-fat content [21,22]
were observed.

Physical Activity–Related Outcomes
Among the 5 studies that provided input on changes in
participants’ physical activity level, 1 (20%) study revealed a
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significant decrease in screen time [16], whereas the remaining
4 (80%) studies highlighted increases in physical activity level
in terms of hours per day or the intensity of exercise
[17,20,21,24].

Physical Examination and Biochemical Metrics
In 1 (50%) of the 2 studies with physical examination and
biochemical measurements, significant reductions in blood
pressure and cholesterol levels were observed [18].

Psychological Health–Related Outcomes
All studies provided input on the effect of technology-based
intervention over the control group on participants’
psychological health. Of the 8 studies, 7 (88%) studies observed
that participants in the intervention group increased their
self-efficacy in relation to diet [16,19,20] and physical activity
[16,18,20], decreased unhealthy eating behaviors related to
dieting or weight or body image [22,23], and ameliorated their
self-esteem [23,24].

Usability and Acceptability of the Technology-Based
Intervention
Of the 6 studies providing information on the level of
compliance of participants with the technology-based
intervention, 5 (83%) reported moderate to high levels of
usability and acceptability of the technology-based intervention
[17-20,24]. Nevertheless, the added value of the

technology-based intervention over typical care was not clear
considering the similar dropout rates between the 2 groups
(dropout rate in the intervention group: 12.9%, range 0%-41%,
vs dropout rate in the control group: 12.6%, range 0%-36%;
P=.96), excluding studies in which the control group had no
intervention [18,19]. Among the 6 studies, 1 (17%) revealed
that children assigned to the technology-based intervention
receiving SMS text messages were less likely to withdraw from
the study than children who did not receive this service [24].

Synthesis of BMI-Related Outcomes

Overview
A meta-analysis was conducted on pooled data from 9
manuscripts (8 studies in total), which compared
technology-based intervention groups with control groups. The
meta-analysis results are presented in Figures 2-4.

As presented in Figure 2, a significantly higher decrease in the
BMI-related metric was observed (SMD –0.61, 95% CI –1.10
to –0.13; P=.01). Compared with the other follow-ups, this was
more evident after a 6-month follow-up in the technology-based
intervention group when compared with the control group (SMD
–0.37, 95% CI –0.72 to –0.03; P=.03), whereas a favorable
effect of the technology-based interventions was also found
after 24 months; however, statistical significance was not
reached (SMD –0.31, 95% CI –0.63 to 0.02; P=.07).
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Figure 2. Results from the random effects meta-analysis concerning the effect of the technology-based interventions on BMI-related metrics according
to the study follow-ups. In case of studies with multiple follow-ups, only the last follow-up time was considered for the estimation of the overall effect
size.

Sensitivity Analysis
Of the 8 studies, 2 (25%) had a control group without any
intervention. Hence, we repeated the aforementioned analysis,
excluding these 2 studies. The overall outcome remained
significant (SMD –0.65, 95% CI –1.20 to –0.10; P=.02), whereas
the 6-month outcome remained marginally significant (SMD
–0.32, 95% CI –0.71 to 0.07; P=.10).

A subgroup analysis was conducted based on parental
involvement, and the results are shown in Figure 3. The
meta-analysis revealed a significantly higher decrease in the
BMI-related metric in the technology-based intervention group
than in the control group only in case of parental involvement
(SMD –0.39, 95% CI –0.59 to –0.18; P<.001). In the case of
no parental involvement, no significant difference between
groups was observed (SMD –0.36, 95% CI –0.83 to 0.11;
P=.14).
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Figure 3. Results from the subgroup analysis according to the parental involvement of the technology-based intervention concerning its effect on
BMI-related metrics. In case of studies with multiple follow-ups, only the last follow-up time was considered for the estimation of the overall effect
size.

Another subgroup analysis performed in this study was related
to the type of technology-based intervention used. The results
are shown in Figure 4. Interventions were grouped as web-based,
mobile-based, and others. A statistically significant decrease in
the BMI-related metric in the intervention group compared with

that in the control group was observed both in the case of
mobile-based and other interventions (SMD –0.89, 95% CI
–1.15 to –0.64; P<.001) as well as in the case of the web-based
interventions (SMD –0.45, 95% CI –0.72 to –0.18; P=.001).
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Figure 4. Results from the subgroup analysis according to the type of the intervention concerning its effect on BMI-related metrics. In case of studies
with multiple follow-ups, only the last follow-up time was considered for the estimation of the overall effect size.

Discussion

Principal Findings
This meta-analysis revealed that an intervention that combines
conventional care with technological facilities could be an
effective method for weight management of children and
adolescents with overweight or obesity and is probably more
effective than conventional care alone. These observations were
more evident in the case of interventions lasting at least six
months. The selected studies included eHealth and mHealth
technologies, such as interactive web platforms, mobile apps,
gaming, and SMS text messaging with or without sensors and
were accompanied or not accompanied by other contact forms
such as telemedicine, emails, and informative websites. The
focus of these technologies was more or less related either
exclusively or in combination with improvement in dietary
habits, enhancement of physical activity, or the increasing of
users’ self-monitoring potential. The type of technological
means used in each intervention, that is, mobile-based or
web-based, did not seem to alter the final outcome. Parental
involvement was related to greater outcomes of the intervention,
particularly in children; however, it was not possible to isolate
the separate contribution of parents to the final outcome.

Strengths and Limitations
To the best of our knowledge, this is the first meta-analysis to
examine the effect of technology-based interventions on weight
management in childhood and adolescence using strict eligibility
criteria, such as the existence of a control—without any kind
of technology—group, the exclusion of technology-based
interventions without an interactive—with the user—character,
and the exclusion of studies providing the effect on
weight-related metrics of normal-weight children or adolescents
(obesity prevention spectrum). However, several limitations
exist, including the restriction to articles published only in
English, the small number of clinical trials found with varying
study quality, heterogeneity of the studies, inadequacy of the
power to detect an outcome in some studies because of the small
number of participants, varying aims between studies, and all
but 2 studies being conducted in the United States. Finally, no
definite conclusion can be drawn on whether the actual
difference in weight management was caused by the different
techniques used or by the differences in other intervention
characteristics (eg, number of sessions).
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Comparison With Prior Work
To date, technology-based health interventions for weight
management in young people have been reported as a rapidly
developing research area; although promising results have been
produced, more research is definitely in order [25]. Hitherto,
studies have described technologies with the potential to
promote healthy behaviors related to nutrition or physical
activity in children and adolescents [26,27]. The pooled higher
reduction in adiposity metrics observed in this study in favor
of technology-based intervention groups were observed with
improvements in users’ dietary habits, physical activity level,
and screen time and with better psychological health regarding
body image, self-esteem, or weight- and dieting-related stress.
Examining the actual efficiency and added value of
technology-based methods over conventional interventions in
childhood obesity management remains a challenging research
field for many reasons. Most interventional studies combine
eHealth or mHealth interventions with other mostly conventional
treatments (hybrid approach), thus making the efficacy of
technology-only approaches to affect adiposity outcomes
difficult to ascertain [9,26]. In most studies selected for this
meta-analysis, the digital behavior change intervention was
examined on top of conventional care and matched for
conventional-only care, revealing an advantage of the former
in weight loss. On the other hand, digital behavior change
interventions have not been generated to replace the role of
health professionals and the multifaceted treatments required
for management of excess weight in childhood and adolescence
but rather to support them, showing potential as an additional
tool for patient monitoring and designing tailor-made
interventions through the selection of more valid information
and plausibly weight loss maintenance in the postintervention
phase [28,29].

Another issue examined in this study was related to parental
involvement in technology-based interventions. Active
enrollment of parents was reported in 6 (75%) out of 8 studies
[18-24], accompanied by a similar participation in the control
group, with the exception of 2 studies [18,19]. Interestingly,
2-8 studies without parental involvement did not achieve
significant modifications in adiposity metrics. Although many
reasons could be responsible for this nonsignificance, such as
the fact that lower combined sample size in the 2 studies could
lead to greater CIs and higher P values, this finding may imply
that the participation of families in childhood obesity
management programs remains of high importance even in or
especially in interventions with advanced technological means.
Currently, interventions that target parents to tackle obesity in
early life stages are presented as effective, especially when it
comes to preschoolers, that is, children <5 years [30-33]. On
the other hand, the studies in this meta-analysis were designed
for children >9 years and principally adolescents, which may
challenge the level of parental involvement. Preschool-aged
children are rarely targeted in such technology-based
interventions. The MINISTOP RCT is probably the very first
study to apply a 6-month technology-based weight loss
intervention to children <5 years, using their parents as the
primary target group. Although no significant differences in
adiposity metrics between the control and intervention groups

were observed, children and parents assigned to the
technology-based group seemed to significantly ameliorate their
nutrition and physical activity habits [34]. Considering the fact
that technological approaches and parental involvement are
usually presented as effective practices to tackle excess weight
in childhood, their combination into 1 tailor-made weight loss
intervention may result in multiple positive outcomes.

The studies in this meta-analysis provided input on the usability
and acceptability of technology-based interventions. Most of
them reported a moderate to high level of adherence to the
intervention using different criteria and metrics, such as the
level of user enjoyment, the frequency of app use, or the number
of SMS text messages received [17-20,24]. Nevertheless, based
on the dropout rates, no significant differences were observed
between the intervention and control groups in most cases. This
evidence regarding the usability of technology-based
interventions is based largely on the use of SMS text messaging
using a mobile- or web-based approach. However, the latest
technological advances include the emergence of smartphone
apps [29], interactive platforms [35], and exergaming [36]. Such
facilities have increased in popularity, offering a unique
opportunity to implement large-scale obesity treatment
interventions in youth [37]. The current orientation for
improving adherence to treatments in pediatrics focuses on
motivation, problem-solving skills, and reduction of
posttreatment influence, resorting to several novel youth-friendly
technological approaches [26]. For instance, studies have
described the best placement and accuracy of mobile devices
and sensors to record dietary intake or physical activity and
ways to lessen user burden [26]. Reward-type incentives,
provision of social connections and multiplayer capabilities,
short- and long-term motivational techniques, and personalized
feedback are also suggested as means to enhance user
acceptability, efficiency of the intervention, and probably
maintenance of positive outcomes even in the postintervention
phase [26]. Focusing on gamification, many video games have
been created with the aim to modify children’s or adolescents’
dietary habits or physical activity status, such as Let’s Move!
(To move!), Counting Carbohydrates with Lenny, LeapBand,
or Zamzee, where users interact with virtual characters
that—creating a fascinating environment—enhance them to
complete a series of relevant activities and challenges [38].
Finally, early involvement of key stakeholders in the
intervention development stage seems to be detrimental for the
delivery of a technological tool that will be well-accepted by
the target group—even more when it comes to younger ages
[39].

Conclusions
Studies reported herein describe functional and acceptable
technology-based approaches, on top of conventional care, to
enhance weight loss in overweight or obese children and
adolescents through the promotion of a healthy lifestyle and
improvement of users’ well-being. However, the large
heterogeneity in study designs, settings, intervention
components, and outcomes probably eliminates the strength of
this conclusion. Finally, this field is advancing so quickly that
the technology used is often no longer state of the art;
interventions that use the full range of novel technologies, such
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as ubiquitous sensing and real-time feedback, are currently being
developed and pilot tested. Therefore, similar meta-analytic

approaches should be repeated on a regular basis.
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Abstract

Background: Heart failure (HF) is a clinical syndrome with high incidence rates, a substantial symptom and treatment burden,
and a significant risk of readmission within 30 days after hospitalization. The COVID-19 pandemic has revealed the significance
of using eHealth interventions to follow up on the care needs of patients with HF to support self-care, increase quality of life
(QoL), and reduce readmission rates during the transition between hospital and home.

Objective: The aims of this review are to summarize research on the content and delivery modes of HF posthospitalization
eHealth interventions, explore patient adherence to the interventions, and examine the effects on the patient outcomes of self-care,
QoL, and readmissions.

Methods: A restricted systematic review study design was used. Literature searches and reviews followed the (PRISMA-S)
Preferred Reporting Items for Systematic Reviews and Meta-Analyses literature search extension checklist, and the CINAHL,
MEDLINE, Embase, and Cochrane Library databases were searched for studies published between 2015 and 2020. The review
process involved 3 groups of researchers working in pairs. The Mixed Methods Appraisal Tool was used to assess the included
studies’ methodological quality. A thematic analysis method was used to analyze data extracted from the studies.

Results: A total of 18 studies were examined in this review. The studies were published between 2015 and 2019, with 56%
(10/18) of them published in the United States. Of the 18 studies, 16 (89%) were randomized controlled trials, and 14 (78%)
recruited patients upon hospital discharge to eHealth interventions lasting from 14 days to 12 months. The studies involved
structured telephone calls, interactive voice response, and telemonitoring and included elements of patient education, counseling,
social and emotional support, and self-monitoring of symptoms and vital signs. Of the 18 studies, 11 (61%) provided information
on patient adherence, and the adherence levels were 72%-99%. When used for posthospitalization follow-up of patients with HF,
eHealth interventions can positively affect QoL, whereas its impact is less evident for self-care and readmissions.

Conclusions: This review suggests that patients with HF should receive prompt follow-up after hospitalization and eHealth
interventions have the potential to improve these patients’ QoL. Patient adherence in eHealth follow-up trials shows promise for
successful future interventions and adherence research. Further studies are warranted to examine the effects of eHealth interventions
on self-care and readmissions among patients with HF.
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Introduction

Background
Heart failure (HF) affects an estimated 64 million people
worldwide [1]. It poses a burden on the health care system in
general and on primary care specifically because the total
number of patients with HF is increasing, reflecting the chronic
course of the disease as well as population growth and aging
[2,3]. Symptomatic HF is a complex clinical syndrome with a
symptom burden of dyspnea and fatigue [4] and can be
troublesome for patients and their families because of frequent
hospitalizations and symptom and treatment burden negatively
affecting their quality of life (QoL) [5-7]. QoL is understood
as a multidimensional and subjective concept that includes
physical, functional, emotional, and social well-being [8].
Effective self-care behavior is essential for patients with HF
[9,10]. Self-care in the context of HF is an overarching concept
based on three key concepts: (1) self-care maintenance (eg,
compliance with medication regimens and following diet and
physical activity recommendations), (2) self-care monitoring
(eg, regular weighing), and (3) self-care management (eg,
changing diuretic dose in response to symptoms) [10]. Upon
discharge from the hospital, many patients transition from care
provided by health professionals in a safe hospital setting to
individual self-care at home [11]. This period, when patients
transition between hospital and home, is a vulnerable and
stressful time for patients with HF and many struggle to perform
recommended self-care and navigate the health care system,
particularly when posthospitalization care is poorly executed
as a result of inadequate coordination of resources or follow-up
[5,7]. Of any diagnosis, HF is associated with the highest 30-day
all-cause readmission rate (approximately 20%), whereas nearly
35% of the patients with HF are readmitted within 90 days [2,6].
During this phase, the lack of resources for following up or poor
medical education leaves this population vulnerable to
deterioration and rehospitalization [12]. Posthospitalization HF
disease management programs include education,
self-management, weight monitoring, sodium restriction or
dietary advice, exercise recommendations, and medication
review [13]. In addition to social and psychological support with
a high degree of care coordination, as well as the higher intensity
of follow-up, these components may be important for better
self-care behavior, increased QoL, and reduced readmission
rates [4,13,14]. The impact of the COVID-19 pandemic has
raised the requirement for, and importance of, eHealth solutions
as a tool for health care professionals to perform such follow-up
of patients with HF [15]. Insight into ensuring a more seamless
eHealth care service from inpatient to outpatient care for patients
with HF is necessary if they are to achieve adequate self-care
support and feel safe [15,16]. eHealth care service is defined as
“health services and information delivered or enhanced through
the internet and related technologies” [17] and holds the
potential to increase the efficiency and quality of health care
services [18]. In this review, eHealth comprises digital solutions

to deliver health care services, including patient education;
telemonitoring of weight, blood pressure, and heart rhythm; and
social and emotional support. Previous research suggests that
the use of posthospitalization eHealth interventions to follow
up on patients may promote self-care for people with long-term
illness [18]. Several recent reviews have summarized the
findings from eHealth follow-up interventions for patients with
HF and provided information about the efficiency of such
interventions. Auener et al [19] investigated the effects of
telemonitoring programs on different aspects of health care use
from 16 randomized controlled trials (RCTs) and 13
nonrandomized studies. All studies included weight as a
parameter, whereas only 4 included electrocardiography
measures as a physiological parameter. The results revealed
that telemonitoring has the potential to reduce hospitalization
rates. However, the number of non–emergency department visits
increased in most of the studies [18]. Ding et al [20] extracted
18 telemonitoring strategies from 26 RCTs involving patients
with HF. Some strategies were commonly used, such as call
center support and daily weight monitoring, whereas others,
including nurse support, interventions for depression and
anxiety, and exercise interventions, were seldom used.
Telemonitoring strategies involving medication support and
mobile health (mHealth) interventions were associated with
improvements in all-cause mortality or hospitalization outcomes
[20]. A systematic review conducted in 2017 identified 39
relevant RCTs of telemedicine, largely based on assessments
of symptoms, weight, heart rate and rhythm, and blood pressure,
and found that telemonitoring was associated with reductions
in all-cause mortality of 20% and HF hospitalization of 37%
[21]. In contrast, nurse-based telephone-supported care seemed
to provide little benefit, and only a reduction in the rate of
HF-related admission was noted compared with the control
group. However, a combination of home-based teletransmission
and nurse-based telephone reinforcement may be encouraged
[21]. Although these reviews generally support the effectiveness
of eHealth interventions for patients with HF, the outcomes
mainly focus on readmission and health care use, and only one
of them focuses specifically on the hospital-to-home transition
phase [21]. Moreover, they mostly lack information about
self-management, QoL, and participants’ adherence to the
eHealth interventions. Adherence to self-management and
medication regimens is crucial during the transition from
hospital discharge to home to prevent hospital readmission and
achieve improved health outcomes and QoL [22-24]. Therefore,
the success of an intervention aiming to support patients’chronic
disease management depends on patient adherence to the
intervention components [25]. Intervention adherence refers to
the degree to which the behavior of trial participants corresponds
to the intervention assigned to them [26]. Adherence varies
according to the patient’s health status, treatment regimens,
access to support, and psychological factors such as motivation
and beliefs. The long-term success of interventions depends on
patients assuming responsibility for their own health and can
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be achieved with the aid of coordinated measures such as patient
education and regular follow-up contacts [26]. An accurate
assessment of intervention adherence is warranted to verify
whether changes in health outcomes are due to a particular
intervention [26].

There is a knowledge gap concerning the synthesis of recent
posthospitalization eHealth follow-up interventions for patients
with HF focusing on outcomes of self-care, QoL, and adherence
to the interventions. Therefore, this restricted review will
investigate eHealth interventions that may better prepare patients
for the period after hospital discharge, strengthen their self-care
and QoL, reduce readmissions, and help them to recover well.
Furthermore, the review will address the issue of adherence and
discuss how it may affect intervention outcomes. Therefore, the
aim is to summarize the most recent information about the
content and delivery mode of HF posthospitalization eHealth
interventions, explore patient adherence to the interventions,
and systematically investigate the effects on patient outcomes
of self-care, QoL, and readmissions.

Research Questions
The a priori research questions were designed according to the
FINER framework, which states that a review research question
should be feasible, interesting, novel, ethical, and relevant [27].

Our research questions were as follows:

• What are the content and delivery modes of
posthospitalization eHealth interventions for patients with
HF?

• What is the reported adherence to posthospitalization
eHealth interventions in HF?

• Which effects can be expected from posthospitalization
eHealth interventions on self-care, QoL, and readmissions
of patients who have received treatment for HF?

Methods

Reporting Standards
This study used a framework proposed for restricted systematic
reviews [27]. The restricted systematic review framework is

proposed to be applicable when conducting a rapid review
because it consists of core steps that are minimum requirements
for systematic reviews, thereby accommodating factors such as
a short time frame and limited resources [28]. Such factors are
important to consider when conducting a literature search and
review as part of developing complex interventions [29]. The
framework comprises six core steps: (1) literature search, (2)
study selection, (3) data extraction, (4) critical assessment of
the included studies, (5) data synthesis, and (6) publication [28].

Step 1: Literature Search and Search Terms
The literature search was performed as part of a more extensive
review study on eHealth interventions in noncommunicable
diseases. This paper reports the results from HF populations. A
research librarian performed comprehensive literature searches
in the CINAHL, MEDLINE, Embase, and Cochrane Library
databases. To ensure that our results reflect current conditions
and avoid repeating previous review efforts, this rapid review
was limited to data published between 2015 and 2020 in English
or a Scandinavian language. Searches were performed in the
publication title or abstract. Appropriate search terms, including
relevant Medical Subject Headings, were closely matched with
the Population, Intervention, Control, and Outcome elements
(see next section). Documentation of the search strategy and
search terms is presented in Multimedia Appendix 1. The search
strategy also included manually hand searching the reference
lists of the included studies and relevant background material.
The searches were performed on March 20, 2020.

A Priori Eligibility Criteria
Key components of the synthesis are encapsulated by the
Population, Intervention, Control, and Outcome framework
[30].

• Population: patients initially treated for HF
• Intervention: posthospitalization eHealth follow-up services
• Control: standard care and nondigital follow-up services
• Outcomes: self-management and self-care, QoL, and

readmissions

The inclusion and exclusion criteria are displayed in Textbox
1.
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Empirical intervention studies

• Populations of adult patients with heart failure

• eHealth interventions from hospital to home

• Patient outcomes of self-care, quality of life, and readmissions

• Experimental and quasi-experimental randomized and nonrandomized controlled trials

• Pre–post design with a comparison group

• Peer-reviewed studies

• Published in English

Exclusion criteria

• Review studies, study protocols, book chapters, and conference contributions

• Children and adolescent patients

• Older adults (aged >80 years)

• Community health care services context

• >3 months since hospital discharge

• Insufficient detail provided to estimate study outcome

• Mixed patient samples

• Noncomparator study designs

Step 2: Study Selection
After removing duplicates using EndNote (Clarivate), a member
of the research team (AMLH) carried out an initial broad review
of all included titles and abstracts, using the a priori inclusion
and exclusion criteria. Next, the abstracts verified for potential
inclusion were reviewed for full-text extraction by all authors,

divided into 3 review teams. Full-text articles were extracted
for 9.8% (69/701) of the abstracts. Finally, team members
resolved conflicting opinions by assessing reasons for exclusion
and deciding whether to include the study. The results of the
data search and selection process are displayed in a PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) flowchart (Figure 1) [31].
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow chart of the study selection process.

Step 3: Data Extraction
An Excel spreadsheet (Microsoft Corp) was created to ensure
consistent data extraction, including data fields of publication
identifiers, study design, study context and participants, eHealth
intervention or program, and outcomes. The review teams used
the spreadsheet to extract relevant data from the included
articles. Any inconsistency within the group was resolved
through assessment by a reviewer from one of the other groups.

Step 4: Critical Assessment of Included Studies
To minimize bias, an assessment of internal validity of the
included studies, risk of bias (eg, over- or underestimation of
intervention effect), and potential conflicts of interest were
examined using the Mixed Methods Appraisal Tool (MMAT)
[32]. The MMAT, which aims to appraise the methodological
quality of included studies in systematic reviews, consists of a
checklist of qualitative, quantitative, and mixed methods studies
[32]. For this review, checklists for randomized and
nonrandomized research designs were used. Each checklist is
initiated with 2 screening questions to allow for further
assessment, and each list contains 5 assessment criteria to be
answered with Yes, No, or Can’t tell. A total score of 7
constitutes a Yes response to the screening and assessment

criteria [32]. The developers recommend that the MMAT be
used to describe only the study quality and to avoid excluding
studies based on total scores [32].

To assess data quality, each review team member independently
rated the studies, followed by a discussion to achieve consensus.
For 10% (2/18) of the included studies, the quality scoring was
verified through independent scoring by 2 reviewers (IMM and
AMLH). The quality of included studies was above moderate
(ie, of the 7 criteria, 6 [86%] were answered with Yes; Textbox
1).

Step 5: Data Synthesis
The findings on service content and delivery mode, adherence,
and the effects of posthospitalization follow-up eHealth
interventions were systematically analyzed by using thematic
analysis as well as searching for patterns, themes, and categories
across studies, which were then narratively summarized as
suggested by Whittemore and Knafl [33]. Because of the
heterogeneity of the study designs, participants, and outcome
measures, meta-analysis was not recommended. Thus, the effects
on patient outcomes were reviewed and reported narratively.
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Step 6: Publication
The results from this restrictive systematic review will be
published, including all appendices and added data. In addition,
the study’s findings will be disseminated in relevant clinical
settings and websites.

Results

Overview
The literature search process is outlined in Figure 1. The search
yielded a total of 1149 references (ie, records screened for 2
patient populations); after the removal of 318 (27.68%)
duplicates, 831 (72.32%) titles and abstracts were assessed for
inclusion. Of the 831 titles and abstracts, 701 (84.4%) titles
pertaining to eHealth interventions for patients with HF were
screened for eligibility using the web tool [34]. Of the 69 studies
evaluated for eligibility in full text, 16 (23%) met all inclusion
criteria and were included. Screening the reference lists of the
included studies yielded another study and screening the
reference lists of relevant background material identified a
further study. Finally, this review included 18 studies.

Study Characteristics
Detailed characteristics of the included studies are displayed in
Table 1. All studies were published between 2015 and 2019.
Of the 18 studies, 10 (56%) were performed in the United States
[35-44]. Although RCT was the predominant study design, 11%
(2/18) of the studies applied a quasi-experimental method
[37,43]. Among the 18 studies, enrollment of patients with HF
to the posthospitalization eHealth service varied from
recruitment at the hospital before hospital discharge to
recruitment within 3 months of recent hospitalization (Textbox
1). In 56% (10/18) of the studies, all patients were recruited
upon hospital discharge to an intervention with a duration of
14 days to 12 months [35,37,38,40-42,44-47]. In 22% (4/18)
of the studies, patients were recruited after recent (within 30
days) hospitalization to an intervention with a 3- to 12-month
duration [39,43,48,49]. In another study, patients with HF were
enrolled during hospitalization or within 3 months of discharge
for an HF exacerbation, and the intervention lasted for 3 months
[36]. In 17% (3/18) of the studies, patients were recruited at
hospital discharge or at the HF outpatient clinic to an
intervention with a duration of 3-9 months [50-52].
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Table 1. Characteristics of included eHealth intervention studies involving patients with heart failure (HF; N=18).

MMATa

scores out
of 7, n (%)

DurationContent, focus, and mode of instructionSample sizeDesignStudy (country)

Cc, n
(%)

Ib, n
(%)

Total sample
(N)

2 (29)30 daysTelemonitoring (HeartMapp); daily
measures of weight, heart rate, blood

9 (50)9 (50)18RCTdAthilingam et al [35]
(United States)

pressure, and HF symptoms. HF educa-
tion: 10 modules, home visit after 2-3
days by a nurse. A phone call to all par-
ticipants. Nurses checked the dashboard
daily to monitor participants’ progress.

6 (86)6 monthsTelemonitoring and telephone support.
Daily measures of weight, heart rate, and

97
(54.5)

81
(45.5)

178RCTComin-Colet et al
[45] (Spain)

blood pressure. HF nurses reviewed
alarms and alerts from the system every
day.

4 (57)6 monthsTelephone support; education and coun-
seling on diet, medications, self-monitor-

64
(47.8)

70
(52.2)

134RCTDunbar [36] (United
States)

ing, symptoms, and physical activity;
self-monitored blood glucose level and
weight; self-care with follow-up home
visits and telephone counseling.

7 (100)3 monthsTelemonitoring and telephone support;
daily measures of weight, heart rate, and

21 (50)21 (50)42Quasi-experimentalEvangelista et al
[37] (United States)

blood pressure. Telemonitoring provided
alerts and feedback in the case of worri-
some responses to questions or if vital
signs were outside of preset limits. The
research nurse communicated with the
patient through teleconferencing and
collaborated with the patient’s primary
care provider to facilitate a plan of ac-
tion. Telephone support as usual to the
control group.

6 (86)6 monthsTelemonitoring; daily measurements of
weight, heart rate, and blood pressure

80 (50)80 (50)160RCTFrederix et al [46]
(Belgium)

were forwarded to a central computer. If
the recordings were outside of predefined
alert limits, both the general practitioner
and HF clinic were alerted by email. At
that moment, per protocol, the general
practitioner (or cardiologist) was asked
to visit or contact the patient and adapt
the treatment if they felt that it was nec-
essary. The HF nurse contacted the pa-
tient by telephone 1-3 days after the alert
to verify whether the intervention had
been effective.

7 (100)30 daysTelemonitoring; electronic measurement
of adherence to loop diuretics. A licensed

20 (50)20 (50)40RCTGallagher et al [38]
(United States)

clinical social worker reviewed adher-
ence data daily during the first 7 days
after discharge and weekly after that and
then contacted participants who were
nonadherent for ≥2 days per week.
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MMATa

scores out
of 7, n (%)

DurationContent, focus, and mode of instructionSample sizeDesignStudy (country)

Cc, n
(%)

Ib, n
(%)

Total sample
(N)

7 (100)3 monthsTelemonitoring and telephone support;
participants were instructed to self-
monitor and verbally report their blood
pressure, heart rate, and oxygen satura-
tion levels at the start of each rehabilita-
tion session. The intervention group re-
ceived electronic education sessions.

29
(54.7)

24
(45.3)

53RCTHwang et al [48]
(Australia)

6 (86)6 monthsTelephone calls are used for technical
support by interactive voice response;
symptoms and daily weight; patients
were instructed to call a toll-free number
daily for 6 months, respond to a series
of automated questions regarding their
symptoms, and enter their daily weight.
They were also provided with education-
al materials.

765
(50.3)

756
(49.7)

1521RCTJayaram et al [39]
(United States)

6 (86)15 monthsTelemonitoring and telephone support,
measurement of weight, heart rate, and
blood pressure daily. Physicians could
provide telephone guidance, change
medications, and order hospital readmis-
sion if required. Full-time nurses moni-
tored acquired data on a secure website.
Telephone support from a physician as
usual.

91 (50)90 (50)181RCTKotooka et al [47]
(Japan)

6 (86)9 monthsTelemonitoring and telephone support;
daily measurement of weight, heart rate,
and blood pressure. HF nurses automati-
cally received notifications by mobile
phone and email and then discussed
symptoms and treatment with patients
within 2 hours.

93
(52.8)

83
(47.2)

176RCTKraai et al [50]
(Netherlands)

5 (71)3 monthsTelephone support; nurse-led symptom
monitoring, education on signs and
symptoms of worsening HF, HF-specific
diet, and fluid restriction. When seeking
help, patients were advised to use a diary
to document body weight, blood pres-
sure, heart rate, and edema on a daily
basis. If necessary, after discharge from
the hospital, patients received 4 tele-
phone calls within 3 months about
changes in HF-related symptoms and
treatment.

52
(47.3)

58
(52.7)

110RCTKöberich et al [51]
(Germany)

6 (86)9 monthsTelemonitoring and telephone support;
daily measurement of body weight,
blood pressure, and heart rate. HF nurses
automatically received notifications by
mobile phone and email and, within 2
hours, discussed the symptoms and
treatment with the patients. An HF nurse
provided education on HF.

60
(50.8)

58
(49.2)

118RCTLycholip et al [49]
(Netherlands)
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MMATa

scores out
of 7, n (%)

DurationContent, focus, and mode of instructionSample sizeDesignStudy (country)

Cc, n
(%)

Ib, n
(%)

Total sample
(N)

6 (86)3 monthsTelephone support MIe: a tailored inter-
vention at discharge to improve self-care,
involving a home visit and follow-up
calls. A nurse used the MI approach to
identify client-directed self-care goals.
Participants received written educational
material.

26
(38.8)

41
(61.2)

67RCTMasterson- Creber
et al [40] (United
States)

5 (71)6 monthsTelemonitoring and telephone support;
weight, heart rate, and blood pressure
were measured daily. A total of 9 tele-
phone health coaching calls over 6
months, generally from the same call
center nurse.

722
(50.3)

715
(49.7)

1437RCTOng et al [41] (Unit-
ed States)

6 (86)6 monthsTelemonitoring and telephone support;
measurement of blood pressure, oxygen
saturation, weight, and heart rate daily;
a geriatrician evaluated the data received
every day. Participants received educa-
tion on medical treatment and lifestyle
counseling by telephone.

46
(47.9)

50
(52/1)

96RCTPedone et al [52]
(Italy)

7 (100)2 monthsInteractive voice response and telephone
support; symptoms and body weight
measured daily; E-Coach intervention:
an intervention with condition-specific
customization and in-hospital and post-
discharge support by a care transition
nurse, interactive voice response, postdis-
charge calls, and care transition nurse
follow-up.

258
(50.5)

253
(49.5)

511RCTRitchie et al [42]
(United States)

6 (86)12 monthsTelemonitoring and telephone support;
measurement of heart rate and blood
pressure daily. Data were monitored on
weekdays by a telehealth nurse who ana-
lyzed the data for abnormalities and lack
of response; if clinical data caused con-
cern for declining health status, a phone
call was initiated to the patient. All pa-
tients also received a monthly follow-up
call.

870
(81.5)

197
(18.5)

1067Cohort–controlSrivastava et al [43]
(United States)

6 (86)6 monthsTelephone support: the patient-activated
care at home intervention contained a
variety of formats (eg, verbal, written,
and visual) with 12 weeks of post dis-
charge education sessions delivered by
telephone. Besides self-management
workbooks, each subject was provided
with a self-management toolkit, includ-
ing a calendar for weight and daily salt-
intake logging, a step-on weight scale
with large and bright readings, and an
electronic pill organizer reminder alarm.

51
(48.6)

54
(51.4)

105RCTYoung et al [44]
(United States)

aMMAT: Mixed Methods Appraisal Tool.
bI: intervention.
cC: control.
dRCT: randomized controlled trial.
eMI: motivational interview.
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Themes Derived From Data Analysis
In the following section, the data analysis results are presented,
thereby answering the research questions concerning
intervention content and delivery mode, intervention adherence,
and the effects of eHealth on patient outcomes.

Delivery Mode and Content of Posthospitalization
eHealth Follow-Up Interventions
In all, 2 different modes of delivering an eHealth service were
identified (Table 1). The specific technologies identified
included (1) structured telephone calls and (2) telemonitoring
or telemonitoring in combination with telephone support.

Structured Telephone Call
Of the 18 studies in our review, 6 (33%) included structured
telephone calls to deliver the intervention to patients with HF
[36,39,40,42,44,51]. Of these 6 studies, in 2 (33%), interactive
voice response devices were used to examine the patients’
symptoms and vital sign registrations [39,42]. In these studies,
patients were instructed to call a toll-free number daily for 6
months, respond to a series of automated questions about their
symptoms, and enter their daily weight. Responses that met
prespecified criteria triggered a variance within the system.
Conflicts were then flagged for immediate attention by on-site
clinicians [39].

Nurses performed all telephone calls. Four dominant categories
of content and use of the telephone-supported HF interventions
were identified as follows: (1) keeping logs: encouraging
patients to keep logs for monitoring symptoms, blood pressure,
and weight; (2) goal-setting skills: teaching patients goal-setting
skills to manage their condition or behavior changes; (3)
problem-solving skills: teaching patients problem-solving skills
to manage their condition; and (4) advice about when to seek
help in case of worsening HF. In addition, education and
counseling were combined with follow-up home visits in 17%
(1/6) of the studies [36], whereas in another study, customized
HF education was provided on the patient’s response to
questions on symptoms and self-management [40]. Each
intervention session lasted 15-50 minutes. In the trial conducted
by Ritchie et al [42], support calls were provided to patients
only when required, whereas in 67% (4/6) of the studies, 4-10
calls were delivered for 2-4 months [36,40,44,51].

Telemonitoring
Of the 18 included studies, 12 (67%) included a telemonitoring
program. In 75% (9/12) of these studies, weight, heart rate, and

blood pressure were measured daily [35,37,41,45-47,49,50,52].
Athilingam et al [35] also included a medication tracker in their
HeartMapp app and physiological exercises to reset the
autonomic nervous system and improve functional capacity.
Pedone et al [52] included oxygen saturation in addition to
measuring blood pressure and heart rate daily. These studies
also used assessments of symptoms related to HF and action
plans for clinical decisions based on out-of-limit alerts from the
data monitoring. In 75% (9/12) of the studies, nurses specialized
in HF care and telemedicine, or care transition performed the
daily data monitoring [35,37,41,43,45-47,49,50]. Of the 12
telemonitoring studies, 2 (17%) provided patients with
automated feedback triggered by out-of-limit alerts [35,39]. In
cases where these alerts indicated possible mild to moderate
decompensation, nurses could promote diuretic dose adjustments
following specific protocols [45] and alerts could be routed to
clinicians (eg, physicians and cardiologists) who evaluated the
data and contacted patients if necessary. For cases in which
out-of-limit alerts indicated severe decompensation, patients
were advised to call the emergency number or go to the nearest
hospital emergency department [35,37,41,43,45-48,50]. In 17%
(2/12) of the studies, clinicians (physicians and geriatricians)
conducted data monitoring and management simultaneously
[39,52]. Of the 12 studies, 1 (8%) was a telerehabilitation
investigation in which participants were guided to self-monitor
and verbally report their blood pressure, heart rate, and oxygen
saturation levels at the start of each rehabilitation session [48].
Finally, 75% (9/12) of the telemonitoring studies provided the
participants with telephone support to either follow up on alerts
generated from the patient’s registrations of symptoms and vital
signs [43,45,49,50], technical support [48], and follow-up of
control group or as usual care [37,47] or to provide patient
education [41,52].

Adherence to Posthospitalization Follow-Up eHealth
Interventions in HF
Of the 18 included studies, 11 (61%) reported patients’
adherence to the intervention [35,38,41,42,44,45,47-50,52]. In
91% (10/11) of these studies, adherence was reported as a
secondary study outcome, whereas in 9% (1/11) of the studies,
adherence was included as a primary outcome [38]. Overall,
adherence levels were reported at a rate of 72%-99%. Among
the studies using telephone support as a delivery mode, 33%
(2/6) included measures of adherence with adherence levels of
86% [42] and 84% (T1) and 86% (T2) [44]. Details regarding
reported adherence are provided in Table 2.
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Table 2. Reporting intervention program adherence in the included studies (N=18).

Adherence resultsDefinition and assessment of adherenceAdherence
reported

Study

Adherence was low, with only 72% of the participants
completing the 30-day follow-up.

Duration for which the participants accessed interven-
tion features.

YesAthilingam et al [35]

Adherence was very high, with missed biometric daily
transmissions less than 1% of the expected number of
daily transmissions.

Daily automated telemonitoring of biometrics and
symptoms using the intervention platform.

YesComin-Colet et al [45]

——aNoDunbar et al [36]

——NoEvangelista et al [37]

——NoFrederix et al [46]

Median correct dosing adherence was 81%, and 33%
of the participants were classified as adherent. Reasons
for nonadherence were identified as follows: ran out
of pills, out of usual routine, side effects, and did not
know the correct dose.

Adherence to loop diuretics in the 30 days after dis-
charge. Nonadherence=adherence <88%. Adherence
was calculated as the percentage of days on which the
correct number of doses was taken as prescribed, irre-
spective of dose timing.

YesGallagher et al [38]

Of the 51 participants who attended the rehabilitation
programs, 49 (96%) were categorized as adherent or
partly adherent. None of the intervention participants
were nonadherent.

Attendance rates were categorized into adherent
(>80%), partly adherent (20%-80%), and nonadherent
(<20%), based on the proportion of sessions attended
by each participant.

YesHwang et al [48]

——NoJayaram et al [39]

——NoKöberich et al [51]

The mean rates of adherence at 1, 6, and 12 months
after randomization were 96%, 90%, and 91%, respec-
tively.

Adherence was measured as the number of days that
each patient measured their body weight and blood
pressure in a month.

YesKotooka et al [47]

The median adherence rate was 95% (range 87%-99%
for the total study period).

Adherence of patients to telemonitoring was assessed
by daily weighing and measuring of blood pressure.

YesKraai et al [50]

The median adherence rate was 95% (range 87%-99%
for the total study period).

Adherence of patients to telemonitoring was assessed
by daily weighing and measuring of blood pressure.

YesLycholip et al [49]b

——NoMasterson-Creber et
al [40]

Overall, 83% (591/715) of the intervention participants
used telemonitoring equipment.

Telemonitoring adherence: percentage of total days
during 30 and 180 days; telephone coaching adherence:
percentage of total days during 30 and 180 days.

YesOng et al [41]

On average, 62% of the scheduled measurements were
completed (weight once a day, blood pressure and
heart rate twice a day, and peripheral oxygen saturation
thrice a day); adherence was best for pulse oximeter
(70%) and worst for the scale (56%); 64% of the par-
ticipants completed at least half of the scheduled
measurements.

Percentage of the total amount of expected symptom
measurements.

YesPedone et al [52]

Of the patients with HF, 144 (86%) received a total
intervention dose.

Total (100%) adherence was defined as answering all
interactive voice response system calls. Optimal adher-
ence: daily response to the interactive voice response
during the first 7 days. Answering a call was defined
as a patient completing the questions of the call.

YesRitchie et al [42]

——NoSrivastava et al [43]

Participants in the intervention group who received
the patient-activated care at home intervention had
significantly higher self-reported adherence to self-
management behaviors; 84% at 3 months and 86% at
6 months reported not missing any doses in the previ-
ous week, compared with 68% at both time points in
the control group.

Frequencies of self-reported self-management behav-
iors of daily weighing, following a low-sodium diet,
taking prescribed medications, exercising, and attend-
ing follow-up appointments.

YesYoung et al [44]

aData not available.
bSame study population and intervention as in the study by Kraai [50].
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Effects From Follow-Up Interventions on Patient
Outcomes

Overview
Of the 18 included studies, only 1 (6%) investigated all 3 patient
outcomes of interest to this review (ie, QoL, readmissions, and

self-care behavior) [45]. Included in 61% (11/18) of the studies,
QoL was the most frequently analyzed patient outcome,
followed by readmissions in 56% (10/18) of the studies.
Self-care was explored in 44% (8/18) of the included studies.
Details concerning the effects of eHealth interventions are
provided in Table 3.
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Table 3. Effects of intervention programs on patient outcomes of quality of life (QoL), self-care, and readmissions (N=18).

OutcomePostbaseline measuresBaselineSample size n (%),

Ia/Cb
Study

T2d (days), P valueT1c (days), P value

N/AeHospital discharge9/9 (50/50)Athilingam et al [35] • Self-care maintenance• .93 (30)
• .01 (30) • Self-care management
• .03 (30) • Self-care confidence
• .18 (30) • QoL

N/AHospital discharge81/97 (46/54)Comin-Colet et al [45] • Self-care• .06 (180)
• .001 (180) • QoL
• .01 (180)

• Readmissions

Hospital discharge
or within 3 months
after discharge

54/54 (50/50)Dunbar et al [36] • QoL• .002 (180)• <.001 (90)

N/AHospital discharge21/21 (50/50)Evangelista et al [37] • QoL overall• <.001 (90)
• <.001 (90) • QoL emotional subscale

• Self-care maintenance• <.001 (90)
• Self-care management• <.001 (90)
• Self-care confidence• <.001 (90)

N/AHospital discharge80/80 (50/50)Frederix et al [46] • Readmissions• .04 (180)

N/AHospital discharge20/20 (50/50)Gallagher et al [38] • Self-care (medication adherence)• .41 (30)
• .72 (30) • Readmissions

Recent discharge24/26 (48/52)Hwang et al [48] • QoL• .03 (720)• .03 (360)

Recent discharge756/765
(49.7/50.3)

Jayaram et al [39] • QoL• .04 (180)• .32 (90)

N/AHospital discharge90/91- (50/50)Kotooka et al [47] • QoL• .94 (352)
• .42 (352) • HFf readmissions

N/AHospital discharge
or outpatient clinic

94/83 (53/47)Kraai et al [50] • QoL• .62 (270)
• •.87 (270) HF readmissions

N/AHospital discharge
or outpatient clinic

58/52 (53/47)Köberich et al [51] • QoL• .20 (90)
• •<.001 (90) Self-care

N/ARecent discharge58/60 (49/51)Lycholip et al [49] • Self-care• .77 (90)

N/AHospital discharge41/26 (61/39)Masterson-Creber et
al [40]

• QoL• .36 (90)
• •.03 (90) Self-care maintenance

• Self-care confidence• .31 (90)

Hospital discharge715/722
(49.8/50.2)

Ong et al [41] • QoL• .02 (180)• .25 (30)
• ••.63 (30) Readmissions.54 (180)

N/AHospital discharge
or outpatient clinic

50/46 (52/48)Pedone et al [52] • Readmissions• .04 (180)

N/AHospital discharge245/233
(51.3/48.7)

Ritchie et al [42] • Readmissions• .18 (30)

N/ARecent discharge197/870
(18.5/81.5)

Srivastava et al [43] • Readmissions• .07 (352)

Hospital discharge54/51 (51/49)Young et al [44] • Readmissions• .09 (180)• .09 (90)
• <.001 (90) • Self-care adherence• <.001 (180)

aI: intervention.
bC: control.
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cT1: first postbaseline data collection.
dT2: second postbaseline data collection.
eN/A: not applicable.
fHF: heart failure.

Impact on QoL
QoL was included as a patient outcome in 61% (11/18) of the
studies among patients with HF [35-37,39-41,45,47,48,50,51].
Of these 11 studies, 4 (36%) found that an eHealth intervention
significantly improved patients’ overall QoL [36,37,45,48]. Of
these 4 studies, 3 (75%) contained telemonitoring combined
with telephone support and with an intervention duration of 3-6
months [35,43,45], whereas the study by Dunbar et al [36]
provided only telephone support lasting for 6 months. In both
the studies by Jayaram et al [39] and Ong et al [41], the QoL
was nonsignificant at the first postbaseline data collection. In
contrast, QoL was significantly improved in both studies 6
months after beginning the intervention [39,41]. Of the 3 studies
recruiting participants later than at discharge (ie, within 30 days
after discharge), 2 (67%) reported significant effects from an
eHealth intervention on QoL [39,48].

Self-care Behavior
Self-care was investigated in 39% (7/18) of the studies
[35,37,38,44,45,49,51]. Athilingam et al [35] and Evangelista
et al [37] both reported on self-care measured by the Self-Care
of Heart Failure Index, which included the subscales self-care
maintenance, self-care management, and self-care confidence.
Self-care management was found to be significantly increased
by eHealth interventions in both studies; in addition, Evangelista
et al [37] found that self-management maintenance also seemed
to be significantly improved. The subscale self-care confidence
was enhanced to a significant degree by an eHealth intervention
in 14% (1/7) of the studies [35]. Comin-Colet et al [45] used
the Self-care Behavior Scale to study self-care behavior in
patients with HF who were remotely followed by the Home
Tele-HealthCare platform, with the authors detecting a
marginally significant difference between the intervention and
control groups. Köberich et al [51] and Lycholip et al [49]
measured self-care behavior by using the European Heart Failure
Self-care Behavior Scale. Of the 7 studies, 1 (14%) found
significant improvements from the eHealth interventions on
self-care behavior [51], whereas Lycholip et al [49] determined
that such interventions did not influence self-care behavior; this
study recruited patients within 14 days after discharge [49].
Finally, in the study by Gallagher et al [38], self-care was
defined as medication adherence, with no significant effect from
the eHealth intervention being noted. The studies showing
significant effects on self-care behavior delivered the
interventions for 30 days to 6 months. Of the 7 studies, only 1
(14%) did not include digital monitoring of symptoms and vital
signs [46].

Readmissions
Of the 18 studies, 10 (56%) included readmissions as a patient
outcome [38,41-47,50,52]. A significant reduction in
readmissions associated with eHealth interventions was detected
in 30% (3/10) of these studies [45,46,52]. All the studies
combined telemonitoring and telephone support as the

intervention delivery mode, and the intervention lasted for 6
months. Comin-Colet et al [45] found a significant reduction
in readmissions in the HF intervention group compared with
controls. The study by Frederix et al [46] identified a significant
reduction (P=.04) in days lost to HF-related readmissions among
patients in the intervention group but not for all-cause
readmissions (P=.26). Pedone et al [52] revealed a significantly
(P=.04) higher risk of readmissions (42%) at 180 days in the
control group compared with 21% for patients with HF who
were given remote follow-up. None of the studies that recruited
patients later than discharge achieved significant effects on
readmissions [43,44,47].

Discussion

Summary of Evidence and Comparison With Prior
Work
In this restricted systematic review, we have evaluated and
synthesized the findings from 18 posthospitalization follow-up
eHealth interventions targeting QoL outcomes, self-care, and
readmissions of patients with HF. To summarize, patients with
HF were enrolled in the interventions upon or after hospital
discharge. Interventions were delivered mainly by telephone or
email and focused on patient education and counseling, social
and emotional support, and self-monitoring of vital signs and
symptoms. Posthospitalization eHealth follow-up for patients
with HF holds potential for improving their QoL, whereas a
positive impact on self-care and readmissions is less evident.

Some of the included studies used more traditional tools to
follow up with patients, such as the telephone. Because of its
familiarity and ease of use, the telephone may be appropriate
to contact patients remotely. Individuals at risk of low eHealth
literacy, such as older or less educated patients, may benefit
from using a more traditional eHealth tool such as the telephone
[53]. However, when comparing the effects on patient outcomes
from studies using eHealth solutions other than the telephone
as the delivery mode, telephone interventions do not stand out
as more or less appropriate. We found that telephone
interventions as a delivery mode effectively improved patients’
self-care behaviors, but the effects on QoL and readmissions
were less promising. This finding suggests that self-care
follow-up is likely to be more important than the specific mode
of follow-up.

Most studies in this review included features that required
patients to monitor their vital signs and report health behaviors
and symptoms. Giving patients with HF a more active role in
their healing processes through posthospitalization eHealth
interventions may promote their experience as true partners in
shared decision-making, improve their well-being, and result
in better adherence to treatment [54]. However, the value of
eHealth interventions as part of health care for patients who are
chronically ill may vary. Runz-Jørgensen et al [55] found that
patients with multimorbidity and more significant illness and
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treatment burden perceived eHealth interventions as more
favorable than those with less complex disease and treatment.
This result may be explained by considering the burdens of HF
[55]. Patients with HF are vulnerable because they require
regular and ongoing disease monitoring and management to
reduce the risk of deterioration, and many fragile patients with
HF have limited access to the health care system. The
COVID-19 pandemic has forced health care systems to
re-evaluate reimbursement for eHealth solutions to promote
more widespread adoption of HF care [15,56,57].

We believe that for patients with HF to perceive the eHealth
follow-up service as appropriate and be willing to use it, the
timing of the introduction of the service is a crucial factor. In
our review, patients were primarily enrolled in the eHealth
interventions upon hospital discharge, ensuring patient support
immediately after release. However, of the 18 included studies,
5 (28%) recruited patients during the first 4 weeks after
discharge, demonstrating that eHealth interventions significantly
increased QoL but had little impact on readmissions and
self-care. Nevertheless, the findings of the effects from eHealth
follow-up on patient outcomes suggest that patients with a severe
heart condition benefit from prompt posthospitalization
follow-up. It may be essential to provide patients with HF with
self-care support at discharge to avoid 30-day readmission.

Remote monitoring as a feature of eHealth interventions may
include parameters for detecting symptom and illness
deterioration, successfully reducing readmissions among patients
with HF [19-21]. However, in our study, the effects on
readmissions from remote monitoring were inconclusive. For
monitoring to be successful, aspects of measurement reliability
and frequency, patient interface and adherence, and prompt
interpretation by health professionals need to be considered
[58]. Most of the included studies involving remote monitoring
also provided contact with health care professionals, mainly
nurses, who regularly stayed in touch with patients by either
telephone calls or email. Koivunen and Soranto [59] identified
communication and patient–nurse relationships as essential
factors of telehealth in nursing practice. Patient–nurse
interactions enable nurses to inquire about and assess patients’
self-care needs and symptoms, express empathy, and increase
patients’ sense of security [58]. Another vital aspect of the
patient–nurse interaction in the included eHealth interventions
was whether the technology was acceptable to patients. Lack
of required engagement among patients may be attributed to
the nature of the technology [60], and patient adherence to the
system is crucial for an intervention’s success. Ding et al [61]
found high adherence to the intervention component of weight
monitoring (6 out of 7 days) in their recent telemonitoring RCT
of patients with HF (published after our literature research).
The intervention resulted in a significant improvement in
self-management related to health maintenance, medication
adherence, and diet [61]. We found that intervention adherence
in most of the remote monitoring studies with patient–nurse
interaction was 81%-99%. Comin-Colet et al [62] found that
despite low expectations among patients before entering a
telemedicine HF care intervention, adherence and satisfaction
levels were high during the intervention, likely because of the
HF care teams’ proactive engagement with patients [62].

Clinicians who practice patient-centered communication
adopting the patient’s perspective may contribute to increased
adherence levels in patients with HF, particularly during care
transitions such as discharge from hospital to home, which to
many patients can be confusing and demanding related to
follow-up on treatment regimens [63]. The World Health
Organization states that the quality of the treatment relationship
is an essential determinant of adherence [26].

eHealth interventions have excellent potential to reinforce
patient education on self-care [53]. Most of the reviewed studies
in this review provided patients with education or counseling
delivered by nurse specialists before the trial or during the trial,
covering disease- and treatment-specific topics, psychosocial
issues, and health behavior change. These studies seem to
support improved self-care from eHealth interventions that
include an educational aspect. Although the educational focus
of many eHealth and mHealth interventions is illness
management [64], a more holistic approach to self-care
education not limited to only disease management is suggested.
According to Lewis et al [65], addressing the holistic needs of
patients with comorbidities using eHealth technology supports
more patient-centered health care. Interestingly, of the 18
included studies, only 1 (6%) assessed changes in patients’
knowledge at the completion of the intervention period. This
study found that an HF education program involving iterative
teaching tools expanded patients’ HF knowledge [35]. This
finding is in line with a review by Bashi et al [64], in which
only 2 of the 15 mHealth interventions included an evaluation
of patient knowledge as a study outcome. On the contrary, a
recent Cochrane review of mHealth-delivered educational
interventions for patients with HF found no evidence of a
difference in HF knowledge or other patient-reported
outcomes [66]. However, validated tools of patient knowledge
can be an efficient measure of intervention success, and an
assessment of patient knowledge as part of eHealth protocols
is recommended [66].

Limitations
Several limitations should be mentioned. First, heterogeneity
in the included studies made meta-analysis impossible, and a
qualitative thematic analysis was applied. Such an analysis is
prone to interpretation bias [33]. Second, the included eHealth
interventions pertain to the transition phase between hospital
and home, thus limiting generalizability to all stages of
follow-up of patients with HF. Third, although most of the
included studies indicated good methodological quality, most
of them did not apply a blinded randomization process, and
50% (9/18) of the studies did not report adherence to the
intervention.

Conclusions
This review identified 18 studies of posthospitalization
follow-up interventions in patients with HF. Most of the
included studies enrolled patients in eHealth interventions upon
hospital discharge to ensure support in the critical post–hospital
discharge period. The most common mode for
posthospitalization follow-up was telemonitoring with telephone
support. Patients received education or counseling about their
disease, psychosocial issues, and health behavior changes. Most
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studies also required the patients to monitor vital signs and
report their health behaviors and symptoms.

The findings of the effects of interventions on patient outcomes
such as QoL, self-care, and readmissions propose that patients
with HF should receive prompt follow-up after hospital
discharge. eHealth interventions, including patient education,
support, and self-monitoring, have the potential to improve
QoL, but it is less clear how eHealth interventions affect
self-care behavior and readmissions in populations of patients
with HF.

Aspects of measurement reliability and frequency, user interface
and adherence, and prompt interpretation by health professionals

need to be considered to ensure successful monitoring in eHealth
interventions. These findings are important to inform future
intervention studies to support patients with HF after discharge
from the hospital. eHealth interventions have the potential to
improve well-being, adherence to treatment, and patients’
experiences of being engaged partners in shared
decision-making.

Systematic reviews of the literature are recommended during
the planning and development of complex interventions [29].
The findings from this review will be used to inform the
development of a post–hospital discharge follow-up service
addressing the burden of treatment and self-management among
patients with HF.

 

Conflicts of Interest
None declared.

Multimedia Appendix 1
Documentation of the literature search.
[PDF File (Adobe PDF File), 103 KB - jmir_v24i2e32946_app1.pdf ]

References
1. GBD 2017 DiseaseInjury IncidencePrevalence Collaborators. Global, regional, and national incidence, prevalence, and

years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990-2017: a systematic analysis
for the Global Burden of Disease Study 2017. Lancet 2018 Nov 10;392(10159):1789-1858 [FREE Full text] [doi:
10.1016/S0140-6736(18)32279-7] [Medline: 30496104]

2. Groenewegen A, Rutten FH, Mosterd A, Hoes AW. Epidemiology of heart failure. Eur J Heart Fail 2020 Aug;22(8):1342-1356
[FREE Full text] [doi: 10.1002/ejhf.1858] [Medline: 32483830]

3. Koudstaal S, Pujades-Rodriguez M, Denaxas S, Gho JM, Shah AD, Yu N, et al. Prognostic burden of heart failure recorded
in primary care, acute hospital admissions, or both: a population-based linked electronic health record cohort study in 2.1
million people. Eur J Heart Fail 2017 Sep;19(9):1119-1127 [FREE Full text] [doi: 10.1002/ejhf.709] [Medline: 28008698]

4. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, ESC Scientific Document Group. 2021 ESC
Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur Heart J 2021 Sep 21;42(36):3599-3726.
[doi: 10.1093/eurheartj/ehab368] [Medline: 34447992]

5. Nordfonn OK, Morken IM, Bru LE, Larsen AI, Husebø AM. Burden of treatment in patients with chronic heart failure -
A cross-sectional study. Heart Lung 2021;50(3):369-374 [FREE Full text] [doi: 10.1016/j.hrtlng.2021.02.003] [Medline:
33618147]

6. Khan MS, Sreenivasan J, Lateef N, Abougergi MS, Greene SJ, Ahmad T, et al. Trends in 30- and 90-day readmission rates
for heart failure. Circ Heart Fail 2021 Apr;14(4):e008335. [doi: 10.1161/CIRCHEARTFAILURE.121.008335] [Medline:
33866827]

7. Albert NM, Barnason S, Deswal A, Hernandez A, Kociol R, Lee E, American Heart Association Complex Cardiovascular
PatientFamily Care Committee of the Council on CardiovascularStroke Nursing‚ Council on Clinical Cardiology‚Council
on Quality of CareOutcomes Research. Transitions of care in heart failure: a scientific statement from the American Heart
Association. Circ Heart Fail 2015 Mar;8(2):384-409. [doi: 10.1161/HHF.0000000000000006] [Medline: 25604605]

8. Cella DF. Quality of life: concepts and definition. J Pain Symptom Manage 1994 Apr;9(3):186-192 [FREE Full text] [doi:
10.1016/0885-3924(94)90129-5] [Medline: 8014530]

9. Lee CS, Bidwell JT, Paturzo M, Alvaro R, Cocchieri A, Jaarsma T, et al. Patterns of self-care and clinical events in a cohort
of adults with heart failure: 1 year follow-up. Heart Lung 2018;47(1):40-46 [FREE Full text] [doi:
10.1016/j.hrtlng.2017.09.004] [Medline: 29054487]

10. Jaarsma T, Hill L, Bayes-Genis A, La Rocca HB, Castiello T, Čelutkienė J, et al. Self-care of heart failure patients: practical
management recommendations from the Heart Failure Association of the European Society of Cardiology. Eur J Heart Fail
2021 Jan;23(1):157-174 [FREE Full text] [doi: 10.1002/ejhf.2008] [Medline: 32945600]

11. Pollack AH, Backonja U, Miller AD, Mishra SR, Khelifi M, Kendall L, et al. Closing the gap: supporting patients' transition
to self-management after hospitalization. Proc SIGCHI Conf Hum Factor Comput Syst 2016 May;2016:5324-5336 [FREE
Full text] [doi: 10.1145/2858036.2858240] [Medline: 27500285]

12. Gracia E, Singh P, Collins S, Chioncel O, Pang P, Butler J. The vulnerable phase of heart failure. Am J Ther
2018;25(4):e456-e464 [FREE Full text] [doi: 10.1097/MJT.0000000000000794] [Medline: 29985824]

J Med Internet Res 2022 | vol. 24 | iss. 2 | e32946 | p.210https://www.jmir.org/2022/2/e32946
(page number not for citation purposes)

Morken et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

jmir_v24i2e32946_app1.pdf
jmir_v24i2e32946_app1.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(18)32279-7
http://dx.doi.org/10.1016/S0140-6736(18)32279-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30496104&dopt=Abstract
https://doi.org/10.1002/ejhf.1858
http://dx.doi.org/10.1002/ejhf.1858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32483830&dopt=Abstract
https://doi.org/10.1002/ejhf.709
http://dx.doi.org/10.1002/ejhf.709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28008698&dopt=Abstract
http://dx.doi.org/10.1093/eurheartj/ehab368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34447992&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0147-9563(21)00026-1
http://dx.doi.org/10.1016/j.hrtlng.2021.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33618147&dopt=Abstract
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.121.008335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33866827&dopt=Abstract
http://dx.doi.org/10.1161/HHF.0000000000000006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25604605&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/0885-3924(94)90129-5
http://dx.doi.org/10.1016/0885-3924(94)90129-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8014530&dopt=Abstract
http://europepmc.org/abstract/MED/29054487
http://dx.doi.org/10.1016/j.hrtlng.2017.09.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29054487&dopt=Abstract
http://europepmc.org/abstract/MED/32945600
http://dx.doi.org/10.1002/ejhf.2008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32945600&dopt=Abstract
http://europepmc.org/abstract/MED/27500285
http://europepmc.org/abstract/MED/27500285
http://dx.doi.org/10.1145/2858036.2858240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27500285&dopt=Abstract
http://europepmc.org/abstract/MED/29985824
http://dx.doi.org/10.1097/MJT.0000000000000794
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29985824&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


13. Takeda A, Taylor SJ, Taylor RS, Khan F, Krum H, Underwood M. Clinical service organisation for heart failure. Cochrane
Database Syst Rev 2012 Sep 12(9):CD002752. [doi: 10.1002/14651858.CD002752.pub3] [Medline: 22972058]

14. Lee KK, Yang J, Hernandez AF, Steimle AE, Go AS. Post-discharge follow-up characteristics associated with 30-day
readmission after heart failure hospitalization. Med Care 2016 Apr;54(4):365-372 [FREE Full text] [doi:
10.1097/MLR.0000000000000492] [Medline: 26978568]

15. Ski CF, Zippel-Schultz B, De Maesschalck L, Hoedemakers T, Schütt K, Thompson DR, et al. COVID-19 shapes the future
for management of patients with chronic cardiac conditions. Digit Health 2021;7:2055207621991711 [FREE Full text]
[doi: 10.1177/2055207621991711] [Medline: 33623705]

16. Storm M, Siemsen IM, Laugaland K, Dyrstad DN, Aase K. Quality in transitional care of the elderly: key challenges and
relevant improvement measures. Int J Integr Care 2014 Apr;14:e013 [FREE Full text] [doi: 10.5334/ijic.1194] [Medline:
24868196]

17. Eysenbach G. What is e-health? J Med Internet Res 2001;3(2):E20 [FREE Full text] [doi: 10.2196/jmir.3.2.e20] [Medline:
11720962]

18. Usak M, Kubiatko M, Shabbir M, Viktorovna Dudnik O, Jermsittiparsert K, Rajabion L. Health care service delivery based
on the internet of things: a systematic and comprehensive study. Int J Commun Syst 2019 Sep 13;33(2):e4179 [FREE Full
text] [doi: 10.1002/dac.4179]

19. Auener SL, Remers TE, van Dulmen SA, Westert GP, Kool RB, Jeurissen PP. The effect of noninvasive telemonitoring
for chronic heart failure on health care utilization: systematic review. J Med Internet Res 2021 Sep 29;23(9):e26744 [FREE
Full text] [doi: 10.2196/26744] [Medline: 34586072]

20. Ding H, Chen SH, Edwards I, Jayasena R, Doecke J, Layland J, et al. Effects of different telemonitoring strategies on
chronic heart failure care: systematic review and subgroup meta-analysis. J Med Internet Res 2020 Nov 13;22(11):e20032
[FREE Full text] [doi: 10.2196/20032] [Medline: 33185554]

21. Lin M, Yuan W, Huang T, Zhang H, Mai J, Wang J. Clinical effectiveness of telemedicine for chronic heart failure: a
systematic review and meta-analysis. J Investig Med 2017 Jun;65(5):899-911. [doi: 10.1136/jim-2016-000199] [Medline:
28330835]

22. Rosen O, Fridman R, Rosen B, Shane R, Pevnick J. Medication adherence as a predictor of 30-day hospital readmissions.
Patient Prefer Adherence 2017 Apr 20;11:801-810 [FREE Full text] [doi: 10.2147/PPA.S125672] [Medline: 28461742]

23. Ma C. Rehospitalisation rates and associated factors within 6 months after hospital discharge for patients with chronic heart
failure: a longitudinal observational study. J Clin Nurs 2019 Jul;28(13-14):2526-2536. [doi: 10.1111/jocn.14830] [Medline:
30793392]

24. Hamine S, Gerth-Guyette E, Faulx D, Green BB, Ginsburg AS. Impact of mHealth chronic disease management on treatment
adherence and patient outcomes: a systematic review. J Med Internet Res 2015 Feb 24;17(2):e52 [FREE Full text] [doi:
10.2196/jmir.3951] [Medline: 25803266]

25. Fernandez-Lazaro CI, García-González JM, Adams DP, Fernandez-Lazaro D, Mielgo-Ayuso J, Caballero-Garcia A, et al.
Adherence to treatment and related factors among patients with chronic conditions in primary care: a cross-sectional study.
BMC Fam Pract 2019 Sep 14;20(1):132 [FREE Full text] [doi: 10.1186/s12875-019-1019-3] [Medline: 31521114]

26. De Geest S, Sabaté E. Adherence to long-term therapies: evidence for action. Eur J Cardiovasc Nurs 2003 Dec;2(4):323.
[Medline: 14667488]

27. Hulley SB, Newman TB, Cummings SR. Getting started: the anatomy and physiology of clinical research. In: Hulley SB,
Cummings SR, Browner WS, Grady DE, Newman TB, editors. Designing Clinical Research. Philadelphia: Lippincott
Williams & Wilkins; 2007.

28. Plüddemann A, Aronson JK, Onakpoya I, Heneghan C, Mahtani KR. Redefining rapid reviews: a flexible framework for
restricted systematic reviews. BMJ Evid Based Med 2018 Dec;23(6):201-203. [doi: 10.1136/bmjebm-2018-110990]
[Medline: 29950313]

29. Skivington K, Matthews L, Craig P, Simpson S, Moore L. Developing and evaluating complex interventions: updating
Medical Research Council guidance to take account of new methodological and theoretical approaches. The Lancet 2018
Nov;392:S2. [doi: 10.1016/s0140-6736(18)32865-4]

30. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al, editors. Cochrane Handbook for Systematic Reviews
of Interventions, 2nd edition. Chichester, UK: John Wiley & Sons; 2019. [doi: 10.1002/9781119536604]

31. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021 Mar 29;372:n71 [FREE Full text] [doi: 10.1136/bmj.n71] [Medline:
33782057]

32. Hong QN, Gonzalez-Reyes A, Pluye P. Improving the usefulness of a tool for appraising the quality of qualitative, quantitative
and mixed methods studies, the Mixed Methods Appraisal Tool (MMAT). J Eval Clin Pract 2018 Jun 21;24(3):459-467.
[doi: 10.1111/jep.12884] [Medline: 29464873]

33. Whittemore R, Knafl K. The integrative review: updated methodology. J Adv Nurs 2005 Dec;52(5):546-553. [doi:
10.1111/j.1365-2648.2005.03621.x] [Medline: 16268861]

34. 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]

J Med Internet Res 2022 | vol. 24 | iss. 2 | e32946 | p.211https://www.jmir.org/2022/2/e32946
(page number not for citation purposes)

Morken et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1002/14651858.CD002752.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22972058&dopt=Abstract
http://europepmc.org/abstract/MED/26978568
http://dx.doi.org/10.1097/MLR.0000000000000492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26978568&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2055207621991711?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/2055207621991711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33623705&dopt=Abstract
http://europepmc.org/abstract/MED/24868196
http://dx.doi.org/10.5334/ijic.1194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24868196&dopt=Abstract
https://www.jmir.org/2001/2/e20/
http://dx.doi.org/10.2196/jmir.3.2.e20
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11720962&dopt=Abstract
http://dx.plos.org/10.1371/journal.pmed.1001940
http://dx.plos.org/10.1371/journal.pmed.1001940
http://dx.doi.org/10.1002/dac.4179
https://www.jmir.org/2021/9/e26744/
https://www.jmir.org/2021/9/e26744/
http://dx.doi.org/10.2196/26744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34586072&dopt=Abstract
https://www.jmir.org/2020/11/e20032/
http://dx.doi.org/10.2196/20032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33185554&dopt=Abstract
http://dx.doi.org/10.1136/jim-2016-000199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28330835&dopt=Abstract
https://dx.doi.org/10.2147/PPA.S125672
http://dx.doi.org/10.2147/PPA.S125672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28461742&dopt=Abstract
http://dx.doi.org/10.1111/jocn.14830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30793392&dopt=Abstract
https://www.jmir.org/2015/2/e52/
http://dx.doi.org/10.2196/jmir.3951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25803266&dopt=Abstract
https://bmcfampract.biomedcentral.com/articles/10.1186/s12875-019-1019-3
http://dx.doi.org/10.1186/s12875-019-1019-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31521114&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14667488&dopt=Abstract
http://dx.doi.org/10.1136/bmjebm-2018-110990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29950313&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(18)32865-4
http://dx.doi.org/10.1002/9781119536604
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=33782057
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782057&dopt=Abstract
http://dx.doi.org/10.1111/jep.12884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29464873&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2648.2005.03621.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16268861&dopt=Abstract
https://doi.org/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
http://www.w3.org/Style/XSL
http://www.renderx.com/


35. Athilingam P, Jenkins B, Johansson M, Labrador M. A mobile health intervention to improve self-care in patients with
heart failure: pilot randomized control trial. JMIR Cardio 2017 Aug 11;1(2):e3 [FREE Full text] [doi: 10.2196/cardio.7848]
[Medline: 31758759]

36. Dunbar SB, Reilly CM, Gary R, Higgins MK, Culler S, Butts B, et al. Randomized clinical trial of an integrated self-care
intervention for persons with heart failure and diabetes: quality of life and physical functioning outcomes. J Card Fail 2015
Sep;21(9):719-729 [FREE Full text] [doi: 10.1016/j.cardfail.2015.05.012] [Medline: 26028261]

37. Evangelista L, Lee J, Moore A, Motie M, Ghasemzadeh H, Sarrafzadeh M, et al. Examining the effects of remote monitoring
systems on activation, self-care, and quality of life in older patients with chronic heart failure. J Cardiovasc Nurs
2015;30(1):51-57 [FREE Full text] [doi: 10.1097/JCN.0000000000000110] [Medline: 24365871]

38. Gallagher BD, Moise N, Haerizadeh M, Ye S, Medina V, Kronish IM. Telemonitoring Adherence to Medications in Heart
Failure Patients (TEAM-HF): a pilot randomized clinical trial. J Card Fail 2017 Apr;23(4):345-349 [FREE Full text] [doi:
10.1016/j.cardfail.2016.11.001] [Medline: 27818309]

39. Jayaram NM, Khariton Y, Krumholz HM, Chaudhry SI, Mattera J, Tang F, et al. Impact of telemonitoring on health status.
Circ Cardiovasc Qual Outcomes 2017 Dec;10(12)::e004148 [FREE Full text] [doi: 10.1161/CIRCOUTCOMES.117.004148]
[Medline: 29237746]

40. Masterson Creber R, Patey M, Lee CS, Kuan A, Jurgens C, Riegel B. Motivational interviewing to improve self-care for
patients with chronic heart failure: MITI-HF randomized controlled trial. Patient Educ Couns 2016 Feb;99(2):256-264
[FREE Full text] [doi: 10.1016/j.pec.2015.08.031] [Medline: 26358533]

41. Ong MK, Romano PS, Edgington S, Aronow HU, Auerbach AD, Black JT, Better Effectiveness After Transition–Heart
Failure (BEAT-HF) Research Group. Effectiveness of remote patient monitoring after discharge of hospitalized patients
with heart failure: the Better Effectiveness After Transition -- Heart Failure (BEAT-HF) randomized clinical trial. JAMA
Intern Med 2016 Mar;176(3):310-318 [FREE Full text] [doi: 10.1001/jamainternmed.2015.7712] [Medline: 26857383]

42. Ritchie CS, Houston TK, Richman JS, Sobko HJ, Berner ES, Taylor BB, et al. The E-Coach technology-assisted care
transition system: a pragmatic randomized trial. Transl Behav Med 2016 Sep;6(3):428-437 [FREE Full text] [doi:
10.1007/s13142-016-0422-8] [Medline: 27339715]

43. Srivastava A, Do J, Sales VL, Ly S, Joseph J. Impact of patient-centred home telehealth programme on outcomes in heart
failure. J Telemed Telecare 2019 Aug;25(7):425-430. [doi: 10.1177/1357633X18775852] [Medline: 29793388]

44. Young L, Hertzog M, Barnason S. Effects of a home-based activation intervention on self-management adherence and
readmission in rural heart failure patients: the PATCH randomized controlled trial. BMC Cardiovasc Disord 2016 Sep
08;16(1):176 [FREE Full text] [doi: 10.1186/s12872-016-0339-7] [Medline: 27608624]

45. Comín-Colet J, Enjuanes C, Verdú-Rotellar JM, Linas A, Ruiz-Rodriguez P, González-Robledo G, et al. Impact on clinical
events and healthcare costs of adding telemedicine to multidisciplinary disease management programmes for heart failure:
results of a randomized controlled trial. J Telemed Telecare 2016 Jul;22(5):282-295. [doi: 10.1177/1357633X15600583]
[Medline: 26350543]

46. Frederix I, Vanderlinden L, Verboven A, Welten M, Wouters D, De Keulenaer G, et al. Long-term impact of a six-month
telemedical care programme on mortality, heart failure readmissions and healthcare costs in patients with chronic heart
failure. J Telemed Telecare 2019 Jun;25(5):286-293. [doi: 10.1177/1357633X18774632] [Medline: 29742959]

47. Kotooka N, Kitakaze M, Nagashima K, Asaka M, Kinugasa Y, Nochioka K, HOMES-HF study investigators. The first
multicenter, randomized, controlled trial of home telemonitoring for Japanese patients with heart failure: home telemonitoring
study for patients with heart failure (HOMES-HF). Heart Vessels 2018 Aug;33(8):866-876. [doi: 10.1007/s00380-018-1133-5]
[Medline: 29450689]

48. Hwang R, Bruning J, Morris NR, Mandrusiak A, Russell T. Home-based telerehabilitation is not inferior to a centre-based
program in patients with chronic heart failure: a randomised trial. J Physiother 2017 Apr;63(2):101-107 [FREE Full text]
[doi: 10.1016/j.jphys.2017.02.017] [Medline: 28336297]

49. Lycholip E, Thon Aamodt I, Lie I, Šimbelytė T, Puronaitė R, Hillege H, et al. The dynamics of self-care in the course of
heart failure management: data from the IN TOUCH study. Patient Prefer Adherence 2018;12:1113-1122 [FREE Full text]
[doi: 10.2147/PPA.S162219] [Medline: 29983549]

50. Kraai I, de Vries A, Vermeulen K, van Deursen V, van der Wal M, de Jong R, et al. The value of telemonitoring and
ICT-guided disease management in heart failure: results from the IN TOUCH study. Int J Med Inform 2016 Jan;85(1):53-60
[FREE Full text] [doi: 10.1016/j.ijmedinf.2015.10.001] [Medline: 26514079]

51. Köberich S, Lohrmann C, Mittag O, Dassen T. Effects of a hospital-based education programme on self-care behaviour,
care dependency and quality of life in patients with heart failure--a randomised controlled trial. J Clin Nurs 2015
Jun;24(11-12):1643-1655. [doi: 10.1111/jocn.12766] [Medline: 25661470]

52. Pedone C, Rossi FF, Cecere A, Costanzo L, Antonelli Incalzi R. Efficacy of a physician-led multiparametric telemonitoring
system in very old adults with heart failure. J Am Geriatr Soc 2015 Jun;63(6):1175-1180. [doi: 10.1111/jgs.13432] [Medline:
26031737]

53. Levin-Zamir D, Bertschi I. Media health literacy, eHealth literacy, and the role of the social environment in context. Int J
Environ Res Public Health 2018 Aug 03;15(8):1643 [FREE Full text] [doi: 10.3390/ijerph15081643] [Medline: 30081465]

J Med Internet Res 2022 | vol. 24 | iss. 2 | e32946 | p.212https://www.jmir.org/2022/2/e32946
(page number not for citation purposes)

Morken et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://cardio.jmir.org/2017/2/e3/
http://dx.doi.org/10.2196/cardio.7848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31758759&dopt=Abstract
http://europepmc.org/abstract/MED/26028261
http://dx.doi.org/10.1016/j.cardfail.2015.05.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26028261&dopt=Abstract
http://europepmc.org/abstract/MED/24365871
http://dx.doi.org/10.1097/JCN.0000000000000110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24365871&dopt=Abstract
http://europepmc.org/abstract/MED/27818309
http://dx.doi.org/10.1016/j.cardfail.2016.11.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27818309&dopt=Abstract
http://europepmc.org/abstract/MED/29237746
http://dx.doi.org/10.1161/CIRCOUTCOMES.117.004148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29237746&dopt=Abstract
http://europepmc.org/abstract/MED/26358533
http://dx.doi.org/10.1016/j.pec.2015.08.031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26358533&dopt=Abstract
http://europepmc.org/abstract/MED/26857383
http://dx.doi.org/10.1001/jamainternmed.2015.7712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26857383&dopt=Abstract
http://europepmc.org/abstract/MED/27339715
http://dx.doi.org/10.1007/s13142-016-0422-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27339715&dopt=Abstract
http://dx.doi.org/10.1177/1357633X18775852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29793388&dopt=Abstract
https://bmccardiovascdisord.biomedcentral.com/articles/10.1186/s12872-016-0339-7
http://dx.doi.org/10.1186/s12872-016-0339-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27608624&dopt=Abstract
http://dx.doi.org/10.1177/1357633X15600583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26350543&dopt=Abstract
http://dx.doi.org/10.1177/1357633X18774632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29742959&dopt=Abstract
http://dx.doi.org/10.1007/s00380-018-1133-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29450689&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1836-9553(17)30031-0
http://dx.doi.org/10.1016/j.jphys.2017.02.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28336297&dopt=Abstract
https://dx.doi.org/10.2147/PPA.S162219
http://dx.doi.org/10.2147/PPA.S162219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29983549&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1386-5056(15)30044-7
http://dx.doi.org/10.1016/j.ijmedinf.2015.10.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26514079&dopt=Abstract
http://dx.doi.org/10.1111/jocn.12766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25661470&dopt=Abstract
http://dx.doi.org/10.1111/jgs.13432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26031737&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph15081643
http://dx.doi.org/10.3390/ijerph15081643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30081465&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


54. Epstein RM, Fiscella K, Lesser CS, Stange KC. Why the nation needs a policy push on patient-centered health care. Health
Aff (Millwood) 2010 Aug;29(8):1489-1495. [doi: 10.1377/hlthaff.2009.0888] [Medline: 20679652]

55. Runz-Jørgensen SM, Schiøtz ML, Christensen U. Perceived value of eHealth among people living with multimorbidity: a
qualitative study. J Comorb 2017;7(1):96-111 [FREE Full text] [doi: 10.15256/joc.2017.7.98] [Medline: 29359124]

56. Singhal A, Cowie MR. Digital health: implications for heart failure management. Card Fail Rev 2021 Mar;7:e08 [FREE
Full text] [doi: 10.15420/cfr.2020.28] [Medline: 34035953]

57. Ansari Ramandi MM, Yarmohammari H, Naderi N. A call for telehealth application for heart failure patients during the
Coronavirus 2019 pandemic. ESC Heart Fail 2021 Aug;8(4):3431-3432 [FREE Full text] [doi: 10.1002/ehf2.13387]
[Medline: 33934547]

58. Mataxen PA, Webb LD. Telehealth nursing: more than just a phone call. Nursing 2019 Apr;49(4):11-13. [doi:
10.1097/01.NURSE.0000553272.16933.4b] [Medline: 30893196]

59. Koivunen M, Saranto K. Nursing professionals' experiences of the facilitators and barriers to the use of telehealth applications:
a systematic review of qualitative studies. Scand J Caring Sci 2018 Mar;32(1):24-44. [doi: 10.1111/scs.12445] [Medline:
28771752]

60. Inglis SC, Clark RA, McAlister FA, Stewart S, Cleland JG. Which components of heart failure programmes are effective?
A systematic review and meta-analysis of the outcomes of structured telephone support or telemonitoring as the primary
component of chronic heart failure management in 8323 patients: abridged Cochrane review. Eur J Heart Fail 2011
Sep;13(9):1028-1040 [FREE Full text] [doi: 10.1093/eurjhf/hfr039] [Medline: 21733889]

61. Ding H, Jayasena R, Chen SH, Maiorana A, Dowling A, Layland J, et al. The effects of telemonitoring on patient compliance
with self-management recommendations and outcomes of the innovative telemonitoring enhanced care program for chronic
heart failure: randomized controlled trial. J Med Internet Res 2020 Jul 08;22(7):e17559 [FREE Full text] [doi: 10.2196/17559]
[Medline: 32673222]

62. Comín-Colet J, Enjuanes C, Lupón J, Cainzos-Achirica M, Badosa N, Verdú JM. Transitions of care between acute and
chronic heart failure: critical steps in the design of a multidisciplinary care model for the prevention of rehospitalization.
Rev Esp Cardiol (Engl Ed) 2016 Oct;69(10):951-961. [doi: 10.1016/j.rec.2016.05.001] [Medline: 27282437]

63. Piña IL, Di Palo KE, Brown MT, Choudhry NK, Cvengros J, Whalen D, et al. Medication adherence: importance, issues
and policy: a policy statement from the American Heart Association. Prog Cardiovasc Dis 2021;64:111-120. [doi:
10.1016/j.pcad.2020.08.003] [Medline: 32800791]

64. Bashi N, Fatehi F, Fallah M, Walters D, Karunanithi M. Self-management education through mHealth: review of strategies
and structures. JMIR Mhealth Uhealth 2018 Oct 19;6(10):e10771 [FREE Full text] [doi: 10.2196/10771] [Medline: 30341042]

65. Lewis J, Ray P, Liaw S. Recent worldwide developments in eHealth and mHealth to more effectively manage cancer and
other chronic diseases - a systematic review. Yearb Med Inform 2016 Nov 10(1):93-108 [FREE Full text] [doi:
10.15265/IY-2016-020] [Medline: 27830236]

66. Allida S, Du H, Xu X, Prichard R, Chang S, Hickman LD, et al. mHealth education interventions in heart failure. Cochrane
Database Syst Rev 2020 Jul 02;7:CD011845 [FREE Full text] [doi: 10.1002/14651858.CD011845.pub2] [Medline: 32613635]

Abbreviations
HF: heart failure
mHealth: mobile health
MMAT: Mixed Methods Appraisal Tool
QoL: quality of life
RCT: randomized controlled trial

Edited by R Kukafka; submitted 16.08.21; peer-reviewed by S Ye, M Johansson; comments to author 15.09.21; revised version received
09.11.21; accepted 03.12.21; published 15.02.22.

Please cite as:
Morken IM, Storm M, Søreide JA, Urstad KH, Karlsen B, Husebø AML
Posthospitalization Follow-Up of Patients With Heart Failure Using eHealth Solutions: Restricted Systematic Review
J Med Internet Res 2022;24(2):e32946
URL: https://www.jmir.org/2022/2/e32946 
doi:10.2196/32946
PMID:35166680

©Ingvild Margreta Morken, Marianne Storm, Jon Arne Søreide, Kristin Hjorthaug Urstad, Bjørg Karlsen, Anne Marie Lunde
Husebø. Originally published in the Journal of Medical Internet Research (https://www.jmir.org), 15.02.2022. This is an open-access

J Med Internet Res 2022 | vol. 24 | iss. 2 | e32946 | p.213https://www.jmir.org/2022/2/e32946
(page number not for citation purposes)

Morken et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1377/hlthaff.2009.0888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20679652&dopt=Abstract
https://journals.sagepub.com/doi/10.15256/joc.2017.7.98?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.15256/joc.2017.7.98
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29359124&dopt=Abstract
http://europepmc.org/abstract/MED/34035953
http://europepmc.org/abstract/MED/34035953
http://dx.doi.org/10.15420/cfr.2020.28
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34035953&dopt=Abstract
https://doi.org/10.1002/ehf2.13387
http://dx.doi.org/10.1002/ehf2.13387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33934547&dopt=Abstract
http://dx.doi.org/10.1097/01.NURSE.0000553272.16933.4b
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30893196&dopt=Abstract
http://dx.doi.org/10.1111/scs.12445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28771752&dopt=Abstract
https://doi.org/10.1093/eurjhf/hfr039
http://dx.doi.org/10.1093/eurjhf/hfr039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21733889&dopt=Abstract
https://www.jmir.org/2020/7/e17559/
http://dx.doi.org/10.2196/17559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32673222&dopt=Abstract
http://dx.doi.org/10.1016/j.rec.2016.05.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27282437&dopt=Abstract
http://dx.doi.org/10.1016/j.pcad.2020.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32800791&dopt=Abstract
https://mhealth.jmir.org/2018/10/e10771/
http://dx.doi.org/10.2196/10771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30341042&dopt=Abstract
http://europepmc.org/abstract/MED/27830236
http://dx.doi.org/10.15265/IY-2016-020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27830236&dopt=Abstract
http://europepmc.org/abstract/MED/32613635
http://dx.doi.org/10.1002/14651858.CD011845.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32613635&dopt=Abstract
https://www.jmir.org/2022/2/e32946
http://dx.doi.org/10.2196/32946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35166680&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


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 2022 | vol. 24 | iss. 2 | e32946 | p.214https://www.jmir.org/2022/2/e32946
(page number not for citation purposes)

Morken et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Review

Remotely Delivered Interventions to Support Women With
Symptoms of Anxiety in Pregnancy: Mixed Methods Systematic
Review and Meta-analysis

Kerry Evans1*, BSc, MA, PhD; Stefan Rennick-Egglestone2*, BA, PhD; Serena Cox1*, BSc, MSc; Yvonne Kuipers3*,

PhD; Helen Spiby1*, MPhil
1School of Health Sciences, University of Nottingham, Nottingham, United Kingdom
2Institute of Mental Health, School of Health Sciences, University of Nottingham, Nottingham, United Kingdom
3School of Health and Social Care, Edinburgh Napier University, Edinburgh, United Kingdom
*all authors contributed equally

Corresponding Author:
Kerry Evans, BSc, MA, PhD
School of Health Sciences
University of Nottingham
Queen's Medical Centre
Derby Rd, Lenton
Nottingham, NG7 2HA
United Kingdom
Phone: 44 7596783920
Email: kerry.evans1@nottingham.ac.uk

Abstract

Background: Symptoms of anxiety are common in pregnancy, with severe symptoms associated with negative outcomes for
women and babies. Low-level psychological therapy is recommended for women with mild to moderate anxiety, with the aim of
preventing an escalation of symptoms and providing coping strategies. Remotely delivered interventions have been suggested to
improve access to treatment and support and provide a cost-effective, flexible, and timely solution.

Objective: This study identifies and evaluates remotely delivered, digital, or web-based interventions to support women with
symptoms of anxiety during pregnancy.

Methods: This mixed methods systematic review followed a convergent segregated approach to synthesize qualitative and
quantitative data. The ACM Digital Library, Allied and Complementary Medicine Database, Applied Social Sciences Index and
Abstracts, Centre for Reviews and Dissemination database, the Cochrane Central Register of Controlled Trials, the Cochrane
Library, CINAHL, Embase, Health Technology Assessment Library, IEEE Xplore, Joanna Briggs Institute, Maternity and Infant
Care, MEDLINE, PsycINFO, and the Social Science Citation Index were searched in October 2020. Quantitative or qualitative
primary research that included pregnant women and evaluated remotely delivered interventions reporting measures of anxiety,
fear, stress, distress, women’s views, and opinions were included.

Results: Overall, 3 qualitative studies and 14 quantitative studies were included. Populations included a general antenatal
population and pregnant women having anxiety and depression, fear of childbirth, insomnia, and preterm labor. Interventions
included cognitive behavioral therapy, problem solving, mindfulness, and educational designs. Most interventions were delivered
via web-based platforms, and 62% (8/13) included direct contact from trained therapists or coaches. A meta-analysis of the
quantitative data found internet-based cognitive behavioral therapy and facilitated interventions showed a beneficial effect in
relation to the reduction of anxiety scores (standardized mean difference −0.49, 95% CI −0.75 to −0.22; standardized mean
difference −0.48, 95% CI −0.75 to −0.22). Due to limitations in the amount of available data and study quality, the findings should
be interpreted with caution. Synthesized findings found some evidence to suggest that interventions are more effective when
women maintain regular participation which may be enhanced by providing regular contact with therapists or peer support,
appropriate targeting of interventions involving components of relaxation and cognitive-based skills, and providing sufficient
sessions to develop new skills without being too time consuming.

Conclusions: There is limited evidence to suggest that women who are pregnant may benefit from remotely delivered interventions.
Components of interventions that may improve the effectiveness and acceptability of remotely delivered interventions included
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providing web-based contact with a therapist, health care professional, or peer community. Women may be more motivated to
complete interventions that are perceived as relevant or tailored to their needs. Remote interventions may also provide women
with greater anonymity to help them feel more confident in disclosing their symptoms.

(J Med Internet Res 2022;24(2):e28093)   doi:10.2196/28093

KEYWORDS
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Introduction

Symptoms of anxiety are common in pregnancy and have been
reported across all 3 trimesters [1,2]. Recent reviews have
reported worldwide prevalence rates of 15% to 20% in the
antenatal period, with higher rates reported in low- to
middle-income countries, particularly among poorer women
with gender-based or psychiatric risks [3-5]. Risk factors for
developing anxiety during pregnancy include demographic and
socioeconomic factors (lack of partner support, young age, lower
education, smoking, and being overweight), psychological
factors (past mental health concerns, reduced emotional
well-being, stressful events, low self-esteem, and negative
coping styles), and obstetric factors (previous pregnancy loss
and complications in pregnancy) [6,7]. Antenatal anxiety is
reported to be associated with postpartum depression, reduced
rates of breastfeeding, prematurity, and preterm birth [8,9].

Facilitated self-help and low-intensity psychological
interventions are recommended as the first-line treatment option
in pregnancy within a stepped care approach [10]; however,
there are limited data on the effectiveness of interventions for
the antenatal period [11]. Vigod and Dennis [12] discussed that
interventions delivered via the internet might present a solution
for overcoming the barriers of access to treatment for perinatal
mental health disorders, such as a lack of specialist
psychological and psychiatric support, the cost of services and
transportation, and childcare requirements. Interventions can
be delivered as unguided resources to support or replace
patient–provider interactions or as guided interventions that
may include live interactions over telephone or video or contact
with therapists using digital messaging. Web-based interventions
and peer discussion groups may benefit women by reducing the
stigma of mental illness in pregnancy, addressing treatment
barriers, and strengthening social support mechanisms.
Web-based therapist-assisted interventions may offer women
flexibility and convenience and be more efficient than the
delivery of one-on-one therapy [12]. In particular, the use of
mobile technology is thought to offer a low-cost solution for
improving treatment accessibility and sustainability. In
high-income countries, between 84% and 99% of people aged
<35 years own a smartphone, which would include women in
their prime reproductive years [13,14].

A recent review of internet-delivered psychological interventions
for perinatal anxiety and depression [15] included 2 cognitive
behavioral therapy (CBT) interventions for women with fear of
childbirth [16] and symptoms of anxiety and depression [17].
Improvement in symptoms was reported, and participant
satisfaction was positive in both studies. A scoping review of

mobile health apps and text-based interventions for perinatal
anxiety and depression (n=26 publications from 22 studies) [14]
identified 1 intervention focused solely on anxiety and 9
interventions for both depression and anxiety. Intervention
strategies included peer support, psychoeducation, and active
therapy.

Anxiety symptom screening for maternity care, which, in the
United Kingdom, uses a simple 2-item measure (Generalized
Anxiety Disorder [GAD] 2 items) [18], is recommended to
identify where women may need further support or referral for
specific diagnosis by specialist mental health professionals.
Locating interventions that can be integrated within current
maternity care structures was a key motivation in the design of
this review. Maternity care providers require guidance on the
aspects of care that can be safely and effectively delivered via
remote interventions and consider the implications in terms of
acceptability, fidelity, and equitability [19-21]. The COVID-19
pandemic presented a further motivation for this review,
considering the impact of the pandemic on women’s mental
health and identifying innovative ways of delivering safe,
effective, and equitable care [22,23]. In this review, we seek to
identify the types of remotely delivered interventions that are
available and have been evaluated to improve the symptoms of
anxiety in women who are pregnant. We include a broad concept
of common anxiety disorders in pregnancy, including
pregnancy-specific anxiety and fear of birth, and a range of
intervention strategies, including psychological, mind–body,
education, and social support. The review aims to answer the
following questions:

• What remotely delivered, digital, or web-based interventions
have been evaluated and reported in the research literature
to improve the symptoms of anxiety in women who are
pregnant?

• How effective are remotely delivered, digital, or web-based
interventions in reducing the symptoms of anxiety in
pregnancy?

• What are women’s views, attitudes, and experiences of
accessing and participating in remotely delivered anxiety
interventions during pregnancy?

Methods

Overview
A mixed methods systematic review was conducted following
the established Joanna Briggs Institute (JBI) methodological
guidance [24]. This approach supported the broad research aim
and enabled evidence from diverse study designs to provide a
comprehensive and detailed understanding of the current
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evidence base [25,26]. The review adopted a convergent
segregated mixed methods approach [27] in which the search
and synthesis process for the different study designs included
in the review were conducted concurrently. Qualitative and
quantitative evidence were initially analyzed separately,
followed by comparison and integration of qualitative and
quantitative data to form an overarching synthesis. Before
commencement, the review protocol was registered on the
PROSPERO (The International Prospective Register of
Systematic Reviews) database (CRD42020195887).

Eligibility Criteria
Papers were included if the following criteria were met:

1. Participants included women who are pregnant of all parities
across the 3 trimesters of pregnancy; women who are
pregnant and under the care of specialist mental health
services for severe and enduring mental health conditions
were excluded

2. Evaluated the following types of interventions: mind–body
interventions (relaxation, yoga, meditation, mindfulness,
hypnotherapy, and imagery), social support interventions
(supportive interactions, group discussions, peer support,
telephone support, and exercise), educational interventions
(birth preparation, educational sessions, educational
materials, psychoeducational interventions, and antenatal
classes), psychological interventions (CBT, mindfulness
CBT, group CBT, interpersonal psychological therapy,
nondirective counseling, therapy, and problem-solving
therapy), and interventions that have been remotely
delivered, including web-based materials, via telephone,
computer software, digital apps, and digital forums

3. Comparators or control groups (CGs) included usual
antenatal care or other types of interventions

4. Interventions were considered appropriate and capable of
being introduced into maternity care

5. Outcome evaluations included measures of anxiety, fear,
stress, distress, and women’s views, feedback, and opinions

6. Study methods included quantitative or qualitative primary
research, including mixed methods studies involving any
number of participants

Information Sources and Search Strategy
A search of the following electronic bibliographic databases
was undertaken (October to November 2020): the ACM Digital
Library; Allied and Complementary Medicine Database; Applied
Social Sciences Index and Abstracts; Centre for Reviews and
Dissemination database; the Cochrane Central Register of
Controlled Trials; the Cochrane Library; the Cochrane
Depression, Anxiety and Neurosis Group’s Trials Register;
CINAHL; Embase; Health Technology Assessment Library;
IEEE Xplore; JBI; Maternity and Infant Care; MEDLINE;
PsycINFO; and the Social Science Citation Index. References
cited in existing systematic reviews and meta-analyses and
reference lists of identified studies were searched to identify
additional potentially relevant studies.

The search was limited to studies published since 2000 focusing
on women who are pregnant and written in English. This reflects
the period in which digitally delivered interventions were
available in maternity care.

Titles and abstracts of papers were screened independently by
2 reviewers (KE and SC) against the inclusion and exclusion
criteria to identify potentially relevant papers. Potentially
relevant papers were retrieved and read in full to identify papers
for inclusion in the systematic review. The papers identified for
inclusion were agreed upon following discussions with the entire
review team. A PRISMA (Preferred Reporting Item for
Systematic Reviews and Meta-Analyses) flowchart (Figure 1)
[28] was completed to summarize the study selection process.
Reference management (RevMan, Version 5.4; The Cochrane
Collaboration, 2020) software was used to organize and catalog
the references.

Search terms used in the review are summarized in Textbox 1.
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Figure 1. PRISMA (Preferred Reporting Item for Systematic Reviews and Meta-Analyses) diagram, remotely delivered interventions for anxiety in
pregnancy.
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Textbox 1. Summary of search terms.

Search terms

• “exp Anxiety/”

• “Anxiety Disorders/”

• “Fear/”

• “worries.mp”

• “worry.mp”

• “anxiety.mp”

• “anxious.mp”

• “fear.mp”

AND

• “Computer assisted instruction/”

• “Software/”

• “Social Media/”

• “Computer Communication Networks/”

• “Internet/”

• “Telemedicine/Telehealth/”

• “Internet-based intervention/”

• “Online intervention/”

• “Mobile applications/”

• “Information services/”

• “Video games/”

• “Monitoring physiologic/”

• “digital.mp”

• “electronic.mp”

• “e-learning.mp”

• “mobile applications.mp”

• “web.mp”

• “web-based.mp”

• “virtual.mp”

• “telephone.mp”

• “skype.mp”

• “face-time.mp”

• “video.mp”

• “video conferenceing.mp”

AND

• “Pregnancy/”

• “Peripartum period/”

• “Perinatal Care/”

• “childbearning.mp”

• “ante*natal.mp”

• “ante*partum.mp”

• “pregnancy.mp”
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“peripartum.mp”•

• “perinatal.mp”

AND

• “Clinical Trial/”

• “Randomized Controlled Trial/”

• “systematic review”/

• “Meta-analysis/”

• “Cohort studies/”

• “Non-randomised/ Prospective/”

• “Case-Control studies/”

• “Qualitative research/”

• “Research Design/”

• “cohort.mp”

• “rct.mp”

• “randomised controlled trial.mp”

• “Quasi-experimental.mp”

• “Intervention.mp”

• “Case-control.mp”

• “Focus groups/”

• “Interviews/”

• “User experience.mp”

• “Design research.mp”

• “Intervention.mp”

Risk of Bias and Quality Assessment
The quantitative experimental study designs were independently
assessed by 2 reviewers using the Cochrane Collaboration
Effective Practice and Organization of Care tool for assessing
the risk of bias [29]. This assesses the risk of selection,
performance, detection, attrition, and reporting biases. The
RevMan (version 5) software package was used to assist the
organization and presentation of the data. The Critical Appraisal
Skills Program for qualitative and cohort studies, the Critical
Appraisal Skills Program for qualitative and cohort studies [30],
The National Heart, Lung, and Blood Institute Quality
Assessment Tool for Before–After (Pre–Post) Studies with No
Control Group [31], and the JBI Checklist for
Quasi-Experimental Studies [32] were also used to assist the
methodological assessment of studies for inclusion in the
systematic review analysis. Although no studies were excluded
on the basis of quality, the quality assessment was used to
identify the strengths and limitations of the review [24].

Data Extraction
Data extraction forms were designed and piloted. Extraction
was completed by 2 independent researchers (KE and SC). Data
extraction tables comprising numerical and textual data were
produced to present the study characteristics, results, and quality
assessments.

Data Synthesis
Tables were produced to present the study characteristics, results
of interest, risk of bias ratings for randomized controlled trials
(RCTs), and quality ratings for the included papers. This is
presented alongside a narrative description of the data. A
meta-analysis of quantitative data from the included
experimental studies was conducted [29]. Considerations for
performing meta-analysis included assessing the risk of bias of
the studies and performing a qualitative assessment of clinical
homogeneity. To evaluate statistical heterogeneity, the Q statistic

and I2 index were used [33]. A random effects model was
identified as the most appropriate method of analysis, and
subgroup analysis was planned for subsets of intervention
designs, participants, and methods of delivery. The standardized
mean difference (SMD) was presented as the summary statistic
for continuous data for anxiety and other outcomes, with 95%
CIs and 2-sided P values calculated for each outcome where
possible. A Grading of Recommendations Assessment,
Development and Evaluation (GRADE) assessment [29,34] of
the quantitative review findings was conducted, and a GRADE
Confidence in Evidence from Reviews of Qualitative research
(GRADE-CERQual) assessment of the qualitative studies [35]
was planned, although there were insufficient data to perform
a GRADE-CERQual assessment.
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Following the convergent segregated approach [27], quantitative
findings were translated into narrative statements that were then
compared, contrasted, and juxtaposed against the qualitative
findings and integrated to configure synthesized findings to
address the research questions. The synthesized findings were
then interpreted and configured into overarching themes to
develop explanation, understanding, and coherence between
the synthesized findings as a whole [26,36].

Results

Details of the included qualitative and quantitative studies,
population, intervention components, and delivery are presented
in Multimedia Appendix 1 (TIDieR [Template for Intervention
Description and Replication] checklist) [37].

Quality Assessment
The risk of bias assessments for quantitative experimental
studies are presented in Figures 2 and 3. Studies were assessed
as having a high or moderate risk of bias against the risk of bias
standards for studies with a separate CG [29]. A cohort
feasibility study [16] was assessed as moderate for
methodological quality, which was mainly attributed to a lack
of reporting of the recruitment strategy and the small sample
size. The 3 qualitative studies were assessed using a moderate
to high methodological quality score. Moderate scores were
allocated to studies assessed as having limited reporting of (1)
researchers’ reflexivity and (2) Sampling and context [38,39].

Figure 2. Risk of bias table with assessments of the experimental studies [16,17,38-41,43-47,49-52,62].

Figure 3. Risk of bias summary of the quantitative experimental selected studies.
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Results From the Quantitative Studies

Overview
Of the 16 included studies, 14 (88%) were conducted in
Australia, China, Iran, Italy, the Netherlands, Sweden,
Switzerland, the United States, and the United Kingdom. Of
the 14 studies, 10 (71%) were RCTs, 2 (14%) were
quasi-experimental studies, 1 (7%) was a controlled study, and
1 (7%) was a cohort study. Participants ranged from 28 to 433,
with a total of 2339 participants across all included quantitative
studies. Study populations included a general population of
women who were pregnant (no psychological screening criteria),
women with high anxiety and depression self-report scores,
women with high fear of childbirth, women with insomnia, and
preterm labor.

Study Rationale
In all the included studies, the authors stated that the
effectiveness of cognitive-based or mindfulness approaches had
been demonstrated in wider populations using traditional
face-to-face sessions, with some evidence of effectiveness for
internet-based CBT (I-CBT) approaches for anxiety and
depression. Studies that focused on supporting women with fear
of birth reported on the associations among anxiety, stress, and
fear of birth. The authors hypothesized that CBT-based
interventions would also lead to an improvement in women’s
fear of birth symptoms. Approximately 14% (2/14) of studies
were focused on addressing birth outcomes. Urech et al [40]
discussed the association between anxiety and preterm birth,
suggesting psychological therapy as potentially helpful in
improving birth outcomes. Shahsavan et al [41] reported an
association between maternal requests for cesarean section and
fear of birth, stating that addressing fear of birth symptoms may
lead to a reduction in the prevalence of cesarean birth. Many of
the included studies provided a rationale for developing remotely
delivered interventions related to (1) flexibility, (2)
cost-effectiveness, (3) potential reach, (4) accessibility, (5)
availability, and (6) ubiquity. The flexibility of remotely
delivered interventions was considered particularly relevant
during pregnancy. The authors suggested that barriers to
accessing traditional treatment, such as childcare issues, access
to transportation, and limited time, could be overcome by
providing interventions that women could access at the time of
their choosing. Many studies have reported a lack of suitably
trained therapists to meet the demand for psychological services,
highlighting the accessibility of I-CBT as an advantage for
increasing access to care for all women in all locations.
Approximately 14% (2/14) of studies [17,42] discussed that
remotely delivered interventions might provide women with
greater anonymity and be more acceptable to women who may
be reluctant to disclose their symptoms or seek support from
health care professionals (HCPs) because of the stigma of mental
health conditions in pregnancy, providing women with greater
anonymity. The propensity of women who are pregnant for
accessing web-based information and the ubiquity of
smartphones, tablets, and computers was highlighted as further
motivation for developing remotely delivered interventions for
this population.

Comparators or CGs
Carissoli et al [43] conducted a pragmatic controlled trial, with
the intervention group (IG) receiving a psychological well-being
mobile app in addition to childbirth classes. The CG was
randomized to receive only childbirth classes. Felder et al [44]
recruited women with symptoms of insomnia. The CG was
reported to receive standard care for insomnia, which the authors
state may have included medication, psychotherapy, herbal
supplements, counseling, and support groups. Urech et al [40]
recruited women with diagnosed preterm labor for a cognitive
behavioral stress management program. The CG received the
same duration of web-based sessions and were asked to write
short stories, listen to radio plays, answer specific questions, or
perform quiz games. Other psychological, psychoeducation,
and mindfulness intervention studies stated standard or usual
antenatal care as the control condition [17,41,42,45-48,52]. The
study by Rondung et al [49] compared I-CBT for women with
fear of birth with standard care, which the authors described as
including midwife-led fear of birth counseling, delivered
face-to-face over 2 to 4 sessions. Kelman et al [50] compared
internet-delivered compassionate mind training with I-CBT in
a proof-of-concept RCT.

Intervention Components in the Included Studies
Interventions included psychological (CBT and problem
solving), mindfulness, and educational designs. Many of the
interventions adopted a multidimensional approach with
cognitive behavioral techniques, relaxation, and educational
intervention components. Most were delivered via web-based
platforms where women could complete exercises and modules
in their own time. Of the 13 interventions, 8 (62%) interventions
included direct contact from trained therapists or coaches via
feedback or answering questions, and 1 (8%) intervention was
delivered via telephone [46]. Interventions lasted for 2 to 30
weeks (Multimedia Appendix 2). Participants were recruited
by various methods: HCP referral during routine clinical
appointments or self-recruited via advertisements in print and
social media. Eligibility screening was conducted in 79% (11/14)
of the studies, which included anxiety symptoms, depression,
fear of birth, insomnia, or preterm labor (Multimedia Appendix
3). For studies reporting inclusion rates (as a percentage of the
enrolled population), all 29% (4/14) of studies that used criteria
based on fear of birth measures reported inclusion rates <10%.
The 29% (4/14) of studies that used criteria based on anxiety
or depression screening tools reported inclusion rates between
19% and 46%. Studies that did not apply psychological
screening inclusion measures reported inclusion rates ranging
from 76% to 90%.

Intervention Completion Rates Reported in the Included
Studies
Shahsavan et al [41] reported an adherence rate of 93.72% across
an 8-week I-CBT intervention. Adherence to the intervention
program was measured as the number of log-ins and time spent
on the designed software gathered via web‐logging per unique
user ID. Loughnan et al [53] and Yang et al [45] reported
completion rates of 72% across all 3 sessions for an I-CBT
intervention and 84% for a mindfulness intervention. The
remaining 54% (7/13) of interventions that provided relevant
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data reported falling attendance rates across the time frame of
the intervention. Approximately 36% (5/14) of studies (I-CBT
and problem-solving interventions) maintained completion rates
of approximately ≥50% at week 5 to week 6 time points and
included women with elevated symptoms of anxiety, depression,
fear of birth, or insomnia [16,17,42,44,46]. Approximately 14%
(2/14) of studies reported completion rates of <30% by week 3
on the intervention program: the study by Rondung et al [49],
which involved I-CBT for women with high fear of birth scores,
and the study by Krusche et al [47], which involved mindfulness
for a general population of women who are pregnant.
Fontein-Kuipers et al [48] reported the number of women who
completed third trimester postintervention measures for an
intervention delivering coping skills, resources, and personalized
feedback (CG 56% and IG 64%). Across the 64% (9/14) of
studies reporting full intervention completion data, all 56% (5/9)
of studies that maintained completion rates >50% across the
whole intervention reported significant improvement in anxiety
scores between the IG and CG groups [16,41,44,46,53]. The
44% (4/9) of studies where completion fell <50% (at weeks
2-5) reported nonsignificant differences between the IG and CG
groups [17,42,47,49].

Reported Acceptability and Satisfaction
Approximately 29% (4/14) of the studies assessed participant
acceptability or satisfaction through feedback and satisfaction
questionnaires; all received positive feedback, and women
considered they had benefitted from participating. Loughnan
et al [52] reported that after 1 to 2 sessions, most participants
found the I-CBT intervention logical and considered it would
be useful for their symptoms of anxiety and depression.
Following completion of the intervention, most women were
satisfied with the program, which they assessed as good quality,
relatable, and useful in helping them manage their symptoms.
Women could relate to the fictional characters experiencing
anxiety and depression presented in an illustrated story. The
authors reported that just over half of the participants preferred
the web-based delivery of the program rather than other methods
of intervention delivery. Forsell et al [17] reported that women
who completed the I-CBT intervention felt satisfied, and most
rated the treatment as helpful and important. Heller et al [42]
reported that most women found the guided problem-solving
intervention satisfying and would recommend the intervention
to others. The website and feedback of coaches were rated as
fairly good to excellent by most participants. The mindfulness
intervention by Yang et al [45] was reported as beneficial by
most of the participants who reported that it helped them feel
relaxed and calm, become fully aware of fetal movements, and
relieve discomfort. Some women reported that learning to
maintain an accepting attitude was challenging, and daily
mindfulness practice was onerous.

Reported Findings for Anxiety and Fear of Birth Scores
in the Included Studies
Studies used various self-report outcome measures for anxiety
and fear of birth symptoms, including the following:

• GAD 7-item (GAD-7) scale [18]
• Patient Health Questionnaire 9 item [54]
• Hospital Anxiety and Depression Scale—Anxiety subscale

[55]
• Depression Anxiety Stress Scale [56]
• State–Trait Anxiety Inventory [57]
• Pregnancy-Related Anxiety Test [58]
• Pregnancy-Related Anxiety Questionnaire [59]
• Wijma Delivery Expectancy/Experience Questionnaire [60]
• Fear of Birth Scale [61]

Outcome scores as reported in the included papers are provided
in Multimedia Appendix 3.

Meta-analysis of Anxiety Postintervention Scores
Studies used different anxiety measures to assess intervention
outcomes (GAD-7, Hospital Anxiety and Depression
Scale—Anxiety subscale, Pregnancy-Related Anxiety Test,
Pregnancy-Related Anxiety Questionnaire, Patient Health
Questionnaire-9 item, State–Trait Anxiety Inventory, and
Depression Anxiety Stress Scale); therefore, SMDs were used
as the summary statistic [33]. The results from 43% (6/14) of
the studies that provided sufficient outcome data for
postintervention anxiety scores were pooled and indicated
statistical heterogeneity among the studies and clinical
heterogeneity between the intervention type, duration, and the
characteristics of participants (Figure 4). Subgroup analyses
were conducted on studies of interventions with similar
characteristics, such as I-CBT and facilitated interventions,
which provided sufficient data and were assessed as having
sufficient clinical and statistical homogeneity to perform a
meta-analysis (Figures 5 and 6) [33].

For the 23% (3/13) I-CBT interventions that provided sufficient
data to be included in the meta-analysis, a beneficial effect was
observed in relation to the reduction of anxiety scores (SMD
−0.49, 95% CI −0.75 to −0.22), with low statistical heterogeneity

among the studies (I2=0%; P=.87). For facilitated interventions,
beneficial effects were observed in relation to the reduction of
anxiety scores (SMD −0.48, 95% CI −0.75 to −0.22), although
there was substantial statistical heterogeneity among the studies

(I2=65%; P=.02). However, the pooled number of participants
was relatively small (n=228 and n=848, respectively), and
studies were assessed to have an unclear risk of bias. Therefore,
the results of the meta-analysis should be interpreted with
caution (Table 1).
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Figure 4. Studies reporting digitally delivered interventions for intervention and control groups (anxiety outcomes) [17,40,41,43,45,46,49,50,53].

Figure 5. Studies reporting digitally delivered cognitive behavioral therapy interventions for intervention and control groups (anxiety outcomes)
[17,40,41,45,52].

Figure 6. Studies reporting digitally delivered interventions with facilitator or therapist support for intervention and control groups (anxiety outcomes)
[17,40,41,43,46,50].

Table 1. GRADEa quality of evidence summary for I-CBTb and mindfulness RCTsc and quasi-experimental studies with anxiety score outcomes.

Intervention versus comparator mean differ-
ence (95% CI)

Quality of evidence (GRADE)Number of participants in-
cluded in the analysis (N)

Interventions

−0.49 (95% CI −0.75 to −0.22) improved
anxiety scores in the intervention group

Very low because of small sample sizes, moderate
risk of bias, differences in the population inclusion
criteria, and intervention components

228 from 2 RCTs and 1
quasi-experimental study

I-CBT interventions

−0.48 (95% CI −0.75 to −0.22) improved
anxiety scores in the intervention group

Very low because of small sample sizes, moderate
risk of bias, differences in the intervention types,
population inclusion criteria, and intervention
components

818 from 3 RCTs and 2
quasi-experimental studies

Facilitated interven-
tions

aGRADE: Grading of Recommendations Assessment, Development and Evaluation.
bI-CBT: internet-based cognitive behavioral therapy.
cRCT: randomized controlled trial.

Findings From the Qualitative Studies: Women’s
Engagement and Experiences of Interventions
A total of 3 qualitative studies were included in this review. Of
the 3 studies, 2 (67%) included participants of experimental
intervention studies [38,39], and 1 (33%) reported women’s
narratives from a web-based forum [51]. The study by Gui et
al [51] was included in the review as the web-based forum was
considered by the review team to fit with the eligibility criteria
of an intervention, and the study provided useful and relevant

data on women’s concerns, anxiety, stress, and fear during
pregnancy.

Baylis et al [39] interviewed women (n=19) who had
participated in the I-CBT intervention to support women with
a fear of childbirth [49]. The women were interviewed in the
postnatal period. The study aimed to describe women’s
experiences of guided I-CBT for fear of childbirth and describe
the content of that fear. The authors reported that women’s fears
were focused on losing control in labor, fear for their life, or
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the health of the baby. I-CBT was reported to offer a supportive
and flexible treatment, although most women would have
preferred CBT to be delivered face-to-face. Remote delivery
made it difficult for women to maintain their motivation. The
I-CBT intervention was not tailored to women’s specific
situations or fears, and women could not always relate to the
content within the sessions. However, women said it helped
them to think in different ways about the imminent birth,
understand their fear, work with their emotions, and cope with
uncertainty. Learning the skills to step outside of themselves
and observe what was going on helped women relieve their
fears. The interactions with the psychologist through emails
received positive comments and were described as supportive
and encouraging. Individual contact made the treatment more
personal, and the relationship with the psychologist was reported
by some women as the most important part of the therapy. For
some women, contact by email was preferable to meeting a
stranger in an unfamiliar hospital setting and made it easier to
disclose their fears. Other women would have preferred meeting
the psychologist in person; this was thought to have resulted in
women feeling more supported and motivated to complete the
program and helped them create a warm and trusting
relationship. Some women actively sought out alternative ways
of addressing their fear of childbirth, including face-to-face
midwife-led counseling, particularly when they needed to
process previous traumatic birth experiences. Some women
contacted a psychologist, attended antenatal classes, or attended
antenatal yoga sessions.

Nieminen et al [38] conducted a thematic analysis of narratives
completed by nulliparous women participating in an I-CBT
intervention for fear of childbirth [16]. This study aimed to
describe women’s expectations of childbirth before and after
I-CBT. The authors reported six main themes: fear,
self-confidence, coping, the partner, the staff, and the baby.
Themes were identified within three domains: my own role, the
role of others, and attitude toward the baby. Women reported
that, following I-CBT, their complete focus on fear, as well as
anxiety and hopelessness, was replaced by an expectation that
reflected increased confidence. Women described positive and
more realistic expectations regarding themselves, their partners,
and the staff that would look after them in labor. Before I-CBT,
women provided very few comments about the health of the
baby in labor and were more focused on their anxiety and on
surviving painful labor and delivery, which some women

described as a nightmare. Following I-CBT, women still
reported uncertainty about the outcome of labor and birth;
however, their attitude toward their fear had changed to become
more manageable and less isolating. They developed
self-confidence and strategies to cope with pain and seek support
from partners and care providers.

The study by Gui et al [51] analyzed narratives from women
who were pregnant and posting within a web-based community
across the 3 trimesters of pregnancy. The study reported
women’s motivations for seeking web-based support, which
surrounded (1) having limited access to care providers (delay
in accessing advice); (2) wanting to access alternative sources
of advice and information; (3) having little social support; (4)
experiencing conflict between pregnancy information and their
own experiences; and (5) seeking general advice, reassurance,
and emotional support. The authors reported that across all 3
trimesters, women who were pregnant closely monitored their
symptoms, fetal movements, body shape, and test results.
Women reported emotional stress about maintaining their
pregnancy, adjusting their lifestyle, managing medication for
mental health conditions, and managing family relationships.
Participation in web-based peer support provided a strategy for
women to manage their stress and anxiety. Emotional stress
remained a concern for women in the third trimester, which is
mainly related to fear and anxiety about the upcoming birth,
personal relationships with family members with regard to
preparing for the birth, and extreme physical discomfort because
of their progressing pregnancy. The authors stated that women’s
motivations for seeking web-based support were greater for
women with particular symptoms who needed to access
information immediately. The number of posts that contained
statements about emotional stress was slightly larger than the
number of posts that directly asked for emotional support, which
the authors concluded was because of differences in the way
women cope with stress (ie, some women actively seek social
support, whereas others prefer to vent their feelings).

Synthesis of Quantitative and Qualitative Evidence
The evidence from the quantitative studies (14/16, 88%) and
the qualitative studies (3/16, 18%) were synthesized to draw
overall conclusions and provide insight to guide the design of
future studies. The synthesis findings are presented in Textbox
2 and relate to the research questions.

J Med Internet Res 2022 | vol. 24 | iss. 2 | e28093 | p.225https://www.jmir.org/2022/2/e28093
(page number not for citation purposes)

Evans et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Textbox 2. Synthesis of the qualitative and quantitative evidence.

Quantitative, qualitative, and synthesized evidence

How effective are remotely delivered interventions in reducing symptoms of anxiety?

• Quantitative evidence: There was limited evidence of effectiveness for cognitive behavioral therapy and facilitated interventions for women with
symptoms of depression, anxiety, and fear of birth. Interventions may be more effective when interventions are targeted at women with psychological
symptoms; interventions include facilitation and contact with therapists, health care professionals, or peer communities; completion rates are
sustained above 50% across all sessions; and interventions include cognitive skills and relaxation or meditation.

• Qualitative evidence: There was limited evidence from 2 studies to suggest that internet-based cognitive behavioral therapy interventions can be
beneficial in helping women develop coping strategies for dealing with uncertainties and accessing support from partners and health care
professionals. Limitations of remotely delivered interventions include a lack of tailoring to specific fears and anxieties; a lack of motivation and
encouragement to complete modules; an inability to form secure, trusting professional relationships; content is perceived as onerous.

• Synthesized findings: Overall, there is limited evidence to suggest that interventions are more effective when women are motivated to maintain
regular participation in interventions. Strategies to maintain participation include the following:

• Personalization: achieved by providing regular contact with therapists and health care professionals to discuss individual circumstances,
symptoms, or concerns; consider animated therapists as a proxy for human therapist interactions

• Relatable: designing and targeting interventions to women with particular symptoms; providing peer forums; presenting content as stories
and vignettes

• Skills and techniques: include components of relaxation and cognitive-based skills

• Achievable: sufficient sessions to develop new skills without being too time consuming

What are women’s views on remotely delivered interventions in reducing the symptoms of anxiety?

• Quantitative evidence: There is limited evidence to suggest that attrition rates were higher in studies that did not include therapist and health care
professional or peer support components and were not targeted at women with symptoms of anxiety, depression, or fear of birth. Participants in
2 internet-based cognitive behavioral therapy interventions reported they were satisfied with the intervention and considered it helpful to manage
their symptoms.

• Qualitative evidence: There was limited evidence from 2 studies to suggest that internet-based cognitive behavioral therapy interventions for
fear of birth were valued by women if they offered flexibility and strategies for coping with their anxiety and fear and provided access to individual
support from therapists. Women with fear of birth would have preferred individualized advice that was not readily available via remotely delivered
therapy. Although some women felt more confident in disclosing their fears via remote messaging, many women would have preferred and
actively sought alternative face-to-face treatment.

• Synthesized findings: Overall, there is very limited evidence to suggest that some women may prefer face-to-face therapy to help them stay
motivated and receive individualized, tailored advice to manage their fears surrounding pregnancy and childbirth. However, for other women,
remotely delivered interventions that provide some contact with a therapist, health care professional, or peer community may provide adequate
human interaction to be of benefit. Remote interventions may also provide women with greater anonymity to help them feel more confident in
disclosing their symptoms. There is limited evidence from the qualitative and quantitative evidence to suggest that women value interventions
that resonate with their experiences. Women may be more motivated to complete interventions that are perceived as relevant to their needs and
situations.

Discussion

Principal Findings
This paper presents a systematic review of remotely delivered
interventions to improve symptoms of anxiety in women who
are pregnant and presents a meta-analysis of the preliminary
efficacy of these interventions on self-reported anxiety scores.
Within the 16 included studies, numerous intervention designs
were evaluated. Of the 16 studies, 10 (63%) evaluated I-CBT
interventions targeting women with fear of birth, anxiety and
depression, preterm birth, and insomnia; 2 (13%) reported
mindfulness interventions for women who are pregnant and
having symptoms of anxiety and depression; and the remaining
4 (25%) included psychoeducation for women with fear of birth,
problem solving for women with anxiety and depression,
psychological well-being, and a web-based forum for a general
population of women who are pregnant. Remotely delivered
interventions included in the meta-analysis achieved some

beneficial effect in relation to the reduction of anxiety scores,
although these findings need to be interpreted with caution as
sample sizes were relatively small, and studies were assessed
to have an unclear risk of bias.

The need to increase the reach and improve timely access to
therapeutic and supportive treatment for women with
psychological symptoms was reported as the main rationale for
conducting the studies. In the United Kingdom, suicide is the
second largest cause of maternal deaths, and women with a
mental health diagnosis are overrepresented among women who
die during pregnancy or the postnatal period [62]. Within the
UK maternity services, low-level psychological therapies are
recommended as the first-line treatment option for women with
mild to moderate mental health conditions [63]. Improving
Access to Psychological Therapy programs are available for
many women who are pregnant in the United Kingdom, with
recommended treatment interventions starting within 6 weeks
of referral [64]. Women have reported positive experiences of
Improving Access to Psychological Therapy support, although

J Med Internet Res 2022 | vol. 24 | iss. 2 | e28093 | p.226https://www.jmir.org/2022/2/e28093
(page number not for citation purposes)

Evans et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


barriers to accessing services have been identified, including
reluctance to disclose difficulties because of stigma and fear of
custody loss, as well as lack of clear information and support,
with referrals from HCPs such as general practitioners,
midwives, and health visitors [65]. This review has identified
that for some women, remotely delivered interventions provide
a sense of anonymity, which enables them to feel more confident
in disclosing their symptoms. However, qualitative studies
assessing women’s feedback on remotely delivered interventions
reported a lack of face-to-face contact with therapists and a lack
of tailoring information and interventions to women’s specific
circumstances as barriers to the effectiveness of interventions.
The quantitative data suggested that interventions were more
effective in improving anxiety symptoms when interventions
included individual contact from a therapist, HCP, or peer
web-based forums.

Social learning and social comparison theory can be facilitated
by providing social forums to foster a sense of connectivity and
cooperation. Many women participate in web-based forums
during pregnancy to discuss their worries and concerns and
regularly access web-based information to monitor their
well-being and assist in decision-making [51,66]. The inclusion
of social support mechanisms as a component of remotely
delivered interventions has been recommended for individuals
with serious mental health concerns [67].

Therapeutic alliance has been reported as fundamental to the
success of face-to-face psychological therapies and requires a
strong bond between the care provider and client to foster shared
understanding and collaboration on tasks and goals [67]. A
systematic review of technology-based mental health
interventions identified that users could experience therapeutic
alliances with digital interventions if they are personalized and
interactive, providing automated feedback that emulates
reciprocal trusted relationships [68]. Numerous systematic
reviews have identified that remotely delivered anxiety
interventions are more effective when therapists provide support
and guidance [69-71]. The impact of facilitator or therapist
training has mainly been evaluated in digital interventions for
symptoms of depression. Remotely delivered guided
interventions were reported to be beneficial in improving
symptoms of depression and found no association between the
qualifications or level of facilitator training and outcomes
[72-74]. In pregnancy, increasing midwives’and maternity care
providers’ awareness of remotely delivered interventions could
assist signposting women to effective interventions. Remotely
delivered interventions can be enhanced by midwives offering
support and encouragement to improve intervention uptake and
completion and providing pregnancy-specific information and
advice tailored to women’s particular circumstances. Midwives
may need brief, additional training to support this role; however,
in addition to supporting women’s experience of the
intervention, midwives’ involvement would reflect
contemporary policy drivers related to the continuity of carer
(Better Births). A central tenet of the Midwifery Continuity of
Carer models is the development of a collaborative relationship
and provision of personalized care. Compared with conventional
care, the provision of continuity of carers enables midwives to

get to know women better, increase mutual trust, and facilitate
access to specialist services.

Of the 16 included studies [44,53], 2 (13%) evaluated unguided
I-CBT interventions for women with anxiety and depression
and women with insomnia. Both studies reported an
improvement in postintervention between-group anxiety
symptoms for the IGs. Both studies included fictional characters
in the form of a digital therapist [44] and fictional characters to
narrate anxiety and depression experiences and help teach CBT
skills. Rehm et al [75] reported that avatars were used as
autonomous digital therapists to facilitate clinical interviews
and assessments, provide psychoeducation, or signpost to other
services. Digital therapists, not controlled by human clinicians,
can be represented as a realistic-looking human avatar or as a
2D animated character. Participants have reported that they
were willing and felt comfortable sharing information with
therapist avatars [75], although there is very limited evidence,
and further research is required in the perinatal context.

None of the included studies were solely targeted at improving
symptoms of anxiety, which may reflect a greater focus on
broader concepts of psychological well-being and respond to
the reported comorbidity and associations between common
mental health and psychosocial and physical health concerns
in the perinatal period [76-78]. Although a multidimensional
approach has been reported as an important factor in promoting
psychological well-being in pregnancy [79], interventions
targeting 1 condition may not be effective for the other comorbid
conditions [80]; the underpinning theory of change needs to be
defined for each condition before further testing the mechanisms
of change.

The 31% (5/16) of studies that maintained completion rates
≥50% across the entire intervention reported significant
improvement in anxiety scores between the IG and CG groups
compared with studies where completion rates fell <50% (weeks
2-5). Of the 4 studies where completion fell <50%, 3 (75%)
were developed for the general population of women who are
pregnant and 1 (25%) for women with severe symptoms of fear
of birth. Studies that maintained relatively high completion rates
were targeted at women with symptoms of anxiety, depression,
insomnia, or fear of birth and used established, validated
screening tools with recommended cutoff scores to identify
women with mild, moderate, and severe symptoms. A systematic
review of antenatal interventions to reduce maternal distress
also reported that interventions delivered to women with
symptoms of distress were more effective than preventative
interventions for women with little or no symptoms at baseline
[81]. However, because of the heterogeneity of target
populations included in the review, there is currently insufficient
evidence to draw conclusions about the effectiveness of targeted
interventions compared with universal interventions for women
with symptoms of anxiety during pregnancy.

Overall, the content of interventions was well-documented, with
most of the studies reporting the material content provided in
each module. Of the 13 interventions, 10 (77%) included
cognitive skills, and 69% (11/16) of studies included
mindfulness or relaxation techniques. The amount of time taken
to complete modules was not well-documented, and some
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authors reported the average time women accessed websites
and portals, whereas other authors reported the amount and
types of information provided. Women reported that intervention
content and homework exercises felt too onerous at times, and
they found it difficult to remain motivated. In future studies,
assessing and reporting the amount of time spent completing
intervention modules would help inform optimal intervention
content. Overall, the information about the ways in which
interventions were developed and tailored to the population was
limited, and many authors simply stated that interventions were
amended from traditional CBT interventions to meet the needs
of a pregnant population or to fit within the timescale of
pregnancy. Conducting a needs assessment in the target
population is an essential stage in intervention development to
improve potential effectiveness [82]. O’Mahen et al [83]
explored women’s needs to inform the modification of CBT for
perinatal depression. The authors reported that an increased
focus on interpersonal strategies is required to help women seek
out normalizing information that counters rigid beliefs about
motherhood from other mothers. Considerations of women’s
ethnicity and socioeconomic status are also required to address
particular worries and concerns and improve the relevance of
the intervention content. Similar studies are required to inform
the tailoring of interventions for women with symptoms of
anxiety during pregnancy. Only 19% (3/16) of the included
studies provided demographic data relating to the ethnicity of
participants, and from these studies, most of the participants
were White. The recent MBRRACE-UK: Saving Lives,
Improving Mothers' Care report has highlighted inequalities in
maternity care, with Black and Black British and Asian and
Asian British babies up to twice as likely to be stillborn or die
neonatally, suggesting that safety initiatives are failing to reach
many women from higher risk ethnicities [84]. A low rate of
participation among ethnic minority groups reduces the
generalizability of mental health research findings, affects the
development of effective interventions, and further widens
health inequalities. Urgent attention is required to address
inequalities in mental health provision for Black, Asian, and
minority ethnic women, and researchers need to develop
relevant, tailored interventions and recruitment strategies that
reflect the diversity of the population.

Limitations
This review adopted a broad approach, including different types
of interventions for different populations of women who are
pregnant. This limited the utility of the study findings as
different measurement instruments were used by the authors,
and there was insufficient data to calculate outcome scores
across all included studies. As a meta-analysis of
postintervention anxiety scores was only achievable for a small
subgroup of studies, the aim of the study to assess the
effectiveness of interventions was only partially achieved.
However, low-powered analysis based on a small number of
studies can provide useful insights by exploring interesting

relationships that may emerge and highlighting deficiencies in
a topic that requires further attention [85]. The overall quality
of the included studies was rated as moderate; the small sample
sizes and heterogeneity of interventions and study populations
resulted in overall low quality of evidence for the quantitative
studies. There were insufficient qualitative studies to conduct
a narrative synthesis, which further limited the qualitative
findings and the synthesis of qualitative and quantitative
evidence. We did not locate any studies that focused solely on
anxiety symptoms in pregnancy, and most quantitative studies
were not powered to detect significant changes in anxiety scores.
Studies not published in English were excluded from this review.

Conclusions
The introduction of remotely delivered interventions has the
potential to improve symptoms of anxiety in women who are
pregnant. The results of the review are limited and need to be
interpreted with caution, as the findings of the review were
predominantly based on small sample sizes with heterogeneity
between intervention designs, delivery, and sample populations.
The synthesized findings highlighted components of
interventions that may improve the effectiveness and
acceptability of remotely delivered interventions. Most women
valued individual web-based contact from a therapist or HCP
to maintain motivation and access individualized information.
There was some evidence of effectiveness for interventions that
provided some form of facilitation and access to peer support.
Overall, there was limited evidence to suggest that interventions
are more effective when women are motivated to maintain
regular participation. Interventions targeting women with
psychological symptoms were more likely to maintain
participation across the intervention time frame and report
improvements in anxiety scores. Although there was some
limited evidence of the benefits of remotely delivered
interventions described as CBT or mindfulness, most studies
included a multicomponent approach and provided cognitive
and mind–body content. Most women reported satisfaction with
the interventions and provided positive feedback. Some women
may prefer and actively seek face-to-face therapeutic
interventions. However, for some women, remotely delivered
interventions provide women with greater anonymity to help
them feel more confident in disclosing their symptoms.
Interventions provided a timely and flexible approach and
provided women with strategies for coping with their symptoms.
Future research is required to identify ways that interventions
can be tailored to meet the particular needs of diverse
populations of women who are pregnant to improve their
relevance and ensure equitable access. Researchers need to
consider the structures of maternity care in which interventions
are implemented to assist in signposting women and need to
maximize the potential for maternity care professionals to
provide encouragement, support, and motivation, enhancing
the digital therapeutic approach.
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Abstract

Background: With the world’s population aging, more health-conscious older adults are seeking health information to make
better-informed health decisions. The rapid growth of the internet has empowered older adults to access web-based health
information sources. However, research explicitly exploring older adults’ online health information seeking (OHIS) behavior is
still underway.

Objective: This systematic scoping review aims to understand older adults’ OHIS and answer four research questions: (1) What
types of health information do older adults seek and where do they seek health information on the internet? (2) What are the
factors that influence older adults’ OHIS? (3) What are the barriers to older adults’ OHIS? (4) How can we intervene and support
older adults’ OHIS?

Methods: A comprehensive literature search was performed in November 2020, involving the following academic databases:
Web of Science; Cochrane Library database; PubMed; MEDLINE; CINAHL Plus; APA PsycINFO; Library and Information
Science Source; Library, Information Science and Technology Abstracts; Psychology and Behavioral Sciences Collection;
Communication & Mass Media Complete; ABI/INFORM; and ACM Digital Library. The initial search identified 8047 publications
through database search strategies. After the removal of duplicates, a data set consisting of 5949 publications was obtained for
screening. Among these, 75 articles met the inclusion criteria. Qualitative content analysis was performed to identify themes
related to the research questions.

Results: The results suggest that older adults seek 10 types of health information from 6 types of internet-based information
sources and that 2 main categories of influencing factors, individual-related and source-related, impact older adults’ OHIS.
Moreover, the results reveal that in their OHIS, older adults confront 3 types of barriers, namely individual, social, and those
related to information and communication technologies. Some intervention programs based on educational training workshops
have been created to intervene and support older adults’ OHIS.

Conclusions: Although OHIS has become increasingly common among older adults, the review reveals that older adults’ OHIS
behavior is not adequately investigated. The findings suggest that more studies are needed to understand older adults’ OHIS
behaviors and better support their medical and health decisions in OHIS. Based on the results, the review proposes multiple
objectives for future studies, including (1) more investigations on the OHIS behavior of older adults above 85 years; (2) conducting
more longitudinal, action research, and mixed methods studies; (3) elaboration of the mobile context and cross-platform scenario
of older adults’ OHIS; (4) facilitating older adults’ OHIS by explicating technology affordance; and (5) promoting and measuring
the performance of OHIS interventions for older adults.

(J Med Internet Res 2022;24(2):e34790)   doi:10.2196/34790
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Introduction

During the past decade, the rapid development of information
and communication technologies (ICTs) has increased
laypeople’s access to health information sources and is
constantly reshaping their health information–seeking behaviors
[1]. Online health information seeking (OHIS) serves multiple
purposes, such as understanding disease symptoms, assessing
disease risks, finding treatment choices, managing chronic
conditions, and preparing for patient-doctor communication [2].
Studies have revealed that OHIS has become one of the most
common everyday life experiences across the entire lifespan
[3].

In recent decades, the aging of the world population has led to
significant demographic transitions that have never occurred
before in human history. Societies with large aging populations
face great challenges to their health care sectors with respect to
an increasing prevalence of chronic conditions among older
adults and a sharply rising demand for health care resources.
As older adults are more likely to experience illness and chronic
conditions than younger people, they have a greater need for
health information [4]. With the world population aging,
increasing numbers of health-conscious older adults are seeking
health information to make better-informed health decisions
[5]. Many hopes are placed on ICTs to empower the aging
population, promote public health, and alleviate the burden of
health care systems. However, there is some skepticism
regarding whether older adults really benefit from current
technological advancements [6]. Although some studies have
found that the adoption and use of ICTs to address health
concerns have remained at a relatively low rate among older
adults [7], other studies suggest that older adults are increasingly
engaged in internet surfing [8]. These mixed results suggest
that the OHIS behavior of older adults is still insufficiently
investigated.

Despite scattered empirical studies on the topic, few scoping
or systematic reviews have directly addressed the OHIS
behaviors of older adults and synthesized this body of
knowledge. Chang and Huang [9] recently reviewed antecedents
that predict general consumers’ OHIS behaviors (ie, health
status, self-efficacy, health literacy, availability, credibility,
emotional responses, and subject norms). Although the review
found that age is a significant moderator of the correlations
between the antecedents and OHIS, it provided few details on
older adults’ health information behaviors. Hunsaker and
Hargittai [8] synthesized quantitative literature on general
internet use among older adults. Although their review addressed
the relationship between older adults’ health and internet use,
OHIS was neither specified nor teased out from the general
internet use behaviors. Therefore, the type of health information
sought by the participating older adults and the factors that
influenced older adults’ OHIS reported in the literature are
unclear. Waterworth and Honey [10] reviewed 8 empirical
studies of OHIS among older adults and discussed facilitators
of and barriers to older adults’ OHIS. However, the number of
studies included in this review was limited, and it can hardly
provide a comprehensive understanding of OHIS among older
adults.

Gaps in the existing research indicate that a systematic scoping
review on older adults’ OHIS is necessary because it will not
only enhance our knowledge of human information behaviors
and practices but will also inform better health information
system designs and ensure better information services for older
adults. Motivated by the existing research gaps, this systematic
scoping review examines the state of research on older adults’
OHIS and reveals the types and sources of health information
that the older adults seek, factors that influence older adults’
OHIS, barriers to older adults’ OHIS, and interventions that are
available. The purpose of this systematic scoping review is to
provide our readers with an overview of how OHIS among older
adults has been studied and present implications for future
research. It aims to answer the following questions:

1. What types of health information do older adults seek and
where do they seek health information on the internet?

2. What are the factors that influence older adults’ OHIS?

3. What are the barriers to older adults’ OHIS?

4. How can we intervene and support older adults’ OHIS?

Methods

Literature Search
This review follows the guidelines of the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Extension for Scoping Reviews) [11]. We were
also inspired by the recommended framework for conducting
systematic reviews in information-related fields by Okoli [12].
The bibliographic database search strategies were developed
after consulting an academic librarian at the first author’s
university.

First, we searched the following databases: Web of Science;
Cochrane Library database; PubMed; MEDLINE; CINAHL
Plus; APA PsycINFO; Library and Information Science Source;
Library, Information Science and Technology Abstracts;
Psychology and Behavioral Sciences Collection; Communication
& Mass Media Complete; ABI/INFORM; and ACM Digital
Library. These databases were chosen because they cover the
academic disciplines (eg, medicine, medical informatics,
communication, psychology, and information and library
science) that are most likely to study older adults’ OHIS
behaviors. Second, the search queries contained the following
categories and keywords: people (older adults, elderly, aging,
senior, seniors, older people, aged 60, aged 65), behavior (find,
search, seek, access, retrieve), place (internet, online, web),
object (information), and attribute (health, medicine, drug,
nutrition, diet, wellness, illness). Specific queries were run in
the topic, title, and abstract fields, depending on the database
(see Multimedia Appendix 1). The initial search was performed
in November 2020. Third, we captured additional articles using
Google Scholar by tracking the citations and references in the
articles found in the databases and in other relevant reviews. In
addition, we supplemented relevant articles by searching Google
Scholar directly. All the studies identified during the database
searches were imported into the reference management software
Zotero, and duplicates were removed.
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Eligibility Criteria
We developed a series of inclusion and exclusion criteria to
identify articles relating to older adults’ OHIS behaviors. The
inclusion criteria were as follows: (1) The articles should pertain
to health-related contexts, including areas such as health, mental
health, diet, and nutrition. (2) The article should describe OHIS
behaviors (eg, general OHIS, selection and use of health
information sources, and adoption and use of health
information). (3) The article should focus on older adults (Note
that although the search strategies indicated 2 commonly
accepted lower age boundaries, 60 and 65 years, to identify
older adults, it did not exclude other ways to describe the
population); studies that clearly mentioned the population of
older adults or contained explicit, equivalent claims were
eligible. (4) The research should be empirically based. (5) The
articles should have been published in a peer-reviewed journal
or in conference proceedings. (6) When we identified more than
1 paper published by the same author on the same topic, we
selected only the most recent one. (7) The articles should be
written in English.

Our exclusion criteria were as follows: (1) The articles did not
pertain to a health-related context. (2) The articles were not
about OHIS behaviors; for instance, some articles focused only
on general ICT use or adoption behaviors, were more concerned
with technology-related rather than information-related issues
or addressed only older adults’health literacy or eHealth literacy
and did not investigate their OHIS. (3) The articles did not focus
on older adults; we specifically excluded articles that treated
age merely as a predictor or moderator in studying the OHIS
of the general population, as it is evident that age influences
people’s OHIS behaviors. (4) The articles were not based on
empirical research; this criterion helped eliminate opinion
pieces, brief communications, editorial commentaries, and
reviews. (5) The articles were not peer-reviewed (eg, a
self-archived manuscript). (6) The articles were not written as
full papers (eg, abstracts, posters, or letters). (7) The articles
were not written in English.

Screening Procedure
The procedure for screening articles was based on the eligibility
criteria. The initial search used database search strategies and
identified 8047 publications. After duplicates were removed,
the data set consisted of 5949 publications for screening.

The screening involved 3 stages. In the first stage, all the 3
authors reviewed the titles and abstracts of a sample of 300
articles from the search results, and then discussed and refined
the screening criteria. In the second stage, we selected another
300 articles randomly from the search results as a test set. The
feasibility criteria were verified independently by 2 of the
authors (SS and MZ). Intercoder agreement (κ=0.816) indicated
satisfactory reliability. Discrepancies were discussed and
resolved by involving the third author (YZ), and the eligibility
criteria were further refined accordingly. In the third stage,

author MZ screened the remaining articles based on the
eligibility criteria using the titles and abstracts, and author SS
validated the results. Discrepancies were resolved by involving
author YZ. The whole screening procedure resulted in 279
articles for full-text analysis.

To read and code the full-length articles downloaded from the
databases, we used the MAXQDA 2020 software, which is
designed for analyzing computer-assisted qualitative and mixed
methods data, texts, and multimedia data. During the full-text
analysis, we excluded 211 articles by applying the eligibility
criteria. The remaining 68 articles were retained, and 8 more
eligible articles were identified through citation tracking with
the assistance of Google Scholar. In total, 75 articles were
selected for the systematic scoping review.

Data Extraction and Analysis
We used Excel (Microsoft Corporation) to extract and record
the basic information of the articles in the sample, including
the author(s), title, publication year, publication name, and
publication type (eg, journal vs conference). We used thematic
content analysis in an iterative manner to identify the evidence
regarding our research questions [13]. Several lists of codes
were generated during 2 rounds of full-text coding procedures.
In the first round, all the authors participated in the open and
selective coding processes until a coding schema emerged and
converged. In the second round, MZ coded the full texts by
applying the coding schema, and SS validated all the codes.
The intercoder reliability of the thematic content analysis
reached 85%. Discrepancies were solved by involving YZ in
the discussion.

Results

Basic Characteristics of the Included Articles
After screening, the final sample consisting of 75 articles was
obtained, as shown in Figure 1. The articles were published
between 1997 and 2020 (see Multimedia Appendix 2). Trend
observations revealed that the number of publications in this
subject area increased over time and that the OHIS of older
adults began to receive considerable attention in the last 3 years
(see Figure 2). The articles in the sample were mostly published
after 2006 (n=69, 92%), which relates closely to the boom in
social media. Of all the articles, 72 (96%) were published in
journals, and the remaining 3 (4%) were published in conference
proceedings. The articles originated from 17 countries (based
on the first author’s affiliations), with the top 3 being the United
States (n=44, 58.67%), Australia (n=5, 6.67%), and China (n=4,
5.33%). The top 4 journals publishing these articles include the
Journal of Medical Internet Research (n=8, 10.67%),
Educational Gerontology (n=4, 5.33%), Journal of Health
Communication (n=3, 4%), and Library & Information Science
Research (n=3, 4%), indicating the multidisciplinary nature of
the sample.
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Figure 1. Screening procedure. ACM: Association for Computing Machinery; APA: American Psychological Association; CINAHL: Cumulative
Index to Nursing and Allied Health Literature; ICT: information and communication technology.
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Figure 2. Distribution of publication years.

The systematic scoping review first investigated how the
included 75 articles defined the target population of older adults.
The cutoff ages for defining older adults were determined. More
than half of the articles used samples of older adults aged above
60 years. Furthermore, 16 articles (21.33%) defined older adults
as those aged 65 years and above, and 23 (30.67%) had cutoff
ages ranging from 60 to 64 years. In addition, we noted some
papers that defined the older adult group more loosely. For
example, the cutoff age in 17 articles (22.67%) ranged from 50
to 54 years, and 14 articles (18.67%) used samples with
minimum ages ranging from 55 to 59 years. Moreover, 5 of the
articles (6.67%) did not specify precise age distributions.

The research methods varied across the 75 studies. Regarding
methodological approaches, we found that 45 studies (60%)
used quantitative approaches, 22 (29.33%) employed qualitative
approaches, and 8 (10.67%) were based on mixed methods
designs, using a combination of quantitative and qualitative
methods. As for specific methods, surveys (n=28, 37.33%) and
interviews or focus groups (n=25, 33.33%) were the primary
methods used, followed by secondary data analysis (n=6, 8%)
and experiments (n=4, 5.33%). In terms of data sources, most
of the studies were based on primary data (n=65, 86.67%) and
a few on secondary data (n=10, 13.33 %). Concerning the types
of data, we found 59 studies (78.67%) based on cross-sectional
data and 16 (21.33%) based on longitudinal data.

Internet-Based Health Information Types and Sources
Information types and information sources are 2 frequently
reported aspects of information in OHIS studies [14]. For our
analysis, we adapted the typologies of health information types
from Kent et al [15] and Ramsey et al [16]. The results presented
in Table 1 suggest that older adults often search the internet for
information on specific diseases because they want to obtain a
general idea of their condition before diagnosis or treatment so
that they know what to expect and can be better prepared to
face stressful situations [17]. The health problems mentioned
in these 75 articles are mainly cancer (n=10, 13.33%), mental
health problems (n=5, 6.67%), chronic conditions (n=4, 5.33%),
and physical diseases (n=4, 5.33%). Aside from this disease
information, the most frequently mentioned types of information
are related to medication or treatment, nutrition or exercise,
medical research, disease symptoms, and health promotion.
Some articles mentioned that older adults also use the internet
to seek support groups or interpersonal advice, health insurance
information, health news, and health policy information. Of
note is that more than half of the articles (n=40, 53.33%) used
the umbrella term health information, without specifying any
type of health information content. Furthermore, the types of
content were not mutually exclusive. For example, a single
article might mention more than 1 type of information (eg, older
adults seeking information for cancer-related symptoms and
medication).
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Table 1. Types of health information mentioned in the articles (N=75).

Number of articles (n)Type of health information

40General health information

23Specific diseases

21Medication/treatment

13Nutrition/exercise

12Medical resource

9Disease symptoms

8Health promotion

4Support groups/interpersonal advice

4Health insurance

3Health news/policies

Most of the articles in the sample (n=58, 77.33%) used the
general internet to represent all the web-based sources of health
information. Further, 26 articles (34.67%) described health
websites as sources of internet-based health information for
older adults; among these, the owners of the websites varied,
consisting of educational, commercial, government, and
nonprofit entities. Moreover, general search engines such as
Google were the third most frequently mentioned sources in

the studies (n=17, 22.67%), suggesting that older adults often
use general search engines to start OHIS [18-20]. Further, 11
articles (14.67%) mentioned older adults’ use of social media
(eg, Facebook, Twitter) and blogs in OHIS. Only 3 articles (4%)
addressed older adults’ use of patient portals, and 2 articles
(2.67%) were about older adults’use of mobile internet services.
Table 2 shows the health information sources mentioned in the
studies.

Table 2. Internet-based health information sources mentioned in the studies (N=75).

Number of articles (n)Source of internet-based health information

58General internet

26Health websites (eg, WebMD, Mayo Clinic)

17General search engines (eg, Google, Yahoo)

11Social media/blogs (eg, Facebook, Twitter)

3Patient portals

2General mobile

Factors That Influence Older Adults’OHIS Behaviors
Among the 75 articles, 35 (46.67%) treated OHIS as a variable
or construct. These articles quantitatively measured OHIS with
various scales or proxy variables. Among them, 27 (36%)
regarded OHIS as a dependent variable and explored the
antecedents of older adults’ OHIS. Further, 4 (5.33%) treated
OHIS as an independent variable, and the remaining 4 (5.33%)
treated OHIS as neither a dependent nor an independent variable
but provided only descriptive analyses. Because the articles that
employed quantitative approaches primarily concerned the
antecedents of older adults’ OHIS, we summarize the
antecedents in Table 3.

We summarize the main influencing factors that appeared in
the investigations. The antecedents of older adults’ OHIS fall
mainly into 2 categories, namely individual-related
characteristics and source-related characteristics. Within the
individual-related characteristics, 12 subcategories were
observed, including demographics, anxiety, beliefs, attitudes,
self-efficacy, personality, health status, medical history, health
care service availability, source experience, health literacy and
motivations. Among the source-related characteristics,
credibility, usefulness, and ease of use were the 3 most
frequently mentioned factors.
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Table 3. Factors influencing older adults’ online health information seeking behaviors.

StudiesInfluencing Factors

Individual-related characteristics

Demographics

[18,21-35]Socioeconomic status

[18,21-41]Education

[18,21-27,29-34,36-43]Gender

[21,22,24,29,31,34,36,37,42,43]Marriage

[23,29,30,33-35,37,38,40,44]Race/ethnicity

[24,30,36,41]Place of residence

[36]No. of children

[33,35]Living with children

Anxiety

[18,42,45]ICTa-related anxiety

[31,46]Disease-related fears

[21]Perceived susceptibility

Beliefs

[45]External control

[28]Internal locus of control

[31,40]Fatalistic belief

Attitudes

[18]Attitudes on patient-doctor relationship

[18]Reliance on and compliance with doctor’s decisions

[39,42]Attitudes on ICT use

[38,45]Attitudes on internet-based health information

[18]Attitudes on patient-doctor relationship

Self-efficacy

[36]Self-efficacy in health

[24,42]Self-efficacy in learning

[42,45]Self-efficacy in ICT use

Personality

[36,42]Big five

[41]General values and life goals

Health status

[18,21,28-30,32,38,41,42]General health conditions

[22,33-39]Physical health

[31,34,36,37]Mental health

[22,30-36,43,44]Chronic conditions

Medical history

[21]Personal medical history

[21,31]Family medical history

Health care service availability

[34,36]Health care use

[34]Health insurance status
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StudiesInfluencing Factors

[33]Medical financial burden

Source experience

[18,38,39,45]Experience in internet use

[26,34,39]Internet use frequency

[29]Experience with online health information seeking

[35,42]Experience in ICT use

[27]Internet knowledge

Health literacy

[24,33,43]Health literacy

[27,29]eHealth literacy

Motivations

[18]Health information needs

[27]Health information orientation

[46]Health information overload

[39,45]Subjective norms

Source-related characteristics

Credibility

[28,38]Trustworthiness

[45]Relevance

[45]Output quality

[45]Result demonstrability

Usefulness

[45]Perceived usefulness of internet health information

[28,39]Perceived usefulness of internet use

[28]Perceived importance of health information

Ease of use

[45]Perceived ease of use of internet health information

[39]Perceived ease of internet use

[45]Computer playfulness

[45]Perceived enjoyment

aICT: information and communication technology.

Barriers to OHIS of Older Adults
Rather than treating OHIS as a variable, 40 of the 75 articles
(53.33%) treated OHIS as a process. Of these studies, 29
(38.67%) explored the barriers that older adults encounter during

OHIS. The results suggest that older adults may experience
many barriers preventing successful OHIS, as shown in Table
4. In the prior studies, we identified 3 main types of barriers
(ie, individual, social, and ICT), 11 subtypes, and 38 specific
issues.
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Table 4. Barriers to older adults’ online health information seeking behavior.

StudiesBarrier types

Individual barriers

Functional decline

[20,34]Vision impairment

[47,48]Physical challenges (eg, back pain, knee injury)

[32,35,36]Illness conditions

Low literacy

[49,50]English language literacy

[51,52]Basic health knowledge

[53,54]Digital literacy

[52,55,56]Information literacy

[24,33,43]Health literacy

[27,57]eHealth literacy

Low self-efficacy

[18,49,58,59]Low efficacy and anxiety associated with computer use

[49,60,61]Low efficacy in reading and learning

[62,63]Low efficacy in OHISa

[55,62]Low efficacy in health information evaluation

Negative attitudes

[39]Attitude toward internet use

[42]Attitude toward technology

[20,61,64]Privacy concerns

Health beliefs

[45]External locus of control

[31]Fatalistic beliefs

Social barriers

Social stigmas

[65]Stigma of mental health problems

[66]Stigma of sex-related health problems

Lack of social support

[66,67]Lack of informational support

[17,50,68]Lack of organizational support (eg, health care services)

[57,65]Lack of instrumental support (eg, instructions on computer use)

[49,69]Lack of intergenerational support (eg, not living with children)

[70,71]Lack of peer support (eg, hard to get support from friends)

ICTb barriers

Lack of ITc infrastructure

[29]Lack of ICT devices

[71]Low accessibility to medical records

Problematic information quality

[64,72]Misinformation

[73,74]Conflicting health information
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StudiesBarrier types

[65,73]Irrelevant information

Information overload

[20,48,71]Overwhelming health information on the internet

[58,64,70]Overwhelming extraneous information and pop-ups

Unsatisfactory user experiences

[75,76]Unsatisfactory interactivity and navigability

[72,75]Unsuitable font sizes

[76,77]Dense text and lack of visual elements

[51,72,75]Confusing layouts

[39,45,78]Insufficient ease of use

[51,56,59]Frustrating user experiences

aOHIS: online health information seeking.
bICT: information and communication technology.
cIT: information technology.

Regarding individual barriers, some studies found that older
adults’ OHIS could be hindered by age-related functional
decline, including vision impairment, poor eye-hand
coordination, physical challenges (eg, back pain), and illness.
Moreover, some studies reported several aspects indicating low
literacy among older adults that prevented effective OHIS,
including limited English language skills, lack of basic health
knowledge, limited digital literacy, undeveloped information
literacy, and low health or eHealth literacy. Moreover, some
studies found that older adults’ perceptions of low self-efficacy
regarding computer use, reading, learning, and evaluation of
health information reduced their willingness toward OHIS.
Other findings revealed that negative attitudes toward internet
use or general technology and privacy concerns about using
technology decreased older adults’ intentions to search
information on the internet. The results also revealed that beliefs
regarding the external locus of the control of health care and
fatalistic beliefs reduced older adults’ active OHIS.

As for social barriers, studies suggested that older adults may
have some social stigma concerning OHIS when it comes to
mental and sex-related health problems. Moreover, older adults
often report a lack of social support in their OHIS, including
informational, organizational (eg, health care services),
instrumental (eg, instructions on computer use),
intergenerational (eg, support from children), and peer support
(eg, support from friends).

In terms of ICT use, analysis of the studies revealed that many
older adults do not possess information technology devices, and

they reported low accessibility to medical records. Moreover,
the quality of general health information on the internet is
problematic. Older adults are likely to encounter misinformation,
conflicting information, and irrelevant information during their
OHIS. Furthermore, they often confront information overload
when reading health information due to overwhelming amounts
of irrelevant information or pop-ups. Moreover, older adults’
OHIS may lead to some unpleasant and frustrating user
experiences, such as unsatisfactory interactivity and navigability,
unsuitable font sizes, dense text lacking visual elements,
confusing layouts, and complicated site designs.

Interventions for Older Adults’ OHIS
Given the abovementioned barriers, it is essential to provide
older adults with additional support to facilitate their OHIS. We
identified 11 studies (14.67%) among the 75 that used
educational training programs to facilitate and intervene in older
adults’ OHIS, as shown in Table 5. Among these, 10 of the 11
studies provided offline workshops, and 1 conducted an online
workshop. The offline workshops were conducted in community
settings (eg, public libraries, schools, or medical centers) and
included face-to-face instruction. We identified only 1 study
that used an internet-based tutorial to improve older adults’
ability to distinguish high-quality internet-based health forums
from low-quality ones. Among the 11 articles, 9 described
training programs with multiple sessions, each lasting 2 to 3
hours, and the duration of the programs varied from 1 to 4
months; the other 2 studies used 1-time training sessions.
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Table 5. Interventions to support older adults’ online health information seeking behaviors.

Intervention evaluation measuresIntervention set-
ting

Intervention formatMain objectiveStudy

Method: Pre- vs postsession surveys

Qualitative analysis with descriptive statistics:

Participants’confidence in their OHISa increased,

5 local librariesEducational program: Participants
could attend every class offered at
their library or could select the classes
most appropriate to their personal
needs and interests.

No. of participants: 110

To improve the health
literacy skills of older
adults

Malone et al
[20]

and the overall response to the program was posi-
tive.

Method: Pre- vs posttest surveys, face-to-face in-
terviews

A significant improvement in the ability to use a
computer or navigate the web was observed
(P<.001).

The average navigational skills self-efficacy score
for health web sites (P<.001) and computers
(P<.001) improved.

A computer
learning center
located in the
community

2-step training:

(1) Training of internet navigators:
13 hours of basic training in computer
skills over 13 weeks, plus a 4-hour
specific training on 2 health websites
and training on how to support peers
during the process.

No. of participants: 8

(2) Training of older adults living in
affordable housing: 2-hour session on

To increase access to
and use of 2 prominent
health websites: Med-
linePlus.gov and NIHSe-
niorHealth.gov

Bertera et al
[67]

basic computer skills and use of 2
specific health websites.

No. of participants: 42

Method: Pre- vs posttest surveys; survey conduct-
ed 6 weeks after training

Participants experienced reduced computer anxiety
and increased confidence and sense of self-effica-

A computer lab
offered at a fa-
cility of the

YWCAb in
Houston

Educational program: 2-hour sessions
once a week over 5 weeks.

Partnering with Seniors for Better
Health: Classes included 2 compo-
nents, computer literacy and health
information search strategies.

No. of participants: 112

To assist older adults
with retrieving and
evaluating health infor-
mation resources on the
internet

Chu et al [68]

cy when retrieving and evaluating internet-based
health information (P<.001).

Method: Posttest interview

Qualitative assessment by asking participants
questions such as “Did your levels of participation

A large subur-
ban public li-
brary and 2
community cen-

Workshops: 2-hour sessions once a
week over 5 weeks

The sessions used constructivist
teaching techniques and self-directed
learning.

No. of participants: 70

To improve the ability
to locate health informa-
tion

Campbell [79]

in your health care change since you began using
the internet?”ters for older

adults

Method: Pre- vs. posttest surveys; survey 1 year
after the training

Statistically significant differences were found
between baseline and 5-week follow-up results

A large subur-
ban public li-
brary and 2
community cen-
ters for older
adults

Workshops: 2-hour sessions once a
week over 5 weeks

No. of participants: 42

Follow-up survey 1 year after the
workshops

No. of participants: 27

To teach older adults to
access health care infor-
mation on the internet

Campbell and
Nolfi [80]

for MHLCc in males (P=.02) and females (P=.05),

as well as for Krantz HOSd information seeking
scores (P=.05).

Method: Pre- vs posttest surveys

Participants’ search difficulty decreased after the
workshops (P<.001).

Participants’ understanding of the internet im-
proved after the workshops (P<.001).

Public library
with computer
stations, led by
a researcher, li-
brarian, and
university-

Workshops: 2-hour workshops once
a month, over 4 months.

The maximum number of participants
per workshop was 15.

Total No. of participants: 44

To improve the internet
search skills of adults
aged 50 years and older

Hoffman-
Goetz et al
[81]

based investiga-
tors

Method: Postsession telephone interviews 1 month
after the workshop

Participants’ confidence level in seeking health
information was significantly associated with the
level of satisfaction with the workshop (P<.001).

Local university
and company,
instructed by
nursing lecturer
and students

Workshops: 3-hour training course

The number of participants per
workshop was 30.

Total No. of participants: 88

To improve basic skills
for searching health in-
formation on the inter-
net

Leung et al
[82]

Method: Pre- vs posttest surveys, survey 6 months
after the training

Participants experienced reduced anxiety concern-
ing computers and increased confidence in locat-
ing health information.

Computer labs
in 2 low-in-
come, minority
residential
buildings

Workshops: 2-hour sessions once a
week over 5 weeks

No. of participants: 36

To improve health liter-
acy skills among low-
income, minority, and
older adults

Campbell [83]
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Intervention evaluation measuresIntervention set-
ting

Intervention formatMain objectiveStudy

Method: Pre- vs posttest surveys

Participants showed significantly reduced comput-
er anxiety (P<.001), increased interest in comput-
ers (P=.001), and improved efficacy (P<.001)
from pretraining to posttraining.

Public librariesEducational program: 2-hour sessions
twice a week over 4 weeks.

The maximum number of participants
per workshop was 7.

Total No. of participants: 100

To teach older adults to
access and use high-
quality internet-based
health information

Xie and Bugg
[84]

Method: Pre- vs posttest surveys; survey conduct-
ed 6 weeks after the training

Participants experienced reduced anxiety, in-
creased confidence, and a sense of self-efficacy
at the end of the 5-week program and 6 weeks
after program completion (P<.001).

A parish-spon-
sored, older
adult leisure
learning center

Educational program: 2-hour sessions
once a week over 5 weeks.

No. of participants: 12

To enhance older
adults’ ability to grasp
and manage health-relat-
ed information retrieved
from the internet and
act accordingly

Chu and Mas-
tel-Smith [85]

Method: Experimental group vs control group
survey comparison

Compared to the control group, the experimental
group participants rated higher usability and
learned more information on a new website.

Internet-based
setting

Educational programs: 70 minutes to
complete an educational online pro-
gram and answer questions.

No. of participants: 64

To improve the eHealth
literacy of adults aged
50 years and older

Fink and Beck
[86]

aOHIS: online health information seeking.
bYWCA: Young Women's Christian Association.
cMHLC: multidimensional health locus of control.
dHOS: health opinion survey.

Further, 4 of the 11 programs were guided by established
theories, models, or concepts (eg, the self-efficacy theory and
the health belief model). All the studies involved some form of
evaluation, including postsession surveys or interviews, pre-
versus postintervention comparisons, and experimental versus
control group comparisons. In addition, 5 studies evaluated the
effectiveness of the intervention outcomes from a longitudinal
perspective over a period ranging from 1 month to 1 year to the
competence of the program. Among all the studies, 9 statistically
assessed the effects of the intervention. Measures varied across
the studies; these included opinions from surveys on the internet,
self-efficacy in seeking health information, and anxiety
regarding computer use. All the articles reported some positive
outcomes of the intervention programs.

Discussion

Principal Findings
This systematic scoping review provides an overview of OHIS
behaviors among older adults, as shown in Figure 3. Overall,
the findings of this paper reveal core elements of OHIS among
older adults. First, the types and sources of health information
that older adults search for were clearly presented. Then, a
portion of the studies explored the main factors influencing
older adults' OHIS behaviors, which can be categorized as
individual-related and source-related characteristics. Then, we
identified the barriers to OHIS behavior in older adults from
existing literature, including individual barriers, social barriers,
and ICT barriers. Finally, this paper provides an in-depth
analysis of the interventions mentioned in some of the included
papers to support OHIS behaviors among older adults. We
believe that the framework of this paper can, to some extent,
help researchers to better position their research objectives in
future studies so that the objectives correspond to specific
dimensions for in-depth empirical investigation.

Regarding the first research question, the results show that older
adults sought various types of health information on the internet,
including information about specific diseases, medication and
treatment, nutrition and exercise, medical resources, disease
symptoms, health promotion, support groups and interpersonal
advice, health insurance information, and health news or
policies. The information sources included health websites,
general search engines, social media and blogs, patient portals,
and mobile devices. The types of health information sought
differed from those that interest young people. According to a
recent systematic review [87], adolescents and youths (<24
years) search the internet for daily health-related issues, physical
and psychological well-being, sexual health, social problems,
and culturally sensitive topics. Compared to the adolescent and
youth population, older adults tend to search more for
disease-related health information topics.

As for the second research question, the results point to 2 main
types of factors influencing older adults’ OHIS:
individual-related characteristics and source-related
characteristics. The individual-related characteristics include
demographics, anxiety, beliefs, attitudes, self-efficacy,
personality, health status, medical history, health care service
availability, source experience, health literacy, and motivations.
Among the source-related characteristics, credibility, usefulness,
and trust were the 3 factors most frequently mentioned in the
studies. We noted that the primary factors influencing older
adults’ OHIS differ from those influencing young adults. A
systematic review of studies investigating young adults’ (<24
years) OHIS [87] revealed that the most frequently mentioned
influencing factors were gender, age, educational status,
emotional characteristics, engagement in risky behaviors, and
eHealth literacy.

The results for the third research question reveal that older adults
might encounter 3 types of barriers during their OHIS, including
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individual barriers (eg, low literacy), social barriers (eg, social
stigmas), and ICT-related barriers (eg, lack of ICT devices).
These barriers may hinder effective OHIS behaviors of older
adults. The results suggest some differences from the findings
on young adults’OHIS. For the adolescent and youth population
(<24 years), the main barriers to OHIS include online privacy
and concerns about information credibility [87]. Although some
studies report low health literacy among adolescents [88], older
adults seem to have more difficulties in this respect than
adolescents [89,90].

As for the fourth research question, the review found that many
intervention programs have been created to support older adults’
OHIS; they primarily use educational training workshops in
offline and online formats. Most training programs contained
multiple sessions, with each session lasting 2 to 3 hours; the
duration of the programs varied from 1 to 4 months, and all the
programs reported at least some positive effects in support of
older adults’ OHIS.

Figure 3. Overview of principal findings. ICT: information and communication technology; IT: information technology; OHIS: online health information
seeking.

Implications for Future Research
Overall, this systematic scoping review identified the need for
more in-depth research on older adults’ OHIS. As can be seen
from the aforementioned evidence, a subset of studies have
treated OHIS as a variable or construct and focused on exploring
the factors influencing OHIS in older adults. Other studies treat
OHIS as a process and investigate how the older adults search
the internet for health information. However, given the
complexity of the health conditions of older people and a

projected future intensification of information overload, older
adults will encounter more serious problems when searching
for health information on the internet, such as how to select
from among multimodal information sources, how to express
health information needs, and how to evaluate health
misinformation. Considering the growing population of older
adults, the importance of internet-based information seeking
for overall public health, and the lack of best practices, more
research on this topic is needed. In this section, we propose
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several directions for future research based on gaps identified
in the review.

Investigations on the OHIS Behavior of Older Adults
Above 85 Years
With the accelerating pace of global aging, the population of
older adults is steadily growing. Instead of classifying the large
population of older adults as one group, researchers are
advocating for a more precise segmentation of this population,
such as the youngest-old (65 to 74 years), middle-old (75 to 84
years), and oldest-old groups (above 85 years) [91]. Regarding
OHIS, the age distribution of the samples in this systematic
scoping review indicates that the exploration of OHIS by the
oldest-old group is very limited [92]. Most articles included in
this review have focused on the youngest- and middle-old groups
[30], whereas there is a lack of research on the health
information needs and behaviors of the oldest-old group. Future
OHIS research can be appropriately skewed toward the
oldest-old group to consider the physiological and psychological
characteristics, the unique information needs, and explore the
influences, processes, and health outcomes of the OHIS of this
group more empirically within the framework of everyday
information mastering [93].

Conducting More Longitudinal, Action, and Mixed
Methods Research
As for research methods, most current studies use cross-sectional
data collection methods and pay little attention to longitudinal
approaches. In future, more consideration can be given to the
adoption of longitudinal methods, such as the experience
sampling method and the ethnographic approach. In particular,
for intervention studies on OHIS behaviors in older adults,
educational training programs with long time spans could
provide data to improve OHIS performance and the health
literacy of older adults. More participatory action research at
the community level would enrich the network of actors in OHIS
for older adults and engage more participants, thereby promoting
interdisciplinary and collaborative health information practices
in this population. In addition, future studies might consider
more mixed methods approaches to leverage the advantages of
qualitative and quantitative approaches and triangulate primary
data with secondary data. Existing mixed methods studies have
been conducted mainly based on quantitative questionnaire
analyses as well as qualitative focus groups, and a richer mix
of methods is to be further explored for this topic in future.
Finally, as prior studies have relied heavily on self-reported
data, future studies could consider more behavioral data using
methods such as eye-tracking and electroencephalograms.

Elaboration on Mobile Context and Cross-platform
Scenario of Older Adults’ OHIS
Information types and information sources are the essential
contextual factors in OHIS [94-96]. However, this review found
that most studies on older adults’ OHIS do not clearly explain
what health-related information was involved or from where
the information was gathered. In terms of information types,
current studies mainly focus on searches for disease and
treatment information. More studies are needed to address other

types of health information that older adults might seek, such
as information on environmental health and disease prevention.

Regarding information sources, studies are needed to investigate
older adults’ use of mobile devices for OHIS. With the
development of the mobile internet and the internet of things,
OHIS scenarios for older adults are changing. Mobile
device–based health information access can more effectively
meet the health information needs of older adults, facilitate daily
health monitoring and self-tracking, and improve context-driven,
health-related decision-making among older adults. For example,
increasing numbers of older adults are seeking health
information on their smart phones through short video apps like
TikTok [97,98]. Furthermore, in addition to searching for health
information on their mobile devices, increasing numbers of
older adults are using mobile social apps to create content [99].
Future research could focus more on the relationship between
OHIS and health-related content generation by older adults.

In addition, further exploration of complicated OHIS scenarios
is needed. For example, with the popularity of wearable devices
and the development of various health-related vertical search
platforms, a portion of the older adult population with higher
information literacy will become more proficient at searching
for a full range of health information using various smart devices
and immersive technologies [100], such as interacting with
information through voice recognition and gesture control. Thus,
explorations of cross-platform and cross-device seeking
behaviors in OHIS by older adults are needed. Meanwhile, in
addition to active information seeking, more types of seeking
behaviors, such as passive exposure, information encountering,
and surrogate health information seeking [101,102], deserve
attention and further investigation. In particular, the influences
and positive outcomes of searching as learning during OHIS
by older adults is a topic worth exploring.

Facilitating Older Adults’ OHIS by Explicating
Technology Affordance
This review revealed that current research on factors influencing
OHIS in older adults focuses more on demographic issues and
individual-related characteristics than on source-related factors.
In recent years, increased emphasis has been placed on
aging-friendly designs in human-computer interaction [103],
and the user experience–oriented design of various social apps
and smart devices is centered on the needs and behavioral
preferences of older adults, with an interest in meeting their
personalized requirements. We believe that the affordance of
technology in aging-friendly design is also a highly influential
factor for promoting OHIS in older adults. It would be fruitful
to integrate the uses and gratifications theory with the affordance
lens to better promote the positive impact of new media
platforms on older adults’ information-seeking behaviors
[104,105]. More attention needs to be placed on the ease of use,
usability, and sociability of aging-friendly information sources
and information systems. In particular, in the upcoming
human-centered artificial intelligence era, older people’s
perception of the trustworthiness of multimodal information
sources and their trust in algorithm-based content
recommendations will continue to change. Therefore, the
age-appropriate design of OHIS needs to constantly break away
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from stereotypes of older people and re-establish a more
adaptive mental model. The lens of the affordance theory could
be applied to help situate OHIS for older adults in the context
of information practices, promoting deep reflection on the
interaction of actors with sociocultural environments and on
the mediated nature of technology [106]. For instance, an OHIS
platform should provide rich technology affordances for older
adults and provide targeted support for active health information
access, information encounters, and information avoidance
problems in different sociocultural environments. Future
research could focus more on how technology affordance can
better mediate older adults' OHIS gratification by attempting
to build a more detailed affordance typology [107]—such as
handling, effecter, and motivational affordances—to measure
older adults' gratifications for OHIS using social media.

Promoting and Measuring the Performance of OHIS
Interventions for Older Adults
The results show that older adults encounter many barriers in
OHIS; thus, many intervention programs have been created to
support their searching. However, current intervention programs
still leave considerable room for improvement. First, current
educational training programs are generally small-scale ones,
making it difficult to reach a wide group of older adults; most
programs are offline workshops, and there are few internet-based
programs. Future OHIS interventions for older adults need to
offer more technology-mediated web-based programs and
provide richer formats than workshops and tutorials, such as
distance education for older adults using gamification and
immersive technology. Moreover, most current intervention
programs operate in the United States; older adults living in
less developed countries or areas received less attention. Future
studies on OHIS in older adults must involve more trans- and
cross-national, or regional and cross-cultural comparative studies
to further explore the influence of sociocultural factors on older
adults' OHIS behaviors. We also recommend that more
information and communication technology for development
(known as “ICT4D”) projects focus on upgrading OHIS and
improving the same for older adults [108], thereby better
promoting health literacy and health mobility for older adults
in developing countries and regions.

In particular, researchers need to draw more on the design
science research paradigm. Design science research is an
innovative and often iterative problem-solving process that
builds and evaluates artifacts [109]. In our research context, the
purposeful artifacts could be search systems, training courses,
workshops, tutorials, or citizen science programs. In the building
phase of artifact development, most units of analysis relate to
offline workshops and neglect other types of artifacts. It is also
noteworthy that current intervention studies lack a theoretical
lens, and only a few studies have designed interventions based
on theoretical foundations. Future interventions for older adults’
OHIS need to embrace the theoretical considerations that design
science research has been advocating [110]. In the evaluation

phase of artifact development, current studies lack long-term
assessments of intervention effects. Future studies should
consider more participatory action research to iteratively test
the effects of OHIS interventions on older adults and select
some specific health domains—such as chronic diseases, cancer,
and mental health—for attempting to verify the actual effects
of OHIS interventions on information literacy, health literacy,
and health outcomes of older adults. In addition, future studies
could contemplate providing various forms of support based on
the perspectives of older users, allowing them to participate in
the project design process and thus help them overcome search
barriers.

Limitations
This systematic scoping review has several limitations. The first
one is in terms of search sources. Owing to the interdisciplinary
nature of OHIS research in older adults, although we tried to
search multiple databases using relevant keywords and consulted
academic librarians to improve our search strategy, it was
nevertheless inevitable that some literature would be missed,
especially relevant research in unofficially published conference
proceedings. The backward and forward strategy can be further
used to expand the literature search sources in future [111].
Second, in terms of the literature type, this review mainly
focuses on empirical studies, whereas some opinion papers,
descriptive cases, and short communications on OHIS for older
adults were excluded from our literature pool, and some
complementary analyses of such nonresearch articles can be
conducted in future. Finally, in terms of the analytical approach
for searching literature, this study did not conduct a comparative
chronological analysis of the literature in different periods,
which to a certain extent could not fully reveal the impact of
technological and sociocultural changes on older adults’ OHIS
behavior. In future, the introduction of knowledge graphs can
be considered to map the themes of the literature at different
stages.

Conclusions
This review provides an overview of how older adults’ OHIS
has been studied. It reveals that older adults search for various
types of health information on the internet using different types
of web-based sources and that their OHIS is jointly influenced
by source-related and individual-related factors. Their
difficulties in searching arise from individual, social, and
ICT-related barriers. Some educational intervention programs
that support older adults’ OHIS have been initiated in the form
of web-based and offline workshops. Furthermore, the review
reveals that the topic of older adults’ OHIS is understudied,
although the number of studies is increasing. Nevertheless, more
studies are needed to understand the problems associated with
older adults’ interactions with health information and better
support them in their decision-making when they are searching
for medical and health information on the internet. Based on
the findings of the review, the authors propose several objectives
for future research.
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Abstract

Background: Mental disorders are normally diagnosed exclusively on the basis of symptoms, which are identified from patients’
interviews and self-reported experiences. To make mental health diagnoses and monitoring more objective, different solutions
have been proposed such as digital phenotyping of mental health (DPMH), which can expand the ability to identify and monitor
health conditions based on the interactions of people with digital technologies.

Objective: This article aims to identify and characterize the sensing applications and public data sets for DPMH from a technical
perspective.

Methods: We performed a systematic review of scientific literature and data sets. We searched 8 digital libraries and 20 data
set repositories to find results that met the selection criteria. We conducted a data extraction process from the selected articles
and data sets. For this purpose, a form was designed to extract relevant information, thus enabling us to answer the research
questions and identify open issues and research trends.

Results: A total of 31 sensing apps and 8 data sets were identified and reviewed. Sensing apps explore different context data
sources (eg, positioning, inertial, ambient) to support DPMH studies. These apps are designed to analyze and process collected
data to classify (n=11) and predict (n=6) mental states/disorders, and also to investigate existing correlations between context
data and mental states/disorders (n=6). Moreover, general-purpose sensing apps are developed to focus only on contextual data
collection (n=9). The reviewed data sets contain context data that model different aspects of human behavior, such as sociability,
mood, physical activity, sleep, with some also being multimodal.

Conclusions: This systematic review provides in-depth analysis regarding solutions for DPMH. Results show growth in proposals
for DPMH sensing apps in recent years, as opposed to a scarcity of public data sets. The review shows that there are features that
can be measured on smart devices that can act as proxies for mental status and well-being; however, it should be noted that the
combined evidence for high-quality features for mental states remains limited. DPMH presents a great perspective for future
research, mainly to reach the needed maturity for applications in clinical settings.

(J Med Internet Res 2022;24(2):e28735)   doi:10.2196/28735
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Introduction

Background
Mental health issues have a high prevalence, with 1 in 10 people
worldwide experiencing them at any one time [1] and common
mental disorders such as depression being closely linked to
suicide [2]. Mental disorders are “generally characterized by
some combination of abnormal thoughts, emotions, behavior
and relationships with others” [3]. Examples are depression,
schizophrenia, excessive anxiety and stress, disorders caused
by drug and alcohol abuse, and personality and delusional
disorders. These disorders pose a significant burden on societies,
both emotionally and financially. For example, the cost of
mental health disorders in the European Union is estimated at
€600 billion (~US $451 billion), or 4% of gross domestic
product [4]. COVID-19 has had a further negative impact on
global mental health [5].

Mental disorders are usually diagnosed exclusively on the basis
of symptoms, which are identified from patients’ interviews
and self-reported experiences. Sometimes these experiences are
gathered using ecological momentary assessment (EMA)
solutions [6], but mostly therapists rely on patients remembering
such experiences during sessions. EMA solutions are used as a
research method to collect, at fixed or random moments, reports
from individuals about perceptions of their behaviors and
feelings, and what they have done or experienced. It is well
known that the intervening time and current state of the patient
bias his/her memory of the experience. In addition, biological
tests to assist diagnosis remain hard to be developed [7]. Based
on the need to develop solutions able to objectively diagnose
and monitor mental health, different solutions have been
proposed, such as mobile apps [8,9] and machine learning (ML)
solutions [10], which are even more indicated today due to the
global pandemic situation [11,12]. Digital phenotype solutions
are examples that can expand the ability to identify and diagnose
health conditions from the interactions of people with digital
technologies [13]. Specifically, digital phenotyping of mental
health (DPMH) [14] seems to be a promising approach not only
to deal with the problem of diagnosing the issue, but also to be
applied to the treatment.

The omnipresent adoption of pervasive devices, including
smartphones and wearable sensors, provides novel opportunities
for tracking mental health status and disorders. Digital
phenotyping refers to the “moment-by-moment quantification
of the individual-level human phenotype in-situ using data from
smartphones and other personal digital devices” [15], thereby
removing limitations created by the aforementioned bias in
self-reports.

DPMH solutions require collecting and analyzing large amounts
of different types of social and behavioral data that can represent
experiences of the users and their interactions with people,
places, and devices. These context data can be passively
gathered, for instance, from ubiquitous sensors, social media,
and health care systems [16]. After collection, pieces of raw
data are usually preprocessed and transformed into useful data
or data sets to be mined [17]. For example, these data sets may
be analyzed or used as input to build ML models [18], including
for DPMH, to produce valuable insights and evidence.
Therefore, DPMH sensing apps are primarily responsible for
collecting and preprocessing data, with the data sets produced
being important for developing such models. This study
systematically reviews the sensing apps and data sets for DPMH.

Definitions
In the last few years, the number of smart devices, that is, mobile
(eg, smartphone, tablet) and wearable (eg, smart band,
smartwatch) devices, has grown globally. They have enabled
the development of research in the health area, including mental
health [10]. The term “digital phenotype”, defined by Jain and
colleagues [13], refers to the identification of human behavior
patterns, whereas “digital phenotyping” is a monitoring approach
that can collect patients’ behavioral markers passively [19].
Therefore, DPMH solutions aim at collecting multimodal pieces
of information from digital devices using sensing apps to
combine them with electronic medical records to objectively
contribute to the identification of symptoms of mental disorders.
In this context, sensing apps are tools for mobile and wearable
devices used to collect useful user information.

Our vision of the digital phenotyping process organized in layers
is presented in Figure 1. The process starts at the first layer with
the collection of raw data from different sources (eg, global
positioning system [GPS] sensors, keyboard inputs, voice, and
social media). These data can be collected both actively, in
which user inputs are explicitly required, and passively [20],
which only requires the user’s permission to access context
data. In the next layer, these data are processed to provide
high-level information. High-level information represents not
only human behaviors (eg, sociability, physical activity) and
habits (eg, mobility, sleep) but also other information of interest
for professionals (eg, environmental context, mood). Next,
human behavioral patterns that compose digital phenotypes (eg,
biomarkers, mood patterns) can be recognized using
computational tools (eg, ML, data mining, statistical models).
Finally, we visualize the application layer, which corresponds
to digital phenotypes used by health professionals for
evidence-based mental health care.
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Figure 1. The process of digital phenotyping.

Related Work
Since the aforementioned concepts were proposed in the
literature, many research studies have been performed. For this

reason, researchers have also reviewed different aspects
regarding this research topic. Table 1 presents a list composed
of related reviews.

Table 1. List of related review articles.

DescriptionStudy

A survey on mental health monitoring using mobile and wearable sensors focused on multimodal sensing and
machine learning solutions.

Garcia-Ceja et al [10]

An SLRa on passive sensing using specifically smartphones focused on health and well-being.Cornet and Holden [21]

An SLR aimed at finding data sets composed of sensor data for human activity recognition.De-La-Hoz-Franco et al [22]

This SLR aimed to identify studies on the passive use of smartphones for generating outcomes related to health
and well-being. It identified that one of the areas most explored by mobile passive sensing is mental health.

Trifan et al [23]

An SLR on mobile solutions focused on uncovering associations between sensor data and symptoms of mental
disorders (ie, behavioral markers).

Seppälä et al [24]

A comprehensive survey addressing different topics on DPMHb.Liang et al [14]

This SLR sought to map DPMH tools that use machine learning algorithms across the schizophrenia spectrum
and bipolar disorders.

Benoit et al [20]

This work presents an overview of studies about smartphone systems focused on monitoring or detecting bipolar
disorder.

Antosik-Wójcińska et al [25]

aSLR: systematic literature review.
bDPMH: digital phenotyping of mental health.
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This review differs from the previous ones in the following
aspects: First, instead of focusing on a specific mental
state/disorder, this review presents an overview of how different
types of devices and detection modalities have been used to
monitor a wide variety of different mental states within the
DPMH area. Second, this review covers not only active
collection solutions, which are emphasized in most reviews,
but also passive sensing proposals. Third, this review focuses
on the technical features of sensing apps and data sets (eg, size,
sensors used to collect data, and types of context data).
Technical features can be identified to serve as a basis for the
use or development of new apps (eg, physical and virtual sensors
used to collect data, operating systems for which the apps were
developed, types of context data collected, inferred information).
Finally, not all previous reviews were conducted systematically.
Our article therefore provides researchers with an overview of
the available technological framework for DPMH and can serve
as a preliminary guide for current and further research.

Objectives and Research Questions
This systematic review intends to provide a technical
characterization and summary of sensing apps and public data
sets for DPMH. By “public” we mean data sets that are available
for free download for use in other research endeavors. These 2
topics (ie, sensing apps and public data sets) are jointly
addressed in this review as complementary content. When
researchers do not have access to DPMH data sets, they need
sensing apps. This paper therefore can be a starting point not
only to gain knowledge on the current sensing apps for DPMH
(which consequently enables the development of new solutions),
but also to find reusable ones. Therefore, the objectives of this
article are to (1) present results from a systematic search on
digital libraries and data set repositories, and then identify and
categorize them by considering their characteristics; (2)
summarize their main features (measurable pieces of data that
can be used for analysis or creation of ML models, such as data
collection time stamp, context data produced by DPMH
solutions, and data self-reported by users), which are useful for
researchers, either mental health or information technology
ones, to conduct further investigation and comment on their
usefulness; and (3) identify trends in and research opportunities
for DPMH. Results of this systematic review are also relevant
for data engineers and ML specialists who make efforts in
developing DPMH solutions.

To achieve the objectives of this systematic review, we defined
the following research questions for sensing apps (SA-RQs)
and data sets (DS-RQs):

SA-RQ1: What context data are collected through DPMH
sensing apps?

SA-RQ2: What high-level information can be inferred from the
context data collected by DPMH sensing apps?

SA-RQ3: How is the identified high-level information used to
support mental health?

DS-RQ1: What features are available in public data sets for
DPMH?

DS-RQ2: What high-level information can be derived from
public data sets for DPMH?

Methods

Design
This study was conducted based on the guidelines for systematic
literature reviews in software engineering proposed by
Kitchenham and Charters [26]. This review followed 3 main
phases: planning, conducting research, and dissemination of
results. These phases were supported by the Parsif.al [27] tool,
which provides an online shared work environment for planning
and executing systematic reviews. In this section, we present
how this review was planned and conducted.

Search Strategy
The search aimed to identify data sets and studies that have
presented sensing apps capable of collecting data. Two (JM and
IM) researchers conducted an exhaustive search on January 14,
2021, on data set repositories and digital libraries. The search
for data sets was performed in 20 repositories (Multimedia
Appendix 1). The search for articles reporting sensing apps was
conducted in the following digital libraries: ACM Digital
Library, DOAJ, IEEE Xplore, Web of Science, PubMed,
PsycInfo, ScienceDirect, and Scopus. These databases were
selected because they collect reliable studies related to mental
health informatics.

We designed the search strings to retrieve data sets and articles
presenting sensing apps for DPMH (Table 2). These search
strings were carefully designed to meet the research focus. In
the string to search data sets, we defined the 2 main terms (ie,
mental health and digital phenotyping) and decided to use
Boolean “OR” as the link for them to get comprehensive results.
The search string for articles was developed based on the review
objective, research questions, and their motivations. We used
keywords and their synonyms to maximize results. To avoid
missing papers, we evaluated the suitability of the string in a
pilot search, in which we used those studies developed by Liang
et al [14] (ScienceDirect) and Torous et al [15] (PubMed) as
control articles. This pilot search was able to retrieve the cited
studies, thus demonstrating its ability to find articles relevant
for this review. At the end of the search, duplicate data sets and
articles were identified and removed using the Parsif.al tool.
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Table 2. Keywords and their synonyms.

StringSourceSearch

“mental health” OR “digital phenotyping”Data set repositoriesData sets

(“mental health” OR “mental disorder*” OR “mental illness” OR “mental state” OR “mental disease”)
AND (“mobile device” OR “smartphone*” OR “wearable device*” OR “sensor*” OR “wearable*” OR
“mobile application*” OR “mobile health” OR “mHealth” OR “mobile phone*” OR “sensor data”) AND
(“passive detection” OR “data collection” OR “digital phenotype” OR “digital phenotyping” OR “digital
health” OR “monitoring” OR “passive sensing”)

Digital librariesSensing apps

Selection Criteria
A set of selection criteria was defined to track research articles
and data sets. Textbox 1 presents the selection criteria for
scientific studies with sensing apps and data sets. Importantly,
no date range limits were applied to the literature included in
the review. In the selection of scientific articles, criterion EC1
excluded studies presenting the development of EMA apps, and
papers that do not present a new DPMH solution (eg, studies
using a DPMH solution previously described/published in
another paper). For data set selection, criterion EC1 excluded
those data sets that were not publicly available, that is, those
protected and not accessible to be reused by other researchers.

In the selection phase, 2 researchers (JM and IM) performed
the data set selection process based on the inclusion and
exclusion criteria. In a second step, the same 2 researchers
independently performed the study selection process. This
process consisted of 3 sequential phases: (1) study screening
by means of metadata analysis (ie, title, abstract, and keywords);
(2) full-text analysis of the articles selected in the screening
phase; and (3) conducting backward snowballing [28]. Next,
the level of agreement between the selections was calculated
using the Cohen κ coefficient [29]. In the end, the 2 researchers
conducted discussions to resolve selection conflicts and, when
there was no consensus, judges (2 other authors, namely, AT
and DV) deliberated on the disagreements.

Textbox 1. Selection criteria.

Inclusion criteria (IC)

Scientific articles

IC1: Primary studies that present pervasive solutions to collect data for digital phenotyping of mental health.

IC2: Full papers.

IC3: Papers in English language.

Data sets

IC1: Available to be downloaded and used in other research studies (ie, public data set).

IC2: Focused on mental health or specific mental disorders.

IC3: Relevant data (eg, behavioral, physiological, social) for mental health collected through pervasive technologies.

IC4: Content in English language.

Exclusion criteria (EC)

Scientific articles

EC1: Articles presenting research on digital phenotyping of mental health without involving a proposal of a pervasive solution.

EC2: Gray literature.

EC3: Articles that have other publications with a more current and complete version of the proposed solution.

Data sets

EC1: Not publicly available.

EC2: With no content related to mental health.

EC3: Data on treatments of patients with mental disorders without using pervasive devices.

EC4: Content in languages different from English.

EC5: Online surveys on ethnographic characteristics and prevalence of mental disorders.

EC6: Composed exclusively by multimedia data (eg, video, audio) or electroencephalography data.

Data Extraction
In this step, data were extracted from the selected articles and
data sets to answer the research questions defined in this review.

For this purpose, a data extraction form was designed by 2
authors (JM and IM) and validated by the judges. Specifically,
we designed the items in the form to extract relevant information
presented by the reviewed studies and data sets, thus enabling
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us to answer the research questions, and identify open issues
and research trends. Multimedia Appendix 2 presents the items
in the data extraction form.

Results

Study Selection
An overview of the review process with results is presented in
Figures 1 and 2. In Figure 2, 8 digital libraries were used to
search for scientific articles that presented sensing apps for
DPMH. A total of 2374 articles were returned. We removed

926 duplicate articles. The inclusion and exclusion criteria from
Textbox 1 were applied to select 26 selected studies. The Cohen
κ statistical test showed an agreement level of ≈0.87 between
researchers, which is considered an almost perfect agreement
[29]. Next, researchers used the 1-level backward snowballing
approach and added 5 articles. This resulted in 31 articles for
inclusion in the data extraction process.

In Figure 3, 20 data set repositories were searched to return
2581 data sets with 471 duplicates that were removed. After
applying selection criteria (Textbox 1) and resolving conflicts,
8 data sets remained for analysis.

Figure 2. PRISMA-based flowchart describing the selection of studies.
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Figure 3. Flowchart describing the selection of data sets.

Sensing Apps
Table 3 summarizes the 31 apps identified, which are presented
in ascending order by year of publication. Multimedia Appendix
3 presents the full version of the table. Context data sources are
categorized as follows to present the sensors used by the apps
based on the work by Palaghias et al [30]: ambient (eg,
microphone, camera), positioning (eg, GPS, Wi-Fi), virtual (eg,

phone calls, SMS text messages), and inertial (eg, accelerometer,
gyroscope). Table 3 also presents high-level information inferred
and types of analyses performed on the collected data. Apps
that do not infer information (ie, defined as “It does not infer
information”) are only intended to collect data from smart
devices. In this case, collected data are usually sent to servers
for analysis. These apps are flagged as “Raw data collection”
in Table 3.
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Table 3. Summary of reviewed sensing apps.

Type of analysisHigh-level informationContext data sourceApp

Raw data collectionIt does not infer informationPositioning, inertial, and virtualFunf [31]

Mental state predictionMood, emotions, cognitive/moti-
vational states, physical activity,
social context

Positioning, inertial, virtual, and ambientMobilyze [32]

Raw data collectionIt does not infer informationPositioning, inertial, and virtualPurple Robot [33]

Raw data collectionIt does not infer informationPositioning, inertial, and virtualAWARE [34]

Raw data collectionIt does not infer informationPositioning, inertial, virtual, and ambientSensus [35]

Mental state classificationPhysical activity, mobility, de-
vice usage, sociability, app usage

Positioning and virtualMOSS [36]

Raw data collectionIt does not infer informationPositioning, inertial, virtual, and ambientBeiwe [15]

Raw data collectionIt does not infer informationPositioning, inertial, and virtualEVO [37]

Mental state predictionSleep, sociability, mobility,
physical activity, device usage

Positioning, inertial, virtual, and ambientCrossCheck [38]

It recognizes daily routine situations using
fuzzy logic

Daily routine situations (eg,
working, studying)

Positioning and inertialSituMan [39]

Correlation analysis and mental state classi-
fication

Semantic locations, physical ac-
tivity, sociability

Positioning, inertial, virtual, and ambientEmotionSense [40]

Correlation analysisSociability, mobility, physical
activity, device usage

Positioning, inertial, virtual, and ambientStudentLife [41]

Correlation analysisPhysical activity, mobility, and
sociability

Positioning, inertial, and ambientUndefined [42]

Mental state predictionMobilityPositioningAMoSS [43]

Mental state classificationMobilityPositioning and virtualeB2 [44]

Raw data collectionIt does not infer informationPositioning, inertial, virtual, and ambientEARS [45]

Mental state classificationPosture/position of body when
sleeping

Inertial and ambientSleepGuard [46]

Mental state classificationIt does not infer informationVirtualMoment [47]

Mental state classificationIt does not infer informationVirtualTypeOfMood [48]

Raw data collectionIt does not infer informationPositioning, inertial, virtual, and ambientRADAR-base [49]

Correlation analysis and mental state classi-
fication

Physical activity, mobility, sleep,
sociability

Positioning, inertial, and ambientSHADO [50]

Raw data collectionIt does not infer informationPositioning, inertial, virtual, and ambientInSTIL [51]

Correlation analysisPhysical activityPositioningLamp [52]

Correlation analysisMobility, sociability, context of
daily life (eg, duration of sleep)

Positioning, inertial, virtual and ambientSOLVD [53]

Mental state classificationPhysical activity, mood, sociabil-
ity, sleep

Inertial, virtual, and ambientSTDD [54]

Mental state classificationSociability and mobilityPositioning, virtual, and ambientMoodable [55]

Mental state classificationMood, stress level, and well-be-
ing

Positioning and VirtualCogito Companion [56]

Mental state predictionSleep, mobility, and sociabilityVirtualStrength Within Me [57]

Mental state predictionIt does not infer informationAmbientEuStress [58]

Mental state predictionMobility and sociabilityPositioning, inertial, virtual, and ambientMood Triggers [59]

Mental state classificationPhysical activity and mobilityPositioning and inertialData Collector [60]
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Data Set Characterization
Table 4 shows the 8 selected data sets in descending order by
number of participants. Two of them have sleep quality data:
data sets DS1 and DS7, in which the data are derived from
activity trackers such as Fitbit, smartwatches, and smartphones.

We identified 2 data sets (DS3 and DS5) with data collected
from various sensors, which we refer to as multimodal. We
identified 2 data sets (DS3 and DS5) that were generated by the
StudentLife [41] and Beiwe [15] sensing apps, respectively,
shown in Table 3.

Table 4. Summary of DPMH data sets.

SizeStudy duration
Number of
participants

Device type/operat-
ing SystemFeaturesHigh-level informationStudyData set

392.32
KB

3-11 nights482Watch FitbitFitbit data (eg, heart rate, sleep
duration, sleep time, wake
time)

Sleep quality[62]DS1a [61]

4.3 MBAverage 12.6
days

55Actigraph watchActigraph (time stamp, activity
measurement from the acti-
graph watch)

Activity[64]DS2 [63]

230
MB/5 GB

66 days48Smartphone (An-
droid)

Self-report questionnaires, ac-
tivity, audio, Bluetooth encoun-
ters, conversation, lightness,

GPSb coordinates, phone
charge, screen on/off, Wi-Fi
IDs

Multimodal (stress,
sleep, mood, physical
activity, sociability,
well-being)

[41,67]DS3 [65,66]

9.7 MB4 weeks32Smartphone (An-
droid, iOS)

Self-reports, battery level,
Bluetooth encounters

Sociability[69,70]DS4 [68]

776.7
MB

3 months6Smartphone (An-
droid, iOS)

Self-report questionnaires, ac-
celerometer, app logs, Blue-
tooth encounters, call logs, GPS
coordinates, power state, Wi-Fi

Multimodal (mobility,
sociability, sleep)

[15]DS5 [71]

2.7 MB14 days3Smartphone (An-
droid, iOS)

Self-report questionnairesMood, depression
symptoms

[73]DS6 [72]

66.11 KB4 years1Wearable device and
smartphone (iOS)

Start, end, sleep quality, time
in bed, wake-up time, sleep
notes, heart rate, number of
steps

Sleep quality—DS7 [74]

131 KB2 years1Mobile social net-
work (Twitter app)

Self-reported moodMood—DS8 [75]

aDS: data set.
bGPS: global positioning system.

Data set DS1 [61] presents sleep data (eg, total sleep time and
sleep efficiency) obtained from Fitbit Charge HR activity
trackers used by 482 individuals [62], while data set DS2 [63]
includes actigraphic data collected from patients with unipolar
and bipolar disorders and 32 healthy controls [64]. Data set DS3
[65,66] contains data gathered from different sensors and EMA
questionnaires collected from smartphones of 48 undergraduate
and graduate students over 66 days [41,67]. Data set DS4 [68]
comprises Bluetooth device scan, battery level, and EMA data
collected at regular intervals for 4 weeks [69,70], while data set
DS5 [71] presents passive data (eg, GPS, Wi-Fi, Bluetooth, and
accelerometer) and active data (EMA survey responses)
collected over 3 months [15]. Data set DS6 [72] contains EMA
assessments of depression symptoms using the 9-item Patient
Health Questionnaire (PHQ-9) [73]. Data set DS7 [74] presents
sleep data collected through the Sleep Cycle mobile app [76].
Finally, data set DS8 [75] presents values extracted from Twitter
posts collected from a person using Exist [77] over 2 years.

Context Data Collected by DPMH Sensing Apps
(SA-RQ1)
Sensing apps identified in this review collect context data from
mobile and wearable devices to support DPMH. At a high level,
the sensors that measure context data can be seen as physical
and virtual sensors [78], which generate a diversified set of
behavioral data. Physical sensors are hardware components
embedded or connected to devices responsible for collecting
context data. Some examples are accelerometers to measure
user activity, light sensors to measure ambient light levels, and
GPS to collect user’s locations. Virtual sensors represent
software components capable of recording interactions of
individuals with devices or using a number of physical sensors
(or other virtual ones) to construct a higher-level feature.
Examples of such sensors are social interaction sensors that
may use Bluetooth encounters (ie, co-location information
between individuals or places), Wi-Fi network, and sound data
to infer social activity; and user–device interaction sensor, which
measures user interactions with devices (eg, call logs, SMS text
messages, app usage, screen on/off).
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Figure 4 presents a heat map of the combination of context data
sources for the 31 sensing apps, showing the most used sensors
in DPMH solutions. In this analysis, we investigated the
frequency of the combination of each type of context data
source, highlighting the main sets of sensors explored by the
sensing apps. For example, Bluetooth encounters are often
combined with accelerometer (n=10), battery level (n=8), calls
(n=10), GPS (n=10), screen on/off (n=7), SMS text messages
(n=9), and Wi-Fi (n=8), while app usage logs are often combined
with accelerometer (n=7), calls (n=9), GPS (n=8), and SMS
text messages (n=8). We also identified from this analysis that
step count (Fitbit), cell tower ID, and gyroscope are combined
less often with other context data sources. The analysis of the
combination of context data sources (Figure 4) demonstrates

an interest in performing data fusion to identify multiple
high-level information and emphasizes the combination of
context data sources resulting from the interest in monitoring
such information. For example, we identify an interest in
recognizing sociability information by combining call logs with
Bluetooth encounters (n=10) and SMS text messages (n=17).
We also recognize that GPS is often combined with Wi-Fi
(n=10) to recognize mobility aspects. In addition, the interest
in monitoring multiple high-level information in the same app
resulted in different combinations of context data sources. For
example, the combination of GPS with call logs (n=20),
accelerometer (n=17), and screen on/off (n=10) is a result of an
interest in monitoring sociability, physical activity, and device
usage patterns, respectively.

Figure 4. Context data sources used in the reviewed studies. GPS: global positioning system.
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High-Level Information Identified by Sensing Apps
(SA-RQ2)
From the context data collected by sensing apps, researchers
can extract high-level information representing different types
of situations (eg, sociability, mobility). Table 3 presents the
situations of interest identified from context data. Sensing apps
aimed to identify information related to the physical and
environmental aspects of the monitored individuals, such as
mobility patterns [38] (eg, places visited, total distance traveled,
time spent in locations), physical activities (activity type and
duration), daily routine situations (eg, working, studying), and
environmental context (eg, ambient temperature).

Figure 5 shows the types of high-level information generated
by the sensing apps. The 3 types of information that stand out

are human behavioral patterns related to mobility, sociability,
and physical activity (n≥10). Information about the individual’s
condition was also derived, such as mood and sleep quality.

Researchers also explored information about device usage,
which was derived from logs such as calls, SMS text messages,
screen on/off events, and app usage. In general, studies have
been able to build apps that achieve promising results of
performance metrics (eg, accuracy, sensitivity, specificity) in
identifying useful high-level information for mental health
professionals. By contrast, there are some researchers developing
apps that have not transformed context data into high-level
information (ie, they focus only on raw data collection), and
these are not shown in Figure 5.

Figure 5. High-level information summary.

Support for Monitoring Mental Health (SA-RQ3)
The sensing apps identified used high-level information to
provide a variety of mental health services. Table 3 shows the
types of analyses performed based on the high-level information
identified. Some apps infer daily routine situations and send
recommendations in real time [58], thus aiming to provide tools
to improve services of health professionals. Most approaches
to support mental health monitoring were as follows: correlation,
classification, and prediction. Correlation analyses associate
features extracted from high-level information with mental
states of the monitored individual, that is, they aim to find
evidence that identified behaviors have significant correlations
with psychological well-being [79]. Researchers also used
identified behaviors to design ML models capable of classifying

and predicting mental states [32,80], which can be used as
decision support tools for health professionals. Lastly, some
studies [31,81,82] did not report on additional analyses, but
concentrated on describing the features of their sensing apps to
facilitate DPMH research.

Figure 6 shows the mental states/disorders studied by DPMH
research. Apps classified as “Mental states in general” did not
focus on a specific mental disorder; instead, they are generic to
be used in studies for different mental health disorders. We
found 14 articles with a focus on individuals with depression.
Other mental states/disorders are schizophrenia, mood, suicidal
ideation, stress, loneliness, anxiety, and psychotic symptoms,
all with between 1 and 3 studies returned in our search. We
identified 11 articles that did not specifically address a particular
mental disorder in their studies.
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Figure 6. Mental states/disorders targeted by sensing apps.

Features Available in Data Sets (DS-RQ1)
The selected data sets have several types of features extracted
from context data collected by sensing apps. These features
model various aspects of human behavior that can be applied
to the development process of new tools for monitoring and
intervention in mental health. Table 4 presents the features
available in the selected data sets. Data sets DS1 and DS7
contain features related to sleep. They provide information such
as sleep start and end, sleep quality, time in bed, wake-up, sleep
notes. Data sets DS4 and DS8 have features related to the social
aspect such as self-reports of social interactions and Bluetooth
encounter data, while data sets DS6 and DS8 provide actigraph
data and self-reports, respectively. Data sets DS4 and DS5 have
features capable of modeling more than 1 human behavior (ie,
multimodal), thus providing data from different sources. These
sources provide multimodal context data that can be fused to
generate meaningful high-level information [10]. Moreover,

multimodal data sets can support DPMH research under different
aspects of interest for professionals, such as patient’s mobility
and sociability.

Possible High-Level Information Derived From Data
Sets (DS-RQ2)
The selected data sets have features capable of modeling
different types of human behavior. Therefore, to understand the
potential for applying these data to DPMH, we identified
high-level information that can be derived from these data sets
based on the available context data. Table 4 presents high-level
information inferred. Explicitly, these data sets can model the
situations listed in Textbox 2.

Additionally, some data sets contain high-level information
such as mood, mental status, and mental disorder symptoms.
These types of information are self-reported by participants
using questionnaires (eg, PHQ-9) and EMA solutions through
smart devices.
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Textbox 2. Situations modeled by data sets.

Sociability

This can be quantified using context data that allow characterizing social relationships of the participants such as interactions on online social networks,
and face-to-face and device-mediated interactions [83]. These data sets contain context data such as posts on social networks, Bluetooth encounters,
global positioning system (GPS) coordinates, or conversational activity inferred from microphone signals.

Physical activity

This is routinely measured using accelerometer and GPS data, resulting in either a log of user physical activities or an aggregate measure of energy
expenditure.

Sleep

This is mostly measured in terms of sleep quality and sleep duration of the participants. In general, these data sets have features such as sleep quality,
total sleep time, time in bed, and wake-up inferred from contextual data such as heart rate and screen on/off logs, and ambient light.

Multimodal

These data sets comprise several types of context data (eg, accelerometer, ambient light, battery level, Bluetooth, GPS, screen on/off, questionnaires
[9-item Patient Health Questionnaire]), which allow characterizing more than 1 behavior of the participants such as sociability, mobility, and physical
activity.

Discussion

Principal Findings
Our review shows that there are features that can be measured
on smart devices that can act as proxies for mental status and
well-being, but it should be noted that the combined evidence
for high-quality features for mental states remains limited.
Researchers have conducted several types of analysis on the
data collected. In principle, we recognize a trend to design

features from the data collected (Figure 7) to train ML models
capable of classifying mental states/disorders (n=11) and
predicting future mental states/disorders (n=6). We also note a
substantial effort in analyzing correlations between features
designed from the collected data and mental states/disorders
(n=6). This type of analysis aims to find evidence of the viability
and usefulness of DPMH for clinical practice. Furthermore,
there are apps that only collect raw context data (n=9) to be
analyzed subsequently, and 1 app (SituMan [39]) focused on
the recognition of daily routine situations.

Figure 7. Number of published studies by year and types of analysis.

The literature mostly reports on the measurement of mobility,
sociability, sleep, physical activity, and mood. Mobility
represents high-level information derived from the movement
sequence of individuals. These patterns are identified by
processing GPS and Wi-Fi samples, which allow for the
recognition of mobility traces. Sociability is measured using
context data sources such as call logs, SMS text messages,
Bluetooth encounters, and microphone data. These pieces of

data allow identifying physical and virtual social interactions.
Sleep information is measured by contextual data fusion such
as ambient light, movement activity, screen on/off, and ambient
sound. In addition, researchers have used Fitbit data to recognize
sleep quality. Physical activity is recognized using data from
inertial sensors (eg, accelerometer, magnetometer, gyroscope),
making it possible to classify different types of activities such
as walking, running, and stationary. Finally, mood has been
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recognized using different context data sources, such as
accelerometer and heart rate monitor of wearable devices,
combined with self-reports.

The different ways in which these features are inferred and
reported make it impossible to compare results across studies,
or combine data sets to achieve greater statistical power. For
this reason, we believe the research community would benefit
from a clear standard on the measurement of these behaviors.
The data sets identified and studies in this review provide an
interesting starting point for such consensus building.
Particularly, the StudentLife data set [41] has been explored by
many studies that propose solutions capable of supporting
mental health professionals. Different solutions have used this
data set to detect human behavioral patterns and perform
association, classification, and prediction of mental states. For
example, by using the StudentLife data set, Saeb et al [80]
analyzed the correlation between mobility patterns identified
from GPS samples and depressive symptoms reported by
students. Farhan et al [84] designed a multiview biclustering
model using various features (accelerometer, screen state, light,
conversation data, and GPS) to identify clusters representing
behavior subgroups. Morshed et al [81] developed a
computational method to predict mood stability from behavioral
features (eg, frequency of conversation, number of location
changes, and duration of different physical activities) extracted
from accelerometer, microphone, GPS, and Wi-Fi. Recently,
de Moura et al [82,83] developed a solution capable of detecting
sociability patterns and routine changes in social event streams
(ie, conversation events).

A related issue is the predominance of solutions developed for
Android OS, for which all apps have a version. This is expected
as Android provides an open development platform, different
from iOS, with significantly more flexibility to gather the data
of interest. The divergent approaches to sensing on iOS and
Android yield further issues in terms of standardization and the
collection of comparable results across large cohorts, invariably
with both Android and iOS users.

Our review further shows that studies use a mix of
smartphone-based sensing and wearable device sensing. The
latter may be useful where smartphones do not provide quality
data (eg, for heart rate, physical activity during sport, or sleep
quality), but do pose an issue in terms of interpretability of data
given the variety of wearable devices available on the market,
each of which use different algorithms. The interpretability of
resulting information is further confounded as some of the most
popular devices use proprietary algorithms to measure the
behaviors of interest or provide aggregate data. Standards would
need to consider the commercial pressure for device
manufacturers that results in algorithms being proprietary and
thus making it difficult to compare information from different
devices.

Regarding the year of publication of the studies, most articles
(n= 9) have been published in the last 3 years (Figure 7). These
data reveal a growing trend in the number of solutions proposed
for DPMH.

Research Opportunities
From this review, we are able to identify different research
opportunities for DPMH sensing apps, which are open issues
for further investigation.

Wearable-Based Solutions
Raw data have been generated mainly in smartphones, so few
sensing apps have taken advantage of the potential of wearable
devices to produce monitored individual’s data ubiquitously.
Wearables are capable of providing a lot of useful information
about human behavior [79]. For example, wearable devices such
as smartwatches and wristbands can collect users’ context data
even when they are performing intense physical activities such
as running and swimming. Therefore, as these devices are
smaller, meaning more imperceptible to the user, they can enrich
the physiological data collection [85].

Explainable Models With a Focus on Human Behavior
DPMH sensing apps that perform data analysis to design
intelligent models have used traditional ML algorithms in
different tasks [20]. These models sometimes lack transparency,
which is not helpful for mental health professionals because
evidence in decision support tools is required to be explainable.
Although traditional ML models are very useful for generating
valuable information that supports mental health treatment, an
explanation of how they generate their outputs is desirable. This
is fundamental because professionals need to interpret the
patient’s behavior to perform assessments and interventions.
Therefore, explainable models [86] seems to be the way to apply
machine and deep learning techniques more suitable to DPMH.

Real-Time Inference Engines
Most sensing apps perform offline data analysis after collecting
raw data (eg, to create ML models, to correlate self-reports with
context data). Therefore, few solutions provide inference engines
to produce high-level information in real time. These generated
situations of interest are useful to have a better insight into the
patient’s behavior and to allow interventions to adapt to this
information in real time. This is crucial in extreme cases such
as signs of suicidal ideation, but generally useful where the goal
is to implement ecological momentary interventions or
just-in-time interventions that rely on just-in-time information
on user status. In this sense, both rule-based engines (eg, fuzzy
logic [39], complex event processing [82]) and ML-based
approaches [20] are promising tools to process context data
efficiently and infer high-level information in DPMH.

Extensible Solutions
Sensing apps are not able to be customized for use in other
research. Although general-purpose (eg, Sensus [35]) and
reusable (eg, Beiwe [15] and SituMan [39]) apps can be applied
to other research, none of the solutions identified in this review
is extensible. Proposals of framework, middleware, and library
are examples of extensible solutions that provide services,
reusable code, and are prepared to be modified or consumed by
apps. They would be very useful to allow DPMH researchers
to extend solution’s capabilities to different requirements.
Therefore, this could reduce costs and time for research in
specific scenarios.
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By analyzing the results of the public data set review, we clearly
identify the scarcity of data sets (n=8). This low number may
be related to the privacy of information collected from study
participants. DPMH researchers should possibly be concerned
about whether collected data will become public, which could
enable to identify participants from them. DPMH data sets may
have sensitive personal information about the mental health
treatment or monitoring, hence ethical issues arise [87].
Moreover, ethics committees where studies are recorded may
restrict the sharing of collected data to the public. This barrier
can generate great difficulty for the development of new
research, because new ML models and engines for inferring
high-level information are not possible to be designed and
trained. Differential privacy seems to be a promising tool to
break this barrier [88].

Another open issue is the standardization of data sets. Currently,
there is no standard for data representation (eg, data type,
precision, file format) and collection (eg, frequency, duration,
presence of time stamps). As a result, data sets cannot be
combined, nor can we easily compare the performance of
different approaches or algorithms. Proposals for standardization
would be a major contribution to the DPMH field.

It is beneficial for such standardization that there are efforts to
design general-purpose sensing apps. We propose that the
research community should endeavor to work on such apps
collaboratively and make these apps available on a non-for-profit
basis. This could not only result in an efficient use of commonly
agreed standards, but would also reduce the wasteful effort of
developing custom sensing apps. Such initiatives, however, are
difficult to start and maintain, as has been shown by brave
endeavors such as Beiwe [15], Funf [31], Purple Robot [33],
and Sensus [35], which show that keeping such platforms
up-to-date is an expensive process that can only be warranted
if continued use guarantees continued resources for maintenance
and further development.

Notwithstanding the benefits we believe would be derived from
such standards, it should be acknowledged that self-reports will
likely remain an important modality to improve the quality of
automatically measured behaviors, or to measure behaviors or
states that cannot be automatically measured. An opportunity
that is not widely leveraged is using the automatically measured
behaviors to trigger such self-reports. This would allow
self-reports to be more appropriate to the user’s context, further
inform automated measures in case sensor measurements do
not provide a clear enough picture, and be less intrusive.

Software for such a functionality has been proposed previously
[39,89], and we believe such a functionality should be part of
standardized tools for capturing DPMH.

Finally, data sets are composed of few study participants. It
may be difficult for researchers in attracting participants to the
research and, at the same time, making them remain until the
end of the study. The low number of participants can potentially
compromise the use and validation of some data contained in
the data sets, and this directly reflects the use of data sets in
other DPMH surveys, where it requires a high number of
participants to be validated.

Limitations and Future Work
A first limitation is that data sets and articles published in
languages other than English were not included in this review.
Second, the search for sensing apps was restricted to 8 digital
libraries, although we searched 20 sources with numerous public
data sets. Finally, our review is limited by studies reported in
the published literature and data sets available to be downloaded.

In addition, we did not focus on security and privacy aspects
of DPMH apps in this review. Therefore, our plans include a
systematic analysis on the security and privacy features provided
by DPMH apps. As this is an extremely sensitive aspect in the
development of new functionalities for current and new DPMH
mobile systems, a particular characterization with deeper
analysis is required. Therefore, we plan to dedicate efforts on
this topic for further investigation.

Conclusions
In this article, we described a systematic review that resulted
in a deep analysis of 31 sensing apps and 8 public data sets for
DPMH. Results showed a growth in DPMH sensing apps in
recent years as opposed to a scarcity of public data sets. We
answered the research questions, then showing, for example,
the most used context data and their respective sources, the
different types of high-level information generated by the
analysis of the collected data, the features available in data sets,
and the mental disorders that researchers have focused. From
the results, we were able to identify trends and open issues that
hinder the development of research in the DPMH area. As a
consequence, by considering the growth in proposals for DPMH
sensing apps and the impact of the COVID-19 outbreak on
global mental health, we believe that DPMH presents a great
perspective for future research not only to overcome open issues
discussed in this review, but also to reach the needed maturity
for application in clinical settings.
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Abstract

Background: Simple visualizations in health research data, such as scatter plots, heat maps, and bar charts, typically present
relationships between 2 variables. Interactive visualization methods allow for multiple related facets such as numerous risk factors
to be studied simultaneously, leading to data insights through exploring trends and patterns from complex big health care data.
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The technique presents a powerful tool that can be used in combination with statistical analysis for knowledge discovery, hypothesis
generation and testing, and decision support.

Objective: The primary objective of this scoping review is to describe and summarize the evidence of interactive visualization
applications, methods, and tools being used in population health and health services research (HSR) and their subdomains in the
last 15 years, from January 1, 2005, to March 30, 2019. Our secondary objective is to describe the use cases, metrics, frameworks
used, settings, target audience, goals, and co-design of applications.

Methods: We adapted standard scoping review guidelines with a peer-reviewed search strategy: 2 independent researchers at
each stage of screening and abstraction, with a third independent researcher to arbitrate conflicts and validate findings. A
comprehensive abstraction platform was built to capture the data from diverse bodies of literature, primarily from the computer
science and health care sectors. After screening 11,310 articles, we present findings from 56 applications from interrelated areas
of population health and HSR, as well as their subdomains such as epidemiologic surveillance, health resource planning, access,
and use and costs among diverse clinical and demographic populations.

Results: In this companion review to our earlier systematic synthesis of the literature on visual analytics applications, we present
findings in 6 major themes of interactive visualization applications developed for 8 major problem categories. We found a wide
application of interactive visualization methods, the major ones being epidemiologic surveillance for infectious disease, resource
planning, health service monitoring and quality, and studying medication use patterns. The data sources included mostly secondary
administrative and electronic medical record data. In addition, at least two-thirds of the applications involved participatory
co-design approaches while introducing a distinct category, embedded research, within co-design initiatives. These applications
were in response to an identified need for data-driven insights into knowledge generation and decision support. We further discuss
the opportunities stemming from the use of interactive visualization methods in studying global health; inequities, including
social determinants of health; and other related areas. We also allude to the challenges in the uptake of these methods.

Conclusions: Visualization in health has strong historical roots, with an upward trend in the use of these methods in population
health and HSR. Such applications are being fast used by academic and health care agencies for knowledge discovery, hypotheses
generation, and decision support.

International Registered Report Identifier (IRRID): RR2-10.2196/14019

(J Med Internet Res 2022;24(2):e27534)   doi:10.2196/27534

KEYWORDS

interactive visualization; data visualization; secondary health care data; public health informatics; population health; health
services research

Introduction

Background
As digital medicine advances, visualization applications in
population health increasingly provide ways for researchers and
practitioners to explore and communicate findings [1],
supporting knowledge discovery from disparate large data
sources [2]. Visual analytics (VA) has been defined as the
“science of analytics reasoning facilitated by visual interfaces”
[3], and it is an interdisciplinary field combining visualization,
statistical analysis, and advanced analytics such as machine
learning and cognitive sciences [4]. A specific approach within
VA is the use of interactive visualization, which Ola and Sedig
[2] define as computational tools that store, process, and visually
represent data, to facilitate interactive exploration. Interactive
visualization increases the potential for big data use in health
care by supporting sense making, knowledge discovery, and
hypothesis generation [2,5]. Simple visualizations such as scatter
plots, heat maps, and bar charts typically present 2 facets of the
data, displaying attributes and relationships between 2 variables
such as a disease condition and risk factors. Interactive
visualization methods allow for presentation of multiple related
facets such as risk factors to be studied simultaneously, leading
to insights through exploring trends and patterns [2,5].

Population health research involves the study of data related to
health outcomes and determinants of population health [6,7],
whereas health services research (HSR) studies the health system
in relation to access, quality, costs, and patient outcomes [8,9].
Both fields involve the analysis of large secondary data sources
such as clinical databases, administrative data sets, and
electronic medical records (EMRs) [10-12]. In a prior review,
we summarized evidence on VA applications in these
interrelated fields of health care [13]; this review complements
it by reviewing the evidence on interactive visualization
applications in population health and HSR.

Recent systematic reviews have summarized visualization
methods in varied areas of health care. Among the most cited
reviews, the study by West et al [1] synthesized literature on
the use of visualization approaches for exploratory analysis of
electronic health records (EHRs). Similarly, another well-cited
review by Carrol et al [14] summarized the literature on
visualization and analytics tools used in infectious disease
epidemiology, particularly in relation to geographic information
systems (GIS), molecular epidemiology, and social network
analysis methods. Islam et al [15] offered a comprehensive view
on data mining and theoretical approaches in health care. Wu
et al [16] summarized evidence on visualization and analytic
technologies for characterizing evaluation methods in health
informatics, an area primarily concerned with clinical care. The
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most recent related review by Chung et al [17] focused on visual
approaches in mental health care policy and systems. To our
knowledge, interactive visualization applications have not been
studied as a body of literature separate from data visualization
and VA; hence, this review is the first systematic synthesis on
the subject.

Rationale for a Companion Review
This companion review is our second synthesis of literature on
visualization and analytics tools, techniques, and approaches
in population health and HSR. Our first publication focused on
VA methods in these areas, where we offered an updated
definition of VA in health care as “an approach, method, or
application for analytic reasoning, exploration, knowledge
discovery, and sense making of complex data, using one or
more interactive visual interfaces, employing analytic and visual
engines” [13]. As part of VA applications, analytic engines
involve advanced machine learning, database querying, and
manipulation.

Interactive visualization applications typically engage a
front-end visual engine such as Tableau [18], Qlik [19], and
PowerBI [20]. Although all VA methods carry a visualization
component, which may or may not be interactive, interactive
visualization applications typically do not involve or report an
analytic component. Hence, this companion review on
interactive visualization applications illustrates the state of
evidence in population health and HSR, focusing on
contemporary methods, approaches, tools, and co-design from
real-world use cases. This review will be helpful for health care

researchers, practitioners, and decision-makers to understand
and adopt visualization-based data analysis.

Objectives
The primary objective of this scoping review is to describe and
summarize the evidence on interactive visualization applications,
methods, and tools being used in population health and HSR
and their subdomains in the last 15 years, from January 1, 2005,
to March 30, 2019. Our secondary objective is to describe the
use cases, metrics, frameworks used, settings, target audience,
goals, and co-design of applications.

Methods

Review Methodology and Protocol
Scoping reviews outline the size and scope of available literature
and identify the quality and extent of research evidence [21].
We briefly describe the methodological processes relevant to
the second part of the review in this section, whereas further
details can be found in the published protocol [22]. We primarily
followed the guidance provided by the Joanna Briggs Institute
[23], as well as the framework for conducting scoping reviews
described by Arksey and O’Malley [24], with improvements
suggested by Levac et al [25] and Peters et al [26], while using
the PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Extension for Scoping Reviews)
checklist provided by Tricco et al [27] for reporting. The major
steps were as follows: determining the research question,
identifying relevant studies, abstracting data, and summarizing
and reporting the results. The operational concepts and
definitions are presented in Textbox 1.
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Textbox 1. Operational concepts and definitions.

Concepts and definitions

• Population health, adapted from Kindig and Stoddart [6] and Kindig [7]

• “The health outcomes of a group of individuals, including the distribution of such outcomes within the group,” includes “health outcomes,
patterns of health determinants, and policies and interventions that link these two”

• Health services research, adapted from the Canadian Institutes of Health Research [8] and National Libraries of Medicine filters for health services
research [28]

• Research with the “goal of improving the efficiency and effectiveness of health professionals and the health care system”

• Access to services

• Utilization of services

• Cost of services

• Domains of population health and health services research, adapted from Islam et al [15]

• Clinical populations include a health condition

• Epidemiologic includes disease distribution and dynamics

• Demographic includes population-related characteristics such as age and gender

• Spatiotemporal includes events over time and space

• Problem categories, based on subject area and the aim or aims of the application

• Epidemiologic monitoring or surveillance

• Resources and services monitoring and planning

• Medication use patterns

• Visualization methodologies

• Epidemiologic data exploration

• Health service monitoring, planning, and quality

• Patient or care pathways

• Public or patient communication

• Interactivity, adapted from Ola and Sedig [29] and Pike et al [30]

• Ability to reflect changes in the visual representation, based on one or more variables available on the analytic interface

• Tasks such as filtering, determining ranges, and finding anomalies, clusters, and the like by providing menus, dropdowns, and other options
on the visualization interface

• Tools

• Software for developing an application

• Use case

• Use of the application or method to one or more data sets

• Goal of the application, adapted from Islam et al [15]

• Whether the application was meant for decision support, knowledge discovery, or both

• Analytic capability, adapted from Islam et al [15]

• Descriptive or predictive analytics or visual exploration of data

• Functions of the visualization presentations from the Graphic Continuum by Schwabish and Ribecca [31]

• Spatial

• Change over time

• Flow
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Distribution•

• Ranking

• Magnitude

• Correlation

• Part to whole

• Co-design, adapted from Ward et al [32]

• Encompasses the partnership of health workers, patients, and designers who aspire toward change, depending on shared knowledge to
achieve “better outcomes or improved efficiency”

• Whether any participatory approach toward co-design was reported by the authors

• Embedded research: applications developed in response to an expressed need within a health care organization

• Settings and target audience

• On the basis of the location of the application developed and the overall objectives of the reported application

• Categories include academia, government health care units, and industry

• Subject of applications

• Exploratory word frequency analysis of included articles to yield major subject areas for which applications were developed or any other
related finding using a word cloud

• Applications in current use, public availability, innovation, and limitations

• For ascertaining whether the application could be adapted or replicated in future

• Public availability to ascertain whether the application was developed for the public

Eligibility Criteria
Eligible articles included peer-reviewed published journal and
full conference papers in English related to use cases of
interactive visualization in population health and HSR. We
included articles on spatiotemporal visualization but excluded
articles presenting cartographic methods and tools for GIS

because these were outside the scope of the research objectives.
Similarly, we did not include articles on human-computer
interaction, user design, and articles without a use case.
Non–peer-reviewed work such as editorials, conference
abstracts, and short articles were excluded. The eligibility
criteria are presented in Textboxes 2 and 3.

Textbox 2. Inclusion criteria.

Inclusion criteria

• Peer reviewed journal or full conference papers

• From January 1, 2005, to March 30, 2019

• Population health or health services research related

• Articles with population level or health services research metrics: incidence, prevalence, events over time, and space, access, cost, utilization,
disease or condition distribution, as well as social or multiple determinants of health

• Interactive visualization used for a use case with one or more data sets

Textbox 3. Exclusion criteria.

Exclusion criteria

• Articles not in English

• Editorials, projects, reviews, book chapters, short papers, or reports

• Articles on computer vision and medical imaging

• Studies conducted in clinical settings without a population level or health services component, such as from a single hospital or unit

• Articles on device or sensor data, without a population level or health services research component

• Studies reporting a visual analytics component or analytic engine
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Sources of Evidence and Search Strategy
The search strategy, its conceptualization, and steps for
operationalization are detailed in the review protocol [22]. The
search was externally peer reviewed using the Peer Review of
Electronic Search Strategies Guideline [33] and included an
extensive list of search terms and their variants to cover all

related concepts of population health, HSR, visualization,
analytics, and interactivity [22]. The 6 databases searched, their
platforms, and results are summarized in Table 1. We further
hand searched 10 relevant journals, in addition to internet
searches [22]. We used the Covidence (Veritas Health
Innovation Ltd) platform for screening citations [34] and
EndNote (Clarivate) for reference management [35].

Table 1. Databases and search results (N=14,099).

Search results, n (%)Database name

4633 (32.86)MEDLINE (life sciences and biomedicine)

1880 (13.33)Embase (life sciences and biomedicine)

5396 (38.27)Web of Science (multidisciplinary)

1267 (8.99)Ei Compendex (engineering and technology)

151 (1.07)IEEE Xplore (engineering and technology)

772 (5.48)Inspec (engineering and technology)

Data Charting and Synthesis of Results
In all, 2 independent reviewers screened articles at each stage
of the review, including title and abstract screening, full-text
screening, and data abstraction. A third reviewer acted as an
arbiter in case of conflicts and for validating the data abstracted
for their content and level of detail.

The data abstraction encompassed the major concepts in 6 major
themes: (1) study characteristics (country, problem category,
settings, and target audience), (2) tools and techniques used,
(3) data type and visualization methods, (4) domains of
population health and HSR, (5) innovation of the application
and its current availability and use, and (6) if the application
was co-designed with the target audience.

Results

Selection of Sources and Presentation of Results
We identified 14,099 articles from the 6 databases searched.
Given the varied sources of the articles, we adapted the method
described by Bramer et al [36] for removing duplicate references
using EndNote X9 [35]. Among the 14,099 articles, we
considered major citation details and identified, double-checked,

and removed 2078 (14.74%) duplicates, comparing the title,
identifiers, publication platforms, and abstracts. From the
remaining 12,021 articles, another 711 (5.91%) duplicates were
removed after importing into Covidence [34]. We excluded
96% (10,819/11,310) of the references during the title and
abstract screening and 89% (435/491) of the articles during the
full-text screening. We did not find additional articles from
reference lists of recent systematic and narrative reviews, hand
searches of individual journals, and internet searches. Hence,
of the initially identified 14,099 articles, we have summarized
56 (0.39%) for reporting in this review. The reasons for
exclusion during the full-text-screening are detailed in the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) diagram (Figure 1), whereas the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews reporting checklist is presented
in Multimedia Appendix 1.

We have also summarized our results in a visual format using
a publicly accessible Tableau dashboard, a screenshot of which
is presented in Figure 2 [37]. The abstracted data and complete
workbook are available to support replication, adaptation, and
further analysis. Operational concepts for each category and
reported theme are detailed in the Methods section (Textbox 1).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart for article selection. VA: visual analytics.

Figure 2. Screenshot of the results presented as a Tableau dashboard.

Study Characteristics, Settings, and Target Audience
The 56 articles summarized were from 21 countries, including
the United States (30/56, 54%), the United Kingdom (4/56, 7%),
India (2/56, 4%), Indonesia (2/56, 4%), and Canada (2/56, 4%).
Of the 56 articles, there was 1 (2%) each from the Netherlands,
Spain, Puerto Rico, Czech Republic, Malaysia, France, Portugal,
Tanzania, Slovenia, China, Germany, Brazil, Italy, Japan, and
Korea, whereas 1 (2%) study included a comparison of health
indicators from the United States, the United Kingdom, Costa
Rica, Sweden, Croatia, Japan, Hong Kong, and China. Details
on countries, settings, and target audiences are presented in

Multimedia Appendix 2 [38-93], whereas these are summarized
in Tables 2 and 3. Study settings included government ministry
or health unit (39/56, 70%), academia (18/56, 32%), and industry
(2/56, 4%). There was overlap between the government health
unit and academia (1/56, 2%) and between the government
health unit and industry (2/56, 4%).

The included studies often had more than one target audience.
These were population or public health practitioners (53/56,
95%), clinicians (24/56, 43%), policy makers and
decision-makers (21/56, 38%), public and patient groups (12/56,
21%), data scientists (5/56, 9%), and industry (2/56, 4%).
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Table 2. Settings of the studies (N=56).

StudyValues, n (%)Setting

Alibrahim et al (2014) [38], Barrento and De Castro Neto (2017) [39], Basole et al (2015) [40], BenRa-
madan et al (2017) [43], BenRamadan et al (2018) [44], Bjarnadottir et al (2016) [46], Brownstein et al
(2010) [47], Henley et al (2018) [52], Hosseinpoor et al (2018) [53], Jia et al (2015) [56], Kirtland et al
(2014) [58], Ko and Chang (2018) [59], Kubasek et al (2013) [61], Lanzarone et al (2016) [62], Lopez-
DeFede et al (2011) [63], Mahler et al (2015) [64], Marshall et al (2017) [65], Mitrpanont et al (2017)
[67], Moni et al (2015) [68], Monsen et al (2015) [69], Monsivais et al (2018) [70], Mozumder et al
(2018) [71], Pachauri et al (2014)[73], Palmer et al (2019) [74], Pike et al (2017) [76], Podgornik et al
(2007) [77], Pur et al (2007) [78], Raghupathi and Raghupathi (2018) [79], Ratwani and Fong (2015)
[80], Rodriguez-Fernandez et al (2016) [81], Rowlingson et al (2013) [82], Shen et al (2018) [84], Sims
et al (2011) [85], Sopan et al (2012) [86], Toyoda and Niki (2015) [87], Valdiserri and Sullivan (2018)
[89], van der Corput et al (2014) [90], Wang and Yao (2018) [92], and Zhang et al (2011) [93]

39 (70)Government; ministry;
health department

Becnel et al (2019) [41], Benítez et al (2017) [42], Bieh-Zimmert et al (2013) [45], Bjarnadottir et al
(2016) [46], Cesario et al (2012) [48], Chui et al (2011) [49], Haque et al (2014) [50], Happe and Drezen
(2018) [51], Hsu et al (2018) [54], Iyer et al (2017) [55], Kaushal et al (2018) [57], Krause (2015) [60],
Martinez et al (2016) [66], Ortiz-Zuazaga et al (2015) [72], Pickle and Carr (2010) [75], Semple et al
(2013) [83], Tsoi et al (2018) [88], and Wang et al (2011) [91]

18 (32)Academia

Ratwani and Fong (2015) [80] and Shen et al (2018) [84]2 (4)Industry

Table 3. Target audience of the included studies (N=56).

StudyValues, n (%)Target audience

Alibrahim et al (2014) [38], Barrento and De Castro Neto (2017) [39], Becnel et al (2019) [41], Benitez
et al (2017) [42], BenRamadan et al (2017) [43], BenRamadan et al (2018) [44], Bieh-Zimmert et al
(2013) [45], Bjarnadottir et al (2016) [46], Brownstein et al (2010) [47], Cesario et al (2012) [48], Chui
et al (2011) [49], Haque et al (2014) [50], Happe and Drezen (2018) [51], Henley et al (2018) [52],
Hosseinpoor et al (2018) [53], Hsu et al (2018) [54], Iyer et al (2017) [55], Jia et al (2015) [56], Kaushal
et al (2018) [57], Kirtland [58] 2014, Krause (2015) [60], Kubasek et al (2013) [61] , Lopez-DeFede et
al (2011) [63], Mahler et al (2015) [64], Marshall et al (2017) [65], Martinez et al (2016) [66], Mitrpanont
et al (2017) [67], Moni et al (2015) [68], Monsen et al (2015) [69], Monsivais et al (2018) [70], Mozumder
et al (2018) [71], Ortiz-Zuazaga et al (2015) [72], Pachauri et al (2014) [73], Palmer et al (2019) [74],
Pickle and Carr (2010) [75], Pike et al (2017) [76], Podgornik et al (2007) [77], Pur et al (2007) [78],
Raghupathi and Raghupathi (2018) [79], Ratwani and Fong (2015) [80], Rodriguez-Fernandez et al
(2016) [81], Rowlingson et al (2013) [82], Semple et al (2013) [83], Shen et al (2018) [84], Sims et al
(2011) [85], Sopan et al (2012) [86], Toyoda and Niki (2015) [87], Tsoi et al (2018) [88], Valdiserri and
Sullivan (2018) [89], van der Corput et al (2014) [90], Wang et al (2011) [91], Wang and Yao (2018)
[92], and Zhang et al (2011) [93]

53 (95)Population or public
health practitioners

Basole et al (2015) [40], Becnel et al (2019) [41], BenRamadan et al (2017) [43], BenRamadan et al
(2018) [44], Bjarnadottir et al (2016) [46], Brownstein et al (2010) [47], Haque et al (2014) [50], Happe
and Drezen (2018) [51], Henley et al (2018) [52], Jia et al (2015) [56], Kaushal et al (2018) [57], Kirtland
et al (2014) [58], Ko and Chang (2018) [59], Lanzarone et al (2016) [62], Marshall et al (2017) [65],
Mitrpanont et al (2017) [67], Monsen et al (2015) [69], Mozumder et al (2018) [71], Palmer et al (2019)
[74], Pike et al (2017) [76], Ratwani and Fong (2015) [80], Rodriguez-Fernandez et al (2016) [81],
Semple et al (2013) [83], and van der Corput et al (2014) [90]

24 (43)Clinicians

Alibrahim et al (2014) [38], Becnel et al (2019) [41], Hsu et al (2018) [54], Jia et al (2015) [56], Lanzarone
et al (2016) [62], Mahler et al (2015) [64], Marshall et al (2017) [65], Moni et al (2015) [68], Monsen
et al (2015) [69], Monsivais et al (2018) [70], Pike et al (2017) [76], Podgornik et al (2007) [77], Pur et
al (2007) [78], Raghupathi and Raghupathi (2018) [79], Rowlingson et al (2013) [82], Semple et al
(2013) [83], Sims et al (2011) [85], Sopan et al (2012) [86], Toyoda and Niki (2015) [87], Valdiserri
and Sullivan (2018) [89], Wang (2018) [92], and Zhang et al (2011) [93]

21 (38)Policy makers and deci-
sion-makers

Barrento and De Castro Neto (2017) [39], Bieh-Zimmert et al (2013) [45], Brownstein et al (2010) [47],
Hosseinpoor et al (2018) [53], Hsu et al (2018) [54], Jia et al (2015) [56], Kubasek et al (2013) [61],
Mozumder et al (2018) [71], Ortiz-Zuazaga et al (2015) [72], Semple et al (2013) [83], Tsoi et al (2018)
[88], and van der Corput et al (2014) [90]

12 (21)Public and patient
groups

BenRamadan et al (2017) [43], Pickle and Carr (2010) [75], Tsoi et al (2018) [88], Valdiserri and Sullivan
(2018) [89], and Wang et al (2011) [91]

5 (9)Data scientists

Kaushal et al (2018) [57] and Toyoda and Niki (2015) [87]2 (4)Industry (software,
pharmaceutical, and in-
surance)
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Health Care Domains, Metrics, and Categories of
Problems Addressed by the Applications
Among the domains of health, the categories overlapped, with
articles falling under population health (38/56, 68%), HSR
(29/56, 52%), and both population health and HSR (11/56,
20%). Among the articles in the population health category,
their subdomains included clinical populations with 1 condition
of interest (23/56, 41%), demographic population (28/56, 50%),
epidemic monitoring and modeling (11/56, 20%), and
spatiotemporal (16/56, 29%). For HSR, these included access
to services (16/56, 29%), utilization (23/56, 41%), and costs
(4/56, 7%).

The visual applications for these health care areas used different
metrics in combination with the major categories, including
prevalence (23/56, 41%), space and time (20/56, 36%),
incidence (19/56, 34%), resources (6/56, 11%), mortality (4/56,
7%), hospitalization (1/56, 2%), events over time (1/56, 2%),
and air quality (1/56, 2%).

The problem categories addressed by the applications included
epidemiologic monitoring or surveillance (21/56, 38%),
resources and services monitoring or planning (12/56, 21%),
health service monitoring or planning or quality (5/56, 9%),
medication use patterns (5/56, 9%), patient or care pathways
(4/56, 7%), visualization methodologies (3/56, 5%),
epidemiologic data exploration (3/56, 5%), and public or patient
communication (3/56, 5%).

Application’s Analytic Capability, Goal, and
Frameworks Used
There was overlap in the analytic capability of the tools with
applications capable of descriptive analytics (53/56, 95%),
predictive analytics (4/56, 7%), and visual exploration of
complex data sets (37/56, 66%). Regarding the goal of the
visualization application, there was overlap between knowledge
discovery (56/56, 100%) and decision support (47/56, 84%).
Of the 56 articles, 6 (11%) used a framework in their methods
for developing the application. These frameworks are
summarized in Table 4. Multimedia Appendix 3 [38-93] lists
the analytic capability and goals of each application.

Table 4. Articles mentioning the use of methodological frameworks (N=6).

Methodological frameworks used in developing interactive visualization applicationsAuthor and year

Display principles for visual monitoring by Few et al [94]Alibrahim et al (2014) [38]

Ten guidelines by Kelleher and Wagener [95]Bieh-Zimmert et al (2013) [45]

Followed the Omaha System [96]Monsen et al (2015) [69]

Visualization principles (overview, zoom and filter, and details on demand) based on theories from Shneiderman
[97] and Chen [98]

Ratwani et al (2015) [80]

For developing the web app, the 5-stage user-centered design model described by Kinzie et al [99] was usedSemple et al (2013) [83]

Align, Rank, and Filter Framework used for user interaction by Wang et al [100]Wang et al (2011) [91]

Data Characteristics: Source, Structure, Type, and
Use Cases
Data sets used in the visualization applications were single
(40/56, 71%) or multiple (16/56, 29%), and they were structured
(48/56, 86%) or semistructured (8/56, 14%). The sources of
data included administrative (45/56, 80%), spatiotemporal
(17/56, 30%), EMR or EHR or medical records (15/56, 27%),
registry (10/56, 18%), web or social media (2/56, 4%), and
sensor data (1/56, 2%). Multimedia Appendix 4 [38-93] details
the data types and sources with the primary tools used to develop
the application.

Visualization: Primary Types, Presentation, and Tools
Regarding the functional aspects of the interactive visual
presentations, the categories included spatial (31/56, 55%),
change over time (9/56, 16%), flow (8/56, 14%), distribution
(2/56, 4%), ranking (2/56, 4%), magnitude (2/56, 4%),
correlation (1/56, 2%), and part to whole (1/56, 2%).

The primary visual presentations included choropleth map
(19/56, 34%), thematic map (10/56, 18%), event timeline (7/56,
13%), network map (4/56, 7%), Sankey diagrams (3/56, 5%),

area chart (1/56, 2%), parallel coordinates (1/56, 2%), column
bars (1/56, 2%), circular weighted graph (1/56, 2%), line (1/56,
2%), dot strip plot (1/56, 2%), ring map (1/56, 2%), table (1/56,
2%), scatterplot matrix (1/56, 2%), bar (1/56, 2%), histogram
(1/56, 2%), arc (1/56, 2%), and heat map (1/56, 2%). The
relative distribution of visual presentations and software tools
by problem category is provided in Figure 3. For details on the
functional types and visual presentations included in each article,
please refer to Multimedia Appendix 5 [38-93].

The different visualization software tools used included Tableau
(7/56, 13%); D3.JS (5/56, 9%); ArcGIS and Instant Atlas (3/56,
5% each); R/R-Shiny, Open Street Map, Google Maps
application programming interface (API), SQL, and Java-based
application (2/56, 4% each); and MS Power BI, SigmaJS,
RESTful API, CNGI, Lifelines2, AtlasPR, Circos, IBM Watson
Analytics, SAS BI, Pajek, Gephi, pChart, Three Table View,
Python, and QuantumGIS (1/56, 2% each). Some articles did
not mention the visualization tool (13/56, 23%). Figure 4 shows
a screenshot from the Tableau results dashboard with the
primary visualization tools and heat map of problem category
and visual presentation. This interactive dashboard is also
available on the Tableau results dashboard [37].
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Figure 3. Types of visualizations, primary software tool, and visualization type by problem area (screenshot).

Figure 4. Primary visualization presentations by health care problem area.

Application Co-design
For participatory approaches to application development, some
articles (35/56, 67%) mentioned co-design. Among these (20/35,
57%) were applications that were part of embedded research at
health care organizations. Other articles (20/56, 37%) did not

mention this aspect. Application co-design was found in the
problem categories of epidemiologic monitoring or surveillance
(13/56, 23%), resource and service monitoring and planning
(8/56, 14%), medication use patterns (4/56, 7%), visualization
methodology (3/56, 5%), epidemiologic data exploration (2/56,
4%), health service monitoring or planning or quality (2/56,
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4%), patient or care pathways (2/56, 4%), and public or patient
communication (1/56, 2%). Figure 5 shows a tree map of

co-designed applications and embedded research.

Figure 5. Co-designed applications and related health care areas (screenshot).

Applications in Current Use and Public Availability
Most of the applications were mentioned as being currently
available and in use (31/56, 55%). Related to public access, a
third of the applications were available to the public (18/56,
32%). There were applications using free or open source tools
(18/56, 32%) and those using proprietary tools (19/56, 34%),
or the tools were not mentioned (18/56, 32%).

Discussion

Significance of the Review
Data visualization in health has a lengthy history going back to
the influential work of John Snow and Florence Nightingale in
the 19th century. The field of interactive visualization has
developed in parallel with computing power and the availability
of large, complex health care data sets for diverse audiences
such as clinicians, public health researchers, practitioners, and
decision-makers [1,41], with considerable progress made in
design methodologies [14]. Our review is a novel synthesis and
summary of the literature from a vast body of research that had
not previously been covered.

In this methodological review, we aim to capture the current
state of knowledge and evidence on the topic of interactive
visualization applications in population health and HSR,
distinguishing them from conventional graphical presentations
in health care and the related field of VA. We explored areas
in population health and HSR to ascertain where these

techniques have been used and identified trends and
opportunities for the use of these applications.

As population health and health services researchers and
practitioners, our perspective and interest in pursuing this
research question were based on developing an in-depth
understanding of the state of evidence on the use of
visualization-based approaches for big health care data analyses.
We anticipated that the review would help diverse audiences in
population health and HSR learn from practical applications,
inform future research endeavors, and help introduce the analytic
method to researchers and students. We discuss our findings in
this section with these overarching aims, contrasting the findings
from previous reviews in other areas of health care using
visualization approaches.

Gaps and Opportunities for Application Co-design
Data visualization aims to convey information at a glance,
although it assumes that the audience has expertise and visual
literacy on the subject matter [101]. In their review of
visualization-based applications in infectious disease
epidemiology, Carrol et al [14] summarize the audience’s
information needs and learning behavior and point to 3 important
barriers to relaying information to target audiences: (1) time
constraints, (2) prior knowledge, and (3) cognitive load [14].
Hence, the design process is imperative for an effective
application that allows the user to successfully understand the
presented data. Various methodologies outlining effective design
requirements and experiences from stakeholders to create new
products and solutions have been explored [102-104]. For our
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scoping review, we opted to use the term co-design, which is
more commonly used in health care literature, as opposed to
design thinking and other related terms [13].

In this review, we found that at least two-thirds of the
applications involved co-design approaches, involving
stakeholders for developing interactive visualization
applications. This was in contrast to a smaller proportion of
co-designed VA applications (18%), which were mostly
prototypes developed by and for data scientists at academic
centers [13]. In line with this finding, more than half of the
interactive visualization applications were developed in-house
within health care organizations. We termed these initiatives
embedded research as part of co-designed applications to
indicate that these were initiated within the organizations in
response to an identified data-driven need for knowledge
generation and decision support. We could not find such
applications in the VA literature [13]. This indicates an
important trend because participatory design and development
in health has proven to be a key element in better viability and
uptake in planning and implementation of services [105,106].

Notably, a third of the articles in this review did not mention a
co-design method, which could be due to authors either opting
to omit it or because these were covered elsewhere. We
recommend that future research indicate whether the application
used co-design approaches. It is important to describe the
context in adequate detail to appreciate stakeholder needs,
experience, and satisfaction. Furthermore, to map and present
methods in sufficient detail, we suggest using established
frameworks such as the Munzner Nested Process [107] or
Design Thinking for Visualization [108] as reporting tools.

Contrasting Interactive Visualization and VA
Applications
Through our recent work in studying visualization methods and
applications in population health and HSR, we establish that
the fields of interactive visualization and VA share communities
of practice, methods, and approaches, but they are conceptually
separate with important differences. We highlight the major
ones here.

We found that interactive visualization applications were
initiated by and targeted at researchers and practitioners within
government health care organizations tasked with health services
delivery, planning, and policy advice. In contrast, most of the
VA applications were from and developed for data scientists
[13]. In addition, most interactive visualization applications
were developed using front-end engines, especially proprietary
tools not requiring an advanced knowledge of coding [13]. Most
VA methods and applications were prototypes developed using
different combinations of tools, with a very small number using
proprietary software [13]. Related to theoretical or conceptual
frameworks, VA applications offered 13 different frameworks,
whereas we could not identify any of these in this review of
interactive visualization applications. However, the latter
applications mentioned the use of frameworks at different stages
of developing the applications. VA applications also expressly
mentioned statistical and machine learning techniques as part
of the analytic engine, whereas interactive visualization
applications mostly used simple descriptive aggregative

techniques. In another distinction, most VA applications were
prototypes, whereas most interactive visualization applications
were developed for knowledge generation and decision support
[13].

Both the VA and interactive visualization techniques seem to
have originated from North America and Europe [13]. The top
3 countries identified for VA applications were the United States
(24/55, 44%), Canada (5/55, 9%), and Germany (3/55, 5%).
The top countries for interactive visualization applications were
the United States (30/56, 54%), the United Kingdom (4/56, 7%),
and Canada and Indonesia (2/56, 4% each). Both our reviews
indicated that most of the applications for both methods were
descriptive analytics, with an overlap with exploratory analyses
of complex data sets (23/55, 42% for VA and 37/56, 66% for
interactive visualization), and a small proportion for predictive
analytics. The application goals were comparable, with most
being knowledge discovery (35/55, 80% for VA and 56/56,
100% for interactive visualization) or decision support (44/55,
80% for VA and 47/56, 84% for interactive visualization), with
considerable overlap (29/55, 53% for VA and 47/56, 84% for
interactive visualization). The data sets used for both types of
applications were single (32/55, 58% for VA and 40/56, 71%
for interactive visualization) and structured (40/55, 73% for VA
and 48/56, 86% for interactive visualization). There were no
unstructured data sets used for interactive visualization
applications. Both types of applications used a small number
of semistructured data sets (5/55, 9% for VA and 8/56, 14% for
interactive visualization).

As population health and HSR are overlapping concepts, many
articles in both reviews overlapped with their foci, methods,
and the metrics studied. Among the VA articles, almost all
(54/55, 98%) had a population health focus, whereas a third
(18/55, 33%) were on HSR. There was a smaller overlap among
the interactive visualization applications, with approximately
two-thirds (38/56, 68%) focusing on population health and
approximately half (29/56, 52%) on HSR.

Comparing the subdomains of population health and HSR, the
2 major categories of articles in the VA review focused on
spatiotemporal aspects (27/55, 49%) compared with
approximately a third (16/56, 29%) for interactive visualization
applications. The next largest subdomains in VA included
clinical populations focusing on a condition or cluster of
conditions (17/55, 31%) or epidemic monitoring and modeling
(18/55, 33%). Among the HSR articles for VA, these were
mostly for health services’ utilization (15/55, 27%), access to
care (10/55, 18%), or costs (2/55, 4%). Conversely, in the
interactive visualization literature, the most common subdomain
for population health was the study of a demographic population
(28/56, 50%), followed by a clinical population (23/56, 41%),
and epidemic monitoring and modeling (11/56, 20%). There
was a similar trend toward the use of both interactive
visualization in HSR, with the most common subdomains being
health services’ utilization (23/56, 41%), followed by access
(16/56, 29%) and costs (4/56, 7%).

The categories of problems have important similarities and
variations with epidemiologic surveillance for infectious disease
being the major category that the applications targeted (38%

J Med Internet Res 2022 | vol. 24 | iss. 2 | e27534 | p.286https://www.jmir.org/2022/2/e27534
(page number not for citation purposes)

Chishtie et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


for both VA and interactive visualization). The next problem
categories for VA applications were medical record pattern
identification (20/55, 36%), population health monitoring (9/55,
16%), and health system resource planning (2/55, 4%). For
interactive visualization applications, these included resources
and services monitoring or planning (12/56, 21%), health service
monitoring or quality (5/56, 9%), and medication use patterns
(5/56, 9%).

Interactive visualization applications mostly used administrative
and EMR or EHR data sources. This can be attributed directly
to the availability of data within health care organizations. VA
applications were developed using varied data sources, including
administrative (19/55, 35%), EMR or EHR (17/55, 31%),
spatiotemporal (16/55, 29%), social media (8/55, 15%), and
simulation data (6/55, 11%); for interactive visualization
applications, the data sources were secondary administrative
data (45/56, 80%), social media (2/56, 4%), and sensor data
(1/56, 2%).

Comparing tools in current use, about a third (21/55, 38%) of
the VA applications were in use at the time of publication,
whereas others were either not available or were prototypes.
Moreover, a few (7/56, 13%) applications were accessible for
public use, while less than a third were developed using free
open source tools (13/56, 24%). Among the interactive
visualization applications, more than half (31/56, 55%) were
mentioned as being in current use, whereas about a third (18/56,
32%) were available to the public, and the same proportion were
developed using free or open source tools. There was a greater
proportion of use of proprietary tools (19/56, 34%) for
interactive visualization applications compared only a 10th of
VA applications (5/55, 10%).

The trend for the use of visual presentations was toward the use
of different maps in both applications. Choropleth maps were
the most frequently used for interactive visualizations (13/56,
24%), followed by thematic maps (10/56, 18%), event timelines
(7/56, 13%), and network maps (4/56, 7%). VA applications
showed a similar trend with thematic maps (17/55, 31%),
timelines (8/55, 15%), and heat or choropleth maps (6/55, 11%).
This corresponds to the findings of the review by Chung et al
[17] on visualization methods in the area of mental health
systems, which indicated that the most common means of
presenting data was through maps [17].

Because of the differences in the methods involved in
developing the applications, software tools varied greatly. VA
tools were a mix of software tools used for the analytic and
visual engines, whereas interactive visualization applications
reported visual engines alone. However, there were still
similarities in the use of tools. Tableau was the most frequently
reported tool for interactive visualization applications (7/56,
13%), followed by D3.JS (5/56, 9%); ArcGIS and Instant Atlas
(3/56, 5% each); and R/R-Shiny, Open Street Map, Google
Maps API, SQL, and Java-based applications (2/56, 4% each).
The most common tools found for VA applications were
R-based tools (7/55, 13%), followed by D3.JS (4/55, 7%); SQL
(4/55, 7%), Java-based tools (3/55, 5%); and Python-based tools,
HTML 5, or Google Maps API (2/55, 4% each). Front-end

visual engines such as Tableau were used by only 1 VA
application in combination with Weka as the analytic engine.

Finally, an issue that we identified in both our reviews was the
lack of reporting detail in the articles, which is important for
the replicability and adaptation of the methods used in
developing applications. We suggest using part of the VA
Reporting Checklist that we presented in our previous work on
VA, particularly around the details on the visualization engine
for the standard reporting of interactive visualization
applications [13].

Recent Trends of Using Interactive Visualization
Methods
Our results showed that thematic mapping, including choropleth
maps, was the most common visual presentation across all
problem categories of population health and HSR. This was
particularly the case for epidemiologic monitoring and
surveillance. The recently created COVID-19 dashboards fall
into the same category of applications [109]. Mapping also
surfaced as a popular method for health resource monitoring,
particularly for the planning of health care services
[41,56,62,64,67,73,77,78,80,87,110,111].

Among different conditions of interest, a significant number of
applications were developed for studying trends in cancer
[43,44,52,61,71,88]. Being a worldwide population health issue,
the greater use of interactive visualization methods in cancer
could be due to the availability of dedicated registries and
secondary administrative data [88]. In global health, applications
focused on surveillance of communicable diseases [47], outreach
campaigns [64], methods to examine health inequalities [53],
and effects on health from global climate change [61]. In HSR,
6 applications directly or indirectly highlighted inequities in
health, particularly in regard to effective planning and advising
policy [43,53,63,70,82,89]. There was 1 article examining social
determinants of health in HIV [63].

As two-thirds of the applications were focused on the visual
exploration of complex data sets, this indicated a clear trend
toward the use of this technique for exploratory analyses.
Although most applications were meant for descriptive analytics
and visual exploration of complex data sets, of the 56
applications, 4 (7%) were also capable of predictive analytics
[39,68,71,93]. The methodological frameworks that were applied
to developing the applications pertained to visual monitoring
[38], level of detail in visual presentation [80], use of scientific
publication visualizations [45], information management [69],
user-centered web-based applications [83], and user interaction
[91].

Opportunities for Future Applications and Research
Experts highlight the preference of researchers for interactive
graphics to facilitate data exploration and abstraction, and they
suggest greater, varied learning opportunities from the use of
interactive visualization tools [14].

In comparison with standard, traditional statistical analyses,
interactive visualization techniques can play an important
complementary role through knowledge generation as well as
establishing associations and causality. Interactive visualization
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methods enable a data discourse, leading to in-depth data-driven
insights, while having the advantage of improved perception
with reducing cognitive load [2,5]. This interplay of direct data
manipulation and analysis allows simultaneous study of trends
and patterns in the analytic process, while formulating and
testing hypotheses [13,112]. Furthermore, these methods are
considered apt for studying correlations in high-dimensional
data with a large number of time points [112]. This translates
into a powerful technique for using big health care data, allowing
a deep exploratory dive without an a priori hypothesis to identify
data-driven trends and patterns.

In this review, although we observed various applications of
interactive visualization, we found limited evidence of its use
in global health. Given the massive open access data sets
available from agencies such as the World Bank and the World
Health Organization (WHO), research can focus on studying a
plethora of population health and HSR indicators [113,114].
The WHO’s Global Health Observatory provides population
health–related data and statistics from 194 member states,
particularly on nutrition, virological surveillance, workforce,
and health systems, whereas the World Bank’s open data
repository features macroeconomic and social indicators such
as gender and aid effectiveness. The methods can be helpful in
ecologic studies, such as those comparing indicators across and
within nations.

Related to this is another major opportunity for the use of
interactive visualization in studying inequities, especially those
rooted in social determinants of health. Although the social
determinants of health have become a major focus for
investigating structural inequities, we found only 1 article
examining related aspects in the HIV sector [63]. Social
determinants of health are defined by the WHO as “conditions
in which people are born, grow, live, work and age...shaped by
the distribution of money, power and resources at global,
national and local levels” [115]. This is especially relevant for
investigating structural inequities related to issues of access and
use based on race, gender, disability, income distribution, and
indigenous populations [116,117]. Taking Canada’s example,
investigating proximal factors for health among indigenous
populations is one of the priority areas for improving health
care [116]. Furthermore, high-quality Canadian data can be used
to investigate inequities to better understand gaps in access and
use of services by underserved populations. This can be done
through national administrative data sources such as the
Canadian National Ambulatory Care Reporting System,
Discharge Abstract Database, and Hospital Morbidity Database,
which store data for emergency and ambulatory care [118], as
well as hospital inpatient discharges and day surgery [119].

Another major opportunity comes from the extension of using
multiple data sources for studying patient journeys and care
pathways. With the increasing use of EMR and EHR
technologies, especially in primary care, there is an opportunity
for researching patient populations along the continuum of care.
Another such example is from the United Kingdom’s Clinical
Practice Research Datalink database, which forms the largest
collection of anonymized primary care patient records [120].
In Ontario, Canada, the Electronic Medical Record
Administrative Data Linked Database offers high-quality linked

data for exploring trends and patterns in care and its provision
with the advantage of capturing quality of care measures
involving prescriptions and investigations [121].

In a recent review on visualization approaches for supporting
mental health systems and policy research, Chung et al [17]
indicate that there is a gap in studies that influence policy.
Although policy was not our main area of focus for this review,
the work indicates that there is an opportunity for informing
and advising policy based on the use of big data, especially in
the important area of mental health services.

Although the potential for the use of interactive visualization
tools for bringing together disparate data sources is valued, there
are related concerns for data interpretation, quality, accuracy,
and handling [1,14]. Meeting the needs of diverse users and
interdisciplinary teams as well as promoting the understanding
of visual approaches are 2 related and important challenges to
be cognizant of [1,14]. Researchers indicate that understanding
the value of these techniques among health care organizations
and public health agencies is key to realizing the potential of
these methods regarding decision support [17].

Implications and Value-add From the Review
Our work is unique in several respects. Complementing our
work on VA applications in population health and HSR [13],
this review amalgamates the findings from studies on interactive
visualization applications, while delineating the literature to
construct a holistic picture on the use of visualization approaches
in these areas of health care. Interactive visualization is an
increasingly popular method, especially for embedded research
within health care organizations. Although traditional statistical
methods inform causality and associations of various conditions,
interactive visualization presents a complementary opportunity
for knowledge discovery, hypotheses generation, and decision
support using big health care data.

As a novel method, we present findings from both our scoping
reviews on VA and interactive visualization in a dynamic,
interactive, and visual format using Tableau dashboards
[37,122]. In the interest of greater transparency and replicability,
we provide the abstraction database with relevant fields for
adaptation and further analysis [37].

We highlight opportunities in areas of research that could benefit
from visualization-based methods to promote the understanding
and uptake of the methods among the communities of research
and practice. This work would also prove useful in further
developing visualization-related analytic methods.

Limitations
Although there are several important limitations that we are
cognizant of in reporting this review, we made extensive efforts
to identify relevant literature, delineate the body of literature
on interactive visualization applications, incorporated rigor in
our methods through all stages, and went through extensive
steps toward validation to present our findings.

We cast a wide net in our literature search covering 6 databases,
published the study protocol, and had our search strategy
externally peer reviewed. However, we may have missed
relevant literature residing in subject-specific databases such
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as those of digital art, mathematics, geography, and computer
science. In addition, our review was limited to peer-reviewed
literature from journal articles and full conference papers, and
we focused on health care–related databases. We did not include
CINAHL and ACM Digital Library because we could not find
unique articles, separate from MEDLINE and IEEE Xplore,
during the pilot searches.

In addition, in line with the first review on VA, this literature
synthesis is limited to articles published between January 1,
2005, and March 30, 2019. We situate and report the review
within the same period as the one on VA applications to
complement and contrast findings. Many COVID-19–related
visualization products that surfaced later are not included in
this review for both reasons of feasibility and the subject being
extremely specialized and falling under outbreak analytics.
However, we plan a rapid analysis of COVID-19–related visual
products later in the year. Although we describe interactive
visualization applications, we allude only briefly to the
challenges in the use of these methods because this was beyond
the scope of this review.

Conclusions
Visualization in health has strong historical roots. This
systematic literature synthesis informs the state of evidence and
trends toward the use of interactive visualization methods in
the important and interrelated areas of population health and
HSR. We note a significant trend in the use of interactive
visualization applications being used in health care
organizations, which we term embedded research. Such
applications are being used by academic and health care agencies
for knowledge discovery and generation, as well as decision
support. Many of these applications have been co-designed with
relevant stakeholders. Although we found a wide array of
applications in different subdomains of population health and
health services, there are multiple opportunities for the use of
these methods in investigating global- and national-level
indicators and social determinants of health, as well as
constructing patient journeys for a holistic picture of the
continuum of care.
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Abstract

Background: The need to include individuals with lived experience (ie, patients, family members, caregivers, researchers, and
clinicians) in health research priority setting is becoming increasingly recognized. Social media–based methods represent a means
to elicit and prioritize the research interests of such individuals, but there remains sparse methodological guidance on how best
to conduct these social media efforts and assess their effectiveness.

Objective: This review aims to identify social media strategies that enhance participation in priority-setting research, collate
metrics assessing the effectiveness of social media campaigns, and summarize the benefits and limitations of social media–based
research approaches, as well as recommendations for prospective campaigns.

Methods: We searched PubMed, Embase, Cochrane Library, Scopus, and Web of Science from database inception until
September 2021. Two reviewers independently screened all titles and abstracts, as well as full texts for studies that implemented
and evaluated social media strategies aimed at engaging knowledge users in research priority setting. We subsequently conducted
a thematic analysis to aggregate study data by related codes and themes.

Results: A total of 23 papers reporting on 22 unique studies were included. These studies used Facebook, Twitter, Reddit,
websites, video-calling platforms, emails, blogs, e-newsletters, and web-based forums to engage with health research stakeholders.
Priority-setting engagement strategies included paid platform–based advertisements, email-embedded survey links, and
question-and-answer forums. Dissemination techniques for priority-setting surveys included snowball sampling and the circulation
of participation opportunities via internal members’ and external organizations’ social media platforms. Social media campaign
effectiveness was directly assessed as number of clicks and impressions on posts, frequency of viewed posts, volume of comments
and replies, number of times individuals searched for a campaign page, and number of times a hashtag was used. Campaign
effectiveness was indirectly assessed as numbers of priority-setting survey responses and visits to external survey administration
sites. Recommendations to enhance engagement included the use of social media group moderators, opportunities for peer-to-peer
interaction, and the establishment of a consistent tone and brand.

Conclusions: Social media may increase the speed and reach of priority-setting participation opportunities leading to the
development of research agendas informed by patients, family caregivers, clinicians, and researchers. Perceived limitations of
the approach include underrepresentation of certain demographic groups and addressing such limitations will enhance the inclusion
of diverse research priority opinions in future research agendas.
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Introduction

Background
The need to meaningfully engage individuals with lived
experience (ie, patients, family members, caregivers, clinicians,
researchers, and other advocates; henceforth referred to as
knowledge users) in the conduct of health research—defined
as research that includes clinical and basic medical sciences,
such as care-based research, systems research, and preventative
research—is being increasingly recognized by the scientific
community. In particular, it is recognized that these individuals
should be included at the onset of the research process, with the
aim of developing research that meets the needs of individuals
with lived experiences [1]. In fact, the lack of involvement of
these individuals in such research priority setting has been
identified as a key contributor to difficulties in effectively
translating research findings into clinical practice and policy
[2].

In parallel, the use of social media—defined as any web-based
platform or mobile app through which users can engage with
others—is gaining considerable traction within the research
community, as researchers increasingly access Facebook,
Twitter, and YouTube to support participant recruitment and
other research activities [3]. The benefits of research-related
social media use include enhanced connectivity between
researchers and participants and the potential for rapid diffusion
of scientific knowledge to target audiences [4]. The nature of
web-based survey methods may also enhance anonymity for
participants within the research process, potentially promoting
the collection of more valid data [5]. Particularly, data collected
via the web may be less vulnerable to contextual biases that can
arise in focus group settings or when researchers administer
surveys in-person [5].

In light of such potential benefits, a growing body of literature
describing the use of social media to elicit and prioritize research
uncertainties from knowledge users is emerging [6]. However,
there remains sparse methodological guidance on how best to
conduct social media efforts and their corresponding
effectiveness in developing knowledge user–built research
agendas [7].

Objective and Research Questions
Through this knowledge user–driven scoping review, we aim
to identify studies that implemented and evaluated social media
campaigns that promote participation in setting priorities for
health research to address three overarching research questions:

1. What social media–based strategies have been used to
enhance knowledge user participation in health research
priority setting?

2. What metrics (direct and indirect) have been used to assess
the effectiveness of these social media campaigns in
securing knowledge user participation?

3. From the perspectives of those conducting social
media–based research priority-setting campaigns, what are
the benefits and limitations of the method, as well as
recommendations for future campaigns?

Methods

Overview
An internal protocol was developed for this review. Our
reporting process was conducted in accordance with the
PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses extension for scoping reviews)
guidelines [8].

Search Strategy and Selection of Studies
A comprehensive search strategy was developed in consultation
with a tertiary hospital librarian (LR). We conducted tailored
searches in PubMed, Embase, Cochrane Library, Scopus, and
Web of Science. We searched all databases from their inception
to September 14, 2021. Multimedia Appendix 1 shows the
search strategy. Intradatabase and interdatabase duplicates were
removed electronically. Using Covidence (Veritas Health
Innovation), titles and abstracts were screened independently
by 2 trained authors (KH and SS) according to our eligibility
criteria. In cases of conflicting opinions on eligibility, studies
were moved to full-text screening. Full-text articles were then
screened independently by 2 authors (KH and SS). Any
eligibility disagreements were resolved by consensus through
discussion by at least three authors (AC, KH, SS, and LJ). The
reference lists of relevant studies were also scanned to find other
applicable papers.

Selection Criteria
We included studies (1) that discussed strategies to promote
social media–based health research priority setting among key
stakeholders and knowledge users and (2) measured the
effectiveness of such strategies directly or indirectly. There
were no restrictions on the language, country, and year of
publication, nor the research content focus, as priority-setting
research is cross-disciplinary. Although no explicit restrictions
were placed on the language, the included studies were
dominated by English language–based social media campaigns.
We defined social media as any web-based platform or mobile
app through which users can interact and engage with others.
We defined knowledge users as patients (or potential patients),
caregivers, clinicians, and other advocates (eg, health
researchers). We excluded (1) studies where the purpose of the
social media campaign did not include knowledge user
engagement (eg, social campaigns used to disseminate smoking
cessation information to knowledge users) [9]; (2) studies where
the research prioritization campaign did not involve social media
(dissemination techniques solely involved telephone calls, flyer
distribution, etc); and (3) abstracts, dissertations, protocols,
systematic reviews, scoping reviews, or case studies.
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Data Extraction and Management
A standard electronic data collection form was created and
piloted with our group, after which data extraction occurred
independently (KH and SS). Discrepancies between the collected
data were resolved through discussion with 3 authors (LJ, SS,
and KH).

Data Analyses
We used descriptive statistics to summarize quantitative study
data and an inductive thematic analysis to synthesize qualitative
data [10]. Our data collection form was uploaded to NVivo
(version 12.6.0; QSR International) for analysis and was read
through multiple times by 2 authors (KH and SS) who had
previous experience with thematic analyses. One author (SS)
then coded qualitative text within the table on a
segment-by-segment basis. At frequent meetings, a second
author (KH) reviewed the coding decisions using a constant
comparative approach adapted from Thorne [11]. As a group,
we (KH, SS, and LJ) then collapsed these codes into subthemes
and themes based on the between-code relationships and in
accordance with our research questions.

Results

Overview
Figure 1 outlines our study identification process. Overall, 23
papers reporting on 22 unique studies were included in this

review. The number of published studies increased steadily over
time until 2020, which was the last complete publication year
(Figure 2).

Included studies were conducted in 46 countries, most
commonly in the United States (11/23, 48%), the United
Kingdom (7/23, 30%), and Canada (5/23, 22%). Studies
described participation by 13,640 individuals (median 332;
range 31-4601), with sample size data missing from 4% (1/23)
of the studies. Across studies, the median percentage of female
participants was 77.28% (7404/9581). Sex data were missing
from 52% (12/23) of the studies. Age data were variably
reported and missing from 57% (13/23) of the studies; therefore,
data were not collated. Sex data were missing from 39% (9/23)
of the studies. Included studies used a variety of social media
platforms to gather research priorities, including websites,
emails, Facebook, Twitter, e-newsletters, web-based flyers,
Survey Monkey, ExpertLens, blogs, YouTube, Choicebook,
Instagram, WhatsApp, Snapchat, and web-based forums. The
most common platforms used in the included studies were
websites (12/23, 52%) and Facebook (9/23, 39%). The median
length of a study’s social media campaign, when reported, was
3.5 months (range 1-24 months). Table 1 summarizes the
characteristics of the included studies.

Figure 1. Study screening flowchart.
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Figure 2. Social media–based research prioritization publication trend.
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Table 1. Study characteristics (N=23).

Outcomes of
campaign in
terms of re-
search-priority
gathering

Survey re-
sponse rate

Social
media an-
alytics
(out-
comes)

Social
media
outreach
(eg,
emails
sent and
posts
made)

Duration of
social me-
dia use

Purpose for
social media
use

Social media
target group

Social
media
platform

Age and
sex

Sam-
ple, N

Year;
country

Study

Research prior-
ities success-

51 (100%)
survey re-

Not stat-
ed

101 orga-
nizations
were

May to Au-
gust 2016
(4 months)

To identify
(1) current
mobile
health use in

Members of
the African
Palliative
Care Associ-

Website
and
emails

Not stat-
ed

512019;

32 coun-
tries
within
Africa

Allsop
et al
[12] fully identi-

fied
sponses
(50.5% re-
sponse
rate)

emailed
with web-
based sur-
vey links

palliative
care, (2) po-
tential barri-
ers to use,

ation and in-
dividuals
who work in
palliative
care and (3) prior-

ities for re-
search devel-
opment

Research prior-
ities success-

441 survey
responses

Not stat-
ed

19,176
emails
were sent

November
2016, Jan-
uary 2017,
and March

To identify
what re-
search topics
were most

Patients and
caregivers of
children (age
≥13 years)

Website,
emails,
and other

Not stat-
ed

3652020;
United
States

Cor-
rell et
al [13] fully identi-

fied
2017 forimportant to

JM, AFd,patients and
caregivers of

and LFAe,children with
respective-

JMa, JAb,

and cSLEc
ly (5
months)

Research prior-
ities success-

110
(100%)

Website
visits

Creation
of web-

December
2013 to

To identify
the outcome

Caregivers
of children

Website,
Face-

Median
age 35

1102017;
Canada

Dyson
et al
[14] fully identi-

fied
survey re-
spondents

(5207);
3.9%
view rate

site, Face-
book, and
Twitter
page or

March
2014 (4
months)

priorities of
parents of
children who
had experi-

aged 0-17
years

book, and
Twitter

years;
90%
(99/110)
women,

and Por-
tugal

postsenced an10%
with em-acute respira-(11/110)

men bedded
survey
links

tory infec-
tion

Research prior-
ities success-

110
(100%)

Survey
site visits

Creation
of web-

December
2013 to

To identify
the outcome

Caregivers
of children

Website,
Face-

Median
age 35

1102017;
Canada

Dyson
et al
[15] fully identi-

fied
survey re-
spondents

(5027);
Facebook
page likes

site, Face-
book, and
Twitter

March
2014 (4
months)

priorities of
parents of
children who
had experi-

aged 0-17
years

book, and
Twitter

years;
90%
(99/110)
women,

and Por-
tugal

(104);page or
enced an10% and Twit-posts
acute respira-(11/110)

men
ter follow-
ing (52
new fol-
lowers)

with em-
bedded
survey
links

tory infec-
tion
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Outcomes of
campaign in
terms of re-
search-priority
gathering

Survey re-
sponse rate

Social
media an-
alytics
(out-
comes)

Social
media
outreach
(eg,
emails
sent and
posts
made)

Duration of
social me-
dia use

Purpose for
social media
use

Social media
target group

Social
media
platform

Age and
sex

Sam-
ple, N

Year;
country

Study

Research prior-
ities success-
fully identi-
fied

4514
(100%) re-
search par-
ticipants
(9.3% re-
sponse
rate)

Started
the sur-
vey
(5131,
10.5%);
agreed to
partici-
pate
(4514,
9.3%);
and com-
pleted the
question-
naire
(3910,
86.6%)

48,752
emails
were sent

January 30,
2017 to
March 16,
2017 (2
months)

To identify
research pri-
orities and
unify re-
search with
clinical prac-
tice to im-
prove patient
care and ad-
vance the
profession

Athletic
trainers

Newslet-
ters via
email

Age not
stated;
55.05%
(2533/4601)
women,
43.40%
(1997/4601)
men, and
0.61%
(28/4601)
no indica-
tion

4601;
87
(1.89%)
for fo-
cus
groups,
4514
(98.11%)
for sur-
vey

2019;
United
States

Eber-
man et
al [16]

Identified high
priority re-
search areas
for women liv-
ing with dia-
betes

332
(100%) re-
search par-
ticipants

Survey
link
clicks
(421);
com-
ments on
posts
(904); to-
tal likes
(530); to-
tal search-
es (167);
and re-
source
download
(671)

904 web-
site posts

November
2016 to
June 2017
(8 months)

To identify
diabetes type
1 or 2 or pre-
diabetes
health re-
search priori-
ties

Females
aged ≥18
years

Newslet-
ters via
web, web-
site, Face-
book,
Twitter,
web-
based fly-
ers, and
emails

Median
age 51
years;
100%
(332/332)
women

3322019;
United
States

Han et
al [17]

The re-
searchers
identified 11
high priority
categories of
topics that
were dis-
cussed on the
DiabetesSis-
tersVoices
community

332
(100%)
survey re-
spondents
(84% re-
sponse
rate)

Tag
clicks
(497); re-
posts and
com-
ments
(872);
voted for
posts
(540);
searched
for re-
sources
(167);
and
download-
ed re-
sources
(671)

551
emails
were sent

Not statedTo identify
diabetes type
1 or 2 or pre-
diabetes
health re-
search priori-
ties

Females
aged ≥18
years

Newslet-
ters via
web, web-
site, Face-
book,
Twitter,
web-
based fly-
ers, and
emails

Median
age 49
years;
100%
(332/332)
women

3322017;
United
States

Han et
al [18]
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Outcomes of
campaign in
terms of re-
search-priority
gathering

Survey re-
sponse rate

Social
media an-
alytics
(out-
comes)

Social
media
outreach
(eg,
emails
sent and
posts
made)

Duration of
social me-
dia use

Purpose for
social media
use

Social media
target group

Social
media
platform

Age and
sex

Sam-
ple, N

Year;
country

Study

List of top 10
trial recruit-
ment uncer-
tainties, deter-
mined by
those directly
involved in tri-
als, were iden-
tified

790
(100%) re-
spondents

Not stat-
ed

Not stat-
ed

July 2016
to August
2016 (1
month)

To identify
priority re-
search ques-
tions related
to trial re-
cruitment

People invit-
ed to partici-
pate in a ran-
domized trial
or participat-
ed in Trial
Steering
Committees,
front line
randomized
trials staff
and investiga-
tors, and
people famil-
iar with trial
methodology

Website,
emails,
and Twit-
ter

Age not
stated;
71%
(561/790)
women,
28.98%
(229/790)
men

7902018;
United
King-
dom
and Ire-
land

Healy
et al
[19]

Research prior-
ity successful-
ly identified

84% re-
sponse rate

Not stat-
ed

Not stat-
ed

18 monthsTo deter-
mine engage-
ment of
stakeholders
in research
related to
heart failure,
obesity, and
Kawasaki
disease

Patient, pa-
tient advo-
cate, clini-
cian, and re-
searcher
stakeholders

Ex-
pertLens
(ie, ex-
pert opin-
ion fo-
rums),
emails,
and other

Age not
stated;
60%
(216/360)
women,
40%
(144/360)
men

3602018;
United
States

Kim et
al [20]

Four main re-
search priori-
ties within the
field of
measles and
rubella

207
(100%) re-
spondents

Not stat-
ed

774
emails
were sent

October 17
to Novem-
ber 4, 2016
(approxi-
mately 1
month)

To identify
research pri-
orities for
achieving
disease elimi-
nation goals
in the con-
text of
measles and
rubella

Experts in
global, re-
gional, and
national or
subnational
health

EmailNot stat-
ed

2072019;
United
States

Kriss
et al
[21]

Successfully
established
top 3 research
priorities

369 respon-
dents (78%
response
rate)

Not stat-
ed

Creation
of web-
site and
emails
were sent
with em-
bedded
links

Not statedTo identify
and priori-
tize research
questions re-
garding
ways to im-
prove the
health and
well-being
of children
and young
people with
neurodisabil-
ity

Children
with neu-
rodisability,
caregivers,
and clini-
cians

Website,
newslet-
ters, and
emails
with em-
bedded
links

Not stat-
ed

4752015;
United
King-
dom

Morris
et al
[22]
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Outcomes of
campaign in
terms of re-
search-priority
gathering

Survey re-
sponse rate

Social
media an-
alytics
(out-
comes)

Social
media
outreach
(eg,
emails
sent and
posts
made)

Duration of
social me-
dia use

Purpose for
social media
use

Social media
target group

Social
media
platform

Age and
sex

Sam-
ple, N

Year;
country

Study

Established re-
search priori-
ties

Not statedSocial
media
post
shares
(n=30)

Posting
institu-
tional re-
view
board–ap-
proved
message
on prima-
ry investi-
gator’s
social me-
dia page

August
2018 to
February
2019 (6
months)

To (1) ascer-
tain parents’
perceived
characteris-
tics of child
pain experi-
ences, (2)
determine
the extent to
which par-
ents feel that
caregivers
adequately
address pain,
and (3) iden-
tify ways in
which pain
collaboration
between par-
ents and
caregivers
may be im-
proved

Parents of
children with
medical
complexity

Email
and social
media
platforms
(not speci-
fied)

Mean age
15 years;
55%
(17/31)
women,
45%
(14/31)
men

312021;
United
States

Morse
et al
[23]

Developed a
list of priority
Cochrane Re-
views

Not stated“Ob-
tained a
large
number
of re-
sponses
in a short
timeperi-
od with
potential-
ly wide
geographi-
cal reach”

Not stat-
ed

August 6 to
September
5, 2014 (1
month)

To identify
research pri-
orities in
asthma

Patients,
caregivers,
and health
care profes-
sionals with
expertise in
this disci-
pline

Survey
Monkey,
Face-
book,
Twitter,
website,
and other

Not stat-
ed

572015;
United
King-
dom

Nor-
mansell
et al
[5]

Established re-
search priori-
ties

Not statedNot stat-
ed

Posted on
organiza-
tions’ so-
cial me-
dia ac-
counts

September
to Novem-
ber 2019 (3
months)

To prioritize
future re-
search areas
of unmet
clinical need

in RCTsg to
reduce anas-
tomotic
leaks

OGAAf

committee,
national
leaders, and
engaged
clinicians
from high-,
low-, and
middle-in-
come coun-
tries

What-
sApp and
email

Not stat-
ed

3632020;
United
King-
dom

Oe-
sopha-
go-
Gas-
tric
Anas-
tomo-
sis
Study
Group
[24]
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Outcomes of
campaign in
terms of re-
search-priority
gathering

Survey re-
sponse rate

Social
media an-
alytics
(out-
comes)

Social
media
outreach
(eg,
emails
sent and
posts
made)

Duration of
social me-
dia use

Purpose for
social media
use

Social media
target group

Social
media
platform

Age and
sex

Sam-
ple, N

Year;
country

Study

Top 10 list for
research in

CFh was estab-
lished

Not statedTwitter
followers
gained
(n=732);
total num-
ber of
views
(n=151,000);
engage-
ments
with hash-
tag
(n=1806);
and fol-
lowers
(n=1160)

320
tweets

March
2016 to
January
2017 (10
months)

To identify
research pri-
orities for
cystic fibro-
sis

Patients,
their care-
givers, and
clinicians

TwitterNot stat-
ed

4822019;
world-
wide

Row-
both-
am et
al [25]

Provided re-
searchers with
an opportunity
to consult
families of
children with
special needs
to receive
guidance and
hear issues
that are impor-
tant to them.
Research prior-
ities not identi-
fied

49 respon-
dents (51%
response
rate)

96 Face-
book
members;
posts
were gen-
erally
seen by
all group
members;
median
likes
(n=3);
and com-
ments
(n=4)

432 Face-
book
posts
were pub-
lished

June 2014
to March
2015 (10
months)

To exchange
knowledge
on project
planning and
research di-
rection and
translate re-
search
knowledge
on disabili-
ties and med-
ical complex-
ity

Family
members of
children

FacebookNot stat-
ed

962016;
Canada

Rus-
sell et
al [26]

Research prior-
ities, in the
form of quali-
tative themes,
were success-
fully identi-
fied

N/Ai417
tweets by
partici-
pants in
first ses-
sion and
355
tweets by
partici-
pants in
second
session

Two 60-
minute
scheduled
live chat
on Twit-
ter

April 2018
(1 month)

To describe
the use of
Twitter to
complement
in-person
stakeholder
engagement
and report
emerging
themes from
qualitative
analysis of
tweet chats
on quality of
life needs
and pallia-
tive care op-
portunities
for patients
with brain
tumor

Patients with
brain tumor
and their
care partners
(ie, family
members
and friends
who care for
patients)

Twitter,
emails,
blog
posts, and
Facebook
groups

Not stat-
ed

362020;
United
States

Salmi
et al
[27]
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Outcomes of
campaign in
terms of re-
search-priority
gathering

Survey re-
sponse rate

Social
media an-
alytics
(out-
comes)

Social
media
outreach
(eg,
emails
sent and
posts
made)

Duration of
social me-
dia use

Purpose for
social media
use

Social media
target group

Social
media
platform

Age and
sex

Sam-
ple, N

Year;
country

Study

Optimal
modality for
research partic-
ipation and
methodologies
for building
trust in the re-
search teams
were identi-
fied

Not statedFacebook
members
in secret
group
(n=363)
and Face-
book fol-
lowers
(n=80,573)

Not stat-
ed

January
2018 and
April 2018
(2 months)

To under-
stand patient
needs and
determine
the research
methods best
suited to
study the ad-
verse health
implications
associated
with vascu-
lar Ehlers-
Danlos syn-
drome

Patients and
their care-
givers

Blogs and
website

Not stat-
ed

3002020;
United
States,
United
King-
dom,
and
Canada

Shal-
hub et
al [28]

Findings iden-
tified new or
additional re-
search priori-
ties for health
network

Not stated“Hits” on
website
platform
(n=2500);
website
views
(n=2000);
and >800
partici-
pants

YouTube
video
welcome
message;
weekly
blogs;
and week-
ly partici-
pation up-
date re-
ports

Not statedTo engage
the disperse
population
of northwest-
ern Ontario
in health
care priority
setting

Residents of
and health
service
providers in
northwestern
Ontario

Choice-
book,
message
board,
blog,
YouTube,
Face-
book, and
email

Not stat-
ed

>8002010;
Canada

Shields
et al
[29]

Research
themes and
priorities were
successfully
identified

Not statedNot stat-
ed

Newslet-
ter with
embed-
ded link
were sent
to mail-
ing list
and recipi-
ents of
emails
were invit-
ed to for-
ward the
email to
other in-
terested
parties

February
2019 to
March
2019 (1
month)

To identify
clinical re-
search priori-
ties for
metham-
phetamine
and emerg-
ing drugs of
concern in
Australia, to
guide the
work of the
National
Centre for
Clinical Re-
search on
Emerging
Drugs

Consumers,
family,
friends, care-
givers, clini-
cians, re-
searchers,
policymak-
ers, industry,
research fun-
ders, institu-
tions, organi-
zations, law
enforcement,
border con-
trol, and oth-
er communi-
ty members
interested in
the topic of
metham-
phetamine

Newslet-
ter,
emails
with em-
bedded
links,
Twitter,
and web-
site

Mean age
42 years;
45%
(21/47)
women,
45%
(21/47)
men, and
5% (2/47)
other or
preferred
not to say

472021;
Aus-
tralia

Siefried
et al
[30]
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Outcomes of
campaign in
terms of re-
search-priority
gathering

Survey re-
sponse rate

Social
media an-
alytics
(out-
comes)

Social
media
outreach
(eg,
emails
sent and
posts
made)

Duration of
social me-
dia use

Purpose for
social media
use

Social media
target group

Social
media
platform

Age and
sex

Sam-
ple, N

Year;
country

Study

Top 10 list of
research prior-
ities were suc-
cessfully iden-
tified

54 (68%)
respon-
dents
(51.4% re-
sponse
rate)

92%
(74/80) of
partici-
pants ac-
cessed
the sur-
vey
through
social me-
dia and
Facebook
members
(32)

105 par-
ents were
invited to
secret
Facebook
group

Approxi-
mately 2
months

To identify
the research
priorities of
parents of
children with
Down syn-
drome, cleft
lip or cleft
palate, con-
genital heart
defects, or
spina bifida

Parents of
children with
illness

ConnectE-
people (e-
forum),
Face-
book,
YouTube,
Twitter,
What-
sApp,
Snapchat,
and Insta-
gram

Mean age
38 years;
94%
(75/80)
women,
6% (5/80)
men

802019;
Croatia,
France,
Ger-
many,
Italy,
the
Nether-
lands,
Poland,
Portu-
gal,
Spain,
and the
United
King-
dom

Sin-
clair et
al [31]

Research prior-
ity agenda in
the area of
mood disor-
ders were suc-
cessfully iden-
tified

Not stated4103
(100%)
users en-
rolled in-
to the
web-
based
communi-
ty (via
the web-
site)

Not stat-
ed

May 2015
to May
2017 (24
months)

To under-
stand re-
search topics
that are of
most interest
to individu-
als with
mood disor-
ders

Patients,
caregivers,
clinicians,
and other ad-
vocates

Website
and web-
based fo-
rums

Age
range be-
tween 18
and 86
years;
78.21%
(3209/4103)
women,
19.01%
(780/4103)
men

41032018;
United
States

Sylvia
et al
[32]
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Outcomes of
campaign in
terms of re-
search-priority
gathering

Survey re-
sponse rate

Social
media an-
alytics
(out-
comes)

Social
media
outreach
(eg,
emails
sent and
posts
made)

Duration of
social me-
dia use

Purpose for
social media
use

Social media
target group

Social
media
platform

Age and
sex

Sam-
ple, N

Year;
country

Study

Five priority
research top-
ics were suc-
cessfully iden-
tified

79 (100%)
respon-
dents (64%
survey re-
sponse
rate)

Not stat-
ed

124 email
invita-
tions
were sent

June 2018
to August
2018 (1.5
months)

To identify
research pri-
orities and
explore po-
tential
methodolo-
gies to in-
form care in
subsequent
pregnancies
following a
stillbirth

Individuals
involved in
stillbirth re-
search, clini-
cal practice,
and advoca-
cy

Emails
with em-
bedded
link

Not stat-
ed

792019;
Aus-
tralia,
New
Zealand,
Africa,
Asia,
Europe,
North
Ameri-
ca,
South or
Central
Ameri-
ca, the
United
King-
dom,
and Ire-
land

Woj-
cieszek
et al
[33]

aJM: juvenile myositis.
bJA: juvenile arthritis.
ccSLE: childhood-onset systemic lupus erythematosus.
dAF: Arthritis Foundation.
eLFA: Lupus Foundation of America.
fOGAA: oesophago-gastric anastomosis audit.
gRCT: randomized controlled trial.
hCF: cystic fibrosis.
iN/A: not applicable.

Research Question 1: Social Media–Based Strategies
Used
Table 2 shows the particular social media strategies used to
enhance knowledge user engagement in research priority-setting
exercises grouped by platform. Of studies using email as their
primary social media platform [12,16,17,19,23,24,27,29,30,33]
study teams emailed messages with embedded research
prioritization survey links (including to researchers’ existing
mailing lists) and integrated tell a friend tool in emails to prompt
recipients to invite colleagues to participate. Facebook-specific
methods to engage stakeholders included embedding survey
links within Facebook posts, using the platform’s boosting
feature (ie, paid advertisements), and hiring a Facebook
advertising specialist. Informational Facebook pages were also
used and involved private and public question-and-answer pages
and a resource center with links to relevant documents
[5,17,14-18].

Twitter-specific methods to engage participation included the
use of hashtags within tweets and question-and-answer threads
for prospective participants [5,14,15,17-19,25,31]. In addition,
Salmi et al [27], hosted live chats on Twitter, in which host
Twitter accounts tweet about predefined topics with questions

during a set period, to which Twitter users respond via tweets
and engage in discussions with each other. A web-based forum
strategy led to the creation of a space where families and
researchers could share ideas on the priority-setting research
project [31]. Informational videos were created and hosted on
YouTube for people potentially interested in contributing
research priorities and were later posted on other platforms
[28,29]. For studies involving blogs, researchers posted stories
and internal updates related to the project to enhance interest
in participation [28,29]. Studies also distributed e-newsletters
to existing networks, sending them monthly to promote
participation [16-18,28,30]. In addition, several studies used
posts on Reddit and websites and web-based connection with
the research team through video-calling platforms (eg, Skype,
WhatsApp, or FaceTime or video chat on Facebook Messenger)
to promote participation in priority-setting research [22,28,32].

Table 3 summarizes techniques to disseminate actual web-based
research priority-setting surveys through social media. Snowball
recruitment, in which current participants’ friends and family
were approached for participation, was used [14,15,29,30].
Study teams also provided partner organizations with toolkits,
templates, and promotional materials [5,12,13,15,17,23,29].
Then, organizations could use these materials to support the
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broadcasting of participation opportunities through social media.
Individuals embedded in research prioritization exercises, such
as steering group members, were additionally asked to promote

the participation opportunity to their networks via social media
[12-16,19,23,30], including by providing such individuals with
preworded statements to tweet [19].
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Table 2. Social media platform strategies.

Studies provid-
ing evidence

Representative quotesStrategy descriptionSocial media platform and specific strategy

Blogs

Shields et al
[29]

Posting insightful stories related to
the priority-setting research project
with the goal of promoting participa-
tion

Blog post stories • “Weekly blogs by the
chief executive officer
profiling stories that are
particularly moving or in-
sightful, as well as internal
news on the project.”

Dyson et al [14]Posting internal news or updates relat-
ed to the priority-setting research
project

Project news posting • “Some organisations or
individuals promoted the
study on Twitter or a
blog.”

Emails

Allsop et al
[12], Correll et

Embedding survey links within emails
to promote participation in the priori-
ty-setting research project

Embedded links • “Invitations to participate
in the research and a link
to the online survey (in the
relevant language) were

al [13]; Han et
al [18], Kriss et
al [21], Siefriedsent via email. Those ap-
et al [30], andproached to complete the
Wojcieszek et
al [33]

survey were identified us-
ing membership lists of
the African Palliative Care
Association (APCA).”

Allsop et al
[12], Correll et

The use of an existing mailing list to
promote participation in the priority-
setting research project

Mailing list distribution • “A link to an initial elec-
tronic survey (created us-
ing REDCap) was emailed

to members of Cure JMa,

al [13], Han et
al [17], Siefried
et al [30], and

AFb and LFAc patient and Wojcieszek et
al [33]family members and post-

ed on their respective so-
cial media sites. The rank-
ing survey was emailed to
the Cure JM, AF, and
LFA listservs and a link
was posted on their respec-
tive social media sites.”

Shields et al
[29]

Using a tell a friend tool, which in-
vites friends and colleagues to partic-
ipate (peer-to-peer messaging) in the
priority-setting research project

Peer-to-peer dissemination • “Tell a Friend tool to in-
vite friends or colleagues
to participate, using e-
mail-based peer-to-peer
messaging.”

Eberman et al
[16], Han et al

“We sent an initial e-mail on
Tuesday, January 30, 2017, at

Sending email reminders to individu-
als about the opportunity to partici-

Reminders to participate

[17], Kriss et al12:00 PM EST to potentialpate in the priority-setting research
project [21], and Woj-

cieszek et al
[33]

participants and, on subsequent
Tuesdays between 10:00 AM
and 12:00 PM EST, sent 5
weekly reminders to those who
had not yet responded.”

Kriss et al [21]
and Wojcieszek
et al [33]

Sending email reminders to individu-
als who began the survey but only
partially completed it

Reminders to finish survey • “Reminder emails were
sent to non-responders and
to individuals who began
the survey but only partial-
ly completed it.”

Facebook
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Studies provid-
ing evidence

Representative quotesStrategy descriptionSocial media platform and specific strategy

Normansell et
al [5] and
Shields et al
[29]

• “Simple ‘How to Partici-
pate’ area that provided a
visual menu of the ways
to get involved, with sim-
ple links to take partici-
pants directly to the tools.
Resource Centre page
with access to links, docu-
ments and reports to help
participants deepen their
knowledge of the techni-
cal health challenges in
the region.”

Embedding simple and direct links
within Facebook posts to external
sites related to participation in the
priority-setting research project

Embedded links to create
ease of participation

Dyson et al [15]• “Tactica Interactive, a
digital media enterprise,
was hired to broaden our
sampling frame via a
Facebook advertising
strategy.”

Hiring a Facebook advertising strate-
gist to plan the social media campaign
used for promoting participation in
the priority-setting research project

Engagement of advertising
strategists

Dyson et al [15]• “Simple ‘How to Partici-
pate’ area that provided a
visual menu of the ways
to get involved, with sim-
ple links to take partici-
pants directly to the
tools.”

Creating a Facebook section that ex-
plains how to participate in the prior-
ity-setting research project

Providing participation ex-
planation

Dyson et al,
[14], Shalhub et
al [28], and Sin-
clair et al [31]

“Announcement of the vEDSd

Collaborative survey was dis-
seminated via vEDS public and
private social media pages.”

• “Secret Facebook groups,
providing optimal securi-
ty, were set up for newly
recruited research-aware
parents (RAPs) to commu-
nicate privately and confi-
dentially with each other
and for the research team
to generate questions and
to interpret findings.”

Creating both public and private
Facebook groups to allow private
discussion among participants in the
priority-setting research project

Use of private and public
pages

Shields et al
[29]

• “‘About our Project’ sec-
tion to provide partici-
pants with specific details
on how their participation
would affect the North

West LHINe decision-
making and the second

IHSPf.”

Creating a section on Facebook page
dedicated to explaining the priority-
setting research project and how par-
ticipation could have an impact

Providing project explana-
tion

Han et al [17]
and Sinclair et
al [31]

• “To encourage engage-
ment and re-engagement,
the site moderator used
online question and an-
swer threads to keep pro-
moting new discussion
topics and emailed a
weekly topic to all the
registered users to encour-
age them to come back.”

Using and moderating a web-based
question-and-answer thread on Face-
book to promote discussion topics
regarding research participation

Question and answer
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Studies provid-
ing evidence

Representative quotesStrategy descriptionSocial media platform and specific strategy

Shields et al
[29]

• “‘Resource Centre’ page
with access to links, docu-
ments and reports to help
participants deepen their
knowledge of the techni-
cal health challenges in
the region.”

Creating a resource center with links
to documents and reports on the
Facebook page

Resource center

Shalhub et al
[28] and Sin-
clair et al [31]

• “Announcement of the
vEDS Collaborative sur-
vey was disseminated via
vEDS public and private
social media pages”

Creating private Facebook groups to
allow private discussion among partic-
ipants in the priority-setting research
project

Private and secret groups

Newsletter

Han et al [18],
Eberman et al
[16], and
Siefried et al
[30]

• “To increase our reach and
the likelihood of participa-

tion, the NATAg market-
ing team distributed our
recruitment announcement
and link to volunteers via
the ‘‘Range of Motion’’
newsletter to all registered
attendees 5 and 6 weeks
before the conference.”

Distributing newsletter to an existing
network to promote participation in
the priority-setting research project

Distribution through the re-
searcher’s existing network

Han et al [18]
and Han et al
[17]

• “Social media promotion
through Facebook and
Twitter and monthly elec-
tronic newsletters from
DiabetesSisters.”

Sending monthly newsletters to pro-
mote participation in the priority-set-
ting research project

Frequent promotion

Russell et al
[26]

• “Moderated online group
where families and re-
searchers can share ideas
related to research.”

Creating forums through which fami-
lies and researchers could share their
ideas related to the priority-setting
research project

Idea sharingWeb-based
forums

Shalhub et al
[28]

• “Announcement of the
vEDS Collaborative sur-
vey was disseminated via
vEDS public and private
social media pages.”

The use of Reddit as a social media
platform used to promote participa-
tion in the priority-setting research
project

Posting of promotional mate-
rial

Reddit

Twitter

Rowbotham et
al [25]

• “A bespoke Twitter ac-
count was set up @ques-
tionCF with the associated
hashtag #questionCF. This
was managed by members
of the steering group and
aimed to promote the on-
line surveys and increase
participation.”

Using Twitter hashtags to attract par-
ticipants and generate conversation
among relevant stakeholders

Hashtags

Rowbotham et
al [25]

“A bespoke Twitter account
was set up @questionCF with
the associated hashtag #ques-
tionCF. This was managed by
members of the steering group
and aimed to promote the on-
line surveys and increase partic-
ipation.”

Creating a post for inviting partici-
pants to ask questions about the prior-
ity-setting research project, which
was moderated by steering group
members

Question and answer
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Studies provid-
ing evidence

Representative quotesStrategy descriptionSocial media platform and specific strategy

Salmi et al [27]• “The tweet chat hosts
(@BTSMchat and
@HPMchat, respectively)
tweeted the 4 predefined
topics (Table 1) with
questions over a 60-
minute period during a
scheduled chat. The hosts
alerted tweet chat partici-
pants that the transcript of
the chat would be subject
to qualitative analysis and
used to inform research.
One tweet question was
posted roughly every 15
minutes. Twitter users re-
sponded to the questions
and engaged in discus-
sions with each other. On
Twitter, responses are
limited to 280 characters,
and participants were in-
structed to add the
#BTSM or #HPM hashtag
to aggregate the conversa-
tion.”

Host Twitter accounts tweeting about
predefined topics with questions over
a set period, during a scheduled chat,
to which Twitter users respond via
tweets and engage in discussions with
each other. Tweets from participants
are limited to 280 characters and par-
ticipants typically include an assigned
hashtag in their tweet, thus allowing
aggregation of the conversation.

Live chats

Shields et al
[29] and Shal-
hub et al [28]

• “On the site’s home page,
YouTube video personal
welcome message.”

Using YouTube to create a personal
welcome message on Facebook
pages, inviting users to participate in
the priority-setting research project

Welcome videoYouTube

Allsop et al
[12], Dyson et
al, Normansell
et al [5], and
Sylvia et al [32]

• “We created an online and
social media presence via
a study website (Out-
comes in Child Health)...”

• “We collaborated with or-
ganisations interested in

ARIh and patient engage-
ment to advertise our re-
search via websites and
other channels...”

Discussing the use of websites with
survey as a social media platform
used to promote participation in the
priority-setting research project

Posting of promotional mate-
rial

Website

Sinclair et al
[31]

• “Discussed details about
the project and the par-
ents’ research needs
through face-to-face social
media platforms such as
Skype, WhatsApp, Face-
Time, or via video chat on
Facebook Messenger to
build trust.”

Discussing the use of video-calling
or internet-based face-to-face interac-
tions to promote participation in the
priority-setting research project

Digital connection to pro-
mote participation

Video call-
ing

aJM: juvenile myositis.
bAF: Arthritis Foundation.
cLFA: Lupus Foundation of America.
dvEDS: vascular Ehlers-Danlos syndrome.
eLHIN: local health integration network.
fIHSP: integrated health services plan.
gNATA: National Athletic Trainers’ Association.
hARI: acute respiratory infection.
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Table 3. Dissemination techniques.

Studies providing
evidence

Representative quotesTechnique descriptionCategory and specific technique

Existing network

Allsop et al [12],
Correll et al [13],

Using individuals (eg, steering
group members) within existing

Individual promo-
tion

• “Those approached to complete the survey were
identified using membership lists of the African
Palliative Care Association (APCA).”network to promote the survey Dyson et al, [14],

Eberman et al [16],to their networks via social
media

• “A link to an initial electronic survey (created
using REDCap) was emailed to members of Cure
JM, AF and LFA patient and family listservs and

Healy et al [19],
Rowbotham et al
[25], and Siefried
et al [30]

posted on their respective social media sites.”
• “We also asked individuals and organisations

within our existing networks to promote the
study.”

• “All Steering Group members were requested to
use pre-worded Tweets, which included the link
to the survey.”

• “Invitations to participate in the research and a
link to the online survey (in the relevant language)
were sent via email. Those approached to com-
plete the survey were identified using membership
lists of the African Palliative Care Association
(APCA).”

Dyson et al [15];
Healy et al [19],

Providing individuals (eg,
steering group members) within

Individual promo-
tion–prewording

• “All Steering Group members were requested to
use pre-worded Tweets, which included the link
to the survey.”existing network with preword- Rowbotham et al

[25], and Morse et
al [23]

ed tweets to promote the re-
search participation opportunity
on their Twitter accounts

• “A bespoke Twitter account was set up @ques-
tionCF with the associated hashtag #questionCF.
This was managed by members of the steering
group and aimed to promote the online surveys
and increase participation.”

External organizations

Correll et al [13],
Dyson et al [14],

External organizations posting
on their respective social media

Social media col-
laboration

• “A link to an initial electronic survey (created
using REDCap) was emailed to members of Cure
JM, AF and LFA patient or family listservs andsites to promote research partic-

ipation opportunity
Han et al [17],
Normansell et al
[5], Siefried et al

posted on their respective social media sites. The

ranking survey was emailed to the Cure JMa, AFb,
[30], and Oesopha-

and LFAc listservs and a link was posted on their go-Gastric Anasto-
respective social media sites.” mosis Study Group

[24]• “Tactica Interactive, a digital media enterprise,
was hired to broaden our sampling frame via a
Facebook advertising strategy.”

• “We collaborated with organisations interested

in ARId and patient engagement to advertise our
research via websites and other channels...”

• “A toolkit aimed at partnering organizations,
which included a template for the invitation from
the partner, a description of DiabetesSistersVoic-
es, and promotional materials including flyers
and postcards.”

• “A survey consisting of 27 questions was devel-

oped and distributed to surgeons from the OGAAe

collaborative and advertised through specialty
organizations’ social media accounts”

Han et al [17]Providing external organiza-
tions with toolkits, templates,

Providing re-
sources

• “A toolkit aimed at partnering organizations,
which included a template for the invitation from
the partner, a description of DiabetesSistersVoic-or promotional materials that
es, and promotional materials including flyersserve as guidelines for when
and postcards.”organization broadcasts re-

search participation opportunity
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Studies providing
evidence

Representative quotesTechnique descriptionCategory and specific technique

Allsop et al [12],
Dyson et al [14],
and Normansell et
al [5]

• “We collaborated with organisations interested
in ARI and patient engagement to advertise our
research via websites and other channels: The
Alberta Centre for Child, Family & Community
Research (now known as PolicyWise for Children
and Families; a provincial organisation linking
government, academia and the community in a
focus on evidence-informed policy and prac-
tice),22 TRanslating Emergency Knowledge for
Kids (a national network of researchers and clin-
icians invested in improving paediatric emergency
care), 23 the Cochrane Consumer Network (an
international network of healthcare consumers
with an interest in evidence-based medicine) 24
and the Stollery Family Centered Care Network
(a local children’s hospital-based network of pa-
tients and families that provide input into patient
care).”

• “Online survey was posted on Survey Monkey
and advertised through the Asthma UK Facebook
and Twitter profiles and Cochrane Airways social
media and website.”

External organizations posting
on their website to promote re-
search participation opportunity

Website

Dyson et al [14],
Shields et al [29],
and Siefried et al
[30]

• “We used snowball sampling to recruit parents.”
• “First, we focused on identifying and engaging

recruitment targets with the potential for a high
yield of participants. We then expanded our scope
through referrals and diffusion via social media.”

• “Through Facebook, friend networks were encour-
aged to invite each other to participate.”

• “Tell a Friend tool to invite friends or colleagues
to participate, using e-mail-based peer-to-peer
messaging.”

Disseminating research oppor-
tunity to participants’ social
networks to increase participa-
tion and access to specific pop-
ulations

N/AfSnowball recruit-
ment

Han et al [17] and
Han et al [18]

• “Facebook posts were “boosted” monthly to
showcase the posts to more users.”

• “Social media promotion through Facebook and
Twitter and monthly e-newsletters from Diabetes-
Sisters Facebook posts were boosted to showcase
the posts to more users, centralizing it to female
users in the United States with interests in dia-
betes-relevant topics. DiabetesSisters posted on
Facebook about the study and each month they
“boosted” the post to increase the number of
women who saw each post.”

Using the Facebook boosting
feature to reach a wider audi-
ence of possible participants

N/ABoosts

aJM: juvenile myositis.
bAF: Arthitis Foundation.
cLFA: Lupus Foundation of America.
dARI: acute respiratory infection.
eOGAA: oesophago-gastric anastomosis audit.
fN/A: not applicable.

Research Question 2: Measurement of Social Media
Campaign Effectiveness
Across all the 23 included studies, 21 (91%) claimed to be
successful in conducting health research priority-setting
exercises via social media–based methods.

The direct effect of social media campaigns in securing
stakeholder participation in research priority-setting was
assessed as the (1) number of survey responses [12,14,15,20,33],

(2) number of survey responses within a set period
[14,15,20,33], (3) proportion of surveys fully completed [21],
and (4) number of visits to external survey administration sites
[14,15].

Indirect metrics for campaign effectiveness were (1) audience
reach (ie, extent to which the survey sample was characteristic
of the target population [13-15], number of countries and local
communities represented in the sample [12,21], and number of
national associations and external organizations contacted [12]);

J Med Internet Res 2022 | vol. 24 | iss. 2 | e29821 | p.315https://www.jmir.org/2022/2/e29821
(page number not for citation purposes)

Sivaratnam et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


(2) campaign interaction (ie, number of clicks and impressions
on posts [14,15,18,23,25,27], frequency of post views [26],
volume of comments left by target stakeholders [26], number
of searches for campaign pages or downloads of resources
[17,18], number of bespoke hashtag clicks or uses [25,27], and
Google Analytics [18]); (3) participant satisfaction [17,28,31];
and (4) platform-specific methods (ie, number of website views
or likes [12,14,15,17-19,21,29], number of registered
participants in an email chain or total number of delivered emails
[12,13,16,19,21,29,33], new followers and likes on Facebook
pages [14,15,17,18,26], and Twitter followers gained
[14,15,25]).

Research Question 3: Benefits, Limitations, and
Recommendations

Benefits and Limitations of Social Media–Based
Research Priority Setting
All included studies (23/23, 100%) successfully gathered
research priorities from key stakeholders and knowledge users
using social media–based participant recruitment. Cited benefits
related to social media use were the capacity to elicit
participation from many knowledge users [14,15,17,18,27,31],
the speed at which research priorities were gathered, the sense
of community developed [17,31], peer-support offered to
patients and family members [17,26,28,31] by social media
campaigns, and the capacity for dissemination of
health-promoting resources from health care professionals to
patients. A cited limitation of social media–based methods was
that web-only methods may limit the participation of individuals
with limited or no access to technology, limited leisure time to
engage with social media, and lower socioeconomic status and
of older age [12-15,17].

Recommendations for Successful Social Media–Based
Research Priority Setting
To improve the effectiveness of social media campaigns, authors
recommended focusing on the campaign’s graphic design
components and style of messaging [26,31,32], creating
opportunities for the target audience to personally interact with
the team leading the campaign [31], and using platform-specific
paid advertisements (ie, also termed boosts) [18,28].

Design-related recommendations included implementing
illustrative and graphical sophistication, such as posts containing
words, text, and video [31] and establishing a tone and style of
graphics to create a consistent brand [26,32]. Messaging
recommendations were to post some content that is not directly
related to research, but of interest to community
members—especially if these posts are community-led
[22,26,31]; to avoid phrases that do not foster inclusivity and
may separate the researchers from the target audience (ie, us vs
them semantics); and to minimize scientific jargon in posts.
Interaction-related recommendations involved using moderators
[17,26], especially community members to build the authenticity
of the campaign [27]; initiating conversations with perspective
participants to break the ice; using software that supports
face-to-face interaction between researchers and the community
[31]; allowing peer-to-peer sharing (ie, providing community
members with capacity to invite colleagues to participate)

[17,22,26,28,29,31,33]; and using platform-specific boosts (eg,
Facebook boosts) [18,28]. This last strategy corresponded with
the highest recruitment and enrollment yields.

Recommendations to address the limitation that social media
may prevent priority-setting participation by some groups were
also suggested. These included implementing a hybrid of
electronic and nonelectronic survey dissemination methods to
increase the representation of those without access to technology
[12,17,18], developing web-based materials with simple
navigation requirements to allow participation by individuals
with less experience with the web [30], and intentionally
tailoring social media strategies (eg, hashtags and boosts) for
subpopulations of individuals whom study teams identify as
being underrepresented in research prioritization project data
sets [13-15,17,21,25,32].

Discussion

Principal Findings
Recognizing the importance of engaging key stakeholders in
developing research agendas, we sought to use the extant
literature to understand how social media might support research
priority-setting, how effectiveness of the method might be
measured, and the method’s benefits and drawbacks. We show
that multiple social media strategies, which differ depending
on the social media platform, have been used to promote
participation in research priority setting—with strong success
rates in generating research agendas. Metrics to quantify the
reach of these strategies included the number of impressions
on posts (eg, likes and other reactions) and the volume of
comments left by stakeholders. In addition to the benefits,
limitations of the use of social media in research priority-setting
were also identified. Results from this review can guide methods
for research priority-setting by patients, family caregivers, health
care professionals, and other advocates and support the
engagement of these stakeholders in developing future research
agendas.

Social Media Platform Strategies and Dissemination
Techniques
Social media–based strategies that incorporated
platform-specific amplification (eg, Facebook boosts) and
components that encouraged active engagement by participants
(eg, question-and-answer forums and shared resources) enabled
researchers to reach a broad audience of possible participants.
This finding agrees with the literature showing that Facebook
[34] health promotion posts receiving a paid boost reached
significantly more users. Hashtags were also used in the included
studies to increase visibility of tweets, which aligns with
previous research showing hashtag use as effective in
influencing social media conversations related to mental health
[35] and in cases where the desired participant pool is small
[36].

Our finding that snowball sampling is used to disseminate
priority-setting surveys and expand participant pools aligns with
other research showing that options to like, tag, or share posts
expand a social media campaign’s reach [37]. This method may
be particularly advantageous in cases where the campaign target
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audience is a specific and relatively small group (eg, people
with lived experiences of less common diseases) and campaign
participants may have contacts within their social network who
they can engage in the process. Our results also suggest that
there are priority-setting advantages in asking relevant external
organizations and internal research and clinical team members
to circulate survey links and use their personal or
organization-affiliated social media accounts to expand reach.

Measurement of Social Media Campaign Effectiveness
We identified several metrics used by researchers to evaluate
the effectiveness of social media campaigns, including the
number of post impressions, frequency of viewed posts, volume
of comments left by stakeholders, and number of times a
bespoke hashtag was clicked or used. The heterogeneity in
metrics likely reflects the exponentially growing number of
social media platforms. However, the collection and
interpretation of these social media impact metrics support
ongoing consideration of the campaign’s effectiveness and
subsequent content adjustments to maximize campaign reach
and engagement [35].

Benefits and Limitations of and Recommendations for
Social Media Campaigns in Research
Commonly identified benefits of priority-setting via social media
include the speed at which participation opportunities can be
disseminated and the capacity to build a sense of community
among participants—possibly enhancing engagement. Research
has also indicated that social media may be particularly useful
in targeting information at some rarely reached groups such as
individuals with depression [38]. In addition, moderators might
humanize the campaign, build possible participant’s trust, and
enhance campaign engagement by these individuals [39].

In contrast, limitations of social media–based methods for
priority-setting research include the uncertainty of who is being
captured through the posts [40]. Our study found that researchers
commonly cite fears that social media–based methods may
unexpectedly include or exclude the research priority
perspectives of certain groups. In these cases, there are limited
ways to assure that the recruited team of participants is the valid
group of people that will render reliable results. This is
problematic from ethical and methodological (ie, sampling bias)
points of view and its mitigation requires careful planning.
Moreover, when survey links are disseminated via social media,
the true number of individuals that are reached cannot be
calculated. This is because not all users will engage (ie, like,
comment, and share) with the post [13,20]. In addition, although
the platform analytics (ie, number of follows, comments, and
likes on posts) are often used as an indication of survey
engagement, these data may not be representative of the sample
that opens the survey link or completes the survey.

Recommendations were also made to establish a consistent tone
and branding, with a focus on using attractive graphic designs
within priority-setting research campaigns. This consistency
may increase the recognizability of the research project and
authenticity to the effort, resulting in increased participation in
priority-setting research efforts [41].

Limitations of Our Study
The definition of social media varies substantially in the
literature and some definitions used did not meet our inclusion
criteria. Our conclusions regarding the recruitment for
priority-setting research projects may differ from those arising
if a different definition was used. Varying definitions of social
media may also have rendered our decision-making process
during the screening phase susceptible to error. However, we
screened in duplicate with good consistency and used third-party
arbitration of discrepancies. Finally, amid the COVID-19
pandemic, the number of studies adapting to web-based research
methodologies, especially using social media, may have
increased after the search strategy was performed. Considering
such rapid growth, it is important to note that this review is a
snapshot at a particular point in time that does not account for
novel methods that may have emerged after our search.

Recommendations for Practice and Future Research
Social media appears to be an effective means to recruit and
involve participants in the research process. Thus, researchers
should consider using web-based social networking as a method
to recruit knowledge users, collect data, and translate knowledge
into practice. The study team’s efforts to build knowledge user
trust in prioritization efforts, including by humanizing the
campaign through moderating chats and engaging with
participants, may improve engagement. On the basis of our
findings, efforts can be supported by optimizing the visual
representation of data through illustrative posts containing text
and graphics. Moreover, to enhance participation by a wide
group of knowledge users, researchers should focus on
developing accessible and inclusive web-based materials. In
addition, investing in platform-specific boosts (eg, Facebook
boosts) and paid advertisements may be an effective tactic to
enhance participant recruitment and enrollment.

Given the relatively recent emergence of digital platforms, social
media–based methods are understudied compared with
traditional recruitment means. We have identified some possible
limitations of the method, such as potential limited access to
individuals of lower socioeconomic status or older age.
However, few studies have determined the extent to which these
limitations impact prioritization efforts and, in the case of older
adults, contrary evidence exists indicating good engagement
with social media and technologies [42]. Should the identified
limitations of social media–based priority-setting be significant,
research into ways to mitigate these shortcomings is needed.
Further research is needed to understand how to enhance the
capacity of social media recruitment to capture representative
samples. More research is also needed to understand which
social media strategies and dissemination techniques are likely
to be successful for research prioritization efforts, with the
understanding that these strategies and techniques are likely to
change over time as new social media platforms and features
become available. Finally, given the highly public nature of
information exchange on social media, considerations of the
data privacy and security implications of social media–based
research prioritization efforts are needed.
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Conclusions
In this review, we synthesized the rapidly emerging data
assessing the effectiveness of social media strategies to engage
knowledge users in research priority-setting efforts across
several social media platforms. The benefits of social
media–based recruitment included the speed at which
participation opportunities can be disseminated and the sense

of community built among participants. As it is likely that social
media–based research methods, including for research
priority-setting, will be increasingly used by the scientific
community, lessons and recommendations from this review can
support scientists to more fully engage those who are most
impacted by health research in setting associated research
agendas.
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Abstract

Background: Studies have shown a high prevalence of depression during pregnancy, and there is also evidence that cognitive
behavioral therapy (CBT) is one of the most effective psychosocial interventions. Emerging evidence from randomized controlled
trials (RCTs) has shown that technology has been successfully harnessed to provide CBT interventions for other populations.
However, very few studies have focused on their use during pregnancy. This approach has become increasingly important in
many clinical areas due to the COVID-19 pandemic, and our study aimed to expand the knowledge in this particular clinical
area.

Objective: Our systematic review aimed to bring together the available research-based evidence on digitalized CBT interventions
for depression symptoms during pregnancy.

Methods: A systematic review of the Web of Science, Cochrane Central Register of Controlled Trials, CINAHL, MEDLINE,
Embase, PsycINFO, Scopus, ClinicalTrials.gov, and EBSCO Open Dissertations databases was carried out from the earliest
available evidence to October 27, 2021. Only RCT studies published in English were considered. The PRISMA (Preferred
Reporting Items of Systematic Reviews and Meta-analyses) guidelines were followed, and the protocol was registered on the
Prospective Register of Systematic Reviews. The risk of bias was assessed using the revised Cochrane risk-of-bias tool for
randomized trials.

Results: The review identified 7 studies from 5 countries (the United States, China, Australia, Norway, and Sweden) published
from 2015 to 2021. The sample sizes ranged from 25 to 1342 participants. The interventions used various technological elements,
including text, images, videos, games, interactive features, and peer group discussions. They comprised 2 guided and 5 unguided
approaches. Using digitalized CBT interventions for depression during pregnancy showed promising efficacy, with guided
intervention showing higher effect sizes (Hedges g=1.21) than the unguided interventions (Hedges g=0.14-0.99). The acceptability
of the digitalized CBT interventions was highly encouraging, based on user feedback. Attrition rates were low for the guided
intervention (4.5%) but high for the unguided interventions (22.1%-46.5%). A high overall risk of bias was present for 6 of the
7 studies.

Conclusions: Our search only identified a small number of digitalized CBT interventions for pregnant women, despite the
potential of this approach. These showed promising evidence when it came to efficacy and positive outcomes for depression
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symptoms, and user feedback was positive. However, the overall risk of bias suggests that the efficacy of the interventions needs
to be interpreted with caution. Future studies need to consider how to mitigate these sources of biases. Digitalized CBT interventions
can provide prompt, effective, evidence-based interventions for pregnant women. This review increases our understanding of the
importance of digitalized interventions during pregnancy, including during the COVID-19 pandemic.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42020216159;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=216159

(J Med Internet Res 2022;24(2):e33337)   doi:10.2196/33337

KEYWORDS

pregnancy; antenatal depression; systematic review; cognitive behavior therapy; digital interventions; COVID-19

Introduction

It is estimated that one-fifth of mothers experience depression
during pregnancy [1]. This has been strongly associated with
postnatal depression [2,3] and linked with several adverse health
and psychosocial outcomes for both the mother and child. These
include preterm delivery [4,5], difficulties in mother-child
interactions, impaired cognitive and psychomotor development
[6], and altered fetal brain development [7,8]. Pregnant women
experience changes to psychological symptoms due to complex
biological and psychological interactions throughout the
pregnancy period [9]. Therefore, recognizing depression
symptoms during pregnancy at an early stage and preventing
future risk of depression should be considered an important
global public health challenge.

There is evidence that psychosocial treatment, cognitive
behavioral therapy (CBT), and interpersonal psychotherapy are
effective in treating depression during pregnancy [10]. The US
Preventive Services Task Force [11] reviewed pharmacological
and nonpharmacological interventions for depression during
pregnancy and postnatal periods. It reported that CBT was
effective and stated that global studies had not reported harmful
outcomes for either mothers or infants. A randomized controlled
trial (RCT) of 217 pregnant women in the United States showed
that CBT significantly reduced depression during pregnancy
when it was compared with standard care [12]. Concerns about
the safety of using selective serotonin reuptake inhibitors during
pregnancy and their effect on offspring have been reported, such
as altering brain circuits [13], increasing the risk for later
depression [14], and increased problems with motor and
language development [15]. These highlight the need to study
psychosocial interventions.

There is huge gap between what pregnant women need and the
human resources that are available to provide such services.
Very few women seek help with mental health issues during
pregnancy [16]. Barriers to seeking help have included
individual factors, such as lack of motivation, time constraints,
or they just decided not to seek care [16,17]. Social factors have
included stigma and lack of social support, and practical issues
have included lack of money or childcare. There are also
structural barriers, like lack of information about services,
treatment provider responsivity, and treatment accessibility
issues [16-20]. The World Health Organization’s Mental Health
Atlas also reported unequal and limited availability of mental
health services and resources across the world [21]. Depression
is common during pregnancy, and it needs to be treated without

delay. The Institute of Medicine recognized the different
spectrum of interventions for mental health based on the risk
for the target population: prevention (universal, selective,
indicated), treatment (case identification, standard treatment for
known disorders), and maintenance (compliance with long-term
treatment, aftercare) [22]. Focusing on pregnant women with
different depression risk levels is essential, given that less than
three-quarters of pregnant women are screened for depression
[23].

Digitalized interventions provide an effective way of reaching
people and have the potential to overcome barriers, such as the
fear of being stigmatized, practical reasons, and treatment
availability [24-28]. Digitalized interventions are also becoming
increasingly important, as mental health services struggle to
deal with the considerable increase in demand for services due
to the COVID-19 pandemic. This health emergency began at a
time when resources were already scarce, and the number of
referrals is now increasing. The use of digital interventions has
increased during the COVID-19 pandemic, especially during
physical distancing measures, and this has highlighted the
increased role it can play in self-care and remote care. Digital
interventions have the potential to improve the health outcomes
of pregnant women and their experiences with care [29].

To our knowledge, no review has specifically focused on
digitalized CBT interventions for depression symptoms during
pregnancy. We note that 4 broader reviews on psychosocial
interventions have been conducted in the past 5 years, and these
can be divided into 2 categories. One review focused on any
psychosocial interventions during pregnancy [30], and 3 reviews
focused on psychosocial interventions throughout the broad
perinatal period, namely pregnancy and the postnatal period
[31-33]. The aim of the study by Li et al [30] was to carry out
a systematic review and meta-analysis of any psychotherapies
for pregnant women that focused on depression, anxiety, and
quality of life. However, the authors only identified 2 RCTs on
digitalized CBT. It was notable that their review did not include
important search terms widely used for digital or internet
interventions, such as web-based interventions, digital health,
internet, and online interventions [34]. The other 3 reviews
mainly identified interventions during the postnatal period. Lee
et al [32] did not find any digitalized CBT interventions during
pregnancy, while the other 2 studies [31,33] only found limited
evidence. It is important to note that none of those 4 broader
reviews contained extensive discussions of digitalized CBT
interventions.
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We decided that a new review was warranted, given the broad
nature of previous systematic reviews and the increasing need
for, and emergence of, digitalized CBT interventions for
depression symptoms during pregnancy. Our systematic review
aimed to evaluate the efficacy and acceptability of digitalized
CBT interventions for depression symptoms during pregnancy.
This review had 2 specific aims. The first was to evaluate the
efficacy of digitalized CBT interventions during pregnancy by
comparing the effect sizes between studies. The second was to
assess the acceptability of digitalized CBT interventions by
looking at attrition rates and feedback from participants.

Methods

This systematic review was conducted in accordance with the
PRISMA (Preferred Reporting Items of Systematic Reviews
and Meta-analyses) [35] and the Synthesis Without
Meta-analysis [36] reporting guidelines. The review protocol
was prospectively registered with PROSPERO (the International
Prospective Register of Systematic Reviews).

Search Strategy
Relevant peer-reviewed papers published in English were
identified by comprehensively searching key electronic
databases from the earliest available evidence to October 27,
2021. These were the Web of Science, Cochrane Central
Register of Controlled Trials, CINAHL, MEDLINE, Embase,
PsycINFO, Scopus, ClinicalTrials.gov, and EBSCO Open
Dissertations databases. The backward snowballing technique
was also used to identify potentially relevant papers [37]. This
involved looking at the reference lists of the selected papers to
see if any more papers could be identified. The search strategy
was created and refined based on consultation with a library
information specialist (in Multimedia Appendix 1).

Inclusion and Exclusion Criteria
The inclusion and exclusion criteria used to screen the articles
were based on PICOS (population, intervention, comparator,
outcome, and study design) [38].

Population
Studies were only included if the pregnant women were at least
18 years old. Studies were excluded if they combined samples
of pregnant and nonpregnant women, male partners, or those
aged younger than 18 years. Given that we focused on the broad
spectrum of interventions for depression (prevention [universal,
selective, indicated], treatment [case identification, standard
treatment for known disorders], and maintenance [compliance
with long-term treatment, aftercare] [22]), this may include a
population of pregnant women with different depression risk
groups.

Intervention
We focused on digitalized CBT interventions that primarily
used technological platforms to target depression, such as the
internet, computers, mobile phones, and virtual reality. The
term digitalized CBT was based on 2 previously established
definitions. First, we used the umbrella term digital, as it covers

the full spectrum of digital technology, such as the internet,
electronic devices, and mobile phones [39]. Second, we referred
to the definition of technology-empowered CBT outlined by
Wolters et al [40]: “CBT-based interventions integrating
technology varying from basic online bibliotherapy to online
self-help therapy, therapist-supported computerized CBT,
smartphone applications (apps), traditional CBT delivered via
telephone or videoconferencing, and combinations of these
forms.” We only included interventions that began during
pregnancy, but some of them also provided follow-up support
during the postnatal period. We included any depression
symptom intervention across the Institute of Medicine’s
spectrum of interventions for mental health based on the risk
of the target population: prevention (universal, selective,
indicated), treatment (case identification, standard treatment for
known disorders), and maintenance (compliance with long-term
treatment, aftercare) [22]. Both guided and nonguided
interventions were included. We excluded studies on
psychosocial interventions that began postnatally and those that
primarily evaluated nondigitalized CBT interventions, such as
face-to-face group interventions and those with telephone
support but no digital element.

Comparisons
Studies that compared digitalized interventions with standard
treatment, waiting lists for treatment, and secondary or other
interventions were included.

Outcome
Studies were included if the primary outcome was at least one
validated measure of symptoms of depression during the
perinatal period.

Study Design
Our review only included RCTs, as this research design is
considered to be the gold standard for studying the effectiveness
of interventions. RCTs are also considered to be the cornerstone
for evidence-based practice [41], as they can be used to inform
policy and practice decisions [42]. Only studies with full texts
published in English were included. Nonrandomized,
quasi-experimental, or pure qualitative studies were excluded
and so were research protocols and case studies.

Study Selection and Retrieval Process
Figure 1 displays the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) flow diagram for the
screening and study selection processes. The search and
screening processes were independently conducted by 2
reviewers (WMAWMY and OW) based on the titles and
abstracts and after any duplicates were removed. Any
disagreements were discussed with a senior researcher (HMM).
Next, the 2 reviewers independently conducted full-text
assessments based on the predefined inclusion and exclusion
criteria. Both reviewers cross-checked the papers that were
suggested for inclusion, and any disagreements were discussed
and resolved with the senior researcher (HMM) and professor
(AS). The list of excluded studies with their reasons for
exclusion are available in Multimedia Appendix 2.
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Figure 1. PRISMA (Preferred Reporting Items of Systematic Reviews and Meta-analyses) flow diagram.

Quality and Risk of Bias Assessment
The methodological quality of the included studies was assessed
using the Revised Cochrane risk-of-bias tool for randomized
trials (ROB2) [43]. This tool addresses specific domains that
can influence the risk of bias in an RCT. It asks a series of
questions to enable users to evaluate the potential risk of bias
in RCTs based on 5 domains: the randomization process,
deviations from the intended intervention, missing outcome
data, outcome measurements, and how the reported results were
selected. The process evaluates each domain and enables the
user to reach an overall judgement, namely a low or high risk
of bias or some concerns. According to the tool guidelines,
identifying a high risk of bias for any individual domain will
produce an overall high risk of bias. Some concerns about any
individual domain will lead to the paper being categorized as
some concerns or a high overall risk [43]. The risk of bias
assessments were independently conducted by 2 reviewers
(WMAWMY and OW). Any discrepancies were discussed and
agreed with the senior researcher (HMM) and professor (AS).
The specific reasons for the 3 categorizations, namely low, some
concerns, or high, were recorded in a Microsoft Excel
spreadsheet template provided with the ROB2 tool.

Data Extraction and Synthesis
A customized data extraction Excel spreadsheet was used by
the reviewers. Data that were extracted from each of the final
7 papers included the author, year of publication, country,
recruitment, sample size, and randomization. We also extracted

the name, type, and mode of the intervention, screening method,
primary depression scale, other mother-related outcomes,
infant-related outcomes, number of sessions and duration,
intervention start and end points, funding sources, brief synopsis,
CBT elements, type of therapeutic guidance, and other support,
such as technical or peer support. The research team also
extracted and calculated the between-group effect sizes and
95% CIs after the intervention, user feedback, and the
postintervention attrition rates. The Hedges g effect sizes were
either extracted, if provided, or calculated using the 2020 Effect
Size Calculator from the Center for Evaluation and Monitoring
[44]. We extracted the means, standard deviations, and sample
sizes of the intervention and control groups at the
postintervention assessment point, during pregnancy. The effect
sizes were interpreted as small (≤0.32), moderate (0.33 to 0.55),
or large (≥0.56) [45]. The acceptability of the interventions was
assessed according to the Theoretical Framework of
Acceptability [46]. This suggests that intervention acceptability
can be assessed at 3 time points: before, during, and after an
intervention has been delivered [46]. In addition, the attrition
rate percentage was calculated using the total number of subjects
dropped out in the intervention group post-intervention over
the total number of subjects in the intervention groups at
baseline, after randomization. The data extraction was conducted
by the first author (WMAWMY) and then independently
checked by the second reviewer (OW) for accuracy and
completeness. Disagreements were resolved through consensus
discussion with a senior researcher (HMM). WMAWMY also
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contacted authors of included studies with a request for missing
or additional information (in Multimedia Appendix 3).

Results

The electronic searches and hand searches yielded 2706 titles,
and 7 were included in this study after the duplicates were
removed and the screening process was carried out [47-53]. All
of the papers were published between 2015 and 2021, and 5
were published in 2019 or 2021. Figure 1 provides a flow
diagram of the screening processes and study selection.

Characteristics of the Included Studies
Table 1 summarizes the characteristics of the 7 studies: 2 were
from the United States, 2 were from China, and there was 1
each from Australia, Norway, and Sweden. The papers covered
a total of 2830 participants, and the sample sizes ranged from
25 to 1342 at the time of randomization. The 7 studies assessed
7 different interventions. The Swedish Internet Cognitive
Behavior Therapy for Antenatal Depression program had 42
participants, and the intervention, which was delivered via a
secure online platform, consisted of reading material,
assessments, homework, and worksheets [49]. Videos, graphics,
and an online diary book were used by the Chinese
Internet-based Mindful Self-Compassion Program with 314
participants [50]. The Mothers and Babies Internet Course had
852 participants, making it the second largest study. Coordinated
from the United States, but with a worldwide reach, it provided
fully automated online lessons that included information pages,
short audio and video clips, images, and worksheets [47]. The
American-based Sunnyside Group-based Internet Intervention
was an online website with various interactive tools and games
that facilitated learning and peer interaction. It was the smallest
study, with 25 participants [48]. Mamma Mia was by far the
biggest program, with 1342 Norwegian participants. It was a
fully web-based intervention that combined text, pictures,
pre-recorded audio files, and user input [51]. The Australian
MUMentum Pregnancy Program had 87 participants. This
featured a virtual online clinic and used an illustrated story
centered around fictional characters [52]. The final study was
the Chinese smartphone-based Mindfulness Behavioral
Cognitive Therapy, with 168 participants, delivered through a

smartphone app. It consisted of thematic curriculum provided
through text, audio, and visual materials [53].

Two of the studies, from the United States [47] and Norway
[51], employed a universal approach, and the other 5 studies
used an indicated approach. Three studies recruited participants
directly from hospitals: the Chinese study from a reproductive
mental health multidisciplinary clinic [50], another Chinese
study from the obstetrics clinic of a tertiary hospital [53], and
the largest Norwegian study via midwives during regular
maternal check-ups [51]. The other 4 studies combined diverse
recruitment strategies, using advertisements on social media
and online forums and in newspapers, mass emails, Google Ads,
and flyers distributed at maternity clinics and hospitals. None
of the studies screened participants using population-based
approaches. Four studies screened participants during
recruitment using different measures and cut-off scores. The
Swedish study used a Montgomery-Åsberg Depression Rating
Scale (MADRS) [54] score of 5 to 35 and no or a low risk of
suicide [49]. The Chinese study used an Edinburgh Postnatal
Depression Scale (EPDS) [55] score of ≥9 [50], while the other
Chinese study used an EPDS score of ≥9 or Patient Health
Questionnaire (PHQ)-9 [56] of ≥4 [53]. The small American
study used PHQ-8 scores of 5 to 14, which indicated no
diagnosis of major depression [48]. When it came to measuring
depression, 6 studies used the EPDS, as either the only measure
or one of the outcome measures. However, the EPDS outcome
cut-off scores used for probable depression differed: 4 studies
used >9 points [47,50,51,53], and 2 studies used >12 points
[49,52]. Other studies used the PHQ-9, Center for
Epidemiological Studies-Depression [57], MADRS-Self Report,
and Beck Depression Inventory II [58] to measure depression
outcomes. The studies also assessed various other mother-related
outcomes, but only 2 studies reported infant-related or
mother-infant attachment outcomes. These were the Chinese
study [50], which used the Infant Behavior Questionnaire
Revised-Very Short Form [59] and the Australian study [52],
which used the Maternal Antenatal Attachment Scale [60]. Five
studies [48-50,52,53] also assessed anxiety as secondary
outcomes, using the Generalized Anxiety Disorder 7 scale [61],
the State-Trait Anxiety Inventory [62], or the Inventory of
Depression and Anxiety Symptoms [63].
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Table 1. Summary of included studies.

Infant-
related
out-
comes

Other mother-re-
lated outcomes

Primary de-
pression scale

ScreeningIntervention type
and mode

Randomization
and sample size

Intervention
name

RecruitmentAuthor, refer-
ence and
country

Guided

-iEPDSb (>12),

WSASc, GADd,

MADRS-SMADRS-Sa

scores of 15 to
35 and no/low
risk of suicide

Indicated, inter-
net and website
for intervention
group with treat-
ment as usual for
controls

Intervention:
n=22; controls:
n=20; total:
n=42

Internet Cogni-
tive Behavior
Therapy for
Antenatal De-
pression

Advertisements
on social media,
blogs, online fo-
rums, in newspa-
pers, and flyers
distributed in
maternity clin-
ics

Forsell
et al
[49],
Sweden ISIe, EQ-5D-3Lf,

AUDITg, DU-

DITh

IBQ-R

VSFn
STAIj-I and II,

BDIk-II, Chinese

EPDS (>9)EPDS (≥9)Indicated, inter-
net and website
for intervention

Intervention:
n=157; con-
trols: n=157; to-
tal: n=314

Internet-based
Mindful Self-
Compassion
Program

Pregnant wom-
en attending
Tianjin First
Center Hospital

Guo et
al [50],
China

Mindfulness At-
tention Aware-

group with wait-
ing-list control
group ness Self-Compas-

sion Scale,

WHO-5l, PSIm,
Comprehensive
Parenting Behav-
ior Questionnaire

Unguided

-EPDS (>9), Ma-
jor Depressive
Episode Screener

CESDpN/AoUniversal, inter-
net, and website
for intervention
group with infor-

Intervention:
n=435; controls
n=417; total:
n=852

Mothers and
Babies Inter-
net Course

Search engine
directories and
Google Ads
Worldwide
reach

Barrera
et al
[47],
United
States mation only for

controls

-HDRSr, IDASs,

SCID-It, MINIu

Suicide

PHQ-8PHQq scores
of 5 -14 and
no diagnosis
of major de-
pression

Indicated, inter-
net and website
for intervention
group with extra
features for inter-
vention group

Intervention:
n=18; controls:
n=7; total: n=25

Sunnyside
Group-based
Internet Inter-
vention

Pregnant wom-
en invited after
being identified
from electronic
records of a uni-
versity hospital;

Duffecy
et al
[48],
United
States

and just onlinemass emails and
advertisements group for con-

trols

--EPDS (>9)N/AUniversal, inter-
net and website

Intervention: n=
678; controls:

Mamma MiaWomen attend-
ing routine pre-

Haga et
al [51],
Norway for intervention

group, with usual
n=664; total:
n=1342

natal care in
hospital clinics

perinatal care for
controls

MAASwGAD-7, Kessler
10-item Psycho-

PHQ-9Met the crite-
ria for a proba-

Indicated, inter-
net and website

Intervention:
n=43; controls:

MUMentum
Pregnancy
Program

Advertisements
on social media,
online forums,
and flyers dis-

Lough-
nan et al
[52],
Aus-
tralia

logical Distress
scale, EPDS
(>12), WHO-

QOLv, 9-item
BDI-II

ble diagnosis
of generalized
anxiety disor-
der and/or ma-
jor depressive
disorder

for intervention
group, with treat-
ment as usual for
controls

n=44; total:
n=87

tributed in ma-
ternity hospitals

-GAD-7, PSSx,

PANASy, PSQIz,

EPDSEPDS (≥9) or
PHQ-9 (≥4)

Indicated, inter-
net and smart-
phone app for in-

Intervention:
n=84; controls:
n=84; total:
n=168

Spirits Heal-
ing (in Chi-
nese) app

Obstetrics clinic
of a tertiary
hospital in Ji-
nan, Shandong

Sun et
al [53],
China

PRMQaa, W-

DEQab
tervention group,
with regular
WeChat health
consultations for
controls
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aMADRS-S: Montgomery-Åsberg Depression Rating Scale-Self report version.
bEPDS: Edinburgh Postnatal Depression Scale.
cWSAS: Work and Social Adjustment Scale.
dGAD: Generalized Anxiety Disorder.
eISI: The Insomnia Severity Index.
fEQ-5D-3L: EuroQoL 5-Dimension 3-Level.
gAUDIT: Alcohol Use Disorders Identification Test.
hDUDIT: Drug Use Disorders Identification Test.
iNone reported.
jSTAI: State-Trait Anxiety Inventory.
kBDI: Beck Depression Inventory.
lWHO-5: World Health Organization 5 Well-Being Index.
mPSI: Parenting Stress Index.
nIBQ-R VSF: Infant Behavior Questionnaire Revised-Very Short Form.
oN/A: not applicable.
pCESD: Center for Epidemiological Studies-Depression.
qPHQ: Patient Health Questionnaire.
rHADRS: Hamilton Depression Rating Scale.
sIDAS: Inventory of Depression and Anxiety Symptoms.
tSCID-I: Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders Axis-I Disorders.
uMINI: Mini International Neuropsychiatric Interview.
vWHO-QOL: World Health Organization Quality of Life scale.
wMAAS: Maternal Antenatal Attachment Scale.
xPSS: Perceived Stress Scale.
yPANAS: Positive and Negative Affect Schedule.
zPSQI: Pittsburgh Sleep Quality Index.
aaPRMQ: Prospective and Retrospective Memory Questionnaire.
abW-DEQ: Wijma Delivery Expectancy Questionnaire.

Interventions Used by the Studies
Table 2 summarizes the description of each intervention, while
Figure 2 compares the earliest starting point to the latest end
point for each intervention. All the digitalized study
interventions were delivered on the internet but varied in terms
of their session structure and duration, the type of support
provided, and the duration. Six interventions were delivered via
a website, and only 1 [53], which was recently published, was
delivered via a smartphone app. The shortest intervention, from
Australia, lasted for 4 weeks and was comprised of 3 brief
unguided internet-based CBT (iCBT) sessions [52], while the
largest Norwegian intervention, Mamma Mia, had the longest
duration, of 11.5 months, and provided sessions during
pregnancy and postnatal periods [51]. Two of the 7 interventions

were guided, as they incorporated an element of therapeutic
guidance. The Swedish intervention was provided by
CBT-trained therapists, who were not mental health
professionals, on a fully digital platform [49], but no telephone
guidance was provided. The level of therapeutic guidance
provided by this guided iCBT varied, and messages sent via the
internet platform were responded to within 48 hours during
weekdays. The Chinese intervention did not detail the type of
guided instructions that were provided [50]. In addition to
therapeutic guidance, several of the guided and unguided
interventions employed other forms of support, such as peer
support discussion groups or platforms, as well as technical
support by the research team members. Table 3 shows a brief
synopsis and the CBT elements of the 7 interventions.
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Table 2. Summary of the interventions in the included studies.

FunderOther support (eg, techni-
cal or peer)

Type of therapeutic guid-
ance

Age (years), mean
(SD), range

Intervention nameAuthor(s) and
country

Guided

Swedish Research Council, re-
gional agreement between
Karolinska Institutet and Stock-
holm City Council, and regional
agreement between Umeå Univer-
sity and Västerbotten County
Council (ALF)

Anonymous online dis-
cussions between partici-
pants

Personalized feedback us-
ing written online mes-
sages. Therapists only had

basic CBTa training and no
prior experience nor any
special education or train-
ing in order to treat this
specific population

Intervention: 31.2
(3.7); controls: 30.8
(5.3)

Internet Cognitive
Behavior Therapy
for Antenatal De-
pression

Forsell et
al [49],
Sweden

No information providedNo information providedDetailed information not
available

Intervention: 29.8
(6.2); controls: 31.4
(5.7)

Internet-based
Mindful Self-Com-
passion Program

Guo et al
[50], Chi-
na

Unguided

National Institute of Mental
Health, Robert Wood Johnson
Health Disparities Seed Grant,
University of California Commit-
tee on Latino Research, and

SFGHc Department of Psychiatry

No information providedN/AbIntervention: 29.81
(6.09), 18-43; con-
trols: 30.59 (4.99),
19-42

The Mothers and
Babies Internet

Barrera et
al [47],
United
States

NIMH, National Center for Ad-
vancing Translational Sciences

of the NIHd

Peer support and contact
moderator tool for techni-
cal or group issues

N/AIntervention: 30.5
(4.05), 25-45; con-
trols: not provided

Sunnyside Group-
based Internet Inter-
vention

Duffecy
et al [48],
United
States

Research Council of NorwayNotification to talk to
someone or seek profes-
sional help when the
presence of some or
many depression symp-
toms

N/AIntervention: 31.0
(4.6); controls: 31.1
(4.5)

Mamma MiaHaga et al
[51], Nor-
way

NHMRCe, HCFf Research
Foundation, Rotary Health Aus-
tralia, and the David Henning
Memorial Foundation

Technical assistance by
research technicians

N/AIntervention: 31.69
(4.44); control:
31.54 (3.63)

MUMentum Preg-
nancy Program

Lough-
nan et al
[52], Aus-
tralia

Chinese National Funding of
Social Sciences and China
Scholarship Council

No information providedN/AIntervention: 30.27
(3.80); control:
(29.55) 4.21

Spirits Healing (in
Chinese) app

Sun et al
[53], Chi-
na

aCBT: cognitive behavioral therapy.
bN/A: not applicable.
cSFGH: San Francisco General Hospital.
dNIH: National Institutes of Health.
eNHMRC: National Health and Medical Research Council.
fHCF: Hospitals Contribution Fund.
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Figure 2. Comparison of interventions from the earliest starting point to the latest endpoint.
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Table 3. Brief intervention synopsis, themes, and cognitive behavioral therapy (CBT) elements.

CBT elementsThemesBrief synopsisAuthor(s) and country

Guided

Psychoeducation (depression, CBT,
myths, facts, and physiological

Introduction, being pregnant, behav-
ioral activation, cognitive restructur-

The iCBTa Internet Psychiatry Clinic is an inter-
vention for antenatal depression and is an adapted

Forsell et al [49],
Sweden

changes), behavioral activationing, relationships, anxiety and wor-version of iCBT for depression. The platform is
(positive and negative reinforcementry, sleep problems, and summary

and relapse prevention
a form of guided self-help treatment consisting of
reading material (about 75,000 words), assess- behaviors), cognitive restructuring

(negative automatic thoughts, accep-ments, homework, and worksheets via a secure
tance, cognitive biases), psychoedu-online platform. The platform can be accessed
cation (relationships, communica-anytime and anywhere using a computer or mobile
tion, role transition, anxiety and fear
of labor and sleep), and homework

device with an internet connection. There are 10
modules of guided self-help by nonexpert thera-
pists trained in CBT.

Largely based on mindfulness CBT;
understanding and applying self-

Not availableMindful Self-Compassion Program (MBSP) is
aimed at promoting self-regulatory skills of preg-

Guo et al [50],
China

compassion, skills to manage diffi-nant women at high risk for postpartum depression
cult emotions rather than solvingfocusing on self-compassion. The program utilizes
specific problems, exercises withvideos involving different types of exercises with
guided instructions. Users were en-guided instructions sequentially provided after
couraged to practice the skills dur-completion of a previous module. The 6-week
ing the day and provided with an
online diary book for reflection.

program lasts 10 hours with guided instructions:
36 episodes each lasting about 15 minutes

Unguided

Information pages, audio, video,
images, and worksheets based on

Not availableThe Mothers and Babies Internet (e-MB) is aimed
at Spanish- and English-speaking pregnant women

Barrera et al [47],
United States

the cognitive behavior framework,to reduce the risk of postpartum depression. The
social learning theory, reality man-e-MB consists of fully automated lessons and is
agement training, attachment theory,
and diverse sociocultural issues

sequential in nature, whereby each session needed
to be completed first before proceeding to the next
lesson. Following completion of each session,
participants may access the lesson and worksheets
infinitely for review. The e-MB consisted of 8
flexible sessions of fully automated self-help.

Psychoeducation, mood manage-
ment, thought challenging, positive

Your mood and your pregnancy,
worries about me and my baby,

The Sunnyside website group intervention consist-
ed of 10–15-minute didactic lessons using text

Duffecy et al
[48], United
States and physical activities, relationship

with partner and others in the social
mood management, challenging
your thinking, positive activity dur-

and video material and included several interactive
features in the form of (1) an activity feed, which

circle, anxiety during pregnancy anding pregnancy, physical activitywas a constantly updating feed that displayed each
parenthood, relaxation, employmentduring pregnancy, partner communi-of the women’s activity on the site, whereby other
issues and managing resources dur-cation and support, body image andparticipants can like and comment or provide
ing and after labor; 5 interactivesex during pregnancy and postpar-feedback to other women’s posts, (2) discussion
CBT tools: thought restructuringtum, relationships with your motherquestions posted by study staff after each session
(think), mood tracking (feel), activi-and mother-in-law, challenges into encourage interaction, (3) individual garden
ty scheduling and monitoring (do),relationships with friends and oth-plot and community garden linked to individual’s
relaxation (relax), and goal setting
(achieve)

ers, monitoring kick counts and
other pregnancy anxiety, anxiety
and parenthood, relaxation, employ-

profiles and providing gamification and interactive
features individually and between other users, (4)
contact moderator tool to report any issues with

ment issues, during and after thethe site or with group members. After each ses-
birth, moving forward, and conclu-
sions

sion, participants are prompted with a “call to ac-
tion” encouraging them to apply the skills learned
during the sessions. The intervention consisted of
an 8-week unguided online program.
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CBT elementsThemesBrief synopsisAuthor(s) and country

Assessment of depressive symp-
toms, metacognitive therapy, posi-
tive psychology, couples’ therapy,
breastfeeding, and psychoeducation;
the metacognitive element empha-
sized the process of inflexible and
recurrent thinking style due to nega-
tive thoughts, feelings, or beliefs.
Acceptance commitment therapy
and mindfulness elements were also
incorporated.

Knowledge, expectancies and atti-
tudes, attachment, emotion regula-
tion, and help-seeking, relationship
satisfaction, and communication
skills

Mamma Mia is a free universal preventive inter-
vention for perinatal depression. The intervention
is delivered by email and interactive websites,
combining text, pictures, prerecorded audio files,
and user input. User receives an email with a hy-
perlink for each session that lasts around 10 min-
utes each. The hyperlink directs the user to the
Mamma Mia web page, and the intervention con-
tent proceeds sequentially to the next web pages
(tunnel information architecture) to ensure conti-
nuity of the program narrative. The intervention
consists of 3 fully automated phases with 44 ses-
sions over 11.5 months: phase 1 (during pregnan-
cy); phase 2 (infant is 2-3 weeks old, for 6 weeks);
and final phase (10 sessions over an 18-week pe-
riod)

Haga et al [51],
Norway

Transdiagnostic intervention for
depression and anxiety during preg-
nancy; involved psychoeducation,
cognitive restructuring, problem-
solving, behavioral activation, and
relapse prevention; each lesson illus-
trated the characters’ stories: intro-
duction to core CBT skills, summa-
ry, and action plan to implement the
skills and several supplementary re-
sources.

About anxiety and depression,
identifying symptoms, cognitive
behavioral model, prioritizing self-
care, physical symptoms, partners
and supporters, controlled breathing,
progressive muscle relaxation, about
thoughts, identifying unhelpful
thoughts, shifting unhelpful
thoughts, accepting uncertainty,
thought challenging, coping cards,
structured problem-solving, unhelp-
ful behaviors (low activity; avoid-
ance), facing your fears, activity
planning and monitoring, graded
exposure, assertive communication,
relapse prevention

The MUMentum Pregnancy transdiagnostic inter-
vention targets anxiety and depression symptoms
and is delivered via the online Virtual Clinic sys-
tem. The program emphasized a short, illustrated
story centered around 2 fictional characters expe-
riencing depression and anxiety during pregnancy.
The characters learn to manage their symptoms
by applying CBT skills in the context of the
character experiences, challenges, and symptoms
common during pregnancy. The system employs
a 7-day lockout period implemented between
lessons to ensure participants spend time revising
and implementing the lesson material before
moving onto the next lesson. Of this, participants
are also notified via email and SMS reminders
regarding new lessons and to stay on schedule.
The 4-week program consists of 3 brief unguided
self-help lessons with only technical support.

Loughnan et al
[52], Australia

Following psychoeducation informa-
tion via the app, formal mindfulness
training techniques were introduced.
Users are encouraged to continue to
practice, and they are supplemented
with recordings and a mindfulness
journal. Formal training included
body scan, mindful breathing,
mindful stretching, and mindful
meditation. Informal training includ-
ed encouragement to practice every
day, pausing in the midst of daily
life, mindful eating, mindful walk-
ing, and 3-minute breathing prac-
tices.

Understand mindfulness, be in the
present, be mindful of negative
emotions, accept difficulties,
thoughts are just thoughts, enjoy
daily happiness, mindful pregnancy
and childbirth, continued mindful-
ness practice

The Spirits Healing (in Chinese) app is a mindful-
ness training program for use during pregnancy
for perinatal depression and other mental health
problems. It was available for Android and iOS
operating systems in mainland China. The app
provides reading materials, recordings for guided
practice, videos, and a mindfulness journal that
can be accessed anytime and utilized at users’own
pace. Weekly reminder messages were sent via
WeChat for users to complete the training. Partic-
ipants were awarded 2 yuan (US $0.30) for com-
pletion of each week of training or each comple-
tion of assessment. The 8-week mindfulness CBT
training automatically updated every day, and
participants practiced according to their own
schedules.

Sun et al [53],
China

aiCBT: internet-based CBT.

Assessment of Risk of Bias
Figure 3 and Figure 4 display the risk of bias assessment results
for each study. Six studies had a high overall risk of bias, as a
high risk of bias was recorded in at least one domain, while 1
study recorded some concern for overall risk of bias.
Self-reported measures are commonly used to evaluate
psychological outcomes, but there were at least some concerns
about the risk of bias that these provided in 7 studies, based on
the ROB2 guideline [43]. The missing outcome data domain
was of some concern, given nearly half (3/7, 43%) of the studies

did not provide sufficient information about the reasons for
dropout between groups or analyses to address these missing
data. In addition, the way that the reported results were selected
was of high concern. These were particularly related to the fact
that 5 of the study protocols were not registered or there were
inconsistencies, without justification, between the registered
protocols and the published papers. These inconsistencies
included the absence of follow-up results in the published paper
or differences between these and the intended analysis plan in
the published protocol.
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Figure 3. Percentage of risk of bias based on the 5 Revised Cochrane risk-of-bias tool for randomized trials (ROB2) domains.

Figure 4. Risk of bias for depression outcomes, based on the individual studies.

Efficacy of Digitalized CBT Interventions for
Depression Symptoms During Pregnancy
In view of the overall high risk of bias in all except one of the
studies, the efficacy of the interventions needs to be interpreted
with caution. Five studies provided sufficient data for effect
size calculations. Figure 5 summarizes the Hedges g effect size
for the 5 studies [48,49,51-53]. In general, the more positive
results for the intervention than for the control groups showed
promising evidence for the efficacy of digitalized CBT

interventions for pregnant women. It was notable that there were
differences in efficacy between the guided and unguided
interventions. The highest postintervention effect size was
recorded for the Swedish Internet Cognitive Behavior Therapy
for Antenatal Depression program, which focused on pregnant
women who were judged to have no or a low risk of suicide
when screened for symptoms of depression [49]. The remaining
4 interventions were all unguided and recorded large [48],
moderate [53], or small [51,52] effect sizes.
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Figure 5. Hedges g effect sizes (95% CIs) for depression after programs in the intervention (I) and control (C) groups.

Acceptability of Digitalized CBT Interventions
Table 4 compares the acceptability assessments conducted by
individual studies based on 3 time points: before, during, and
after the intervention was delivered. Overall, most of the
participants were satisfied with the interventions they received,
but high attrition rates were recorded for the 4 unguided
interventions (22.1%-46.5%). The way that intervention
acceptability was measured varied significantly between the
studies, especially the scales that were chosen. All the studies

obtained feedback after the interventions had finished. Five
studies assessed acceptability during the interventions
[48,49,51-53], while only 2 studies assessed acceptability before
they were used [48,51]. The highest attrition rates for the
unguided interventions were for the unguided MUMentum
Pregnancy transdiagnostic intervention [52]. In contrast, the
guided intervention recorded a very low attrition rate of 4.5%
for the Swedish Internet Cognitive Behavior Therapy for
Antenatal Depression program [49].

Table 4. Acceptability before, during, and after the interventions.

AttritionAcceptability afterAcceptability duringAcceptability beforeAuthor(s) and country

Guided

4.5%Client Satisfaction Questionnaire 8: good
satisfaction level; treatment adherence and
utilization described

Treatment Credibility Scale of the
Credibility/Expectancy questionnaire:
good treatment credibility

N/AaForsell et al [49],
Sweden

N/ABrief dropout reasons provided; attendance
rate=91.8%

N/AN/AGuo et al [50],
China

Unguided

N/A3 open-ended questions: intervention
helpfulness and usefulness rated favorably;
content easy to understand

N/AN/ABarrera et al [47],
United States

38.9%Usability, satisfaction, and ease of use:
intervention usefulness, ease of use, ease
of learning, satisfaction rated favorably

Use of interactive features assessedIntervention development
process involved target partic-
ipants; topics, site motif (visu-
al themes and look and feel of
the internet site), and usability
of potential application

Duffecy et al
[48], United
States

22.1%More than half completed >80% of inter-
vention; other acceptability and feasibility
details in the paper [51]

Dropout reasons not described in pa-
per; other acceptability and feasibility
details in paper [65]

Intervention development
process published in Drozd et
al [64]

Haga et al [51],
Norway

46.5%Treatment Satisfaction Questionnaire: high
satisfaction; Credibility and Expectancy
Questionnaire: intervention quality rated
as excellent; Intervention utilization and
implementation data provided

Detailed dropout reasons provided;
intervention content evaluated during
each session

N/ALoughnan et al
[52], Australia

25%Completion rates for all 8 sessions=8.3%;
completion rates for 4 sessions=52.4%

Logs of practice on formal mindful-
ness training

N/ASun et al [53],
China

aN/A: not available.
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Discussion

Principal Findings
Our review identified 7 RCTs of digitalized CBT interventions
for depression symptoms during pregnancy that were
promisingly efficacious and had good acceptability. RCTs using
digital CBT for depression during pregnancy have been scarce
in contrast to the number of studies on digitalized CBT
interventions for depression overall. We judged 6 of the 7 studies
to have a high risk of bias. The high risk of bias was mainly
due to missing outcome data and selection of reported results
domains. These point to the need to provide accessible trial
registration information with sufficient information prior to
commencement of controlled trials. Although missing data in
psychological intervention studies are common, a detailed
description of how these missing data were addressed and
reasons for dropouts in the intervention and control group need
to be clarified and compared in each study. Therefore, the
findings on efficacy should be considered with caution, and
more high-quality studies are needed. Despite these limitations,
this review produced 3 main findings. First, technology can be
used to deliver CBT programs that target depression during
pregnancy. Second, digitalized CBT during pregnancy showed
promising evidence of efficacy and positive outcomes for
depression (Hedges g for guided interventions=1.21; Hedges g
for unguided interventions=0.14-0.99). Third, the digitalized
CBT interventions were well-received by pregnant women,
especially interventions that were guided, which had lower
attrition rates than the unguided interventions (4.5% versus
22.1%-46.5%).

CBT interventions have traditionally been delivered face-to-face,
but technological advances have revolutionized the way they
are being adapted to various platforms. The COVID-19
pandemic has also led to an urgent increase in the need for
digital care delivery. For the past 20 years, the progress in
digitalized interventions has been rapid, and various
evidence-based digitalized interventions have been developed
and disseminated [66], especially for depression [67]. However,
little is known about digitalized CBT interventions for
depression during pregnancy. All 7 interventions identified in
this review used the internet and website or smartphone app
platforms to deliver core elements of CBT, such as
psychoeducation, cognitive restructuring, problem-solving, and
behavioral activation. The central themes of these were
managing challenges and expectations during pregnancy by
using CBT skills. These platforms contained a combination of
text, images, and videos to make the interventions attractive
and engaging. Other additional interactive features were unique
to some interventions. For example, the American-based
Sunnyside Group-based Internet Intervention included an
activity feed that displayed each participant’s activity on the
site. This meant that other participants could like, comment, or
provide feedback on other women’s public posts. It also had an
individual garden plot and community garden that were linked
to individual profiles. The intervention provided individual and
group games, where garden gnomes or flowers could be
collected by completing various tasks [48]. Likewise, the
Swedish Internet Cognitive Behavior Therapy for Antenatal

Depression program provided an online discussion group, in
which participants could interact with each other anonymously
[49]. These unique interactive features allowed participants to
share their lived experiences during pregnancy, as well as
provided a platform for emotional peer support. These are both
considered to be key functions of traditional online pregnancy
forums [68].

The limited evidence and high risk of bias in 6 out of the 7
papers we reviewed prevented us from coming to firm
conclusions on the efficacy of digitalized CBT for depression
during pregnancy. However, our review does provide promising
evidence on the efficacy and positive impact of digitalized CBT
for pregnant women. Previous research has reported that the
prevalence of postnatal depression symptoms can be predicted
by depression symptoms during pregnancy [3]. Interventions
during pregnancy allow participants to acquire and apply coping
skills at an early stage, potentially before their depressive
symptoms worsen. It should also be noted that 5 of the included
studies used standard care, an active control, or another
intervention as control groups, which may partly explain the
modest effect sizes in most of the studies. The Swedish
intervention [49] had an exceptionally high effect size.
Unsurprisingly, that intervention used a guided and indicated
approach. The intervention was delivered via an online internet
platform comprised of about 75,000 words of reading material,
assessments, homework, case stories, and worksheets. The
therapists provided regular individual feedback, encouragement,
and support in written messages, with replies within 48 hours
on weekdays. Interestingly, the therapeutic guidance was
provided by CBT-trained therapists who were not mental health
professionals. Compelling evidence from systematic reviews
and meta-analyses of iCBT research for depression has
highlighted the importance of providing support from a therapist
or human guidance for effective interventions [69-72].

Six out of 7 studies we reviewed also assessed other
self-reported maternal outcomes: anxiety, psychological distress,
alcohol and drug use, mindfulness attention awareness, general
health, stress, self-compassion, well-being, quality of life and
work and social adjustment, positive and negative affect,
sleep-related problems, fatigue, prospective memory,
retrospective memory, and fear of childbirth. Only one study
assessed infant outcomes, using the Infant Behavior
Questionnaire, and another study assessed mother-child
attachment or bonding using the Maternal Antenatal Attachment
Scale. This was somewhat surprising, as there is compelling
evidence that prenatal depression has been associated with
various infant-related issues, including temperament, bonding,
emotional and behavioral problems, cognitive impairment, and
psychopathology [73-79]. The fact that there was so little
research on infant-related or mother-infant attachment outcomes
by the studies we reviewed limits any insightful discussion and
highlights the need for further evaluation.

All the studies we reviewed reported diverse acceptability
outcomes for at least 1 of the 3 time points: before, during, and
after the intervention was delivered. All the interventions
recorded good acceptability, especially after the intervention
had been completed, as the participants were satisfied with the
interventions and felt that they were useful. Acceptability data
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before and during intervention delivery are still lacking, and
more acceptability components can be explored further. The
Theoretical Framework of Acceptability outlines 7 components
of acceptability that could be explored in intervention studies
at these 3 time points: affective attitude, burden, perceived
effectiveness, ethicality, intervention coherence, opportunity
costs, and self-efficacy [46]. Including all the acceptability data
in a single paper may be challenging due to word count limits
or information overload. To deal with this issue, authors could
provide acceptability evaluations in separate papers. For
example, the Mamma Mia intervention included in our review
was the focus of 3 separate papers on intervention development
[64], acceptability and feasibility [65], and efficacy [51].

The attrition rates for the unguided interventions were high
(22.1%-46.5%), and this finding was consistent with previous
meta-analyses on digitalized CBT interventions for depression
[70,72]. The terms “universal” and “indicated” were based on
the Institute of Medicine’s spectrum of mental health
interventions based on the risk for the target population:
prevention (universal, selective, indicated), treatment (case
identification, standard treatment for known disorders), and
maintenance (compliance with long-term treatment, aftercare)
[22]. Our review identified 2 “universal” interventions
(developed for pregnant women with any risk level for
diagnosable clinical depression) and 5 “indicated” interventions
(developed for pregnant women already at risk for diagnosable
clinical depression [eg, those that exceed a cut-off screening
score]). These classifications (ie, universal, indicated) have also
been used in other perinatal distress, depression, and anxiety
research [80].

Guided versus unguided and universal versus indicated
approaches may have their own merits when it comes to impact.
For instance, the study on the unguided and universal Mamma
Mia intervention recruited the highest number of participants,
1342, with 678 in the intervention group and 664 receiving
standard care. Although this study showed small effect sizes,
partly due to its universal approach, more than one-half
(345/678, 50.9%) of the total participants in the intervention
group completed 80% or more of the year-long program, with
the first phase during pregnancy and the second and third phases
during the postnatal period. Any approach requires consideration
based on the readiness of pregnant women to change their health
behavior, particularly with reference to the Capability,
Opportunity, Motivation, Behavior (COM-B) framework [81].
In general, pregnancy has been called a “teachable moment,”
which is described by Phelan [82] as naturally occurring life
transitions or health events that are thought to motivate
individuals to spontaneously adopt risk-reducing health
behaviors. Although pregnancy is a time when women may
benefit from increased motivation for behavioral change, based
on the COM-B framework, such changes can be difficult to
realize if their capabilities and opportunities are neglected
[83,84]. As discussed, earlier digitalized CBT may provide the
opportunity for pregnant women to access digitalized
interventions. However, their lack of capacity, namely reduced
energy, may prevent the women from continuously engaging
with the program. That is why it is crucial for those who develop

interventions to consider the 3 elements of capacity, opportunity,
and motivation together, in order to minimize attrition.

Pregnancy is a relatively short period, and shorter interventions
could attract pregnant women to engage. CBT is problem
focused and based on the way that people think and behave,
and technology can make its delivery much more cost-effective.
This was proven by the Australian MUMentum Pregnancy
Program included in our review [52]. The transdiagnostic
intervention targeted both depression and anxiety, by using a
story that centered around 2 fictional characters experiencing
depression and anxiety during pregnancy. The characters learned
to use CBT skills to manage their symptoms, based on their
experiences and challenges during pregnancy. The program
received highly positive feedback from participants, in terms
of satisfaction, quality, and how they became immersed in the
storyline. The small effect size recorded by this unguided
intervention should not mask its potential benefits. It should be
emphasized that, during the study period, participants in the
treatment-as-usual control group continued to receive existing
health care services. This might have had a confounding impact
on their symptom levels, compared with the MUMentum
Pregnancy Program intervention group [52]. Virtually all
pregnant women have regular contact with health care
professionals, regardless of their psychosocial well-being, and
that may also have a positive effect on any depressive symptoms.
This is consistent with findings of a recent individual network
meta-analysis that the effectiveness of guided iCBT
interventions were higher for individuals with moderate to
severe depression, but unguided iCBT showed similar
effectiveness for individuals with mild or subthreshold
depression [72].

Limitations
Although this review was conducted with high scientific rigor
and we carried out a full quality appraisal of the included
studies, there are several limitations that need to be taken into
account when interpreting the findings. We only included papers
published in English, and this may have meant that some
potential studies in other languages or grey literature from other
databases were not included. All except one of the included
studies had a high risk of bias. They also used
participant-reported measures for most of the outcomes, which
can be influenced by knowledge of the intervention being
received. Using the ROB2, this resulted in at least some concern
of a risk of bias for all the studies. As only 1 study reported an
infant-related outcome, namely infant temperament, and only
1 study assessed mother-infant attachment, meaningful
discussions about infant outcomes and maternal attachment are
not possible. In addition, our review only focused on CBT and
did not include interpersonal psychotherapy, although both
psychotherapies were included in the US Preventive Services
Task Force treatment guideline for perinatal depression that
was issued in 2019 [11]. A recent review found that
interpersonal psychotherapy interventions for psychological
distress in perinatal populations were limited to those delivered
face-to-face or by telephone [85]. The nonstandardized
description of interventions in our review also made it difficult
to compare them. This calls for more standardized descriptions
of interventions, such as using the Template for Intervention
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Description and Replication checklist [86]. Future studies could
also explore various acceptability outcomes before, during, and
after interventions are delivered. This could be done by using
the 7 components of the Theoretical Framework of
Acceptability: affective attitude, burden, perceived effectiveness,
ethicality, intervention coherence, opportunity costs, and
self-efficacy [46].

Conclusion
This systematic review suggests promising evidence for the
potential efficacy, acceptability, and integration of digitalized
CBT interventions that start during pregnancy. However, all
except one of the studies included in this review recorded a high

overall risk of bias. In future, we need high-quality studies with
larger population-based samples to comprehensively analyze
the efficacy of the interventions and explore the mechanisms
of change. Digital interventions may have significant global
implications when planning effective, nonstigmatizing, and
cost-effective mental health treatment to prevent the long-term
consequences of psychosocial problems in pregnancy. These
could also have other wide-ranging clinical applications.
Furthermore, there is an urgent need to study digital and remote
interventions, as mental health services struggle to deal with
the considerable increase in demand due to the COVID-19
pandemic.
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Abstract

Background: Sepsis is a significant cause of morbidity and mortality worldwide. Early detection of sepsis followed promptly
by treatment initiation improves patient outcomes and saves lives. Hospitals are increasingly using computerized clinical decision
support (CCDS) systems for the rapid identification of adult patients with sepsis.

Objective: This scoping review aims to systematically describe studies reporting on the use and evaluation of CCDS systems
for the early detection of adult inpatients with sepsis.

Methods: The protocol for this scoping review was previously published. A total of 10 electronic databases (MEDLINE, Embase,
CINAHL, the Cochrane database, LILACS [Latin American and Caribbean Health Sciences Literature], Scopus, Web of Science,
OpenGrey, ClinicalTrials.gov, and PQDT [ProQuest Dissertations and Theses]) were comprehensively searched using terms for
sepsis, CCDS, and detection to identify relevant studies. Title, abstract, and full-text screening were performed by 2 independent
reviewers using predefined eligibility criteria. Data charting was performed by 1 reviewer with a second reviewer checking a
random sample of studies. Any disagreements were discussed with input from a third reviewer. In this review, we present the
results for adult inpatients, including studies that do not specify patient age.

Results: A search of the electronic databases retrieved 12,139 studies following duplicate removal. We identified 124 studies
for inclusion after title, abstract, full-text screening, and hand searching were complete. Nearly all studies (121/124, 97.6%) were
published after 2009. Half of the studies were journal articles (65/124, 52.4%), and the remainder were conference abstracts
(54/124, 43.5%) and theses (5/124, 4%). Most studies used a single cohort (54/124, 43.5%) or before-after (42/124, 33.9%)
approach. Across all 124 included studies, patient outcomes were the most frequently reported outcomes (107/124, 86.3%),
followed by sepsis treatment and management (75/124, 60.5%), CCDS usability (14/124, 11.3%), and cost outcomes (9/124,
7.3%). For sepsis identification, the systemic inflammatory response syndrome criteria were the most commonly used, alone
(50/124, 40.3%), combined with organ dysfunction (28/124, 22.6%), or combined with other criteria (23/124, 18.5%). Over half
of the CCDS systems (68/124, 54.8%) were implemented alongside other sepsis-related interventions.

Conclusions: The current body of literature investigating the implementation of CCDS systems for the early detection of adult
inpatients with sepsis is extremely diverse. There is substantial variability in study design, CCDS criteria and characteristics, and
outcomes measured across the identified literature. Future research on CCDS system usability, cost, and impact on sepsis morbidity
is needed.

International Registered Report Identifier (IRRID): RR2-10.2196/24899
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Introduction

Sepsis and Early Detection
Sepsis, defined in 2016 as “life-threatening organ dysfunction
caused by a dysregulated host response to infection,” is a leading
cause of death worldwide [1]. A recent study by Rudd et al [2]
estimated that 48.9 million cases of sepsis were reported in
2017, with 11 million sepsis-related deaths, representing 1 in 5
of all deaths globally [2]. Furthermore, survivors of sepsis often
have a decreased quality of life, including higher rates of
mortality, physical disabilities, chronic illnesses, mental health
issues, and cognitive impairments [3-9].

Prompt administration of sepsis therapies, such as intravenous
antimicrobials and fluid resuscitation, is associated with better
patient outcomes and lower health care–related costs [10,11].
Therefore, it is critical to detect sepsis as early as possible to
ensure rapid initiation of treatment [12-14]. Unfortunately,
sepsis has no diagnostic gold standard and extremely
heterogenous signs and symptoms, making it difficult for
clinicians to distinguish it from other acute conditions [15]. The
use of sepsis identification tools, such as the Quick
Sepsis-Related Organ Failure Assessment, the National Early
Warning Score, and the Adult Sepsis Pathway, helps facilitate
early sepsis recognition [16-18]. However, these tools typically
rely on manual input of vital sign information and score
calculation by clinicians. Thus, timely sepsis identification
hinges on vigilant and regular patient monitoring [19]. These
difficulties often result in delayed sepsis diagnosis and treatment
in hospitals [19,20].

Computerized Clinical Decision Support Systems
The extensive implementation of data-rich electronic health
records in health institutions has brought the opportunity for
widespread integration of digital health care support systems
[21]. In particular, the incorporation of computerized clinical
decision support (CCDS) into hospital systems has the potential
to assist accurate and timely early sepsis detection. CCDS
systems can be designed with integrated sepsis-risk warning
tools that alert clinicians to patients at risk of sepsis [13,22],
reducing the physical and mental workload associated with
manual patient monitoring [21].

Over the past 10 years, CCDS technology has rapidly expanded,
with two distinct approaches emerging: knowledge-based CCDS
systems programmed with predefined rules derived from
established clinical knowledge and adaptive CCDS systems
using artificial intelligence and machine learning techniques
[21,23,24]. In this scoping review, we focused on the use of
knowledge-based CCDS systems in sepsis detection.

Research Questions and Aims
The use and implementation of sepsis CCDS systems in
real-world clinical settings is a novel, rapidly expanding, and
highly complex field [21,25]. In this scoping review, we
systematically mapped the literature available on sepsis CCDS
systems with the intention of identifying knowledge gaps and

informing future research. The research question directing this
review is What is the evidence base for the use of
knowledge-based clinical decision support systems in hospitals
for early sepsis detection and how have they been evaluated?

More specifically, through this scoping review, we aim to (1)
scope the study contexts, designs, and research methods used;
(2) summarize the study outcomes investigated; and (3) map
the range of CCDS system designs and implementation features,
such as sepsis clinical criteria.

Methods

Overview
The detailed methodology for conducting this scoping review
was published previously in a protocol [26]. In brief, the review
was guided by the Joanna Briggs Institute Reviewer’s Manual
[27], the PRISMA-ScR (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping
Reviews) [28], and the 5-stage scoping review framework
proposed by Arksey and O’Malley [29]. A search for current
reviews and protocols on this topic was undertaken and
confirmed the absence of scoping reviews. A completed
PRISMA-ScR checklist is attached in Multimedia Appendix 1
[28].

Study Selection
We used a broad 3-step search strategy, as outlined in our
protocol [26]. An experienced librarian was consulted to help
construct and refine the search. The final search strategy
combined terms relating to sepsis with CCDS and detection,
while excluding artificial intelligence, and was used to search
MEDLINE, Embase, CINAHL, the Cochrane database, LILACS
(Latin American and Caribbean Health Sciences Literature),
Scopus, Web of Science, OpenGrey, ClinicalTrials.gov, and
PQDT (ProQuest Dissertations and Theses Global). We
restricted the search to human studies in the English language.
An example of the final strategy adapted for MEDLINE can be
seen in Multimedia Appendix 2. The database search was
undertaken in September 2020, with no date limits applied. The
reference lists of relevant systematic reviews were
hand-searched to identify additional studies. Any studies
identified via hand searching up until the end of data extraction
(early 2021) were included. We included both peer-reviewed
journal articles and gray literature (ie, conference abstracts and
theses).

Following the search, duplicates were removed as was gray
literature that had been published as a peer-reviewed journal
article. However, we kept studies if they reported the same
methods and study cohort but examined different outcomes.
Using the eligibility criteria as reported in our protocol [26], 2
reviewers (KA and JB) independently performed title, abstract,
and full-text screening, with any disagreements resolved through
discussion or review by a third researcher (LL). Title and
abstract screening was piloted with a random selection of 25
studies by both reviewers (KA and JB). Similarly, full-text
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screening was piloted with a random selection of 10 studies.
The 2 reviewers (KA and JB) had 100% agreement during the
title and abstract screen pilot, 97.6% agreement for the full title
and abstract screen, 60% agreement for the full-text screen pilot,
and 77.4% agreement for the full-text screen. Hand searching
was completed by 1 reviewer (KA) with identified studies
confirmed by a second (JB). A PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) flow diagram
visually illustrating this process is shown in Figure 1.

Following screening, it was determined that the results of this
review would be split over 2 papers, one investigating adult or

unspecified populations and another investigating pediatric,
neonatal, and maternal populations. Pediatric, neonatal, and
maternal populations have remarkably different sepsis
presentations and physiology compared with the general adult
population [30-32]. The separation of results will allow for a
more meaningful analysis. Included studies with unspecified
age were assumed to likely include all patients in a general
hospital setting and were grouped with adult populations. This
paper reports the results of all studies investigating CCDS
systems studied in adults or populations with an unspecified
age.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart demonstrating the study selection process.
LILACS: Latin American and Caribbean Health Science Literature; PQDT: ProQuest Dissertations and Theses Global.

Data Abstraction
The data charting form used was iteratively designed based on
the study aims. The form was piloted by a single reviewer (KA)
and double-checked by a second (JB). Changes to the form were
made following discussion between 3 reviewers (KA, JB, and
LL). Data charting was performed by 1 reviewer (KA) with
ongoing consultation with the review team.

The final data charting form included the components listed in
our protocol [26], with minor adjustments as reported in
Multimedia Appendix 3 [33-39]. Notably, an additional category
clarity of outcome reporting was added to the form to account
for the variability in outcome reporting transparency. Studies
were categorized as having good clarity of outcome reporting
if they specified the primary outcomes, the outcome analysis
method, and the outcome measure definitions and poor clarity

if the outcomes were not clearly described or there was a
substantial reporting discrepancy between the methods and the
results. Studies were categorized as having average clarity if
they fulfilled some criteria of both good and poor.

We accepted any definition of charted data items as specified
by the studies. For example, we accepted any definition of
systemic inflammatory response syndrome (SIRS), any
definition of sepsis, or any cost outcomes specified for the
CCDS system. We defined the usability outcome category to
follow the ISO definition of usability from ISO 9241-11:2018,
section 3.1.1: “extent to which a system, product or service can
be used by specified users to achieve specified goals with
effectiveness, efficiency, and satisfaction in a specific context
of use” [33]. We required usability outcomes to be specifically
investigated from the perspective of end point users (ie,
clinicians). To match this definition change, usability outcomes
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were retrospectively categorized into the effectiveness,
efficiency, or satisfaction of the CCDS system from the user’s
perspective.

Analyzing and Reporting the Results
The results were analyzed through both a narrative review and
quantitative descriptive analysis. A narrative summary of the
data is presented, organized by our 3 aims. The data charted for
each aim are summarized into tables using frequency counts
and percentages. Graphical figures were also produced, where
appropriate.

Owing to the extensive scope of the data charted, several
subgroups were collapsed into larger groups to avoid issues of
small cell size and to allow for a more meaningful summary.
A complete list of the smaller subgroups condensed into the
larger groups, organized by table and figure, can be found in
Multimedia Appendix 4. Of note, nurses were frequently
reported as CCDS system responding personnel and so were
grouped separately from other clinicians to better highlight this.

Ethics
Ethical approval or consent to participate was not required for
the scoping review. The data were charted from published
studies, and no individual information was included.

Results

Study Characteristics
Our initial search identified 22,190 studies, with 12,139
remaining after duplicate removal. Following title, abstract, and
full-text screening, 149 studies met our inclusion criteria (Figure
1). Hand searching identified 10 additional studies, resulting in
a total of 159 included studies. Of these 159 studies, 124
investigated adult or unspecified populations and were included
in this manuscript (Figure 1). A table detailing the main study
characteristics for all 124 included studies can be found in
Multimedia Appendix 5 [40-163]. In total, 52.4% (65/124) of
the studies were categorized as journal articles, 43.5% (54/124)

as conference abstracts, and 4% (5/124) as theses (Multimedia
Appendices 4 and 5).

Aim 1: Study Context and Design
The context and design characteristics of the studies included
in this review are presented in Table 1. Of the 124 included
studies, 111 (89.5%) used purely quantitative methods to
evaluate CCDS systems (Table 1). Most studies (96/124, 77.4%)
used either single cohort (54/124, 43.5%) or before-after
(42/124, 33.9%) study designs (Table 1). Very few studies used
more robust study designs, such as randomized controlled trials
(5/124, 4%), controlled studies (7/124, 5.6%), or interrupted
time series (4/124, 3.2%; Table 1). None of the studies reported
the use of reporting guidelines. An approximately even
distribution of studies was observed across different hospital
settings, such as hospital-wide, and specific settings (eg,
intensive care unit [ICU], emergency department, and inpatient
wards; Table 1).

All studies but 1 (123/124, 99.2%) were published from 2009
onwards, and of the journal articles, 85% (55/65) were published
in 2014 or later (Figure 2). Overall, the number of journal
articles published steadily increased over time. Of the 65 journal
articles, 46 (71%) reported studies conducted in the United
States; 2 (3%) each in Germany, Saudi Arabia, and the United
Kingdom; 1 (2%) each in Australia, Brazil, Israel, and South
Korea; and 9 (14%) did not report which country they were
conducted in (Multimedia Appendix 6).

Just over half (66/124, 53.2%) of the studies specified the age
of the population as adult. Within these studies, there was a
reasonable variation in the actual age range provided. Almost
half (29/66, 44%) reported an adult population aged ≥18 years,
whereas 30% (20/66) of the studies did not specify an age range
further than adult. The remaining studies reported populations
using thresholds such as aged >14 (1/66, 2%), ≥14 (3/66, 5%),
>16 (2/66, 3%), ≥16 (3/66, 5%), ≥19 (6/66, 9%), and ≥70 (1/66,
2%) years, with 2% (1/66) of the studies inconsistently listing
multiple thresholds.
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Table 1. Study context and design.

Total (N=124), n (%)Studies, n (%)Study characteristics

Thesis (n=5)Journal article (n=65)Conference abstract (n=54)

Method

111 (89.5)5 (100)56 (86.2)50 (92.6)Quantitative

6 (4.8)0 (0)5 (7.7)1 (1.9)Qualitative

7 (5.6)0 (0)4 (6.2)3 (5.6)Mixed methods

Principal study type

6 (4.8)0 (0)5 (7.7)1 (1.9)Surveys or focus groups or heuristics

1 (0.8)0 (0)0 (0)1 (1.9)Case control

54 (43.5)2 (40)22 (33.8)30 (55.6)Single cohort

42 (33.9)2 (40)27 (41.5)13 (24.1)Before and after

4 (3.2)1 (20)3 (4.6)0 (0)Interrupted time series

7 (5.6)0 (0)4 (6.2)3 (5.6)Controlled study

5 (4)0 (0)3 (4.6)2 (3.7)Randomized controlled trial

5 (4)0 (0)1 (1.5)4 (7.4)Insufficient information to determine

Setting

27 (21.8)1 (20)17 (26.2)9 (16.7)Hospital-widea

26 (21)1 (20)14 (21.5)11 (20.4)Intensive care unit

36 (29)2 (40)16 (24.6)18 (33.3)Emergency department

24 (19.4)1 (20)12 (18.5)11 (20.4)Inpatient wards

11 (8.9)0 (0)6 (9.2)5 (9.3)Specific ward

Number of sites

71 (57.3)2 (40)37 (56.9)32 (59.3)1

25 (20.2)3 (60)16 (24.6)6 (11.1)2-5

6 (4.8)0 (0)6 (9.2)0 (0)>5

22 (17.7)0 (0)6 (9.2)16 (29.6)Unspecified

Age group specified?

66 (53.2)4 (80)44 (67.7)18 (33.3)Yes

58 (46.8)1 (20)21 (32.3)36 (66.7)No

Number of participants

11 (8.9)0 (0)8 (12.3)3 (5.6)<100

26 (21)1 (20)14 (21.5)11 (20.4)101-500

10 (8.1)0 (0)4 (6.2)6 (11.1)501-1000

22 (17.7)1 (20)12 (18.5)9 (16.7)1001-10,000

27 (21.8)2 (40)15(23.1)10 (18.5)>10,001

28 (22.6)1 (20)12 (18.5)15 (27.8)Unspecified

Funding

30 (24.2)1 (20)26 (40)3 (5.6)Yes

15 (12.1)0 (0)13 (20)2 (3.7)No

79 (63.7)4 (80)26 (40)49 (90.7)Unspecified

aIf the study setting was not explicitly stated, it was assumed to be hospital-wide.
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Figure 2. Number of studies by publication type and year published. Studies published in 2020 include those until September 2020. Studies published
in 2021 were found through hand searching.

Aim 2: Study Outcomes
The outcomes investigated by the included journal articles and
the conference abstracts and theses are presented in Table 2 and
Multimedia Appendix 7, respectively. Of the 4 predefined
outcome categories, patient outcomes were reported in the
highest number of studies (107/124, 86.3%; Figure 3). Sepsis
treatment and management outcomes were reported in 60.5%
(75/124) of the studies, CCDS system usability outcomes in
11.3% (14/124), and cost outcomes in 7.3% (9/124; Figure 3).

Overall, only 31.5% (39/124) of the studies had good clarity in
outcome reporting (Figure 4). Generally, studies had average
(62/124, 50%) or poor clarity (23/124, 18.5%). Unsurprisingly,
journal articles had better clarity of outcome reporting, with
40% (26/65) of the articles having good clarity, compared with
22% (13/59) of the conference abstracts or theses (Figure 4).

In the 65 journal articles, mortality was the most frequently
reported patient outcome (39/65, 60%). Overall, 35 different
types of mortality measures were reported 55 times across 39
studies (Multimedia Appendix 8). Of these, in-hospital mortality
was the most frequently reported (13/55, 24%; Multimedia
Appendix 8). Sepsis identification, length of stay, and other

patient outcomes were also frequently reported, appearing in
38% (25/65), 34% (22/65), and 35% (23/65) of the articles,
respectively (Table 2; see Multimedia Appendix 4 for the
expanded list of included outcomes). ICU admission was the
least reported patient outcome (12/65, 18%). In the sepsis
treatment and management outcome category, antibiotic-related
and other were the most frequently reported outcomes in journal
articles (27/65, 42% and 31/65, 48%, respectively), followed
by lactate-, fluids-, and blood culture–related outcomes (17/65,
26%; 14/65, 22%; and 14/65, 22%, respectively; Table 2; see
Multimedia Appendix 4 for expanded list of included outcomes).
Overall, sepsis bundle or protocol compliance was the least
reported outcome in journal articles (12/65, 18%).

CCDS system usability outcomes were reported in similar
numbers of journal articles, with 12% (8/65) of the journal
articles reporting on the efficiency of the system, 11% (7/65)
on system effectiveness, and 11% (7/65) reporting on users’
satisfaction with the system (Table 2). Among the CCDS
system-related cost outcomes, cost was reported in the greatest
number of journal articles (5/65, 8%), whereas cost-effectiveness
or savings were reported in only 5% (3/65) of the articles (Table
2).
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Table 2. Main outcomes and outcome categories in journal articles.

Total, (n=65), n (%)cOutcome classificationa, n (%b)Outcome categories

Not specifieddSecondaryPrimary

Patient outcomes

39 (60)19 (49)9 (23)11 (28)Mortality

25 (38)12 (48)3 (12)10 (40)Sepsis identification

22 (34)9 (41)10 (45)3 (14)Length of stay

12 (18)7 (58)5 (42)0 (0)Intensive care unit admission

23 (35)11 (48)8 (35)4 (17)Other

Sepsis treatment and management

27 (42)12 (44)9 (33)6 (22)Antibiotics

17 (26)9 (53)6 (35)2 (12)Lactate

14 (22)8 (57)4 (29)2 (14)Fluids

14 (22)8 (57)4 (29)2 (14)Blood culture

12 (18)6 (50)4 (33)2 (17)Sepsis bundle or protocol compliance

31 (48)19 (61)7 (23)5 (16)Other

Usability

8 (12)6 (75)2 (25)0 (0)Efficiency

7 (11)6 (86)1 (14)0 (0)Effectiveness

7 (11)4 (57)3 (43)0 (0)Satisfaction

Cost

5 (8)2 (40)2 (40)1 (20)Cost

3 (5)2 (67)1 (33)0 (0)Cost-effectiveness or savings

aSome studies reported both primary, secondary, or nonspecified outcomes within the same outcome group. To avoid double-counting these studies,
secondary outcomes were not counted in favor of counting primary outcomes. Similarly, nonspecified outcomes were not counted in favor of primary
or secondary outcomes. For example, a study may have the primary outcome mortality (30-day) and the secondary outcome mortality (7-day), which
would both fall into the mortality outcome group. In this example the study would be counted as having mortality as the primary outcome.
bThese percentages were calculated as row percentages, that is, using the number in the “Total” column in each row as the denominator.
cThe percentages were calculated from the number of journal articles (n=65), not the number of total outcomes. As many journal articles reported
multiple outcomes, there were more than 65 outcomes in each category, and therefore, the percentages will add up to more than 100%.
dThe study did not specify whether the outcome was primary or secondary.
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Figure 3. Proportion of studies reporting each outcome category.

Figure 4. Clarity of outcome reporting in the studies.

Aim 3: CCDS Characteristics
The characteristics of the CCDS systems reported in the included
studies are presented in Table 3. Half (64/124, 51.6%) of the
studies, most of which were journal articles (44/64, 69%),

implemented homegrown CCDS systems. Of the 124 studies,
only 13 (10.5%), including 10 (77%) journal articles,
implemented commercial CCDS systems, of which 69% (9/13)
were the St John’s Sepsis Surveillance Agent (Cerner
Corporation, Kansas City, Missouri, United States; Table 3).
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Most included studies (95/124, 76.6%) evaluated live CCDS
systems only, where the CCDS was implemented and actively
sending alerts. Silent CCDS, where the system would run in
real time but not send clinical alerts, were implemented by 7.3%
(9/124) of studies, and 11.3% (14/124) of studies implemented
both silent and live CCDS, either sequentially or concurrently.

SIRS alone was the most frequently used CCDS clinical criteria
for sepsis identification (50/124, 40.3%), followed by SIRS
combined with organ dysfunction (28/124, 22.6%), and SIRS
combined with other criteria (23/124, 18.5%; Table 3). In
addition, a diverse range of other criteria were used by 32.3%
(40/124) of studies (Multimedia Appendix 4), while 7.3%
(9/124) did not specify the clinical criteria used (Table 3)

Over half of the studies reported the implementation of CCDS
systems alongside numerous other related interventions (68/124,

54.8%), such as staff education programs and antibiotic order
sets (Table 3). The most common type of concurrent intervention
used was clinical protocols in 41.9% (52/124) of the studies
(Table 3).

Most commonly, studies reported nurses (51/124, 41.1%) or
other clinicians (37/124, 29.8%) as the main CCDS alert
responding personnel (Table 3). Some studies reported on CCDS
with response teams (12/124, 9.7%), study coordinators (8/124,
6.5%), or other personnel (11/124, 8.9%) responding to the
alerts. Of the 124 studies, 33 (26.6%) reported the use of the
electronic health record to distribute CCDS alerts, 26 (21%) the
use of pagers, 15 (12.1%) the use of a patient dashboard or work
list, and 8 (6.5%) the use of another form of alert delivery (Table
3).
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Table 3. Computerized clinical decision support (CCDS) characteristics.

Total (N=124), n (%a)Studies, n (%a)CCDS characteristic

Thesis
(n=5)

Journal article
(n=65)

Conference abstract
(n=54)

CCDS type

64 (51.6)2 (40)44 (67.7)18 (33.3)Homegrown

13 (10.5)0 (0)10 (15.4)3 (5.6)Commercial

9 (7.3)0 (0)7 (10.7)2 (3.7)St John sepsis (Cerner Corporation, Kansas City,
Missouri, United States)

1 (0.8)0 (0)1 (1.5)0 (0)PREDEC ALARM (Löser Medizintechnik GmbH,
Leipzig, Germany)

3 (2.4)0 (0)2 (3.1)1 (1.9)Unspecified

47 (37.9)3 (60)11 (16.9)33 (61.1)Unspecified

Silent or live?

95 (76.6)5 (100)49 (75.4)41 (75.8)Live

9 (7.3)0 (0)4 (6.2)5 (9.3)Silent

14 (11.3)0 (0)10 (15.4)4 (7.4)Both

6 (4.8)0 (0)2 (3.1)4 (7.4)Unspecified

CCDS criteria

50 (40.3)2 (40)24 (36.9)24 (44.4)SIRSb

28 (22.6)0 (0)17 (26.2)11 (20.4)SIRS + organ dysfunction

23 (18.5)2 (40)12 (18.5)9 (16.7)SIRS + other

40 (32.3)0 (0)23 (35.4)17 (31.5)Other

9 (7.3)1 (20)5 (7.7)3 (5.6)Unspecified

Related interventions

52 (41.9)2 (40)34 (52.3)16 (29.6)Clinical protocol

34 (27.4)1 (20)25 (38.5)8 (14.8)Education and staff resources

8 (6.5)0 (0)6 (9.2)2 (3.7)Electronic or infrastructure changes

22 (17.7)1 (20)17 (26.2)4 (7.4)Response or leadership team

27 (21.8)0 (0)17 (26.2)10 (18.5)Order sets

10 (8.1)0 (0)10 (15.4)0 (0)Feedback

56 (45.2)2 (40)22 (33.8)32 (59.3)None

Responding personnel

51 (41.1)1 (20)38 (58.5)12 (22.2)Nursesc

37 (29.8)0 (0)26 (40)11 (20.4)Other clinicians

12 (9.7)0 (0)8 (12.3)4 (7.4)Response team

8 (6.5)0 (0)8 (12.3)0 (0)Study coordinator

11 (8.9)1 (20)6 (9.2)4 (7.4)Other

37 (29.8)3 (60)7 (10.8)27 (50)Unspecified

Alert delivery

33 (26.6)0 (0)27 (41.5)6 (11.1)Electronic patient record

26 (21.0)2 (40)20 (30.8)4 (7.4)Pager

15 (12.1)1 (20)10 (15.4)4 (7.4)Patient dashboard or working list

8 (6.5)1 (20)6 (9.2)1 (1.9)Other
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Total (N=124), n (%a)Studies, n (%a)CCDS characteristic

Thesis
(n=5)

Journal article
(n=65)

Conference abstract
(n=54)

63 (50.8)2 (40)19 (29.2)42 (77.8)Unspecified

aAs some studies reported multiple characteristics within each category, there were more than the total number of studies, and therefore, the percentages
may add up to more than 100%.
bSIRS: systemic inflammatory response syndrome.
cAs nurses are frequently reported as CCDS system responding personnel, they were grouped separately from other clinicians.

Discussion

Principal Findings
This review canvassed 124 studies in total, representing a
comprehensive overview of current research, including an
extensive body of gray literature. Over half of the included
studies were journal articles (65/124, 52.4%), and nearly all
studies were published in the last decade, indicating the
considerable volume of recent research investigating the use of
CCDS systems for early detection of adult inpatients with sepsis.
Our findings demonstrate the substantial diversity of studies
across all three aims: (1) the context and design of the study,
(2) the type and measurement of outcomes investigated, and
(3) the design and implementation of the CCDS system
evaluated. We identified little research into the effects of CCDS
on patient morbidity or CCDS usability and cost outcomes,
highlighting key knowledge gaps in the literature. Our review
also underlines the need for robust study designs, as well as
improved generalizability and reporting in future studies.

Variability Across Studies
There is extensive heterogeneity in the current literature
investigating the implementation and evaluation of CCDS
systems for early sepsis detection in adult hospital patients. In
particular, there was considerable diversity displayed in the
chosen clinical criteria for sepsis identification across the studies
included in our review. Although many studies used the SIRS
criteria, alone or with adjuncts, there was a substantial range of
other criteria used (Multimedia Appendix 4). This can be
attributed to the extremely diverse presentations of patients with
sepsis, which has led to the development of numerous different
clinical scores for sepsis detection [15-18,164]. In addition, our
findings demonstrated variability in the method of alert delivery,
personnel who respond to alerts, and concurrent implementation
of related interventions. Studies were conducted across a range
of different hospital settings, including hospital-wide or specific
sites, such as the emergency department or ICU (Table 1). The
chosen threshold for what age participants were included in the
study was also quite variable, with studies defining their adult
population using cutoff points ranging from 14 to 19 years and
older. Finally, our review illuminated the expansive number of
outcomes used to evaluate and investigate sepsis CCDS systems.
Previous systematic reviews have similarly highlighted this
diversity [13,21,22,165,166]. This heterogeneity across settings,
participants, CCDS system characteristics, and outcomes makes
it difficult to compare studies and to make general statements
regarding sepsis CCDS systems.

This diversity can be partially attributed to the novel nature of
sepsis CCDS systems and the recent emergence of the field.
Our findings show a vast expansion of the literature, with
three-quarters of studies published since 2014 (Figure 2). Owing
to this recent rapid development of the field and the
simultaneous evolution of information and communication
technology in health care [21,167], there is no well-established
research strategy or dogma for this specific area. Consequently,
different authors have designed and executed their studies using
a diverse range of variables and study design methodologies.

This variability can also be attributed to the complexity involved
in the implementation of health care interventions [168,169].
To characterize this complexity, Greenhalgh et al [170] have
designed the NASSS (nonadoption, abandonment, scale-up,
spread, and sustainability) framework. In the case of CCDS
systems for early sepsis detection in hospitals, the 7 NASSS
framework domains can be identified as follows: sepsis (the
condition); the CCDS system (the technology); the commercial
and health-associated value of CCDS systems (value proposition
and value chain); the responding personnel (the adopters); the
hospital setting (the organization); the local, state, or national
health system (the wider system); and software plasticity
(embedding and adaptation over time). Our findings demonstrate
that these domains are extremely diverse across the included
studies, presenting many variables and variable combinations,
consequentially expanding the complexity involved in sepsis
CCDS system implementation. As the complexity of a system
has been associated with its capacity for successful and
sustainable implementation [25], this heterogeneity could
detrimentally impact the performance of sepsis CCDS systems.
To counter this issue, Greenhalgh et al [25] highlights the
importance of system usability and adaptability, suggesting that
a user-centered and iterative approach is needed, centralizing
the involvement of relevant providers in the implementation
plan. Unfortunately, our findings indicate that few of the
included studies investigated the usability of sepsis CCDS
systems.

Knowledge Gaps for Future Research

Patient Outcomes
Although patient outcomes were the most commonly reported
outcome (Figure 3), none of the included studies directly
measured the effect of CCDS systems on sepsis morbidity.
Surviving sepsis is associated with cognitive impairment, higher
mortality rates across the life span, physical disability, and
mental health issues [3,4,6,7,9]. This not only substantially
reduces the quality of life of survivors of sepsis but also presents
an enormous financial burden on both patients and health care
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systems [5,8,171,172]. Reducing sepsis morbidity rates through
CCDS use would be extremely valuable for patient health and
quality of life and in mitigating personal and health care–related
costs. Consequently, it is highlighted as a clear gap in the
evidence base.

Usability and Cost Outcomes
We identified inadequate investigation of CCDS-related
usability and cost outcomes, with most included studies focusing
on clinical outcomes. The ability of a user to successfully
operate a clinical information system is critical to the success
of a system [25,173-175]. This is accentuated in the busy
hospital environment, where medical providers are often time
poor and carry enormous mental burdens [21,42]. Of particular
concern in sepsis CCDS systems is the occurrence of alert
fatigue [176,177]. Alert fatigue refers to when clinicians become
desensitized to clinical alerts and consequently ignore or turn
off alarm systems, potentially missing real sepsis cases
[176,177]. This can have serious implications for patient
outcomes. Strategies to ensure good CCDS system usability
include incorporating human factor design elements, integrating
CCDS system sepsis workflows into current medical emergency
clinical pathways, and linking CCDS systems with existing
clinical deterioration policies [42,178-180]. Only 11.3%
(14/124) of the studies we investigated included usability
outcomes, with only 14% (2/14) of these studies [70,93]
evaluating alert fatigue. This represents a clear gap in the current
literature for further research to support the successful
implementation of appropriate, usable, and effective CCDS
systems for early sepsis detection in hospitals.

In addition, very few studies investigated cost outcomes of
CCDS system implementation. Sepsis is an extremely expensive
condition to treat [171]. It has been reported to cost more than
US $20 billion annually and is listed as the most financially
costly condition in US hospitals [172]. Sepsis-related costs can
range from extensive hospital costs during acute treatment to
high long-term treatment and rehabilitation costs in survivors
of sepsis [3,171,181]. Determining the cost-effectiveness of
sepsis CCDS systems would assist in establishing the financial
feasibility of implementation in hospitals and support
widespread implementation.

Study Design and Generalizability
Few studies applied robust study designs such as randomized
controlled trials, interrupted time series, stepped wedge clusters,
and controlled trials. Future research in this area should attempt
to use more rigorous methodology to present stronger evidence.

Approximately three-quarters of the included journal articles
were conducted in the United States (Multimedia Appendix 6),
limiting generalizability to other settings. A recent study
demonstrated that the bulk of the sepsis burden is in countries
with a low, low-middle, or middle sociodemographic index [2].
Future studies investigating the use of CCDS systems for adult

sepsis inpatient identification should be encouraged to examine
trends in countries outside the United States. In particular, CCDS
systems should be evaluated in low- to middle-income countries
when possible, given the limited availability of electronic health
care technology in such regions.

Reporting and Transparency
A large proportion of studies did not specify important study
design, CCDS system, and main outcome details (Tables 1-3).
An unexpectedly high number of journal articles did not report
these details nor did most conference abstracts; however, this
is more understandable given word limit constraints. Of
particular concern is that almost two-thirds of the included
journal articles were found to have an average or poor clarity
of outcome reporting (Figure 4). None of the studies included
in this review published the use of reporting guidelines, likely
because of many journals not specifically requiring it. Overall,
we found that the quality of reporting is low and identified a
need for improved reporting and transparency throughout the
literature.

Strengths and Limitations
This scoping review comprehensively canvassed the literature
investigating knowledge-based implemented CCDS systems
for early sepsis detection in adult hospital patients. Its strength
lies in this breadth of coverage and the wide range of study
elements examined. The review followed the PRISMA-ScR
expansion [28] guidelines, the Joanna Briggs Institute
Reviewer’s Manual [27], and the framework presented by
Arksey and O’Malley [29].

A limitation of this scoping review is that it only included
studies written in English or had English translations readily
available. Furthermore, only a sample of the charted data was
double-checked by a second reviewer, potentially resulting in
a higher error margin. However, the data charting forms were
well structured, and any issues occurring during charting were
fully discussed among the research team to reach consensus.

Conclusions
This review highlights the extensive variability in the design,
outcomes, and system characteristics in studies investigating
the use of CCDS for the early detection of sepsis in adult
inpatients. This heterogeneity can be largely attributed to the
considerable complexity of sepsis, CCDS software, and the
hospital environment. Our findings have identified clear gaps
in the current literature, with few studies investigating CCDS
system usability, cost, or the effects on patient morbidity. There
are limited studies conducted outside the United States or with
robust study designs. Our findings have illustrated frequent poor
reporting of CCDS system information and study outcomes. It
is critically important for future research to close these
knowledge gaps, ensuring comprehensive evaluation of these
rapidly emerging sepsis CCDS systems.
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Abstract

The decision to accept or reject new digital health technologies remains an ongoing challenge among health care patients, providers,
technology companies, and policymakers. Over the past few decades, interest in understanding the choice to adopt technology
has led to the development of numerous theories and models. In 1979, however, psychologists Kahneman and Tversky published
their seminal research article that has pioneered the field of behavioral economics. They named their model the prospect theory
and used it to explain decision-making behaviors under conditions of risk and uncertainty as well as to provide an understanding
of why individuals may make irrational or inconsistent choices. Although the prospect theory has been used to explain
decision-making in economics, law, political science, and clinically, at the individual level, its application to understanding choice
in the adoption of digital health technology has not been explored. Herein, we discuss how the main components of the prospect
theory’s editing phase (framing effect) and evaluation phase (value function and weighting function) can provide valuable insight
on why health care patients, providers, technology companies, and policymakers may decide to accept or reject digital health
technologies.

(J Med Internet Res 2022;24(2):e32714)   doi:10.2196/32714
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The Challenge to Accept or Reject a
Digital Health Technology

Digital health technology includes a broad spectrum of
categories, such as mobile health, clinical information systems,
wearable devices, telehealth, and personalized medicine. From
mobile fitness applications to machine learning technologies
used to improve disease diagnosis, clinical decision-making,
and health care delivery, digital health is revolutionizing the
field of medicine [1]. Nevertheless, the decision to accept or
reject new digital health technologies remains an ongoing
challenge among health care patients, providers, technology
companies, and policymakers. Over the past few decades,

interest in understanding the choice to adopt technology has led
to the development of numerous theories and models.

The Technology Acceptance Model

The Technology Acceptance Model (TAM), proposed by Fred
Davis in 1989, is one of the most prominent theories developed
to explain the behavioral intention to use a technological
innovation [2]. Applying concepts from the theory of reasoned
action and theory of planned behavior, the TAM suggests that
the intended use of technology is determined by its “perceived
ease of use” and “perceived usefulness.” Both factors are
connected with one’s behavioral intention, which is linked to
actual behavior and system characteristics (external variables)
[2,3]. Although the TAM’s simplified rationale has made it
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popular among researchers, academics, and within the
technology industry, it is also one of its main criticisms [4]. In
many studies, it is reduced to concepts that make outcomes such
as intended use the primary finding, which lowers the TAM’s
explanatory capability and provides little insight on the actual
use of the technology studied [4].

The Prospect Theory

In 1979, however, psychologists Kahneman and Tversky
published their seminal research article that has pioneered the
field of behavioral economics by providing a novel
understanding of decision-making. They named their model the
prospect theory and used it to explain decision-making behaviors
under conditions of risk and uncertainty [5]. This theory also
provides an understanding of why individuals may make
irrational or inconsistent decisions [5]. Although the prospect
theory has been used to explain decision-making in economics,
law, political science, and clinically, from the physician’s
perspective, its application to understanding choice in the
adoption of digital health technology has not been explored [6].
Notably, this can provide valuable insight on why health care
patients, providers, technology companies, and policymakers
may decide to accept or reject digital health technologies under
conditions of risk or uncertainty as well as provide an
explanation for the perceived irrational or inconsistent decisions
concerning the adoption of digital health technology in medicine
[7].

The Editing Phase of the Prospect Theory

The prospect theory consists of two main phases, an editing
phase and an evaluation phase. In the editing phase, individuals
perform a preliminary analysis of choices or prospects they are
provided. This allows one to organize and edit the choices
available with the aim of simplifying the decision-making
process [5]. It is also during this phase that reference points,
often referred to as framing effects, are made to help guide one’s
decision. However, framing effects can be influenced by the
order, method, or wording in which they are presented [5].

Regarding the adoption of digital health technology, a framing
effect can occur when a patient is offered a choice concerning
their management of care. For example, individuals with a high
risk of experiencing an acute cardiac event can be offered the
choice to continue their current level of care (eg, routine clinic
visits) or adopt a novel wearable digital health device, such as
a smart watch that monitors their vital signs dynamically and
advises them when to modify their lifestyle behaviors or seek
medical attention.

Similar to Tversky and Kahneman’s framing effect experiments
involving hypothetical infectious disease management scenarios,
the adoption of wearable digital health devices can be framed
in various manners. For instance, the use of a wearable digital
health device can be described as providing a 100% likelihood
of improving one-third of users’ quality of life when compared
with the current standard of care. Conversely, the same device
can be described as offering a 100% probability that two-thirds
of users will not experience any quality-of-life improvement

when compared with the current standard of care. In the first
scenario, the choice is framed as an opportunity to achieve a
gain of improved quality of life. Conversely, choosing the digital
health device in the second example is framed as a loss as there
is a greater likelihood of no benefit, but wasted time. In reality,
the outcomes of both choices are the same. However, Kahneman
and Tversky discovered that people make different decisions
among the same choices with certainty in gains (100% likelihood
of improving one-third of users’ quality of life) being more
desirable than certainty in loses (100% probability that
two-thirds of users do not experience an improvement in their
quality of life) [5].

The Evaluation Phase of the Prospect
Theory

Once a choice is simplified and framed for a decision, the
evaluation phase of the prospect theory begins. There are two
key components in this phase, the value function and weighting
function. The value function refers to the original reference
point or choice, which is often the individual’s current status.
This baseline reference point is then compared with an operative
reference point, often a future goal. An important characteristic
of the value function is that the worth of each choice is
dependent on how the individual perceives the change between
their current and future states [5]. For example, when compared
with the current standard of care (routine clinic visits), the value
function for patients with cardiovascular disease using a digital
health smart watch can be described as providing continuous
medical feedback that fosters patient autonomy, education, and
personalized preventative care while reducing health care costs.

Another important aspect of the value function is that individuals
are more risk averse in the context of making gains. For
example, many telehealth companies are reporting significant
increases in revenue as their digital platform usage grows due
to the United States’COVID-19 government policies promoting
social distancing, equal reimbursement for virtual and physical
visits, and the permission granted to physicians to use these
tools to practice care across state lines, as well as without
requiring additional state medical licenses. If these companies
choose to save the additional profits or gains made during the
COVID-19 pandemic instead of using them to upgrade or
develop new products, they are demonstrating the value
function’s risk aversion approach. Conversely, Kahneman and
Tversky found that individuals are more likely to take risks in
the context of experiencing losses [5]. This would mean that if
telehealth companies experienced substantial revenue losses
during the COVID-19 pandemic, they would likely take greater
financial risks to return to a favorable position [5].

The final concept of the value function is known as loss
aversion, which states losses are more painful than equal gains
are pleasing. In a hypothetical scenario, health care policymakers
are presented with a choice to adopt a novel electronic health
record (EHR) system that aims to reduce hospital costs and
inefficiencies by improving resource management. However,
the risk in adopting this system is a loss of $100 million of
taxpayers’ money if it fails. Conversely, if it succeeds, $100
million of taxpayers’ money will be saved. In their research,
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Kahneman and Tversky found that when individuals are
presented with a similar loss or equal gains choice, they must
be offered at least twice as much in gains as compared with
losses to take the risk [8]. Concerning the EHR example above,
this means health care policymakers would be more likely to
adopt the system if the net gain or money saved is $200 million
or more when compared with the risk of losing $100 million if
it failed.

Regarding the evaluation phase’s weighting function, Kahneman
and Tversky showed that people give higher value to outcomes
that are less likely to develop, while giving less importance to
outcomes with a medium to high probability of occurring.
Moreover, individuals are more likely to take a sure loss against
a small possibility of a larger loss. This is often seen with the
purchase of warranties or insurance, a sure loss, on digital health
devices such as smart watches that monitor vital signs or EHR

systems. In this situation, the cost of repairing the device if it
breaks is higher (a small possibility of a larger loss) when
compared with the minimal loss of insuring the product (a sure
loss).

Conclusion

The prospect theory, as illustrated by the examples given,
provides valuable insight on why health care patients, providers,
technology companies, and policymakers may decide to accept
or reject digital health technologies. Given the rapid growth of
this industry, the medical field and its stakeholders have more
choice than ever regarding the adoption of digital health tools.
Nevertheless, by understanding why choices are made, we can
make better informed decisions when selecting our next digital
health technology prospect.
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Abstract

Background: Psychiatry has long needed a better and more scalable way to capture the dynamics of behavior and its disturbances,
quantitatively across multiple data channels, at high temporal resolution in real time. By combining 24/7 data—on location,
movement, email and text communications, and social media—with brain scans, genetics, genomics, neuropsychological batteries,
and clinical interviews, researchers will have an unprecedented amount of objective, individual-level data. Analyzing these data
with ever-evolving artificial intelligence could one day include bringing interventions to patients where they are in the real world
in a convenient, efficient, effective, and timely way. Yet, the road to this innovative future is fraught with ethical dilemmas as
well as ethical, legal, and social implications (ELSI).

Objective: The goal of the Ethics Checklist is to promote careful design and execution of research. It is not meant to mandate
particular research designs; indeed, at this early stage and without consensus guidance, there are a range of reasonable choices
researchers may make. However, the checklist is meant to make those ethical choices explicit, and to require researchers to give
reasons for their decisions related to ELSI issues. The Ethics Checklist is primarily focused on procedural safeguards, such as
consulting with experts outside the research group and documenting standard operating procedures for clearly actionable data
(eg, expressed suicidality) within written research protocols.

Methods: We explored the ELSI of digital health research in psychiatry, with a particular focus on what we label “deep
phenotyping” psychiatric research, which combines the potential for virtually boundless data collection and increasingly
sophisticated techniques to analyze those data. We convened an interdisciplinary expert stakeholder workshop in May 2020, and
this checklist emerges out of that dialogue.

Results: Consistent with recent ELSI analyses, we find that existing ethical guidance and legal regulations are not sufficient
for deep phenotyping research in psychiatry. At present, there are regulatory gaps, inconsistencies across research teams in ethics
protocols, and a lack of consensus among institutional review boards on when and how deep phenotyping research should proceed.
We thus developed a new instrument, an Ethics Checklist for Digital Health Research in Psychiatry (“the Ethics Checklist”). The
Ethics Checklist is composed of 20 key questions, subdivided into 6 interrelated domains: (1) informed consent; (2) equity,
diversity, and access; (3) privacy and partnerships; (4) regulation and law; (5) return of results; and (6) duty to warn and duty to
report.

Conclusions: Deep phenotyping research offers a vision for vastly more effective care for people with, or at risk for, psychiatric
disease. The potential perils en route to realizing this vision are significant; however, and researchers must be willing to address
the questions in the Ethics Checklist before embarking on each leg of the journey.

(J Med Internet Res 2022;24(2):e31146)   doi:10.2196/31146
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Introduction

“The deeper you go, the more you know.” This headline captures
the tantalizing promise of deeply probing digital health research
in psychiatry [1].

Psychiatry has long needed a better and more scalable way to
capture the dynamics of behavior and its disturbances,
quantitatively across multiple data channels, at high temporal
resolution in real time. By combining 24/7 data—on location,
movement, email and text communications, and social
media—with brain scans, genetics, genomics,
neuropsychological batteries, and clinical interviews, researchers
will have an unprecedented amount of objective, individual-level
data [2,3]. Analyzing these data with ever-evolving artificial
intelligence offers the possibility of intervening early with
precision and could even prevent the most critical sentinel events
[4]. Ideally, this could one day include bringing interventions
to patients where they are in the real world, in a convenient,
efficient, effective, and timely way [5,6].

Yet, the road to this innovative future is fraught with ethical
dilemmas [7-10], and ethical, legal, and social implications
(ELSI) on issues such as informed consent and return of results
must be reexamined in light of research employing previously
unavailable deep and computational characterization of humans
based on: (1) real time and cross-sectional behavioral measures;
(2) imaging, interviews, and other phenotypic data; (3) genotypic
data; and (4) epigenetic and environmental data. The potentially
boundless data collection across these streams gives rise to what
might be described as “deep biobehavioral typing” or “deep
geno/phenotyping.” Given these multiple streams, ethical
frameworks for deep biobehavioral typing must integrate the
overlapping ethics of genetics, genomics, ethics of brain
imaging, ethics of real time digital monitoring, and so forth to
critically reexamine well-known ELSI issues. For example,
when considering return of results, although it is true that the
deeper you go, the more you know, it is unclear when a
researcher knows enough to justify sharing data with a clinician,
alerting appropriate individuals about potential self-harm, and
returning individual research results [11].

Supported by a National Institutes of Health (NIH) Bioethics
Administrative Supplement award (NIH 1U01MH116925-01),
we have been exploring the ELSI of digital health research in
psychiatry, with a particular focus on what we label “deep
phenotyping” psychiatric research, which combines the potential
for virtually boundless data collection and increasingly
sophisticated techniques to analyze that data. We convened an

interdisciplinary expert stakeholder workshop in May 2020,
and this checklist emerges out of that dialogue. As we use it in
this article, the phrase “deep phenotyping” in psychiatric
research is meant to describe research that—even if it does not
encompass a large number of research subjects—goes deep into
the lives of those subjects by collecting many digital and
biological data streams (eg, digital data such as text messages,
phone screen shots, and GPS location; health data such as heart
rate and blood pressure; and clinical evaluations and biological
data such as genetics and brain scans).

Consistent with recent ELSI analyses [8,9], the bottom line of
our bioethics analysis is that existing ethical guidance and legal
regulation are not sufficient for deep phenotyping research in
psychiatry. At present, there are regulatory gaps and
inconsistencies across research teams in ethics protocols. There
is also a lack of consensus among institutional review boards
(IRBs) on when and how deep phenotyping research should
proceed [12,13]. Efforts are underway to fill these gaps, notably
those led by the Connected and Open Research Ethics initiative
at the University of California San Diego [9].

Until the field develops more robust consensus guidelines,
however, the onus clearly falls on individual research teams to
take the lead in shaping the applied ethics of digital health
research in psychiatry.

To guide these ethics considerations, we developed a new
instrument, an Ethics Checklist for Digital Health Research in
Psychiatry (“the Ethics Checklist”). The Ethics Checklist is
composed of 20 key questions, subdivided into six interrelated
domains: (1) informed consent; (2) equity, diversity, and access;
(3) privacy and partnerships; (4) regulation and law; (5) return
of results; and (6) duty to warn and duty to report. The questions
included in the checklist are presented in Table 1, and
Multimedia Appendix 1 provides the Ethics Checklist as a
user-friendly instrument for research teams.

The goal of the Ethics Checklist is to promote the careful design
and execution of research. It is not meant to mandate particular
research designs; indeed, at this early stage of digital
phenotyping research and without consensus guidance, there
are a range of reasonable choices researchers may make. But
the checklist is meant to make those ethical choices explicit,
and to require researchers to give reasons for their decisions
related to ELSI issues. The Ethics Checklist is primarily focused
on procedural safeguards, such as consulting with experts
outside the research group and documenting standard operating
procedures for clearly actionable data (eg, expressed suicidality)
within written research protocols.
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Table 1. Ethics checklist for digital health research.

Checklist itemsCategory descriptionCategory

Have we appropriately adapted our informed consent proce-
dures to our specific study population, including possible
use of surrogate consent?

1.How can we meaningfully communicate and be transparent
about research methods that involve deep, complex, often
passive and continuous data collection, machine learning
analysis, and interpretation?

Informed consent

Will we provide background education on relevant technolo-
gies, such as explaining what social media companies may
already be doing with the participant’s data?

2.

Have we determined what a reasonable person would want
to know, and explained in our institutional review board

3.

proposal the evidence on which we reached that determina-
tion?

Starting at the early conceptualization and research design
stages, have we sought input from a diverse community of

4.How will we address concerns that our research might
replicate existing, or generate new, biased results or con-

Equity, diversity,
and access

stakeholders to identify and address potential equity concernstribute to health inequities in access based on race, ethnicity,
and opportunities to advance justice with our proposed re-
search?

gender, sexual orientation, age, or another legally protected
class?

Has our research plan addressed potential inequities in ac-
cess, for instance varying levels of access to mobile technol-
ogy and to health care services?

5.

Has every member of the research team completed our insti-
tution’s recommended trainings around diversity, inclusion,
equity, and access?

6.

Have we consulted with information security experts about
exactly where the data will flow, from start to finish?

7.How can we design our research to balance an interest in
robust data collection, with a potentially competing interest
in protecting participant privacy?

Privacy and partner-
ships

Do we have a written policy on data deidentification and
participant privacy that is consistent with best practices in
psychiatry and neuroscience?

8.

Have we determined which, if any, third-party vendors will

be required to be HIPAAa compliant and sign a Business
Associate Agreement?

9.

Have we examined the terms of service, end user license
agreements, privacy statements, and HIPAA notices for each

10.Which state, federal, and international law and regulatory
guidance must be adhered to in our research?

Regulation and law

of the vendors and software applications involved in our re-
search?

Have we determined how laws in applicable jurisdictions
will treat the data we collect, for instance considering the

11.

data to be “sensitive,” “special category,” or “personal health
information”?

Have we ensured compliance with state, federal and interna-
tional laws governing our research, HIPAA privacy require-

12.

ments, state data privacy laws, and applicable international
privacy laws?

Have we considered whether our study will generate any
“actionable” results, based on established guidelines and
how we have defined actionability?

13.By which criteria will we determine if our data analytic
models are sufficiently valid and reliable for us to share the
individual research results and data with the research partic-
ipant and the participant’s clinicians?

Return of results

Have we established with what frequency results will be re-
turned? (eg, should participants have daily, weekly, and
monthly access to some subset of their data?)

14.

Have we clarified the protocols and mechanisms for returning
different types of information, (eg, raw data, interpreted data,
etc)?

15.

Do we have a protocol in place for contacting a participant’s
clinicians and nonclinical caregivers?

16.
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Checklist itemsCategory descriptionCategory

Has everyone in our research lab received sufficient training
to know when to flag data or results as requiring follow-up
review by a supervisor?

17.When might our research trigger a legal or ethical duty to
report the potential for participant self-harm or harm to oth-
ers, and what are our protocols for determining whether in
individual instances we have such a duty?

Duty to warn and
duty to report

Will our analytic methods allow us to identify the precursors
to dangerous or illegal behavior, to oneself or to others, and
if so, at which point will we intervene to protect the research
participant or a third party?

18.

Have we updated our lab’s suicidality standard operating
procedure to be consistent with the novel data acquisition
and analysis techniques we are using in our study?

19.

Do we have a protocol for responding to legally mandated
reporting if our data uncover child pornography, restraining
order violations, and so on?

20.

aHIPAA: Health Insurance Portability and Accountability Act.

The Ethics Checklist in Action

Each of the 20 ethics checklist questions are phrased so that
they can be answered with a “Yes,” “No,” or “Pending”
response. In our view, deep phenotyping research in psychiatry
should not proceed until a research team answers “Yes” or
“Pending” to each checklist question. To arrive at “Yes” or
“Pending” for each question will require research labs to
carefully consider a complex interplay of ethical and legal
considerations.

It is beyond the scope of this short paper to address all of these
complexities, but we offer here several illustrative examples,
from each of the 6 key domains, of how the checklist might be
applied in practice.

Informed Consent
The revised Common Rule requires researchers to present
participants with information that is “most likely to assist … in
understanding the reasons why one might or might not want to
participate in the research,” and that is what “a reasonable person
would want to have …” (Title 45 of the Code of Federal
Regulations, part 46, effective July 2018) [14]. The Ethics
Checklist thus requires researchers to address the question:
“Have we determined what a reasonable person would want to
know, and explained in our IRB proposal the evidence on which
we reached that determination?” There are presently no
empirical data or standard protocols for determining what
information a reasonable person would want to have before
agreeing to participate in deep phenotyping research. Privacy
scholars and ethicists are increasingly concerned that the rights
of “notice, access, and consent regarding the collection, use,
and disclosure of personal data” are no longer adequate because
“many privacy harms are the result of an aggregation of pieces
of data over a period of time by different entities” [15]. Thus,
researchers must consider a broad range of possible information
to communicate.

We offer here several of these many possibilities. One decision
is whether to provide research participants a list of clear,
concrete examples of the inferences that can likely be made
from participants’ data. For example, the informed consent
material could explicitly say, “You should know that, although

we will not reveal this information outside the research team,
we may be able to identify when you are going to the bathroom
or having sex.” Another decision, especially for researchers
who are collecting data on participants’ GPS data and social
media content, is whether to provide basic background education
to make participants more informed on the data collection and
data sharing practices already being utilized by the mobile
technology and apps they already use regularly. Third, ethics
research has identified a need to make informed consent
processes more meaningful and valid by improving
communication [16,17]. Research teams may consider
innovative strategies such as video-based multimedia as part of
the consent procedure [18-20]. They may also consider staged
informed consent [21,22], dynamic consent to facilitate 2-way
communication between researchers and participants [23], or a
systemic oversight approach for big data research that provides
flexibility for addressing uncertainty in how data will be used
[24].

In addition, researchers in psychiatry must address a further
question that has long been challenging for the field, “how to
ensure meaningful and valid informed consent with participants
who have a mental illness?” [25,26]. The question of decisional
capacity in psychiatric research has been well researched, with
multiple instruments now available [27], but the field will need
to revisit the effectiveness of these instruments in the new
context of deep biobehavioral research.

Equity, Diversity, Inclusion, and Access
It is well established that biomedical research generally [28]
and psychiatric research specifically struggle to enroll racially
and ethnically diverse participants [29]. In the United States,
for example, there is a reluctance of African Americans to
participate in research given a long history of racism and
exploitation [30,31].

The Ethics Checklist proposes that researchers answer the
following question: Starting at the early conceptualization and
research design stages, have we sought input from a diverse
community of stakeholders to identify and address potential
equity concerns and opportunities to advance justice with our
proposed research? The question emphasizes that equity
concerns extend beyond simply developing proportional
samples, and that from the start, “[r]esearch relationships must
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become balanced, reciprocal, and community informed, without
centering researcher and institutional priorities” [32].
Community advisory boards, which can be comprised of
community and family stakeholders, can be a useful vehicle for
facilitating such engagement [33]. Operationalizing “diverse
community of stakeholders” will depend on the nature and scope
of the research, institutional context, and affected communities.
The stakeholder group will necessarily be comprised differently;
for instance, whether the focus is on a single disease versus
basic research, or the research involves multiple international
sites versus a single community partner.

In defining the stakeholders, the checklist encourages
researchers to go beyond their own research team to seek
guidance and build trust, even at the conceptual and research
design stage. We agree with Wilkins [34], who suggests that
enhancing trust “must build on the principles of community
engagement including balancing power dynamics, equitable
distribution of resources, effective bidirectional communication,
shared decision-making, and valuing of different resources and
assets (such as the lived experience and knowledge of group
norms and perspectives).” Researchers might, for instance,
consult with their institution’s leadership on diversity and
inclusion to see if the institution already has mechanisms in
place for community engagement. Additional options include
reviewing the best practices in community-based participatory
research and community-engaged research [35] and consulting
expertise in other disciplines, including law [36] and the
humanities [37].

Privacy and Partnerships
In an analysis of smartphone digital phenotyping, Onnela and
Rauch [38] write that “[p]atient and participant privacy is always
of utmost importance in clinical and research settings.” The
literature on ethics of deep phenotyping has similarly identified
privacy as foundational [39,40]. Deep phenotyping research
requires that data flow across multiple platforms and vendors;
thus, to safeguard data privacy, researchers must be aware of
where the data go, what happens to the data at each stop, and
where security vulnerabilities may exist [10]. The Ethics
Checklist thus includes the question, “Have we consulted with
information security experts about exactly where the data will
flow, from start to finish?” Such consultation could potentially
lead to modifications in data collection and data analysis
techniques to improve privacy safeguards. For instance, security
experts may be aware of the vulnerabilities of particular apps
or new technical advances recently developed.

Regulation and Law
The regulation of mobile health apps is currently undergoing
transformation [41,42], as is the regulation of artificial
intelligence and machine learning data analysis [43]. At the
same time, state privacy laws are emerging [44], as are
international law innovations such as the European Union’s
General Data Protection Regulation [45]. These legal
developments have implications for the deep phenotyping
research we describe in this article [7].

For instance, the data collection may require interfacing with
multiple third-party vendors, and it is the responsibility of the

research team to examine the terms of service, end user license
agreements, privacy statements, and Health Insurance Portability
and Accountability Act (HIPAA) notices for each of these
vendors and associated software applications (Checklist question
10). This may not be an easy task, as research on mobile health
apps suggests that many vendors do not have a privacy policy
publicly available [46]. It will also be challenging to determine
how applicable laws will treat the data being collected (Checklist
question 11). Different laws define categories differently. For
example, what is considered “sensitive” data under the
California Consumer Privacy Act and California Privacy Rights
Act might be different from what is considered “special
category” data under the European Union’s General Data
Protection Regulation or considered “personal health
information” under HIPAA [47]. In setting up the research
design, the research team may need to enlist institutional or
external expertise to help understand and comply with these
statutes.

In addition, when data collection follows the individual across
state or international boundaries, and when data flow across
those boundaries, the research will be exposed to multiple legal
jurisdictions, including emerging state laws governing privacy
and research [48]. For example, if data is collected continuously
while a research participant living in Boston visits a relative in
Chicago, then goes to a meeting in Baltimore, both the Illinois
Biometric Privacy Act and the Maryland Confidentiality of
Medical Records Act may apply. This may place different
requirements on the research team. Similarly, if data gathered
from a research participant in Detroit are transferred to a vendor
operating in nearby Windsor, Canada’s data privacy laws may
now be relevant in a way they would not be for traditional
research with subjects and data firmly rooted in the United
States. Given this potential for movement of research subjects,
researchers should answer the question, “Have we ensured
compliance with state, federal and international laws governing
our research, HIPAA privacy requirements, state data privacy
laws, and applicable international privacy laws?” Reviewing
HIPAA compliance is foundational, and the details of such
review are beyond the scope of our commentary; however, we
emphasize here that, given the geographic mobility of the
subjects, HIPAA is not the only applicable privacy regime.
Thus, addressing legal and regulatory concerns may likely
require consultation with legal experts in the researcher’s
institution. This review of privacy law can be integrated with
the Ethics Checklist question 10 concerning vendors’ policies
and question 11 concerning the designation of sensitive
information.

Return of Results
The return of individual research results has garnered significant
attention in the ethics literature [49-51]. In the context of deep
phenotyping research, the return of results is challenging because
there are potentially so much data to return and because some
of that data fluctuate over time and could be returned hourly,
daily, weekly, monthly, and so on. In a virtual workshop we
hosted in May 2020, a group of 25 stakeholders from science,
medicine, law, and ethics gathered to explore the issues of return
of results in deep phenotyping research. The discussion in that
workshop made clear that, at present, there is considerable
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uncertainty over what constitutes “actionable” information in
this space as well as divergent practices among research teams
in which information participants can access. The Ethics
Checklist includes 4 different questions on return of results,
including, “Have we considered whether our study will generate
any ‘actionable’ results, based on established guidelines, and
how have we defined actionability?” The concept of
actionability is debated across multiple fields [50,52], and in
the context of deep phenotyping it is not clear where the bounds
of actionability are.

For instance, if a research team is measuring step count data
and a participant’s step count drops below average in a given
week, alerting that participant of the data is actionable in the
sense that the participant—informed by these data—may choose
to walk substantially more steps next week. But what about
more complex results, such as a machine learning algorithm
that predicts that the participant has a 72% higher likelihood of
experiencing a manic episode in the following year? When has
the scientific knowledge base accumulated sufficiently to make
such a prediction “actionable”? An even more fundamental
question is implicated: for any measurement or prediction, what
is the confidence in the measurement, sensitivity, or specificity
of the interpretation or prediction, and how should that be
shared? The effects of researcher mobile health interventions
on participants within research studies are only now being
studied [53], and the field is still formulating practices for
clinical interventions based on phenotyping data [54].

The potential ethical responsibility and legal duty for reanalysis
of data is also of concern. For instance, in genomics research,
many genetic variations are classified as “variant of uncertain
significance (VUS),” but as knowledge increases, those
variations may be reclassified [55]. An ethical and legal question
is whether researchers should (or must) revisit previously
collected data to determine whether reclassification is warranted,
and if so, when and how should they contact those participants
from the earlier study [56]. This issue will likely emerge in deep
geno/phenotyping research, and it should be proactively
anticipated with a policy put into place.

Duty to Warn and Duty to Report
The duty to warn and the duty to report are well known to
psychiatric researchers, but the advanced data collection and
data analysis methods of deep phenotyping introduce unique
concerns [57]. At present, the field has only begun to develop
protocols and thresholds for when the data should trigger a legal
or ethical duty to report the potential for participants’ self-harm
or harm to others, and further work is needed to address the
possibility of false positives, false negatives, and reliable signal
detection. For instance, among the 4 questions included in the
Ethics Checklist under this heading, we require that researchers
address the question, “Have we updated our lab’s suicidality
standard operating procedure (SOP) to be consistent with the
novel data acquisition and analysis techniques we are using in
our study?” Traditionally, suicidality SOPs have relied almost

exclusively on the clinical judgment of the psychiatrist or
psychologist reviewing individual records and conducting
interviews with the participant. The goal of deep phenotyping
research, however, is to reduce reliance on this single stream
of data, and instead to incorporate many additional real-world
data points. The suicidality SOP may need to be modified in
recognition of this new paradigm of psychiatric assessment. For
instance, if GPS data show that the participant has spent 3 hours
at a local bar, then is located on a bridge at 2 AM in the morning,
and has sent 20 text messages in the past 5 minutes, is there a
way for the research team to have such behavior flagged in real
time and should there be a real time intervention in the protocol?
The Ethics Checklist requires that researchers consider such
situations.

The Urgent Need for Consensus
Guidance

Deep phenotyping research offers a vision for vastly more
effective care for people with or at risk of psychiatric disease.
The potential perils en route to realizing this vision are
significant; however, researchers must be willing to address the
questions in the Ethics Checklist before embarking on each leg
of the journey.

The illustrative examples discussed above make clear that deep
phenotyping researchers have few guideposts and little empirical
data with which to address many pressing ethical and legal
questions critical for their research. This lack of clarity regarding
best practices is understandable for a field that has emerged
rapidly, mainly in the past 5 years. But as the field continues to
expand, there is a need to fill this gap by developing consensus
guidance, informed by quantitative and qualitative bioethics
research, as well as community and patient advocate input. This
paper has raised more questions than answers, and it did not
reach many other avenues of inquiry including considerations
for international research and research with children.

To make progress toward consensus guidance, we identify 2
immediate action items. First, ethics should be integrated into
the practice of deep phenotyping research (as is already being
carried out at centers such as the McLean Institute for
Technology in Psychiatry and the Connected and Open Research
Ethics initiative at the University of California San Diego
Research Center for Optimal Digital Ethics in Health).

Second, professional organizations such as the American
Psychiatric Association and the Digital Medicine Society, along
with institutions such as the NIH and National Academies, are
well positioned to convene an interdisciplinary team to conduct
in-depth analysis and produce foundational reports to guide the
field.

The deeper you go in deep phenotyping research, the deeper
the ethical and legal challenges. But with timely, concerted
action, the research community can promote ethically sound
and legally compliant digital health research in psychiatry.
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Abstract

The need to support innovation in health care delivery was prompted by payment reforms and access to digital tools and has been
accelerated by the shift to virtual care as part of the COVID-19 pandemic response. Prior to the pandemic, a growing number of
health systems set up innovation centers to focus on creating new services and exploring new business models relevant to
value-based care. This is distinct from process improvement or implementation science, and often needs a different set of incentives
to succeed within a large organization. We used a national survey to identify a diverse sample of innovation centers, and interviewed
leaders to describe their aims, organizational structures, and activities. They all aim to improve patient outcomes and experience
while reducing costs, but their strategic focus may differ. The centers also vary in their reporting structure, how they build internal
capacity, and how they measure success. We highlight the range of strategies through examples of projects that improve quality,
reduce costs, and generate new revenue. While the optimal forms and impact of innovation centers are still emerging, the fiscal
pressures and the rapid uptake of digital technologies present opportunities for the redesign of health services in the postpandemic
era. The experiences of these centers illustrate a set of approaches to increase any organization’s capacity for innovation.

(J Med Internet Res 2022;24(2):e33961)   doi:10.2196/33961
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Introduction

While improvement and innovation are ubiquitous terms, the
COVID-19 pandemic response has made innovation more of a
core requirement than a marketing tool in health care. Both aim
to solve problems, improve outcomes, and reduce costs, but
there are key distinctions. Improvement is an iterative and
incremental process. It involves testing and measuring the effects
of small changes to optimize the reliability of services [1].

Fundamentally, improvement enhances a system by removing
perceived defects and evaluating the consequences.

Innovation, by contrast, takes a less incremental approach.
Innovation is about creating or adapting novel ideas that may
disrupt the status quo or solve a specific problem. It is
particularly useful when the end goal is vaguely defined, a new
service of unclear value is developed, or the environment and
underlying needs are changing rapidly [2]. Health systems face
growing challenges in controlling costs while providing
patient-centered care. The current model of care is being
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overwhelmed by an aging population with increasingly complex
and chronic diseases. Productivity in the US health care system
dropped by 0.8% per year between 1990 and 2007 [3]. Even
before the COVID-19 pandemic, these conditions created an
environment ripe for disruption, and innovation has become an
indispensable approach to solving health care’s most daunting
challenges.

The health care sector proved its resilience and flexibility by
adapting to novel and rapidly evolving conditions as the
pandemic unfolded [4]. However, as we enter the postpandemic
era, health care organizations must enhance their capacity for
innovation to meet pressing medical, social, and fiscal demands
[4].

The Rise of Innovation Centers

Within the last 10 years, a growing number of health systems
have set up innovation centers [5], with at least 110 in the United
States [6,7]. Motivated by payment reforms, the potential for
new revenue streams, changing patient expectations, and the
prospect of losing out to competitors, health system leaders are
betting that innovation centers will enable them to offer more
patient-centered, affordable care. Their focus is often on creating
new services that may be unrelated to current care processes.
This is distinct from classic quality improvement [8] and broader
than delivery science [9] since it also involves exploring new
business models [10]. Business model innovation can include
the design of new services, but it also considers modifying
internal cost structures or revenue sources, as well as
partnerships and delivery channels [11]. Since they focus on
generating and eliminating novel options, and some strategies
may undermine the dominant business model, innovation centers
require a different set of skills and incentives to succeed within
a large organization [12]. While the idea of concentrating
innovation efforts in one center has been challenged [13], this
model is becoming more common and is likely a feasible starting
point [14]. Looking to innovation methods that have galvanized
change in other industries like user-centered design, agile
development, and novel digital tools, they aim to create new
scalable health services [12]. Value-based payment reforms by
the US federal government and other payers are creating
incentives to experiment with ways to deliver care that are
independent of current processes.

Innovation centers are new enough that health system leaders
are still learning how to build and manage them [15]. This
novelty is yielding a variety of approaches as shown by a prior
Commonwealth Fund survey of innovation centers and by
several case studies [6,16,17]. We examined the responses from
33 innovation centers to identify centers that appeared to have
developed and spread an innovative model of care at the time,
and found 10, to which we added another 3 through snowball
sampling. This paper enriches the existing literature by further
elucidating the link between the goals of various innovation
centers and the structures built by organizations to fulfill those
goals. While the internal capabilities of health systems in the
discipline of service design and business model innovation are
where quality improvement was two decades ago, we feel that

these skills are essential to the development of sustainable,
person-centered health systems.

The Aims and Organization of Innovation
Centers

Nearly all centers share the aim of improving patient health
status and patient experience while reducing costs. However,
in practice, their strategic focus differs. Centers may focus on
quality improvement, streamlining back-end processes, internal
cost reduction, or revenue generation. These areas of focus
suggest different structures, with examples of centers reporting
to leaders in clinical quality, information technology (IT), or
finance. Some emphasize improving clinical quality and
operations within the organization, while others seek to create
scalable models of care or new technologies with the hope of
generating revenue externally. For example, the Virginia Mason
Institute (hereafter referred to as Virginia Mason) focuses almost
entirely on improving clinical quality within the organization
(based on an adaptation of the Toyota Production System). The
center is based within their quality improvement department,
and the center’s leadership reports to the senior vice president
of quality and safety. NewYork-Presbyterian Innovation Center
also focuses on internal operations, but its innovation center is
distinct because it is based within the IT department and its staff
report to the chief information officer. A team of IT experts and
managers support system-wide implementation of mature mobile
technologies to improve access to care and reduce costs. In
2019, the Hauser Institute for Health Innovation was launched
to focus specifically on advancing telemedicine capabilities.

The University of Pittsburgh Medical Center (UPMC)
Enterprises emphasizes the objectives of reducing costs and
increasing revenue and is co-led by the treasurer of the health
system. It includes a venture fund that seeds investments in
start-up companies with products or services that can both
support UPMC’s internal operations and generate revenue from
returns on investments. Northwell Ventures is primarily focused
on venture investing to generate revenue. It is a distinct division
within the health system that consists of an investment fund and
a team of finance and management experts that work with
internal and external partners to develop new technologies or
models of care, but scale them up internally only if they identify
interested outside investors, signaling an external market and
a higher likelihood of financial return. While all of these
examples aim to fulfill the broad goal of improving quality
through innovation, their strategies can be delineated in practice
according to their focus, structures, and key performance
indicators.

Staffing and Expertise to Support an
Innovation Center

Modern approaches to innovation seek a deep understanding of
the user experience along with rapid prototyping and iterative
testing [5]. Health systems have not traditionally employed
individuals with expertise in user-centered design or
entrepreneurial management methods such as lean startup.
Health systems must choose between training current staff,
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hiring staff with new skills, or partnering with external groups.
Efforts to build internal capacity include engaging current staff
through internal grants, crowdsourcing for new ideas, asking
employees to vote on potential strategies to adopt, and training
staff in new methods. In some cases, innovation centers create
new leadership positions, such as chief innovation officer, and
hire new types of staff, such as designers, developers,
entrepreneurs, or finance experts. Some build facilities for rapid
prototyping, offsite clinics that serve as test environments, and
some have tried to build new information systems infrastructure
that connects data from health systems, patients, and software
and application developers [18]. Some centers hire new types
of staff who work in separate divisions, while others are
embedded within frontline care provision. For example, UPMC
Enterprises employs engineers, designers, and clinicians who
have dedicated time to develop new technologies and models
of care. By contrast, Virginia Mason has employed staff to train
clinical and administrative staff throughout the larger
organization in methods like user-centered design while assisting
them as they redesign clinical services while engaged in routine
service delivery. Some groups partner externally to acquire new
skills, like the Cedars-Sinai Accelerator, a collaboration between
the Cedars Sinai-Medical Center and Techstars, which engaged
health system leaders to identify priority areas and select
start-ups to address them in cohorts with US $100,000 in
financial support and mentoring to launch in a clinical
environment. Others have engaged design firms and included
them on advisory boards, such as the Mayo Clinic Center for
Innovation engaging with the firm IDEO.

Strategic Decisions About Structuring
Innovation Efforts

Many health systems displayed remarkable agility as they
rapidly shifted in-person services to virtual platforms during
the pandemic to reduce in-person care, but can they build this
into a core capability postpandemic? There are several questions
health system leaders should consider as they decide on the best
structure and focus for their innovation efforts. First, is the
primary goal to improve core business or develop new
businesses and service lines? Second, what relevant expertise
and competencies already exist in-house? These assets could
include software developers, designers, technology transfer
offices, or connections with early-stage entrepreneurial
companies. What level of risk is the organization willing to
tolerate? Those willing to tolerate higher risk may wish to go
beyond improving current core activities to take on higher-risk,
higher-reward options. Those with lower risk tolerance may
wish to stay closer to improving core functions and focus on
innovations that protect existing business from the changing
landscape. What form should organizational investment in the
innovation center take? Options range from smaller investments,
such as partnerships and internal training of current staff, to
larger investments in seed funding for a center that is expected
to become financially independent, to ongoing core funding to
build new facilities and hire new types of staff. Lastly, can these
goals be achieved within an existing department, or do they
require a new, dedicated center?

What Have Innovation Centers Achieved
to Date?

There are few formal evaluations of the results of innovation
center activities. As health care organizations are just beginning
to learn what innovation centers can achieve, most have taken
a flexible approach to evaluating them. For example, the Mayo
Clinic Center for Innovation is often assigned strategy
development projects, such as imagining the future of payment
or quality improvement. These are tasks that other divisions are
ill-equipped to pursue, and that may not have easily measurable
short-term impacts. Nevertheless, there are successful examples
of innovation centers improving quality, reducing costs, or
generating revenue. On the quality improvement front, Virginia
Mason developed and refined a clinical care protocol that
reduced the time from onset of sepsis to start of treatment from
6 hours to 1 hour and refined the protocol to further reduce the
time to 30 minutes, a success well beyond what other
organizations have achieved. While this resembles quality
improvement in approach (changes in the responsibilities of
clinical staff), the magnitude of the improvement (12-fold
reduction in time to treatment) is in line with what one expects
from breakthrough innovations. This highlights the potential
overlap between the outcomes of multiple small tests of change
and radical new practices.

In the area of cost reduction, UPMC Enterprises provided seed
funding to a start-up that refined natural language processing
to improve coding accuracy, quadrupled coder productivity,
and identified previously missed conditions to risk adjust
patients for Medicare Advantage. In this instance, UPMC went
from launching an untested technology developed by an external
start-up to achieving system-level cost savings within one year.
For revenue generation from new sources, UPMC Enterprises
developed an internal consulting model for their transition to
an accountable care organization. UPMC then turned the team
and its protocol into an independent company called Evolent
Health. From a US $38 million initial investment, the company
had an initial public offering of over US $1 billion, and UPMC’s
stake grew to US $300 million [19,20]. While this illustrative
example showed benefit in a short time frame, the centers took
many years to build this capacity and have engaged in many
projects before having successes like this.

How Have Innovation Centers Fared
During the COVID-19 Pandemic?

Managing the response to the COVID-19 pandemic made
innovation an organizational imperative, and innovation centers
across the country responded in various ways. An overarching
lesson from the COVID-19 response was that innovation rapidly
became an organizational, rather than departmental, imperative.
The task of innovating was no longer the realm of those in
formal roles within innovation centers; innovation was on
display as a core function for all health system leaders. Further,
innovations largely focused on improving or maintaining access
to services during a time of physical distancing (often through
remote care), as opposed to focusing on improving quality.
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UPMC Enterprises continued to invest heavily in health care
innovations throughout the pandemic. UPMC Enterprises led
the development of a digital patient portal for virtual
appointment scheduling, expanded telemedicine capacity, and
helped portfolio companies grow [21]. Butterfly Network, a
medical imaging company in which UPMC Enterprises invested,
went public through a US $1.5 billion acquisition deal [22].
Notably, the organization also announced a US $1 billion
investment in the life sciences by 2024 [21].

Cedars-Sinai Medical Center continued to host its start-up
accelerator program, albeit virtually [23]. Techstars ran a Global
Startup Weekend, bringing together thousands of innovators
globally to collaborate on creative solutions to the unique
challenges posed by the COVID-19 pandemic [24]. The Hauser
Center for Health Innovation continued to focus on innovations
related to remote patient monitoring and increasing telemedicine
capabilities more broadly [25].

Virginia Mason continued to improve internal quality and
quickly adapted to shifting supply chain metrics and guidance

from the US Centers for Disease Control and Prevention (CDC)
[26]. The organization also accelerated its multiyear plan to
increase telehealth capabilities [26].

Conclusion

Innovation is a set of approaches, not a destination. While the
optimal forms, goals, and impact of innovation centers are still
emerging, the fiscal pressures of new payment models and the
potential for new digital health technologies to challenge current
delivery models are real. Most health care organizations remain
focused on regulatory compliance, using quality improvement
to make relatively small improvements to existing processes.
But this may not yield the changes needed to thrive in the future.
The early experiences of innovation centers illustrate the variety
of paths available to those seeking to grow their organization’s
capacity for innovation. As health systems adapt to the
postpandemic era, it remains to be seen whether innovation
centers will meet the growing medical, technological, and fiscal
demands.
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Abstract

There is a fundamental need to establish the most ethical and effective way of tracking disease in the postpandemic era. The
ubiquity of mobile phones is generating large amounts of passive data (collected without active user participation) that can be
used as a tool for tracking disease. Although discussions of pragmatism or economic issues tend to guide public health decisions,
ethical issues are the foremost public concern. Thus, officials must look to history and current moral frameworks to avoid past
mistakes and ethical pitfalls. Past pandemics demonstrate that the aftermath is the most effective time to make health policy
decisions. However, an ethical discussion of passive data use for digital public health surveillance has yet to be attempted, and
little has been done to determine the best method to do so. Therefore, we aim to highlight four potential areas of ethical opportunity
and challenge: (1) informed consent, (2) privacy, (3) equity, and (4) ownership.

(J Med Internet Res 2022;24(2):e30524)   doi:10.2196/30524
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Background

In the wake of the COVID-19 pandemic, a more effective and
ethically sound system for tracking disease is necessary. In
recent years, due to their ubiquity, mobile phones—and the data
they collect—have become a potential tool for tracking disease
on a broad scale. These devices generate massive amounts of
passive data, or information collected without the active
participation of the user [1]. However, the current utilization of
these data for public health crises is limited; such data are
predominantly used for basic contact tracing via Bluetooth or

GPS [2]. Emerging technologies, such as digital phenotyping,
defined as moment-by-moment quantification of the
individual-level human phenotype in situ using data from
personal digital devices, allow for continuous monitoring of
individuals’ health, which has previously been impossible [3].
Attempts to employ these data for digital public health
surveillance, defined as “ongoing systematic collection, analysis,
and interpretation of data [not generated with the primary goal
of surveillance], integrated with the timely dissemination of
these data to those who can undertake effective prevention and
control activities,” are currently being undertaken; public health
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officials must look to history and current moral frameworks to
avoid past mistakes and ethical pitfalls [4,5]. Thus, this
viewpoint uses a scoping literature review and novel arguments
to aid policy makers in critically analyzing how passive data
might be used for digital public health surveillance ethically,
with a particular focus on lessons to be learned from history.

A Historical Perspective on Surveillance:
Proactive Versus Reactive Interventions

In 1854, John Snow laid the groundwork for modern
epidemiology by disabling a cholera-contaminated water pump
in Soho, London. By saving lives, Snow's experiment and
subsequent health policy advances promoting hygiene
demonstrated the fundamental need for proactive public health
intervention in times of crisis [6]. Conversely, during the 1918
influenza pandemic, governments met the disease with deliberate
ignorance [7]. Death tolls rose to 50 million worldwide, and
citizens were forced to implement makeshift systems of social
distancing, such as mask wearing and displaying anti-spitting
signs [8,9]. The disjointed nature of the response is characteristic
of the reactive approach; without unified guidelines, decided
upon beforehand, citizens are left with little framework on which
to base their decisions [10]. A juxtaposition can be found in the
2003 severe acute respiratory syndrome (SARS) epidemic.
Although heavily affected countries developed protocols from

which they have benefitted during the COVID-19 pandemic,
the United States did not face the direct effects of SARS,
resulting in very few steps being undertaken to prepare for future
outbreaks [11-13]. Likewise, citizens in SARS-affected countries
were more willing to adhere to interventions [13]. Operating
with preordained protocols, these SARS-affected countries
found far greater early success against COVID-19.

Pandemic response progress has fluctuated based on
contemporary national politics, social norms, and the scientific
understanding of diseases through history [14]. Generally,
examples of health crises demonstrate that coordinated
surveillance by officials and public adherence to guidelines are
integral to limiting disease spread (Figure 1) [15-23]. This must
be kept in mind when turning toward the future to maximize
the impact of emerging technologies such as digital phenotyping
for health surveillance systems. Now is the time to make policy
decisions, as the choices made about passive data use for digital
public health surveillance in the years following the COVID-19
pandemic have the potential to impact our lives profoundly.
Although discussions of pragmatism or economic issues tend
to guide digital public health surveillance decisions, ethical
questions of informed consent, data privacy, data equity, and
data ownership are the foremost public concerns; a consequence
of not addressing these issues is eroding trust in governmental
institutions and science [24]. Surveillance measures, therefore,
must be functional and within ethical guidelines.

Figure 1. A timeline of modern public health advances, technological innovations, and pandemics and disease outbreaks. MERS: Middle East respiratory
syndrome; SARS: severe acute respiratory syndrome: UN: United Nations.

Passive Data: Pandemic Surveillance
Pearls and Promises

The momentum of technological innovations has inspired a new
age of digital solutions in public health. In 2014, the number of
mobile phone subscriptions surpassed the number of people on

the planet (~7.2 billion), illustrating a new parity between
humans and devices on which policies could capitalize [3].
Early in the pandemic, governments and technology corporations
deployed contact-tracing systems using Bluetooth interactions
widely [2]. However, this type of solution is limited; it is
reactive, only applicable after disease transmission has likely
already occurred.
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Recent innovations in using passive data, such as digital
phenotyping, have the potential to measure a subject’s physical
and mental well-being and will allow for a far more accurate
level of surveillance [3]. Passive data encompass various
streams, including GPS, accelerometer, text, and call log data,
and have been employed in a wide range of clinical settings,
from monitoring spinal surgery patients’ recoveries to tracking
relapses in patients with schizophrenia [25-37]. The significant
benefits of using passive data for digital public health
surveillance include the data’s objectivity, quantifiability, and
continuous nature [1]. This contrasts with the use of active data,
such as patient-reported outcome measures, which rely on

subjective measurements that are harder to quantify accurately
[1]. The sophisticated analysis of passive data for digital public
health surveillance has yet to be attempted on a large scale,
however, and there is no academic consensus on how best to
do so [38-40]. Thus, this paper puts forth four challenges that
must be addressed when considering the ethics of digital public
health surveillance: (1) the level of transparency during the
consent process (informed consent), (2) the anonymity and
security measures taken to protect the data (privacy), (3) the
equitable distribution of benefit from digital public health
surveillance (equity), and (4) the determination of who has
rights to the data (ownership; Figure 2) [24].

Figure 2. Goals for ethical passive data public health surveillance.

Informed Consent

Confirming that the public genuinely provides informed consent
becomes challenging as information is increasingly digitized.
The platform for medical surveillance has moved from
controlled (eg, doctors’ offices) to uncontrolled (eg,
smartphones) environments. In examining the challenges of
gaining patients’ permission to use their data, two main pillars
arise: (1) ease of interpretability and (2) longitudinal consent.
Trust between officials and the public can be maintained as long
as the information provided is understandable and interpretable.
Levels of patient comprehension comparable to current consent
procedures are attainable through mobile health consenting
programs, assuming care is taken to design the interface
intuitively [41]. Tools such as social annotations, live feedback,
and visual aids have been suggested to help accomplish this
goal [1,41,42]. However, there is little evidence to show that
no current method of consenting patients achieves adequate
patient comprehension [43]. Customizable, interactive, and
educational consent forms to be evaluated on the patients’ own
time, rather than in person, would help to streamline the process
and relieve stress on both sides [44,45]. Likewise, it would
allow for greater regulation of bias on the part of the provider,

which has been shown to play a role in patients’ ability to give
consent freely [46].

The perpetuity of consent has also come into question, as the
technology used is inherently complex and often outside of
patients’ or providers’ realms of expertise [47]. Therefore, the
growth of digital public health surveillance could entail a move
from the current practice of a “consent or anonymize” approach
to one of “consent for governance” [1]. Under the former, the
patient gives “broad consent” under the assumption that data
will be implemented later using pseudonymization; this allows
patients no long-term rights to their data. Conversely, the latter
incorporates the context in which an entity hopes to use the
data, making it conditional. Thus, gaining initial patient consent
does not guarantee longitudinal ethical viability. A continued
effort to maintain a reliable open source of information for
patients is necessary.

Privacy

Experts note five distinct threats to data privacy under digital
surveillance: the invisibility, inaccuracy, immortality,
marketability, and identifiability of data [48]. Given this, we
put forth three main pillars to be upheld in maintaining data
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privacy: (1) an evolutionary approach, (2) the right to withdraw
data, and (3) strong security audit measures. Authorities remark
that if surveillance practices currently being conducted digitally
were carried out in person (eg, a third party reading patients’
text messages and following them from location to location),
rather than invisibly, it would be unacceptable [48], yet this
level of observation would be inherent to digital public health
surveillance systems. Further, machines interpret data literally;
therefore, the analysis of specific actions (eg, unknowingly
dropping one’s phone on the street) through passive data could
lead to inaccurate conclusions (eg, a traumatic fall requiring
emergency medical services) [48]. Third, researchers note that
the immortality of data inevitably results in elevated risk, as
even the lowest possible risk over an extended period translates
to high overall risk [48]. The marketability of data is also a
concern, as it is the entities that collect the data (institutions),
not those that generate the data (patients) that are currently
compensated, creating an incentive for unethical practices [48].
Finally, it has been demonstrated that anonymized patient data
can be reidentified using machine learning [49]. Thus, the
identifiability of the data could have wide-ranging consequences,
from fostering attempts to shape political opinions based on
one’s health profile to allowing one’s prognosis to have an
impact on their ability to be hired [48].

Innovative multisectoral approaches will be needed going
forward to prevent breaches and maintain requisite data privacy
and security. The Health Insurance Portability and
Accountability Act (HIPAA) in the United States and the new
General Data Protection Regulation (GDPR) in the European
Union were enacted to ensure legal repercussions for those who
break data confidentiality. However, in the digital age, it has
been posited that all data can be used as health data [48].
Likewise, as these regulations only apply to personal health
information in its traditional form, they have become inadequate
and outdated. Digital public health surveillance systems must
continually be refined to incorporate the idiosyncrasies involved
in in vivo health surveillance. Current efforts to accomplish this
goal include innovations such as the cryptographic and
differential privacy approach, which makes patient data less
recognizable and reidentifiable, as well as federated learning,
which promotes the idea of building systems without any data
sharing [50]. Additionally, individuals must be allowed the right
to request deletion of their health data at any time and for any
reason to restrict data perpetuity. Strong privacy and security
audit policies must become commonplace, as complacency with
security measures could lead to areas of weakness to be
exploited. Furthermore, continuous communication from the
entities storing the data of its security and trustworthiness will
be necessary, so as not to foster a “generalization of suspicion,”
where patients feel as though they are guilty until proven
innocent [51].

Equity

In recent history, the unchecked or blind usage of innovative
technologies has exacerbated existing health care inequalities,
reflected in the form of biased data, such as the own-race bias
phenomenon in facial recognition [52]. Passive data–driven
solutions, then, should be thought of as tools that could reduce

disparities by widening access to public health surveillance, but
only if implemented mindfully, as it is unclear which
subpopulations are truly at the greatest risk of these health
inequities [1,53]. To ensure fairness in passive data use, a
balance must be struck between two principles: (1) demographic
equity and (2) generational equity. Low socioeconomic status
populations and people of color are often marginalized and
burdened by negative social determinants of health [54]. Passive
data can potentially reduce health inequities for these
populations, as conventional determinants such as lack of
insurance and access to health care facilities could theoretically
be circumvented [54-56]. In 2019, smartphone ownership was
fairly consistent across races, with 82% of White people, 80%
of Black people, and 79% of Hispanic people owning a
smartphone, compared to more variable health care coverage
status (92.2%, 90.4%, and 83.3%, respectively) [57,58]. Passive
data use also has the potential to improve digital public health
surveillance globally, as smartphone ownership in low- and
middle-income countries (LMICs) continues to increase rapidly.
In 2019, the median smartphone ownership was 45% in
emerging economies, up from 37% in 2015 [59,60]. In LMICs,
where access to adequate health care can be scarce,
strengthening access to these technologies could be a viable
supplement.

However, unrestrained use of technology in passive data
collection and analysis could also introduce health inequities
such as preventing those without technological access or with
physical, age-related, disease-related, or mental impairments
from receiving equitable care [61]. One population that might
be left behind by increased digital public health surveillance is
older adults. Although all US adults older than 65 years have
access to health coverage through Medicare, only 55% owned
a smartphone in 2019 [57,58]. Potential solutions to generational
inequities include working with manufacturers to design digital
public health surveillance technology and services keeping in
mind how older populations specifically might perceive and
use them, as well as implementing optimized plans and models
to provide all people with affordable high-speed internet access.
Overall, disparities in technological access both in the United
States and globally must be tracked and actively combatted if
digital public health surveillance systems are to provide
equitable levels of care across demographics and generations.

Ownership

Though there is no current consensus on how best to address
passive data storage and ownership issues, experts have put
forth potential solutions. The majority of these involve policy
interventions to restrict single institutions from monopolizing
databases [39]. For example, some suggest public policy to
create networks of patients with data sharing responsibility. In
contrast, others promote policies that consider the rights to one’s
health data to be civil liberty [39,62,63]. Another possible
solution that has gained traction is a paradigm shift in governing
data access from ownership to custodianship [64]. This aligns
with the theory that big data cannot be “owned” in a traditional
sense, but instead should be guarded and overseen [64]. For this
new structure to be viable, five principles must be upheld: (1)
respect for privacy and autonomy, (2) reciprocity, (3) freedom
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of scientific enquiry, (4) attribution, and (5) respect for
intellectual property (IP) [64]. Under this system, a balance
must be struck between confidentiality and accountability, as
institutions (or custodians) of the data must keep the identities
of the subjects (or donors) private while also remaining beholden
to them. Likewise, custodians must also be forthcoming with
their findings and metadata, just as donors are with the original
passive health data. Health data should be used solely for the
common good, as its value makes it a target to be bought and
sold by bad actors [64]. Lastly, proper credit and respect for IP
will reduce the restriction of access to databases by ensuring
that the sacrifices made by both donor and custodian are
appreciated. These data-sharing agreements are made fittingly
[64]. Pioneering policy ideas such as these will be necessary if
passive data is to be implemented into digital public health
surveillance successfully.

Even under the assumption that future frameworks should widen
access to these data, some researchers argue for a centralized
database, while others support decentralization [39,58]. The
latter group argues that patients have little idea of their data’s
actual value. Systems such as blockchain (ie, a digital record
of transactions validated by a peer-to-peer network) could serve
to decentralize and better quantify the worth of individuals’
health data [39,65]. Each proposal has positives and negatives.
For example, centralization would increase ease of access but
could leave databases more susceptible to large-scale hacks. In

addition, although decentralization would allow patients to earn
tangible rewards for their data, this could lead to undue
influences playing a role in the decision to share one’s data
[63,65]. Coming to a consensus on these issues is one of the
most critical next steps for advancing passive data use for digital
public health surveillance.

Conclusion: Planning Now for the Future

The time to plan and prepare for the next pandemic is now. This
means coming to terms with the massive potential (for better
or worse) of passive data derived from personal digital devices.
The potential for success of digital public health surveillance
relies on the ethical viability of its implementation. Before the
next pandemic, officials must ensure that we are prepared by
overhauling current consenting protocols. During the next
pandemic, policies must be enacted to account for all possible
inequities, while maintaining trust between citizens and
institutions. In the wake of the next pandemic, the long-term
security of health data must be guaranteed with an assurance
that it will not be used for any undue gain. These preparations
must be undertaken now, proactively, using the lessons fresh
in citizens’ collective consciousness. Passive data and methods
such as digital phenotyping can serve as the foundation upon
which this improved system can be built. However, if done
without historical, ethical, and practical considerations, we will
be left with even more challenges than we face today.
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Abstract

Despite an ever-expanding number of analytics with the potential to impact clinical care, the field currently lacks point-of-care
technological tools that allow clinicians to efficiently select disease-relevant data about their patients, algorithmically derive
clinical indices (eg, risk scores), and view these data in straightforward graphical formats to inform real-time clinical decisions.
Thus far, solutions to this problem have relied on either bottom-up approaches that are limited to a single clinic or generic top-down
approaches that do not address clinical users’ specific setting-relevant or disease-relevant needs. As a road map for developing
similar platforms, we describe our experience with building a custom but institution-wide platform that enables economies of
time, cost, and expertise. The BRIDGE platform was designed to be modular and scalable and was customized to data types
relevant to given clinical contexts within a major university medical center. The development process occurred by using a series
of human-centered design phases with extensive, consistent stakeholder input. This institution-wide approach yielded a unified,
carefully regulated, cross-specialty clinical research platform that can be launched during a patient’s electronic health record
encounter. The platform pulls clinical data from the electronic health record (Epic; Epic Systems) as well as other clinical and
research sources in real time; analyzes the combined data to derive clinical indices; and displays them in simple, clinician-designed
visual formats specific to each disorder and clinic. By integrating an application into the clinical workflow and allowing clinicians
to access data sources that would otherwise be cumbersome to assemble, view, and manipulate, institution-wide platforms represent
an alternative approach to achieving the vision of true personalized medicine.

(J Med Internet Res 2022;24(2):e34560)   doi:10.2196/34560
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precision medicine; clinical implementation; in silico trials; clinical dashboard; precision; implementation; dashboard; design;
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Introduction

Precision medicine holds the potential to revolutionize medicine
[1-3], just as prior technological advances, such as microscopy,
molecular diagnostics, and imaging, have done in the past. In
the research realm, big data and artificial intelligence have
yielded substantial advances that showcase the potential of
precision medicine [4,5]. However, translating these advances
into the clinical realm remains a challenge [6,7]. A patient is

more likely to interact with complex algorithms informed by
big data in the waiting room (ie, algorithms in the form of
internet searches, travel directions, or tailored social media)
than in the actual clinic. The medical field needs similarly
intuitive interfaces that can collate the necessary patient-related
data to highlight salient knowledge, pinpoint a patient’s
condition, predict optimal therapy, or estimate the risk of disease
or death [3]. Much of the required physical infrastructure is
already in place, with computers being available in most clinics
and the majority of clinical data being stored in electronic health
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records (EHRs). A small minority of wealthier clinics and health
care systems have built custom, domain-specific interfaces into
their EHRs to deliver the more complex precision medicine
algorithms and visualizations that their physicians need;
however, in the majority of health systems, only the most basic
algorithms (eg, those for calculating BMI) are built into the
EHR, while other, more sophisticated clinical indices (eg, atrial
fibrillation stroke risk [8,9]) are calculated via manual entry
into a public website [10].

The task of translating innovative precision medicine tools from
research projects to clinical care is inhibited by a catch-22
problem. To justify the expense of building the costly
computational infrastructure required to run complex algorithms
on patient data, the algorithms or visualizations need to
demonstrate real-world value. However, to evaluate and prove
these algorithms’ value, the needed infrastructure must already
be in place. One solution to this conundrum is building boutique,
single-clinic solutions consisting of carefully designed,
specialized algorithms or data displays built within or alongside

the EHR [11,12]. Although this bottom-up approach is limited
in scope to a single clinical domain and thus can be
comparatively quick and cost-effective to implement, scalability
and rapid obsolescence are major concerns. To adapt data
displays to other clinics, an institution has to maintain, secure,
and update an ever-expanding heterogeneous code base across
those clinics. Yet, the originating “owners” of these algorithms
are often clinical researchers and physicians without the backing
of an enterprise-level developer team that is equipped to manage
the software as a service over several years of use (Figure 1).
The opposite extreme is commercial vendors building
generalized health care software suites that run on cloud-based
infrastructures. Such centralized solutions address the scalability
challenges of bottom-up approaches, but the emerging health
system–wide products are typically far too generic to meet the
medically heterogeneous and shifting requirements of individual
clinics. Furthermore, adopting such solutions requires substantial
institutional investment, and becoming locked into a single
vendor in a rapidly evolving marketplace poses a risk.

Figure 1. Approaches to delivering precision medicine results to the clinic. This figure compares the platform design elements across the following
three main approaches to building clinical systems to support precision medicine: (1) single-clinic solutions, (2) institution-specific platforms like
BRIDGE, and (3) centralized solutions purchased from external vendors. Key advantages (blue) and disadvantages (red) of each approach are listed.

Between these two extremes exists a third solution that solves
many of the aforementioned problems. Institution-wide

platforms permit rapid innovation in parallel across multiple
clinics but are built on a single secure, stable, and cost-efficient
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technological foundation. These platforms benefit from a
common architecture built within an institutional firewall with
real-time EHR access and application programming interfaces
(APIs) to major (eg, REDCap [Research Electronic Data
Capture; Vanderbilt University] and Radiology PACS [Picture
Archiving and Communication System]) and custom data
resources, which facilitate the integration of multimodal research
data across all specialties. Yet, these platforms also incorporate

clinic-specific visualization tools that allow clinicians to tailor
the display of information. Therefore, specific research
discoveries can be rapidly translated into clinical tools that fit
each specialty (Figure 2). This approach strikes a balance
between the fast development and flexibility of single-clinic
solutions and the scalability and sustainability of centralized
health care solutions while optimizing transparent institutional
oversight.

Figure 2. Overview of technological components for the integrated delivery of precision medicine through an institution-specific platform like BRIDGE.
The flow of information is depicted as it moves from back-end data sources, through the integrating middleware layer of light and heavy computational
resources, and to the multiple, functionally distinct widgets shown in a user-facing front-end dashboard designed to reflect the needs of a single clinic.
APeX: Advanced Patient-Centered Excellence; API: application programming interface; CT: computerized tomography; EHR: electronic health record;
FHIR: Fast Healthcare Interoperability Resources; MRI: magnetic resonance imaging; REDCap: Research Electronic Data Capture; SMART: Substitutable
Medical Applications and Reusable Technologies; USS: ultrasound sonography.

The BRIDGE platform at University of California, San
Francisco (UCSF), is one example of this approach. Based on
our experience with developing BRIDGE, we describe key
considerations and practical steps for implementing
institution-wide solutions in this rapidly progressing field to
provide a road map for other health care systems considering a
similar approach. We also consider future developments that
will enable the medical community to quickly and
comprehensively realize the potential of computational medicine
to improve the lives of patients.

Consideration 1: Human-Centered Design

Overview of the Human-Centered Design of Precision
Medicine Tools
For a precision medicine tool to be adopted in a clinic, it needs
to provide pertinent, actionable information in a format that is

appropriate to the user (either a clinician or a patient). Therefore,
perhaps the most essential components of effective precision
medicine tool deployment are the principles and phases of
human-centered design (HCD) [13-15]. For tools targeted at
medical professionals, clinician users, who are well informed,
should be at the center of decisions about which technological
format is the most appropriate for their workflow, which
innovations in their specialty are scientifically ready for
deployment at clinics, and how evaluations of tool effectiveness
should be conducted to justify the continued use of such tools
(Textbox 1). Many of these decisions reflect the dimensions of
precision medicine, as articulated in a recent scoping review
[7].
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Textbox 1. Key decisions in designing a digital application for clinical research.

Key questions

1. Who are the users (eg, clinicians, patients, and specialists)?

2. What do the users need (eg, novel data sources, novel algorithms, novel visualization, and data collation)?

3. How will it improve care (eg, patient experience, clinic efficiency, morbidity, and mortality)?

4. How does the user access the application (eg, individual log-in and authorization via an existing clinical system)?

5. Where is it hosted (eg, local server, cloud-based server, or external vendor)?

6. What is the maintenance schedule (eg, 9 AM to 5 PM on Monday to Friday or 24 hours per day year-round)?

7. What are the constraints of the system? For example, will it not write to the electronic health record? Are data behind an institutional firewall?

Practical Considerations From the BRIDGE
Experience
From its inception, BRIDGE exemplified both the principles
and phases of HCD [13,14]. It was conceptualized and designed
according to the requirements of clinician scientists, including
the project’s principal investigators (manuscript authors RB,
KPR, and SJS). Further, the key architectural decisions (Textbox
1) were made by applying HCD principles to engage clinician,
patient, scientific, programming, design, industry, and
institutional stakeholders.

The three HCD phases are also being deployed in the iterative
process of adapting BRIDGE to each new clinic that is interested
in a BRIDGE dashboard (Figure 3). In the “Inspiration” phase,
the BRIDGE clinician scientists and programmers identify and
meet with a small number of clinician champions to
collaboratively define the problems to be solved to improve
care in the clinician champions’clinic. They also generate ideal

use cases based on that clinic’s workflow, such as those for data
types, data sources, and visualizations. In the “Ideation” phase,
a design mock-up is shared with a broader set of intended
stakeholders from that clinic to obtain their input, after which
the final set of minimum viable product (MVP) specifications
is derived for the dashboard, and programming begins for the
jointly approved design mock-up. The finalized MVP is built
in the “Implementation” phase, during which early testing is
conducted by a small superuser group of clinicians who generate
feedback about bugs and minor refinements. These clinic domain
experts are the primary drivers for designing and conducting
formal evaluations of their precision medicine tools, which
include clinician users’ feedback about dashboard ease, utility,
and fidelity; patients’ satisfaction with care; impacts on
workflow, including automated click tracking; and longer-term
analyses of the clinical impact, value, and cost-effectiveness of
these tools. Clinical validation, technological or therapeutic
innovation, or user demand may result in further cycles of
design.
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Figure 3. Example timelines and milestones of clinical application development. The design and development of an institution-specific platform for
clinical applications, such as BRIDGE, is a multiyear undertaking (eg, 2 years for the MVP and clinic 1). Following the principles and phases of
human-centered design ensures the development of a product that meets the needs of the users and the requirements of the institution. Obtaining
institutional regulatory approval—a process that runs in parallel with the design and development processes—is critical and can risk becoming the
rate-limiting step. The evaluation of the product initially focuses on user experience, followed by clinical outcomes such as morbidity, mortality, or
efficiency. With the majority of the platform built, the design and build times are dramatically reduced for clinic 2, and they continue to fall as the
process becomes refined (eg, under 6 months for clinics 3-5) and occurs in parallel. MVP: minimum viable product.

HCD: Future Directions
Since the back-end infrastructure of an institution-wide platform
is unified, only 1 set of corresponding regulatory approvals is
needed, and this approach reduces the cost and time required
to develop a front-end tool and allows multiple tools to be
developed in parallel (Figure 3). However, given the number
of medical specialties, clinical scenarios, disorders, and
algorithms across a health care system, engaging in this intensive
HCD process with each new clinic will not be cost-effective in
the long term. Instead, a library of existing data sources and
graphical interfaces could be generated, and clinicians (or
patients, ie, in the event of a patient-facing version) could
customize this library to design their own dashboards, thereby
freeing programmers to concentrate on developing new modular
interfaces and data sources. Generating more universal standards
for describing clinical dashboards and their connections to APIs
and EHRs could ease the deployment of dashboards across a
wide range of health care platforms. Containerization, the
Substitutable Medical Applications and Reusable Technologies
(SMART) on Fast Healthcare Interoperability Resources (FHIR)
API, and the Epic App Orchard (Epic Systems) represent
important steps in this direction, but substantial scope for further
standardization remains. The adoption of this type of adaptable
clinical dashboard at scale would provide sufficient data for
iteratively testing and improving performance, resulting in a
second data-driven evaluation phase that focuses on surveys
and click data. As the scale of data grows, especially across

institutions, a third design phase that is based on both clinical
outcomes and user experience will become possible.

Consideration 2: Technological Design

Common Approaches to the Technological Design of
Digital Health Tools
The architecture of most digital health tools involves a
connection among the back-end databases, middleware software
algorithms that convert the data into useful knowledge, and
front-end displays for users (Figure 2). Both single-clinic and
centralized solutions are often hard-coded to represent a specific
data source and visualization type, which slows the development
of novel iterations and results in higher overall costs. A more
efficient solution is to build a framework of reusable APIs that
connects a multiplying number of data sources, computational
algorithms, and modular visualization schematics and is
adaptable and scalable to diverse types of medical data and
clinical specialties.

Practical Considerations From the BRIDGE
Experience

Overview of Practical Considerations
The BRIDGE platform was designed as a proof-of-principle
MVP scaffold that could be developed efficiently and quickly
but later refined and scaled up depending on its success and the
collaborative opportunities generated. The HCD process made
clear the following four key technical requirements: (1) it had
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to permit access to a variety of data sources (ie, beyond the
EHR), which could then be either displayed directly or processed
through computationally intense algorithms [7]; (2) it needed
to enable the visualization of these data in an intuitive and
actionable manner, and this process needed to be embedded in
the clinical workflow, so that it was not cumbersome for
clinicians to access or operate; (3) following logically from the
second requirement, it required the ability to launch directly
from the EHR; and (4) it had to be as modular as possible to
make iterative clinic-by-clinic customizations easier and more
efficient to program.

Data Sources
Many data types contribute to precision care. To build a data
foundation for BRIDGE that would best meet the needs of a
variety of clinical use cases, we opted to include real-time
clinical data from the EHR, minimally processed data from
widely available data platforms (REDCap and Qualtrics
[Qualtrics International Inc]) [16], data from institutional tools
(eg, TabCAT [Tablet-Based Cognitive Assessment Tool;
UCSF]) [17] and research databases [18], and complex data that
either cannot be currently hosted in the standard EHR or require
processing by complex analytics processing pipelines (Figure
2). For example, images from the Radiology PACS can be
obtained ahead of time based on scheduled appointments,
thereby allowing time for computationally intensive image
processing pipelines to run prior to a patient appointment.
Further innovations requiring advanced data processing include
accessing expansive knowledge networks to compute precise
clinical risk and treatment predictions [19]. As it would represent
the convergence of so many sensitive data streams, BRIDGE
required robust front-end and back-end architectures that were
unified around security and hosted within the UCSF firewall.

Workflow Fit and EHR Integration
As a fundamental requirement for BRIDGE, to give clinicians
actionable information during patient encounters, it had to
launch directly from patients’ records in the EHR (ie, Epic; Epic
Systems) and pull their clinical data in real time (Figure 2). This
resulted in a central technical decision to design BRIDGE as a
SMART on FHIR application. Launching from the EHR resulted
in additional clinical workflow benefits; discrete data could be
collected at the point of care by using clinic-specific EHR
Flowsheets and SmartForms (sharable across institutions), and
data could then be pulled into clinical notes. Direct flowsheet
data entry also allows BRIDGE to call and visualize discrete
research data during clinic visits more efficiently. Enabling this
launch functionality required interactions with the EHR
development group and resources for funding their modifications
to the EHR.

Modular Design
BRIDGE was designed to capitalize on a common language of
clinical information flow through the creation of core widgets,
or visualization modules, that can be adapted to an expanding
array of clinical scenarios (Figure 2). At the time of BRIDGE
MVP deployment, we had programmed the following four
reusable core widgets: (1) longitudinal clinical course in the
context of treatment, (2) cross-sectional metrics, (3)

specialty-focused laboratory data, and (4) quantitative
neuroimaging. Both the cross-sectional and longitudinal widgets
allow patients’ scores and metrics to be contextualized against
a larger reference cohort that indicates both normal and
abnormal values as well as percentile calculations, thus allowing
a patient’s clinical status to be interpreted by a clinician at a
glance (Figure 2). We were able to convert existing precision
medicine tools, such as the UCSF Multiple Sclerosis BioScreen
longitudinal viewer [12] and the UCSF Brainsight magnetic
resonance image processing and visualization tool [20] into
these initial BRIDGE widgets. The configuration data for all
viewers are stored by BRIDGE, which queries these data in real
time and then renders the specified widgets and data sources
for the clinician. Updates to the configuration can be made
quickly when existing dashboards need to be adapted, thus
enabling both ongoing user engagement and rapid deployment
to meet the evolving needs of specific clinics. As we expand to
other clinics, new widgets (eg, geolocation and genomics) that
can be retroactively made available to existing clinics are being
developed.

Technological Design: Future Directions
Two architectural changes can be made. The first is integration
with a middleware platform. BRIDGE is currently connected
to multiple data sources through direct API integrations, and
connecting to additional APIs necessitates the modification of
the codebase. Making use of a platform that aggregates APIs
would reduce maintenance efforts and promote more stable
platforms. Examples of such platforms already exist (eg, Human
API [21]) and include EHR data. The second architectural
change is creating a graphical user interface (GUI) that clinicians
can use to create their own dashboards. Currently, dashboard
configuration is done by the BRIDGE development team.
Building a GUI that allows clinicians to configure and customize
their dashboards would accelerate progress and allow clinicians
without programming experience to access relevant data sources.
Such an endeavor will likely require the integration of
institution-wide platforms and centralized platforms, and such
an integration will benefit both types of platforms. The resulting
unified platforms would probably combine generic, cloud-based
back-end and middleware components but be able to deliver
the customized, clinic-specific, front-end dashboards designed
by clinicians through the GUI. Overall, BRIDGE aims to
augment—not supplant—the EHR; should an institution’s
visualization show clinical value, the institution could choose
to maintain it in BRIDGE or integrate it into their EHR more
permanently.

Innovations are also needed to improve data quality in the EHR,
including tools that systematically flag likely data entry errors,
simplify the correction of the EHR by a clinician, and ensure
that corrections are distributed to all clinical tools. Finally, to
demonstrate that these tools comply with the Health Insurance
Portability and Accountability Act (HIPAA) or equivalent
guidelines, a cross-institutional body that is responsible for
testing and validating these solutions could be created. It might
accelerate progress substantially by, for example, supporting
cloud-based, HIPAA-compliant, off-the-shelf solutions to ease
this data quality burden.
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Consideration 3: Regulation and Policy

Launching a clinical application with real-time access to
identified patient health data requires close institutional
oversight and multiple stages of regulatory approval, especially
in cases where clear institutional road maps or leadership
structures are lacking due to the innovative nature of such
applications.

Practical Considerations From the BRIDGE
Experience
With regard to developing the BRIDGE MVP, the Epic EHR,
and the SMART on FHIR application, technological capabilities
were already available within our institution, but multiple
security, privacy, technological, and compliance concerns had
to be addressed. Specifically, authorizing an expandable,
cross-specialty, modular platform rather than a domain- and
clinic-specific tool was entirely novel. This necessitated parallel
revisions to the approval process itself. Early in the design
process, we set clear functional constraints that would reduce
the barriers to institutional approval. Foremost among these
were (1) conceptualizing BRIDGE as a clinical research tool
that is custom designed with clinical specialists rather than as
an institution-wide, enterprise-level clinical solution; (2) not
requesting write access to the EHR (real-time read access was
enabled); and (3) ensuring that data do not leave the institutional
firewall. With an approved clinical research platform in place,
the bar for institutional approval is substantially reduced for
subsequent clinical dashboards that iterate on the initial design,
reducing this multi-month process to a simple, clinic-specific
sign-off (Figure 3). Further approval is required for applications
that add novel functionalities or revisit one of the major systems
constraints (eg, sending data to an external server).

Regulation and Policy: Future Directions
BRIDGE provides a mechanism for rapidly deploying and
evaluating novel precision medicine algorithms and
visualizations developed by clinical researchers [22-24] to
evaluate their clinical benefit [25]. As the system expands and
more clinical visualizations become the standard of care, medical
centers may eventually choose to move the fundamental
infrastructure of their institution-wide platforms from an MVP
clinical research entity, such as BRIDGE, to a full,
enterprise-level clinical system that delivers the same
capabilities at a higher level of reliability [26,27]. This shift
will be precipitated by a number of considerations, including
the need for professional-level version control and releases;
automated testing and quality control; the capacity for multilevel
monitoring, logging, and auditing; and the ability to handle high
user volumes without concurrency issues. The institution will
also need to ensure that there is adequate personnel infrastructure

behind the system to permit sustainable 24-hour user support
and timely design and adaptation for new clinics. In the end,
all stakeholders must be able to trust the reliability and clinical
value of the final platform and the sustainability of the system
supporting it [28]. For many such algorithms, moving along the
continuum from clinical research to enterprise clinical care may
well necessitate regulatory approval from the Food and Drug
Administration Center for Devices and Radiological Health
[29], as spelled out in their Digital Health Innovation Action
Plan, and alignment with the international Software as a Medical
Device guidelines through the International Medical Device
Regulators Forum.

Consideration 4: Evaluation and Impact

Pathway to Evaluation
Technological innovations in health care will ultimately be
evaluated in terms of their impacts on patients, clinicians, data,
and payors. In the near term, this requires the evaluation of a
tool’s interpretability and fidelity, that is, whether clinicians
and patients like, understand, and use the tool and whether the
use of the tool improves patients’ experiences within the health
system [15,28,30]. Making even the most complex algorithms
visually digestible and actionable will be a key evaluation
criterion [3]. To this end, for each BRIDGE dashboard, prior
to measuring its clinical impact, we ensure that it meets key
drivers of clinical adoption. We use the Health Information
Technology Usability Evaluation Model [31] to evaluate at least
15 patients’ and 8 clinicians’ perceptions on the usefulness
[32,33], ease of use [32,33], actionability [31], and likability
[34] of each clinical dashboard. Low-scoring items (ie, <80%
of respondents state “agree” for any given metric) engender
another round of iterative development.

Evaluation and Impact: Future Directions
The impact of a dashboard like BRIDGE on clinical research
and, eventually, care can be evaluated through in silico trials
for answering a variety of clinical questions, as depicted in
Figure 4. A near-term goal may be to compare users’preference
for 2 types of symptom displays or to evaluate the impact of
BRIDGE on workflow efficiency (eg, determining whether the
use of the tool reduces the overall time spent on “clicking”
through a patient’s chart). Medium-term goals may be to refine
a series of treatment action prompts that could yield a clinical
decision support tool or to compare the effects of 2 different
prediction algorithms on the risk of rehospitalization after a
cardiac event. Long-term, altering clinical outcomes [2,25,27]
that have obvious implications for health economics, such as
reductions in the time to accurate diagnosis, rehospitalization,
disability progression, morbidity, or death, will be directly
relevant to an institution’s assessment of a tool’s utility.
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Figure 4. Prototypes of clinical research enabled by BRIDGE. Clinical research applications include impacts on patient-doctor interactions and clinical
workflows; the impact of monitoring patient-generated data, such as patient-reported outcomes and activity monitoring data; and the impact of delivering
more advanced image processing and clinical algorithms (including prediction, prevention, and treatment algorithms) into the hands of clinicians. EHR:
electronic health record; IPV: intimate partner violence; IVSM: intravenous solumedrol; MVP: minimum viable product; OCR: ocrelizumab; PHQ:
Patient Health Questionnaire; PHQ-9: Patient Health Questionnaire-9; SSRI: selective serotonin reuptake inhibitor; SUD: substance use disorder.

Discussion

Determining whether big data analytics will truly disrupt clinical
care depends on providing clinicians with access to the results
of these analytics. In this paper, we describe one approach to
overcoming the technical hurdle of making algorithms clinically
available: the development of BRIDGE, an example of an

institution-wide platform that allows for substantial
clinic-specific customization. From the outset, BRIDGE was
designed by intended users who worked closely with
stakeholders, through an HCD process, to develop a structured
and modular solution (Figure 2) that could be scaled and
customized to specific clinic use cases in a cost- and
time-efficient manner (Figure 3). The resulting platform
addresses clinicians’ requests to reduce data overload and more
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precisely tailor the data that they use during clinical encounters.
The lessons learned from building an institution-wide digital
medicine platform include not only the importance of using
HCD but also the importance of engaging with institutional
partners and leadership early to collaboratively and transparently
navigate through the long and arduous process of obtaining
regulatory and security approval.

Based on our experiences, we propose that the development of
similar platforms at other institutions is an efficient way to
accelerate the testing of digital health algorithms in clinics. To
reduce the burden of this undertaking, other academic clinical
centers could use all or part of the BRIDGE platform code to
create their own instances, especially if these centers used Epic,
even though there would still be regulatory approval and
software integration steps for making BRIDGE available within
their EHRs. Additional developments could simplify this further,
including sharing aspects of BRIDGE through centralized
application stores, such as the Epic App Orchard, as well as
creating centralized security audits and certifications that allow
software to be vetted thoroughly once rather than vetting

software at each new institution. Such centralization could be
achieved by a federal initiative, a nationwide nonprofit society,
or commercial vendors. For example, commercial vendors could
provide institutions with centralized platforms that provide
cloud-based computational resources, data access, security, and
certification while clinicians and scientists develop dashboards
and algorithms that run on these centralized platforms. BRIDGE
provides a way to immediately develop and test these dashboards
and algorithms in preparation for this future.

The potential of precision medicine will only be realized when
the utility of the algorithms developed in this field can be
evaluated at the point of care with real patients. Performing this
testing requires substantial infrastructure development, which
is hard to justify in the evaluation phase. Modular, scalable,
institution-wide platforms, such as BRIDGE, represent one
approach to resolving this catch-22 problem by providing an
efficient mechanism for rapidly and cost-effectively deploying
and evaluating new algorithms in clinics. Such a mechanism
effectively serves as a bridge for translating research innovations
into clinical tools.

 

Acknowledgments
The authors thank the funders (UCSF Weill Institute for Neurosciences), Dr Matthew State (for leadership of BRIDGE deployment
in Psychiatry), Drs Ida Sim and Jason Satterfield (for iteration of a clinical action prompt tool), as well as Michael Schaffer (early
BRIDGE architecture consultation) and Cosmo Mielke (w-map viewer in the UCSF Brainsight app).

Conflicts of Interest
RB receives research support from National Institutes of Health (NIH), California Initiative to Advance Precision Medicine,
National Multiple Sclerosis Society (Harry Weaver Award), Hilton Foundation, and Sherak Foundation as well as Biogen,
Novartis, and Roche Genentech. RB also receives scientific advisory board and consulting fees from Alexion, Biogen, EMD
Serono, Genzyme Sanofi, Novartis, and Roche Genentech. BLM receives royalties from Guilford Press, Cambridge University
Press, Johns Hopkins Press, and Oxford University Press and grant support from NIH and the Bluefield Project to Cure
Frontotemporal Dementia. SLH serves on the scientific advisory boards of Accure, Alector, Annexon, and Molecular Stethoscope
and the board of directors for Neurona. SLH has received travel reimbursement and writing support from Roche and Novartis
for CD20-related meetings and presentations. KPR receives research funding from NIH, Quest Diagnostics, the Marcus Family
Foundation, and the Rainwater Charitable Foundation. ES, PS, MG, SML, AB, and SJS have no conflicts of interest to declare.

References
1. Avram R, Olgin JE, Kuhar P, Hughes JW, Marcus GM, Pletcher MJ, et al. A digital biomarker of diabetes from

smartphone-based vascular signals. Nat Med 2020 Oct;26(10):1576-1582 [FREE Full text] [doi: 10.1038/s41591-020-1010-5]
[Medline: 32807931]

2. Cook DA, Enders F, Caraballo PJ, Nishimura RA, Lloyd FJ. An automated clinical alert system for newly-diagnosed atrial
fibrillation. PLoS One 2015 Apr 07;10(4):e0122153. [doi: 10.1371/journal.pone.0122153] [Medline: 25849969]

3. Bean DM, Teo J, Wu H, Oliveira R, Patel R, Bendayan R, et al. Semantic computational analysis of anticoagulation use
in atrial fibrillation from real world data. PLoS One 2019 Nov 25;14(11):e0225625. [doi: 10.1371/journal.pone.0225625]
[Medline: 31765395]

4. Shah P, Kendall F, Khozin S, Goosen R, Hu J, Laramie J, et al. Artificial intelligence and machine learning in clinical
development: a translational perspective. NPJ Digit Med 2019 Jul 26;2:69 [FREE Full text] [doi: 10.1038/s41746-019-0148-3]
[Medline: 31372505]

5. Eaneff S, Obermeyer Z, Butte AJ. The case for algorithmic stewardship for artificial intelligence and machine learning
technologies. JAMA 2020 Oct 13;324(14):1397-1398. [doi: 10.1001/jama.2020.9371] [Medline: 32926087]

6. Wiljer D, Hakim Z. Developing an artificial intelligence-enabled health care practice: Rewiring health care professions for
better care. J Med Imaging Radiat Sci 2019 Dec;50(4 Suppl 2):S8-S14. [doi: 10.1016/j.jmir.2019.09.010] [Medline:
31791914]

7. Afzal M, Islam SMR, Hussain M, Lee S. Precision medicine informatics: Principles, prospects, and challenges. IEEE Access
2020 Jan 13;8:13593-13612 [FREE Full text] [doi: 10.1109/access.2020.2965955]

J Med Internet Res 2022 | vol. 24 | iss. 2 | e34560 | p.400https://www.jmir.org/2022/2/e34560
(page number not for citation purposes)

Bove et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/32807931
http://dx.doi.org/10.1038/s41591-020-1010-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32807931&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0122153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25849969&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0225625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31765395&dopt=Abstract
https://doi.org/10.1038/s41746-019-0148-3
http://dx.doi.org/10.1038/s41746-019-0148-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31372505&dopt=Abstract
http://dx.doi.org/10.1001/jama.2020.9371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32926087&dopt=Abstract
http://dx.doi.org/10.1016/j.jmir.2019.09.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31791914&dopt=Abstract
https://ieeexplore.ieee.org/document/8957137
http://dx.doi.org/10.1109/access.2020.2965955
http://www.w3.org/Style/XSL
http://www.renderx.com/


8. Grouin C, Deléger L, Rosier A, Temal L, Dameron O, Van Hille P, et al. Automatic computation of CHA2DS2-VASc
score: information extraction from clinical texts for thromboembolism risk assessment. AMIA Annu Symp Proc
2011;2011:501-510 [FREE Full text] [Medline: 22195104]

9. Melgaard L, Gorst-Rasmussen A, Lane DA, Rasmussen LH, Larsen TB, Lip GYH. Assessment of the CHA2DS2-VASc
Score in Predicting Ischemic Stroke, Thromboembolism, and Death in Patients With Heart Failure With and Without Atrial
Fibrillation. JAMA 2015 Sep 08;314(10):1030-1038. [doi: 10.1001/jama.2015.10725] [Medline: 26318604]

10. CHA2DS2-VASc score for atrial fibrillation stroke risk. MDCalc. URL: https://www.mdcalc.com/
cha2ds2-vasc-score-atrial-fibrillation-stroke-risk [accessed 2020-09-24]

11. Wang T, Oliver D, Msosa Y, Colling C, Spada G, Roguski Ł, et al. Implementation of a real-time psychosis risk detection
and alerting system based on electronic health records using CogStack. J Vis Exp 2020 May 15(159):10.3791/60794 [FREE
Full text] [doi: 10.3791/60794] [Medline: 32478737]

12. Gourraud P, Henry RG, Cree BAC, Crane JC, Lizee A, Olson MP, et al. Precision medicine in chronic disease management:
The multiple sclerosis BioScreen. Ann Neurol 2014 Nov;76(5):633-642 [FREE Full text] [doi: 10.1002/ana.24282] [Medline:
25263997]

13. Design Kit: The human-centered design toolkit. IDEO. URL: https://www.ideo.com/post/design-kit [accessed 2022-01-06]
14. Matheson GO, Pacione C, Shultz RK, Klügl M. Leveraging human-centered design in chronic disease prevention. Am J

Prev Med 2015 Apr;48(4):472-479. [doi: 10.1016/j.amepre.2014.10.014] [Medline: 25700655]
15. Bove R, Bruce CA, Lunders CK, Pearce JR, Liu J, Schleimer E, et al. Electronic health record technology designed for the

clinical encounter: MS NeuroShare. Neurol Clin Pract 2021 Aug;11(4):318-326. [doi: 10.1212/CPJ.0000000000000986]
[Medline: 34484932]

16. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed
Inform 2009 Apr;42(2):377-381 [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

17. Possin KL, Moskowitz T, Erlhoff SJ, Rogers KM, Johnson ET, Steele NZR, et al. The brain health assessment for detecting
and diagnosing neurocognitive disorders. J Am Geriatr Soc 2018 Jan;66(1):150-156 [FREE Full text] [doi: 10.1111/jgs.15208]
[Medline: 29355911]

18. University of California‚ San Francisco MS-EPIC Team:, Cree BAC, Gourraud P, Oksenberg JR, Bevan C, Crabtree-Hartman
E, et al. Long-term evolution of multiple sclerosis disability in the treatment era. Ann Neurol 2016 Oct;80(4):499-510
[FREE Full text] [doi: 10.1002/ana.24747] [Medline: 27464262]

19. Nelson CA, Bove R, Butte AJ, Baranzini SE. Embedding electronic health records onto a knowledge network recognizes
prodromal features of multiple sclerosis and predicts diagnosis. J Am Med Inform Assoc 2021 Dec 16:ocab270. [doi:
10.1093/jamia/ocab270] [Medline: 34915552]

20. Memory and Aging Center. University of California, San Francisco. URL: https://memory.ucsf.edu/ [accessed 2022-01-24]
21. Human API. Human API. URL: https://www.humanapi.co/ [accessed 2022-01-24]
22. Olgin JE, Lee BK, Vittinghoff E, Morin DP, Zweibel S, Rashba E, et al. Impact of wearable cardioverter-defibrillator

compliance on outcomes in the VEST trial: As-treated and per-protocol analyses. J Cardiovasc Electrophysiol 2020
May;31(5):1009-1018. [doi: 10.1111/jce.14404] [Medline: 32083365]

23. Norgeot B, Glicksberg BS, Trupin L, Lituiev D, Gianfrancesco M, Oskotsky B, et al. Assessment of a deep learning model
based on electronic health record data to forecast clinical outcomes in patients with rheumatoid arthritis. JAMA Netw Open
2019 Mar 01;2(3):e190606 [FREE Full text] [doi: 10.1001/jamanetworkopen.2019.0606] [Medline: 30874779]

24. Hong JC, Eclov NCW, Dalal NH, Thomas SM, Stephens SJ, Malicki M, et al. System for High-Intensity Evaluation During
Radiation Therapy (SHIELD-RT): A prospective randomized study of machine learning-directed clinical evaluations during
radiation and chemoradiation. J Clin Oncol 2020 Nov 01;38(31):3652-3661. [doi: 10.1200/JCO.20.01688] [Medline:
32886536]

25. Panch T, Pollard TJ, Mattie H, Lindemer E, Keane PA, Celi LA. "Yes, but will it work for patients?" Driving clinically
relevant research with benchmark datasets. NPJ Digit Med 2020 Jun 19;3:87 [FREE Full text] [doi:
10.1038/s41746-020-0295-6] [Medline: 32577534]

26. Parikh RB, Obermeyer Z, Navathe AS. Regulation of predictive analytics in medicine. Science 2019 Feb
22;363(6429):810-812 [FREE Full text] [doi: 10.1126/science.aaw0029] [Medline: 30792287]

27. Choudhury A, Asan O. Role of artificial intelligence in patient safety outcomes: Systematic literature review. JMIR Med
Inform 2020 Jul 24;8(7):e18599 [FREE Full text] [doi: 10.2196/18599] [Medline: 32706688]

28. Asan O, Bayrak AE, Choudhury A. Artificial intelligence and human trust in healthcare: Focus on clinicians. J Med Internet
Res 2020 Jun 19;22(6):e15154 [FREE Full text] [doi: 10.2196/15154] [Medline: 32558657]

29. Allen B. The role of the FDA in ensuring the safety and efficacy of artificial intelligence software and devices. J Am Coll
Radiol 2019 Feb;16(2):208-210. [doi: 10.1016/j.jacr.2018.09.007] [Medline: 30389329]

30. Shinners L, Aggar C, Grace S, Smith S. Exploring healthcare professionals' understanding and experiences of artificial
intelligence technology use in the delivery of healthcare: An integrative review. Health Informatics J 2020
Jun;26(2):1225-1236 [FREE Full text] [doi: 10.1177/1460458219874641] [Medline: 31566454]

J Med Internet Res 2022 | vol. 24 | iss. 2 | e34560 | p.401https://www.jmir.org/2022/2/e34560
(page number not for citation purposes)

Bove et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/22195104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22195104&dopt=Abstract
http://dx.doi.org/10.1001/jama.2015.10725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26318604&dopt=Abstract
https://www.mdcalc.com/cha2ds2-vasc-score-atrial-fibrillation-stroke-risk
https://www.mdcalc.com/cha2ds2-vasc-score-atrial-fibrillation-stroke-risk
http://europepmc.org/abstract/MED/32478737
http://europepmc.org/abstract/MED/32478737
http://dx.doi.org/10.3791/60794
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32478737&dopt=Abstract
http://europepmc.org/abstract/MED/25263997
http://dx.doi.org/10.1002/ana.24282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25263997&dopt=Abstract
https://www.ideo.com/post/design-kit
http://dx.doi.org/10.1016/j.amepre.2014.10.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25700655&dopt=Abstract
http://dx.doi.org/10.1212/CPJ.0000000000000986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34484932&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&dopt=Abstract
http://europepmc.org/abstract/MED/29355911
http://dx.doi.org/10.1111/jgs.15208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29355911&dopt=Abstract
http://europepmc.org/abstract/MED/27464262
http://dx.doi.org/10.1002/ana.24747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27464262&dopt=Abstract
http://dx.doi.org/10.1093/jamia/ocab270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34915552&dopt=Abstract
https://memory.ucsf.edu/
https://www.humanapi.co/
http://dx.doi.org/10.1111/jce.14404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32083365&dopt=Abstract
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2019.0606
http://dx.doi.org/10.1001/jamanetworkopen.2019.0606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30874779&dopt=Abstract
http://dx.doi.org/10.1200/JCO.20.01688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32886536&dopt=Abstract
https://doi.org/10.1038/s41746-020-0295-6
http://dx.doi.org/10.1038/s41746-020-0295-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32577534&dopt=Abstract
http://europepmc.org/abstract/MED/30792287
http://dx.doi.org/10.1126/science.aaw0029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30792287&dopt=Abstract
https://medinform.jmir.org/2020/7/e18599/
http://dx.doi.org/10.2196/18599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32706688&dopt=Abstract
https://www.jmir.org/2020/6/e15154/
http://dx.doi.org/10.2196/15154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32558657&dopt=Abstract
http://dx.doi.org/10.1016/j.jacr.2018.09.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30389329&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1460458219874641?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/1460458219874641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31566454&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


31. Brown 3rd W, Yen PY, Rojas M, Schnall R. Assessment of the Health IT Usability Evaluation Model (Health-ITUEM)
for evaluating mobile health (mHealth) technology. J Biomed Inform 2013 Dec;46(6):1080-1087 [FREE Full text] [doi:
10.1016/j.jbi.2013.08.001] [Medline: 23973872]

32. Yen P, Sousa KH, Bakken S. Examining construct and predictive validity of the Health-IT Usability Evaluation Scale:
confirmatory factor analysis and structural equation modeling results. J Am Med Inform Assoc 2014 Oct;21(e2):e241-e248
[FREE Full text] [doi: 10.1136/amiajnl-2013-001811] [Medline: 24567081]

33. Schnall R, Cho H, Liu J. Health Information Technology Usability Evaluation Scale (Health-ITUES) for usability assessment
of mobile health technology: Validation study. JMIR Mhealth Uhealth 2018 Jan 05;6(1):e4 [FREE Full text] [doi:
10.2196/mhealth.8851] [Medline: 29305343]

34. Mathews SC, McShea MJ, Hanley CL, Ravitz A, Labrique AB, Cohen AB. Digital health: a path to validation. NPJ Digit
Med 2019 May 13;2:38 [FREE Full text] [doi: 10.1038/s41746-019-0111-3] [Medline: 31304384]

Abbreviations
API: application programming interface
EHR: electronic health record
FHIR: Fast Healthcare Interoperability Resources
GUI: graphical user interface
HCD: human-centered design
HIPAA: Health Insurance Portability and Accountability Act
MVP: minimum viable product
NIH: National Institutes of Health
PACS: Picture Archiving and Communication System
REDCap: Research Electronic Data Capture
SMART: Substitutable Medical Applications and Reusable Technologies
TabCAT: Tablet-Based Cognitive Assessment Tool
UCSF: University of California, San Francisco

Edited by G Eysenbach; submitted 29.10.21; peer-reviewed by M Afzal; comments to author 25.11.21; revised version received
17.12.21; accepted 22.12.21; published 15.02.22.

Please cite as:
Bove R, Schleimer E, Sukhanov P, Gilson M, Law SM, Barnecut A, Miller BL, Hauser SL, Sanders SJ, Rankin KP
Building a Precision Medicine Delivery Platform for Clinics: The University of California, San Francisco, BRIDGE Experience
J Med Internet Res 2022;24(2):e34560
URL: https://www.jmir.org/2022/2/e34560 
doi:10.2196/34560
PMID:35166689

©Riley Bove, Erica Schleimer, Paul Sukhanov, Michael Gilson, Sindy M Law, Andrew Barnecut, Bruce L Miller, Stephen L
Hauser, Stephan J Sanders, Katherine P Rankin. Originally published in the Journal of Medical Internet Research
(https://www.jmir.org), 15.02.2022. 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 2022 | vol. 24 | iss. 2 | e34560 | p.402https://www.jmir.org/2022/2/e34560
(page number not for citation purposes)

Bove et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(13)00116-0
http://dx.doi.org/10.1016/j.jbi.2013.08.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23973872&dopt=Abstract
http://europepmc.org/abstract/MED/24567081
http://dx.doi.org/10.1136/amiajnl-2013-001811
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24567081&dopt=Abstract
https://mhealth.jmir.org/2018/1/e4/
http://dx.doi.org/10.2196/mhealth.8851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29305343&dopt=Abstract
https://doi.org/10.1038/s41746-019-0111-3
http://dx.doi.org/10.1038/s41746-019-0111-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31304384&dopt=Abstract
https://www.jmir.org/2022/2/e34560
http://dx.doi.org/10.2196/34560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35166689&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Viewpoint

Lessons Learned From Beta-Testing a Facebook Group Prototype
to Promote Treatment Use in the “Connecting Alaska Native
People to Quit Smoking” (CAN Quit) Study

Pamela S Sinicrope1, MPH, DPH; Colleen D Young2, BA; Ken Resnicow3, PhD; Zoe T Merritt4, MBA; Clara R

McConnell5, BA; Christine A Hughes1, BS; Kathryn R Koller4, PhD; Martha J Bock1, BS; Paul A Decker1, MS;

Christie A Flanagan4, MPH; Crystal D Meade5, BS; Timothy K Thomas4, MD; Judith J Prochaska6, MPH, PhD;

Christi A Patten1, PhD
1Behavioral Health Research Program, Department of Psychiatry and Psychology, Mayo Clinic, Rochester, MN, United States
2Division of Consumer Communications, Social and Digital Innovation, Mayo Clinic Connect, Rochester, MN, United States
3Department of Health Behavior and Health Education, School of Public Health, University of Michigan, Ann Arbor, MI, United States
4Clinical & Research Services, Division of Community Health Services, Alaska Native Tribal Health Consortium, Anchorage, AK, United States
5Wellness and Prevention, Division of Community Health Services, Alaska Native Tribal Health Consortium, Anchorage, AK, United States
6Stanford Prevention Research Center, Department of Medicine, Stanford University, Stanford, CA, United States

Corresponding Author:
Pamela S Sinicrope, MPH, DPH
Behavioral Health Research Program
Department of Psychiatry and Psychology
Mayo Clinic
200 1st St SW
Rochester, MN, 55905
United States
Phone: 1 507 284 2511
Email: Sinicrope.Pamela@mayo.edu

Abstract

Social media provides an effective tool to reach, engage, and connect smokers in cessation efforts. Our team developed a Facebook
group, CAN Quit (Connecting Alaska Native People to Quit smoking), to promote use of evidence-based smoking cessation
resources for Alaska Native people living in Alaska, which are underused despite their effectiveness. Often separated by geography
and climate, Alaska Native people prefer group-based approaches for tobacco cessation that support their culture and values.
Such preferences make Alaska Native people candidates for social media–based interventions that promote connection. This
viewpoint discusses the steps involved and lessons learned in building and beta-testing our Facebook group prototype, which
will then be evaluated in a pilot randomized controlled trial. We describe the process of training moderators to facilitate group
engagement and foster community, and we describe how we developed and tested our intervention prototype and Facebook group.
All parts of the prototype were designed to facilitate use of evidence-based cessation treatments. We include recommendations
for best practices with the hope that lessons learned from the CAN Quit prototype could provide a model for others to create
similar platforms that benefit Alaska Native and American Indian people in the context of smoking cessation.

(J Med Internet Res 2022;24(2):e28704)   doi:10.2196/28704
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Introduction

Background
Social media is a powerful tool for reaching, engaging, and
connecting smokers in cessation efforts. This could be especially
true for Alaska Native people, who have the highest smoking
prevalence in any US racial or ethnic subgroup [1]. Furthermore,
Alaska Native residents of Alaska have a smoking prevalence
more than double than that of Alaskan White residents (42%
vs 17%), [2,3] but are difficult to reach with traditional
face-to-face interventions because of their remote geography
[4]. More than half of Alaska Native people live in more than
200 small communities (populations averaging 500-1000 total
residents). Most of these communities are located off the road
system and are accessible year-round only by a small plane,
making them both geographically and socially remote.

Research indicates that internet (web)-based interventions are
effective for smoking cessation and overcoming barriers related
to travel; however, they are also associated with low use [5,6].
Conversely, social media has been shown to promote access
and engagement among underserved, diverse populations with
evidence-based content and peer support [7-9]. In contrast to
individual-based treatments, social media platforms could lead
to greater adoption and sustainability by encouraging
collaborative efforts across adult generations that resonate with
the Alaska Native cultural value of interdependence, defined
as relationship oriented and collaborative in decision-making
and lifestyle changes [10-12]. It is also important to note that
traditional Alaska Native lifestyles, cultures, and holistic
worldviews are intertwined and extend beyond mere social
collectivism to include the interconnectedness of people with
nature, the environment, and all elements of the universe [13,14].
Furthermore, Facebook is the dominant social networking
platform used by 68% of US adults, more than double the
proportion on Twitter (21%), Instagram (28%), Pinterest (26%),
and LinkedIn (25%). Of Facebook users, 75% engage with the
site daily. Facebook use indicates similarly high rates of
engagement by sex (75% of females and 83% of males use
Facebook), income (84% engagement among those earning
<US $30,000/year vs 77% for those reporting >US
$74,000/year), and age groups (88%, 18-29 years; 84%, 30-49
years; and 72%, 50-74 years), except for slightly less use (62%)
among those aged ≥65 years. Of Alaskans, 91% reported having
mobile broadband internet access [15-19], and surveys showed
that the Alaska Native people in both rural and urban areas of
Alaska use their smartphones to access social media, specifically
Facebook [17,18,20].

On the basis of the above reasons, Alaska Native people, who
value connection and community and represent an underserved
health disparities group with significant barriers to receiving
cessation treatment [21], may be optimal candidates for a social
media platform where they can learn about evidence-based
cessation resources in a group setting with other Alaska Native
people also interested in quitting smoking. Furthermore, a
Facebook intervention represents a potential platform for study
recruitment, as Facebook is a primary source for social
networking [17,18].

Objective
The overall purpose of the CAN Quit (Connecting Alaska Native
People to Quit Smoking) intervention study is to promote use
of evidence-based smoking cessation resources available to
Alaska Native people state-wide using social media. In the first
2 phases, we evaluated content for inclusion in the study using
qualitative and quantitative methods [22,23]. In this third phase,
our goal is to develop and beta-test the intervention prototype.
The purpose of this paper is to highlight the results of the
beta-testing phase of this 4-phase study and share lessons learned
that could be applied by others interested in similar health
behavior interventions [22].

What Is the CAN Quit Study?
CAN Quit [22] is an ongoing 4-phase study to iteratively
develop and pilot-test a culturally tailored social
media–delivered intervention (via a secret Facebook group) to
promote evidence-based smoking treatment uptake and cessation
among Alaska Native people who smoke. The need for CAN
Quit arose from a long-term collaboration between the Alaska
Native Tribal Health Consortium (ANTHC) and Mayo Clinic.
The goal of CAN Quit was to use peer support via social media
to develop a scalable and sustainable intervention that could
enhance use and reach of existing and effective cessation
services offered to Alaska Native people through ANTHC, other
Tribal cessation resources, and resources available through the
Alaska State Quitline. If effective, we anticipate that ANTHC
could manage and sustain CAN Quit as part of its tobacco
cessation program and be moderated by its tobacco cessation
counselors.

CAN Quit uses a culturally based digital storytelling approach
[24-27], with content adapted from the effective Centers for
Disease Control and Prevention (CDC) Tips from Former
Smokers campaign [27] and from the ANTHC library of digital
stories. Digital stories previously created by Alaska Native
people contained their voices, pictures, and stories about tobacco
cessation. We incorporated cultural variance and surface or deep
structure frameworks [28] to address the influence of culture in
designing health messages. The Mayo Clinic and Alaska Area
institutional review boards and ANTHC Board of Directors’
Health Research Review Committee reviewed and approved all
study phases.

In the first 2 study phases (described in the studies by Sinicrope
at al [22] and Merculieff et al [23]), we gathered feedback first
qualitatively and then quantitatively from Alaska Native people
who smoke recruited state-wide primarily through targeted paid
Facebook ads. We asked about the suitability of content,
including digital stories and photos with text provided by CDC
Tips and ANTHC. Similar to Tips, taglines to all content
included a call to action for tobacco treatment by providing the
(1) State of Alaska toll-free Quitline number, (2) URL to
regional Tribal tobacco cessation program websites, and (3)
URL to the smokefree.gov quit smoking resources website. In
phases 1 and 2, through analysis of qualitative interviews with
Alaska Native people who smoke and stakeholders (Alaska
Native tobacco counselors) who viewed existing text, image,
and video content, we found that participants preferred content
that included Alaska Native people engaged in Alaska Native
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activities and were motivated to change smoking behavior when
presented with images reflecting Alaska Native values of family,
children, and community. Participants also preferred direct and
honest storytelling styles told by other Alaska Native people
without “sugar-coating” [23].

Prototype Components

Overview
Through this formative work, we developed an intervention
prototype (phase 3) that included the following: (1) a Facebook

group interface populated with culturally appropriate images
and text outlining the purpose of the group, (2) a content library
of images with text and digital stories (video) selected with
sample moderator postings, and (3) a training plan for 2 Alaska
Native study coordinators to moderate the Facebook group.
Guidelines from Pagoto et al [29] informed the development of
the components of our prototype and the training plan. Figure
1 provides an overview of the intervention prototype.

Figure 1. Overview of the CAN Quit (Connecting Alaska Native People to Quit Smoking) intervention prototype. CAN Quit is a 4-phase study. This
figure highlights how phase 3 fits into the overall study design. RCT: randomized controlled trial.

Facebook Group Interface
We created community guidelines specific to CAN Quit to
establish and maintain a supportive, inclusive, and respectful
community. These were built on standard group conduct
guidelines provided by Facebook when creating a group on the
platform. The study team reviewed the standard group conduct
guidelines together and elaborated on them to be specific to the
CAN Quit group. For example, the group elements were as
follows: (1) a name and cover photo for the group; (2) a
description of the group’s purpose, including contact information
and a link to evidence-based quitting resources; and (3) an about
section describing the group, its purpose, and five basic
guidelines: be respectful and courteous, no hate speech or
bullying, protect yourself and the group’s privacy, no
commercial posts or promotions and spam, and be careful about
giving out medical advice. Privacy settings were established as
closed (ie, only members could see who was in the group and
what they post) and secret (ie, only members could find this
group). Similar to CDC Tips content, prominent links to
evidence-based quit smoking resources were located on all
content and on the cover page.

Content Library
The team developed a content library organized similar to a
conventional treatment manual, available only to the moderators;
however, once posted, Facebook stored the content on the page
history and in the photo library. We organized pivotal discussion
points by content, taglines, and sample text so that moderators
could initiate discussions to promote quitting. The final 64-page
library (digital and written) included the following: (1) welcome
posts, group description, guidelines, and contact information;
(2) options for Facebook cover photos; (3) 64 posts (images
and text or video that included a tag line to call the Quitline or
use Tribal quitting resources, similar to the CDC Tips
campaign); (4) guidelines for handling inappropriate or
misinformation (eg, deleting unrelated or false posts and
removing or blocking participants breaking group guidelines);
and (5) a list of quitting resources, including the State of Alaska
Quitline and regional Tribal resources.

We organized posts by subject (ie, quitting reasons and sources
of quitting support), and all content included sample text the
moderators can modify to fit with or be responsive to current
group conversations. Figure 2 includes 2 images, one is the
original CDC post that features Rebecca, a 57-year-old White
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woman sitting on the sofa in her living room with the tag line
“Quitting isn’t about what you give up. It’s about what you get
back.” The second adapted image includes the same tag line,
but the image is that of an Alaska Native grandfather holding
a baby, which resonates with the Alaska Native value of family

and its importance as a motivator for smoking cessation. Sample
text in the form of the question, “What are you hoping to gain
from becoming smoke-free?” accompanied the post in which
the moderator could add in to generate a discussion.

Figure 2. Example of Centers for Disease Control and Prevention Tips post and how it was refined for CAN Quit (Connecting Alaska Native People
to Quit Smoking).

Moderators
The success of an online community is heavily dependent on
the skills of moderators. Embedded in this skill is their
familiarity with the topic (tobacco cessation), library content,
understanding of and appreciation for Alaska Native cultural
values, and ability to facilitate communication in a Facebook
group. Recognizing this, we stressed hands-on scenario-based
training and working directly with participants in each phase
of the study so that moderators could continually develop their
skills and become comfortable with working in the online
community. Both Facebook moderators are trained tobacco
specialists (TTSs) and Alaska Native employees of the ANTHC
Tobacco Cessation Program in Anchorage, Alaska. Each
received TTS training in motivational interviewing (MI) and
additional training (as described in the section Training Plan
below) to moderate CAN Quit. Moderators posted content every
2 to 3 days to prompt and reinforce participant posts and
discussions (eg, sharing stories of tobacco use and quitting).
Although content was prepared in advance in anticipation of
discussions that would emerge, moderators also posted when
relevant to guide and direct conversation and to provide timely
content in response to member directions and needs.

Training Plan

Overview
A platform such as Facebook provides space for creating groups,
but building a successful online community where members
actively participate, engage with one another, and develop

relationships requires an enabler (ie, a moderator) with organized
strategic community management skills [30-33]. In addition,
creating an online [30] community that serves Alaska Native
people also requires that community managers and content
developers pay attention to cultural norms and ways of
interacting [31]. Therefore, the research team prioritized a
moderator training using a scenario-based approach [34],
providing moderators with skills to promote engagement,
communication, and health behavior change (ie, use of
evidenced-based quitting resources), whereas moderators
provided feedback on how scenarios could be consistent with
Alaska Native culture. The overall goal was to optimize and
tailor the training specific to the needs of the CAN Quit study
using hands-on instruction with real-life situations or scenarios
relevant to learners [35]. In this instance, we created a CAN
Quit practice Facebook group with posts and mock situations
for moderators to practice crafting responses.

Two phases of training for moderators covered essential
elements of online community management and moderator
practices in part 1 and MI, tailoring, and cultural adaptation in
part 2. The moderators actively participated in developing the
training, providing their expertise and background as Alaska
Native TTSs working with Alaska Native people.

Online Community Management and Moderator
Practices Training
Over the course of 12 training hours, moderators acquired skills
in strategic community management and applicable moderator
practices required to build and maintain a thriving online health
community (presented by CY). The training included the
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following: (1) a pretraining questionnaire; (2) a 90-minute
web-based introduction to online community management (see
the section Online Training); (3) a 2-day in-person workshop
(10.5 hours) with hands-on practice moderating and time for
feedback and cultural tailoring; and (4) ongoing coaching
through observing moderation practices in situ.

Pretraining Questionnaire
The pretraining questionnaire asked moderators four questions:
(1) What do you hope the CAN Quit Facebook group will
achieve? (2) As a moderator, what do you anticipate will be
your single biggest challenge? (3) As a moderator, what type
of interaction in the community would make you feel rewarded?
and (4) What does success look like? Answers to these questions
helped tailor the initial web-based training session.

Online Training
This 90-minute training was divided into 2 sessions. Session 1
introduced the fundamentals of community management, such
as defining online community and understanding why people
join patient support networks and what motivates them to return.
The session addressed the interplay among the three ingredients
for success: growth, activity, and sense of community. It also
explored strategies and tactics supporting these items throughout
the life cycle of an online community. The session examined
strategic approaches for program inception: (1) welcoming new

members and integrating them into the community; (2) ensuring
every post receives a response; (3) connecting members; (4)
keeping people talking; (5) asking questions that encourage
self-disclosure and build trust; and (6) discovering members’
knowledge, capacity, and strengths.

During the subsequent session, trainees posed questions to the
community management expert or trainer in Ask Me Anything
style. In this session, questions frequently include the following:
(1) How do you engage inactive members? (2) How do you
encourage meaningful interactions? (3) What do you do about
members who do not follow community guidelines? Although
these questions were addressed in brief during the Ask Me
Anything, we also addressed them in the in-person workshop.

In-Person Workshop
A strategic community management plan ensures that the
achievements of the online community and its members align
with the overarching goal of sponsoring institutions. In this
2-day workshop, moderators and trainers developed a strategic
community management plan (Figure 3), followed by hands-on
practice applying strategies consistent with situational learning
strategies [34]. The trainer (CY) relies on the best practices by
Millington [30] adapted to a health setting in this study and in
similar work with the online community Mayo Clinic Connect
[32,36,37].

Figure 3. CAN Quit (Connecting Alaska Native People to Quit Smoking) strategic community plan.

Strategic Planning Framework
The first day of the workshop focused on how to establish a
framework for building an online community that includes the
building blocks (goal, objectives, strategy, and tactics). The
goal was defined as the direct value the organization gets from
the community. Objectives are what members need to do to get
this value. Strategy involves the emotion moderators amplify
to get members to perform this behavior. Tactics are the things
moderators do to amplify this emotion [30].

Importantly, the workshop emphasized that each action
moderators take in the online community should be meaningful:
(1) give new members confidence to make a first post, get help,
and return to help others; (2) demonstrate the value of the CAN
Quit group, a community where no question goes unanswered
and people are supportive; and (3) amplify a sense of personal

progress, success, and growing confidence in each member as
they reach milestones and goals, or return for encouragement
and support if a setback is experienced. Trainees were asked to
reflect on the following questions: (1) What do you want
members of the CAN Quit group to do? and (2) What do you
have to do to make that happen? In the inception stage of this
limited enrollment group, tactics were focused on moderator
actions promoting activity and a sense of community objectives.

The remainder of the 2-day workshop concentrated on specific
moderator approaches to support the above tactics. Although
the moderator approaches remained platform agnostic, specific
Facebook tools and their optimization were also discussed and
a hidden Practice CAN Quit group was created to practice skills.
Trainees learned and practiced the following: (1) Setting up the
group: What do you want members to see when they visit the
group? What 1 action do you want them to take? (2) Getting
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the conversations started: How do you create conversations
members want to participate in? (3) Managing the tough stuff:
How do you deal with members who do not follow the
community guidelines? (4) Effectively using private messaging:
When should you use and not use private messaging? and (5)
Managing the group when it becomes active: When should a
moderator stay out of the way? How do you transition from
micro to macro interactions? The team spent additional time
discussing ways to monitor or track posts, strategy, and tactics
to determine which may need adjustment.

The training wrapped up with a reminder of the importance of
self-care. From the experience of the trainer (CY), reading all
posts, responding with empathy, and helping members succeed
can be emotionally taxing. The group addressed good self-care
practices, including recognizing when to unplug from the group
and taking time off and reaching out to fellow moderators and
the research team for difficult situations or decisions.

Ongoing Coaching Through Observing Moderation
Practices In Situ
Following the training, trainer CY provided moderators feedback
biweekly, as they put the newly acquired skills into practice.
They were given tips on how posts and interactions could be
tweaked and recognizing opportunities to take action to promote
further engagement. Moderators also reached out to other
members of the research team with questions and concerns.

Effective Communication Strategies and Cultural
Adaptation Training
In this training, moderators received approximately 10 hours
of web-based training, divided across 2 days, approximately 5
months apart (July and December 2019). The trainer (KR)
addressed the following: (1) theories of behavior change and
tailored communications, (2) application of MI techniques for
social media interventions, and (3) cultural adaptation of
smoking cessation messages.

Theory of Behavior Change and Tailored
Communications
The group discussed several behavior change conceptual models,
including self-determination theory [38] and cognitive
behavioral therapy [39,40]. The author KR also presented
principles of cultural and psychosocial tailoring of health
communications [28,41], at both the individual and group levels.
He then applied theoretical models to cases directly addressing
smoking cessation behavior in an Alaska Native population.

MI Techniques in a Social Media Intervention
MI is a client-centered counseling approach that has been tested
in hundreds of studies, including numerous studies on smoking
cessation [42]. This aspect of the training emphasized how to
use key MI principles (eg, autonomy support) and strategies
(rolling with resistance and eliciting change talk) of MI in the
context of this social media intervention. The group discussed
and practiced strategies for writing effective questions and
reflective responses and for acknowledging and eliciting change
talk, such as the following:

• “Sounds like you are moving toward giving up smoking.”

• “Your post indicates you have lots of good reasons to quit,
such as your kids, your community, and your health.”

• “You are proud of yourself for staying quit for more than
two weeks.”

• “Although you are not quite ready to quit yet, it sounds like
you are moving in that direction. You are getting close.”

Cultural Adaptation of Smoking Cessation Messages
Moderators received training on incorporating the Alaska Native
cultural content into their Facebook posts and responses. This
included a review of Alaska Native core values and the practice
of generating messages that linked smoking cessation to these
values. For example, the team brainstormed ways that respect
for nature, community, humility, and mindfulness could be
linked to cessation messages. The team also explored ways to
post polls on the Facebook page that queried users’ core values,
which they could then use to generate tailored messages about
how their values might drive their efforts to reduce their tobacco
use.

Training applied web-based exercises and actual or simulated
Facebook posts in a scenario-based learning approach to enable
moderators to master concepts and build messaging skills [34].
When given posts, the moderators generated responses in real
time using the principles and strategies presented. For example,
moderators received the following participant post:

I know quitting is going to be hard but I want to show
my kids that I’m strong and I want to be around for
them when they’re older and have their own kids. I
want to be there for my family.

For this case, the response included the strategy of rolling with
resistance around the perceived difficulty of quitting and use
of a reflective statement capturing the meaning of quitting for
this participant; that is, change talk about her desire to be there
for her family, such as using a reflective state, for example, “on
one hand you are scared that quitting will be challenging,” as
well as reflecting the meaning of quitting back to the participant
that is her change talk, for example, “but quitting would send
them a message that you care about them and are willing to do
what’s needed to be there for them.”

Beta Test

Overview, Sample, and Methods
Upon completion of all training and 2 weeks of practice, we
beta-tested the intervention prototype with our 2 moderators
and a sample of 10 Alaska Native adults living in Alaska who
smoke cigarettes. As in our prior study phases described
previously [22], Alaska Native people who smoke were recruited
state-wide primarily via targeted paid Facebook ads that
included an image and short text consistent with Facebook’s
advertising guidelines based on the following criteria: aged >19
years, self-reported Alaska Native race or ethnicity, and
keywords related to tobacco use. To be eligible to participate,
participants had to be living in Alaska, aged ≥19 years, have
smoked >1 cigarette per day over the past 7 days with cigarettes
as the main tobacco product used, and be considering or willing
to make a quit attempt. They also had to have access to
broadband (high-speed) internet on a mobile phone, at home,
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work, or other locations, and a Facebook account or be willing
to set one up. Finally, they could not have been enrolled in a
cessation program or using pharmacotherapy to stop smoking
during the last 3 months. Prior work suggested 10 people as the
minimum for optimal engagement in social media [43,44].

The purpose of this phase was to provide participants 30 days
of exposure to the CAN Quit Facebook group and obtain their
feedback to (1) ensure the system worked as intended, (2)
identify technical issues, and (3) facilitate program refinements
in preparation for the pilot randomized controlled trial (RCT).
We administered a web-based survey at baseline to collect
demographic, smoking behavior, and readiness to quit
information. At completion of the 1-month beta test, we assessed
readiness to quit, quit attempts, and use of cessation resources.
In addition, we also assessed the acceptability of the CAN Quit
group platform via the social media usability scale, which
measures perceived ease of use and usefulness (3 items each),
ease of learning (1 item), and satisfaction (6 items), rated on a
5-point scale (1—strongly disagree, 5—strongly agree) [45].
We also asked open-ended questions to provide feedback on
modifications to the prototype. Participants received a US $25
gift card for their time after each assessment.

Analyses
We summarized the sample characteristics and usability
measures using descriptive statistics (means, SDs, percentages,
and frequencies). We analyzed the responses to open-ended
questions using content analysis [46].

Results

Baseline
Of the 10 Alaska Native adults (mean age 35, SD 8.18; range
23-52 years; 9/10, 90% female; 7/10, 70% living in a rural area;
6/10, 60% employed for pay; and all had a high school degree
or higher), the average number of cigarettes smoked per day
was 10.2 (SD 7.5; range 2-25) at baseline. Furthermore, 60%
(6/10) reported a high level of readiness to quit cigarettes (mean
7.2, SD 2.7; range 2-10), and 50% (5/10) reported readiness to
use smoking cessation treatment (mean 7.1, SD 2.6; range 0-10)
(data not shown).

One-Month Follow-Up
Among the 10 participants, 6 reported at least one quit attempt
and 2 quit smoking (both called the Quitline). Feedback on the
Facebook group revealed an overall social media usability score

of 4.1 (SD 0.58; range 3.1-5.0) for the 13 items reported. Mean
categorical scores were as follows: for usefulness (3 items), 3.7
(SD 0.66; range 3.0-5.0); for ease of use (3 items), 4.5 (SD 0.61;
range 3.0-5.0); for ease of learning (1 item), 4.7 (SD 0.67; range
3.0-5.0); and for satisfaction (6 items), 4.0 (SD 0.71; range
3.1-5.0).

Facebook Page Activity Summary
We conducted a beta test in the fall of 2019. Moderators posted
19 unique posts from the content library, 1 participant created
a post with a photo of their children as a reason for quitting,
and the cover page was posted. Participants posted a total of 35
reactions (eg, all likes and loves), and 130 comments were
generated across the posts, with 57.7% (75/130) of comments
coming from moderators and 42.3% (55/130) from users. Of
the 10 pilot testers, 9 posted 54 comments in all. The number
of comments per person ranged from 1 to 24 (median 5). For
the 2 people who reported quitting smoking, 1 posted 15
comments and the other posted 2. There was only 1 instance
where a participant shared content outside the group on a
personal Facebook page. When this occurred, the moderator
sent the participant a private message, redirecting the participant
to the group rules. There were no other boundary violation
incidents (data not shown).

Participant Feedback on Group
Participants and moderators were asked to provide feedback on
how to improve moderator posts as well as the Facebook group
overall (Table 1). Four areas of response emerged: (1) providing
incentives for participation, (2) clarifying the group purpose,
(3) making posts more interactive and specific to rural Alaska
Native people, and (4) encouraging group members to post more
frequently. Moderators expressed that they felt prepared to use
the skills from their training. They expressed challenges
associated with working with the Facebook platform to ensure
they did not miss comments because Facebook does not organize
posts in chronological order in groups. They also expressed
challenges associated with keeping track of multiple users across
posts and found that maintaining a spreadsheet of group
members and their stories helped to ensure that they responded
appropriately to posts. One of the biggest challenges was
responding to participants who shared traumatic or personal
information. However, they expressed that training in MI
principles of communication and self-care was especially helpful
in this regard (Table 1 and Table 2).
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Table 1. Moderator feedback on CAN Quit (Connecting Alaska Native People to Quit Smoking) beta test.

Changes madeQuestion and moderator feedback

What were the most challenging parts of moderating the CAN Quit group?

Study team monitors group and notifies moderators if they miss a
post

Maintaining communication among participants on multiple threads at
one time. It can be easy to miss someone’s response if you are not diligent.

There were participants who shared personal experiences (eg, death of a
child and struggles with other substances) with the group, and it was
challenging to figure out how to best respond to these comments. There

was also a participant who used our post to sell items on a personal FBa

page.

• Consultation with the trainer (CY) before crafting a response
• Determine as a group the best way to handle more sensitive

topics
• Added an additional refresher training in MIb principles (KR)

and practices before RCTc

Moderators maintain a spreadsheet tracking all members with notes
to help them remember details and respond accordingly

Tracking each participant’s responses so you can easily reference prior
conversations. This is important when building rapport with the participant.

Feedback or reinforcement from the trainer (CY) on different tactics
for connecting participants (ie, tagging, private messaging, and asking
questions specific to interests or strengths of participants).

Connecting one person to another based on their personal experiences and
actually getting a response or any dialogue between the two.

What advice would you give to someone who was about to moderate a group like CAN Quit?

N/AdKeep a log of your communication with each participant from when the
group starts. This way you can easily reference this spreadsheet to see
what topics have been discussed with this participant. This can be especial-
ly helpful in groups with more than one moderator.

N/ABe thoughtful in your responses; sometimes it can be difficult to not sound
robotic over the computer. I think this is important in developing a connec-
tion with each participant and building trust. The MI tips we learned were
very helpful in making sure we are professional but personable when
moderating.

What did you think you did best and what do you think you need to work on?

N/AWe did a good job of posting new content with an interesting prompt every
few days which helped the group stay active.

Use MI skills training and created additional posts that discuss the
Quitline and Tribal quitting resources

We did a good job of refining our responses to each participant and
knowing when to refer the Quitline. We do not want to refer the Quitline
so often that we sound robotic but we want to encourage participants to
use evidence-based smoking cessation programs.

Moderators share the responsibility of monitoring the QuitlineWe are working on generating quicker responses

aFB: Facebook.
bMI: motivational interviewing.
cRCT: randomized controlled trial.
dN/A: not applicable.
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Table 2. Beta tester feedback on CAN Quit (Connecting Alaska Native People to Quit Smoking) beta test.

Solutions implemented by teamRepresentative quotesImprovement areas
(themes)

Clarify group purpose •• Additional welcome posts created that clarify group
purpose as well as the Quitline and Tribal Quitting re-
sources

“Have mental or behavioral health programs ready”
• “I felt unsure if I was supposed to use the site to access

the quit helpline through FBa, because my region doesn’t
use the Quitline for assistance in quitting anymore” • Moderators incorporated feedback to reinforce FB page

purpose and the quitting resources

Provide incentives or
games

•• Team implemented “polls” where participants could vote
on what values are important to them and write in addi-
tional values

“It would be great to get the rural communities involved
and offer some sort of Photo, Video or Art contest that
included a drawing, a photo or video that helps people
quit smoking or talk about the negative effects of smok-
ing. It would draw more people in and get people to par-
ticipate in the efforts toward Tobacco Prevention and
keep them busy toward something positive. If we could
include a prize for 1st, 2nd and 3rd also!”

• Will add incentives for future groups

• “Maybe some fun trivia games to get people wanting to
look at the page.”

• “Do more instead of just post posters. I mean we all can
brainstorm in a different way and play along as we go?”

How to improve posts •• More rural posts will be used in the randomized con-
trolled trial

“Could use less medical type photos. More of our own
pictures to help support each other”

•• More posts relating to Alaska Native values were created
using Alaska Native imagery (eg, people, families, com-
munities, and activities)

“I think more should be put into it. More involvements”
• “More videos that include rural areas would be a great

idea”
• New post and discussion prompt posted to the group ev-

ery 2 days
• “Posts being more clear about regional resources would

be nice”
• Combined posts and video links to increase participant

engagement
• “Make more posts”

• Creation of interactive posts like the FB poll
• Developed a moderator spreadsheet to track posts to en-

sure full variety of topics and types of posts (eg, urban,
rural, photo or text, and video) will be addressed

Moderators make
group more interac-
tive

•• Moderators will tag participants to increase participation
on individual posts

“Maybe encourage more people to post more often to
gain connection.”

• •“Find ways to make it more interactive.” Moderators individually welcome all new members on
the welcome post and encourage them to interact.

• Prompted new members to introduce themselves and
their reasons for wanting to quit.

• Moderators connect members to interact who express
similar experiences or concerns

• Provided additional training to moderators that focused
on health communication and ways of increasing interac-
tion

• Developed follow-up questions that may be asked on the
original post to encourage discussion

aFB: Facebook.

Conclusions, Discussion, and Overall
Recommendations

This paper shares the processes involved with developing and
beta-testing a social media group as an intervention to promote
use of evidence-based resources for quitting smoking using peer
support. We share specific approaches, strategies, and methods
for stimulating participant engagement in the Facebook group
and emphasize the importance of moderator training and creating
a content library. During training, trainers and moderators shared
expertise to help build cultural competency and web-based
communication skills that would build community and promote

behavior change. Cultural tailoring is a critical component of
the prototype. The research team used content linked to core
Alaska Native values and/or Alaska Native imagery when
possible, and Alaska Native moderators used their personal
experience to incorporate cultural values and content into their
written posts and responses. The purpose of these phases was
to adapt the intervention and prepare moderators to deliver the
intervention for the subsequent phase, which was a pilot RCT.

The results of the beta test were encouraging with participants
expressing a high degree of usability of the CAN Quit Facebook
group based on the Social Media Usability Measure, and there
was a signal of potential effectiveness, with 2 out of 10
participants using the Quitline and reporting quitting smoking.
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Qualitative feedback was helpful in directing the research team
to specific improvements needed to make the Facebook group
more successful or usable; for example, providing additional
training to moderators to promote interactions among
participants, support conversations that may contain emotional
content, and add more welcome posts to the group page to better
clarify the group’s purpose: use of evidence-based quitting
resources. Given that the group is on Facebook, which is popular
in Alaska Native communities [16], most users were not new
to the technology, which made it easier to avoid technical
challenges in participating. We noticed that no video content
was posted by moderators and some other content was posted
repeatedly, whereas other content was not used. The selection
of content was based on the activity of their group members at
the discretion of the moderators. However, based on this
observation, we determined that it would be helpful to the
moderators as they select content, to develop a spreadsheet to
track posts already used from the content library.

Strategies to promote engagement between participants rather
than between participants and the moderator are the primary
areas for improvement. Strategies suggested by our community
management expert (CY) included tagging, private messaging,
pinning posts so they show up at the top of the group feed, and
drafting new follow-up questions to add to posts to further
stimulate discussion. Several strengths were noted during the
beta-testing phase. Moderators were able to model empathy and
support, which included their adept use of reflective listening
skills and personal experiences as tobacco counselors. Both
moderators had received TTS training and were of Alaska Native
heritage, which made it easier for them to quickly connect to
participants through a mutual appreciation of core Alaska Native
values and their TTS background.

Our approach has several strengths. The development of our
training and content library was iterative and theory based. We
used social media and health communication experts to conduct
training grounded in situational learning. We used a combination
of face-to-face and web-based formats and provided a
scenario-based approach for moderators to practice their skills.
All participants (moderators and trainers) in the training sessions
served as experts to each other such that all participants were
able to acquire new skills. We gathered feedback from the
research team and our beta testers on how to improve the CAN
Quit prototype. This feedback resulted in practical solutions
that will be embedded in the RCT, which is beneficial for
developing an intervention in phases (iteratively), as
recommended by the National Institutes of Health and CDC
guidelines [47,48]. Most importantly, our approach was created
based on the need to improve use of evidence-based tobacco
cessation resources specifically for Alaska Native people, a
high-risk group for tobacco-related morbidity and mortality.
This approach provided a systematic process to tailor or adapt

content and training to appeal specifically to Alaska Native
people living in Alaska.

Our approach also has some limitations. Implementing the
prototype on Facebook results in a lack of control on some
aspects of the intervention design, such as the order in which
posts were introduced, which required moderator flexibility in
responding to changes accordingly. Despite this limitation,
given that Facebook is commonly used and familiar, less
on-boarding of participants is required to participate in the
intervention. In addition, a sample size of 10 was the minimum
recommended for a group social media intervention; it is likely
that engagement would be easier to achieve with a larger group
size, as will be used for the RCT. Stimulating group interaction
during the beta-testing phase presented a challenge to the
moderators given the small number of participants and the short
amount of time they participated. However, this challenge
resulted in stronger engagement skills among moderators, which
will aid in the RCT phase. Meanwhile, consistent with and
building on the work of Pagoto et al [29], we came up with ten
recommendations of lessons learned that could help guide others
interested in developing similar social media intervention
prototypes: (1) select moderators who can relate to your group;
(2) build on existing skills of your moderators; (3) build
community engagement; (4) use existing resources for content;
(5) adapt content for cultural fit; (6) design content that
highlights your goals; (7) include a wide variety of content and
organize it into an easily searched library; (8) balance content
with conversation; (9) support moderators to handle emotional
communication; and (10) groom group participants as
moderators. Table 3 outlines these recommendations in detail.

In summary, providing practical information on how we
developed and evaluated our intervention prototype
demonstrates how a beta-testing phase is essential in identifying
how the platform, content, and moderation can be improved
before rolling out a large-scale intervention. We learned that a
social media group intervention is most likely to succeed if it
balances well-developed culturally congruent content with
strategies to engage Alaska Native participants in social media
conversations facilitated by moderators. Moderators need to be
provided with the necessary skills and methods for promoting
web-based community engagement with and among group
members and in encouraging behavior change. In our case,
having Alaska Native moderators who were themselves Alaska
Native and already experienced the challenges associated with
smoking cessation was extremely helpful in both developing
the training plan and promoting engagement. Future studies
could explore using former intervention participants
transitioning to a moderator role to enhance sustainability,
growth, and feasibility of the intervention. Our next step will
be to evaluate the prototype via a pilot RCT.
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Table 3. Recommendations for creating a successful social media group to promote use of evidence-based smoking cessation resources for Alaska
Native people.

DescriptionRecommendation

We chose moderators with expertise in smoking cessation (TTSa) who also shared similar Alaska Native
ancestry and cultural values. This approach is effective with building rapport among group participants
and moderators.

Select moderators who can relate to your
group

Beyond training as TTS, our moderators received 20 additional hours of training in strategic web-based
community management and health behavior change. We recommend training be scenario-based, expe-
riential, and use actual posts for moderating practice.

Build upon existing skills of your modera-
tors

Our moderators shared that getting to know group participants made it easier to respond to their posts,
reinforce quitting messages, and provide support. Train moderators to react, tag, and instant message
participants to respond when they post. They should acknowledge active participants while also checking
in with inactive participants, inviting them back to the group.

Build community engagement

We evaluated and adapted existing, evidence-based content already created by the CDCb and ANTHCc,
with their permission. This was both cost and time effective. We recommend using or refining existing
high-quality content whenever possible, seeking necessary permissions.

Use existing resources for content

We used an iterative theory-based process of qualitative and quantitative feedback from both participants
and stakeholders to adapt our content and be responsive to the evolution of the participants and the group.
We recommend using a conceptual framework with community and stakeholder input.

Adapt content for cultural fit

Our goal was to promote use of evidence-based resources. We found it important to include links to the
Alaska Quitline or Tribal cessation resources on all content. We suggest including a call to action with
each post.

Design content that highlights your goals

It is difficult to predict how participants will communicate and what will motivate them to engage in
the group. Having an organized library with a variety of content allows moderators flexibility to select
content that is responsive to an ongoing conversation or that meets the needs or interests of group partic-
ipants to maintain engagement.

Include a wide variety of content and orga-
nize it into an easily searched library

We used content that fit concerns and conversations happening within the group. We believe the key to
success lies in fostering group engagement through conversation with moderators and with each other.
It is necessary to create a community of talkers, not readers.

Balance content with conversation

We provided 20 hours of MId and web-based community management training to prepare moderators
to support group participants who share sensitive information. We recommend training also include a
plan for moderators to seek additional support.

Support moderators to handle emotional
communication

Once our group was underway, we saw some participants were very engaged, not only with moderators
but also with other group participants. Consider inviting and training former group participants to volunteer
as peer mentors or moderators.

Groom group participants to be moderators

aTTS: trained tobacco specialist.
bCDC: Centers for Disease Control and Prevention.
cANTHC: Alaska Native Tribal Health Consortium.
dMI: motivational interviewing.
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Abstract

Although the Office of The National Coordinator for Health Information Technology’s (ONC) Information Blocking Provision
in the Cures Act Final Rule is an important step forward in providing patients free and unfettered access to their electronic health
information (EHI), in the contexts of multiuser electronic health record (EHR) access and proxy access, concerns on the potential
for harm in adolescent care contexts exist. We describe how the provision could erode patients’ (both adolescent and older patients
alike) trust and willingness to seek care. The rule’s preventing harm exception does not apply to situations where the patient is
a minor and the health care provider wishes to restrict a parent’s or guardian’s access to the minor’s EHI to avoid violating the
minor’s confidentiality and potentially harming patient-clinician trust. This may violate previously developed government
principles in the design and implementation of EHRs for pediatric care. Creating legally acceptable workarounds by means such
as duplicate “shadow charting” will be burdensome (and prohibitive) for health care providers. Under the privacy exception,
patients have the opportunity to request information to not be shared; however, depending on institutional practices, providers
and patients may have limited awareness of this exception. Notably, the privacy exception states that providers cannot “improperly
encourage or induce a patient’s request to block information.” Fearing being found in violation of the information blocking
provisions, providers may feel that they are unable to guide patients navigating the release of their EHI in the multiuser or proxy
access setting. ONC should provide more detailed guidance on their website and targeted outreach to providers and their specialty
organizations that care for adolescents and other individuals affected by the Cures Act, and researchers should carefully monitor
charting habits in these multiuser or proxy access situations.

(J Med Internet Res 2022;24(2):e34085)   doi:10.2196/34085
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Introduction

“Primum non nocere” (“First, do no harm”) or nonmaleficence
is a fundamental principle taught to every health care provider.
It suggests that before applying any medical intervention, one
needs to consider the potential negative effects on the patient.
In this piece, we examine the potential for patient harm by the
Office of The National Coordinator for Health Information
Technology’s (ONC) Information Blocking Provision in the
Cures Act Final Rule and the additional burden that health care
providers, those who provide patient care and provide
documentation in the electronic health record, will now face
when documenting sensitive information.

On December 13, 2016, the 21st Century Cures Act (hereinafter
referred to as the “Cures Act”) was signed into law with the
intent to “accelerate the discovery, development, and delivery
of 21st century cures, and for other purposes” [1]. The Act
defined electronic health record (EHR) interoperability,
addressed health information technology certification
requirements, and prohibited information blocking—the practice
that prevents or interferes with those with permission to access
electronic health information (EHI) [2]. As the federal entity
coordinating efforts to implement health information technology
and exchange EHI, ONC, a division within the US Department
of Health and Human Services (HHS) [3], developed the Cures
Act Final Rule to direct the implementation of the Cures Act
legislation [4].

The ONC Cures Act Final Rule

The stated goal of the ONC Cures Act Final Rule is to empower
patients to interact “with their health record in a modern health
IT economy” [4]. ONC postulated that “putting patients in
charge of their health record is a key piece of patient control in
healthcare and patient control is at the center of HHS’s work
towards a value-based healthcare system.” The Cures Act Final
Rule also encourages innovations in health care technology and
hopes to deliver the following:

• Transparency on cost and outcomes of care
• Competitive options in obtaining medical care
• Convenient access to medical records using smartphone

apps
• Innovation and choice for patients, physicians, hospitals,

payers, and employers through an app-based economy [4]

The Cures Act Final Rule promotes interoperability across EHR
vendors through the adoption of data exchange standards and
calls upon the health care information technology (IT) industry
to adopt standardized application programming interfaces
through specified Conditions of Certification. Additionally,
ONC aims to increase patients’ access to their EHI through
minimizing measures that block patient access to information
[5-7].

The Information Blocking Provision

The Information Blocking Provision of the Cures Act Final
Rule mandates that patients have unfettered, free access to their
EHI, and provides clear requirements for compliance by health
care providers, institutions, health information exchanges, and
EHR vendors [8].

The spirit of the Information Blocking Provision is similar to
that of the OpenNotes movement, which over the past decade
has been adopted by several health care institutions across the
United States, Canada, and Sweden and provides patients with
near immediate and full access to their EHI [9,10]. The
Information Blocking Provision requires that patients have
access to parts of their EHI defined by the United States Core
Data for Interoperability (Figure 1) by April 5, 2021, with
eventual expansion to all EHI by October 6, 2022 [11-13]. Of
note, patients have had the right to access their medical record
since the implementation of the Health Insurance Portability
and Accountability Act (HIPAA). The Cures Act final rule does
not increase the type of health information that patients and
families can access, it only facilitates automatic release via
patient portals and easier access electronically.

The Information Blocking Provision includes a means to report
violations and enforcement options. ONC encourages anyone
who experiences or observes information blocking by any health
care provider, health IT developer, certified health IT, health
information network, or information exchange to share their
concerns through an information blocking portal on ONC’s
website [11]. Health IT developers, health information networks,
and health information exchanges can be subject to civil
monetary penalties of up to US $1,000,000 per violation [14].
Health care providers found to have committed information
blocking will also be subjected to penalties that are to be
determined [14].
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Figure 1. Elements of the United States Core Data for Interoperability [11].

Exceptions to the Information Blocking
Provision

The Information Blocking Provision defines eight exceptions
that do not constitute information blocking [15]. The preventing
harm exception and the privacy exception are applicable to the
documenting health care provider.

The preventing harm exception stipulates that provided certain
conditions are met, a health care provider can prevent the access
to a patient’s EHI if it is “reasonable and necessary to prevent
harm to a patient or another person” [15]. Key conditions include
that the health care provider must reasonably believe that
preventing access to a patient’s EHI will significantly reduce a
risk of substantial harm, and that the interference is no broader
than necessary. The patient has the right to request a review of
an individualized determination of risk of harm [16].
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According to ONC’s guidance in the “Information Blocking
Frequently Asked Questions,” the “Preventing Harm” exception
does not apply to situations where the patient is a minor and the
health care provider wishes to restrict a parent or legal
representative’s access to the minor’s EHI to avoid violating
the minor’s confidentiality and destroying the trust between the
youth and the health care provider [12]. This lack of applicability
in the case of adolescent confidentiality stands in tension with
principles outlined by experts in the design and implementation
of EHRs [17], endorsed by the American Academy of Pediatrics
and Society of Adolescent Health And Medicine [18,19]. The
concern over the implication of the Cures Act on adolescent
confidentiality has been noted in the literature [20]. The premise
underlying confidential care encourages adolescents to
communicate with health care providers about sensitive topics
such as sexual and reproductive health and substance abuse
without the fear that their parents or guardians will have access
to this information. Confidentiality on certain health care
problems facilitates obtaining medical care that adolescents
might forgo if information were shared with others. In the
context of providing confidential care, the Cures Act’s broad
focus on patient EHI access may cause a trade-off with
patient–provider relationships, trust, and nonphysical types of
harm. The text of the Final Rule specifically states that the desire
to maintain confidentiality and to protect patient–provider
relationships is insufficient to prevent the release of sensitive
information. In certain multiuser access cases, this may erode
the patient’s control over his/her information instead of
increasing control. It is worth noting that HIPAA and the Cures
act defer to the state laws that grant adolescents the ability to
consent for certain conditions. While it is challenging to keep
track of each state’s individual and varied confidentiality laws
that result in 56 (one for each state and territory) different legal

requirements for users of pediatric EHRs, these laws do provide
clear legal backing to protect adolescent confidentiality.

The other exception to the Cures Act Final Rule’s patient access
provision immediately relevant to health care providers is
the privacy exception. Under this exception, interfering with
access to EHI is deemed not to be information blocking when
the intent is to protect the patient’s privacy. These exceptions,
listed in Textbox 1, are included by ONC to comply with
HIPAA and other state privacy regulations and allow patients
the opportunity to request information not be shared. Depending
upon institutional practices, providers and patients may have
limited awareness of this exception. Notably, the privacy
exception states that providers cannot “improperly encourage
or induce a patient’s request to block information” [21]. This
stipulation affects a provider’s ability to guide patients for fear
of being found in violation of the Information Blocking
Provision and fined. Institutional policies and procedures will
affect the implementation and management of this exception.
Providers may not be aware of the procedure for patients to
request their information not be shared during an encounter.
Depending upon when the patient places the request (eg, before,
during, or after an encounter), the institution may not be able
to fulfill the request in a timely manner relative to the immediacy
of information being released. Additionally, the privacy
exception does not clearly describe if and how a patient can
block individual pieces of data (data segmentation) instead of
all data. The exception only describes how patients can request
to block access and can request to regain access. The
interpretation and implementation of this exception is left to
the institution and provider and, given the complex nature of
the exception, necessitates deference to informatics expertise
and legal resources with experience in state and federal privacy
laws and statutes for interpretation and use.

Textbox 1. Privacy exceptions to information blocking.

Exceptions:

• More stringent state or federal preconditions to exchange is not met 

• Information technology developer is not covered by the Health Insurance Portability and Accountability Act Privacy Rule 

• Inability to validate a requester’s right to access 

• The individual requests the information not to be shared 

Limitations to the Information Blocking
Provision: Multiuser or Proxy Access

Overview
The OpenNotes initiative has been shown to potentially increase
patient activation, engagement, satisfaction, trust, and safety,
and to improve the patient–physician relationship [22-25].
However, concern exists that the Information Blocking Provision
will result in damaging breaches of confidentiality for cohorts
of patients when parents or legal representatives are provided
multiuser or proxy access to EHI [26,27]. In circumstances
where EHI is made available within a web-based portal with
multiuser or proxy access, the information could compromise
the confidentiality of the patient, parent, or legal representatives
and damage the relationship between the health care provider,

patient, parent, or legal representative. The breach of
confidentiality may occur bidirectionally as a caregiver may
share information with a provider, which could be shared back
with the patient. One recent study highlighted another area of
concern: when guardians access an adolescent patient’s portal
account. The study revealed that the estimated prevalence of
guardian access could be as high as 76% of adolescent accounts
and also showed a relatively low rate of proxy account creation
[28]. When adolescents had their own portal account, proxy
accounts for adolescent patients were created in only 0.3%-10%
of cases [28]. The reality that many portal accounts are used
and managed by guardians must be taken into consideration for
adolescent patients who, in the context of their care setting, may
lack the autonomy to prevent their guardians from accessing
their personal patient portals.
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Pediatric and Adolescent Patients
Prior to the Information Blocking Provision, pediatric
institutions participating in the OpenNotes movement had
addressed the concern for violating confidentiality and damaging
relationships by blocking all clinical notes from several clinics
including adolescent, gynecology, psychiatry, substance abuse,
and the child protection team [29]. Although the Cures Act Final
Rule explicitly states that maintaining confidentiality and
protecting relationships is not sufficient to prevent the release
of sensitive information, the effects of releasing this information
on patients, their parents or legal representatives, and the
patient–provider relationship cannot be underestimated and are
concerning to adolescent medicine providers and other health
care providers who care for youth [30].

The Adolescent–Health Care Provider Relationship
There are many situations that do not fit the “Preventing Harm”
exception where adolescent patients may be adversely affected

when their private information is accessed by others (Table 1).
For example, an adolescent female with concerns for a sexually
transmitted infection (STI) such as Neisseria gonorrhoeae or
Chlamydia trachomatis may avoid seeking medical care to avoid
repercussions or stigma if she knew her parents would have
access to this information. This untreated STI could progress
to pelvic inflammatory disease, a more serious infection, which
may require hospitalization and intravenous antibiotic
administration and could affect future fertility. Prior research
has shown that 59% of surveyed females younger than 18 years
would “stop using all sexual healthcare services, delay testing
or treatment for HIV or other STDs, or discontinue use of
specific (but not all) sexual healthcare services if their parents
were informed they were seeking prescribed contraceptives”
[31]. The concern for loss of confidentiality extends to other
sensitive topics including mental health, substance use, gender
identity, and sexual orientation and may conflict with federal
and state laws.

Table 1. Hypothetical scenarios for potential harm related to either lack of clarity of the laws, technical limitations regarding the release of electronic
health information, or a combination of both.

ConsequenceMode of disclosureDomainThird party receiving informationAt risk for harm

Avoiding care or deteriorationPatient portalMental healthParents or guardianPatient

Avoiding care, overdose, or continued
addiction

Patient portalSubstance useParents or guardianPatient

Avoiding care, complications from
sexually transmitted infection, or infer-
tility

Patient portalSexual history or reproduc-
tive health

Parents or guardianPatient

Avoiding care, delay in gender reassign-
ment, or psychological impact

Patient portalGender management or
identity

Parents or guardianPatient

Avoiding care, continued abuse, com-
plications, or death

Patient portalViolence or abuse (physi-
cal or sexual)

Parents, guardian, or abuserPatient

Avoiding care or delayed carePatient portalComplex social situationsParents or guardianPatient

Avoiding care, delayed care. or contin-
ued neglect

Patient portalNeglectParents or guardianPatient

Avoiding care, delayed care, or family
strife

Patient portalFoster or custody issuesParents or guardianChild/Adolescent

Avoiding care, delayed care, or family
strife

Patient portalMisattributed paternityParents or guardianChild/Adolescent

Avoiding care, delayed care, or family
strife

Patient portalPerinatally acquired sexu-
ally transmitted infection

Patient, other parent, or other
care giver

Parent/Care Giver /
Legal Guardian

Avoiding care, delayed care, or family
strife

Patient portalSubstance abusePatient, other parent, or other
care giver

Parent/Care Giver /
Legal Guardian

Avoiding care, delayed care, or family
strife

Patient portalParent or caregiver’s men-
tal health

Patient, other parent, or other
care giver

Parent/Care Giver /
Legal Guardian

Avoiding care, delayed care, or family
strife

Patient portalViolence, abuse, or legal
problems

Patient, other parent, or other
care giver

Parent/Care Giver /
Legal Guardian

Avoiding care, delayed care, or family
strife

Patient portalMisattributed paternityPatient, other parent, or other
care giver

Parent/Care Giver /
Legal Guardian

Family strife or mistrustPatient portalStress associated with
chronic care

Patient, other parent, or other
care giver

Parent/Care Giver /
Legal Guardian

Delayed or missing documentationPatient portalPatient or family disagree-
ment with provider

Patient, other parent, or other
care giver

Provider

Lawsuit or unsafe environment for the
provider

Patient portalNeglect or abusePatient, other parent, or other
care giver

Provider
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Inadvertent Disclosure of Medically Relevant
Information Obtained From Proxies
There may be situations in which health care providers may
document pertinent information that they receive from parents,
relatives, and legal representatives, which may adversely affect
the patient, parent, or legal representative or damage
relationships when disclosed (Table 1). For example, parents
may disclose their difficulty in coping with an adolescent’s
chronic illness to a provider who documents it in the
adolescent’s chart. This information could then be seen by the
adolescent in their patient portal and affect the parent–child
relationship. Another example is if a parent discloses
information about a drug use during pregnancy or perinatally
acquired STI to the pediatrician caring for the newborn. This
information would be accessible through the infant’s electronic
record by other users, such as the other parent. In both situations,
disclosing medically relevant information may be
disincentivized for fear of its discovery by another person having
access to the medical record.

Health Care Provider–Patient Relationship in Difficult
Diagnostic Dilemmas
Disclosure of information can adversely affect health care
provider–patient relationships, especially when there is
disagreement between the health care provider and the parents
or patient (Table 1). In functional disorders where the medical
work up does not demonstrate an organic etiology for the
complaint, the parents or patient may believe otherwise. For
example, when the defined Rome’s Criteria of Functional
Abdominal Pain fits a patient’s symptoms, parents or the patient
may disagree with this diagnosis. In similar cases where the
relationship among the patient, family, and health care provider
is critical to helping the patient improve, documenting this
information could further damage a fraught or tenuous
relationship with the health care provider. Although providers
should hold themselves to high standards for documenting
information in the EHR, providers should not feel pressured to
augment their documentation for fear of their medical opinion
offending patients or proxies. This can be the case when child
abuse is in a differential diagnosis, and documentation of this
in the child’s record may adversely affect the relationship
between parent and health care provider if the parent feels
unfairly accused or judged. There are situations where abuse is
in a differential diagnosis, albeit with a very low index of
suspicion, or where a provider may want to document that they
have thought of but ruled out abuse or neglect. In these cases,
it is unlikely the information will be compiled in “reasonable
anticipation of, or for use in, a civil, criminal, or administrative
action or proceeding” [32], which is clearly protected and
eligible for legal blocking by HIPAA, and the remainder of the
documented information may be of interest to the patient or
proxy. The limited capabilities of data segmenting technology
create an awkward or burdensome situation for providers.

Older Adult Patients

Overview
The complexity of care and the large number of comorbidities
and treatments associated with aging make the electronic patient
portal an attractive tool for persons with multiple health
conditions. However, many older adults feel uncomfortable or
ill-equipped using technology and rely on their caregivers for
their health care–related tasks, necessitating proxy portal access.
Less than 20% of US hospitals that allow caregiver proxy access
also allow patients to filter or partially block the EHI passed on
to their proxies [33]. Therefore, older adults are faced with many
of the same challenges and potential harms that adolescents
may experience.

The Older Adult Patient–Caregiver Relationship
Despite an increase in STIs among adults over the age of 65
years, many older adults are reluctant to share a recent sexual
encounter [34] with their health care provider, knowing that
this information will be available to caregivers. Syphilis, which
is a treatable condition, can mimic dementia and neurocognitive
disorders in late stages of the disease if the diagnosis is missed.
Similarly, older patients may withhold health information
regarding mental health (including depression) and elder abuse
(physical, sexual, emotional, neglect, abandonment, financial,
and self-neglect) from their health care providers for fear of
their proxy finding out (Table 1). Again, the emphasis on broad
access may paradoxically erode the patient’s control over who
can access their data. One potential solution may be allowing
patients to block all information related to a specific topic from
all users of the patient portal, including themselves, and unblock
it again when they become sole users of the portal.

Inadvertent Disclosure of Medically Relevant
Information Obtained From Caregivers
Caregivers may disclose emotional, physical, or mental
exhaustion leading to burnout. If this information is documented
and shared with the older adult patient, unintended consequences
are feelings of guilt, overburdening, and depression (Table 1).

Of note, there is a clause in the HIPAA Privacy Rule that
specifically addresses keeping third-party information
confidential. According to this clause [35]:

Any information disclosed to the provider by another
person who is not a healthcare provider that was
given under a promise of confidentiality (such as that
shared by a concerned family member), may be
withheld from the patient if the disclosure would be
reasonably likely to reveal the source of the
information.

Since the Cures Act defers to the HIPAA, this clause should be
applicable under the Cures Act; however, this is likely not
well-known or understood across institutions.

In some cultures, it is common practice for caregivers to
withhold negative information such as the diagnosis of a cancer
or a terminal illness. Caregivers are also frequently surrogate
decision-makers and may for many reasons ask a health care
provider to withhold a diagnosis [36]. Although we consider
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disclosure to the patient as the ethically preferable choice, we
acknowledge that the inability to block information may not
align with the cultural norms of certain patient groups [37]. The
patient may also desire information blocking, such as when an
older patient is afraid that disclosure of a new diagnosis of
cancer or recurrence may burden their caregiver or lead to
caregiver burnout.

Health Care Provider–Patient Relationship in Difficult
Diagnostic Dilemmas
Maintaining a good relationship with patients is critical for
health care providers taking care of older adults, as dynamic
shifts in health often require changing or transitioning goals of
care. Even neutral personal descriptors such as “elderly” in a
note can make patients feel judged and perceived themes of
disrespect, errors, and surprises can lead to straining of a
patient–provider relationship [38]. For example, the term
palliative is often misinterpreted for end-of-life care when in
fact the goal is symptom and quality of life improvement for
any serious illness (even curative ones), irrespective of
prognosis. Further, the National Center for Educational Statistics
reports that 21% of adults in the United States (~43 million) are
illiterate or functionally illiterate [39]. Misinterpreting
documentation may prevent older adults from seeking care to
relieve symptoms and stress and align treatment options with
their goals. One unintended, but positive, consequence of the
information blocking rules might be that it encourages providers
to be more vigilant in their documentation to achieve language
that is both medically accurate and affirming of the patient’s
dignity.

Where Information Blocking Went Too
Far

Although the potential adverse outcomes previously discussed
do not meet the Cures Act Final Rule definition of harm, in
some cases, releasing this information may violate the
foundational principles of a trusting provider–patient
relationship.

Information Blocking in the Multiuser EHR
While the Cures Act final has made it easier to access
information electronically, this increase in access is not
accompanied with the requisite technical advances to block
access to data in appropriate circumstances. In the situations
when information blocking can be legally used, strategies are
limited in number and capability, especially in the context of a
multiuser or proxy access. Information blocking is technically
and logistically challenging, and the burden is placed upon the
documenting health care providers to determine what EHI is
and is not appropriate to block and to whom. For some health
care providers, such as those practicing in adolescent medicine,
family medicine, general pediatrics, pediatric subspecialties,
internal medicine, and geriatrics, navigating information
blocking may be a routine experience depending on patient
needs.

At the institutional level, the hospital system can deactivate
proxy access; however, this may be burdensome and can be
delayed depending upon institutional implementation (eg, a

health care provider clicking a button in the EHR versus
contacting health information management and placing a ticket
for a request to be completed). The ONC exceptions emphasize
that information blocking should be no broader than necessary.
It will be an infrequent occurrence that a patient or proxy is
completely blocked from accessing all EHI and more common
that the blocking will occur on a data-element-by-data-element
(clinical documentation, laboratory tests, imaging, etc) basis.
This may create a substantial burden for the health care
institutions and be prone to user errors. Additionally, the absence
of information may be conspicuous when a patient or proxy
who usually receives information does not. There is an evolving
standard called “Data Segmentation for Privacy” (DS4P) where
a health care provider could mark portions of a note to be
blocked from access; however, the adoption of this standard is
minimal [40,41].

Beyond institutional policies and EHR technical capabilities,
the health care provider can adopt new documentation
workflows when information blocking is legally acceptable.
For example, the health care provider could create one note that
is appropriate to share with all users and another that includes
the information which is then blocked (ie, shadow charting);
however, this solution is time-consuming and burdensome and
unlikely to be adopted as clinical documentation has already
been shown to be a significant contributor to burnout among
health care providers [42-46]. Further, duplicate documentation
would also be error-prone, jeopardizing safety and creating
additional work and confusion for other health care providers
on the treatment team relying on documentation to support
patient care. Health care providers may choose to avoid caring
for patients who are more prone to these complicated situations.

Where information blocking is not acceptable, the health care
provider, not wanting to damage a relationship or breach
confidentiality, may decide to stop documenting certain
information. This is a potentially dangerous practice that could
affect medical care, reduce accurate billing, and result in
incomplete communication about the patient’s medical history
with other health care providers.

Conclusions and Recommendations

The Cures Act Final Rule is undoubtedly necessary to facilitate
significant improvements in patient care and innovation;
however, in some cases of a multiuser or proxy access situation,
the Information Blocking Provision conflicts with the standard
that health care providers hold themselves to in the United
States. Additionally, applying these exceptions to the
Information Blocking Provision in legally acceptable cases will
be burdensome and could lead to increased burnout among
health care providers. Paradoxically, providing patients more
control over their data may actually jeopardize their control and
privacy in some scenarios. Although breaching confidentiality
and damaging the patient–provider relationship will not
necessarily cause substantial harm as defined by the text of the
Final Rule, it may cause unnecessary anguish, limit the quality
of care, or cause a patient to forgo or delay care, and lead to
increased morbidity. Additionally, the privacy exception may
be underutilized as it necessitates patients and providers be
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educated on the application of this rule and an institution’s
policies and procedures. In light of these concerns, we
recommend that ONC provide more detailed guidance both on
their website and targeted outreach to health care providers
caring for patients in the adolescent health setting and other
multiuser or proxy access situations. As clause 171.202 (b) of
the Cures Act allows institutions to develop policies around
information blocking, we encourage ONC to develop and
publish sample policies that institutions may use or modify.
Such guidance should outline the exact processes by which a
patient can opt out of their health data being shared with a proxy
user using the privacy exception and detail how providers can
best guide patients through decision-making without the fear
of being in violation of the information blocking rules. Where
data segmentation for privacy is not feasible, we recommend
that ONC considers carving out an option for providers to return

to traditional sharing options to prevent breaches of privacy.
We also urge ONC to interpret the privacy exception broadly
and not penalize hospitals or providers for information blocking
when proxy access is the reason for the information blocking.
We suggest that ONC and researchers carefully monitor charting
habits in these multiuser or proxy access situations by studying
how often patients use the privacy exception compared with
single-user EHR access scenarios, how much time is spent
documenting for these scenarios, and how much
shadow-charting is taking place. We also suggest researchers
carefully monitor the effect of information blocking on patient,
provider, and proxy relationships. Additionally, we recommend
limited penalties on health care providers in multiuser or proxy
access situations during the implementation process of the Cures
Act Final Rule until technological capabilities advance to better
segment notes and block them from certain users.
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Abstract

Big data is poised to revolutionize health care, and performance dashboards can be an important tool to manage big data innovations.
Dashboards show the progress being made and provide critical management information about effectiveness and efficiency.
However, performance dashboards are more than just a clear and straightforward representation of performance in the health care
context. Instead, the development and maintenance of informative dashboards can be more productively viewed as an interactive
and iterative process involving all stakeholders. We refer to this process as dashboarding and reflect on our learnings within a
large European Union–funded project. Within this project, multiple big data applications in health care are being developed,
piloted, and scaled up. In this paper, we discuss the ways in which we cope with the inherent sensitivities and tensions surrounding
dashboarding in such a dynamic environment.
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Introduction

Big data innovations in health care are on the rise, with benefits
that include providing clinical intelligence about a patient’s risk
of future adverse health events [1], empowering patients through
big data–driven eHealth applications [2], increasing interest in
clinical prediction tools [3], and reducing costs by leveraging
big data to detect fraud, abuse, waste, and errors in health
insurance claims [4]. Recently, China has used big data
technology in its attempts to prevent and control the spread of
COVID-19 [5]. All in all, big data innovations in health care
promise to address the rising demand for high-quality health
care services and to reduce the accompanying costs of care.
This makes big data appealing for governments and funding
agencies, who are increasingly investing in large-scale,
interdisciplinary projects and consortia that seek to develop big
data innovations, implement them in the health care field, and

ideally demonstrate their desired impact. Such projects usually
involve a multitude of stakeholders who, in addition to the
project goal, have their own objectives, such as creating social
or economic impact, publishing research, or commercializing
the innovation. These large investments and diverse goals and
objectives call for close monitoring of the overall progress and
performance of projects. Such performance monitoring is
frequently done utilizing dashboards containing key performance
indicators (KPIs).

Dashboards provide a visual overview of the information needed
for performance management, and by doing so, facilitate
decision-making and project management. In the health care
field, the use of dashboards is manifold. Types of dashboard
include unit-specific nursing performance dashboards [6],
hospital-wide or disease-specific quality and safety diagnostics
dashboards [7,8], and population-level maternal and newborn
dashboards [9]. Management literature has emphasized the use
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of performance dashboards to provide an overview of relevant
KPIs and to enable performance management in hospitals
[7,10,11]. As such, dashboards are often preferred as managerial
instruments to gain insights about progress and performance.

Despite their appeal and aura of rationality, performance
dashboards are not simply a clear and straightforward
representation of health care performance. Indeed, this point
has gained traction within recent accounting literature [12].
Building on the insights from accounting literature, critical
management studies, and science and technology studies, we
argue that one cannot simply design a dashboard to capture the
productivity or efficiency of something as inherently complex
and multifaceted as the performance of big data innovations in
health care [12]. At the same time, dashboards continue to have
enormous appeal, both for funders of research and
implementation projects (who perceive them as providing
tangible outcomes to account for investments made) and for
health care managers (who view them as instruments that can
provide valuable information). Therefore, such tools cannot
simply be dismissed because of the inherent challenges
mentioned above.

In this paper, we introduce our perspective on the development
of systems for monitoring big data innovation projects in health
care through performance dashboards and discuss caveats
concerning these systems. Our perspective focuses on the social
dimension of this interactive process, that is, we do not delve
into the technical dimensions, such as techniques for data
analytics and visualization [13]. Importantly, we view the
performance dashboards as the means to monitor big data
innovation projects. In our paper, they are not the results of big
data innovations.

We argue that the development of such dashboards does not
match the prevalent rationalist narrative usually assumed. Far
from being a series of rational decisions, this development can
be better understood as a process of collective sensemaking.
While the idea of sensemaking has strong roots in organizational
psychology, in which the notion is used to study the
microfoundations of organizing, we use the notion here to point
toward a more general focus on interpretive forms of research
that address how meanings are negotiated and constructed [14].
Nevertheless, although we do not build on the full theoretical
framework associated with sensemaking, our use also shares
affinities with organizational research that describes
sensemaking as being “not about truth and getting it right,” but
instead “about continued redrafting of an emerging story so that
it becomes more comprehensive, incorporates more of the
observed data, and is more resilient in the face of criticism”
[15]. Therefore, we suggest a more pragmatic approach toward
the development and use of performance dashboards. In this
process, for which we propose the term dashboarding, many
decisions need to be made jointly with the most important
stakeholders. Anything but a linear sequence of decisions, this
is a necessarily iterative, recursive process of moving back and
forth to find out which indicators are feasible, acceptable,
measurable, and informative.

Our viewpoint is based on both our familiarity with the literature
regarding the goals, drivers, and problematic aspects of using

dashboards as instruments for performance measurement, and
on our experiences as researchers and dashboard developers in
a large-scale, 3-year European project aimed at developing big
data applications in health care, titled “Big Data for Medical
Analytics,” shortened to “BigMedilytics” (this project was
approved by the ethics board of the Erasmus Medical Centre
[MEC-2018-056] and the ethics review board of Erasmus
University [EA18-01]). Drawing on our experiences in the
development, tailoring, and further modification of performance
dashboards for 12 pilot projects to develop big data innovations
in health care in 8 European countries, our aim is to increase
awareness of tensions and to develop sensitivities among
academics, clinicians, and practitioners involved in performance
measurement of health care innovations, especially those
involving big data. We draw on the numerous discussions we
have had with the research team and pilot partners, our
experiences in organizing various pilot project–specific
workshops discussing dashboard designs at various stages, and
the many emails, phone calls, and various other interactions we
have had with pilot project teams over the last years.

The BigMedilytics Project

Our empirical setting is the 3-year BigMedilytics project, funded
by the European Union. This project aims to “enhance patient
outcomes and increase productivity in the health sector by
applying big data technologies to complex datasets while
ensuring security and privacy of personal data” [16]. The entire
consortium consists of 35 different entities, ranging from health
care providers, technology companies, and insurers to research
institutes and universities. At the core of the consortium are 12
pilot projects that develop big data innovations in health care
in 8 European countries, divided into 3 areas: population health
and chronic disease management, oncology, and health care
services industrialization, as described in the underlying protocol
paper [13]. The big data technologies include systems to derive
predictive models, clinical decision support systems, and
real-time asset location systems.

The Inherent Complexities of Dashboarding
While performance dashboards can provide useful insights into
the effectiveness and quality improvement potential of big data
innovations, rational, straightforward design and implementation
of these dashboards is problematic for several reasons. Building
on literature in accounting, critical management studies and
science and technology studies, we identify 4 important insights
that deeply problematize the idea that dashboards simply
“capture” performance. First, performance is an inherently
debated and complex concept [17,18]. At the core of health care
systems are health care organizations that seek to fulfill multiple,
sometimes even conflicting aims. As such, tensions are likely
to arise between what counts as “performance” in different
contexts. This makes performance monitoring and performance
management inherently complex. Second, there is always a
trade-off between validity and feasibility. The search for
exhaustive validation of a dashboard comes at the cost of
practical feasibility; when measurement aims to provide a
flawless map of the organization’s landscape, this often hinders
practical utility and enhances strategic behavior [19,20]. Third,
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there is some tension between using performance dashboards
internally for learning purposes and using dashboards externally
as bases for monitoring and accountability [21]. In order to learn
from performance dashboards, it is vital to stimulate discussions
based on the performance scores. Using performance
measurement as an accountability tool is an “external” use of
the dashboard, in which those who monitor the project use the
dashboard to steer and direct. Using performance measurement
as an accountability and control tool is likely to corrode and
corrupt the performance indicators, undermining the conditions
required for quality improvement [21]. Fourth, performance
monitoring is never simply a representation of reality, but also
shapes and structures the reality to be acted upon in a process
of coconstitution [22,23]. Dashboards never only represent
performance or particular aspects of performance; they are also
social facts that generate actions and reactions, for example, by
defining managerial priorities and by reconfiguring work
routines and relationships between actors [24,25]. They are thus
“performative” [24,25] in the sense that they do not only
represent aspects of organizational performance but also help
shape and define the very aspects of performance that come to
matter—an aspect that is also recognized within the accounting
literature [26].

Three Persistent Tensions
Based on our experiences in the BigMedilytics project, we will
describe 3 persistent tensions that we and other actors in the
consortium experienced while working toward performance
dashboards that met the dual requirements of being useful to
pilot partners while allowing for some form of assessment
regarding goals and achievements. After this description, we
will outline the main implications, reiterate our suggestion that
a more pragmatic perspective on dashboarding should be
developed, and discuss the implications of this perspective for
academics, clinicians, and practitioners involved in the
performance measurement of health care innovations.

Tension 1: Navigating Between Divergent Stakeholder
Views and Expectations
The consortium that we were a part of included the developers
of a range of big data innovation projects, which involved, like
many similar projects, various stakeholder groups from
academia, government, and industry. At the core of the
consortium were 12 big data pilot projects to develop and
implement big data innovations in 8 European countries: Austria,
France, Germany, Ireland, the Netherlands, Spain, Sweden, and
the United Kingdom. These pilot projects were divided into 3
themes: population health and chronic disease management
(n=5), oncology (n=3), and health care services industrialization
(n=4). Each of the 12 pilot project teams included several
members, introducing a multitude of experiences and expertise.

Consortia necessarily bring together a range of stakeholders,
who each have their own specific ideas about the goals of the
project. Many innovation projects, not just those organized as
consortia, involve internal or external funding. In order to apply
for funding, stakeholders need to align goals with each other.
An inherent feature of the application and alignment process is
time constraint, which hampers the ability to acquire all the
information needed in order to make a fully informed decision.

Consequently, one must settle on a goal that is deemed
acceptable for all groups given the information available at the
time. This necessitates broadly defined goals that require further
specification over time. In our case, the BigMedilytics
consortium aligned on the broad and ambitious aim to improve
health care in Europe through big data and “demonstrate an
increase in healthcare productivity between 20% and 63%” [27].

But as time unfolded, it became evident that people attributed
different meanings to the term productivity, which affected the
way they conceptualized and operationalized it. One prominent
definition of productivity considers it to be the ratio of input to
output and to thereby express how efficiently resources are used
[28,29]. Defining the overall project goal in such strong
economic and engineering language, however, did not match
the perception of how individual pilot projects could contribute
to achieving productivity gains by deploying big data. With the
big data innovations organized in 12 very different pilot projects,
various idiosyncratic features needed to somehow be reflected
in how the productivity of the projects was measured. A
one-size-fits-all approach was considered inappropriate and a
certain degree of divergence was deemed inevitable. One might
raise the argument that this divergence was a consequence of
the heterogeneity of the pilot projects, and consider that
homogeneous pilot projects would not face this tension. While
this argument has some appeal, we know from the literature
that even in similar settings, different opinions prevail on what
constitutes productivity [30], performance [31], and quality of
care [32]. Consequently, some divergence is inevitable if one
is to maintain stakeholders’ support and engagement.
Stakeholders need to see their pilot project–specific contribution
to the overall goal adequately reflected.

This divergence needs to be managed. The more pilot
project–specific idiosyncrasies are considered, the better pilot
project–specific developments can be monitored and the more
precisely we can formulate a pilot project–specific conclusion.
By the same token, the more pilot project–specific idiosyncrasies
are considered, and the more pilot projects diverge, the more
challenging it becomes to converge again and draw conclusions
across pilot projects. This indicates a tension: if divergence
amongst pilot projects is too high, goal congruence might be
compromised. On the other hand, not allowing any divergence
would amount to the one-size-fits-all approach that was already
considered inappropriate. Managing this tension thus calls for
a compromise that allows for some divergence but at the same
time enables alignment between stakeholders and convergence
toward the overall project goal.

Striving for convergence but simultaneously allowing for
necessary divergence resulted in the following approach: we
applied a broader angle and considered performance along
multiple dimensions. While the multi-dimensionality of the
performance framework thus increased the likelihood that
stakeholders considered the framework acceptable, it initiated
a discussion on what type of performance dimension adequately
captured the objectives and intentions of the big data
innovations. This called for a compromise: we decided to align
on dimensions broad enough that they applied to multiple pilot
projects (in step 1), but also recognized that we needed to give
pilot projects the possibility to define KPIs within these
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dimensions that adequately captured their unique qualities (in
step 2). We used a balanced scorecard (BSC) [33] to monitor
multiple performance dimensions and tailored its design by
determining pilot project–specific KPIs. The BSC [33,34] is a
widely applied framework, primarily in for-profit business
organizations, and consists of a set of KPIs that gives top
managers a fast but comprehensive view of the organization.
The set of KPIs includes financial performance measures that
show the results of actions already taken. The BSC complements
the financial measures with operational, process, and quality
measures of various performance dimensions that are the drivers
of future financial performance.

Although popularized in for-profit business organizations, the
application and study of BSCs in the health care industry is not
new. In the health care industry, most prominent descriptions
of BSCs refer to monitoring quality aspects of performance.
For example, Chong et al [35] found that “measuring the quality
of a hospital is an important but exceedingly difficult task.
Different methods of capturing quality have been devised,
including composite scores of compliance with various quality
indicators to the adoption of BSC techniques from the business
world.” Also, Fernando et al [36] support this idea by claiming
that scorecards are used by institutions “for the purposes of
monitoring clinical performance and driving quality
improvement.”

Tension 2: Navigating Between Timely and Meaningful
Data Collection
For each of the performance dimensions of the BSC (ie, patient
satisfaction, patient outcomes, process outcomes, and financial
outcomes), we determined pilot project–specific KPIs in close
collaboration with the pilot project stakeholders via an iterative
procedure. For example, pilot projects that related to population
health, chronic disease, and oncology often included long-term
financial measures (eg, the projected cost of care over 10 years)
next to short-term measures, such as the average cost per patient.
In most pilot projects, patients were expected to be directly
impacted by the big data innovation. In these cases, patient
satisfaction surveys and patient-reported measures were relevant
to measure the dimension “patient satisfaction.” Mortality was
a typical measure for the dimension “patient outcomes.” In
contrast, the pilot projects related to industrialization did not
measure KPIs for the “patient satisfaction” dimension, as
patients were not directly impacted by the big data innovations,
but instead focused on process outcomes (such as completion
time for diagnoses).

Through this collaboration we aimed to ensure the relevance of
the selected KPIs to the pilot projects, as well as increase
commitment of the pilot project teams to the dashboard. This
commitment was key as the pilot project teams were supposed
to report on these KPIs every 6 months. The suggestion from
the project consortium was to rely on standardized lists of KPIs.
These KPIs were often already available in the reporting and
management systems used in the pilot projects or the
organizational bodies (eg, hospitals) to which the pilot projects
belonged. Such availability would make reliable data collection
very efficient. However, efficient data collection of readily
available KPIs is not the same thing as valid and meaningful

data collection of KPIs that capture the actual performance and
progress of pilot projects.

Therefore, we engaged in a discussion with the pilot project
teams about the strategic aims of the pilot projects to make an
initial assessment of priorities and feasibility. First, we organized
a series of workshops where we presented the 4 dimensions to
pilot project stakeholders and let the stakeholders openly
brainstorm potential KPIs for each of these dimensions. Then,
we compared the KPIs across pilot projects to identify
similarities and differences and inquired whether KPIs that were
suggested in other pilot projects might also be relevant for the
pilot project in question. As a final step in the development of
the KPI dashboard, the researchers and the pilot project
stakeholders agreed on a set of pilot project–specific KPIs that
were deemed relevant to the pilot project in question and for
which reliable data were expected to be periodically collected.

After a baseline measurement of the KPIs, which provided a
crucial anchor point for benchmarking the pilot project’s
subsequent performance, the KPIs were supposed to be updated
periodically using the same operating procedures and definitions.
Receiving periodic updates has, however, frequently been
challenging. Reasons for this were manifold: updating the KPIs
was not deemed meaningful at that point in time; pilot projects
were partially dependent on other entities to deliver the data,
which prevented timely data submission; databases were not
updated as frequently as intended; information technology
systems were changing over time, which required modifying
the operating procedures to gather the KPI data; and some KPIs
turned out to be unreliable and needed to be revised whereas
other KPIs—despite all good intentions—simply could not yet
be measured due to a lack of data. Consequently, the set of KPIs
changed over time, altering the design of the dashboard and
reducing the reliability of the measurement over time.

In contrast to the idea that KPIs can capture performance and
progress over time, this project made clear that a set of
KPIs—even if tailored to a specific context—cannot be
considered to be static, but must rather be thought of as dynamic,
evolving, and changing. This holds true specifically for big data
innovations in which more and more learnings are generated as
time passes and new data become available. The trade-off
between validity, reliability, and feasibility becomes apparent:
KPIs that have initially been considered a valid indicator of
performance might be more reliable due to the amount of data
available, but they may also no longer be considered to be valid
because they fail to capture state-of-the-art performance. Again,
this tension points toward the need to understand KPI
dashboards in process terms: as a dynamic process of
“dashboarding” that requires adaptations over time in order to
remain informative given the state of the art.

Tension 3: Navigating Between Different Dashboarding
Needs and Purposes
Through collaboration with each individual pilot project team,
we wanted to develop dashboards that would do justice to the
idiosyncratic nature of the pilot projects and would be loaded
with relevant and timely datapoints for an informative
performance analysis. Performance analyses can be informative
for the members of each pilot project team, enabling them to
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learn and improve, and for those monitoring progress across
pilot projects. Serving both these needs, however, turned out to
be difficult. Monitoring progress across pilot projects required
comparability that could only be achieved by choosing a set of
KPIs that was a compromise; they did not fit individual projects
perfectly, making them a suboptimal choice. Learning and
improving within a pilot project, however, requires selecting
KPIs that are as closely related to the innovation as possible.
Since big data innovations themselves do not improve health
care directly, but rather contribute to improvements by changing
the information used in decision-making, the way the innovation
is embedded needs to be reflected in the KPIs. For example,
the BigMedilytics “asset management” pilot project deployed
a track-and-trace interface that professional caregivers used to
locate medical equipment. As such, the interface was directly
involved in a caregiver’s search process and could thereby
directly influence the health care process. There were also pilot
projects, however, where such direct embedding was not the
case. The purpose of the “stroke workflow” pilot project was
to use big data to identify bottlenecks in the workflow. As such,
big data was used as a diagnostic tool to identify problematic
areas in the health care process. This identification step revealed
changes in the health care process that needed to be made, yet
the big data innovation itself was not directly involved in health
care delivery. Similar arguments pertain to other BigMedilytics
pilot projects, showing that the way in which the innovation is
used and how it affects the health care process differ in specific
situations.

With pilot project members closely involved in the KPI selection
process, one would expect the dashboards to be used for learning
and improvement purposes. However, we did not observe strong
indications of this. In our experience over the years, the
dashboards were more often perceived as a managerial necessity
for which KPI data needed to be provided for monitoring
purposes. Ironically, we also did not observe strong indications
of dashboards being used to oversee progress across pilot
projects, which seems to indicate that the overall purpose of the
dashboard remained unclear and that its potential to facilitate
learning and monitor progress was insufficiently realized.

Implications

Based on our experience with developing performance
dashboards for 12 big data innovation pilots, we have argued
for the need to develop a more pragmatic, process-based
perspective on performance dashboards. We describe this as
the notion of “dashboarding.” This perspective recognizes that
despite its rationalistic aura, developing, tailoring, and
modifying performance dashboards is in essence an
unpredictable, messy, and iterative process that (1) involves a
wide range of stakeholders with often diverging goals and
expectations, (2) calls for situation-specific assessments of the
balance between efficient and meaningful data collection, and
(3) comes with struggles with hard-to-reconcile demands, such
as the need to monitor achievements across pilot projects to
account for investments made versus the need to provide tailored
insights to help specific pilot project teams evaluate and improve
their performance.

What are the implications of this perspective for academics,
clinicians, and practitioners involved in the performance
measurement of health care innovations? The first implication
is that those involved in the process of dashboarding need to
develop the political sensitivity to acknowledge and manage
differences in interests and objectives among various
stakeholders that are directly involved in and indirectly affected
by the dashboard. Importantly, this goes beyond the idea of
cocreation with stakeholders. While incorporating stakeholders
early on is an important condition for generating support, it is
by no means a panacea [37]. With an increasing number of
stakeholders involved, the diversity in interests and expectations
is likely to increase as well. Obviously, this may cause tensions
if interests and expectations are diverging or even conflicting.
In line with related literature [7,37], we therefore suggest
involving stakeholders in co-designing dashboards, but we also
stress that this requires careful expectation management,
sensitivity toward different needs and requirements, and
persistence in navigating between different perspectives and
interests. Collaborative design brings together specialists and
generalists from various backgrounds who share knowledge of
the design process as well as the design content in order to create
shared understanding of both aspects [38]. Such principles of
collaborative design can be combined with principles of
participatory design, which refers to the participation of
prospective users, who become true participants and not just
informants in the design process [39]. We involved future
dashboard users from different disciplines (including data
scientists and medical professionals) to some extent but would
recommend more extensive and more explicit use of
collaborative and participatory design principles in the
dashboarding process.

The second implication of the pragmatic perspective we propose
relates to the iterative nature of dashboarding. Developing
dashboards iteratively through multiple stages of refinement
does not align well with the logic of “projectification” that often
underlies large-scale programs like the BigMedilytics program
[40,41]. The notion of projectification refers to a mode of
science governance that sets the concept of the “project” as its
basic organizing principle [42]. As such, it highlights not only
the ubiquity of the project format, but also points to underlying
instrumental reasoning and a rationalistic attitude toward
predictability (eg, an emphasis on activities leading to
“milestones” and “deliverables”) that is often considered to be
in tension with other values of research and innovations (such
as academic freedom and creativity) [40,43]. This attitude is at
odds with the dynamic and continuously evolving environment
organizations find themselves in. Far from a controlled,
experimental setting, pilot projects exist among a swirl of other
projects, initiatives, developments, and changes. In the
BigMedilytics program, for instance, all pilot projects were
confronted with two major changes: the introduction of the
General Data Protection Regulation and the COVID-19
pandemic. The main implication of this is that researchers and
dashboard developers would benefit from building in more
leeway for interim changes. Thinking through the implications
of this to the fullest extent would also require funders and other
policy makers to think about innovative ways of funding
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research and technology development that do not take the logic
of projectification as a pre-eminent reality.

The third implication relates to the need for flexibility in
dashboarding. Dashboards are used for different purposes that
range from providing external accountability and internal
benchmarking to enabling improvement initiatives [7].
Dashboards are also frequently considered to be informational
tools that stimulate discussion and critical reflection [6]. As
such, dashboards need to be flexible enough to cater to multiple
purposes and different stakeholder needs [7]. This flexibility
requires a specific view on progress monitoring via performance
dashboards. Instead of striving for comparability across
dashboards in a volatile environment (which is particularly
relevant for big data as well as health care), progress monitoring
can also be achieved with a focus on continuous improvement.
If each project team develops its own set of KPIs (with some
steering, as described above), a dashboard will emerge that will
be deemed informative by the project team. Project teams should
also regularly reflect on whether the set of KPIs is still
informative and whether adaptations are necessary. The reasons
for incorporating a new KPI or dropping an old one reveal
important insights about the progress that can even go beyond

the indications derived from comparing KPI scores across
project teams or time.

Future research might investigate which specific approaches,
tools, techniques, programming languages, and design
environments are most effective for such a collaborative,
iterative and flexible dashboarding process. Successful cases
of dashboard development, including details on the technologies
used, are available in the literature [7,44-46], but there remains
a need for a systematic comparison of dashboarding approaches.

Conclusion

Dashboarding is a dynamic process that features various
tensions. Instead of neglecting these tensions, we plead for
reflection upon them and navigation through them. Our
recommendations therefore do not come in the form of a magic
bullet and do not offer clear-cut solutions but are rather a
description of 3 sensitivities that performance dashboard
designers should develop to handle the tensions involved in the
process of dashboarding. Capitalizing on these sensitivities will
lead to dashboarding that is iterative, integrative, and
informative.
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Abstract

The COVID-19 pandemic accelerated the uptake of digital health worldwide and highlighted many benefits of these innovations.
However, it also stressed the magnitude of inequalities regarding accessing digital health. Using a scoping review, this article
explores the potential benefits of digital technologies for the global population, with particular reference to people living with
disabilities, using the autism community as a case study. We ultimately explore policies in Sweden, Australia, Canada, Estonia,
the United Kingdom, and the United States to learn how policies can lay an inclusive foundation for digital health systems. We
conclude that digital health ecosystems should be designed with health equity at the forefront to avoid deepening existing health
inequalities. We call for a more sophisticated understanding of digital health literacy to better assess the readiness to adopt digital
health innovations. Finally, people living with disabilities should be positioned at the center of digital health policy and innovations
to ensure they are not left behind.
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The Digital Paradox as a Modern Wicked
Problem

As foundational parts of society continue to digitalize [1], the
risk of existing inequalities worsening cannot be overstated.
Digital divides constitute a wicked challenge in European
countries [2], especially considering how digital literacy and
access to digital infrastructure differ across age, sex,
socioeconomic and educational strata, place of residence, and
disability status [2,3]. The COVID-19 pandemic has highlighted
the benefit of advances in digital health technologies [4], which
could be deployed at a large scale to reach population groups
that are otherwise difficult to reach. This reflects the paradox
of digital health that we are currently facing: the potential that
digital health innovations hold can be transformational for
delivering care to underserved population groups, but these
groups are most likely to be excluded from the digital world
through their sociodemographic characteristics [5].

One example of such groups is the autism community. Recent
research suggests that autistic individuals have comparatively
shorter life spans [6,7] and are more likely to experience nearly
any chronic physical and mental health condition [8-10]. Despite
greater health care utilization and expenditure [10-12], autistic
individuals report lower quality health care, worse health care
access, and poorer patient-provider communication [11,13-17].
In qualitative interviews, autistic adults expressed difficulties
evaluating or describing their health, sensory sensitivities,
executive function, body awareness, slow processing speed,
stigmatization, and systemic barriers [13-16]. As a result, the
autism community can be considered highly vulnerable to digital
exclusion, not only because of the aforementioned challenges
but also due to the poorer educational and employment outcomes
associated with autism [18].

The European Commission recognizes in the Union of Equality:
Strategy for the Rights of Persons with Disabilities 2021-2030
that accelerated digital transformation offers opportunities to
remotely deliver high-quality care to people living with
disabilities that is tailored to their needs [19]. However, the
precise actions needed to develop an inclusive digital health
system that benefits people living with disabilities instead of
excluding them, as well as best practices, are undefined.

It is important to note that this article takes a holistic approach
to digital health. In other words, digital health as a concept can
refer to a technology, user experience, service, product, process,
infrastructure of its own, or part of the ecological system of
health services [20-24]. It is important to be mindful of all these
potential framings of digital health to encourage a systems
thinking approach to how digital health may be incorporated in
the status quo of health care. While there is great potential in
the deployment of digital health services, the digital paradox
makes it painfully clear that the utility of digital health is
proportional to how well it meets the health care needs of the
person interacting with it.

In this article, we explore the ways in which digitalization affects
the health sector, specifically looking at the distribution of
information, social determinants of health, and access to digital

infrastructure. We then highlight how these digital developments
may affect people living with disabilities, using the autism
community as a case study. Afterward, we showcase existing
policy perspectives from Sweden, Australia, Canada, Estonia,
the United Kingdom, the United States, Singapore, Japan, and
South Korea that either facilitate or obstruct the creation of
digital health systems accessible for people living with
disabilities. Finally, we identify principles of digital health that
can underpin and facilitate the safe and inclusive development
of a digital health ecosystem. We believe this article may be of
particular interest to policy makers, health practitioners, patient
groups, health funders, social workers, and other stakeholders
in the field of health care. Details on the methodology and the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-analyses) flowchart can be found in Multimedia
Appendix 1.

Impact of Digital Technologies on the
Distribution of Information

While the relationship between digital technologies and health
is nonlinear and multifaceted, digital technologies can facilitate
the distribution and dissemination of public health information
and action (eg, widespread broadcasts by the World Health
Organization throughout the COVID-19 pandemic). Digital
health can also enhance clinical and laboratory work by
supporting administrative tasks, leaving more time for health
care workers to spend with their patients [1,23]. This, however,
requires a careful balance between increasing efficiencies
through digital means and reducing the cognitive burden of
frontline staff (explored later in this paper). Telemedicine can
improve access to life-saving medical care. Soon, digital
technology will augment clinical diagnostic processes, improve
data collection and analysis, and provide targeted support in the
form of precision medicine and precision public health
[1,22,23,25].

On the other hand, health disinformation and misinformation
can easily and rapidly be spread in a digital society through
social media, contributing to the continued existence and
strengthening of factually incorrect health beliefs [26]. A recent
notable example of health misinformation has been the
tremendous decline in vaccine confidence [27]. Machingaidze
and Wiysonge [27] explain how digital technologies can be
excellent tools for self-education, a key component of
vaccination decision-making. However, they also present various
challenges of using digital technologies at scale, many of which
are present in high-income countries, including misinformation,
incomplete information, and conflicting and complicated
scientific information that may be difficult to understand [27].

Digital Technologies and Social
Determinants of Health

Digital technology can also further entrench established social
determinants of health [24]. For example, wearable technologies
hold great potential to equip the general public with the ability
to proactively monitor and manage their health care, fitness,
and aging [28,29], although this comes at a financial cost.
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Presently, this expense is borne by consumers with the ability
to pay. This creates inequities in access to personalized health
data, placing it at the fingertips of wealthier individuals and
further widening health divides between socioeconomic groups.
As such, when advocating for the widespread uptake of digital
health among vulnerable groups, we must avoid constructing
or fueling the paradigm of digital health as a pinnacle of health
consumerism, as this would only expand the existing digital
paradox [21]. A recent study in the United Kingdom highlights
that access to free or affordable health care and individual
behaviors and choices dominate the public perception of what
impacts an individual’s health and that 24% of the UK
population believes health is entirely the responsibility of the
individual [30]. As a result, the belief that healthier choices are
available to more resourceful population groups is commonly
propagated, disregarding the potential and complex effects of
social determinants of health.

Furthermore, economies of scale achieved through increased
use will drive down the price of wearable technology [31]. A
case study in rural India demonstrated the benefits of wearables
for chronically underserved rural and remote populations,
showing improved health outcomes, including decreased
readmission and mortality rates, by monitoring health data and
improving preventive care [32]. Furthermore, wearables reduced
the need for costly transport and frequent doctor visits as a
patient’s health could be observed at home and transmitted to
their doctor in another locality [32]. This remote monitoring
approach could prove hugely beneficial for people living with
disabilities, as wearables are able to address various dimensions
of disability, including physical, sensory, emotional, and
intellectual conditions [33]. This approach could provide people
living with disabilities with greater autonomy, augment their
ability to live independently, and improve educational and
employment outcomes [34].

Wearables have been shown to enable people to become
informed about their health status and conditions, give patients
a sense of agency over their health metrics, and improve health
literacy [29,35]. Moreover, health care providers and
governments can harness digital technology’s aggregated
information and insights to improve the quality of diagnosis
and broader population health [29,36]. As such, digital divides
threaten the equitable access of health care and public health
services and fundamentally disadvantage the strata of the
population that cannot pilot digital technologies [3,22,24].
Therefore, measuring digital health literacy is critical as it will
help evaluate the readiness of a health system to implement
digital health innovations, design targeted educational tools
before implementation, and avoid costly attempts that were
certain to fail from the start [37].

Differences in Access to Digital
Technologies and Infrastructure

Considerable work has been done to measure the world
population’s ability to access digital services in terms of
available infrastructure and digital literacy [3,22,38].
Nevertheless, these efforts are often limited to a binary measure
of internet access and an overly simplified set of digital skills

[3,38]. As such, they fall short by failing to acknowledge
complex or domain-specific skills required to maximize the
benefits of digital medical services. Simultaneously, while
digital technologies are frequently designed to be used at the
individual level, a system-level approach is required to fully
understand the breadth and depth of how digital technologies
can shift or augment a (public) health system [23].

A crucial part of this system-level approach is the ability of
frontline health care workers to engage with and effectively use
digital (health) technologies and platforms to streamline their
workflows. With digital health technologies, the technology
must be user-friendly to relieve the cognitive burden of health
workers so they can focus on providing medical care [39].
Fractured communication and different systems across facilities
and departments are often significant reasons for increased
cognitive load [39]. As such, by optimally managing and
communicating information through standardized systems, the
potentials of digital health could be maximized to achieve the
most significant benefit for health professionals [39].

Nurses are well placed to drive the digital health literacy agenda
and upskill their colleagues. Moreover, as nurses often act as
the primary care providers for rural or vulnerable populations,
they would benefit from developing the knowledge and skills
to implement and use telehealth technologies [40]. Strengthening
their ability to use digital health technologies should therefore
be an integral part of education for nurses and other health
professions. A multimodal training approach (ie, didactics,
patient simulations, practice immersions, and project work) has
enabled students to develop the skills required to embrace
telehealth and be comfortable using it [40]. Simultaneously,
medical training continues to focus heavily on the quantitative
side while underserving the arts and humanities of medicine
[41], inherently limiting the extent to which medical
professionals can advocate for the influence of various social
determinants on health. However, it is the social determinants
that often play a multifaceted role in whether a patient is able
to access digital health services. In order for digital health care
to become a mainstream mode of health care, medical education
needs to be rebalanced with adequate coverage of arts and
humanities of medicine and social medicine to train future health
professionals when it is appropriate to deploy digital services,
especially as long as the digital divide remains as extensive as
it is currently. Additionally, social prescribing (ie, referring
people to a range of local, nonclinical services) is increasingly
becoming a core role of clinicians [42]. This could be further
ameliorated with specialized training programs to ensure they
have the right tools and referral pathways on hand to deploy it
effectively.

Virtual medicine has significantly changed the way health care
professionals deliver care. The COVID-19 pandemic has
accelerated the development of telehealth services to the point
where they have become a viable pathway for remotely
delivering accessible, cost-effective, and quality care to patients
[40,43]. Although videoconferencing is increasingly regarded
as an adequate substitute for face-to-face consultations, network
coverage shortages and lack of digital access or literacy among
doctors and patients have meant that a proportion of remote
primary care still takes place via telephone [44,45]. This change
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in the modality of care provision is also expected to persist after
the pandemic as users appreciate the convenience and
accessibility afforded by telehealth services [40,46,47],
especially in remote areas or for vulnerable populations who
prefer or require access to health care closer to home. Digital
health must, in turn, become more accessible, as must the
incorporation of features that enable its acceptance and the
reimbursement of this modality [46]. This is particularly
important in resource-limited settings and low- and
middle-income countries, where accessible pathways must be
established. This will maximize the potential of telehealth to
transform health care delivery for the wider global population
[48].

Digital Technologies, Health, and
Disability

While people living with disabilities cannot be taken as a
monolith, they are on average older, poorer, and less likely to
have a regular health care provider (and thus less likely to seek
health care regularly) [49]. They are also more likely to
experience multiple co-occurring conditions [49]. These factors
pose additional challenges for developing and integrating the
infrastructure of telemedicine into the lives of people living
with disabilities [50]. However, digital health platforms offer
an opportunity for improved engagement with populations with
complex health needs who may receive poorer quality health
care services, including those on the neurodiversity spectrum.

Telemedicine appointments allow patients to interact with health
care providers at home [40,48,51], limiting exposure to
overwhelming and unknown sensory environments while also
accommodating alternative forms of communication (eg,
audio-based or chat-based), which may be preferred by autistic
adults [11]. Telemedicine and digital health may provide an
online record of health care appointments (past and future),
diagnoses, and prescriptions that patients can view at any time
[51], which may afford greater autonomy for autistic patients
or caregivers in managing their health care. Finally, online
access to health care records for patients—particularly those
with complex care needs—can provide reminders for essential
tasks (eg, attending future follow-up appointments, collecting
prescriptions) and offer opportunities for health care records to

be corrected in the event of miscommunication between patients
and providers.

Systematic reviews of pediatric and adult populations found
that services delivered via telehealth were equally effective or
superior means of providing health care to people living with
disabilities, including those on the autism spectrum [52-54].
Furthermore, other forms of digital health like wearable
technologies may provide novel opportunities for remote
monitoring of people living with disabilities in distress situations
or promote healthy lifestyle choices (eg, diet, exercise, and
sleep) [29,51]. These tend to be significantly worse among
autistic adults relative to neurotypical people and are associated
with excess risk of chronic cardiovascular conditions [55].
Although we have explored the potential advantages of
integrating telemedicine into health care systems for autistic
adults, these benefits may also apply to those with other
disabilities and the general population. Thus, telemedicine may
be an efficient and cost-effective means of beginning to close
the gaps in equitable access to high-quality health care for all.

Policy Perspectives and Practices

This section shows an overview of guidelines established in 3
countries to help facilitate the (digital) inclusion of people living
with disabilities. Each set of principles shown in Textboxes 1,
2, and 3 [56-59] lays a foundation for a collaborative
environment where all stakeholders are involved and empowered
in the development and implementation of digital health,
allowing for different vulnerable groups to be included during
the development process to ensure their needs are met by the
end product.

Sweden’s digital health initiatives have been ongoing for 15
years at the time of writing with its current Vision for eHealth
2025 being adopted in 2016 (Textbox 1) [56]. The Vision
acknowledges the opportunities that digital health brings for
improving the welfare and well-being of vulnerable
communities. It states that for these opportunities to be
actualized digital health should be nondiscriminatory and
respond to the needs of different groups. This is possible given
the inherent characteristic of digital health to be deployed at an
individual level.

Textbox 1. Strategy for implementing Vision for eHealth 2025 in Sweden [57].

Objectives:

• Involve the individual as cocreator

• Ensure that all relevant information is easily available when needed

• Guarantee that personal information is processed safely and securely

• Acknowledge that development and digital transformations go hand-in-hand

Fundamental principles:

• Regulations should (1) safeguard individual rights such as privacy, equality, patient safety, and accessibility; (2) enable the most optimal use of
digital health innovations; and (3) stand the test of time and be specific enough to be applied

• Terminology and semantics should be used consistently across administrative systems to ensure and improve interoperability

• Acknowledging that a lot of standardization occurs at the European Union level, common and cross-sectoral standards (ie, procedures of application
and development) are promoted to prevent national or sector-specific unique solutions
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Textbox 2. National Disability Strategy–United Kingdom [58].

The governmental approach to disability is guided by 5 principles:

• Ensuring equity and fairness: people living with disabilities will be empowered by advocating for fairness and equality in opportunities, experiences,
and outcomes

• Considering disability from the start: inclusive and accessible approaches will be embedded in government functioning to mitigate the creation
of excluding experiences for people living with disabilities

• Supporting independent living: initiatives that support all people living with disabilities to have choice, control, and autonomy in their life will
be actively encouraged

• Increasing participation: a diverse group of people living with disabilities will be included in the design, development, and delivery of products,
services, and policies

• Delivering joined-up responses: work will occur across organizational boundaries to improve data and evidence gathering to better understand
the complex issues that affect people living with disabilities

Textbox 3. Accessible Canada Act [59].

The purpose of this legislation is to benefit all persons, especially people living with disabilities, by removing existing barriers and preventing new
barriers within Canada on or before January 1, 2040. It sets out 7 principles to guide the transformation process:

• Every person must be treated with dignity regardless of their disabilities

• Every person must have the same opportunity to make for themselves the lives that they are able and wish to have regardless of their disabilities

• Every person must have barrier-free access to full and equal participation in society, regardless of their disabilities

• Every person must have meaningful options and be free to make their own choices, with support if they desire, regardless of their disabilities

• Laws, policies, programs, services, and structures must take into account the disabilities of persons, the different ways that persons interact with
their environments, and the multiple and intersecting forms of marginalization and discrimination faced by persons

• People living with disabilities must be involved in the development and design of laws, policies, programs, services, and structures

• The development and revision of accessibility standards and the making of regulations must be done with the objective of achieving the highest
level of accessibility for people living with disabilities

This sentiment also arose from the United Kingdom Disability
Survey 2021, which indicates that “44% of [people living with
disabilities] who received [online] formal care said it made them
feel more in control or much more in control of their lives” [58].
For this transformation to occur sustainably, strong principles
are required to guide and facilitate the transformation process.

In terms of operationalizing the fundamental principles in
Textboxes 1, 2, and 3, Australia and Canada showcase good
policy practices. Australia adopted the Digital Transformation
Strategy 2018-2025 in 2018, which is geared toward the digital
transition of government services [60]. The strategy includes
the Digital Service Standard criteria, which extensively outlines
how developers and innovators can ensure that their services
are usable by every person who needs them [61]. The guidelines
distinguish 4 phases of progress (discovery, alpha, beta, and
live), each containing between 4 and 15 requirements that need
to be met before the next phase can begin. During the first 3
phases, innovators must prove that people from different
backgrounds and people living with disabilities were involved
in the development process and that the innovation is accessible
for these groups. While the guidelines were designed for
innovation in government services, the criteria are good practice
guidelines for inclusive digital innovation in every sector,
including health care. These guidelines can be further augmented
by making funding contingent on adherence to such guidelines.
The Accessible Technology Program in Canada is an example
of this. Even though the program description does not offer

extensive guidelines like the ones set out in Australia, its
overarching aim is similar: “to develop innovative assistive and
adaptive digital devices and technologies for persons with
disabilities” [62].

Alternatively, the United Kingdom provides an extensive list
of organizations that give support, advice, or information for
each stage of the development life cycle for digital health and
care products [63].

When considering active citizen engagement, we must consider
what meaningful or equitable engagement looks like in health
research. Literature on various frameworks for patient or citizen
engagement is rich [64-67], although there is a common
consensus among these studies that the frameworks themselves
are lackluster and no specific research on the involvement of
people living with disabilities or vulnerable groups has been
carried out. As such, we are not in the position to establish
concrete guidelines for meaningfully including people living
with disabilities in the co-design process. That said, there is a
consensus that meaningful engagement adheres to a number of
principles (eg, the INVVOLVE principles: Invest in co-design;
Needs assessment; Vision roles, responsibilities, and rewards;
Validate participants; Organize interaction carefully; Lead the
engagement; Value patient time and input; Evaluate and report
[67]). When determining a method for meaningful engagement
of people living with disabilities, it is good practice to consider
the ability and preferences of the participants [68]. For instance,
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workshops can be a meaningful way to invite and interact with
a representative group of people living with disabilities
throughout the design process [69] but may only attract certain
clusters that can handle the sensory or cognitive input paired
with attending workshops. Ratwani and colleagues [70] further
elaborate on some good and bad practices regarding
user-centered design processes in the development of electronic
health records that can be particularly relevant for informing
co-design methods for people living with disabilities.

Estonia is currently regarded as the frontier of how an integrated
digital health system can function [71,72]. Estonia offers citizens
the ability to access diagnostic services, consultations,
prescription refills, and referrals online. The digital health
system is built on the basis of an information society, which
was initiated in 1992. Having regained independence from the
Soviet Union in 1990, Estonia was able to rebuild and develop
a society pointed toward the Digital Age without the remnants
of past times. In contrast, most Western countries are run by
long-established governments and sometimes even longer
established ideologies, which may constrain the adoption of
transformational innovations that significantly challenge the
status quo [73].

For example, health care coverage and insurance, including
telemedicine access, remains disjointed and variable for people
living with disabilities in the United States. In 1990, the
Americans With Disabilities Act (ADA) was passed to protect
people living with disabilities against discrimination, specifically
requiring that health care entities provide full and equal access
for people living with disabilities. However, until the passage
of the Affordable Care Act (colloquially known as Obamacare)
in 2010, insurers could discriminate against people living with
disabilities by charging higher premiums or denying health care
coverage by capitalizing on an exemption in the ADA [74]. As
the United States does not offer universal health care or health
insurance schemes, service access for people living with
disabilities presently depends on insurance type: Medicaid
(37.7%), Medicare (27.1%), private insurance (36.1%), military
benefits (6.0%), and uninsured (8.5%) [75], in turn providing
patchwork telemedicine coverage. This is particularly true for
Medicaid (the largest single provider of health insurance
coverage for people living with disabilities), as each state runs
their Medicaid system independently, individually interpreting
federal mandates (like the ADA) and definitions of telemedicine.
As of 2021, both Medicare and Medicaid universally offer some
access to telemedicine services [76]; however, these programs
are limited based on location, plan type, service type, provider
type, and provider licensing state, and prescriptions may not be
allowed via telemedicine. Further, only 10 state-run Medicaid
programs offer all 3 major types of telemedicine to enrollees:
live conferencing, remote patient monitoring, and
store-and-forward electronic health records [76]. As it stands,
this system (or lack thereof) leaves people living with disabilities
either unable to access a wide range of telemedicine services
or forced to reckon with significant system-level barriers,
including deciphering individual insurer policies (and sometimes
individual state insurance policies) to determine which types
of telemedicine coverage can be reimbursed, much less whether
their specific provider will be covered. Finally, it cannot be

overstated how access issues compound when dealing with
intersectional populations (including those experiencing poverty,
homelessness, racism, and sexism along with disabilities), in
turn providing greater disparities in health care coverage as well
as greater opportunities for closing the gap via telemedicine.

Policy searches were also performed for South Korea, Japan,
and Singapore. However, it appeared that digital transformation
strategies were not yet developed in these countries, which is
not only a contrast to the Western world but also to the fact that
these countries are perceived as leaders in the field of digital
transformation [77].

Limitations

Before accurate recommendations for policy and practice can
be established, the circumstances under which this article was
written need to be considered. The findings of this article should
be interpreted as scoping and are not definitive due to the
unsystematic nature of data collection. Our aim is to inspire
more thorough research and initial/preliminary action in the
discussed topics. Additionally, the quality of included sources
has not been assessed, which reinforces the need to interpret
the results carefully.

Moreover, the author team consists almost exclusively of young
professionals who grew up during a period when digital
technologies flourished and had access to digital technologies
during their formative years. The author team also exclusively
consists of people with a Western background (European/North
American). Consequently, the values, interpretations, opinions,
and recommendations in this piece—while rooted in scientific
evidence—may be considered progressive and transformational
when presented to population groups that have different
relationships with digital technologies. That said, the
demographic makeup of the author team can also be considered
a strength of the article, as youth and young professionals have
a strong stake in the future development of the health system.

Principles for Policy, Research, and
Practice

The policy perspectives above point toward a strong need to
work collaboratively across sectors. Technological, social,
organizational, and political innovations that fundamentally
reimagine health care delivery must be embraced with the aim
to establish a new social contract that is fit for purpose for
delivering high-quality digital health care to people living with
disabilities [78,79]. At the same time, these policy perspectives
highlight how digital health is currently framed in policy as a
technology or a service more so than anything else. It is framed
to be used by a consumer or a patient rather than be delivered
by a health professional.

For effective implementation of digital (health) technologies,
legal challenges, security breaches, regulatory concerns, and
industry barriers must be addressed. Existing legislation,
regulations, and policies have largely been written for
face-to-face health care delivery, and security regulations vary
widely across (and even within) territories [43,44]. When
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considering the developmental trajectory of Estonia in the field
of digital health, it becomes evident that a collaboration of public
and private stakeholders, including national governments, patient
groups, international governmental and nongovernmental
organizations, citizen representatives, health care
representatives, and social sectors, must convene to consider
whether the values underpinning existing health care structure
are still fit for purpose. Subsequently, this coalition should move
to develop a high-level consensus on definitions, boundaries,
protocols, monitoring, evaluation, and data privacy that is
needed to meet the rapid advancement of digital health [47].
Specifically, they should focus on reimbursement of digital
health care, privacy/cybersecurity, liability, licensure, and
technology access, while ensuring that all countries participating
in this coalition meet an internationally recognized minimum
standard [80]. International and national policy makers need to
amend the existing policy framework to support and enable new
ways of working driven by digital health [57,60]. In the interim,
given that many professional liability policies currently exclude
digital health from coverage, health care practitioners are
advised to acquire additional coverage to ensure protection from
liability issues [43].

Designing an ecosystem of digital health technologies with
health equity in mind is imperative to avoid deepening health
inequalities [81]. In other words, the burden of implementing
digital health innovations should not fall on citizens by focusing
solely on upskilling after digital health tools are developed. This
applies doubly when aiming to reach people living with
disabilities and other groups that are frequently digitally
excluded and may garner unique benefits from these services.
Following the Swedish and Australian examples, policy makers
can draft policies that include vulnerable groups as integral parts
of the co-design process. Additionally, funding agencies can
follow the Canadian example and require that people from
different backgrounds, including people living with disabilities,
are included at every stage to get funding for a project.

Future research should work toward adopting a broader and
more sophisticated understanding of digital health literacy (for
instance, the transactional model of eHealth literacy [82]).
Subsequently, digital health research should meaningfully
engage with vulnerable population groups to ensure that new
digital tools meet their individual needs [57,60,62,83].
Specifically, a new relationship between qualitative and
quantitative research fields needs to be established that considers
qualitative and quantitative research complementary to each
other [84]. Related to this is the need for software developers
to partner with user experience and user interface experts in
designing digital health technologies accessible to everyone
[85] and reduce rather than add to the workload of health care
professionals. The relationship between qualitative and
quantitative research may also need to be reconsidered as new
data streams become available through digital health
innovations.

In summary, there is a role for national governments, actors
from private sectors (eg, telecommunication, technology),
international/global governing bodies (eg, World Health
Organization, Organisation for Economic Co-operation and
Development), and other stakeholders to collaboratively create
a regulatory framework that ensures a high level of quality in
digital health care through independent evaluation and
certification [20]. The task of quality assurance should not fall
to the individual. In other words, a systems thinking approach
involving as many stakeholders as possible is paramount to
safely and sustainably implementing digital transformations of
this magnitude. This approach should be complemented by
novel forms of collaborative governance and leadership that are
goal-oriented, embrace risk-taking, and derive value from
improved patient and societal outcomes rather than monetary
gain [78]. The good practices and recommendations in this
article have been condensed into domain-specific principles
shown in Textbox 4. These principles are designed to facilitate
the initial stages of development of a digital health ecosystem
that is accessible to all.
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Textbox 4. Principles focused on policy, practice, governance, and education for the sustainable integration of digital health innovations.

Health policy:

• Digital health is framed as a multidimensional concept that can refer to a technology, user experience, service, product, process, infrastructure
of its own, or part of the ecological system of health services

• Digital health care services are a viable way to deliver health care to underserved populations that is comparable in quality to analog health care

• Health data, a major driver of digital health care, is stored safely and securely with the patient having autonomy over with whom the information
is shared

• People living with disabilities and vulnerable groups are core subjects upon which digital health-related policy is built

Health care design and delivery:

• The design and development of digital health services are in close collaboration with people living with disabilities and other vulnerable population
groups

• The involvement of people living with disabilities and other vulnerable groups in co-designing digital health services is systematic, purposeful,
and equitable

• Clear agreements regarding expectations, input, and reward are made before the design process starts

• Digital health services are released and monitored collaboratively with people living with disabilities and other vulnerable groups

Governance:

• Governance approaches within health care embrace risk-taking, learn to function based on incomplete information, and assess value by outcome
measures instead of monetary costs

• Collaborative governance is a central tenet in the governing process of health care that drives the other fields of policy making, health care design
and delivery, and education

Education:

• A baseline course on the social determinants of health and their relevance to individual health is included in educational curricula of primary or
secondary education

• A more in-depth course on the social determinants of health or social medicine is included in the educational curricula of all health professions

• Digital health literacy is a skill that needs to be maintained and updated intermittently to consistently engage with digital health services over
time

Conclusions

Digital technology is fundamentally reshaping the way health
care is delivered. The current scope of its use is not fully living
up to its potential. The COVID-19 pandemic saw digital health
catapulted into widespread use as virtual delivery became a
priority for many health services worldwide. However, the
pandemic also emphasized that digital health in its current form
exacerbates health inequalities. At greatest risk of digital
exclusion are older people, people in rural and remote areas,
and people living with disabilities.

While the futuristic use of digital technologies is auspicious,
we must allow both the policy landscapes and global digital
health literacy levels to catch up with the rapid advances in
technology [86]. We must ensure that digital technologies are
used equitably and do not become an exclusive domain of
high-income countries or populations. People living with
disabilities and other vulnerable groups must be put at the center
of digital health development on a global scale. Ultimately,
achieving equitable access to digital health will significantly
benefit the health and well-being of the wider population,
especially vulnerable groups, and go a long way in reaching the
Agenda for Sustainable Development 2030.
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Abstract

Background: Internet-based treatment programs present a solution for providing access to pain management for those unable
to access clinic-based multidisciplinary pain programs. Attrition from internet interventions is a common issue. Clinician-supported
guidance can be an important feature in web-based interventions; however, the optimal level of therapist guidance and expertise
required to improve adherence remains unclear.

Objective: The aim of this study is to evaluate whether augmenting the existing Reboot Online program with telephone support
by a clinician improves program adherence and effectiveness compared with the web-based program alone.

Methods: A 2-armed, CONSORT (Consolidated Standards of Reporting Trials)–compliant, registered randomized controlled
trial with one-to-one group allocation was conducted. It compared a web-based multidisciplinary pain management program,
Reboot Online, combined with telephone support (n=44) with Reboot Online alone (n=45) as the control group. Participants were
recruited through web-based social media and the This Way Up service provider network. The primary outcome for this study
was adherence to the Reboot Online program. Adherence was quantified through three metrics: completion of the program, the
number of participants who enrolled into the program, and the number of participants who commenced the program. Data on
adherence were collected automatically through the This Way Up platform. Secondary measures of clinical effectiveness were
also collected.

Results: Reboot Online combined with telephone support had a positive effect on enrollment and commencement of the program
compared with Reboot Online without telephone support. Significantly more participants from the Reboot Online plus telephone

support group enrolled (41/44, 93%) into the course than those from the control group (35/45, 78%; χ2
1=4.2; P=.04). Furthermore,

more participants from the intervention group commenced the course than those from the control group (40/44, 91% vs 27/45,

60%, respectively; χ2
1=11.4; P=.001). Of the participants enrolled in the intervention group, 43% (19/44) completed the course,

and of those in the control group, 31% (14/45) completed the course. When considering the subgroup of those who commenced
the program, there was no significant difference between the proportions of people who completed all 8 lessons in the intervention

(19/40, 48%) and control groups (14/27, 52%; χ2
1=1.3; P=.24). The treatment efficacy on clinical outcome measures did not

differ between the intervention and control groups.

Conclusions: Telephone support improves participants’ registration, program commencement, and engagement in the early
phase of the internet intervention; however, it did not seem to have an impact on overall course completion or efficacy.
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Introduction

Background
The global prevalence of chronic pain is estimated to be 10%
to 33% [1-3], and pain conditions continue to be a leading cause
of worldwide disability [4]. The accepted best practice for
managing chronic pain is a multidisciplinary pain program that
involves attending a group program—typically convened face
to face at a hospital or clinical site—facilitated by members of
a multidisciplinary team [5].

A main challenge to the management of chronic pain is the lack
of services available within existing health care systems. Access
to multidisciplinary pain management groups can be
compromised for people living in rural areas, those with family
or work commitments, and those with mental health issues that
limit their ability to engage and be involved in a social group
environment [6]. Furthermore, because of the COVID-19 global
pandemic, increased social isolation and reduced accessibility
of face-to-face clinical interactions have further compromised
access to required pain management services for many people
[7]. Web-based treatment programs present a solution for
providing access to pain management for those unable to access
clinic-based multidisciplinary pain programs [6,7] and for
delivering care at reduced personnel costs [7-9].

The evidence to date suggests that internet-based health
interventions that provide a combination of information and
some form of user support—such as decision management
support, behavior change support, or social support—lead to
improvements in knowledge as well as behavioral and clinical
outcomes [8,10-13]. Generally, internet-based pain programs
focus on unimodal interventions that offer a single discipline
of therapy, most commonly psychological therapies such as
internet-delivered cognitive behavioral therapy (CBT) [14].
These programs typically show small to moderate effects on
pain-related disability and interference as well as pain
catastrophizing and are a cost-effective alternative to
face-to-face therapy [13,14].

Reboot Online was one of the first internet-based pain
management programs that offered a multidisciplinary model.
The program has been shown to significantly improve pain
self-efficacy and reduce pain-related disability, kinesiophobia,
and psychological distress compared with usual care [15,16].
These studies were carried out within a strict clinical trial
paradigm. Although highly effective for those participants who
completed the program, adherence rates were moderate, with
only 61% of the trial participants completing all the lessons.
Adherence (completion of all 8 lessons of the program) and
effectiveness (significant changes in clinical outcome measures)

of the program in real-world conditions were subsequently
evaluated [17]. Without the regulated framework and rigor
embedded within a clinical trial design, the adherence to the
Reboot Online program reduced to 41% when used under routine
care conditions.

Attrition, or dropout of study participants, is a common problem
for internet-based treatments [18,19]. In a systematic review of
internet interventions for chronic pain [19], the range in attrition
levels across published trials was considerable, from 4% to
54%. Different methods have been used to prevent dropout,
such as telephone support, personalized reminders and feedback,
and financial incentives [19]. However, it remains unclear how
helpful these methods are [19].

Clinician-supported guidance can be an important feature in
web-based interventions for mental health disorders; however,
the optimal level and pattern of therapist guidance required to
improve adherence remains unclear [20]. Having human social
support, whether it be peer-led or specialized clinician–led, has
been suggested to help support healthy behavior change [21,22]
and has been shown to have small effects on improving
adherence compared with unguided interventions for individuals
with chronic pain [22-25]. The addition of clinician-supported
guidance has not yet been tested in routine care using the Reboot
Online program.

Objectives
We aim to evaluate whether augmenting the existing Reboot
Online program with telephone support by a clinician improves
program adherence and effectiveness compared with the
web-based program alone. We hypothesized that the Reboot
Online plus telephone support group would have better
adherence (defined as higher number of enrollments, higher
number of commencements, and higher completion rates) to
the program than the control group who received the Reboot
Online program only.

Methods

Study Design
The study was a 2-armed, CONSORT (Consolidated Standards
of Reporting Trials)–compliant, registered randomized
controlled trial with one-to-one group allocation. It compared
a web-based multidisciplinary pain management program,
Reboot Online, combined with telephone support with Reboot
Online alone as the control group.

The study was approved by the human research ethics committee
of St Vincent’s Hospital, Sydney, Australia (2019/ETH08682).
The trial was prospectively registered on the Australian New
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Zealand Clinical Trials Registry (ACTRN12619001076167),
and the protocol was followed as per the registry.

Participants
Participants were recruited between September 2019 and April
2020 through social media advertisements (eg, Facebook and
Twitter) and through the This Way Up service provider network.
To replicate real-world conditions, the trial was run through the
established web-based platform through which the Reboot
Online program is available: This Way Up [26]. Applicants
completed a 2-step screening process. All applicants first
completed web-based screening questionnaires about their
chronic pain symptoms and demographic details, followed by
a telephone interview to confirm their chronic pain diagnosis
and study eligibility. The Mini International Neuropsychiatric
Interview (version 5.0.0) [27] for major depressive disorder
(MDD) and risk assessment modules were also administered
during the telephone interview as a screening and diagnostic
tool for depression. MDD helps us to compare the sample
characteristics with our previous trials and establish the number
of individuals who had comorbid depression, which also assists
in clinical support. MDD plus risk assessment modules help
establish how the clinician will prioritize and triage calls as well
as monitor and ensure that participants who are at risk are
appropriately supported throughout the program.

Applicants were eligible for inclusion if they (1) had experienced
pain for >3 months, (2) were aged ≥18 years, (3) were a resident
of Australia, (4) had their pain assessed by a physician in the
past 3 months, (5) were prepared to provide contact details of
their general practitioner, (6) had access to the internet and
computer or tablet and deemed themselves to have basic
computer literacy, and (7) were fluent in written and spoken
English. Applicants were excluded if they had psychosis, bipolar
disorder, were actively suicidal (eg, demonstrated intent or a
plan or had a recent suicide attempt). These exclusion criteria
were included to be consistent with other trial exclusion criteria
and to be able to adequately evaluate participants’ needs and
assist their access to more intensive clinical support if required.
Participants were also excluded if they had participated in a
group-based pain management program within the last 6 months
so that their prior treatment or learning would not confound the
results. Participants were also ineligible for the study if they
had surgical procedures scheduled in the 6 months after their
application; had commenced or made significant changes to
their psychotropic medication in the previous 2 months before
intake assessment; or had commenced face-to-face CBT within
4 weeks of the intake assessment. These exclusion criteria were
included because of their potential confounds. We wanted to
explore the effects of clinician support on program adherence
and outcomes and minimize the confounding effects of these
features.

Participants provided electronic informed consent before being
enrolled in the study; they also provided permission for their
pain physician (or general practitioner) to be notified by the
study team detailing their involvement in the trial. Measures of

psychological distress (Kessler-10 Psychological Distress Scale
[28,29]) were monitored throughout the program for any risk
of harm.

Randomization
The eligible participants were randomly assigned to either the
intervention or control group in a 1:1 allocation based on a
random number sequence generated [30]. An individual
web-based link for baseline data questionnaires through
REDCap (Research Electronic Data Capture [31]) was sent to
the eligible participants to complete. Once the initial baseline
questionnaires were completed, an individual registration link
to Reboot Online through the usual This Way Up process was
sent to the participants, which gave them access to register for
the course, complete pretreatment questionnaires, and commence
the first lesson. Telephone screening interviewers at baseline
remained blinded to the participants’ group allocation. Study
staff members conducting the telephone support intervention
could not be blinded to group allocation. Group allocation was
indicated to the participant by whether they received telephone
support after registration into the program.

Intervention

Reboot Online Program (Control)
Participants received free access to the standard Reboot Online
program [32]. Details of the content and design of the program
have been previously outlined [16]. In brief, Reboot Online
consists of 8 lessons delivered over 16 weeks. Participants
follow an illustrated story of a fictional character who learns to
self-manage her chronic pain using a multidisciplinary approach.
The content delivers psychoeducation on the
socio-psycho-biomedical nature of chronic pain within a
multidisciplinary framework. The core lessons are combined
with a movement station section: a graded, patient-led exercise
program focusing on activity and exercise reactivation. This is
combined with pacing: an activity-management technique aimed
to maximize a person’s activity by developing a structured,
slow, and gradual planned increase in activity levels over a
period of time. The level of activity is dependent on the planned
quantity rather than pain intensity experienced by the patient.
The program also incorporates SMART (specific, measurable,
achievable, relevant, and timely) goal-setting principles,
whereby the patient leads the process of identifying issues or
problems that matter most to them, sets the goal that they want
to accomplish, and develops strategies and goals that are
specific, measurable, achievable, relevant, and within a time
frame. This is coupled with evidence-based CBT skills activities,
including thought challenging, activity planning, problem
solving, effective communication, and flare-up management.
Participants also have access to expert educational videos as
well as tai chi and relaxation audio guides. See Table 1 for
details of the lesson content of the program. All participants
received automatic email communication to notify them when
a lesson was available and to encourage lesson completion as
well as engaging in activity.
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Table 1. Reboot Online lesson content.

Lesson resources (PDF or video)Homework activitiesLesson contentLesson title

Lesson 1: What Is Chronic
Pain and What Is the Best
Way to Manage It?

••• Welcome (video)Review of acute vs chronic painChronic pain explained
• ••The Brick Wall of Chronic Pain Medication management (video)Complete own Brick Wall of

Chronic Pain• Medication overview
• Instructions for the movement

station
• The movement station

Lesson 2: Goal-Setting and
Moving Toward Accep-
tance

••• Medical imaging (video)Reviewing the cycle of painScans, test results, and pain
• ••The cycle of chronic pain Making life changes (PDF)Identifying acceptance, change,

and goals• Moving toward acceptance
• Setting short- and long-term

SMART goals
• SMARTa goals

Lesson 3: Movement, Pac-
ing, and Daily Activity
Scheduling

••• Daily activity scheduling (PDF)Identifying healthy vs unhealthy
coping skills

Exploring the relationship be-
tween pain and activity

•• Pacing activityLearning about the “Boom Bust”
pattern • Keeping a movement diary

• Fear avoidance beliefs
• Importance of pacing
• Introduction to daily activity

scheduling

—bLesson 4: Monitoring
Thoughts and Recognizing
Unhelpful Thinking Pat-
terns

•• Ways to recognize own unhelpful
thinking patterns

Revision of chronic pain cycle and
the link among thoughts, feelings,
and behaviors • Complete thought record

• Recognizing unhelpful thinking
patterns

• Continue to monitor and track
thoughts

• Monitoring thoughts and learning
to think more helpful thoughts

Lesson 5: Mood and Pain,
Thought Challenging, and
Managing Arousal

••• My Thought Challenging Work-
sheet (PDF)

Thought-challenging situationsChallenging unhelpful thinking
• •Activity planning in practice Activity planning and monitoring

•• Managing anger: looking out for
triggers and learning strategies

Emotions and pain
• Strategies to manage anxiety

• Practicing relaxation• Mood

Lesson 6: Stress Manage-
ment and Getting Better
Sleep

••• Good sleep guide (PDF)Recognizing sources of stress and
own signs and symptoms

What is stress?
• •How to manage stress better Better sleep for chronic pain

(video)• Structured problem-solving task• Using problem solving
• Sleep diary to improve habits• Barriers to good sleep with

chronic pain and ways to get bet-
ter sleep

Lesson 7: Communication
and Relationships

••• Conversation skills tips (PDF)Communication skills practiceWhat is good communication?
• ••Communication styles Chronic pain and information for

family and friends (PDF)
Task: select a relationship and
explore how you would like that
relationship to be different

• Relationships with others
• Ways to improve those relation-

ships • Revisiting thought-challenging
exercise

Lesson 8: Managing Flare-
ups and Continuing Man-
agement of Chronic Pain

••• What is a pain clinic? (video)Ten things to help during a relapseExploring flare-ups, relapse, and
the need for a flare-up plan •• Congratulations (video)Flare-up prevention plan

• Continuing chronic pain manage-
ment

• Summary

• How to get further help

aSMART: specific, measurable, achievable, relevant, and timely.
bNot available.

Reboot Online Program With Telephone Support
(Intervention)
Participants received free access to the standard Reboot Online
program, as outlined in the control intervention, in conjunction
with telephone support. They received a phone call every

fortnight for the duration of the program (maximum of 8 phone
calls). There was a set maximum of 3 attempts if contact by
phone was unsuccessful. The phone call was conducted by a
single clinician (senior allied health clinician) experienced in
the management of chronic pain. To replicate what may occur
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in routine clinical care, we sought a flexible approach whereby
the duration of the phone call was led by the needs of the patient.
During the call, the participants were advised that the call was
to check in and to see how their program was going. They were
asked to report on their progress and encouraged to continue
engaging with the program. The participants were also given
the opportunity to discuss any challenges or hurdles they were
experiencing, to problem-solve possible strategies to overcome
them, and to receive feedback on their progress.

For both treatment groups, a senior clinician (senior pain
physiotherapist TG and pain psychologist JW) experienced in
chronic pain management monitored questionnaire responses,
and if any responses indicated deterioration in well-being, phone
contact was made with the participant and further clinical
intervention was advised if indicated.

Outcome Measures
Participants were assessed using a suite of outcome measures,
collected at three time points: baseline (immediately before
commencing treatment), after treatment (weeks 16-17) and
follow-up (3 months after completing posttreatment
questionnaires).

The primary outcome for this study was adherence to the Reboot
Online program. Adherence was quantified through three
metrics: (1) completion of the program assessed through the
number of participants who completed all 8 lessons of the
intervention and who were classified as completers, whereas
those who did not complete all 8 lessons were classified as
noncompleters; (2) the number of participants who enrolled to
undertake the program; and (3) the number of participants who
commenced at least one lesson of the program. The rate of
overall program completion was the primary outcome measure
for adherence. These adherence measures were chosen to capture
three key potential points where patients may drop out: (1)
enrolling after being prescribed the course, (2) after completing
baseline questionnaires and commencing the course, and (3)
once engaged in the program after each lesson. Data on
adherence were collected automatically through the This Way
Up platform.

The secondary outcomes were as follows:

1. Pain Self-Efficacy Questionnaire [33] to assess participants’
confidence to perform activities while in pain, with higher
scores indicating greater confidence in functional capacity.
A minimally clinically important difference (MCID) was
considered to be 5.5 [34].

2. Tampa Scale for Kinesiophobia [35] to measure fear and
avoidance of movement. An MCID was considered to be
6 [36].

3. Brief Pain Inventory [37] to assess pain severity and its
impact on function through its 2 subscales for severity and
pain interference. An MCID was considered to be 2 [38].

4. Pain Disability Index [39] to assess the degree to which
chronic pain interferes with participants’ daily activities
and essential life activities. An MCID was considered to
be between 8.5 and 9.5 [28].

5. International Physical Activity Questionnaire [29,40] to
measure self-reported physical activity in the previous 7

days. Metabolic equivalents and level of physical activity
were calculated using a preformed Microsoft Excel program
[41]. This program calculated metabolic equivalents and
levels of physical activity as low, moderate, and high
according to International Physical Activity Questionnaire
short form categorical scoring.

6. Kessler-10 Psychological Distress Scale [42,43] to measure
psychological distress.

Self-reported data on clinical outcome measures were collected
through the This Way Up platform as well as the REDCap tool
hosted at St Vincent’s Hospital, Sydney [44,45]. REDCap is a
secure, web-based software platform designed to support data
capture for research studies, providing (1) an intuitive interface
for validated data capture, (2) audit trails for tracking data
manipulation and export procedures, (3) automated export
procedures for seamless data downloads to common statistical
packages, and (4) procedures for data integration and
interoperability with external sources.

Telephone Support Time and Satisfaction
Descriptive data pertaining to the amount of clinician contact
and time spent conducting the telephone support calls were
collected for all participants in the intervention group.
Descriptive data on treatment satisfaction and perceived
usefulness of the intervention were collected from all
participants (both groups) during the posttreatment assessments.
Additional user feedback was collected from the intervention
group regarding how helpful and motivating they found the
telephone support calls received as part of the intervention. Data
on subjective participant feedback were quantitative in nature
(collected on a rating scale from 1 to 10) and were analyzed
descriptively through median values and IQRs (because of
nonparametric data distribution).

Statistical Methods
Before commencement of the study, a power calculation was
conducted to determine the minimum sample size required to
detect a difference in the proportion of participants adhering to
the course between the intervention and control groups. This
was based on previous investigations [16], where 60% of the
participants were observed to have adhered to the complete
program under control conditions and an increase of 25% in
adherence was predicted for the telephone support intervention
group. Assuming a power of 80% and a Cronbach α set at .05,
a minimum sample size of 39 participants in each group was
needed to detect a 25% difference in the proportion of
completers. To account for an anticipated approximate 10%
dropout rate, a total of 44 participants were required in each
study arm.

Descriptive statistics were used to characterize the demographic
and clinical features of the study groups at baseline. Data on
the time taken to deliver the telephone support and subjective
participant feedback on the telephone support and web-based
aspects of the Reboot Online program were also analyzed
descriptively.

Cross-tabulations were used to examine between-group
differences in the primary outcome of adherence. Chi-square
analyses were performed with binary factors of group
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(intervention and control) and adherence (yes or no) for each
of the identified adherence metrics (enrollment, course
commencement, and course completion). A Mann–Whitney U
test was used to compare the median number of lessons
completed by the intervention and control groups.

To examine treatment efficacy, intention-to-treat linear mixed
models were implemented separately for each of the secondary
outcome measures. This form of analysis can robustly account
for the unbalanced nature of repeated measures data, including
missing data because of participant dropout. Each model
included group, time, and a group-by-time interaction as fixed
factors. A random effect of participant was also included in
each model, with an identity covariance structure used to model
the covariance structure of the random intercept. Model fit
indices supported the selection of an unstructured covariance
matrix for each of the outcome measures. Significant treatment
effects were followed with pair-wise comparisons of their
estimated marginal means. For each outcome, the estimated
marginal means derived from the model were used to calculate
within-group effect sizes (Hedges g, adjusted for the correlation
among time points). Pre- to posttreatment effect sizes (Hedges
g, adjusted for the correlation among time points) were
calculated, corresponding to the changes between pre- and
posttreatment values and between posttreatment and follow-up

values. Between-group effect sizes (Hedges g, adjusted for the
correlation among time points) for each outcome after treatment
and at follow-up were also calculated. Effect sizes of <0.49,
0.50-0.79, and >0.80 were considered to be small, moderate,
and large, respectively [46].

Statistical analyses were conducted using SPSS software
(version 25; IBM Corp), and results were considered significant
where P<.05.

Results

Baseline Sample Characteristics
Baseline and sample characteristics are outlined in Table 2.
Demographic data were available for all participants (N=89)
who met the inclusion criteria. The participants had a mean age
of 49.3 years (SD 16.1; range 21-86 years), and most of them
were women (59/89, 66%). At baseline, 42% (37/89) of the
participants reported taking simple analgesia for pain (nonopioid
analgesics such as paracetamol and nonsteroidal
anti-inflammatory drugs), 27% (24/89) took gabanoids, 43%
(38/89) took antidepressant medication, and 44% (39/89) took
opioid analgesia. Approximately 1 in 3 participants (28/89,
32%) met the criteria for MDD at the time of study enrollment.

Table 2. Baseline demographics (N=89).

Between-group comparisonControl (n=45)Intervention (n=44)Total sample (N=89)Characteristics

P valueValues

.46t84=–0.7450.6 (16.4)48.0 (15.8)49.3 (16.1)Age (years), mean (SD)

.34χ2
2=2.2Gender, n (%)

15 (33)13 (30)28 (32)Male

30 (67)29 (66)59 (66)Female

0 (0)2 (5)2 (2)Nonbinary

.17χ2
1=0.9Rural status, n (%)

23 (51)29 (66)52 (58)Major city

22 (49)15 (34)37 (42)Regional or remote

.33χ2
1=1.012 (27)16 (36)28 (32)Major depressive disorder, n (%)

.03 aχ2
1=4.725 (56)14 (33)39 (44)Opioid analgesia, n (%)

.54χ2
1=0.418 (40)20 (47)38 (43)Antidepressants, n (%)

.54χ2
1=0.411 (24)13 (30)24 (27)Anticonvulsants, n (%)

.92χ2
1=0.08 (18)8 (19)16 (18)Benzodiazepines, n (%)

.11χ2
1=2.526 (58)18(41)44 (49)Simple analgesia, n (%)

aItalicized results are significant at P<.05.

Adherence
Participant flow through the trial is illustrated in Figure 1.
Reboot Online combined with telephone support had a positive
effect on enrollment and commencement of the program
compared with Reboot Online without telephone support.

Significantly more participants from the Reboot Online plus
telephone support group enrolled (41/44, 93%) into the course

than those from the control group (35/45, 78%; χ2
1=4.2; P=.04).

Furthermore, more participants from the intervention group
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commenced the course than those from the control group (40/44,

91% vs 27/45, 60%, respectively; χ2
1=11.4; P=.001).

The median number of lessons completed by those in the
intervention versus control groups was significantly different;
the intervention group completed a median of 6 (IQR 3-8)
lessons compared with a median of 2 (IQR 0-8) lessons in the
control group (Mann–Whitney U=682; P=.009). More
participants from the intervention group completed at least half

the course (≥4 lessons; χ2
1=5.0; P=.03) than those from the

control group. The overall completion rate for both groups was
37% (33/89). Of the participants enrolled in the intervention
group, 43% (19/44) completed the course, and of those in the
control group, 31% (14/45) completed the course. When
considering the subgroup of those who commenced the program,
the overall course completion was 49% (33/67) from both
groups; however, there was no significant difference between
the proportions of people who completed all 8 lessons in the
intervention (19/40, 48%) versus control groups (14/27, 52%;

χ2
1=1.4; P=.24).

Figure 1. Participant flowchart.

Effectiveness in Clinical Outcomes
Estimated marginal means at pretreatment, posttreatment, and
3-month follow-up as well as within- and between-group effect

sizes for all outcome measures, are shown in Table 3. Significant
main effects of time showing improvements from before to after
treatment were observed for measures of pain self-efficacy
(F2,48=16.4; P<.001), kinesiophobia (F2,52=10.3; P<.001), pain
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interference (F2,53=12.4; P<.001), pain disability (F2,50=10.8;
P<.001), and psychological distress (F2,46=9.6; P<.001). There
was no significant main effect of time with measures of pain
severity (F2,53=2.0; P=.15) or physical activity (F2,55=1.8;
P=.19). Within each group, posttreatment improvements were
maintained at 3-month follow-up assessment, with no significant

changes in outcomes between posttreatment and follow-up
values.

There was no significant group-by-time interaction observed
for any outcome measure, indicating that treatment efficacy on
these outcome measures did not differ between the intervention
and control groups.
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Table 3. Estimated marginal means (EMMs) before and after treatment and at follow-up and within- and between-group effect sizes.

Follow-up, be-
tween-group
comparison, be-
tween-group ef-
fect size,
Hedges g (95%
CI)

Posttreatment
between-group
comparison, be-
tween-group ef-
fect size,
Hedges g (95%
CI)

Posttreatment to fol-
low-up within-group
comparison

Pre- to posttreatment
within-group compari-
son

Follow-up,
EMM (SD)

After treat-
ment, EMM
(SD)

Before treat-
ment, EMM
(SD)

Outcome

Within-
group ef-
fect size,
Hedges g
(95% CI)

rWithin-
group ef-
fect size,
Hedges g
(95% CI)

r

PSEQa

0.32 (–0.26 to
–0.89)

0.43 (–0.12 to
–0.99)

0.01 (–0.57
to 0.59)

0.920.61 (0.08

to 1.14)b
0.7333.8 (12.3)33.9 (12.0)26.9 (10.9)Intervention

N/AN/Ac0.10 (–0.55
to 0.76)

0.620.98 (0.28

to 1.67)b
0.3737.7 (11.9)38.9 (10.5)28.7 (10.0)Control

TSKd

0.23 (–0.33 to
–0.80)

0.50 (–0.05 to
–1.04)

0.01 (–0.57
to 0.58)

0.740.60 (0.07

to 1.12)b
0.6033.2 (7.1)33.1 (8.0)37.4 (6.2)Intervention

N/AN/A0.29 (–0.35
to 0.93)

0.720.54 (–0.11

to –1.19)e
0.3834.8 (7.1)36.9 (7.2)40.6 (5.9)Control

BPIf severity

0.36 (–0.21 to
–0.94)

0.04 (–0.50 to
–0.57)

0.19 (–0.39
to 0.77)

0.810.25 (–0.27
to –0.76)

0.635.3 (1.4)5.1 (1.5)5.4 (1.4)Intervention

N/AN/A0.13 (–0.50
to 0.77)

0.800.28 (–0.36
to 0.91)

0.664.8 (1.4)5.0 (1.4)5.4 (1.3)Control

BPI interference

0.21 (–0.36 to
0.78)

0.01 (–0.5 to
–0.55)

0.15 (–0.43
to 0.73)

0.780.59 (0.06

to 1.11)b
0.754.9 (2.2)5.3 (2.1)6.4 (1.8)Intervention

N/AN/A0.36 (–0.28
to 1.00)

0.750.53 (–0.12
to –1.18)

0.224.5 (2.2)5.2 (1.9)6.2 (1.7)Control

PDIg

0.23 (–0.34 to
–0.80)

0.07 (–0.47 to
–0.60)

0.01 (–0.57
to 0.59)

0.630.65 (0.12

to 1.18)b
0.6931.0 (16.2)30.9 (15.6)40.1 (12.2)Intervention

N/AN/A0.31 (–0.33
to 0.94)

0.820.49 (–0.16

to –1.13)e
0.5227.3 (15.8)31.9 (13.9)38.2 (11.5)Control

IPAQh

0.24 (–0.33 to
–0.81)

0.18 (–0.37 to
–0.74)

0.17 (–0.41
to 0.75)

0.560.53 (0.01

to 1.05)e
0.682353.7

(2391.5)
2783.4
(2790.3)

1571.9
(1709.8)

Intervention

N/AN/A0.19 (–0.40
to 0.78)

0.700.05 (–0.54
to –0.64)

0.491766.6
(2525.9)

2278.5
(2698.4)

2176.6
(1472.6)

Control

K10i

0.02 (–0.54 to
–0.59)

0.07 (–0.49 to
–0.63)

0.05 (–0.53
to 0.63)

0.710.57 (0.04

to 1.09)b
0.7623.6 (8.7)23.2 (7.5)27.3 (6.8)Intervention

N/AN/A0.09 (–0.58
to 0.77)

0.710.59 (–0.12

to –1.30)e
0.4023.4 (8.3)22.7 (6.3)26.4 (5.9)Control

aPSEQ: Pain Self-Efficacy Questionnaire.
bSignificance at P<.001.
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cN/A: not applicable.
dTSK: Tampa Scale for Kinesiophobia.
eSignificance at P<.05.
fBPI: Brief Pain Inventory.
gPDI: Pain Disability Index.
hIPAQ: International Physical Activity Questionnaire.
iK10: Kessler-10 Psychological Distress Scale.

Telephone Support Sessions
Over the course of the study, all participants in the telephone
support group (n=44) had at least one telephone support session
and 30% (13/44) had 8 support sessions, with a mean number
of 5.7 (SD 2.4) sessions for each participant. The total
cumulative telephone time for the intervention group was 3240
minutes, which comprised multiple attempts to make telephone
contact as well as successful telephone support sessions, and
the overall active telephone time in which the clinician was
engaged with the participant was 1780 (54.94%) minutes. This
equated to a mean total of 73.6 (SD 31.8) minutes of clinician
time per participant over the entire program, of which 40.5 (SD
26.8) minutes was active time spent engaging with the
participant. The mean clinician time at each active session was
7.9 (SD 5.5) minutes. No additional time was spent with any
participants in either group for follow-up because of acute
deterioration in well-being.

Treatment Satisfaction
When asked to rate their satisfaction with the treatment received
in this study on a scale from 0 to 10, the participants provided
a median rating of 7 (IQR 5-8). Furthermore, when asked to
rate how helpful they found the study intervention for managing
their chronic pain, the participants responded with a median
rating of 8 (IQR 5-9) out of 10. There was no significant
difference between the groups for scores of either satisfaction
or how helpful they found the Reboot Online program. Of the
44 participants in the intervention group, 35 (79%) reported
that the telephone support made it easier for them to participate
in or complete the Reboot Online program. When asked how
motivating or encouraging they found the telephone support
aspect of their treatment specifically (rated out of 10), the
median score of the participants was 7 (IQR 5-9).

Discussion

Principal Findings
This study aimed to investigate whether additional clinician
guidance, in the form of telephone support, would significantly
enhance adherence to the Reboot Online program for chronic
pain and improve clinical outcomes. We found that Reboot
Online combined with telephone coaching resulted in improved
rates of enrollment and commencement (onboarding) of the
program compared with the usual Reboot Online program. The
overall completion rate from both groups was 37% (33/89;
intervention 19/44, 43%, and control 14/45, 31%). The overall
completion rate for those who commenced the program from
both groups was 49% (33/67); however, there was no significant
difference in overall completion rate between the groups
(intervention 19/40, 48%; control 14/27, 52%) once the program

was commenced. These completion rates are consistent with
our real-world adherence outcome of 41% [17] and reflect
published attrition rates: 4% to 54% [20]. Furthermore, there
was no significant group difference in treatment efficacy on a
variety of outcome measures.

The most effective way to provide clinician guidance adjunct
to other interventions remains unclear. Little is known as to
whether providing guidance evenly timed over the entire course
of an intervention is most effective or whether initial support
gradually tapered to self-management would be more effective
[18]. Our results showed a significant difference between the
groups in the rates of enrollment and commencement of the
program—the onboarding phase. Once participants commenced
the program, there was no significant difference in completion
rates between the groups, regardless of phone support. This
would suggest that telephone support is most effective in
improving the onboarding of persons with chronic pain
undertaking web-based treatments. The average amount of time
involved for each telephone session (including time spent calling
to contact participants together with time of consult) was 9.2
(SD 6.0) minutes, with a mean active consult time of 7.9 (SD
5.5) minutes. Thus, the telephone support intervention did not
seem onerous and therefore could be easily incorporated into a
clinical caseload. When considering where to best use clinical
resources, clinician time may be best used in the early phase of
onboarding to maximize adherence.

The telephone support provided in this study was delivered by
experienced allied health clinicians with specialized training in
pain management. The content of the telephone support calls
was basic and consisted mainly of reaffirmation of the course
material as well as feedback on progress and suggestions to
address any barriers that the participants were experiencing.
There was no specialized psychological treatment or intervention
to address mood or cognition delivered through the calls
themselves; nor was there detailed clinical education or advice
on movement and physical activity. As the support did not
provide specialized intervention, in future it could be provided
by a trained peer or junior clinician to streamline the provision
of clinical resources, which may be adequate for patients who
are not clinically complex. Other studies have shown little
difference between clinician and peer-led coaching.

It has been suggested that telephone support provides the
possibility to make a diagnosis, tailor the intervention, and
actively assist patients to access other needed services [47]. A
triage system could also be used to identify persons with more
complex issues who need to be referred to specialist clinician
intervention. This may be relevant for those with chronic pain
who are particularly afraid of movement because of fear of pain
because it has been shown that high kinesiophobia negatively
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effects adherence rates [17]. Research investigating the level
of telephone support stratified according to kinesiophobia scores
may be worthwhile, with this study being underpowered to
investigate this aspect.

The act of individually tailoring a web-based intervention has
been suggested to help with adherence and outcomes [47].
Standardized and nontailored internet treatments may leave
little room for patient and clinician preferences [48] regarding
course content, format, and learning styles. Chien et al [49]
identified 5 engagement subtypes in patients enrolled in an
internet-delivered CBT program. Their study suggests that by
identifying subtypes of patient engagement, programs can be
targeted to what is most meaningful to different patients by
providing different levels of support or additional treatment
modules. The inclusion of telephone support may enable the
clinician to assess patient preferences early in the program and
adapt the course content to better suit their needs. Others have
suggested that allowing the patient to choose the level of support
they require would allow efficient allocation of clinician
resources to where greater support is wanted, without affecting
outcomes or adherence rates [50].

An important consideration related to patient adherence is the
logical assumption that adherent patients will have better
treatment outcomes than nonadherent patients, although the
evidence has not always supported this assumption [51,52].
This study would suggest that additional telephone support does
not have an effect on clinical outcomes; however, it did improve
onboarding rates, thus increasing the number of participants
who commenced the program. Web-based adherence is difficult
to monitor because key therapy components are delivered on
the web and practiced without the physical presence of a
clinician [51]. For instance, a patient may practice the skills
outlined in a program without logging in to the internet module.
A more relevant way to measure adherence may be to look at
intended use, defined as “the extent to which individuals should
experience the content (of the intervention) to derive maximum
benefit from the intervention, as defined or implied by its
creators” [52]. This may explain why the patients who did not
complete all modules in our study still showed significant
improvements in their outcome measures. Further evaluation
of the minimum amount of engagement with the program
required to induce improvement may provide valuable insight.
However, inherent difficulties lie in conducting such an analysis
because those who stop engaging with treatments are also more
likely to be lost to follow-up assessment.

As internet-delivered interventions evolve, the importance of
various technical features in programs and their influence on
adherence and outcomes need to be better understood. The mode
of guidance, whether by email, text, phone, telehealth, program
content, web design, multimedia format, web-based design
features, or a hybrid of these features, may play a part in
successful engagement of the individual [52]. Qualitative data
would support this, with real-world Reboot Online service users
anecdotally reporting a desire for more multimedia capability
and web-based features. Program developers will need to
consider these aspects of design that have an impact on usability
and user experience during the development and ongoing
evaluation of internet-delivered programs. Further evidence is

needed to elucidate what effect each of these design components
may have on user engagement and adherence and, in turn,
whether design optimization strategies could be successfully
used to improve treatment adherence and outcomes [20].

Studies investigating web-based CBT courses for pain conditions
[24] report mixed results on whether adjunct guidance improves
measures of pain catastrophizing, self-efficacy, and pain
interference more than unguided internet interventions alone.
Although our study showed significant improvements in
measures of pain self-efficacy, kinesiophobia, pain interference,
pain disability, and psychological distress over time, there was
no significant difference in outcome measures between Reboot
Online combined with telephone support and the usual Reboot
Online intervention. This may indicate that adding telephone
support may not add to the effect of the core Reboot Online
program on clinical outcome measures.

The results presented here need to be considered within the
context of a number of study limitations. Blinding of participants
and the telephone support coach was not possible, introducing
a possible risk of bias. Responder bias is another limitation
noted because participants self-selected to participate in the trial
and outcome data were lost from those participants who dropped
out of the course. The power calculation was performed with
reference to our primary outcome measure, which was
adherence. The study was not powered formally for effectiveness
on secondary outcomes and did not correct for multiple
comparisons. Loss of follow-up data after treatment and at 3
months resulted in a smaller sample than estimated, which may
have led to biased estimates or overestimates of treatment
effects. Intention-to-treat analyses were conducted to enable
inclusion of participants with suboptimal compliance into the
data analysis, and linear mixed model analyses were selected,
given that they remain robust in the presence of considerable
missing data. Most of the baseline data were collected through
patient-reported surveys, and thus the reliability of data are
limited by the accuracy of participant recall and self-report. The
subjective physical activity questionnaire may have been subject
to notable reporting bias; an objective measure of physical
activity (such as an activity-monitoring device) is needed in
future evaluations’ estimate of physical activity. Although
outside the scope of this study, collection of more detailed data
on direct intervention costs and opiate use could have facilitated
more comprehensive evaluation of the benefits of the Reboot
Online program. The study used 2 therapists (TG and JW) to
conduct the telephone support, both senior clinicians in chronic
pain and trained in the telephone coaching protocol. Although
this allowed for consistent intervention during the study, it is
unknown whether our findings would generalize to broader
clinical settings or multiple clinicians. Finally, the study was
conducted between September 2019 and November 2020.
During this time period, there were significant and
unprecedented local (drought and bushfires in Australia) and
global events (COVID-19) that may have had an impact on the
ability of participants to adhere and commit to the study as well
as on measures of their well-being and mental and physical
health.
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Conclusions
Reboot Online offers an effective web-based intervention for
chronic pain. Telephone support improves participants’
registration, program commencement, and engagement in the
early phase of the internet intervention; however, it did not seem
to have an impact on overall course completion or efficacy. To

maximize adherence to web-based interventions, clinician
resources may be best used in the early phase of onboarding.
Further research is warranted to gain better understanding of
optimal guidance levels and models as well as program design
components that will most effectively improve adherence to
web-based interventions.
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Abstract

Background: The treatment of insomnia with sleep medication causes problems such as long-term use, dependence, and
significant economic losses, including medical expenses. Evidence-based lifestyle guidance is required to improve insomnia
symptoms not only in person but also in easy-to-use web-based formats.

Objective: This study aims to clarify whether unguided internet-based cognitive behavioral therapy (ICBT) or the Three Good
Things (TGT) exercise, both administered as self-help internet interventions without email support, could improve insomnia
symptoms compared with a waiting list control (WLC) group.

Methods: A 4-week program was implemented, and participants were randomly allocated to 1 of the 3 groups. The primary
outcome measure was the Pittsburgh Sleep Questionnaire (PSQI) score at 4 weeks compared with baseline.

Results: Of the 21,394 individuals invited to participate, 312 (1.46%) met the eligibility criteria and were randomly assigned
to 1 of the 3 groups. Of these 312 individuals, 270 (86.5%; ICBT 79/270, 29.3%; TGT 88/270, 32.6%; and WLC 103/270, 38.1%)
completed a postintervention survey at 4 and 8 weeks. The adjusted mean changes of the primary outcome measure (PSQI) in
the ICBT (−1.56, 95% CI −2.52 to −0.59; P<.001) and TGT (−1.15, 95% CI −2.08 to −0.23; P=.002) groups at 4 weeks from
baseline showed a significant improvement compared with the WLC group. The adjusted mean changes in the secondary outcome
measures of sleep onset latency, total sleep time, Athens Insomnia Scale score, and Patient Health Questionnaire-9 score at 4
weeks from baseline, as well as in the PSQI at 8 weeks from baseline, showed significant improvement for ICBT. Moreover,
total sleep time, Athens Insomnia Scale, and Patient Health Questionnaire-9 scores at 4 weeks from baseline showed a significant
improvement in the TGT group compared with the WLC group.

Conclusions: A total of 4 weeks of unguided ICBT and TGT exercises improved insomnia.

Trial Registration: University Hospital Medical Information Network Clinical Trial Registry UMIN000034927;
https://center6.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000039814
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Introduction

Background
Insomnia describes the inability to sleep, including difficulty
falling asleep, difficulty staying asleep, difficulty sleeping, and
early waking, despite an attempt to sleep at the right time and
in the right environment. This condition reduces an individual’s
quality of life by causing various daytime dysfunctions,
including sleepiness during the day [1]. Insomnia can be caused
by a variety of factors, including changes in social life such as
decreased interpersonal interaction and socializing, as well as
mental and physical illnesses, decreased physical function, and
physiological changes in the brain. Insomnia impairs daytime
activity and triggers additional illnesses such as depression,
lifestyle-related diseases, and cancer. Insomnia is a common
complaint in adults, with 13.5% to 20.6% of the general
population experiencing daytime sleepiness >3 times per week
[2]. It has been reported that 14.9% of people in Japan have
profound daytime sleepiness [3]. Another study found that 1 in
5 Japanese adults had sleep problems [4]. In Japan, the economic
losses caused by sleep deprivation and insomnia have been
estimated to be 15 trillion yen (US $8.67 billion) [5,6].

From the perspective of optimizing medical costs associated
with lifestyle-related diseases, such as diabetes, hypertension,
and hyperlipidemia, lifestyle guidance is increasingly being
introduced as a complement to the use of medication. However,
the evidence base to support the introduction of lifestyle
guidance is lacking. The provision of face-to-face advice paired
with an insomnia improvement program delivered as easy-to-use
internet-based life guidance will likely reduce medical expenses.

Insomnia practice guidelines in the United States and Australia
recommend cognitive behavioral therapy (CBT) as the first
choice for the treatment of insomnia. In Japan, there are very
few medical institutions that can provide CBT, and there are
no barriers to prescribing psychotropic drugs outside of
psychiatry and psychosomatic medicine. However,
pharmacotherapy is associated with side effects such as
dependence, tolerance, anterograde amnesia, muscle relaxant
effects, carryover effects, and rebound insomnia. Furthermore,
it increases the risk of double prescription and overdose and
requires long-term treatment. However, the success of
pharmacotherapy is limited. According to the Japanese Society
of Sleep Studies guidelines, it is preferable to prioritize CBT
over pharmacotherapy for insomnia.

CBT for insomnia is a treatment that focuses on anxiety and
biased thinking about sleep and improves insomnia by reviewing
an individual’s lifestyle, existing anxiety and tension, and any
thinking related to the maintenance of insomnia. Sleep hygiene
instructions can provide important knowledge about sleep,
including how to adjust living conditions so that good-quality
sleep can be obtained, and practice measures for maintaining
good-quality sleep throughout life. This study used

internet-based CBT (ICBT) without email support to provide
sleep hygiene guidance as a trial treatment. ICBT was paired
with a self-help intervention as a form of noninvasive
self-medication.

Positive psychology focuses on positive psychological traits
such as happiness, optimism, and satisfaction with life and was
developed by Seligman et al [7] of the University of
Pennsylvania based on the reflection that traditional psychology
was excessively focused on normalizing negative traits such as
mental illness. Positive psychology is based on the idea of
nurturing [7]. A typical method of positive psychology
comprises the exercise of writing 3 good things every day before
going to bed every night [7]. It is a simple diary-like exercise
that involves listing 3 good things that happened that day and
providing a written explanation of why those things happened.
In this study, this exercise was called the Three Good Things
(TGT) exercise.

ICBT has gained increasing attention as a possible treatment
for improving insomnia, and many studies on ICBT have been
conducted. ICBT provides web-based CBT and sleep hygiene
guidance, simulating an ordinary CBT session (counseling) that
is typically conducted by the patient and therapist face-to-face.
With the approval of the Chiba University School of Medicine
Hospital clinical trials ethics review board (approval number
G27040), the combination of guided ICBT for insomnia and
routine care (ie, usual care [UC]) has been shown to significantly
reduce the Pittsburgh Sleep Quality Index (PSQI) score [8,9].
In a randomized controlled trial (RCT) of 23 patients with
insomnia whose symptoms persisted even after taking sleep
medications such as benzodiazepines, the adjusted mean change
in total PSQI score from baseline to 6 weeks was −6.11 in the
ICBT+UC group (n=11), which was significantly better than
the 0.40 change seen in those who underwent UC alone (n=12;
P<.001). In addition, a significant improvement was seen for
the adjusted mean changes in PSQI score; sleep onset latency
(SOL); sleep efficiency (SE); number of awakenings; and mean
change in depression at 3, 6, and 12 weeks from baseline in the
ICBT+UC group. No adverse events were reported.

Seligman et al [7] previously evaluated the effects of the TGT
exercise in a RCT. According to that study, the group that
performed this exercise daily for 1 week not only increased
self-reported levels of happiness but also reported decreased
depression compared with the control group, and the effect
persisted after 6 months. To the best of our knowledge, no
studies have examined whether the TGT exercise can reduce
insomnia. However, recent reviews have shown that there is a
correlation between positive emotions and sleep [10]. TGT may
improve sleep by improving positive emotions.

Objectives
This study aims to determine the effectiveness of an unguided,
web-based self-help intervention in reducing insomnia. Using
an RCT design, a nonclinical population of adults with insomnia
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was allocated to one of three groups: (1) the ICBT group, (2)
the TGT group, and (3) the waitlist group. It is hypothesized
that unguided ICBT and TGT would result in higher quality
sleep in the treatment groups than in the waitlist group.

Methods

Trial Design
We report this RCT trial in accordance with the
CONSORT-EHEALTH (Consolidated Standards of Reporting
Trials of Electronic and Mobile Health Applications and Online
Telehealth) version 1.6 checklist (Multimedia Appendix 1).

This study comprised an exploratory, parallel-group (3 groups),
randomized, open-label, controlled study, incorporating a
nonintervention group (waiting list control [WLC]). The
registration of the participants was started in February 2019.

Participants and Recruitment
An email was sent to the registered monitors owned by the
internet research company that commissioned the research, and
a preliminary survey was conducted on the internet in relation
to the inclusion and exclusion criteria given in the following
sections, after which informed consent was obtained.

Potential participants were required to meet all the following
inclusion criteria at the time of the preliminary survey: (1) aged
20 to 70 years (regardless of sex); (2) patients with mild or
severe sleep disorders, who scored ≥6 on the Athens Insomnia
Scale (AIS) and ≥6 on the PSQI; (3) sleep disorder occurring
at least three nights per week and lasting for at least 3 months;
(4) access to internet use with PCs, smartphones, and tablets;
and (5) understood the explanations in Japanese and freely
provided web-based consent.

Exclusion criteria of the study included (1) those with moderate
or severe anxiety symptoms, scoring ≥10 on the Generalized
Anxiety Disorder-7 (GAD-7) questionnaire; (2) those with
moderate or severe depression symptoms, scoring ≥10 points
on the Patient Health Questionnaire-9 (PHQ-9); (3) the
confirmed presence of alcohol or drug dependence, diagnosed
by a medical institution within the past year, excluding tobacco
smokers; (4) suicidal thoughts, with a score of ≥2 in the Q9 part
of the PHQ-9; (5) the confirmed diagnosis of cerebral organic
diseases such as sleep apnea syndrome, restless leg syndrome,
epilepsy, dementia, or cerebrovascular disease; (6) the confirmed
diagnosis of a severe progressive physical illness, such as cancer
or heart failure; (7) the use of pharmacotherapy for mental
disorders, including insomnia symptoms; and (8) night shift
work between 8 PM and 2 AM.

Individuals who met the above conditions and provided consent
were enrolled as study participants. This study excluded patients
commonly treated with pharmacotherapy for insomnia.

Case Registration and Allocation Methods
Case registration was performed via the trial website. Among
the registered members (candidate participants) of monitors
owned by the internet research company, those who met the
conditions were automatically assigned participant identification
codes when they accessed the servers. Members voluntarily

underwent a preliminary survey after explanation and agreement,
following the distribution of the recruitment materials. In the
first preliminary survey, AIS, PSQI, GAD-7, and PHQ-9 were
administered to select and screen participants for inclusion.
Only those who met the inclusion criteria and did not meet any
of the exclusion criteria were able to proceed to the next
preliminary survey. The second preliminary survey was
conducted 2 weeks after the first preliminary survey and
contained the same content as the first survey. Only those who
met the inclusion criteria and did not meet any of the exclusion
criteria proceeded to take part in the study. Responses from the
second preliminary survey were used in the analysis as baseline
values before the intervention. After the participants were
randomly assigned, the method of accessing the intervention
program assigned to each participant was provided by email.

Randomization
Allocation modifiers included baseline PSQI scores (≥12 and
≤11) and gender (male and female).

Intervention

Intervention Schedule and Methods
Participants were randomly assigned to 1 of the 3 groups. The
study period was 4 weeks; thus, the ICBT group underwent an
unguided ICBT program for 4 weeks, the TGT group underwent
a TGT exercise program for 4 weeks, and the nonintervention
group (WLC) waited for 4 weeks without an intervention. They
then received access to their assigned unguided ICBT program
and the TGT exercise program for 4 weeks, 7 times a week for
15 to 20 minutes each time.

The intervention programs comprised the following two types:
unguided ICBT program and TGT program.

Unguided ICBT Program
We encouraged participants to take part in the unguided ICBT
program for 4 weeks. Participants accessed the ICBT site and
performed the following tasks autonomously:

1. Week 1 session: keeping a sleep diary (understanding the
significance of the sleep diary and how to write it)

2. Week 2 session: changing behavior (improving behavioral
habits that maintain insomnia, using stimulus control)

3. Week 3 session: capturing thoughts (reconstructing
cognition related to sleep using the column method)

4. Week 4 session: changing sleep time (adjusting sleep
schedule using the sleep restriction method)

TGT Program
Participants were encouraged to participate in the TGT exercise
for 4 weeks. The participants who accessed the site received
the prompt by email and autonomously filled out the 3 good
things on that day. An explanation of the methods of the TGT
exercise is provided elsewhere by Seligman et al [7] and
Seligman [11].

Measures

Evaluation Items
The primary outcome was the change in PSQI scores from
baseline to the postintervention survey at 4 weeks. The
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secondary outcome was the change in PSQI scores from baseline
to the postintervention survey at 8 weeks and changes in SOL,
total sleep time (TST), SE, AIS, GAD-7, PHQ-9, and Center
for Epidemiologic Studies–Depression Scale (CES-D) positive
items only from baseline to the first and second postintervention
surveys at 4 and 8 weeks. Web-based assessments were also
administered.

PSQI Evaluation
The PSQI is a self-administered questionnaire for evaluating
sleep and sleep quality [12]. Eighteen questions evaluated seven
factors: sleep quality, sleep onset time, sleep time, SE, difficulty
sleeping, use of sleep medication, and drowsiness during the
day that hinders daily life. A total of 7 factors (0-3 points) were
summed to calculate the total score (0-21 points). The higher
the score, the greater the sleep impairment. A Japanese version
has also been developed, with the cutoff set at 6 points [13].

AIS Evaluation
The AIS is a self-administered questionnaire for assessing the
severity of insomnia [14]. It comprises eight items: sleep,
midnight awakening, early morning awakening, TST, overall
sleep quality, daytime satisfaction, physical and mental daytime
activity, and daytime sleepiness. A total of 8 items (0-3 points)
were summed to calculate the total score (0-24 points). A
Japanese version has also been developed, with the cutoff set
at 6 points [15].

GAD-7 Evaluation
The GAD-7 is a self-administered questionnaire for evaluating
generalized anxiety disorders [16]. It comprises 7 items, and
covers the 2 weeks immediately before the administration of
the test. The scoring system is as follows: No at all: 0 points,
Several days: 1 point, More than half: 2 points, and Almost
every day: 3 points. The total score is calculated from 0 to 21
points. A Japanese version has also been developed, with 0 to
4 points suggesting no generalized anxiety disorder, 5 to 9 points
representing mild generalized anxiety disorder, 10 to 14
representing moderate generalized anxiety disorder, and 15 to
21 indicating severe generalized anxiety disorder [17].

PHQ-9 Evaluation
The PHQ-9 is a self-administered questionnaire for evaluating
major depressive disorder [18]. It comprises 9 items and covers
2 weeks immediately before administration of the test. The
scoring system is as follows: No at all: 0 points, Several days:
1 point, Half or more: 2 points, and Almost every day: 3 points.
The total score is calculated from 0 to 27 points. A Japanese
version has also been developed, with 0 to 4 points suggesting
that the individual is not depressed, 5 to 9 points suggesting
mild depression, 10 to 14 points suggesting moderate depression,
15 to 19 points suggesting moderate to severe depression, and
20 to 27 points suggesting severe depression [19].

CES-D Evaluation
The CES-D is a self-administered questionnaire for assessing
depression [20]. It comprises 20 items about mood and physical
condition covering the past week using a 4-point scale ranging
from 0 (not at all) to 3 (over 5 days). In this study, 16 negative
items were not used, and only positive items were used. The

positive items comprised four statements: “I think I have the
same ability as other people,” “I can think positively about the
future,” “I can enjoy my life without complaints,” and “I enjoy
every day.” The total score is calculated from 0 to 12 points. A
Japanese version has also been developed, with a higher total
score indicating a higher degree of positive emotions [21].

Statistical Analysis

Overview
All participants who enrolled in this study, responded to the
intervention program at least once after randomization, and had
efficacy data were the most significant population for full
analysis set (FAS). However, participants for whom baseline
data could not be obtained and those who violated the dominant
protocol (eg, violating the inclusion criteria or exclusion criteria
and incorrect assignment to the intervention program) were
excluded.

Participants selected from the FAS and those meeting the
following criteria were selected as the target population
per-protocol set (PPS) that complied with the study protocol:
(1) completed at least 75% of the intervention program, (2) had
available measurements of critical variables, and (3) had no
major test plan violation such as selection criteria violation,
exclusion criteria violation, or incorrect assignment to an
intervention program.

The sample size was based on a previous study by van Straten
et al [22], which indicated that the estimated difference in
changes of PSQI scores from baseline was approximately 3.5.
Assuming a group difference of 3.5 (SD 10.0) points, 66
participants per group provided 80% power to detect a difference
in PSQI scores among the WLC, ICBT, and TGT groups at a
5% significance level.

Analysis of Participant Background
The distribution of participant background data and summary
statistics for each analysis population were calculated for each
group. For nominal variables, the frequency and proportion of
categories have been shown for each group. For continuous
variables, summary statistics (number of cases, mean, SD,
minimum, median, and maximum) were calculated for each
group. Pearson chi-square test was used for nominal variables,
except when ≥20% of the cells had an expected frequency <5
(when Fisher exact test was used). 2-tailed Student t test, or
Wilcoxon rank-sum test, were also used. The significance level
was set at 5% for both sides.

Analysis of Effectiveness
The primary outcome of the efficacy of the interventions was
the PSQI score, an index for improving insomnia. The primary
purpose of this study was to examine the superiority of the ICBT
and TGT groups in improving the insomnia status of nonclinical
cases of insomnia compared with the WLC group. We estimated
the difference in PSQI score change between the test and control
groups and the 95% 2-sided CI. To test the null hypothesis that
the changes in PSQI scores in both groups were equal in the
primary analysis, covariance analysis was performed using the
assignment adjustment factor as a covariate. The allocation
adjustment factors were the PSQI score at the time of
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registration and gender. The significance level of the test was
set at 5% (2-sided). Adjustment of multiplicity was performed
using the Dunnett method, as a pairwise comparison of the 2
groups was performed for the control group.

The secondary evaluation items of effectiveness were analyzed
to supplement the primary analysis results. No adjustment for
multiplicity was made in the analysis of the secondary efficacy
outcomes. The significance level of the hypothesis test was set
at 5% (2-sided), and the two-sided 95% CI was calculated.

Statement of Ethics
This study was approved by the clinical trials ethics review
board of the Chiba University Hospital (registration number
G30022) and was registered as a clinical trial
(UMIN000034927). A document explaining consent was
presented to the participants on a webpage, accompanied by a
verbal explanation as part of a video animation by the principal
investigator. After viewing these materials, individuals who
freely agreed to participate were recruited into the study.

The authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national and
institutional committees on human experimentation and with
the Helsinki Declaration of 1975, as revised in 2008.

Results

Trial Flow
Figure 1 shows the research flow based on the CONSORT
(Consolidated Standards of Reporting Trials) guidelines. Of the
21,394 individuals contacted through the internet research
company, consent to participate in the study was obtained from
312 (1.46%) individuals who met the eligibility criteria and
were randomly assigned to the ICBT, TGT, or WLC group. Of
the 106 people assigned to ICBT, 23 (21.7%) did not start the
ICBT program at least once, and 4 (3.8%) who performed the
ICBT program at least once were classified as trial deviations,
leaving 79 (74.5%) individuals with a FAS.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram of participant flow throughout the study. ICBT: internet-based cognitive
behavioral therapy; PPS: per-protocol set; TGT: Three Good Things; WLC: waiting list control.

For details of the deviation related to PSQI, there was an error
in the formula set by the internet survey company that conducted

the web questionnaire, and the correct score was ≤5; however,
it was judged to be ≥6 by incorrect calculation. Therefore, of
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the 312 individuals, 4 (1.3%) individuals who had initially been
selected as participants and who should not have been selected
underwent the ICBT program; these individuals were reported
as deviations to the Chiba University Hospital clinical trials
ethics review committee and accepted as such.

Separately, there was an error in the formula used by the internet
survey company that conducted the web questionnaire. In the
error, the correct PSQI total score was ≥6; however, it was
judged incorrectly to be ≤5. The correct PHQ-9 total score
should have been calculated from the 1st to 9th items (the 10th
item should have been excluded); however, the internet survey
company that conducted the web questionnaire mistakenly
calculated from the 1st to the 10th item. In addition, the correct
GAD-7 total score should have been calculated from the first
to seventh items (the eighth item was not added); however, the
internet survey company that conducted the web questionnaire
mistakenly calculated from the first to eighth items. For these
reasons, of the 21,394 individuals, 83 (0.39%) were not selected
in the first screening, and 25 (0.12%) were not selected in the
second screening.

Of the 106 participants assigned to the ICBT group, 74 (69.8%)
provided data at 4 weeks, 68 (64.2%) provided data at 8 weeks,
and 55 (51.9%) had an attendance of ≥75% during the ICBT
program; thus, the PPS was 55. Of the 103 participants assigned
to the TGT group, 15 (14.6%) were excluded who did not start
the TGT program at least once; thus, the FAS was 88. In the

TGT group, of the 103 participants, 84 (79.2%) provided data
at 4 weeks, and 81 (78.6%) provided data at 8 weeks.
Approximately 76.7% (79/103) of participants had an attendance
of ≥75% during the TGT program; thus, the PPS was 79.

Of the 312 participants, 103 (33%) were assigned to the WLC
group; thus, the FAS score for this group was 103. Data were
obtained successfully for 88.3% (91/103) of these participants
at 4 weeks and for 84.5% (87/103) of participants at 8 weeks;
thus, the PPS was 103. The registration of participants started
in February 2019, and the follow-up ended in May 2019.

There were no adverse events. When adverse events occurred
for participants, we asked them to report the adverse events by
email. However, there were no reports.

Participant Characteristics
Table 1 shows the characteristics of the participants at baseline.
Female participants comprised 41.5% (112/270; ICBT group
32/79, 41%; TGT group 39/88, 44%; and WLC group 41/103,
39.8%) of the study population, with a mean age of 50.4 (SD
10.8; ICBT group: 49.8, SD 11.1; TGT group: 50.5, SD 11.0;
and WLC group: 51.0, SD 10.4) years. There were no significant
differences in sex, age, marital status, educational history, or
employment status among the 3 groups.

Table 2 presents the baseline data for the primary and secondary
outcome measures. There were no significant differences among
the 3 groups for the PSQI, AIS, GAD-7, or PHQ-9 scores.

Table 1. Participant characteristics (N=270).

P valueWLCc group (n=103)TGTb group (n=88)ICBTa group (n=79)Characteristics

.81Sex , n (%)

41 (39.8)39 (44.3)32 (40.5)Female

62 (60.2)49 (55.7)47 (59.5)Male

.7851.0 (10.4)50.5 (11.0)49.8 (11.1)Age (years), mean (SD)

.26Marriage, n (%)

25 (40.3)18 (20.5)19 (24.1)Single

72 (37.9)60 (68.2)58 (73.4)Married

6 (33.3)10 (11.4)2 (2.5)Divorce

.3315.4 (2.1)15.0 (2.0)15.4 (1.9)Education, mean (SD)

.71Working, n (%)

66 (39.1)51 (57.9)52 (65.8)Full time

18 (41.9)14 (15.9)11 (13.9)Part-time

19 (32.8)23 (26.1)16 (20.3)Unemployed

aICBT: internet-based cognitive behavioral therapy.
bTGT: Three Good Things.
cWLC: waiting list control.
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Table 2. Baseline data of primary outcome and secondary outcome (N=270).

P valueValue, mean (SD)Outcomes

WLCc group (n=103)TGTb group (n=88)ICBTa group (n=79)

.979.8 (2.3)9.8 (2.0)9.8 (2.4)Primary outcome: insomnia symptoms (PSQId)

Secondary outcome : sleep

.7710.2 (2.9)10.0 (2.7)10.2 (2.9)AISe

.6641.2 (35.0)47.8 (40.6)41.6 (27.9)SOLf (minutes)

.17319.9 (61.7)323.8 (52.1)318.6 (63.7)TSTg (hours)

.5584.3 (14.7)85.3 (10.9)82.1 (15.2)Sleep efficiency (%)

Secondary outcome : mood

.923.2 (2.5)3.1 (2.3)3.0 (2.5)GAD-7h

.744.4 (2.2)4.6 (2.2)4.5 (2.2)PHQ-9i

aICBT: internet-based cognitive behavioral therapy.
bTGT: Three Good Things.
cWLC: waiting list control.
dPSQI: Pittsburgh Sleep Quality Index.
eAIS: Athens Insomnia Scale.
fSOL: sleep onset latency.
gTST: total sleep time.
hGAD-7: Generalized Anxiety Disorder-7.
iPHQ-9: Patient Health Questionnaire-9.

Intervention Effects

Primary Outcome
Figure 2 and Table 3 show the changes in the primary outcome
score (PSQI) in each group, and Table 4 shows the comparison
of the changes in the primary outcome PSQI between the
intervention and control groups. At week 4, the adjusted mean

change from baseline in the ICBT group compared with the
WLC group was −1.56 (95% CI −2.52 to −0.59; P<.001), and
the adjusted mean change from baseline in the TGT group
compared with the WLC group was −1.15 (95% CI −2.08 to
−0.23; P=.002), indicating that both the ICBT and TGT groups
had a significant reduction in their PSQI scores compared with
the WLC group.
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Figure 2. Means and SDs (raw data) for the primary outcome and improvement in the Pittsburgh Sleep Quality Index (PSQI) score. ICBT: internet-based
cognitive behavioral therapy; TGT: Three Good Things; WLC: waiting list control.

Table 3. Changes in primary outcome (PSQI) in the 3 groups.

P valueEstimation (SE; 95% CI)Assigned group (week 4)

<.001−2.19 (0.29; −2.76 to −1.63)ICBTa

<.001−1.79 (0.26; −2.31 to –1.27)TGTb

.01−0.64 (0.25; −1.14 to −0.14)WLCc

aICBT: internet-based cognitive behavioral therapy.
bTGT: Three Good Things.
cWLC: waiting list control.
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Table 4. Changes in the secondary outcome among the 3 groups.

95% CIP valueEstimation (SE)Secondary outcomes and assigned group

PSQIa

Week 8

−2.66 to −1.51<.001−2.09 (0.29)ICBTb

−1.86 to −0.82<.001−1.34 (0.26)TGTc

−1.49 to −0.50<.001−0.99 (0.25)WLCd

SOLe

Week 4

−24.13 to −14.08<.001−19.11 (2.55)ICBT

−17.95 to −8.56<.001−13.26 (2.38)TGT

−11.88 to −2.87.001−7.38 (2.29)WLC

Week 8

−20.33 to −9.94<.001−15.13 (2.64)ICBT

−17.11 to −7.67<.001−12.39 (2.40)TGT

−11.86 to −2.94.001−7.40 (2.26)WLC

TSTf

Week 4

27.01 to 47.78<.00137.40 (5.27)ICBT

15.39 to 34.66<.00125.02 (4.89)TGT

−4.98 to 13.63.364.32 (4.72)WLC

Week 8

21.03 to 42.43<.00131.73 (5.43)ICBT

4.57 to 23.93.00414.25 (4.91)TGT

5.00 to 23.45.00314.23 (4.68)WLC

Sleep efficiency

Week 4

3.15 to 8.55<.0015.85 (1.37)ICBT

3.86 to 8.89<.0016.37 (1.28)TGT

0.50 to 5.31.022.90 (1.22)WLC

Week 8

3.93 to 9.52<.0016.73 (1.42)ICBT

1.19 to 6.34.0043.77 (1.30)TGT

−0.19 to 4.57.072.19 (1.21)WLC

AISg

Week 4

−2.83 to −1.39<.001−2.11 (0.37)ICBT

−3.43 to −2.08<.001−2.75 (0.34)TGT

−1.12 to 0.15<.001−0.49 (0.32)WLC

Week 8

−2.57 to −1.08<.001−1.82 (0.38)ICBT

−2.29 to −0.95<.001−1.62 (0.34)TGT

−1.84 to −0.57<.001−1.21 (0.32)WLC
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95% CIP valueEstimation (SE)Secondary outcomes and assigned group

GAD-7h

Week 4

−0.43 to 0.77.580.17 (0.30)ICBT

−1.00 to 0.12.12−0.44 (0.28)TGT

−0.14 to 0.91.150.39 (0.27)WLC

Week 8

−0.55 to 0.69.830.07 (0.31)ICBT

−0.45 to 0.67.700.11 (0.28)TGT

−0.45 to 0.60.790.07 (0.27)WLC

PHQ-9i

Week 4

−1.02 to 0.38.37−0.32 (0.35)ICBT

−1.05 to 0.25.23−0.40 (0.33)TGT

0.77 to 2.00<.0011.38 (0.31)WLC

Week 8

−0.99 to 0.45.46−0.27 (0.37)ICBT

−0.69 to 0.63.93−0.03 (0.33)TGT

−0.24 to 1.00.220.38 (0.31)WLC

CES-Dj

Week 4

−0.30 to 1.10.270.40 (0.36)ICBT

−0.11 to 1.20.100.54 (0.33)TGT

−0.09 to 1.14.090.53 (0.31)WLC

Week 8

−0.25 to 1.19.200.47 (0.37)ICBT

−0.13 to 1.18.120.52 (0.33)TGT

−1.12 to 0.11.11−0.51 (0.31)WLC

aPSQI: Pittsburgh Sleep Quality Index.
bICBT: internet-based cognitive behavioral therapy.
cTGT: Three Good Things.
dWLC: waiting list control.
eSOL: sleep onset latency.
fTST: total sleep time.
gAIS: Athens Insomnia Scale.
hGAD-7: Generalized Anxiety Disorder-7.
iPHQ-9: Patient Health Questionnaire-9.
jCES-D: Center for Epidemiologic Studies–Depression Scale.

Secondary Outcomes
Table 4 shows the changes in the secondary evaluation items
for each group. Table 5 shows a comparison of the changes in

secondary outcomes between the intervention and control
groups.
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Table 5. Comparison of changes in the secondary outcome between intervention groups and control group.

95% CI (adjusted)Adjusted P valueaEstimation (SE)Control groupSecondary outcomes and assigned group

PSQIb

Week 8

−2.07 to −0.12.02−1.09 (0.38)WLCdICBTc

−1.27 to 0.57.81−0.35 (0.36)WLCTGTe

SOLf

Week 4

−20.36 to −3.10.003−11.73 (3.40)WLCICBT

−14.24 to 2.48.27−5.88 (3.30)WLCTGT

Week 8

−16.48 to 1.01.10−7.74(3.45)WLCICBT

−13.34 to 3.34.42−5.00 (3.29)WLCTGT

TSTg

Week 4

15.17 to 50.98<.00133.07 (7.07)WLCICBT

3.51 to 37.89.0120.70 (6.79)WLCTGT

Week 8

−0.63 to 35.63.0617.50 (7.15)WLCICBT

−17.13 to 17.17.990.02 (6.77)WLCTGT

Sleep efficiency

Week 4

−1.70 to 7.59.362.94 (1.83)WLCICBT

−1.00 to 7.94.183.47 (1.76)WLCTGT

Week 8

−0.18 to 9.25.064.53 (1.85)WLCICBT

−2.92 to 6.07.851.57 (1.77)WLCTGT

AISh

Week 4

−2.85 to −0.39.004−1.62 (0.48)WLCICBT

−3.46 to −1.08<.001−2.27 (0.47)WLCTGT

Week 8

−1.87 to 0.63.61−0.62 (0.49)WLCICBT

−1.60 to 0.78.85−0.41 (0.47)WLCTGT

GAD-7i

Week 4

−1.24 to 0.80.98−0.22 (0.40)WLCICBT

−1.81 to 0.16.14−0.82 (0.39)WLCTGT

Week 8

−1.05 to 1.03.99−0.01 (0.41)WLCICBT

−0.95 to 1.03.990.04 (0.39)WLCTGT

PHQ-9j
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95% CI (adjusted)Adjusted P valueaEstimation (SE)Control groupSecondary outcomes and assigned group

Week 4

−2.90 to −0.51.001−1.70 (0.47)WLCICBT

−2.94 to −0.63<.001−1.78 (0.45)WLCTGT

Week 8

−1.86 to 0.56.53−0.65 (0.48)WLCICBT

−1.57 to 0.74.84−0.41 (0.46)WLCTGT

CES-Dk

Week 4

−1.32 to 1.06.99−0.13 (0.47)WLCICBT

−1.13 to 1.17.990.02 (0.45)WLCTGT

Week 8

−0.23 to 2.19.160.98 (0.48)WLCICBT

−0.12 to 2.18.101.03 (0.45)WLCTGT

aDunnett–Hsu.
bPSQI: Pittsburgh Sleep Quality Index.
cICBT: internet-based cognitive behavioral therapy.
dWLC: waiting list control.
eTGT: Three Good Things.
fSOL: sleep onset latency.
gTST: total sleep time.
hAIS: Athens Insomnia Scale.
iGAD-7: Generalized Anxiety Disorder-7.
jPHQ-9: Patient Health Questionnaire-9.
kCES-D: Center for Epidemiologic Studies–Depression Scale.

At 4 weeks, the adjusted mean change from baseline in the
ICBT group compared with the WLC group was −11.73 for
SOL (95% CI −20.36 to −3.10; P=.003), 17.50 for TST (95%
CI 15.17-50.98; P<.001), −1.62 for AIS (95% CI −2.85 to −0.39;
P=.004), and −1.70 for PHQ-9 (95% CI −2.90 to −0.51; P=.002).
There was a significant improvement in the ICBT group
compared with the WLC group in SOL, TST, AIS, and PHQ-9
scores at 4 weeks.

At 4 weeks, the adjusted mean change from baseline in the TGT
group compared with the WLC group was 20.70 for TST (95%
CI 3.51-37.89; P=.01), −2.27 for AIS (95% CI −3.46 to −1.08;
P<.001), and −1.78 for PHQ-9 (95% CI −2.94 to −0.63; P=.001).
A significant improvement in the TGT group compared with
the WLC group in TST, AIS, and PHQ-9 scores was observed
at 4 weeks.

At 8 weeks, the adjusted mean change from baseline in the
ICBT group compared with the WLC group was −1.09 for PSQI
(95% CI −2.07 to −0.12; P=.02). There was a significant
improvement in the ICBT group compared with the WLC group
in PSQI at 8 weeks.

At 8 weeks, the adjusted mean change from baseline in the TGT
group compared with the WLC group did not show a significant
difference.

Effectiveness of the Intervention
Table 6 shows the standardized change from baseline to the
postintervention survey (at 4 and 8 weeks). Immediately after
the intervention, at 4 weeks, the primary outcome effect size
(Hedge g) for the PSQI was 0.81 in the ICBT group (95% CI
6.90-8.20) and 0.76 in the TGT group (95% CI 7.06-8.20).
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Table 6. Standardized changes of baseline to postintervention outcomes.

Effect size (95% CI)a,bValues, mean (SD)Outcomes

WLCTGTICBTWLCeTGTdICBTc

PSQIf

9.02-9.888.97-9.849.10-10.159.45 (2.20)9.41 (2.05)9.63 (2.32)Baseline

0.22 (8.30-9.50)0.76 (7.06-8.20)0.81 (6.90-8.20)8.90 (2.89)7.63 (2.62)7.55 (2.79)Week 4

0.34 (7.97-9.18)0.52 (7.59-8.75)0.70 (6.96-8.48)8.57 (2.93)8.17 (2.66)7.72 (3.13)Week 8

SOLg

34.40-48.0739.17-56.3935.50-47.9941.23 (34.96)47.78 (40.64)41.75 (27.88)Baseline

0.18 (27.10-42.63)0.44 (26.70-38.51)0.72 (18.18-28.63)34.87 (37.29)32.61 (27.20)23.41 (22.55)Week 4

0.20 (27.72-41.13)0.39 (27.19-40.25)0.51 (21.50-34.30)34.43 (32.74)33.72 (29.90)27.90 (26.44)Week 8

TSTh

307.87-332.00312.77-334.85304.30-332.82319.93 (61.73)323.81 (52.11)318.56 (63.66)Baseline

0.06 (309.92-
337.22)

0.46 (336.90-
363.46)

0.68 (346.87-
374.80)

323.57 (65.53)350.18 (61.20)360.84 (60.28)Week 4

0.21 (320.06-
346.47)

0.27 (325.95-
351.40)

0.59 (340.71-
371.09)

333.27 (64.46)338.67 (58.26)355.90 (62.76)Week 8

Sleep efficiency

81.34-87.1783.02-87.7078.64-85.6184.25 (14.68)85.36 (10.93)82.12 (15.24)Baseline

0.18 (83.92-89.60)0.53 (88.73-92.64)0.51 (86.26-91.87)86.76 (13.41)90.68 (8.96)89.07 (11.77)Week 4

0.16 (83.61-89.72)0.21 (85.15-90.08)0.60 (87.52-92.07)86.67 (14.75)87.62 (10.86)89.79 (9.04)Week 8

AISi

9.68-10.819.39-10.529.53-10.8510.24 (2.90)9.95 (2.66)10.19 (2.95)Baseline

0.16 (8.97-10.47)0.84 (6.49-8.08)0.67 (7.40-8.87)9.72 (3.67)7.29 (3.67)8.14 (3.18)Week 4

0.37 (8.43-9.76)0.47 (7.69-9.25)0.50 (7.53-9.41)9.09 (3.28)8.47 (3.59)8.47 (3.89)Week 8

GAD-7j

2.20-3.122.40-3.422.14-3.202.66 (2.37)2.91 (2.41)2.67 (2.37)Baseline

0.13 (2.37-3.67)0.19 (1.91-2.99)0.09 (2.16-3.68)3.02 (3.18)2.45 (2.49)2.92 (3.29)Week 4

0.05 (2.20-3.40)0.03 (2.34-3.66)0.06 (2.06-3.61)2.80 (2.93)3.00 (3.03)2.84 (3.20)Week 8

PHQ-9k

3.64-4.523.68-4.693.49-4.494.08 (2.26)4.18 (2.38)3.99 (2.23)Baseline

0.36 (4.42-6.24)0.13 (3.20-4.47)0.12 (3.01 to 4.34)5.33 (4.46)3.83 (2.94)3.68 (2.88)Week 4

0.08 (3.59-5.00)0.03 (3.58-4.97)0.11 (2.90 to 4.49)4.29 (3.34)4.28 (3.18)3.69 (3.29)Week 8

CES-Dl

6.29-7.756.39-7.826.24-7.797.02 (3.74)7.10 (3.38)7.01 (3.46)Baseline

0.14 (6.80-8.30)0.14 (6.81-8.38)0.09 (6.44-8.21)7.55 (3.65)7.60 (3.64)7.32 (3.81)Week 4

0.13 (5.67-7.34)0.12 (6.74-8.34)0.12 (6.60-8.22)6.51 (4.09)7.54 (3.67)7.41 (3.33)Week 8

aHedges g (effect size; 95% CI lower limit to upper limit of each outcome).
bEffect size values for baseline were not applicable; hence, only 95% CI values have been reported.
cICBT: internet-based cognitive behavioral therapy.
dTGT: Three Good Things.
eWLC: waiting list control.
fPSQI: Pittsburgh Sleep Quality Index.
gSOL: sleep onset latency.
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hTST: total sleep time.
iAIS: Athens Insomnia Scale.
jGAD-7: Generalized Anxiety Disorder-7.
kPHQ-9: Patient Health Questionnaire-9.
lCES-D: Center for Epidemiologic Studies–Depression Scale.

The secondary outcome effect sizes (Hedge g) were as follows:
0.72 for SOL in the ICBT group (95% CI 18.18-28.63), 0.68
for TST in the ICBT group (95% CI of 346.87-374.80), 0.51
for SE in the ICBT group (95% CI 86.26-91.87) and 0.53 in the
TGT group (95% CI 88.73-92.64), and 0.67 for AIS in the ICBT
group (95% CI 7.40-8.87) and 0.84 in the TGT group (95% CI
6.49-8.08).

After the follow-up period, at 8 weeks, the secondary outcome
effect sizes (Hedges g) were as follows: 0.70 for PSQI in the
ICBT group (95% CI 6.96-8.48) and 0.52 in the TGT group
(95% CI 7.59-8.75), 0.51 for SOL in the ICBT group (95% CI
21.50-34.30), 0.59 for TST in the ICBT group (95% CI
340.71-371.09), 0.60 for SE in the ICBT group (95% CI
87.52-92.07), and 0.50 for AIS in the ICBT group (95% CI
7.53-9.41).

Discussion

Principal Findings
The results of this study suggest that a self-help internet
intervention without email support is effective as a noninvasive
self-medication for adults with insomnia. The ICBT group
showed a significant change of −6.11 in the PSQI score. The
participant characteristics of this study differed significantly
from those of similar previous studies. A previous study by van
Straten et al [22] showed the efficacy of guided ICBT using an
RCT design, in which 1500 patients with insomnia were invited
by email, and 118 patients were assigned to the ICBT group
(n=59) and a WLC group (n=59). However, the reported baseline
mean PSQI score in the ICBT group in that study was relatively
severe (12.4, SD 2.1). The mean change in PSQI scores in the
ICBT group was −3.5, and in the WLC group it was −0.1. Our
previous study of ICBT guided by email support reported a
severe baseline PSQI mean score of 13.5 (SD 2.7); furthermore,
participants had persistent symptoms despite taking sleep
medications such as benzodiazepines [9].

In this study, the unguided ICBT group showed a change of
−2.19, the TGT group showed a change of −1.79, and the WLC
group showed a change of −0.64; the mean change in PSQI
scores was smaller than those reported by van Straten et al [22]
and Sato et al [9]. This could be because of the baseline average
score of PSQI being 9.8, which indicates relatively mild
insomnia. In addition, given that the ICBT was unguided,
participant motivation to continue in this study may not have
been well-supported.

The TGT group showed a significant decrease in PSQI scores
compared with the WLC group only at the end of the program,
that is, at the 4-week time point. To the best of our knowledge,
no previous studies have examined the effects of TGT on
insomnia through an RCT. However, as no significant
improvement in positive emotions (indicated by the actual items

on the CES-D) was observed in the TGT group, this casts doubt
on the existence of a mechanism for the improvement of
insomnia through the improvement of positive emotions.
Contrary to previous studies, the TGT exercise did not lead to
the improvement of positive emotions, and thus, it is unclear
whether TGT really contributes to the improvement of
happiness.

In this study, comparing the ICBT group and the TGT group
was not the original purpose; however, the number of
participants who received >75% of the intervention in the ICBT
group was 70% (55/79) of participants compared with 90%
(79/88) of participants who received >75% of the intervention
in the TGT group. This could have been because of difficulties
with regular participation in the ICBT program.

At the 4- and 8-week follow-ups, the ICBT group showed a
significant improvement in PSQI scores over the WLC group,
whereas the TGT group did not show a significant improvement
over the WLC group. Therefore, ICBT could have longer-term
effectiveness. If further research shows that ICBT results in
sustained effects on insomnia, and TGT is easier to participate
in more regularly, it may be necessary to consider an unguided
intervention that combines both ICBT and TGT to achieve
optimal outcomes.

Limitations
In this study, there were errors in the calculation set by the
internet research company that conducted the web questionnaire
for PSQI, PHQ-9, and GAD-7 scores, which may have affected
the eligible participants. In future studies, the distribution of
inclusion and exclusion criteria should be carefully monitored
to avoid similar mistakes.

Some participants in the ICBT and TGT groups did not
participate more than once. However, in the WLC group, all
participants were included in the final analysis. To ensure
consistency with the ICBT and TGT groups in future research,
it will be necessary to select those who have participated at least
once in the WLC group for inclusion in the final analysis, or
alternatively a placebo sham program could be implemented.

Conclusions
In conclusion, this RCT provided evidence that 4 weeks of
unguided ICBT and TGT exercise for adults with insomnia,
both administered as self-help internet interventions without
email support, may improve insomnia symptoms compared with
the WLC group. The findings also suggest that the effects of
ICBT may last longer than TGT, whereas TGT may be easier
to participate in more regularly. However, this study experienced
errors during the selection process. Further research is warranted
to examine the effectiveness of a combined intervention of ICBT
and TGT for insomnia.
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Abstract

Background: Cognitive impairments are features of many psychiatric disorders and affect functioning. A barrier to cognitive
research on psychiatric disorders is the lack of large cross-disorder data sets. However, the collection of cognitive data can be
logistically challenging and expensive. Web-based collection may be an alternative; however, little is known about who does and
does not complete web-based cognitive assessments for psychiatric research.

Objective: The aims of this study are to develop a web-based cognitive battery for use in psychiatric research, validate the
battery against the Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) Consensus Cognitive
Battery, and compare the characteristics of the participants who chose to take part with those of the individuals who did not
participate.

Methods: Tasks were developed by The Many Brains Project and selected to measure the domains specified by the MATRICS
initiative. We undertook a cross-validation study of 65 participants with schizophrenia, bipolar disorder, depression, or no history
of psychiatric disorders to compare the web-based tasks with the MATRICS Consensus Cognitive Battery. Following validation,
we invited participants from 2 large ongoing genetic studies, which recruited participants with psychiatric disorders to complete
the battery and evaluated the demographic and clinical characteristics of those who took part.

Results: Correlations between web-based and MATRICS tasks ranged between 0.26 and 0.73. Of the 961 participants, 887
(92.3%) completed at least one web-based task, and 644 (67%) completed all tasks, indicating adequate completion rates. Predictors
of web-based participation included being female (odds ratio [OR] 1.3, 95% CI 1.07-1.58), ethnicity other than White European
(OR 0.66, 95% CI 0.46-0.96), higher levels of education (OR 1.19, 95% CI 1.11-1.29), diagnosis of an eating disorder (OR 2.17,
95% CI 1.17-4) or depression and anxiety (OR 5.12, 95% CI 3.38-7.83), and absence of a diagnosis of schizophrenia (OR 0.59,
95% CI 0.35-0.94). Lower performance on the battery was associated with poorer functioning (B=−1.76, SE 0.26; P<.001).

Conclusions: Our findings offer valuable insights into the advantages and disadvantages of testing cognitive function remotely
for mental health research.

(J Med Internet Res 2022;24(2):e28233)   doi:10.2196/28233

KEYWORDS

cognition; mental health; online; digital; assessment; validation; memory; attention; mobile phone

Introduction

Background
Cognitive impairments are core features of many psychiatric
disorders [1-3], persist during remission [2,3], are not alleviated

by current treatments [4-6], and are associated with poor
functional outcomes [7,8]. Existing cognitive research on
psychiatric disorders is limited by relatively small sample sizes,
as collecting cognitive data can be labor intensive, and the use
of existing cognitive batteries can be expensive given licensing
restrictions. A potential solution to this is to use web-based data
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collection methods, which may be an effective way of acquiring
large amounts of cognitive data using minimal resources. Data
can be collected remotely using specially designed tasks that
are administered via the internet and accessed using the
participants’ own devices and web browsers in an unsupervised
setting, such as the participants’ homes. The advantages of
web-based methods include (1) relatively inexpensive costs per
participant [9,10], (2) automatic data entry that limits errors
[10], (3) ability to recruit from locations that would normally
be out of reach [11], and (4) promotion of research to the public
[11].

To date, studies comparing web-based and laboratory-based
cognitive tasks have reported high correlations, few systematic
differences between the assessments, and good internal
reliability of web-based tasks [9,12-15]. One such study is the
global citizen science project, TestMyBrain, which has collected
cognitive data via the internet on >2 million volunteers around
the world. Analysis of the data collected from the website
compared with data collected using the same tasks under
supervision in a research laboratory showed few differences in
mean performance, variance, and internal reliability between
the 2 sets of tasks [12]. A recent study of UK Biobank (UKB)
participants demonstrated adequate concurrent validity between
11 cognitive assessments administered without supervision and
11 previously validated tests from the published literature
(correlations between 0.22 and 0.83) [16]. The highest
correlation (r=0.83) was observed between versions of the same
task—the National Institutes of Health Toolbox Picture
Vocabulary Test—whereas the lowest correlations were
observed between tasks with differing methodologies (UKB
Pairs Matching test and Wechsler Memory Scale-IV Designs
Total; r=−0.33) or tasks with low levels of performance variance
(UKB Prospective Memory test and Rivermead Behavioral
Memory Test Appointments; r=0.22). Similar results were
reported in a study comparing the Amsterdam Cognition Scan
with a traditional test battery (correlations ranged between 0.36
and 0.78), where lower correlations were observed in tasks that
had differing designs [15]. Another study compared identical
Cambridge Neuropsychological Test Automated Battery tasks
administered unsupervised via the internet and administered in
person at a research facility (r=0.39-0.73) [14]. Correlations
were similar to previously reported test–retest reliabilities for
the tasks, although it was noted that tasks with a reaction time
component were less comparable across the different
administration settings.

To date, studies have evaluated the use of web-based cognitive
assessments in healthy population samples. Therefore, questions
remain about whether web-based tasks conducted in an
unsupervised setting without a researcher present are suitable
for research on individuals with psychiatric disorders. This is
a particularly important question, given that these individuals
are more likely to have moderate to severe cognitive
impairments. An issue is participation bias, as web-based studies
may exclude individuals who are less computer literate or who
do not have internet access, such as older adults, those with
lower incomes or education levels, or those with more severe
psychiatric disorders. For example, a study that used Facebook
to recruit participants for a mental health survey found that the

participants were younger, more likely to be female, more
educated, and more likely to be English speakers compared with
the national averages taken from census data and a population
study [17].

Objectives
This study has 2 aims. Our first aim is to develop and validate
a web-based cognitive battery for use in psychiatric research.
Our second aim is to determine whether web-based cognitive
testing is a suitable method for large-scale mental health
research. By offering participation in a web-based cognitive
study to those who had already been recruited into a cohort of
individuals with mental health conditions, we will be able to
identify the characteristics of those who chose to take part and
compare them with those who did not. This study is presented
in two parts: (1) validation of the web-based battery and (2)
expansion of the web-based battery via recruitment of a large
cross-disorder sample.

Methods

Participants
Participants from 2 studies conducted within the Medical
Research Council Centre for Neuropsychiatric Genetics and
Genomics at Cardiff University were invited to take part: (1)
the National Centre for Mental Health (NCMH) cohort study
[18] and (2) the Cognition in Mood, Psychosis, and
Schizophrenia Study (CoMPaSS) [19]. Diagnoses were
ascertained through either self-report in the NCMH or through
a clinical interview in the CoMPaSS (Schedule for Clinical
Assessment in Neuropsychiatry [20]). In the NCMH, participants
were asked the following question: “Has a doctor or health
professional ever told you that you have any of the following
diagnoses?” Participants were given a list of diagnoses and
asked to indicate all diagnoses that applied, the diagnosis they
considered to be their primary diagnosis, and whether their
clinical team would agree. Both studies included confirmation
of consent from participants to be approached for other research
within the Centre and consent for medical records to be accessed
to obtain information regarding diagnosis and other clinical
details. The full details of these studies can be found in
Multimedia Appendix 1 [12,19-39]. All stages of the web-based
study received ethical approval from the School of Medicine
research ethics committee at Cardiff University (reference
number 15/64), and each parent study had National Health
Service ethical approval (NCMH reference number:
16/WA/0323; CoMPaSS reference number: 07/WSE03/110).
The participants indicated their consent on the web by ticking
a box at the bottom of the information page. We did not collect
any identifiable information about the participants during the
assessments; the participants’ data were pseudonymized and
linked with an ID number. The assessment websites complied
with current UK data security best practice guidelines in
consultation with the Information Technology Systems Security
Team and Research Governance Officers at Cardiff University.
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Neuropsychological Assessments

Web-Based Battery
All tasks were selected from and hosted on The Many Brains
Project’s web-based cognitive testing platform, TestMyBrain
[12,40]. We selected the tasks to assess, as closely as possible,
the domains outlined by the National Institute of Mental
Health–Measurement and Treatment Research to Improve
Cognition in Schizophrenia (MATRICS) initiative [41]. We
were able to include a formally equivalent web-based version
of digit symbol coding. However, it was not possible to select
formally equivalent tasks for the remaining domains because
of a lack of availability of web-based versions. In addition to
these domains, we included a measure of crystallized

intelligence and a measure of risk-taking propensity. The final
battery included 9 tasks (see Table 1 for domains, tasks, and
equivalent MATRICS Consensus Cognitive Battery [MCCB]
tasks). Full descriptions of the tasks can be found in Multimedia
Appendix 1. The total administration time was approximately
45 to 50 minutes.

The tests were designed to run on desktop and laptop computers,
touchscreen tablet computers, and smartphones. The Many
Brains Project developed the cognitive tasks and hosted them
on their secure TestMyBrain server, which could be accessed
using a study-specific website link. The assessments were loaded
in the participant’s internet browser, and the data were stored
locally during each task. At the end of each task, the data were
encrypted and uploaded to a secure server.

Table 1. Web-based and Measurement and Treatment Research to Improve Cognition in Schizophrenia Consensus Cognitive Battery (MCCB) tasksa.

Web-based taskMCCB taskDomain

Digit symbol codingBACSb: digit symbol codingSpeed of processing

Morphed emotion identificationMSCEITc: Managing EmotionsSocial cognition

Verbal paired associatesHopkins Verbal Learning Test–RevisedVerbal learning

Backward digit spanLetter–number sequencingWorking memory

Hartshorne visual working memoryBrief Visuospatial Memory Test–RevisedVisual learning

Matrix Reasoning TestNABd: MazesReasoning and problem solving

Balloon Analogue Risk TaskN/AfStrategic risk takinge

Multiple object trackingContinuous Performance Test–Identical PairsAttention

VocabularyNational Adult Reading Test–RevisedPremorbid IQg

aWeb-based tasks are shown in order of administration.
bBACS: Brief Assessment of Cognition in Schizophrenia.
cMSCEIT: Mayer–Salovey–Caruso Emotional Intelligence Test.
dNAB: Neuropsychological Assessment Battery.
eNo equivalent offline measure was included.
fN/A: not applicable.
gNo equivalent MCCB task; thus, the National Adult Reading Test was included for comparison.

Reference Battery
The MCCB was administered to participants as the reference
battery in part 1 of the study to validate the web-based battery.
The MCCB was created through the MATRICS initiative with
the explicit aim of developing a consensus cognitive battery
that could be used in schizophrenia research. The selection of
tasks for the MCCB was driven by expert panels; consultations
with scientists; evaluations of factor-analytic studies to identify
relevant domains; and assessments of the psychometric
properties, practicality, and tolerability of existing cognitive
tasks [41,42]. The final MCCB comprises 10 tasks assessing 7
domains of cognition. In addition to the MCCB, the National
Adult Reading Test (NART) was administered as a measure of
premorbid IQ [21]. The NART is a measure of vocabulary that
comprises 50 irregularly spelled words that the participant must
read aloud, and it was included as a reference test for the
web-based vocabulary test.

Clinical and Demographic Variables
In addition to the cognitive assessment, participants answered
questions about current diagnosis, medication, education,
occupation, and current mood. The 12-item self-report version
of the World Health Organization Disability Assessment
Schedule Version 2 (WHODAS 2.0) was included as a measure
of functioning [43]. The web-based questionnaire also included
the Hospital Anxiety and Depression Scale [44] and the Altman
Self-Rating Mania Scale [45]. Data on lifetime diagnosis, age
of onset, and hospital admissions were obtained from the parent
studies, CoMPaSS and NCMH (Multimedia Appendix 1).

Part 1: Validation Study

Participants
Participants with major depressive disorder (15/65, 23%),
bipolar disorder (type 1: 11/65, 17%; type 2: 5/65, 8%), or
schizophrenia (15/65, 23%), as well as healthy controls (19/65,
29%) were recruited for the validation study. We selected these
3 diagnostic groups based on extensive research establishing
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the characteristics of cognitive performance of participants with
each of these disorders using offline, traditional cognitive
testing. For this study, we decided upon a conservative definition
of depression that required a reported diagnosis and previous
treatment with at least one antidepressant medication. This
definition has been used in a study using self-reported measures
of depression in the UKB [46]. Informed consent was obtained
at both stages, in writing before administration of the MCCB
and on the web before completing the web-based cognitive
battery, and the participants were reimbursed for their
participation.

Study Design
The participants were asked to complete two cognitive batteries
on consecutive days: (1) the MCCB and the NART [21] and
(2) the web-based battery (Table 1). A trained researcher
administered the MCCB in a supervised setting on the first day,
and then the participants were asked to complete the web-based
battery unsupervised on the second day. The order of completion
was not counterbalanced for practical reasons. First, some
participants from the NCMH were recruited prospectively by
completing the MCCB with a researcher immediately after
completing the NCMH assessment; therefore, we could not
randomly assign the order of completion. Second, it would have
been difficult to ensure that the participants assigned to complete
the web-based part first did so before their appointment as they
were not supervised. The participants were asked to return a
feedback questionnaire on completion of the study. They rated
the overall web-based battery on enjoyment, duration, and
difficulty and rated the clarity of the given instructions and
information. They named the tasks that they liked the most and
the least. They were also asked to provide information on any
technical difficulties they experienced.

Data Analysis
All statistical analyses were conducted using R (version 3.3.0;
R Foundation for Statistical Computing). Convergent validity
was examined by conducting correlations between the MCCB
and web-based tasks that assessed equivalent cognitive domains
(Table 1). Correlations were conducted across the entire sample
and for cases only. Pearson correlations were used when task
performance was normally distributed, whereas Spearman
correlations were used for tasks that were not normally
distributed. A correlation matrix of all web-based tasks and the
MCCB-equivalent tasks was also generated. Partial correlations
were used to adjust for the time between completion of the
batteries, age, and g (excluding domain of interest). Finally,
correlation analyses were repeated after stratification by input
device type (keyboard or touchscreen). Although previous
studies do not appear to have corrected for multiple testing as
the correlation coefficients are more important for validation
[14-16], we calculated the corrected P values using the false
discovery rate method.

Part 2: Feasibility of Web-Based Cognitive Testing

Participants
Following completion of the validation study, participants from
the NCMH and CoMPaSS were sent invitation letters or emails
with instructions on how to participate in the study and their

unique website link. A reminder was sent to participants who
did not respond to our initial invitation. Response rates can be
found in Multimedia Appendix 1. The collected data were
combined with the validation data set. Participants were
excluded from the analyses if they reported a neurological
condition likely to affect cognitive function or if they did not
complete any of the cognitive tasks. Diagnostic groups with
>20 participants were included in the analyses. Healthy controls
were excluded from the analyses if they reported a history of
psychiatric diagnosis or medication or first-degree family history
of schizophrenia, bipolar disorder, autism, or intellectual
disability. Therefore, the final sample for analysis (N=887)
included 21.1% (187/887) of controls, 16.5% (146/887) of
participants with bipolar spectrum disorders, 4.8% (43/887) of
participants with schizophrenia, 29.4% (261/887) of participants
with unipolar depression, 7.6% (67/887) of participants with
anxiety disorders, 5.4% (48/887) of participants with
posttraumatic stress disorder, 2.4% (21/887) of participants with
an eating disorder, and 12.9% (114/887) of participants who
reported comorbid depression and anxiety disorders. The flow
diagram in Multimedia Appendix 1 shows a breakdown of the
number of participants excluded according to our criteria.

Data Analysis

Preparation of Cognitive Data

For each task, z scores were derived using the mean and SD of
the controls (187/887, 21.1%). General cognitive performance
g was derived using multidimensional scaling (MDS) for
participants who had completed at least five tasks, as we have
done in a previous study [47]. MDS is an analogous approach
to principal component analysis; however, an advantage of this
approach is that it can accommodate missing data [48,49].
General cognitive performance g was calculated as the first
dimension produced by the MDS analysis. Measures of g
derived from MDS and principal component analysis were
highly correlated (r=0.996). All statistical analyses were
conducted using R (version 3.3.0).

Sample Characteristics

We compared those who participated in part 2 of the web-based
study (n=1152) with those who were invited but did not take
part (nonresponders; n=5768) to assess whether there was
recruitment bias in the web-based sample. These comparisons
were conducted separately for cases and controls and were
further separated by original study (NCMH or CoMPaSS).
Logistic regressions were conducted with participation in the
study as the outcome and the following predictors: age; sex;
education; lifetime occupation; ethnicity; time since recruitment
into parent study; and, among cases only, diagnosis, age of
illness onset, and ever admitted to a psychiatric hospital.

Cognitive Performance and Functioning

We performed linear regressions with cognitive score as the
predictor, total score on the WHODAS 2.0 as the outcome, and
age and sex as covariates to test the association between
cognitive performance and functioning. We repeated this
regression by covarying for diagnosis. We ran separate linear
regressions for each cognitive task and g. P values were
corrected using the false discovery rate method.
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Comparing Cognition Between Diagnostic Groups

We compared cognitive performance between healthy controls
(187/887, 21.1%), major depressive disorder (295/887, 33.3%),
bipolar disorder (116/887, 13.1%), and schizophrenia (38/887,
4.3%) using analysis of covariance with age and sex as
covariates. Owing to the self-report nature of diagnoses in the
NCMH, more conservative inclusion criteria were used to define
depression, bipolar disorder, and schizophrenia in these analyses
by considering medication use (see Multimedia Appendix 1 for
details). Analyses of covariance were followed up with the
honestly significant difference test by Tukey for pairwise
comparisons. Hedge g effect sizes were calculated by dividing
the mean group difference by the pooled SD [50].

Statement of Ethical Approval
All participants in part 1 (validation study) provided written
informed consent. All participants in part 2 (web-based only)
were required to indicate their informed consent by selecting
yes in response to the statement “I agree to take part in this study
and know that I am free to leave the study at any point,” located
on the information page of the study website. All stages of the
web-based study titled Cognition in Mood, Psychosis and
Schizophrenia Study (CoMPaSS Web) received ethical approval
from the School of Medicine research ethics committee at
Cardiff University (reference number: 15/64). The NCMH

received a favorable ethical opinion from Wales research ethics
committee 2 (reference: 16/WA/0323). CoMPaSS received a
favorable ethical opinion from the South-East Wales research
ethics committee panel (reference: 07/WSE03/110). All
experiment protocols were conducted in accordance with the
ethical standards of the Cardiff University School of Medicine
research ethics committee and with the Declaration of Helsinki.

Data Availability
The data sets generated and analyzed during this study are
available at the Medical Research Council Centre for
Neuropsychiatric Genetics and Genomics Walters Group Data
Repository [51].

Results

Part 1: Validation Study

Data Completion and Sample Characteristics
Approximately 89% (58/65) of participants completed all the
web-based tasks, and the same number completed all the MCCB
tasks and NART (see Table 2 for individual domains). The
sample had a wide age range (22 to 78, mean 47, SD 14.8 years)
and a higher percentage of women (38/65, 58%) than men. More
than one-third of the sample had an undergraduate degree
(26/65, 40%; see Multimedia Appendix 1).

Table 2. Results of correlation analyses between web-based and offline tasks that assessed equivalent domains (N=65).

Device, rPartial correlationsa, rCases onlyCases and controlsParticipants,
n (%)

Domain

TouchscreenKeyboard
General cognitive
performance (g)AgeTimeP valuer (95% CI)P valuer (95% CI)

0.75b0.75b0.390.660.74<.0010.69 (0.50
to 0.82)

<.0010.73 (0.59
to 0.83)

65 (100)Speed of processing

0.240.48b0.190.360.42.020.40 (0.11
to 0.64)

.0020.41 (0.18
to 0.57)

63 (97)Verbal learningc

0.430.30.10.310.33.030.36 (0.07
to 0.59)

.010.34 (0.10
to 0.54)

64 (98)Working memory

−0.010.17−0.120.020.12.330.15 (−0.15
to 0.43)

.350.12 (−0.13
to 0.36)

63 (97)Visual learning

0.480.170.10.240.26.040.33 (0.04
to 0.56)

.0450.26 (0.01
to 0.47)

63 (97)Social cognition

0.540.55b0.260.410.53<.0010.55 (0.29
to 0.75)

<.0010.53 (0.33
to 0.70)

64 (98)Reasoning and prob-

lem solvingc

0.290.36b0.080.270.34.060.31 (−0.01
to 0.56)

.010.34 (0.09
to 0.55)

61 (94)Attention

0.66b0.65b0.590.640.64<.0010.60 (0.38
to 0.76)

<.0010.64 (0.44
to 0.78)

62 (95)Premorbid IQc

0.85b0.75bN/Ad0.720.78<.0010.79 (0.64
to 0.88)

<.0010.78 (0.66
to 0.86)

65 (100)General cognitive
performance (g)

aCorrelation coefficients after adjusting for time between completion of the 2 batteries in days, age, and g (cases and controls).
bCorrelations significant after correction for multiple testing.
cSpearman rank correlation ρ shown instead because of nonnormal distribution for these tests.
dN/A: not applicable.
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Convergent Validity
The results of correlations between tasks measuring equivalent
domains are shown in Table 2 (performance on the MCCB and
web-based battery can be found in Multimedia Appendix 1).
The measures of g derived from the MCCB and web-based
batteries were correlated (r=0.78). Scores from 88% (7/8) of
the web-based tasks were correlated with scores from the MCCB
equivalents (r=0.26-0.73). These results did not change when
the time between completion of the batteries was added as a
covariate, although correlation coefficients were attenuated after

adjustment for age and g. When analyses were restricted to cases
with a psychiatric diagnosis, scores from 75% (6/8) of the
web-based tasks were correlated with scores from the MCCB
equivalents (r=0.33-0.69). Similar correlations were observed
when analyses were stratified by input device type (keyboard
users: 47/65, 72%, r=0.17-0.75; touchscreen users: 17/65, 26%,
r=−0.01 to 0.75); however, fewer correlations were significant
because of reduced power. Scores on the Balloon Analogue
Risk Task (BART) showed low correlations with the MCCB
tasks (r=0.07-0.25; Figure 1).

Figure 1. Pearson correlations between web-based and Measurement and Treatment Research to Improve Cognition in Schizophrenia Consensus
Cognitive Battery (MCCB) tasks. Red squares indicate tasks assessing the same domain. Only tasks from the MCCB with an equivalent web-based task
are shown (the Trail Making Test-A, Animal Naming Test, and Wechsler Memory Scale-III: Spatial Span were excluded). BVMT-R: Brief Visuospatial
Memory Test–Revised; CPT-IP: Continuous Performance Test–Identical Pairs; HVLT-R: Hopkins Verbal Learning Test–Revised; MSCEIT-ME:
Mayer–Salovey–Caruso Emotional Intelligence Test–Managing Emotions; NAB: Neuropsychological Assessment Battery; NART: National Adult
Reading Test.

Tolerability
Feedback questionnaires were received from 63% (41/65) of
participants. Of those who responded, all participants agreed
that the instructions given at the start of the study were clear
and rated the clinical questionnaire positively. Overall, the
cognitive tasks were rated as enjoyable by 100% (41/41) of the
participants who responded and as being of reasonable duration
and difficulty by 95%. Approximately 3% (2/65) of participants
rated the duration and difficulty of the battery as poor. The most
popular task was multiple object tracking, and the least popular
was verbal paired associates. Of the 40 participants who
responded to the question, 34 (85%) reported that they would
be more likely to take part in future web-based studies after
taking part in this study, whereas 5 (13%) responded don’t know,

and 1 (3%) responded that they were less likely. Of the 40
participants, 6 (15%) reported technical difficulties and, of these
6 participants, 5 (83%) were able to complete all the tasks; thus,
this did not affect the availability of data for these participants.

Part 2: Feasibility of Web-Based Cognitive Testing

Sample Characteristics
We compared the demographic and clinical characteristics of
all participants recruited during part 2 of the study (n=1152)
and nonresponders (n=5768; see Table 3 for cases and Table 4
for controls) to evaluate whether recruitment bias was present
in the web-based sample. In CoMPaSS, web-based participants
were more highly educated than nonresponders (odds ratio [OR]
1.49, 95% CI 1.15-1.98; P=.004). Among NCMH cases, the
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significant predictors for web-based participation were diagnosis
of eating disorder (OR 2.17, 95% CI 1.17-4; P=.01), diagnosis
of comorbid depression and anxiety (OR 5.12, 95% CI
3.38-7.83; P<.001), absence of diagnosis of schizophrenia (OR
0.59, 95% CI 0.35-0.94; P=.03), older age (OR 1.01, 95% CI
1-1.02; P=.003), being female (OR 1.3, 95% CI 1.07-1.58;
P=.009), ethnicity other than White European (OR 0.66, 95%
CI 0.46-0.96; P=.03), younger age of onset (OR 0.99, 95% CI

0.98-0.99; P=.001), higher level of education (OR 1.19, 95%
CI 1.11-1.29; P<.001), and shorter time since recruitment into
the NCMH (OR 0.98, 95% CI 0.97-0.98; P<.001). Among the
controls, older age (OR 1.03, 95% CI 1.01-1.04; P<.001), higher
levels of education (OR 1.5, 95% CI 1.19-1.83; P<.001), and
shorter time since recruitment into the NCMH (OR 0.95, 95%
CI 0.93-0.96; P<.001) were associated with web-based
participation.

Table 3. Characteristics of participants and nonresponders (cases; N=5981)a.

CoMPaSSc casesNCMHb casesCharacteristic

P valueORd (95% CI)
Did not take
part (n=701)

Took part
(n=33)P valueORd (95% CI)

Did not take
part (n=4341)

Took part
(n=906)

.710.99 (0.96-1.03)52.19 (12.42)50.33 (12.63).0031.01 (1-1.02)47.45 (14.77)47.82 (14.6)Age (years), mean (SD)

.321.47 (0.68-3.17)283 (40.4)18 (54.5).0091.3 (1.07-1.58)2838 (65.4)668 (73.7)Women, n (%)

.110.25 (0.05-1.81).030.66 (0.46-0.96)Ethnicity, n (%)

670 (95.6)>28 (>84.8)4105 (94.6)853 (94.2)White European

14 (2)<5 (<10)236 (5.4)53 (5.8)Other ethnicities

.0041.49 (1.15-1.98)<.0011.19 (1.11-1.29)Highest qualification, n (%)

164 (23.4)<5 (<10)301 (6.9)29 (3.2)None

506 (72.2)>28 (>84.8)2918 (67.2)861 (95)Any qualifications

114 (16.3)8 (24.2)1098 (25.3)412 (45.5)Degree

.260.57 (0.2-1.47).691.04 (0.86-1.27)Lifetime occupation, n (%)

70 (10)5 (15.2)985 (22.7)344 (38)Professional

559 (79.7)28 (84.8)2167 (49.9)527 (58.2)Other occupations

53 (7.6)0 (0)84 (1.9)29 (3.2)Never worked

.820.86 (0.27-3.88)624 (89)28 (84.8).661.05 (0.85-1.3)1298 (29.9)238 (26.2)≥1 admission, n (%)

.991 (0.95-1.05)20 (11)19 (13.5).0010.99 (0.98-0.99)19 (16)17 (15)Age of onset (years),

median (IQR)e

.951 (0.98-1.02)110 (23.75)108.5 (23.25)<.0010.98 (0.97-0.98)48 (39)38 (33)Months since recruit-
ment into parent study,

median (IQR)e

aNot all cells add up to the total N because of missing data.
bNCMH: National Centre for Mental Health.
cCoMPaSS: Cognition in Mood, Psychosis, and Schizophrenia Study.
dOR: odds ratio.
eMedian and IQR are shown because of nonnormal distribution.
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Table 4. Characteristics of participants and nonresponders (controls; N=939)a.

NCMHb controlsCharacteristic

P valueORc (95% CI)Did not take part (n=726)Took part (n=213)

<.0011.03 (1.01-1.04)48.65 (17.69)54.58 (17.24)Age (years), mean (SD)

.970.99 (0.65-1.52)507 (69.8)139 (65.3)Women, n (%)

.721.19 (0.46-3.37)Ethnicity, n (%)

673 (92.7)205 (96.2)White European

53 (7.3)8 (3.8)Other ethnicities

<.0011.5 (1.19-1.83)Highest qualification, n (%)

7 (1)<5 (<2.3)None

302 (41.6)>200 (>93.9)Any qualifications

163 (22.5)134 (62.9)Degree

.150.71 (0.44-1.13)Lifetime occupation, n (%)

142 (19.6)103 (48.4)Professional

167 (23)99 (46.5)Other occupations

<5 (<1)6 (2.8)Never worked

<.0010.95 (0.93-0.96)28 (13)25 (10)Months since recruitment into parent

study, median (IQR)d

aNot all cells add up to the total N because of missing data.
bNCMH: National Centre for Mental Health.
cOR: odds ratio.
dMedian and IQR are shown because of nonnormal distribution.

Completion Rates
Of the 961 participants who met the inclusion criteria, 887
(92.3%) completed at least one web-based cognitive task, and
644 (67%) completed all the tasks in the web-based battery. A
breakdown of completion rates for each task and by diagnostic
group can be found in Multimedia Appendix 1.

Cognitive Performance and Functioning
Linear regression indicated that lower cognitive performance
(g) was associated with higher WHODAS 2.0 scores, indicating
poorer functioning (B=−1.76, SE 0.26; P<.001). This association
remained significant after covarying for diagnosis (B=−1.64,
SE 0.26; P<.001). Higher scores on all tasks were associated
with better functioning (Table 5).

Table 5. Association between cognitive performance and functioning (N=961).

P valueBa (SE)Participants, n (%)Variable

<.001−1.76 (0.26)561 (58.4)General cognitive performance (g)

<.001−1.64 (0.26)561 (58.4)General cognitive performance (g) after covarying for diagnosis

Individual tasks

<.001−3.08 (0.47)645 (67.1)Digit symbol coding

<.001−1.72 (0.50)557 (58)Verbal paired associates

<.001−2.03 (0.51)528 (54.9)Backward digit span

.008−1.73 (0.51)499 (51.9)Hartshorne visual working memory test

<.001−1.78 (0.53)565 (58.8)Morphed emotion identification

<.001−1.54 (0.43)489 (50.9)Matrix Reasoning Test

<.001−1.29 (0.39)487 (50.7)Balloon Analogue Risk Task

<.001−1.92 (0.43)459 (47.8)Multiple object tracking

.003−1.51 (0.51)470 (48.9)Vocabulary

aRegression coefficient.
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Comparing Cognition Between Diagnostic Groups
There was a significant main effect of diagnosis for g
(F3,511=21.89; P<.001). Participants with depression had a lower
performance than the controls (Hedges g=0.32; P=.01). The
bipolar disorder group had lower performance than the controls
(Hedges g=0.65; P<.001) and the depression group (Hedges
g=0.33; P=.03). Participants with schizophrenia had the lowest
performance relative to the controls (Hedges g=1.36; P<.001)
and had lower performance than participants with depression
(Hedges g=1.04; P<.001) and bipolar disorder (Hedges g=0.71;
P=.002). Domain-specific effect sizes for pairwise comparisons
are shown in Multimedia Appendix 1.

Discussion

Principal Findings
We developed a web-based cognitive battery for use in
psychiatric research. The battery was designed to test the
domains specified by the National Institute of Mental Health’s
MATRICS initiative. The aims of this study were to validate
the web-based battery against the MCCB and evaluate whether
web-based cognitive testing is suitable for research on
psychiatric disorders. Our principal findings for each part of
the study are outlined in the sections below.

Validation of the Web-Based Battery
We assessed convergent validity by conducting correlations
between tasks that measured equivalent domains. Approximately
88% (7/8) of web-based tasks were correlated with the MCCB
equivalent (r=0.26-0.73). This is comparable with the correlation
coefficients reported in the validation of the UKB tasks
(r=0.22-0.83) [16], web-based Cambridge Neuropsychological
Test Automated Battery (r=0.39-0.73) [14], Amsterdam
Cognition Scan (r=0.36-0.78) [15], and NutriCog Battery
(r=0.42-0.73) [52]. However, only digit symbol coding, matrix
reasoning, and vocabulary were most highly correlated with
their equivalent offline tasks, and even these tasks were
correlated with other MCCB tasks. The correlations between
equivalent domains were also attenuated and, in some domains,
close to 0 after correction for g. These findings suggest that at
least some of the correlations between the web-based tasks and
the MCCB were nonspecific and may reflect the tendency of
cognitive tasks to be at least moderately correlated with a large
proportion of the variance in performance accounted for by a
higher-order factor (g) [53]. Overall, the battery may be better
suited as a measure of general cognitive function g rather than
a measure of specific cognitive domains.

There are two key differences between the web-based battery
and the MCCB: (1) website versus offline administration and
(2) use of different tasks to measure the same domain. Both
differences are likely to affect the magnitude of the correlations
between the tasks. Examining the correlation for speed of
processing provides some insight into the extent to which the
correlations are affected by these differences as the speed of
processing domain was measured using offline and web-based
versions of the same task, digit symbol coding. These tasks
were the most highly correlated (r=0.73), suggesting that
differences in web-based and traditional administration may

not have had such a large impact on the magnitude of the
correlations as differences arising from different tasks being
used. This is consistent with the findings from the UKB and the
Amsterdam Cognition Scan, showing that tasks with differing
methodologies had lower correlations than those with similar
methodologies [15,16]. A further consideration is the delay
between administering the first and second batteries, as some
participants did not complete the web-based battery on the
second day as instructed. The correlations between the MCCB
and the web-based battery did not change after controlling for
the delay between the completion of the batteries, suggesting
that the delay had little influence on the relationship between
the tasks.

We observed the lowest nonspecific correlations between tasks
that used different methodologies. For example, the morphed
emotion identification task had a low correlation with the
measure of social cognition in the MCCB, the
Mayer–Salovey–Caruso Emotional Intelligence Test–Managing
Emotions (MSCEIT-ME; r=0.26), but higher correlations with
all other MCCB measures (r=0.33-0.56). Morphed emotion
identification and MSCEIT-ME are designed to tap different
aspects of social cognition. Morphed emotion identification is
designed to measure a participant’s ability to recognize
emotional facial expressions [22], whereas the MSCEIT-ME
was developed to measure emotion self-regulation [54]. We did
not select a formally equivalent web-based task for the
MSCEIT-ME for 2 reasons. First, although previous research
has identified impaired performance on the MSCEIT-ME in
participants with schizophrenia [19,55], studies have not
identified impairments in this task for participants with bipolar
disorder [19,56,57]. Therefore, we did not consider it a suitable
measure for this web-based battery, which was designed to
measure cognitive function in participants with a range of
psychiatric disorders. Second, in our experience of administering
the MSCEIT-ME to >1000 participants with psychosis, we
found that participants frequently required guidance and
explanations of the scenarios, which would not be practical for
a web-based, unsupervised measure. Studies have identified
impairments in emotion recognition in participants with bipolar
disorder [58,59], depression [60], autism [61], and posttraumatic
stress disorder [62]. Therefore, we considered this a more
suitable measure for cross-disorder research. However, we did
not find evidence of impairments in this task for participants
with depression or bipolar disorder in this study as effect sizes
were small (d=0.17 for depression; d=0.28 for bipolar disorder)
and nonsignificant (see Multimedia Appendix 1).

The Hartshorne visual working memory task was not correlated
with its selected equivalent in the MCCB, the Brief Visuospatial
Memory Test–Revised (BVMT-R). The BVMT-R is an
immediate visual recall task in which participants are presented
with shapes for 10 seconds and asked to draw these shapes from
memory [63]. Drawings are rated based on the accuracy of recall
and memory of the location of the shapes. It was not possible
to select a task that would entirely replicate the BVMT-R
because of the difficulties in automating the study administration
and scoring on the web and the possibility that participants may
cheat in an unsupervised setting by copying the shapes while
they are being displayed onscreen. Therefore, the Hartshorne
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visual working memory task was chosen as an alternative as
performance on this task also relies on short-term memory of
both shapes and locations. However, the Hartshorne visual
working memory task is more complex as, in addition to
memorizing shapes and locations, the participant must identify
whether a new target shape is the same or different from the
shape that previously occupied that position [23]. As such, the
task incorporates aspects of working memory and problem
solving. Our results suggest that these tasks are not comparable
and that the Hartshorne visual working memory task is not a
suitable alternative measure of immediate visual recall.

The BART was not correlated with any of the MCCB tasks.
This was not surprising, given that the BART is a behavioral
measure rather than a neurocognitive task, and the MCCB is
primarily made up of neurocognitive measures. Nevertheless,
the BART may be a useful measure of risk-taking behavior that
does not rely on self-report, as it has been shown to be correlated
with measures of sensation seeking, impulsivity, behavior
constraint, and actual risk-taking behaviors [24].

Feasibility of Web-Based Cognitive Testing
We demonstrated that web-based cognitive testing is an effective
method of collecting data from a large sample of participants
with psychiatric disorders. To date, we have obtained cognitive
data from >1000 participants diagnosed with a range of
psychiatric disorders. A key concern with web-based testing in
psychiatric research is whether the sample is representative,
particularly given evidence that there is a digital divide between
patients with psychiatric disorders and the wider UK population
[64]. Across all samples (CoMPaSS and NCMH cases and
controls), a higher level of education was associated with
web-based participation. This finding suggests that earlier
concerns about education bias in web-based samples may be
correct and is a clear limitation of web-based testing. This issue
is not exclusive to web-based cognitive testing, as similar
recruitment biases have been identified in mental health studies
using web-based questionnaires [17], and response rates to
research invitations have been shown to be positively associated
with educational attainment more generally [65]. The web-based
control group was older and had been recruited more recently
into the NCMH than nonresponders. Finally, participants with
psychiatric disorders recruited from the NCMH were older,
more likely to be female, less likely to be White European, and
had been recruited more recently than nonresponders. The OR
for age was close to 1, which does not support early
preconceptions that internet samples would be overrepresented
by younger people [11]. Our web-based sample was drawn from
2 existing clinical studies, and it should be noted that these
original studies also have recruitment bias, although there is
some evidence that the CoMPaSS sample is representative of
the wider population of patients with psychosis in Wales based
on the linkage of these data with routinely collected records
[66]. Nevertheless, we were unable to assess whether the
participants in our web-based study were representative of the
wider population of patients with psychiatric disorders.
However, our results do indicate that web-based samples may
have recruitment bias beyond that seen in traditional clinical
studies of psychiatric disorders.

In terms of clinical differences between participants and
nonresponders, we did not find evidence of differences in
hospital admissions. The difference in age of onset was
significant; however, the OR was close to 1, indicating that the
difference was very small. There were differences in the
proportion of diagnoses, as individuals with schizophrenia were
less likely to participate, and individuals with an eating disorder
or comorbid depression and anxiety were more likely to
participate. The response rates for individuals with other
psychotic disorders were also low. These response rates may
reflect the severity of illness. We did not find differences in
hospital admissions as a binary measure but were unable to
examine the number of admissions, length of hospitalizations,
or whether admissions were under the Mental Health Act (as
data were only available for a small proportion of the sample),
which would have provided more detailed information on the
severity of illness. Although this is another limitation of
web-based testing in a mental health sample, an advantage of
web-based testing is that the tests can be administered anywhere
with internet access, supervised or unsupervised. Sample
representativeness may be improved by providing opportunities
for participants to take part in a supervised setting, such as a
psychiatric clinic or research facility, if they lack the skills or
resources to access the internet unsupervised. A combination
of approaches (supervised and unsupervised and clinical or
home settings) may reduce the financial and logistical burden
of assessing cognitive function in large cohorts associated with
traditional studies while limiting the recruitment bias associated
with purely web-based studies. Studies using web-based
methods for data collection should consider providing additional
support to individuals with more severe mental illnesses, such
as psychosis.

The completion rates give an indication of the tolerability of
the cognitive battery. Of the 961 eligible participants who
consented to the study, 887 (92.3%) completed at least one task,
which is similar to the 87% reported by another web-based
cognitive study [67]. Most participants completed all 9 tasks in
the cognitive battery (644/961, 67% of eligible participants or
644/887, 72.6% of participants who started the tasks). This
figure is comparable with the completion rates reported by the
Twins Early Development Study for their web-based battery of
8 tasks (65%), although the study assessed children [9]. This
figure is lower than those reported in face-to-face cognitive
studies of participants with psychiatric disorders [68,69]. A
lower completion rate was expected, given that the participants
were unsupervised and would not have the support of a
researcher to complete the study. However, this should be
considered a potential limitation of web-based testing in
psychiatric research, and more work is needed to understand
who is likely to drop out; the reasons for dropout; and whether
any measures can be taken to mitigate dropout; for example,
by reducing the overall length of the battery. Overall, the
completion rates were adequate, suggesting that the tasks were
well-tolerated by most participants. All participants who did
not complete the tasks were followed up by email or phone, and
technical issues were recorded and resolved where possible.
The number of technical issues reported by participants was
small (part 1: 6 issues reported; part 2: 9 issues reported). In
total, 19 participants reported technical problems, of which 13
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(68%) were able to complete the battery (part 1: 6, 32% reported
[9% of validation sample] and 5, 26% completed; part 2: 13,
68% reported [1.5% of sample] and 8, 42% completed).

Lower cognitive performance was associated with poorer
functioning. These results suggest that performance on the
battery is an important indicator of overall functioning. The
results are consistent with a prospective study that reported an
association between cognitive performance and WHODAS 2.0
scores in a cross-disorder sample of participants with depression,
bipolar disorder, and psychosis [70]. In this study, performance
on digit symbol coding and backward digit span was most
strongly associated with scores on the WHODAS 2.0. Both digit
symbol coding and backward digit span have short
administration times and thus may be particularly suited for
brief assessments of cognition in a clinical setting. It should be
noted that this study was cross-sectional; thus, it was not
possible to examine whether changes in performance on the
battery were associated with changes in functioning.

We compared cognitive performance in participants with major
depressive disorder, bipolar disorder, and schizophrenia as these
groups have been extensively assessed for research using
traditional cognitive assessments. Our results demonstrated a
pattern of decreasing cognitive scores from major depressive
disorder to bipolar disorder to schizophrenia and are consistent
with studies showing lower performance in schizophrenia
compared with major depressive disorder and bipolar disorder
[70,71]. This suggests that the performance of the battery can
be used to discriminate cases and controls. However, this pattern
was not consistent in the analyses of individual domains. Effect
sizes for the depression group across domains (Hedges
g=0.07-0.39) were also lower than those reported by previous
meta-analyses (effect sizes ranged from 0.32 to 0.97 across
domains [3,72,73]), which may be explained by recruitment
bias or the self-report nature of the NCMH diagnoses.

Limitations
In addition to the limitations discussed above, several further
limitations should be noted. Test–retest reliability of the
web-based battery was not assessed in this study. In assessing
validity, the correlation between a new task and the gold
standard task cannot exceed √(reliability of reference
task×reliability of new task) [10]. Therefore, the upper limits
of the correlations between tasks were unknown. This is helpful
for interpretation but does not change the magnitude or
significance of the correlations. The order of completion of the
batteries was not counterbalanced in the validation study for
practical reasons, which may mean that performance on the
web-based battery was subject to practice effects, particularly
those tasks with similar methodologies. However, we would
expect practice effects to be minimal as most web-based and
MCCB tasks used different methodologies, and none of the
tasks used the same stimuli. In the NCMH sample, diagnosis
was based on self-report rather than structured interviews, which
may result in incomplete or inaccurate diagnoses. However,
participants were asked to report diagnoses that they had been
given by a health professional, which is consistent with the
approach taken by other large studies with self-report measures

of diagnosis, such as the UKB [25,26]. There was a smaller
schizophrenia group because of a lower response rate from
participants with this disorder. A further limitation of web-based
testing is the unsupervised environment in which the data are
collected, which makes it difficult to minimize distractions or
cheating. A study by Germine et al [12] using the same platform
(TestMyBrain) found low levels of self-reported cheating, and
their data were not consistent with widespread cheating. We
selected tasks that would minimize the possibility of cheating
where possible and also instructed participants to complete the
tasks in a quiet environment. In addition, most participants
completed both batteries at home to minimize the differences
in the test settings.

Conclusions
The web-based battery has several strengths, including the use
of tasks taken from published research, domains selected based
on the MATRICS initiative, and compatibility with a range of
devices, including touchscreen devices. The availability of
demographic and clinical data on individuals who did not
participate in the study was a unique strength that allowed us
to assess potential recruitment bias.

In conclusion, we developed a new web-based cognitive battery
and used it to collect data from a large sample of participants
with a range of psychiatric disorders. There was some evidence
of recruitment bias, and the levels of impairment found in the
depression group were less severe than those reported by
traditional face-to-face studies. However, the battery provided
a reliable measure of g, completion rates were adequate, our
findings were consistent with studies using traditional
assessments, and feedback from participants was positive. Our
findings offer valuable insights into the advantages and
disadvantages of testing cognitive function remotely for mental
health research, which is particularly important given the
increasing number of psychiatric studies using digital methods
of assessment. In the next stage of development, we intend to
use these findings to reduce the size of the battery to a briefer
version removing tasks with low correlations, rated poorly by
participants, or those presenting technical issues. Given that the
correlations between some web-based tasks and the MCCB
were nonspecific, the battery will include the tasks that were
best suited for measuring their domain and providing a measure
of g. We will also redesign the battery with a user-friendly
interface with input from patient representative groups.

Cognitive impairments are one of the causes of long-term
disability among patients with psychiatric disorders, particularly
schizophrenia [7,8]. In the United Kingdom, assessment of
cognitive skills has been recommended in clinical settings for
patients with psychosis [74]. However, there are barriers
associated with accessing appropriate cognitive assessments,
such as cost, licensing, and the lack of available assessments
that provide clinically meaningful feedback on performance
[75]. It has been suggested that web-based tools may be a
cost-effective solution [75]. Our results indicate that this
assessment is suitable for detecting impairments in individuals
with schizophrenia. Therefore, it is our intention to explore the
potential clinical utility of the battery in future work.
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Abstract

Background: Tinnitus is a symptom that can be very distressing owing to hearing sounds not related to any external sound
source. Managing tinnitus is notoriously difficult, and access to evidence-based care is limited. Cognitive behavioral therapy
(CBT) is a tinnitus management strategy with the most evidence of effectiveness but is rarely offered to those distressed by
tinnitus. The provision of internet-based CBT for tinnitus overcomes accessibility barriers; however, it is not currently readily
available in the United States.

Objective: The aim of this study is to investigate the efficacy of internet-based CBT compared with that of weekly monitoring
for the management of tinnitus in reducing tinnitus distress; reducing tinnitus-related comorbidities, including tinnitus cognitions,
insomnia, anxiety, and depression; and assessing the stability of the intervention effects 2 months after the intervention.

Methods: A 2-arm randomized clinical trial comparing audiologist-guided internet-based CBT (n=79) to a weekly monitoring
group (n=79) with a 2-month follow-up assessed the efficacy of internet-based CBT. Eligible participants included adults seeking
help for tinnitus. Recruitment was conducted on the web using an open-access website. Participants were randomized via 1:1
allocation, but blinding was not possible. The study was undertaken by English or Spanish speakers on the web. The primary
outcome was a change in tinnitus distress as measured using the Tinnitus Functional Index. Secondary outcome measures included
anxiety, depression, insomnia, tinnitus cognition, hearing-related difficulties, and quality of life.

Results: Internet-based CBT led to a greater reduction in tinnitus distress (mean 36.57, SD 22) compared with that in weekly
monitoring (mean 46.31, SD 20.63; effect size: Cohen d=0.46, 95% CI 0.14-0.77) using an intention-to-treat analysis. For the
secondary outcomes, there was a greater reduction in negative tinnitus cognition and insomnia. The results remained stable over
the 2-month follow-up period. No important adverse events were observed. Further, 16% (10/158) of participants withdrew, with
low overall compliance rates for questionnaire completion of 72.3% (107/148) at T1, 61% (91/148) at T2, and 42% (62/148) at
T3.

J Med Internet Res 2022 | vol. 24 | iss. 2 | e27584 | p.497https://www.jmir.org/2022/2/e27584
(page number not for citation purposes)

W Beukes et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:eldre.beukes@aru.co.uk
http://www.w3.org/Style/XSL
http://www.renderx.com/


Conclusions: This study is the first to evaluate and indicate the efficacy of audiologist-delivered internet-based CBT in reducing
tinnitus distress in a US population. It was also the first study to offer internet-based CBT in Spanish to accommodate the large
Hispanic population in the United States. The results have been encouraging, and further work is indicated in view of making
such an intervention applicable to a wider population. Further work is required to improve compliance and attract more Spanish
speakers.

Trial Registration: ClinicalTrials.gov NCT04004260; https://clinicaltrials.gov/ct2/show/NCT04004260

(J Med Internet Res 2022;24(2):e27584)   doi:10.2196/27584

KEYWORDS
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Introduction

Background
Tinnitus is a condition characterized by the perception of sound
in the absence of an external stimulus. It is highly prevalent,
with at least 10% of Americans experiencing some form of
tinnitus, of which a proportion have chronic burdensome or
debilitating tinnitus [1]. Bothersome tinnitus causes various
functional impairments in sleep, concentration, cognitive
performance, and thought processing [2,3]. It is also associated
with an increased risk of psychological difficulties, such as
anxiety, depression, and reduced quality of life [4,5]. This may
result in participant restrictions and activity limitations [6,7].
Owing to the negative impact of tinnitus, those distressed by
their tinnitus require interventions to help them cope with the
condition.

Managing tinnitus is notoriously challenging because it is often
not a curable medical cause [8]. When comorbid problems such
as hearing loss accompany tinnitus, hearing aids and sound
therapy may reduce the severity of tinnitus [8]. Although these
interventions may reduce tinnitus perception, they do not always
alter negative reactions to tinnitus. Psychological interventions
that change reactions to tinnitus have effectively helped reduce
tinnitus distress [9]. The intervention with the strongest research
evidence according to the American Academy of
Otolaryngology–Head and Neck Surgery tinnitus practice
guidelines [10-12] and several systematic reviews [9,13] is
cognitive behavioral therapy (CBT) for tinnitus. CBT is a
psychological intervention that addresses unhelpful thought
patterns and emotional reactions caused by tinnitus [14]. Despite
the evidence base, accessibility to CBT for tinnitus is limited
owing to a dearth of health care providers with the knowledge
and expertise to provide CBT to this population [15,16].

Previous Work
To overcome this barrier, an internet-based CBT for tinnitus
[17] has been developed. This intervention was originally
developed in Swedish [18] and was later translated into German
[19] and English [20] and was provided with psychological
guidance. To further increase accessibility, internet-based CBT
for tinnitus has been adapted to be delivered by audiologists
[21] with some training to handle the CBT elements without
compromising outcomes [22-27]. The efficacy of internet-based
CBT has been indicated in 9 clinical trials across mainland
Europe and the United Kingdom (for a review, see the study by

Beukes et al [28]). However, no clinical trials determined the
effects of internet-based CBT in the United States. An
evidence-based, standardized approach, such as internet-based
CBT, is desirable, as tinnitus provision varies substantially
across clinics and providers [16].

Study Rationale
To address this need, internet-based CBT was adapted for the
US population to improve cultural and linguistic suitability [29].
It was further translated into Spanish to serve the large
Spanish-speaking population in the United States, and
functionality and acceptability testing was undertaken [30].
Internet-based CBT for tinnitus in the United States was
evaluated within a clinical trial framework to evaluate complex
interventions [31]. A small (N=28) phase I trial was undertaken
in the United States [32], indicating feasibility. However, a
larger randomized controlled trial (RCT) is needed to determine
its efficacy in the US population. Efficacy cannot be assumed
owing to many differences in health care provision in the United
States and Europe. In the United States, tinnitus interventions
include Tinnitus Retraining Therapy [33] and Progressive
Tinnitus Management [34] with limited provision of CBT for
tinnitus. It is also not known if a psychological approach will
be acceptable because of the large emphasis of most tinnitus
management programs on sound therapy and the fitting of
devices [35]. The fee structure for health care in the United
States is also very different to largely free of charge health care
in the United Kingdom, as it is generally paid out of pocket,
and clinicians have great difficulty receiving payment for
nondiagnostic appointments such as tinnitus counseling. Before
the COVID-19 pandemic, health care was also generally
provided face to face. Hence, the uptake for a remote
intervention is uncertain but has now become a more urgent
matter. These factors may be potential barriers to or facilitators
of internet-based CBT in the United States.

This RCT aims to explore the effects of internet-based CBT in
the United States with the following:

1. To evaluate the efficacy of audiologist-delivered
internet-based CBT in reducing tinnitus distress compared
with that in weekly monitoring of tinnitus.

2. To ascertain the efficacy of internet-based CBT in reducing
comorbidities associated with tinnitus.

3. To assess the stability of internet-based CBT intervention
effects 2 months after the intervention.
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The hypothesis was that patients with tinnitus would experience
greater reduction of tinnitus distress and comorbidities after
receiving internet-based CBT compared with patients receiving
weekly monitoring.

Methods

Trial Design

Overview
A prospective 2-arm delayed intervention efficacy trial with a
2-month follow-up was conducted. As an efficacy trial, an active
comparator was not included. Participants were randomized
with a 1:1 allocation ratio to the experimental group to receive

the internet-based CBT intervention for 8 weeks or the control
group whose participants were monitored weekly during the
8-week period. During the first phase, the experimental group
completed the intervention. Following the experimental group
completing the interventions, both groups completed the same
outcome measure (T1, post intervention). During the second
phase, the control group underwent the same internet-based
CBT intervention, after which both groups were invited to
complete the T2 outcomes, which were completed after the
control group finished the intervention and 2-months
postintervention for the experimental group (T2). This study
design, therefore, provided the opportunity to evaluate the
intervention effects in 2 independent groups at 3 time points as
shown in Figure 1.

Figure 1. The CONSORT (Consolidated Standards of Reporting Trials) flow diagram. ICBT: internet-based cognitive behavioral therapy.
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Ethics and Preregistration
This RCT and protocol were preregistered at ClinicalTrials.gov
(trial number: NCT04004260) on July 2, 2019. Ethical approval
was obtained from the Institutional Review Board at Lamar
University, Beaumont, Texas, United States (IRB-FY17-209).
The study was conducted and reported according to the
CONSORT-EHEALTH (Consolidated Standards of Reporting
Trials of Electronic and Mobile Health Applications and Online
Telehealth) guidelines [36] (Multimedia Appendix 1). An

independent data-monitoring committee monitored the trial.
There were no changes in the methods or trial outcomes used
after the trial commenced. The participants were closely
monitored for any harm. No harm or unintended effects have
been reported.

Participants
The study was undertaken on the web and no clinical visits were
required. The study eligibility criteria are presented in Textbox
1.

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Adults, aged ≥18 years, living in Texas, United States

• The ability to read and type in English or Spanish

• Having access to a computer and the internet and able to email

• Experiencing tinnitus for a minimum period of 3 months

• A tinnitus severity score of ≥25 on the Tinnitus Functional Index indicates the need for an intervention

Exclusion criteria

• Indications of significant depression (≥15) on the Patient Health Questionnaire-9

• Indications of self-harm thoughts or intent, answer affirming question 10 of the Patient Health Questionnaire-9

• Reporting any medical or psychiatric conditions that could interfere with the treatment

• Reporting pulsatile, objective, or unilateral tinnitus, which has not been investigated medically or tinnitus still under medical investigation

• Undergoing any tinnitus therapy concurrent with participation in this study

Eligibility was determined by a 2-stage process as follows:

1. A web-based screening questionnaire, which included
demographic information, health- and mental health–related
questions, and standardized outcome measures are shown
in Table 1.

2. A telephone interview during which the researcher
rechecked eligibility and provided the opportunity for
potential participants to ask any questions related to the
study. The study procedures were explained, and

motivational interviewing was conducted to encourage
participants to commit and engage in the intervention.

3. Participants who did not meet the inclusion criteria were
participants with a score of ≥15 on the Patient Health
Questionnaire-9 or indicated self-harm on question 10
received a phone consultation from a clinical psychologist
on the research team. This call ensured that they were under
care elsewhere, or necessary resources or referrals were
provided.
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Table 1. Study outcome measures used before and after the intervention and at the 2-month follow-up period.

Time frame measuredLevels of significanceScores (range)Internal consistencyOutcome measuresDimension

Primary outcome measure

T0a, T1b, T2c, and T3d

(control only)

>25 indicates a mild
condition (no need for
an intervention), 26-50

0-100; a reduction in
scores indicates im-
provement

0.97Tinnitus Functional Index:
42

Tinnitus distress

indicates a significant
condition (possible
need for an interven-
tion), and ≥50 indicates
a severe condition
(need for a more intense
intervention)

Secondary outcome measures

T0, T1, T2, and T3
(control only)

0-4 indicates minimal
anxiety, 5-9 indicates
mild anxiety, 10-14 in-

0-21; a reduction in
scores indicates im-
provement

0.89Generalized Anxiety Disor-
der-7: 44

Generalized anxi-
ety

dicates moderate anxi-
ety, and 5-21 indicates
severe anxiety

T0, T1, T2, and T3
(control only)

5-9 indicates mild de-
pression, 10-14 indi-
cates moderate depres-

0-27; a reduction in
scores indicates im-
provement

0.83Patient Health Question-
naire-9: 45

Depression

sion, 15-19 indicates
moderately severe de-
pression, and 18-20 in-
dicates severe depres-
sion

T0, T1, T2, and T3
(control only)

0-28; a reduction in
scores indicates im-
provement

0.74Insomnia Severity Index:
46

Insomnia

T0, T1, T2, and T3
(control only)

Higher scores indicate
a greater tendency to
engage in negative cog-

0-104; a reduction in
scores indicates im-
provement

0.91Tinnitus Cognitions Ques-
tionnaire: 47

Tinnitus cognitions

nitions in response to
tinnitus

T0, T1, T2, and T3
(control only)

Measures 5 dimensions:
mobility, self-care, usu-
al activities, pain, dis-

0-15; a reduction in
scores indicates im-
provement

0.7-0.85EQ-5D-5Le: 48Health-related
quality of life

comfort, anxiety and
depression

T0, T1, T2, and T3
(control only)

Visual analog scale for
overall health

0-100; higher scores
indicate improved
health

0.7-0.85EQ-5D-5L visual analog
scale: 48

Health-related
quality of life

T0, T1, T2, and T3
(control only)

—fSubscale for tinni-
tus: 0-16; subscale
for hearing: 0-16;

0.86-0.94Tinnitus and Hearing Sur-
vey: 49

Short measure for
tinnitus, hearing
disability, and hy-
peracusis subscale for sound

tolerance: 0-8

Weekly monitoring

Weekly, while undertak-
ing the 8-week interven-
tion

>6 indicates tinnitus
handicap

0-40; a reduction in
scores indicates im-
provement

0.93Tinnitus Handicap Invento-
ry–Screening [37]

Screening of tinni-
tus severity
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Time frame measuredLevels of significanceScores (range)Internal consistencyOutcome measuresDimension

Weekly, while undertak-
ing the 8-week interven-
tion

Designed to determine
whether tinnitus quali-
ties such as loudness,
pitch, the number of
tones heard, and so
forth improves while
undertaking an interven-
tion. Higher scores indi-
cate that more bother-
some aspects of tinnitus
are present.

0-100; a reduction in
scores indicates im-
provement

Not assessedTinnitus Qualities Ques-
tionnaire [21]

Tinnitus perception

aT0: before intervention.
bT1: 8 weeks after the experimental group started the intervention (before the control group started the intervention).
cT2: 8 weeks after the control group completed the intervention (2 months after the experimental group completed the intervention).
dT3: 2 months after the control group completed the intervention.
eEQ-5D-5L: European Quality of Life Five Dimension.
fHigher scores indicate more problematic tinnitus, hearing disability, and hyperacusis.

Recruitment Strategy
In line with the US government’s health promotion initiative
to make health care linguistically and culturally accessible [38],
all the study materials were available in both English and
Spanish and were also written at or below the sixth-grade
English reading level [29,39]. The participants were mostly
recruited from the general public using a range of strategies
including a television broadcast, promoting the study via tinnitus
support groups in Texas and the American Tinnitus Association,
and contracting the company TrialFacts to boost recruitment.
Further recruitment strategies included the use of social media
(eg, Facebook and Twitter), flyers, and posters, which were
distributed to local communities and put up in clinic waiting
rooms. Professionals such as audiologists and otolaryngologists
in Texas were also notified about the study and provided with
leaflets to distribute to suitable patients. Recruitment was
conducted on the web from an open access website between
February 17, 2020, and March 30, 2020. Those interested were
directed to the study website, which had detailed information
about the study and the study team and registered their interest
in study participation. Informed consent was provided on the
web, confirming the understanding of how data would be used,
to be randomized, the length of the trial, the commitment
expected, and being contacted for follow-up data collection.
Following registration, they were invited to complete the
web-based screening, demographic, and outcome questionnaire.
They were informed of their right to withdraw without penalty
at any stage of the process.

Sample Size, Power, and Attrition
Sample size estimation was calculated using G*Power (version
3.1.6) [40] and based on achieving a 13-point clinically
meaningful change between the baseline and postintervention
measurements using the primary assessment measure, the
Tinnitus Functional Index (TFI). Pilot data [32] indicated 26
participants per group with a 1:1 allocation to achieve 80%
power to detect a between-group mean standardized difference
effect size of Cohen d=0.50 (a moderate effect size). As this
was fewer than the 58 participants suggested using data from
an internet-based CBT RCT from the United Kingdom [23],

we selected 58 participants per group. In addition, the sample
size was inflated to account for missing data, estimated to be
20% of the US phase I trial data [32]. Thus, 146 participants
were recruited, with 73 in each arm (calculated as 58/0.8).

Randomization
Participants meeting the inclusion criteria were randomly
assigned in a 1:1 ratio and enrolled in either the experimental
or control group using a computer-generated randomization
schedule by an independent research assistant in blocks of
varying sizes after participants were prestratified for language
(English and Spanish). Participants and investigators could not
be blinded to the group allocation owing to the nature of the
intervention. Participants were informed immediately after
randomization when the intervention commenced by the
principal investigator, but not explicitly to which group they
were assigned.

Patient-Public Partnership
A patient-public partnership was established to include 2
individuals with tinnitus who had piloted the internet-based
CBT intervention, 2 audiologists, and 2 researchers. The
meetings were held via videoconferencing. The aim of the
patient-public partnership was to guide the study processes and
provide inputs to the research strategy to boost recruitment and
other elements of the study to ensure high compliance and
engagement

Intervention
The internet-based CBT intervention content was based on a
CBT self-help program originally developed in Swedish [18]
and later adapted and translated into English [20]. The
intervention was subsequently transformed into an 8-week
interactive e-learning version suitable for the UK population
[41] and then adapted linguistically and culturally to ensure
suitability for the US population [29]. These adaptions
prioritized accessibility of the intervention, such as lowering
the readability to below the recommended sixth-grade level, as
more than half of the US adult population has low literacy skills
[42]. The intervention was augmented by a mindfulness module
and more videos. The internet-based CBT platform (version 1)
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in the US application consisted of 22 modules with worksheets
and quizzes (see [21,29] for more details). Participants required
an internet connection to access the materials and email
correspondence regarding the intervention.

The intervention platform was transferred from Sweden and
housed in the United States (Lamar University) to comply with
the required US data protection regulations. Before this
feasibility trial, the acceptability and functionality of this
intervention for the US population were first ensured [30].

Both groups received the same intervention, and only the timing
of receiving the intervention varied. The control group received
the experimental intervention 8 weeks after the experimental
group commenced the program. The intervention was 8 weeks
long. Participants were asked to read the modules weekly and
ideally spent 10 minutes each day practicing the suggested
strategies.

Audiology Guidance
Guidance was provided to support the participants while
undertaking the intervention. This included monitoring progress,
monitoring weekly scores, providing feedback on worksheets
completed, outlining the content of new modules, and answering
questions. Participants who did not engage were contacted to
support their participation and to discuss possible barriers. An
encrypted 2-way messaging system was used to communicate
with a minimum guidance time of 10 minutes per participant.
Although psychologists have traditionally provided CBT
interventions, audiologists generally deliver tinnitus
management [16]. Thus, audiologists provided guidance to
participants in a manner consistent with previous English trials
[22-24] using this intervention to ensure standardization of the
intervention approach. Support to the Spanish participants was
provided by a Doctor of Audiology student with clinical
experience whose first language was Spanish, using a handbook
that was developed by the lead English-speaking audiologist.

Outcome Measures

Primary Outcome Measure
The primary outcome measure was tinnitus severity as measured
by the TFI [43]. A meaningful change was defined to occur
when scores were reduced by ≥13 points [43]. The TFI has been
translated into >15 languages and has been validated for several
populations, including the Chinese, Dutch, Swedish, and German
[44]. It was selected over other tinnitus questionnaires as it was
specifically developed to measure tinnitus severity and assess
responsiveness to treatment and for comparison with previous
trials [22-25].

Secondary Outcome Measures
Secondary outcome measures assessed anxiety [45], depression
[46], insomnia [47], tinnitus cognitions [48], general
health-related quality of life [49], and a short measure of
hearing-related difficulties [50] as shown in Table 1. All
questionnaires were used with the required permissions, and
agreements were set up for those that were not freely available
to use. For Spanish speakers, validated Spanish-translated
versions were used. Where these were unavailable, validated
translations were undertaken [39].

Weekly Monitoring of Tinnitus During the Active
Intervention Period
Throughout the program, tinnitus in participants was monitored
weekly using the Tinnitus Handicap Inventory–Screening
(THI-S) version. The THI-S consists of a 10-item questionnaire,
and scores are comparable (r=0.90) with the full version of the
Tinnitus Handicap Inventory (THI) [37]. Weekly scores were
also used to detect possible adverse effects. If scores increased
by more than 10 points between 2 consecutive weeks, this was
noted as an adverse effect. Those indicating adverse effects
were contacted to address the identified problems. Participants
were also monitored using a newly developed Tinnitus Qualities
Questionnaire (TQQ) [21]. The TQQ measures tinnitus qualities
such as pitch, loudness, and the number of tones heard. The
TQQ scores can range from 0 to 100, with higher scores
indicating more problematic tinnitus.

Intervention Variables
Intervention compliance was assessed by determining the
retention rates and compliance in completing the outcome
questionnaires. Intervention engagement was assessed by the
number of log-ins, the number of modules read, and the number
of messages sent during the intervention. Adverse effects were
monitored by (1) direct questioning in the outcome questionnaire
regarding the presence of adverse effects, (2) adverse effects
written in messages or worksheets, and (3) an increase of 10
points or more during weekly monitoring using the THI-S
questionnaire.

Questionnaire Administration
Web-based questionnaires were used throughout the study for
both groups. Although not all measures were validated for
web-based use, the results were to be comparable, as equivalent
psychometric properties have been reported [51]. All the
measures were completed at baseline (T0), T1 (after the
intervention for experimental group), T2 (after the intervention
for the control group) and at the 2-month follow-up for the
experimental group). To measure the control group 2 months
after the intervention, participants from the control group
completed further outcome measures at T3 (adjusted). For data
analysis, the T3 results for the control group and those at T2
for the experimental group were compared to assess the
invention effect at the same experimental time point for both
groups (ie, 2 months after the intervention). To maximize
retention, 3 electronic reminders were sent to participants who
had not completed questionnaires on 3 consecutive days after
the release of the questionnaire. A further reminder was sent
via email and text messages. If questionnaires were not
completed, participants were telephoned to encourage
completion of the questionnaire. Participants were also
telephoned after completing the intervention to discuss the
progress they had made and share their questionnaire results.

Statistical Analysis Plan
Statistical analyses were performed using the SPSS (version
26.0). All statistical tests were 2-tailed with an α set to .05. To
account for missing data from participants not completing the
postintervention or follow-up intervention analysis, an
imputation analysis was undertaken. As the data were missing

J Med Internet Res 2022 | vol. 24 | iss. 2 | e27584 | p.503https://www.jmir.org/2022/2/e27584
(page number not for citation purposes)

W Beukes et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


at random, missing data were handled through multiple
imputation using the Markov Chain Monte Carlo approach
owing to its ability to reduce bias even when the proportion of
missing data was large [52,53]. For comparison, a complete
case analysis was also performed by analyzing only the
completed questionnaire data without imputing missing data.
As there were substantial differences, statistical analysis using
the imputed data is reported in the results section as a more
accurate unbiased account of the findings.

The primary study outcome was a change in the TFI score
among the groups at after the intervention (T1). A difference
in scores between T1 and T2 for the experimental group was
used to assess the stability of the intervention effects. Effect
sizes, linear mixed effects models, and a reliable change index
were used to assess the primary and secondary outcomes.
Changes in baseline to postintervention scores were compared
within and among the groups using the pre- and posttest effect
sizes (Cohen d) for all primary and secondary outcomes using
the observed data. Effect sizes of Cohen d=0.20 represent small
effect sizes, those of Cohen d=0.50 represent medium effect
sizes, and those Cohen d≥0.80 represent large effect sizes [54].

A linear mixed model, which provided unbiased results in the
presence of missing data (using all available data), was applied
to analyze the intervention effect over time for each outcome
measure. An unstructured repeated effects and identify-random
effects covariance structure provided the best model fit based
on the Akaike Information Criterion. Time was treated as a
repeated and fixed effect. A restricted maximum-likelihood
estimation was applied. The Type III F test sums of squares
from the linear mixed model were calculated. As a sensitivity
analysis, baseline tinnitus severity was initially added as a
covariate, but as it had no significant effect on the results, it
was removed from the model.

Another model was run to test the differences during the course
of the 8-week intervention for weekly tinnitus outcome
measures. Posthoc time comparisons were carried out in the
case of significant group differences to assess at which time
points these differences occurred. In addition to statistical
significance, clinical significance has also been reported. A
13-point difference is recommended by the original developers

of the TFI [43] to indicate a meaningful change in scores. To
handle study variability, the reliable change index [55] is
recommended as a means of calculating clinical significance
for the TFI as the primary outcome. This was calculated using
the mean pretest–posttest score difference, the pretreatment SD
(17.49), and a test–retest reliability coefficient of 0.78 as
reported in the validation study.

Sample Characteristics
Descriptive statistics including gender, age, ethnicity, race,
tinnitus duration, hearing aid use, professional consultations,
ease of computer use, veteran status, education, and employment
status were used to describe the sample. The means and SDs
were reported for each outcome measure at each time point.
Descriptive statistics, including the number of log-ins and
modules read, were also used to describe the sample and
intervention engagement. A chi-square test of independence
was used to identify group differences in engagement and
compliance rates.

Results

Participant Characteristics
A total of 158 (50.2%) adults of the 315 participants screened
met the eligibility criteria and were randomly assigned to the
experimental (n=79) and control groups (n=79) as shown in
Figure 1. In all, 8 (5.1%; 4 in each group) of the 158 participants
were Spanish speakers who completed the Spanish version of
the internet-based CBT program. Of the total sample (N=158),
80 participants (50.6%) were women and 78 participants
(49.4%) were men with a mean age of 57 (SD 12) years for the
full sample. The groups were well matched, and there were no
clinically meaningful differences as seen in Table 2. Most
participants (144/158, 91.1%) indicated that they were frequent
users of computers and the internet. There were no functional
failures related to the intervention during the trial. This trial
commenced at the end of March 2020. This timing was
unfortunate, as it coincided with the peak of the COVID-19
pandemic. Some participants reported becoming ill, struggling
to adjust emotionally, or finding the required lifestyle changes
difficult.
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Table 2. Demographical characteristics of the participants.

Overall (N=158)Control group (n=79)Experimental group (n=79)Category and description

Gender, n (%)

78 (49.3)38 (48.1)40 (50.6)Male

80 (50.6)41 (51.9)39 (49.4)Female

57 (12; 19-84)58 (11; 29-84)56 (13; 19-76)Age (years), mean (SD; range)

14 (14; 3 months to 70 years)12 (12; 3 months to 58
years)

15 (16; 4 months to 70 years)Tinnitus duration (years), mean (SD; range)

Ethnicity, n (%)

20 (12.7)11 (13.9)9 (11.4)Hispanic or Latino 

138 (87.3)68 (86.1)70 (88.6)Not Hispanic or Latino 

Race, n (%)

0 (0)0 (0)0 (0)American Indian or Alaska native 

1 (0.5)0 (0)1 (1.3)Asian 

0 (0)0 (0)0 (0)Native Hawaiian or Pacific Islanders 

4 (2.5)2 (2.5)2 (2.5)Black or African American 

148 (93.7)74 (93.7)74 (93.7)White 

5 (3.1)3 (3.5)2 (2.5)More than 1 race 

Highest educational level, n (%)

21 (13.2)10 (12.7)11 (13.9)High school 

53 (33.5)31 (39.2)22 (27.8)College or vocational training 

84 (53.2)38 (48.1)46 (58.2)University degree 

Employment, n (%)

96 (60.7)41 (51.9)55 (69.6)Skilled or professional 

52 (32.9)30 (38)22 (27.8)Retired 

10 (6.3)8 (10.1)2 (2.5)Not working 

All professionals seen, n (%)

85 (53.7)44 (55.7)41 (51.9)Primary care physician 

69 (43.7)36 (45.6)33 (41.8)Ear, nose, and throat physician 

75 (47.5)39 (49.4)36 (45.6)Audiologist 

Veterans

19 (12)11 (13.9)8 (10.1)Veterans, n (%) 

8 (5; 2-23)8 (6; 2-23)8 (3; 2-10)Duration in the military service, mean (SD;
range)

 

Ease of using a computer, n (%)

14 (8.9)7 (8.9)7 (8.9)Basic skills 

144 (91.1)72 (91.1)72 (91.1)Frequent user 

Retention, Compliance, Engagement, and Adverse
Effects
Overall compliance for completing the outcome measures was
low, with 57% (41 participants) and 51% (37 participants)
completion rates at T1 and T2, respectively, for the experimental
group (Figure 1). Although compliance was greater in the

control group with 87% (66 participants) and 62% (47
participants) completion at T1 and T2, there was only 33% (25
participants) completion for the control group at T3, resulting
in a significant difference between the group completion rates

(χ2
3=7.98; N=411; P=.046) at T3 with lower completion by the

control group as shown in Figure 2.
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Figure 2. Intervention engagement.

Adverse effects have been reported to be low. During the
intervention period, only 1 (0.6%) participant had an increase
of more than 10 points in the THI-S questionnaire. On finding
out more, this was related to a particularly stressful deadline
for work under difficult circumstances during the COVID-19
pandemic. Only 1 (0.6%) participant reported an adverse effect
on the outcome questionnaire, explaining that initially their
tinnitus was more bothersome because of the focus on tinnitus
at the start of the intervention. There were no serious adverse
events, such as privacy breaches or major technical problems.

Intervention engagement was low but varied considerably among
the participants. To identify if group allocation contributed,
engagement among groups was compared, whereas each group
was actively involved with the intervention. However, no

significant group differences were identified (χ2
1=0.13; N=273;

P=.93) as shown in Figure 2. On average, 82% (59/72
participants) of the experimental group and 77% (59/76
participants) of the control group logged into the platform; 74%
(53/72 participants) from the experimental group and 79%
(57/72 participants) of the control group read at least one
module, and 32% (23/72 participants) from the experimental

group and 30% (23/76 participants) from the control group sent
at least one message.

Efficacy of Internet-Based CBT in Reducing Tinnitus
Distress Compared With Weekly Monitoring
The tinnitus severity among the treatment arms was not constant
over time (Figure 3 and Multimedia Appendix 2). The mean
difference indicated a significant difference for the
internet-based CBT group with an effect size of Cohen d=0.46
at T1. The test of fixed effects (Table 3) indicated that the
intercept, slope, and group by time interaction had significant
effects on the changes in tinnitus severity. There was no
estimated difference in baseline tinnitus severity among the
groups (P=.92). The posttreatment effect was significantly lower
in the control group. After the experimental group underwent
treatment (T1), they had an estimated 10-point decrease in
tinnitus severity (CI 3-16; t156.00=−2.88; P=.004). After the
control group also underwent treatment (T2), there was a
nonsignificant estimated difference of 5 points (CI −2 to 11;
t156.00=−1.48; P=.14). This may have been because of the initial
large reduction (mean 7.62, SD 18.21 points) in scores during
weekly monitoring despite not having the intervention.
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Figure 3. Change in tinnitus severity among groups over time. T1: only the experimental group had the intervention; T2: after the intervention for the
control group and 2-month follow-up for the experimental group; T3: the comparison of the 2-month follow-up for both groups.

Table 3. Random intercept mixed model results using results from the imputation data.

Time × groupGroupTimeInterceptOutcome predictor

P valueF test (df)P valueF test (df)P valueF test (df)P valueF test (df)

.013.64 (3,156).102.80 (1,156)<.00177.21 (3,156)<.0011364.769 (1,156)Tinnitus

.470.841 (3,156).830.05 (1,156).0034.74 (3,156)<.001534.153 (1,156)Anxiety

.920.163 (3,156).820.05 (1,156)<.00112.250 (3,156)<.001489.593 (1,156)Depression

.082.33 (3,156).181.81 (1,156)<.00142.064 (3,156)<.001637.397 (1,156)Insomnia

.900.19 (3,156).720.13 (1,156)<.00114.33 (3,156).0012034.549 (1,156)EQ-5D-5La

.191.63 (3,156).430.64 (1,156).112.02 (3,156)<.0018100.537 (1,156)EQ-5D-5L visual ana-
log scale

.023.312 (3,156).390.750 (1,156)<.00138.850 (3,156)<.001294.231 (1,156)Tinnitus and Hearing
Survey: tinnitus

.102.15 (3,156).142.24 (1,156).00121.511 (3,156)<.001526.930 (1,156)Hearing disability

.750.410 (3,156).900.017 (1,156).062.51 (3,156)<.001247.016 (1,156)Hyperacusis

.0074.15 (3,156).132.28 (1,156)<.00119.29 (3,156)<.0011715.178 (1,156)Tinnitus cognitions

aEQ-5D-5L: European Quality of Life Five Dimension.

The model indicated an estimated baseline to 2-month follow-up
mean difference of 22 points (CI 18-25) after undertaking the
intervention with an estimated TFI score of 32 (baseline score
was 54) at follow-up (CI 30-34).

A comparison of the margin of score reduction between T0 and
T1 is shown in Figure 4. This indicates that the experimental

group had a greater score reduction (between 20 and 50 points)
owing to the intervention with a maximum reduction of 88
points, compared with a maximum reduction of 44 points in the
control group (with the majority between 0 and 9 points) who
were only monitored weekly during this period.
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Figure 4. (A) Magnitude of Tinnitus Functional Index score changes between T0 and T1 after the experimental group underwent internet-based cognitive
behavioral therapy. The control group was monitored weekly. (B) The magnitude of these changes between T0 and T3 at the 2-month follow-up after
both groups completed the full intervention.

The clinical significance was calculated using a reliable change
index. The reliable change criterion was calculated to be 22.74
in TFI score. Using this value, clinical significance was achieved
by 45 (57%) participants in the experimental group and 12
(15%) participants from the control group at T1 (after the
intervention was performed in the experimental group). A
clinically significant change was found in 40 (51%) participants
of the experimental group at T2 (2 months after the intervention)
and 30 (38%) participants of the control group (after the control
group completed the intervention) and 40 (48%) participants
of the control group at the 2-month follow-up.

Efficacy of Internet-Based CBT in Reducing Tinnitus
Comorbidities Compared With Weekly Monitoring
Results from the secondary assessment measures among the
treatment arms were not constant over time, except for
hyperacusis and the European Quality of Life Five Dimension
visual analog scale scores for health-related quality of life, which
did not have significant time effects (Table 3). After the
intervention (T1), the experimental group had a significantly
greater reduction in tinnitus cognition scores, indicating a
medium effect (rounded off to Cohen d=0.50). The intercept,
slope, and time by group interaction revealed significant effects
on the changes in tinnitus cognition. Baseline tinnitus cognition
was not significantly different among the groups (P=.58). After
completing the intervention (T1), the experimental group had
an estimated 8-point decrease in tinnitus cognition (CI 3-13;
t156=−3.13; P=.002). After both groups undertook the
intervention (T2), there was no significant estimated difference
among the groups (P=.08). For tinnitus cognitions, the model
indicated an estimated baseline to 2-month follow-up mean
difference of 7 points (CI 3-11) after undertaking the

intervention with an estimated score of 32 at follow-up (CI
31-32).

The experimental group had a significantly greater reduction
in insomnia scores after the intervention (T1) and at follow-up
(T2), although there was only a small effect (Cohen d=0.30) at
T1 and medium effect (rounded off Cohen d=0.50) at T2. There
was no significant group by time interaction indicated by the
test of fixed effects owing to later improvements by the control
group. Likewise, although the experimental group had a
significantly greater reduction in hearing disability at T1, this
was only a small effect (Cohen d=0.3) without a significant
group by time interaction owing to later improvements by the
control group.

Confirming the results of the primary outcome, the Tinnitus
and Hearing Survey secondary measure indicated that the
experimental group had a significantly greater reduction in
tinnitus (Cohen d=0.60) with no significant difference at baseline
or after the control group completed the intervention. The test
of fixed effects results indicated that there was no significant
time by group interaction for anxiety, depression, health-related
quality of life, or hyperacusis outcome measures, and no
significant effect was seen.

Stability of Internet-Based CBT Intervention Effects
2 Months After the Intervention
At the 2-month follow-up, the experimental group indicated
further reduction in tinnitus severity and all other outcomes.
There were no significant differences in scores between T1 and
T2 for the experimental group, indicating that intervention
effects were maintained 2 months after the intervention.

At the 2-month follow-up, most of the secondary outcome
measure scores were stable. However, there was an increase in
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anxiety scores for both groups, an increase in negative tinnitus
cognitions for the experimental group, and a decrease in
health-related quality of life for the control group, although
these differences were not statistically significant.

Comparison of Weekly Tinnitus Severity During the
Active Intervention Period
Differences among the intervention arms were not constant
across the eight time points between T0 and T1 for both the
THI-S and TQQ outcome measure scores. The experimental
group had a greater weekly reduction in tinnitus distress as
evidenced by the significant group by time interaction for both

the THI (F7,136.000=4.02; P=.04) and TQQ (F7,136.000=2.55;
P=.02), as well as a significant intercept and slope. Pairwise
comparisons indicated significant differences among groups
from week 5 for the TQQ and week 6 for the THIs, as the
experimental group’s (receiving internet-based CBT) tinnitus
distress was rated significantly lower than that of the control
group (not undergoing internet-based CBT). The maximum
between-group mean difference in scores was at week 8, with
the experimental group having a THI-S score of 3.5 (SE 1.1)
points lower and TQQ score of 8.72 (SE 2.30) lower than that
of the control group, as seen in Figure 5.

Figure 5. Weekly monitoring between the experimental and control group between T0 and T1. THI-S: Tinnitus Handicap Inventory–Screening; TQQ:
Tinnitus Qualities Questionnaire.

Discussion

Overview
This study is the first to evaluate the efficacy of an
audiologist-delivered internet-based CBT in reducing tinnitus
distress in a US population. It was also the first study to offer
internet-based CBT in Spanish to accommodate the Hispanic
population in the United States. The study objectives were to
evaluate the efficacy of the audiologist-delivered internet-based
CBT in reducing tinnitus distress and the comorbidities
associated with tinnitus compared with that of weekly
monitoring of tinnitus. Furthermore, the stability of the
intervention effects was assessed 2 months after the intervention.

Principal Findings
Participating in the internet-based CBT intervention led to
significantly greater improvements in tinnitus distress and a
medium effect size compared with that of weekly monitoring.
This adds to the evidence base regarding the feasibility of
audiologist-guided internet-based CBT as indicated in clinical

trials in the United Kingdom using audiologist guidance [22-25].
These results are also in line with earlier internet-based CBT
trials for tinnitus, indicating a pooled medium effect size (Cohen
d=0.59) (for a review see the study by Beukes et al [28]) with
those from Europe using psychologist guidance.

Most participants had a reduction of between 20 and 50 points
in their TFI scores, although a range of outcomes was observed.
Improvements were found in the control group after weekly
monitoring, which has also been previously mentioned [56].
This may also be the effect of the control group knowing that
they will be receiving an intervention, and this expectation may
have helped them manage better before receiving the actual
intervention. This initial improvement did seem to affect the
postintervention results, which were lower in the control group
than in the experimental group. When comparing the participants
in each group on a weekly basis, it was observed that the
experimental group had a greater reduction in tinnitus distress
over the 8-week period. Significant differences were present
from week 5 for TQQ and week 6 for THI. This was slightly
later in the intervention than was found in the United Kingdom
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trial when comparing differences for the THI by week 4 [23].
After the control group undertook the intervention, they made
similar significant improvements as those demonstrated by the
experimental group, and no significant differences were found
among the groups. These results were maintained at the 2-month
follow-up for both groups, although the magnitude of reduction
was more variable, with the most participants from the
experimental group indicating a 10- to 19-point reduction and
those from the control group, a 20- to 29-point reduction in TFI
scores. Further studies are required to assess whether they are
maintained long-term (eg, 1 year) as has been found by previous
internet-based CBT for tinnitus trials [17,25,57,58].

More participants from the experimental group had a clinically
significant difference (57%; 45 participants) after their treatment
compared with 38% (30 participants) of the control group
following their treatment. At the 2-month follow-up, 51% (40
participants) and 48% (40 participants) from each group
achieved a clinically significant change in tinnitus distress. This
was lower than for the pilot study [32] owing to the reliable
change criterion required being higher for this study because
of a larger baseline SD. As the reliable change criterion was
similar to internet-based CBT efficacy trial in the United
Kingdom [23], comparable proportions of participants reached
clinical significance in this study.

Secondary Results
Experiencing tinnitus is accompanied by various comorbidities
that may exacerbate distress and negative emotional responses
to perception. An important aspect of tinnitus intervention is
the ability to address these challenging comorbidities.
Undergoing internet-based CBT resulted in a significantly
greater reduction in negative tinnitus cognitions (Cohen d=0.46)
and insomnia (small effect). This finding is in line with the
pooled results from previous internet-based CBT studies, also
indicating a small effect (Cohen d=0.42). This was the first
internet-based CBT for tinnitus study that included the tinnitus
cognition questionnaire. The finding that this CBT intervention
is able to reduce negative thought patterns associated with
tinnitus is a positive finding and continued use of the tinnitus
cognition questionnaire is important as recommended by
Handscomb et al [59]. From the pooled results of internet-based
CBT studies, there was no effect on quality of life [28], similar
to this study, but there was a greater reduction in anxiety and
depression, which was not found in this study. The reason may
be related to the exclusion of individuals with severe mental
health conditions, possibly reducing the opportunity to observe
an intervention effect owing to the low baseline scores. Broader
inclusion criteria are necessary to ensure internet-based CBT
is provided to all affected individuals, including those with
mental health conditions, as they seem to benefit from this as
shown in previous studies [17,19,21-25,57,58]. The pilot study
also indicated an effect for hearing disability and hyperacusis
[32], which was not observed in this study. The content
addressed in the modules providing hearing tactic strategies and
advice on reducing sound sensitivity were in the optional
modules, which were not read by many participants, and this
may have contributed to these results. Interestingly, changes
were noted in the TQQ, suggesting that the internet-based CBT
may result in a change in tinnitus perception (eg, tinnitus pitch,

loudness, and number of sounds heard) in addition to a reduction
in tinnitus distress. However, these observations should be
replicated in future studies, in addition to possible biomarkers.

Comparison With Previous Work
The study participants’ characteristics were similar to those
found in previous internet-based CBT trials; however, the mean
age was slightly higher at 57 years than at a mean age of 51
years [28]. Despite extensive recruitment strategies and
campaigns, following suggestions to support Hispanic and
Latino research participants [60], only 8 participants selected
to participate in the intervention in Spanish. Further efforts will
be required to build trust within Hispanic communities before
recruiting for subsequent trials [61].

Although the study administration mimicked that that would
be provided in a routine application, the overall completion rate
of the posttreatment questionnaires was low across time points
and groups, compared with that of previous internet-based CBT
for tinnitus studies [28]. Although only 10 participants (6%)
withdrew, many enrolled participants never logged into the
intervention website. Moreover, not all the modules were read,
and very few messages were sent, indicating low intervention
engagement. Numerous factors contribute to this finding. One
may be the timing of this study during the COVID-19 pandemic.
Participants explained that they were on their computers all day
attending meetings on Zoom as they had to stay at home. This
may be an additional computer work, making this intervention
difficult, because of them wanting to take a break from their
computers. Some participants mentioned having contracted the
COVID-19 virus, and even after recovering, they remained
fatigued, making intervention engagement difficult. Others
found the lifestyle changes of working from home and juggling
childcare difficult, and some were affected emotionally.
However, the COVID-19 pandemic is unlikely to be the only
reason for poor engagement. Differences in compliance among
groups were also observed. After receiving the intervention,
compliance was lower in the experimental group and lower in
the control group at the 2-month follow-up. This may have
reflected the trial design that the control group had an additional
assessment time point and having already completed assessments
after the control and intervention, decided not to complete
another assessment at the 2-month follow-up. During the pilot
study [32], lower engagement than noted in earlier studies was
observed. Cultural differences may not be accounted for. In
contrast to the United Kingdom and many parts of mainland
Europe, many people pay for health care via third-party
reimbursements in the United States. The internet-based CBT
intervention was offered free of charge. It may be that people
undervalued this treatment as a free treatment that may be
perceived as less effective than one requiring payment. In
addition, this study recruited participants only from Texas,
United States, thus representing a very small population of the
United States and may not represent the wider US population.
Subsequent trials should be performed with a wider US
population. Process evaluation may be helpful in identifying
the factors contributing to the retention and engagement rates
and identifying what may improve theses [26]. Continued public
involvement in planning and implementing subsequent research
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trials will be vital to gain insights into the factors important to
participants [62,63].

Limitations
This study represents participants living in Texas, United States,
who do not present with severe mental health conditions, often
associated with tinnitus. This may not present the typical tinnitus
population, and thus, the findings cannot be generalized to other
populations. Despite recruitment efforts, only 8 Spanish
participants were recruited; similarly, the participant groups
also contained low numbers of ethnic and racial minorities when
compared with the general population from this region. The
study was furthermore conducted during the peak of the
COVID-19 pandemic, a time when day-to-day living was
disrupted for most people. The results may also have been
different if a large proportion of participants were engaged and
completed the outcome assessments.

Conclusions
Compounding the potentially debilitating nature of severe
tinnitus, accessible, evidence-based interventions are still
lacking. There is an urgent need to improve the availability of
such interventions. Furthermore, the COVID-19 pandemic has
highlighted the need for evidence-based eHealth approaches to
overcome the limited in-person contact and support available
for individuals with tinnitus [63]. These results further support
the role of audiologists in guiding such forms of tinnitus
management. The results have been encouraging, and further
work is indicated in view of making such an intervention
applicable to a wider population. Future work should consider
enrolling heterogeneous tinnitus populations to examine who
are more suitable (or not) for the internet-based CBT program.
In addition, a stepped approach (eg, a brief intervention offered
to all participants and a comprehensive intervention for more
suitable patients following the brief intervention) should be
examined to improve compliance and engagement.
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Abstract

Background: The effectiveness of psychosocial interventions on quality of life (QOL) among people living with HIV has been
validated, including mobile health (mHealth) interventions. However, it is unclear which components of such interventions
account for these effects.

Objective: This study aims to examine positive coping as a potential mediator of the effects of an mHealth intervention on QOL
among people living with HIV.

Methods: For this secondary analysis, we used data from an mHealth-based randomized controlled trial, Run4Love, which was
conducted to improve QOL and mental health outcomes of people living with HIV. A total of 300 participants were randomly
assigned to the intervention group to receive the adapted cognitive-behavioral stress management courses and regular physical
activity promotion or the waitlist control group in a 1:1 ratio. Our analysis focused on positive coping and QOL, which were
repeatedly measured at baseline and at 3-, 6-, and 9-month follow-ups. Latent growth curve models were constructed to explore
the mediating role of positive coping in the effects of the mHealth intervention on QOL.

Results: Positive coping served as a mediator in the effect of the mHealth intervention on QOL for up to 9 months. The mHealth
intervention had a significant and positive indirect effect on the slope of QOL via the slope of positive coping
(b=2.592×1.620=4.198, 95% CI 1.189-7.207, P=.006). The direct effect of the intervention was not significant (b=0.552, 95%
CI −2.154 to 3.258, P=.69) when controlling for the mediator.

Conclusions: The longitudinal findings suggest that positive coping could be a crucial mediator of the mHealth intervention in
enhancing QOL among people living with HIV. These findings underscore the importance of improving positive coping skills
in mHealth interventions to improve QOL among people living with HIV.
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Introduction

Background
Substantial improvements to and increased coverage in
antiretroviral therapy have resulted in extended life expectancy
of people living with HIV, leading to over 1.25 million HIV
seropositive survivors in China [1,2]. With improved survival,
quality of life (QOL) during treatment has become increasingly
important for people living with HIV [3]. Owing to HIV disease
progression and treatment side effects, the QOL of people living
with HIV continues to be lower than that of people living with
other chronic diseases, as well as the general population [4,5].
Poor QOL is not only related to suboptimal adherence to
antiretroviral therapy, leading to inferior therapeutic effects [6],
but is also associated with elevated HIV risk behavior, leading
to increased risk of HIV transmission in the community [7].
Therefore, effective interventions to improve QOL in people
living with HIV are warranted, especially those that can reach
a large number of the targeted population, such as mobile health
(mHealth) programs.

The literature suggests that psychosocial interventions such as
cognitive-behavioral stress management (CBSM) programs can
improve QOL in a variety of populations with chronic diseases,
including people living with HIV [8-12]. Evidence also shows
that mHealth-based psychosocial interventions produce similar
benefits in comparison with face-to-face interventions, and they
have additional advantages because of the easy accessibility
and cost-effectiveness [13,14]. Nevertheless, the potential
mechanism by which these mHealth interventions improve QOL
among people living with HIV remains unclear. There might
be various factors that affect the outcomes of the intervention.
Mediation constitutes a mechanism through which the
independent variable affects the dependent variable of interest
[15]. Exploration of mediators will help understand the effective
components of an intervention, which is crucial for future
optimization of the program design [16].

A considerable amount of research has focused on exploring
factors associated with QOL, with positive coping being one
factor that has received substantial attention [17-21]. Positive
coping is defined as individuals’ active cognitive response (eg,
trying to see the positive side) and adaptive behavioral response
(eg, talking with family or friends) when managing stressful
situations [22]. A substantial body of cross-sectional studies
have shown that higher positive coping is related to higher QOL
[18-20]. Some randomized controlled trials (RCTs) have
indicated that positive coping might be a key determinant of
the effectiveness of psychosocial interventions in improving
QOL among people living with HIV [23,24]. For example,
Hansen et al [24] found that HIV-positive participants reported
significant postintervention improvement in both QOL and
positive coping in the cognitive-behavioral support group, as
well as in the control group providing mental health sessions
and psychiatric services upon individual request. Using mixed

models, the study also found that positive coping was directly
associated with improved QOL in multiple time points across
the intervention [24]. Similarly, another study revealed that a
CBSM intervention was effective in improving positive coping
in HIV-seropositive men who have sex with men, and positive
coping might be an important predictor of QOL improvement
[23].

Previous studies exploring the mediators of the effects of
interventions on improving QOL have mostly been conducted
in face-to-face settings [23,25,26]. It is unclear whether the
factor mediating the effects of an intervention on QOL in
face-to-face settings remains effective in mHealth settings.
Furthermore, existing studies on mediation analysis mostly use
pre- and postintervention data, whereas interventions in repeated
measure design are lacking [11,23,25]. As 2–time point data
contain limited information on individual changes, longitudinal
data tracking over multiple time points (≥3) may allow further
investigation on the changes of both the mediator and the
outcome, as well as the trajectory of the time-varying
relationships between them over time [27].

Objective
To bridge the gaps in the existing literature, we used longitudinal
data from the Run4Love study to examine the mediating role
of positive coping on QOL in an mHealth intervention. The
Run4Love study was a WeChat (Tencent)-based RCT to
examine the intervention effects of an adapted CBSM course
with physical activity promotion compared with usual care in
people living with HIV. In this study, we hypothesized that the
mHealth intervention would enhance the use of positive coping
strategies in people living with HIV, which in turn was related
to the significant improvement in QOL over time.

Methods

Research Setting and Ethical Considerations
The study used data from an mHealth-based RCT, Run4Love
(ChiCTR-IPR-17012606) [28]. The Run4Love intervention was
designed to improve mental health outcomes of people living
with HIV, including, but not limited to, the reduction in
depressive symptoms and improvement in QOL [28,29]. It was
conducted from September 2017 to October 2018 in Guangzhou,
the third-largest city of China [30]. A total of 300 participants
were randomly assigned to either the intervention group to
receive a 3-month WeChat-based mHealth program or the
waitlist control group to receive usual care in a 1:1 ratio. The
study design, recruitment procedures, and process of
randomization were detailed in the study protocol, which was
approved by the Institutional Review Board of Sun Yat-sen
University [28].

Participants Enrollment
The trained research staff recruited participants from the
infectious disease outpatient department of the only hospital
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designated for HIV care and treatment in Guangzhou. Patients
who showed interest in the study were invited to participate in
a consultation session to receive further information about the
program and complete a screening questionnaire. Patients were
eligible to participate if they met all of the following inclusion
criteria: (1) aged ≥18 years, (2) HIV seropositive, (3) having
elevated depressive symptoms (Center for Epidemiologic
Studies-Depression score ≥16), and (4) using WeChat, the most
popular instant messaging mobile program in China, with more
than 1 billion active users worldwide [31]. Patients were
excluded if they met any of the following exclusion criteria: (1)
currently on psychotherapy or taking psychiatric drugs, (2)
unable to complete the questionnaires, (3) unable to read or
listen to the intervention materials, and (4) unable to engage in
physical activities for medical reasons.

Participants who met the aforementioned eligibility criteria and
provided written informed consent were enrolled in the study.
Under the guidance of the research staff, participants were asked
to complete electronic questionnaires in the outpatient
department at baseline and 3-, 6-, and 9-month follow-ups.
Participants would receive 50 RMB (ie, approximately US $8)
or gifts of equivalent value (eg, a yoga mat) as an incentive for
completing each assessment.

The Run4Love Intervention
Participants in the intervention group received a 3-month
WeChat-based intervention, which consisted of the adapted
CBSM course and physical activity promotion [28]. CBSM is
a therapeutic approach to teaching people living with HIV to
manage their stress by focusing on how individuals’ thoughts
affect their emotions and behaviors and to influencing
participants’ irrational thoughts and changing their thought
patterns and behaviors [32]. The adapted CBSM course mainly
included coping and stress reduction skills such as meditation,
muscle relaxation, and abdominal respiration training. The
physical activity promotion program mainly included guidance
on exercise, benefits of exercise, and a healthy diet. The content
of these 2 intervention components was provided through 65
intervention materials in multiple formats, including short
articles, motivational posters, and audio clips. These materials
were delivered to participants on a near-daily basis (5-6 times
a week) via an enhanced WeChat platform, the Run4Love
platform. On average, each of the short articles had around 1300
words, which required about 5 minutes to read; each poster with
motivational messages required about half a minute to read;
each audio recording required 5 to 10 minutes to listen to [33].

Participants in the control group received a brochure on nutrition
and healthy living style. They would be offered the Run4Love
program as soon as the study was completed (ie, 9 months after
their enrollment).

Measurement

QOL Assessment
QOL was measured using the 31-item World Health
Organization Quality of Life HIV short version (WHOQOL-HIV
BREF) at baseline and 3, 6, and 9 months. The WHOQOL-HIV
BREF has been widely used among people living with HIV
with proven reliability and validity [34,35]. The 31-item scale

measures QOL across six domains (ie, physical, psychological,
level of independence, social relationships, environment, and
spirituality) over the last 2 weeks. Each item was rated on a
5-point Likert scale ranging from 1 (not at all) to 5 (extremely),
altogether providing a 4-20 score in each domain and a 24-120
score for the whole scale after the transformation, with higher
scores indicating better QOL [34]. An example of these items
assessing QOL was “How much do you enjoy life?” Good
reliability of the WHOQOL-HIV BREF was shown in the study,
and Cronbach α ranged from .727 to .838 across the 4
assessment points.

Positive Coping
Positive coping was measured using the 12-item subscale of
the Simplified Ways of Coping Questionnaire with good
reliability and validity in the Chinese populations [36-38]. The
subscale consists of 12 items such as “Try to look on the bright
side of things” and “Find out several different methods to solve
the problem” to assess the frequency of positive attitudes and
skills of coping that a participant adopted in daily life. Each
item was rated on a 4-point Likert scale ranging from 0 (not use
at all) to 3 (use frequently), providing a 0-36 score, with higher
scores indicating higher levels of positive coping. Cronbach α
ranged from .848 to .925 across the 4 assessment points in this
study.

Demographic Characteristics
Demographic characteristics included age, gender, marital status,
educational level, sexual orientation, employment status, family
monthly income, and duration of HIV infection (years).

Statistics Analysis
The intention-to-treat principle was applied to all analyses in
this study. Descriptive analyses of demographic characteristics,
QOL, and positive coping were performed. Differences in
outcome measures and baseline characteristics between the
intervention and control groups were evaluated using the 2-tailed
t test or Wilcoxon rank-sum test for continuous variables and
the chi-square test for categorical variables. Latent growth curve
models (LGCMs) were constructed to examine the mediating
role of positive coping in the effects of the mHealth intervention
on QOL among people living with HIV. All statistical
hypothesis tests were 2-sided, and a P value <.05 was considered
statistically significant. Descriptive analyses and group
comparisons of the key variables were conducted using R
(version 3.5), and LGCMs were constructed using Mplus
(version 7; Muthén & Muthén). Missing data in all LGCMs
were managed using the robust maximum likelihood estimation
procedure.

The analyses of the mediation effect were conducted in 3 steps
[39]. First, 2 unconditional LGCMs were constructed separately
to estimate the growth trajectories of the outcome measure
(QOL) and potential mediator variable (positive coping). The
latent variables of intercept and slope (ie, the initial status and
rate of change) were estimated from the repeated measures at
4 time points. For the intercept factor, the loadings across the
4 assessment points were fixed to 1. For the slope factor, the
first loading was fixed to 0, the second to 1, and the other
loadings were freely estimated [40]. Instead of assuming a linear
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trajectory by setting the loadings onto the slope factor to 0, 1,
2, and 3, it was more reasonable to explore the potentially
nonlinear trajectories by setting the third and fourth loadings
free when the assumption of linear LGCM was unconfirmed
[40].

Second, 2 conditional LGCMs were specified to separately
examine the impact of the intervention on QOL and positive
coping. The conditional models were extensions of the
unconditional models to incorporate the variable of intervention
group assignment (ie, intervention group=1 and control group=0)
as a covariate.

Third, a parallel-process LGCM was constructed to evaluate
whether the intervention was effective in improving QOL via
the mediator variable of positive coping. The parallel-process
model was a combination of the aforementioned 2 conditional
LGCMs, which simultaneously estimated the trajectories of
QOL and positive coping, and incorporated intervention group
assignment as a covariate. The mediation effect was tested based
on bias-corrected 95% bootstrapped CIs with a resampling of
5000 [41,42].

Model fit was evaluated using chi-square test statistics and other
indexes, including the Tucker-Lewis index (TLI), the

comparative fit index (CFI), the root mean square error of
approximation (RMSEA), and the standardized root mean square
residual (SRMR). An LGCM with adequate model fit should
meet the following criteria: TLI>0.90, CFI>0.90, RMSEA<0.08,
and SRMR<0.08 [43-45].

Results

Baseline Characteristics
Descriptive statistics for baseline characteristics are shown in
Table 1. The baseline characteristics of the participants were
balanced between the intervention and control groups, except
for the fact that a slightly higher proportion of heterosexual
participants were allocated to the control group. The median
age of the participants was 27.5 years, and the median duration
of HIV infection was 1.7 years. The majority were male
(277/300, 92.3%), well-educated (182/300, 60.7% with at least
some college education), unmarried (262/300, 87.3%), and
employed (251/300, 83.7%) and had a moderate level of income
(176/300, 58.7% with family monthly income <7000 yuan [US
$1100]). Up to 81.7% (245/300) of the participants were
homosexual, bisexual, or uncertain of their sexuality.

Table 1. Baseline Characteristics of the participants in the Run4Love randomized controlled trial (N=300).

P valueControl (n=150)Intervention (n=150)Total (N=300)Variables

.2927.8 (24.6-32.2)27.4 (24.3-31.1)27.5 (24.5-31.3)Age (years), median (IQR)

.13Gender, n (%)

135 (90)142 (94.7)277 (92.3)Male

15 (10)8 (5.3)23 (7.7)Female

.10Educational level, n (%)

84 (65)98 (65.3)182 (60.7)>High school

66 (35)52 (34.7)118 (39.3)≤high school

.73Marital status, n (%)

130 (86.7)132 (88)262 (87.3)Single or divorced or widowed

20 (85.3)18 (12)38 (12.7)Married

.29Employment status, n (%)

128 (85.3)123 (82)251 (83.7)Employed

22 (14.7)27 (18)49 (16.3)Unemployed

.20Family monthly income (yuan), n (%)

56 (37.3)68 (45.3)124 (41.3)≥7000 (US $1100)

94 (62.7)82 (55.7)176 (58.7)<7000 (US $1100)

.03Sexual orientation, n (%)

115 (76.7)130 (86.7)245 (71.7)Homosexual or bisexual or uncertain

35 (23.3)20 (13.3)55 (18.3)Heterosexual

.621.8 (0.6-3.9)1.7 (0.6-4.0)1.7 (0.6-3.7)Duration of HIV infection (years), median (IQR)

.9218.3 (6.2)18.4 (5.5)18.4 (5.8)Positive coping, mean (SD)

.4476.6 (9.4)77.4 (9)77.0 (9.2)Quality of life, mean (SD)
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Changes in Repeated Measures
Repeated measures of the outcome variable (ie, QOL) and
potential mediator (ie, positive coping) at the 4 assessment
points are presented in Table 2. The sample mean and 95% CIs
of QOL and positive coping over 9 months for both the
intervention and control groups are presented in Figure 1.
Participants in the intervention group had significantly higher

levels of QOL and positive coping than those in the control
group at the 3-, 6-, and 9-month follow-ups, indicating
significant effects of the Run4Love mHealth intervention on
improving QOL and positive coping over time. Specifically, in
comparison with those in the control group, participants in the
intervention group also had significantly higher mean scores in
all 6 domains of QOL at the 3-, 6-, and 9-month follow-ups
(Figure 2; Table 3).

Table 2. Repeated measures of quality of life and positive coping of the participants in the Run4Love randomized controlled trial.

Positive coping, mean (SD)Quality of life, mean (SD)Variables

P valueControlbInterventionaP valueControlbInterventiona

.9218.32 (6.15)18.39 (5.46).4476.59 (9.42)77.43 (9.03)Baseline

<.00117.70 (5.88)20.79 (7.33)<.00176.63 (11.08)82.54 (12.03)3 months

<.00117.38 (6.59)21.03 (7.48)<.00176.32 (12.96)83.51 (12.88)6 months

.00318.31 (6.41)20.95 (7.75)<.00176.54 (13.34)83.48 (13.17)9 months

aFor variables in the intervention group, the sample sizes were 150, 139, 132, and 133 at baseline and 3-, 6-, and 9-month follow-ups, respectively.
bFor variables in the control group, the sample sizes were 150, 135, 133, and 127 at baseline and 3-, 6-, and 9-month follow-ups, respectively.

Figure 1. Repeated measures of quality of life (QOL) and positive coping of the participants in the intervention and control groups over time. Error
bars represent 95% CIs.
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Figure 2. Repeated measures of the 6 domains in quality of life (QOL) of the participants in the intervention and control groups over time. Group 1
and Group 0 represent the intervention and control groups, respectively.
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Table 3. Repeated measures of the 6 domains in quality of life of the participants in the Run4Love randomized controlled trial.

P valueControlbInterventionaDomains in quality of life

Physical

.6613.79 (2.39)13.91 (2.05)Baseline

.00113.95 (2.60)14.96 (2.45)3 months

<.00113.75 (2.77)14.98 (2.69)6 months

.0213.92 (3.00)14.80 (2.84)9 months

Psychological

.6012.04 (2.08)12.17 (2.17)Baseline

<.00112.42 (2.24)13.60 (2.50)3 months

<.00112.66 (2.73)13.88 (2.54)6 months

<.00112.64 (2.60)13.89 (2.83)9 months

Level of independence

.7014.31 (2.10)14.40 (1.81)Baseline

<.00114.20 (2.27)15.28 (2.04)3 months

.00214.38 (2.26)15.27 (2.23)6 months

<.00114.26 (2.38)15.32 (2.29)9 months

Social relationships

.2211.75 (2.10)12.05 (2.13)Baseline

.0111.61 (2.22)12.37 (2.70)3 months

<.00111.46 (2.62)12.80 (2.54)6 months

.00511.62 (2.42)12.50 (2.53)9 months

Environment

.8012.58 (2.08)12.52 (1.93)Baseline

.00512.44 (2.15)13.22 (2.44)3 months

.00112.45 (2.74)13.51 (2.45)6 months

<.00112.47 (2.56)13.62 (2.35)9 months

Spirituality

.4712.11 (3.22)12.37 (3.00)Baseline

.00512.01 (3.29)13.11 (3.16)3 months

<.00111.62 (3.36)13.08 (3.37)6 months

<.00111.63 (3.49)13.36 (3.22)9 months

aFor variables in the intervention group, the sample sizes were 150, 139, 132, and 133 at baseline and 3-, 6-, and 9-month follow-ups, respectively.
bFor variables in the control group, the sample sizes were 150, 135, 133, and 127 at baseline and 3-, 6-, and 9-month follow-ups, respectively.

The dropout rates were 8.7% (26/300; 11/150, 7.3% in the
intervention group; 15/150, 10.0% in the control group), 11.7%
(35/300; 18/150, 12.0% in the intervention group; 17/150, 11.3%
in the control group), and 13.3% (40/300; 17/150, 11.3% in the
intervention group; 23/150, 15.3% in the control group) at 3-,
6-, and 9-month follow-ups, respectively. The average
completion rate of the 3-month Run4Love program among
people in the intervention group was 50.8% (33/65) [33].

Results of LGCMs
The results of the unconditional LGCMs indicated that both
QOL and positive coping improved across the course of the
study, and the largest improvement occurred at the 3-month

follow-up. The path diagrams of these 2 unconditional LGCMs
are presented in Figure 3. The unconditional LGCM for QOL

had a good model fit: χ2
3=2.7 (P=.26), CFI=0.999, TLI=0.996,

SRMR=0.044, and RMSEA=0.034 (Figure 3). The mean
intercept was 77.032 (P<.001, SE 0.527), indicating a mean
QOL score of 77.032 at baseline. The mean slope was 2.241
(P<.001, SE 0.503), and the factor loadings on the slope were
0, 1, 1.383, and 1.362 at baseline and 3, 6, and 9 months,
respectively. These results reflected a nonlinear pattern of
improvement in QOL: a rapid increase in QOL scores (2.241
points) occurred at 3 months, and then the magnitude of
improvement flattened out. The variances of the intercept and
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the slope of QOL were 92.509 (P=.001) and 54.013 (P=.04),
respectively, which indicated significant individual differences
in the initial levels and rates of change in QOL over time. The
covariance between the intercept and the slope of QOL was
−16.029 (P=.48), implying that the rate of change in QOL was
not associated with its initial levels. The unconditional LGCM

for positive coping also had a good model fit: χ2
3=1.6 (P=.66),

CFI=1.000, TLI=1.000, SRMR=0.025, and RMSEA<0.001
(Figure 3). The mean positive coping score was 18.373 (P<.001,
SE=0.340) at baseline, and the mean slope was 0.699 (P=.04,
SE=0.336). Similarly, the results of the slope factor also
reflected a nonlinear pattern of improvement in positive coping:
a rapid increase in positive coping scores (0.699 points) occurred
at 3 months, and then the magnitude of improvement flattened
out. The variances of the intercept and the slope in positive
coping were 21.571 (P=.01) and 10.194 (P=.21), respectively,
indicating significant individual differences in the initial levels
of positive coping but not in its rates of change. The rate of
change in positive coping was also unrelated to its initial levels,

with a covariance between the intercept and the slope of −2.664
(P=.70).

The results of the conditional LGCMs indicated that the mHealth
intervention had significantly positive effects on both QOL and
positive coping across the course of the study. The path diagrams
of these 2 conditional LGCMs are also presented in Figure 3.

The conditional model for QOL fitted the data well: χ2
5=3.3

(P=.50), CFI=1.000, TLI=1.000, SRMR=0.041, and
RMSEA<0.001 (Figure 3). The intervention had a significant
impact on the slope factor (b=4.705, SE=0.911, P<.001),
indicating an improvement in QOL in the intervention group
compared with the control group over time. Similarly, the
conditional model for positive coping fitted the data well:

χ2
5=5.7 (P=.34), CFI=0.997, TLI=0.995, SRMR=0.030, and

RMSEA=0.022 (Figure 3). There was a higher rate of change
in positive coping in the intervention group (b=2.495, SE=0.826,
P=.003), indicating a larger improvement in positive coping in
the intervention group.

Figure 3. Path diagrams of the unconditional latent growth curve models (LGCMs) for quality of life (QOL) and positive coping and the conditional
LGCMs with intervention groups as a covariate. Observed variables are denoted by boxes. Latent variables are denoted by ovals. Unidirectional arrows
indicate the effects of 1 variable on the other. Bidirectional arrows indicate the correlations. The nonsignificant paths are shown as dotted lines.
Intervention is either the Run4Love intervention group or the waitlist control group. I: intercept; PC: positive coping; S: slope; 0: baseline; 3: 3-month
follow-up; 6: 6-month follow-up; 9: 9-month follow-up.

The results of the parallel process LGCM indicated that the
mHealth intervention was effective in improving QOL via the
mediation effect of positive coping. The path diagram of the
parallel process LGCM is presented in Figure 4, and the
estimates of the main coefficients are shown in Table 4. The
results showed a good model fit for the parallel process LGCM:

χ2
24=64.1 (P<.001), CFI=0.971, TLI=0.957, SRMR=0.065, and

RMSEA=0.075 (Figure 4). The intervention had a significantly
positive impact on the slope of positive coping (b=2.592,
P<.001), which in turn had a significantly positive impact on
the slope of QOL (b=1.620, SE=0.321, P<.001). The indirect

effect of the intervention on the slope of QOL via the slope of
positive coping was significant (b=2.592×1.620=4.198, P=.006).
These results indicated a mediation effect of positive coping on
patients’ QOL, where the exposure to the mHealth intervention
significantly improved participants’ positive coping over time,
which in turn led to a positive change in QOL. The intervention
no longer had direct effects on the slope of QOL (b=0.552,
P=.69), indicating that the effects of the intervention on QOL
might be explained by the mediation effect of positive coping.
There were no significant differences as a function of
intervention in the initial status of either repeated measures,
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indicating no group differences in the starting point for either
positive coping or QOL. The covariance between the 2 intercepts
was 21.571 (P=.01), indicating that initial levels of positive
coping were positively related to initial status with respect to
QOL. In other words, participants who reported higher levels
of positive coping at baseline tended to report higher levels of
QOL at the same time. However, neither the covariance between

the intercept of positive coping and the slope of QOL (2.941,
P=.26) nor the covariance between the intercept of QOL and
the slope of positive coping (−3.900, P=.16) was statistically
significant. These results indicated that the initial level of
positive coping was not significantly associated with the rate
of change in QOL, nor was the initial level of QOL and the rate
of change in positive coping.

Figure 4. Path diagram of a parallel process latent growth curve model for quality of life (QOL) and positive coping with intervention groups as a
covariate. Observed variables are denoted by boxes. Latent variables are denoted by ovals. Unidirectional arrows indicate the effects of 1 variable on
the other. Bidirectional arrows indicate the correlations. The nonsignificant paths are shown as dotted lines. Intervention is either the Run4Love
intervention group or the waitlist control group. I: intercept; PC: positive coping; S: slope; 0: baseline; 3: 3-month follow-up; 6: 6-month follow-up; 9:
9-month follow-up.

Table 4. Estimates of the coefficients in the parallel process latent growth curve model for quality of life and positive coping (n=300).

P valueSEStandardized estimate95% CIEstimateCoefficient

.691.3810.036−2.154 to 3.2580.552Intervention→QOLa

.0010.7490.3981.124 to 4.0602.592Intervention→positive coping

<.0010.3180.6920.997 to 2.2431.620Positive coping→QOL

<.0011.0120.3112.766 to 6.7344.750Total effect

Direct effect

.691.3810.036−2.154 to 3.2580.552Intervention→QOL

Indirect effect

.0061.5350.2751.189 to 7.2074.198Intervention→positive coping→QOL

aQOL: quality of life.

Discussion

Principal Findings
To the best of our knowledge, our secondary analysis of data
from the Run4Love study is among the first efforts to examine
the mediating role of positive coping in patients’ QOL in an
mHealth-based RCT among people living with HIV. The results
of LGCMs demonstrated that the Run4Love trial significantly
improved positive coping among people living with HIV over
9 months, and the enhancement of positive coping led to
significant improvement in QOL across the study. There was
full mediation between positive coping and QOL in the

Run4Love trial. Thus, our study revealed one of the potential
mechanisms of improvement in QOL in mHealth-based CBSM
interventions. To better design and implement effective
interventions for people living with HIV, more studies are
needed to investigate and identify the processes and/or
mechanisms by which interventions lead to significant
improvements in health outcomes, especially in emerging
mHealth interventions [27].

Although several cross-sectional studies and 1 cohort study
have examined the mediating role of positive coping on QOL
[19-21], such designs are not sufficient for a robust conclusion
because their findings are based on passive observational data.
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An experimental design in which the proper intervention is used
to improve an individual’s positive coping and QOL would
greatly reduce confounding effects and enhance the strength of
causal inferences. However, few RCTs have explored this
relationship, especially in mHealth interventions. Only 1
face-to-face RCT showed that improvement in positive coping
significantly mediated the effects of psychosocial intervention
on QOL using pre- and postintervention assessments [25]. A
comprehensive literature review suggested that mediation
analysis could only be properly examined in well-designed
RCTs with repeated measurements and sufficient power [27].
Thus, our study is well suited to investigate such a relationship
and has confirmed the mediating role of positive coping on
QOL, which may expand the literature on mechanisms of
mHealth-based interventions.

In addition to the RCT design, the time point repeated measures
and corresponding methodology of LGCM used in this study
allow more conclusive findings and more abundant information
for the mediation analysis or other research. Unlike
cross-sectional data or pre- and postintervention data adopted
in the previous literature, LGCMs that use longitudinal data
allow the trajectory estimation of changes in outcome measures
over time [39,40]. For example, the results of the LGCMs in
our study suggested that both positive coping and QOL had
increasing and nonlinear trajectories with a slower rate of
increase over time, and there were statistically significant
individual differences in the initial levels and rates of change
of positive coping and QOL over time. In addition, the parallel
process LGCM allowed for the examination of
intercept-intercept, intercept-slope, and slope-slope relationships
of the trajectories, which might extend our understanding of the
relationships between the factors investigated [46]. In our study,
we found a significant slope-slope relationship between positive
coping and QOL, which indicated a mediation effect of positive
coping on QOL in the mHealth intervention. Therefore, the
LGCMs could not only estimate the growth curve of each
outcome measure over time but also simultaneously examine
the mediation relationship between 2 outcomes (eg, positive
coping and QOL) in an intervention by controlling for their
growth trajectories [39].

Given the critical role of positive coping in improving QOL, it
is important to develop positive coping skills in mHealth
interventions to improve participants’ QOL. Previous
psychosocial interventions for people living with HIV found
that training in active cognitive and adaptive behavioral coping
strategies was effective in improving positive coping [23,47,48].
In the Run4Love trial, we adapted the evidence-based CBSM
intervention with important components of training in various
types of coping skills, such as active cognitive coping (eg,
mindfulness and problem- or emotion-oriented coping) and
adaptive behavioral coping (eg, regular exercise) [28]. In
addition, we adapted the CBSM courses originally designed for
people living with HIV in the United States by removing some
parts of the courses that were not suitable in the Chinese context,
such as religion-related materials. Therefore, we had 9 sessions
out of the original 10 sessions of the CBSM courses.

Furthermore, as Chinese people living with HIV visit the
hospital for antiretroviral drugs and regular clinical follow-ups
every 3 months, we matched the patients’ hospital visits and
adapted the length of the intervention to 3 months by adding 3
review sessions and having weekly delivery of the total 12
sessions of the CBSM courses [28]. In addition, our CBSM
intervention delivered in the mHealth platform allowed and
encouraged participants’ repeat visits to the training items,
which might result in enhanced and sustained intervention
effects over 9 months by repeatedly accessing the CBSM courses
and practicing the coping skills, thus producing improved and
sustained effects on patient outcomes such as QOL. To our
knowledge, there is limited evidence about the long-term effects
of mHealth interventions; few studies have reported intervention
effects for over 6 months [49,50]. Few studies have been
conducted on the potential mechanisms of the persistent
intervention effects in mHealth interventions. The investigation
in this study may provide important information and evidence
on intervention mechanisms for long-term sustained effects in
mHealth interventions.

Limitations
This study had several limitations. First, the self-reported data
on positive coping and QOL in our study might have resulted
in recall and social desirability biases. More objective measures,
such as biomarkers, could be incorporated in future studies.
Second, although participants were recruited from a large
hospital for HIV treatment in Guangzhou with over 10,000
patients who were HIV seropositive, the sample was mostly
from an urban setting and was predominantly male, particularly
young men who have sex with men. Therefore, the
generalizability of our findings should be treated with caution.
Third, as all the 6 dimensions of QOL were improved in the
intervention group at 3, 6, and 9 months, and the improvement
was not limited to the mental health dimension, it is possible
that the improvement in QOL was also related to other factors
besides positive coping, such as reduced depressive symptoms,
stress, and/or HIV-related stigma and increased social support
[51-53]. Although it is beyond the scope of this study to
incorporate other factors, one of our previous studies found
mediating roles of perceived stress and depressive symptoms
for suicide reduction [53], whereas another study found positive
coping and HIV-related stigma as intervention mediators on
depressive symptoms [52]. Therefore, other potential mediators
should be further explored to clarify the mechanisms of
intervention effects and processes of how mHealth interventions
improve health outcomes for better designing and implementing
effective mHealth interventions.

Conclusions
In conclusion, this study found a full mediation effect of positive
coping on QOL among people living with HIV in an mHealth
intervention using 4 time point repeated measures and LGCMs.
Future research and policies aimed at QOL improvement among
people living with HIV should be designed with specific features
that enhance the use of positive coping strategies.
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Abstract

Background: Nonadherence to medication in tuberculosis (TB) hampers optimal treatment outcomes. Digital health technology
(DHT) seems to be a promising approach to managing problems of nonadherence to medication and improving treatment outcomes.

Objective: This paper systematically reviews the effect of DHT in improving medication adherence and treatment outcomes
in patients with TB.

Methods: A literature search in PubMed and Cochrane databases was conducted. Randomized controlled trials (RCTs) that
analyzed the effect of DHT interventions on medication adherence outcomes (treatment completion, treatment adherence, missed
doses, and noncompleted rate) and treatment outcomes (cure rate and smear conversion) were included. Adult patients with either
active or latent TB infection were included. The Jadad score was used for evaluating the study quality. The PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) guideline was followed to report study findings.

Results: In all, 16 RCTs were selected from 552 studies found, and 6 types of DHT interventions for TB were identified: 3
RCTs examined video directly observed therapy (VDOT), 1 examined video-observed therapy (VOT), 1 examined an ingestible
sensor, 1 examined phone call reminders, 2 examined medication monitor boxes, and 8 examined SMS text message reminders.
The outcomes used were treatment adherence, including treatment completion, treatment adherence, missed dose, and noncompleted
rate, as well as clinical outcomes, including cure rate and smear conversion. In treatment completion, 4 RCTs (VDOT, VOT,
ingestible sensor, SMS reminder) found significant effects, with odds ratios and relative risks (RRs) ranging from 1.10 to 7.69.
Treatment adherence was increased in 1 study by SMS reminders (RR 1.05; 95% CI 1.04-1.06), and missed dose was reduced
in 1 study by a medication monitor box (mean ratio 0.58; 95% CI 0.42-0.79). In contrast, 3 RCTs of VDOT and 3 RCTs of SMS
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reminders did not find significant effects for treatment completion. Moreover, no improvement was found in treatment adherence
in 1 RCT of VDOT, missed dose in 1 RCT of SMS reminder, and noncompleted rate in 1 RCT of a monitor box, and 2 RCTs of
SMS reminders. For clinical outcomes such as cure rate, 2 RCTs reported that phone calls (RR 1.30; 95% CI 1.07-1.59) and SMS
reminders (OR 2.47; 95% CI 1.13-5.43) significantly affected cure rates. However, 3 RCTs found that SMS reminders did not
have a significant impact on cure rate or smear conversion.

Conclusions: It was found that DHT interventions can be a promising approach. However, the interventions exhibited variable
effects regarding effect direction and the extent of improving TB medication adherence and clinical outcomes. Developing DHT
interventions with personalized feedback is required to have a consistent and beneficial effect on medication adherence and
outcomes among patients with TB.

(J Med Internet Res 2022;24(2):e33062)   doi:10.2196/33062

KEYWORDS

tuberculosis; intervention; eHealth; medication adherence technology; nonadherence; digital health; systematic review; treatment
outcomes

Introduction

Tuberculosis (TB), an infectious disease caused by
Mycobacterium tuberculosis (M. tb), is one of the top 10 most
deadly infectious diseases worldwide [1]. The M. tb pathogen
can easily spread through air transmission by coughing or
sneezing [1]. In 2019, it was estimated that 10 million people
globally were infected with TB [1]. Therefore, long-term
antibiotic treatment is needed to control TB infection and avoid
disease spread.

Treatment for active drug-susceptible TB usually takes at least
6 months, while latent tuberculosis infection (LTBI) can be
between 1 and 6 months [2]. The duration of treatment can be
longer if the pathogen is resistant to either the first- or
second-line of anti-TB medication [3]. Although effective TB
medication is available, treatment is prone to nonadherence,
resulting in treatment failure [2]. Numerous factors affect
medication adherence, such as poor communication between
patient and health care provider, socioeconomic status, health
care system factors, patients’mental condition, therapy features,
and other patient factors [4,5]. Moreover, a high risk of
nonadherence to the medication has been reported in patients
with LTBI because they do not feel any signs or symptoms of
the disease but do experience the side effects of the
medication[2].

Previous studies have indicated that nonadherence to TB
medication impacts clinical and economic TB outcomes [6].
Notably, the consequences of nonadherence include worsening
of the disease [6,7] but also the development and spread of
drug-resistant TB [7]. Although poor medication adherence is
a widely significant problem in TB treatment, it cannot be
managed easily due to the heterogeneity of the underlying
factors [5].

Different digital health technologies (DHT) help manage patients
with TB by monitoring and supporting their medication
adherence [8]. Among them, SMS text message reminders and
video directly observed therapy (VDOT) stand out [8]. On the
one hand, past evidence indicates that their effect concerning
supporting medication adherence among patients with TB is
questionable [9,10]. On the other hand, the field of DHTs is
evolving rapidly, and some more recent developments may

provide more promising approaches in the management of
medication adherence. An updated, comprehensive analysis is
needed to analyze the effect and potential development of DHTs
for managing medication adherence in patients with TB.
Therefore, this study systematically reviewed the effect and
potential development of various DHTs in improving medication
adherence and treatment outcomes in patients with TB.

Methods

Study Design
Randomized controlled studies (RCTs) indexed in the PubMed
and Cochrane databases were systematically reviewed following
the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analysis) guidelines [11,12] (Multimedia Appendix
1).

Data Sources
As a reputable databases in the medical field, PubMed was
selected to effectively obtain qualified RCTs. Additionally, the
Cochrane Database was included since it provides published
and unpublished interventional studies.

Inclusion and Exclusion Criteria
RCTs published in English between March 2002 and January
2020 focusing on interventions using DHT for improving
treatment outcomes and medication adherence in patients with
TB were included in this review. The time restriction was
defined using the leading World Health Organization (WHO)
report from 2003 on interventional strategies for improving
medication adherence as the starting point [4]. Studies that did
not measure the effect of the intervention, had no comparison,
applied a different study design, were not original studies (eg,
study protocol, review), or were reported as an abstract only
were excluded. The population, intervention, comparison, and
outcome were predefined to collect articles according to the
study's objective.

Population
The study population comprised patients aged 15 years or older
with all types of TB (active TB, LTBI, pulmonary TB,
extrapulmonary TB, drug-sensitive TB, or drug-resistant TB).
TB status needed to be confirmed using laboratory or clinical
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testing, such as Mantoux, TB symptoms, chest radiography,
interferon gamma release assays, and smear or sputum test; or
other examinations, such as polymerase chain reaction or
phenotypic drug susceptibility testing.

Interventions and Comparisons
We included studies evaluating the effect of DHTs, such as
smartphone apps, video observation, phone reminders, ingestible
sensors, SMS reminders, and other digital health interventions,
that aimed to improve medication adherence and TB treatment
outcomes. All selected studies had a comparison group with
patients receiving usual care (mainly traditional directly
observed therapy [DOT]) to measure the incremental effect of
the intervention.

Outcome Measures
The primary outcome was medication adherence (ie, treatment
completion, adherence rate, and missed doses), while the
secondary outcome included clinical outcomes (ie, cure rate
and smear sputum conversion rate).

Medication adherence could be measured using self-report on
the device directly (VDOT) and indirectly (VOT), responding
to phone calls and SMS text messages, detecting drug taking
through a monitor box, or pill counting. Notably, medication
adherence to (respiratory) medicines consists of 3 phases:
initiation, implementation, and persistence [13] according to
the global TB definition [14] and the ESPACOMP Medication
Adherence Reporting Guideline (EMERGE) [15]. In this study,
the adherence rate was defined as the rate of anti-TB medication
taken by a patient with TB with treatment completion. Following
the WHO definition, completion treatment was defined as a
patient with TB who completed treatment without evidence of
failure (no record of sputum smear or culture test results in the
last month of treatment). Hence, the adherence rate was
operationally defined as the implementation phase in this study.
Moreover, the persistence phase was defined as completion
treatment, and noncompletion treatment was deemed to be
similar to nonpersistence. Noncompletion treatment was defined
as a patient with TB who discontinued the medication before
the last defined dose [16,17]. Missed doses were included in
the implementation phase and were defined as the percentage
of monthly TB medicines missed as measured according to pill
count and failure to open the medication box, where the
minimum percentage of missed doses was 20% [18].

The clinical outcomes included cure rate, with cure being
defined as M. tb culture–positive results at the beginning and
negative results in the last month of treatment and on at least 1
previous occasion. The other clinical outcome was sputum
conversion, which was defined as the conversion of positive to
negative M. tb culture during the treatment [14].

Search Strategies
Specific key terms related to the study population, intervention,
comparison, outcome, and design were developed for the
specific databases used. The search strategies for the PubMed
and Cochrane databases are described in the following sections.

PubMed Database
The search strategy for PubMed was as follows:
(“technology”[tw] OR “digital adherence”[tw] OR
“mHealth”[tw] OR “mobile health”[tw] OR “mobile app”[tw]
OR “mobile apps”[tw] OR “mobile application”[tw]) AND
(“medication adherence” [Mesh] OR “adherence”[tw] OR
“concordance”[tw] OR “compliance”[tw] OR
“nonadherence”[tw] OR “noncompliance”[tw] OR
“nonconcordance”[tw]) AND (“tuberculosis/drug
therapy”[Mesh] OR “tuberculosis infection”[tw] OR “tb”[tw]
OR “active tuberculosis”[tw] OR “latent tuberculosis”[tw] OR
“pulmonary tuberculosis”[tw] OR “extrapulmonary
tuberculosis”[tw]).

Cochrane Database
The search strategy for Cochrane Database was as follows:
(“technology” OR “digital adherence” OR “mHealth” OR
“mobile health” OR “mobile app” OR “mobile apps” OR
“mobile application”) AND (“medication adherence” [Mesh]
OR “adherence” OR “concordance” OR “compliance” OR
“nonadherence” OR “noncompliance” OR “nonconcordance”)
AND (“tuberculosis/drug therapy” [Mesh] OR “tuberculosis
infection” OR “tb” OR “active tuberculosis” OR “latent
tuberculosis” OR “pulmonary tuberculosis” OR “extrapulmonary
tuberculosis”).

Data Selection, Collection, and Extraction
AR conducted eligibility evaluation based on the title and
abstract. The full texts of potentially eligible articles were
retrieved and assessed by AR. ISP and SDA conducted further
independent verification of the abstract and full-text screening.
Any disagreements among the reviewers (AR, ISP, and SDA)
were resolved by discussion. Data from the selected articles
were extracted by AR and then verified by ISP for relevant
information, such as publication year, type of DHT intervention,
setting, population, study outcome, and comparison groups.

Summary Measures and Synthesis of Results
In the case of comparable homogenous studies being retrieved,
quantitative data synthesis was considered. However, a
qualitative narrative review was used in case the data were
heterogenous in terms of the population, intervention,
comparisons, or outcomes. Several point estimates were
considered for the data analysis, such as the mean ratio for
continuous outcome data and the relative risk (RR) and odds
ratio (OR) for dichotomous outcome data with a 95% CI.

Quality Assessment of the Included Articles
As all included articles were RCTs, the Jadad score was used
to assess the individual articles [19]. The Jadad score has 3
assessment domains: randomization, blinding method, and
participant withdrawal with a minimum score of 1 (poor quality)
and a maximum score of 5 (good quality).

Results

Study Selection
Our literature search initially identified 552 articles. After
removal of duplicates, the screening of titles and abstracts
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yielded 20 relevant articles. The full-text screening process
resulted in a final study sample of 16 articles. Variations in the
study population, comparisons, and outcomes across the
included studies were identified; therefore, quantitative analysis
could not be conducted in this study considering the
heterogeneity. The flow diagram and the screening process are
provided in Figure 1.

The 16 included studies were conducted in different countries:
England [20], USA [21-23], Taiwan [24], China [17,25],
Pakistan [26,27], South Africa [9], Cameroon [28], Canada [10],
Argentina [29], Sudan [17], Thailand [30], and Haiti [31].

The median sample size of the source population was 259
participants, ranging from 37 participants [29] to 1110
participants [24]. Most studies targeted either patients alone
(n=12) or patients and health care professionals (n=4). Several
study designs were used in the included articles: 11 RCTs with
a 2-arm design [10,17,21-24,26,27,29-31], 4 with a 2-arm cluster
design [9,20,25,28], and 1 with a 4-arm cluster design [17].

Across the studies, multiple various interventions were assessed,
including 3 assessing VDOT [21,22,24], 1 VOT [20], 1 phone
call reminders [30], 2 medication monitor boxes [18,31], 1
ingestible sensors [23], and 8 SMS reminders [9,10,17,25-29].
The characteristics of all included articles are indicated in Table
1.

Figure 1. Flow diagram of the article selection process.
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Table 1. Characteristics of the included articles.

Outcome mea-
surements

Study out-
comes

Participants in
the intervention
and comparison
group, n

InterventionSettingStudy periodTargetAuthors,
publication
year

No.

Scheduled
treatment ob-
servation

Treatment
completion

112 and 114VOTa intervention in which pa-
tients record and send videos of
every dose ingested and adverse

22 clinics in
England (UK)

Sept 2014 to
Oct 2016

PatientsStory et al,
2019 [20]

1

medicine events using the smart

appb

Scheduled

VDOTd ses-
sion

Treatment
completion

49 and 267Patients swallowing a pill in
front of a camera on their sched-

ule on VDOTd callsb

TBc clinics in
New York City,
USA

Sept 2013 to
Sept 2014

PatientsChuck et al,
2016 [21]

2

Scheduled
VDOT session

Treatment
completion

50 and 302Patients taking medicine ob-

served by a VDOT workerb
4 New York
City health de-
partment TB

Feb to Oct
2015

PatientsLam et al,
2018 [22]

3

clinics, New
York City, USA

Scheduled
VDOT session

Treatment
adherence

80 and 160Patients taking medicine under

2-way video callsb
Health facilities
in Taipei, Tai-
wan

Jan 2014 to
Dec 2017

Patients

and HCPe
Chen et al,
2020 [24]

4

Negative cul-
ture result at

Cure rate30 and 30Patients receiving phone call re-

minders to take their medicationb
Public hospitals
in 7 provinces
of Northern
Thailand

Apr 2008 to
Dec 2009

PatientsKu-
nawararak et
al, 2011 [30]

5

the end of
treatment

Pill count and
failure to open

Missed
doses

3069 and 1104Patients receiving a reminder via
SMS, medication monitor box,

or their medicationb

36 districts
within the
province of
Heilongjiang,

June 2011 to
Mar 2012

PatientsLiu et al,
2015 [18]

6

the medication
monitor box

Jiangsu, Hunan,
and Chongqing,
China

Counting the
number of

Noncom-
pleted rate

64 and 127Medication monitor and counsel-
ing in which the medication
monitor is based on moving a

Clinic at Port-
Au-Prince,
Haiti

July 1983 to
Nov 1985

PatientsMoulding &
Caymittes,
2002 [31]

7

dots on the
film stripminute piece of uranium along a

strip of photographic film to
record the interval between the
removal of each tablet of medica-

tionf

The number of
doses con-
firmed

Treatment
completion

41 and 20Patients given the WOTg IS-

Rifamate (ingestible sensor)i

San Diego and
Orange County
divisions of TB
Control and

Oct 2013 to
Jan2017

PatientsBrowne et
al, 2019 [23]

8

Refugee Health,
USA

Pill countingTreatment
completion

160 and 190An SMS reminder sent once per
day to remind patients for taking

6 districts from
Anhui province,
China

Dec 2014 to
Dec 2015

PatientsFang et al,
2017 [25]

9

and missed
doses

the medicine, reexamining the
physical condition, and improv-

ing knowledgeb

Pill counting
and smear

Treatment
completion

1110 and 1097Daily SMS reminders sent to
participants who are asked to re-

Public and pri-
vate sector tu-

Mar 2011 to
Feb 2014

Patients

and HCPe
Mohammed
et al, 2016
[26]

10

conversion at
the end of
treatment

and smear
conversion

spond through SMS or missed
calls after taking their medica-

tionb

berculosis clin-
ics in Karachi,
Pakistan
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Outcome mea-
surements

Study out-
comes

Participants in
the intervention
and comparison
group, n

InterventionSettingStudy periodTargetAuthors,
publication
year

No.

Pill counting
and self-report

Treatment
completion

315 and 328SATh used without reminder and
SAT used with weekly SMS re-

minderb

Outpatient tuber-
culosis clinics
in the USA,
Spain, Hong
Kong, and
South Africa

Sept 2012 to
Apr 2014

PatientsBelknap et
al, 2017 [9]

11

Pill counting
and negative
culture result
at the end of
treatment

Treatment
completion
and cure
rate

137 and 142Daily SMS reminder for 6

monthsb
Treatment and
Diagnostic Cen-
tres of
Yaoundé,
Cameroon

Feb 2013 to
Apr 2014

PatientsBediang et
al, 2018 [28]

12

Pill counting
and self-report

Treatment
completion

170 and 1882-way weekly SMS reminder to
patients who need to respond

within 48 hoursi

TB clinics in
British
Columbia,
Canada

June 2012 to

Sept 2015

Patients
and HCP

Johnston et
al, 2018 [10]

13

Pill counting
and self-report

Treatment
completion
and treat-
ment adher-
ence

18 and 19Patients receiving SMS re-
minders every day and being re-
quired to text after medication

administrationi

Clinic located
within Health
Region V in the
province of

Buenos Aires,
Argentina

Nov 2011 to
June 2012

Patients
and HCP

Iribarren et
al, 2013 [29]

14

Negative cul-
ture result at
the end of
treatment and
pill counting

Cured rate
and non-
completed
rate

74 and 74Patients receiving standard of
care, with the additional text
messages every 48 hours during
the first 2 months and weekly
thereafter until the end of treat-

menti

8 TB treatment
units in Khar-
toum Province,
Khartoum State,
Sudan

May 2017 to
Mar 2018

PatientsAli & Mar-
tin, 2019
[17]

15

Negative cul-
ture result at
the end of
treatment and
pill counting

Cure rate
and non-
completed
rate

74 and 74Patients receiving daily SMS re-

minders and DOTb
TB clinics of
Khyber Teach-
ing Hospital Pe-
shawar and
Emergency
Satellite Hospi-
tal Nahaqi, Pak-
istan

June 2014 to
June 2015

PatientsFarooqi et al,
2017 [27]

16

aVOT: video-observed treatment.
bThe comparison group is the directly observed treatment (DOT).
cTB: tuberculosis.
dVDOT: video directly observed treatment.
eHCP: health care provider.
fThe comparison group is the simple container.
gWOT: wirelessly observed therapy.
hSAT: self-administered therapy.
iThe comparison group is the standard of care.

Outcomes
The medication adherence-related outcomes reported across the
16 RCTs were treatment completion in 10 (63%) studies
[9,10,20-23,25,26,28,29], treatment adherence in 2 (13%)
[24,29], missed doses in 2 (13%) [18,25], and noncompleted
rate in 3 (19%) [17,27,31]. Note that some RCTs reported more
than 1 adherence outcome. Clinical outcomes included cure rate
in 4 RCTs (25%) [17,27,28,30] and smear conversion in 1 RCT
[26] (6%).

Adherence Outcomes: Positive Findings
Four RCTs showed that treatment completion was significantly
and positively impacted by a DHT intervention, with effect
sizes varying by type of intervention. Notably, VDOT or VOT
was found to be more effective compared to DOT in 2 studies
from the UK and USA (UK: OR 2.52; 95% CI 1.17-5.54 [20];
USA: RR 1.36; 95% CI 1.19-1.55 [22]). Furthermore, studies
on ingestible sensors (OR 7.69; 95% CI 4.51-14.48) [23] and
1 of the SMS reminder intervention studies (RR 1.1; 95% CI
1.04–1.18) [25] reported positive effects on treatment
completion.
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The outcome of treatment adherence was increased in 1 study
that evaluated SMS reminders (RR 1.05; 95% CI 1.04-1.06)
[29], and missed doses was reduced in 1 study that used a
medication monitor box (mean ratio 0.58; 95% CI 0.42-0.79)
[18] in patients with TB.

Adherence Outcomes: Negative Findings
Beyond the trials that reported the positive impact of DHT
interventions on adherence outcomes, several studies that did
not report any significant effect on medication adherence
outcomes were also identified. Three RCTs did not find any
significant effect on treatment completion from VDOT (RR
0.99, 95% CI 0.93-1.05 [21]; RR 1.00, 95% CI 0.79-1.26 [26];
RR 0.87, 95% CI 0.81-0.94 [9]), and another 3 indicated a lack
of evidence for a positive effect of SMS reminders (OR 1.45,
95% CI 0.81-2.56 [28]; RR 0.97, 95% CI 0.88-1.07 [10]; RR
0.99, 95% CI 0.93-1.05 [29]).

Additionally, treatment adherence was not impacted by VDOT
in 1 RCT (RR 1.08; 95% CI 0.89-1.32 [24]), and neither were

missed doses by SMS reminders (RR 0.40; 95% CI 0.11-1.50
[25]), or the noncompleted rate by a monitor box (RR 0.55;
95% CI 0.21-1.42 [31]), or SMS reminders (OR 1.67, 95% CI
0.52-5.37 [17]; RR 0.76, 95% CI 0.18-3.28 [27]).

Clinical Outcomes: Positive Findings
In 2 studies, the clinical outcome of cure rate was positively
affected by DHT [17,30]. It was observed that cure rate was
increased through SMS reminders (OR 2.47, 95% CI 1.13-5.43
[17]) and phone call reminders (RR 1.30, 95% CI 1.07-1.59
[30]) in patients with TB.

Clinical Outcomes: Negative Findings
Three studies did not find there to be a significant effect of DHT
on clinical outcomes, with 2 RCTs indicating no effects of SMS
reminders on cure rate (OR 1.06;,95% CI 0.65-1.73 [28]; RR
1.05, 95% CI 0.62-1.76 [27]) and 1 study indicating no effect
of SMS reminders on smear conversion (RR 1.00, 95% CI
0.90-1.12) [26]. The effects of interventions are summarized in
Table 2.
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Table 2. Effects of digital health technology interventions on medication adherence and clinical tuberculosis outcomes.

Clinical outcome (95% CI)Medication adherence outcome (95% CI)InterventionaFirst author, year of
publication

No.

Smear sputum
conversionCure rate

Noncompleted
rate

Missed

doses

Treatment

adherence

Treatment

completion

N/AN/AN/AN/AN/AdORc: 2.52
(1.17-5.54)

VOTbStory et al, 2019 [20]1

N/AN/AN/AN/AN/ARRf: 0.99 (0.93-
1.05)

VDOTeChuck et al, 2016 [21]2

N/AN/AN/AN/AN/ARR: 1.36 (1.19-
1.55)

VDOTLam et al, 2018 [22]3

N/AN/AN/AN/ARR: 1.08 (0.89-
1.32)

N/AVDOTChen et al, 2020 [24]4

N/ARR: 1.30
(1.07-1.59)

N/AN/AN/AN/APhone call re-
minder

Kunawararak et a.,
2011 [30]

5

N/AN/AN/AMRg: 0.94
(0.71-1.24)

MR: 0.58
(0.42-0.79)

MR: 0.49
(0.27-0.88)

N/AN/ASMS, medication
monitor box, and
combined

Liu et al, 2015 [18]6

N/AN/ARR: 0.55
(0.21-1.42)

N/AN/AN/AMedication moni-
tor with counsel-
ing

Moulding & Caymittes,
2002 [31]

7

N/AN/AN/AN/AN/AOR: 7.69 (4.51-
14.48)

Ingestible sensorBrowne et al, 2019 [23]8

N/AN/AN/ARR: 0.40
(0.11-1.50)

N/ARR: 1.10 (1.04-
1.18)

SMS reminderFang et al, 2017 [25]9

RR: 1.00
(0.90–1.12)

N/AN/AN/AN/ARR: 1.00
(0.79–1.26)

SMS reminderMohammed et al, 2016
[26]

10

N/AN/AN/AN/AN/ARR: 0.87 (0.81-
0.94)

SMS reminderBelknap et al, 2017 [9]11

N/AOR: 1.06
(0.65-1.73)

N/AN/AN/AOR: 1.45 (0.81-
2.56)

SMS reminderBediang et al., 2018
[28]

12

N/AN/AN/AN/AN/ARR: 0.97 (0.88-
1.07)

SMS reminderJohnston et al, 2018
[10]

13

N/AN/AN/AN/ARR: 1.05 (1.04-
1.06)

RR: 0.99 (0.93-
1.05)

SMS reminderIribarren et al, 2013
[29]

14

N/AOR: 2.47
(1.13-5.43)

OR 1.67
(0.52-5.37)

N/AN/AN/ASMS reminderAli & Martin, 2019 [17]15

N/ARR: 1.05
(0.62-1.76)

RR: 0.76
(0.18-3.28)

N/AN/AN/ASMS reminderFarooqi et al, 2017 [27]16

aThe comparison group is provided in Table 1.
bVOT: video-observed therapy.
cOR: odds ratio.
dN/A: not applicable.
eVDOT: video directly observed therapy.
fRR: relative risk.
gMR: mean ratio.

Quality Assessment of the Included Articles
None of the included studies had the maximum Jadad score (5
points). Eleven studies (69%) had a relatively high score (3
points) since they appropriately described the randomization

method and clearly illustrated the withdrawals of participants
[9,10,18,20,23,25-29,31]. Furthermore, 5 of the 16 studies (31%)
had lower Jadad scores (2 points) due to the absence of a
description of the randomization procedure [17,21,22,24,30].
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The risk of bias assessment is indicated in (Multimedia
Appendix 2).

Data Synthesis
As shown in Table 1, considerable variations in the study
population, comparisons, and outcomes across the included
studies were identified. Therefore, the quantitative analysis
could not be conducted considering the heterogeneity observed.

Discussion

Main Findings
This systematic review indicated that DHT interventions,
including VOT, VDOT, medication monitor boxes, ingestible
sensors, and SMS reminders, could effectively improve
medication adherence in patients with TB. However, half of the
4 V(D)OT and over half of the 8 SMS reminder studies showed
no significant effect on adherence outcomes, resulting in
inconclusive evidence regarding their effectiveness with respect
to the extent of improving medication adherence. Regarding
reported clinical outcomes, 1 study with phone call reminders
and 1 of the 3 studies with SMS reminders showed positive
effects on TB cure rates, and no DHT exhibited effects on
sputum conversion rates.

Among the primary DHT interventions, VDOT and VOT are
the interventions with the potential for improving TB medication
adherence. With video-observed treatment, medication
adherence can be directly recorded (VDOT) or indirectly (VOT)
while a patient takes the medication. Hence, the health care
provider can monitor the medication intake process remotely.
However, this technology needs adequate smartphone
specifications (eg, picture resolution, memory), good
connectivity, and user ability. Smartphones with good
connectivity are required because each video should be sent in
an adequate video resolution and fairly large file size for proper
drug monitoring. The benefit of video treatment is that patients’
and health care workers' travel time can be significantly
decreased compared to traditional DOT [22]. As an intervention,
VDOT or VOT is preferred by patients with TB because it is
easier to accept, cheaper, and more effective than is standard
DOT [20]. Moreover, the implementation of VDOT or VOT
has been associated with treatment completion [20-22] and
treatment adherence [24] in patients with TB. Our review found
that 2 VDOT studies significantly enhanced treatment
completion compared to DOT [20,22], while 2 other studies
demonstrated no difference between VDOT and standards of
care [21,24]. The challenges concerning its implementation are
the availability of (smart) phones and the network-related
interruption of audio-video connections during VDOT sessions.
However, the widespread use of smartphones will encourage
providers to improve network quality. Therefore, VDOT or
VOT can be a promising approach to overcoming medication
adherence problems [32], especially in countries with high
smartphone use [33,34]. The average availability of smartphones
in the top-30 high-burden TB countries is 93.98 per 100 people,
ranging from 14.9 in North Korea to 185.69 in Montenegro
[35]. The data highlighted the potential use of DHT interventions
based on smartphone intervention.

Beyond VDOT, SMS reminders were one of the most frequently
studied DHT interventions. Phone call reminders are used to
remind patients directly to take their medicine. The technology
used in this approach is simpler than that of VDOT or VOT
because the phone call reminder does not need high device
specifications and patient ability; thus, patients can easily use
it. One study in Thailand that evaluated 2 models for TB control,
single DOT and DOT with phone call reminders, showed that
phone call reminders can increase the cure rate [29]. The
reminders supported the patients during their treatment because
they did not feel alone or socially isolated. Another type of
reminder-based intervention is the medication monitor box.
This device can also record the history of medicine usage and
can be used for adherence monitoring by health care providers
at a distance [18]. The medication reminder feature can
overcome forgetfulness in patients with TB. A study conducted
in 36 districts in China using a medication monitor box with a
reminder exhibited a lower missed-dose rate than did a
medication monitor box without a reminder [17]. Another RCT
conducted in Haiti reported that the medication monitor box
without reminders did not effectively reduce the noncompleted
rate among patients with TB [31]. The study highlighted that
the reminder feature attached in the medication box could affect
the completion rate.

Another DHT is the ingestible sensor. The sensor is attached
to the medicine and sends a signal to the operator when the
medicine is ingested. If the patient is not taking the medication,
the system will automatically send a reminder urging them to
take medicine immediately. With this ingestible sensor, the
potential adverse effects should be considered since the sensor
is attached to the patient. An RCT conducted in the USA on
patients with advanced-phase TB indicated that ingestible
sensors could increase treatment completion with an accuracy
of 99.3%. However, rash and pruritus were reported as side
effects in up to 10% of the participants [23]. It would be
worthwhile to conduct a cost-effectiveness analysis to assess
the increased treatment completion at the additional cost of the
ingestible sensors and the side effects.

SMS reminders can be considered and combined with other
interventions to improve medication adherence in patients with
TB. SMS reminders are sent periodically to encourage patients
to take their medicine. This feature does not require high
smartphone specifications. Indeed, 3 of the 8 RCT studies
conducted in 6 countries indicated that the SMS reminder could
increase treatment completion [25], treatment adherence [29],
and cure rate [29]. The SMS reminder can be applied widely
because of its ease of access, low cost, and ready acceptance
by patients. Like the medication monitor box, the SMS reminder
plays an essential role in improving patients’ medication
schedules [25]. However, 5 studies found no benefit compared
to the standard of care [9,10,17,26,28]. This implies that careful
consideration should be made before implementing this
intervention. Implementation under operational research
conditions would be ideal as data would become available to
evaluate the benefit of the SMS reminder service.

Some studies have indicated that DHT interventions could
improve treatment outcomes and patient adherence. However,
some studies exhibited no difference compared to the standard
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of care [9,10,17,21,24,26,28,31]. The variable effects of DHT
interventions can be explained using the heterogeneity of the
population, comparison, and outcome definitions used across
the included studies. For instance, although the same type of
intervention and outcome was applied, the use of various
comparisons (DOT and standard care without DOT) [10,25]
makes it challenging to aggregate results. Notably, the features
of the population should be taken into consideration when
interpreting the intervention effect on adherence. As
nonadherence can be explained using multiple factors (eg, social,
economic, and behavioral factors) [4], it is essential to
characterize the individual problem of nonadherence when
conducting the intervention. Hence, a one-size-fits-all
intervention to resolve nonadherence is unlikely to be successful.
Therefore, a tailored and targeted intervention for improving
medication adherence is essential to resolving nonadherence.

Implications and Future Directions
Given the contradicting study outcomes, more research and
developments regarding the role of DHTs in medication
adherence management for patients with TB are needed. These
developments should focus on the (technical) drug monitoring
aspects and the intervention(s) that can effectively improve
medication adherence and treatment outcome. Considering the
multiple factors underlying medication nonadherence in patients
with TB (eg, social, economic, geographic, facility, and
behavioral factors) [4], a tailored and targeted intervention for
improving medication adherence is essential. Therefore, a DHT
with screening and monitoring for nonadherent patients can be
further enhanced by considering the individual problems patients
encounter. Subsequently, these data can further support health
care providers in effectively delivering personalized
interventions for improving medication adherence in patients
with TB. This may also require further training of health care
providers in effective communication strategies.

Most DHT-based interventions in this study were assessed under
trial conditions that may not represent the real-world condition
for implementation. Numerous factors may drive the effect of
a DHT’s intervention in the real world: population density,
facilities, transportation, smartphone network coverage, health

care systems, human resources, costs, individual characteristics,
and integration of the intervention with the national TB program
[36]. This underlines the fact that implementing a particular
intervention will have very different meanings depending on
the local context. Therefore, understanding the local context is
critical for successful DHT intervention implementation in
real-world settings. Additionally, governmental policy and
proper reimbursement are needed to support and regulate DHTs
for successful implementation. Further implementation studies
are needed to evaluate the maturity of interventions in the real
world to scale up DHT interventions beyond trial settings.

Strengths and Limitations
This study’s strength is that a comprehensive and up-to-date
overview of existing DHTs, ranging from their use, device
specifications, and efficacy that can be used to improve the
problem of medication adherence and treatment outcome among
patients with TB, was provided. However, although all efforts
were made to provide a robust analysis, several limitations
should be acknowledged: although unpublished RCT studies
were covered in the Cochrane Database, potential publication
bias may exist in this study due to limited inclusion of gray
literature, non–English language studies, and studies indexed
in other databases; a meta-analytical analysis could not be
conducted due to the heterogeneity across the included studies;
as the focus was on RCT studies—known as the gold standard
in analyzing the effects of interventions—well-designed pre-and
postintervention studies were excluded in this study.

Conclusions
It was found that DHT can be a promising approach in
improving medication adherence and treatment outcomes among
patients with TB despite the variable intervention effects that
were discovered. Considering individual factors of nonadherence
to medication among patients with TB, developing DHT
interventions with personalized feedback is required to have a
consistent and beneficial effect on medication adherence and
treatment outcomes among patients with TB. Further
implementation studies are needed to evaluate the maturity and
scale-up of the interventions in the real world.
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Abstract

Background: Patient education, home-based exercise therapy, and advice on returning to normal activities are established
physiotherapeutic treatment options for patients with nonspecific low back pain (LBP). However, the effectiveness of physiotherapy
interventions on health-related outcomes largely depends on patient self-management and adherence to exercise and physical
activity recommendations. e-Exercise LBP is a recently developed stratified blended care intervention comprising a smartphone
app integrated with face-to-face physiotherapy treatment. Following the promising effects of web-based applications on patients’
self-management skills and adherence to exercise and physical activity recommendations, it is hypothesized that e-Exercise LBP
will improve patients’ physical functioning.

Objective: This study aims to investigate the short-term (3 months) effectiveness of stratified blended physiotherapy (e-Exercise
LBP) on physical functioning in comparison with face-to-face physiotherapy in patients with nonspecific LBP.

Methods: The study design was a multicenter cluster randomized controlled trial with intention-to-treat analysis. Patients with
nonspecific LBP aged ≥18 years were asked to participate in the study. The patients were treated with either stratified blended
physiotherapy or face-to-face physiotherapy. Both interventions were conducted according to the Dutch physiotherapy guidelines
for nonspecific LBP. Blended physiotherapy was stratified according to the patients’ risk of developing persistent LBP using the
Keele STarT Back Screening Tool. The primary outcome was physical functioning (Oswestry Disability Index, range 0-100).
Secondary outcomes included pain intensity, fear-avoidance beliefs, and self-reported adherence. Measurements were taken at
baseline and at the 3-month follow-up.

Results: Both the stratified blended physiotherapy group (104/208, 50%) and the face-to-face physiotherapy group (104/208,
50%) had improved clinically relevant and statistically significant physical functioning; however, there was no statistically
significant or clinically relevant between-group difference (mean difference −1.96, 95% CI −4.47 to 0.55). For the secondary
outcomes, stratified blended physiotherapy showed statistically significant between-group differences in fear-avoidance beliefs

J Med Internet Res 2022 | vol. 24 | iss. 2 | e31675 | p.543https://www.jmir.org/2022/2/e31675
(page number not for citation purposes)

Koppenaal et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:t.koppenaal@fontys.nl
http://www.w3.org/Style/XSL
http://www.renderx.com/


and self-reported adherence. In patients with a high risk of developing persistent LBP (13/208, 6.3%), stratified blended
physiotherapy showed statistically significant between-group differences in physical functioning (mean difference −16.39, 95%
CI −27.98 to −4.79) and several secondary outcomes.

Conclusions: The stratified blended physiotherapy intervention e-Exercise LBP is not more effective than face-to-face
physiotherapy in patients with nonspecific LBP in improving physical functioning in the short term. For both stratified blended
physiotherapy and face-to-face physiotherapy, within-group improvements were clinically relevant. To be able to decide whether
e-Exercise LBP should be implemented in daily physiotherapy practice, future research should focus on the long-term
cost-effectiveness and determine which patients benefit most from stratified blended physiotherapy.

Trial Registration: ISRCTN Registry 94074203; https://doi.org/10.1186/ISRCTN94074203

International Registered Report Identifier (IRRID): RR2-https://doi.org/10.1186/s12891-020-3174-z

(J Med Internet Res 2022;24(2):e31675)   doi:10.2196/31675

KEYWORDS
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Introduction

Low back pain (LBP)–related disability and the related
socioeconomic burden remain high despite the many treatment
options and health care resources available for LBP [1]. LBP
can be caused by a specific pathology or trauma; however, in
>90% of cases, an underlying disease is absent [2]. The clinical
course of this so-called nonspecific LBP varies and, as expected,
is often less favorable; some patients recover within a couple
of days or weeks, and other patients experience persistent
disabling symptoms leading to chronic LBP. Up to 65% of
primary care patients with LBP still experience pain 1 year after
onset [3,4].

Clinical practice guidelines recommend a patient-centered
approach for the management of LBP [5,6]. This approach
identifies patients with an increased likelihood of delayed
recovery at an early stage and stratifies the treatment accordingly
[6-8]. An example of a tool for identifying individuals at risk
of delayed recovery is the Keele STarT Back Screening Tool
[9,10]. In general, in patients who have a low risk for delayed
recovery, early management comprises advice, reassurance, and
education about the nonspecific nature of their LBP and
encouragement to stay active. For individuals at medium risk
for developing persistent LBP, personalized and supervised
exercise therapy should be considered. For the high-risk group,
this exercise therapy can be supported by a graded activity
approach or cognitive behavioral components [8,11]. In addition
to a patient-centered and stratified approach, patients’adherence
to prescribed (home-based) exercises and recommended physical
activity behavior is crucial for the effectiveness of care [12].
Earlier research showed that 45% to 70% of patients do not
adhere to prescribed exercises and physical activity
recommendations, whereas adherent patients with LBP have a
reduced risk of recurrent LBP [13,14].

Within the treatment of patients with LBP, blended care is a
promising new and understudied field [15]. Blended care refers
to the integration of web-based and offline components within
the treatment process and requires that both components
contribute equally to the treatment process [16,17]. The
integration of web-based components, such as websites and
apps, provides new solutions to monitor and coach patients’

individual health behaviors and support the optimization of
face-to-face care tailored to the patients’ individual needs
[18-20]. Thereafter, web-based components can be an effective
means of stimulating adherence to prescribed exercises at home
between face-to-face sessions and possibly increase
self-management of LBP [21,22]. Until now, evidence on
patient-centered and stratified care has not been integrated into
blended care. Therefore, we recently developed e-Exercise LBP,
a stratified blended intervention in which a smartphone app is
integrated within face-to-face physiotherapy treatment, and
established its feasibility and proof of concept for the treatment
of functional disability and pain [23]. e-Exercise LBP is an
adapted version of previously developed and evaluated blended
physiotherapy programs [24,25]. Following the promising
effects of web-based applications for patients’ self-management
skills and adherence to exercise and physical activity
recommendations, it is hypothesized that e-Exercise LBP will
improve patients’ physical functioning. However, the
effectiveness of e-Exercise LBP in comparison with primary
care physiotherapy still needs to be determined. The primary
aim of this study is to investigate the short-term (3 months)
effectiveness of stratified blended physiotherapy (e-Exercise
LBP) on physical functioning in comparison with face-to-face
physiotherapy in patients with nonspecific LBP.

Methods

Design and Ethical Considerations
The e-Exercise LBP study was a prospective multicenter cluster
randomized controlled trial. The study protocol was approved
by the medical research ethics committee of the University
Medical Center Utrecht, the Netherlands (18-085/D), and
registered at the onset of patient enrollment (ISRCTN
94074203). From January 2018 to June 2018, 122
physiotherapists working in 58 primary care physiotherapy
practices were recruited and randomized to either stratified
blended physiotherapy (e-Exercise LBP) or face-to-face
physiotherapy. Details of the design and methods of the study
have been published previously [26]. This study is reported
according to the CONSORT (Consolidated Standards of
Reporting Trials) statement for cluster randomized trials
(Multimedia Appendix 1).

J Med Internet Res 2022 | vol. 24 | iss. 2 | e31675 | p.544https://www.jmir.org/2022/2/e31675
(page number not for citation purposes)

Koppenaal et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/31675
http://www.w3.org/Style/XSL
http://www.renderx.com/


Recruitment

Setting and Randomization
Physiotherapists were recruited by an invitational letter sent to
the professional network of the authors and physiotherapists
who participated in a previous e-Exercise study [24]. In addition,
an advertisement was placed in the web-based newsletter of the
Royal Dutch Society for Physiotherapy. Physiotherapy practices
could participate with ≥1 physiotherapist, regardless of
professional experience and education or specialization (eg,
manual therapy). Physiotherapists were cluster randomized at
the level of practice to avoid contamination. Treatment
allocation was concealed and performed by an independent
researcher using a computer-generated, a priori created, random
sequence table and in a 1:1 allocation ratio. Physiotherapists
and patients were not blinded to the group allocation.

The physiotherapists in the stratified blended physiotherapy
group received two 4-hour training sessions on e-Exercise LBP
and the study procedures. In the face-to-face physiotherapy
group, physiotherapists received a 4-hour training session in
current best practices according to the LBP guidelines of the
Royal Dutch Society for Physiotherapy [11] and the study
procedures.

Patients
Patients with LBP who contacted a participating physiotherapy
practice were orally informed about the study and invited to
participate. Interested patients received a patient information
letter by email and an informative phone call by one of the
researchers (TK or RMA) before the first appointment. When
a patient was willing to participate after the phone call, a
face-to-face appointment was scheduled (by TK or RMA) to
obtain written informed consent and verify eligibility. The
eligibility criteria were as follows: (1) being a patient requesting

physiotherapy treatment for nonspecific LBP, defined as pain
in the lumbosacral region (sometimes associated with radiating
pain to the buttock or leg) [11]; (2) aged ≥18 years; (3)
possessing a smartphone or tablet (iOS or Android operating
system) with access to the internet; and (4) mastery of the Dutch
language. The exclusion criteria were as follows: (1) a specific
cause of LBP determined through medical imaging or a medical
physician, (2) serious comorbidities (eg, malignancy or stroke),
and (3) current pregnancy because of the prevalence of pelvic
girdle pain as a specific form of LBP.

Intervention

Experimental: Stratified Blended Physiotherapy
(e-Exercise LBP)
Patients allocated to the stratified blended physiotherapy group
received blended physiotherapy, comprising a smartphone app
integrated within face-to-face physiotherapy treatment [23,26].
Both the contents of the smartphone app and the face-to-face
physiotherapy treatment are based on the recommendations of
the LBP guidelines of the Royal Dutch Society for
Physiotherapy [11]. The duration and content of the stratified
blended physiotherapy intervention were based on the patients’
risk for developing persistent LBP (low, medium, or high) using
the Keele STarT Back Screening Tool [9,10]. The smartphone
app contains video-supported self-management information,
video-supported exercises, and a goal-oriented physical activity
module. Both the contents of face-to-face care and the
smartphone app were tailored by the physiotherapists to the
patients’ individual needs and progress (Table 1). Although
physiotherapists were recommended to treat according to the
stratified blended physiotherapy protocol, they were free to
deviate from the protocol with respect to their clinical
competence. Print screens of the smartphone app are provided
in Multimedia Appendix 2.
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Table 1. Overview of the stratified blended physiotherapy intervention (e-Exercise low back pain [LBP]).

High-risk profileMedium-risk profileLow-risk profileMode of delivery

Smartphone app

12 weeks12 weeks3 weeksDuration

12 weekly self-management themes,
including assignments, pain education,
and psychosocial risk factors

12 weekly self-management themes, in-
cluding assignments

Knowledge-based platform with several
LBP self-management information
themes (directly available)

Information module

3 to 4 home-based exercises tailored to
the patient’s specific functional limita-
tions

3 to 4 home-based exercises tailored to
the patient’s specific functional limita-
tions

3 to 4 home-based exercises tailored to
the patient’s specific functional limita-
tions

Exercise module

A 3-day baseline test to determine the
current level of physical activity; an
11-week, 3-times per week, goal-orient-
ed training program to maintain or im-
prove the level of physical activity us-
ing a graded activity approach

A 3-day baseline test to determine the
current level of physical activity; an 11-
week, 3-times per week, goal-oriented
training program to maintain or improve
the level of physical activity; in patients
avoiding physical activity because of
LBP, a graded activity functionality can
be activated

Physical activity recommendations in
accordance with the LBP guidelines of
the Royal Dutch Association for Phys-
iotherapy

Physical activity
module

Face-to-face care

Maximum of 12 sessionsMaximum of 8 sessions2 sessionsSessions

Content similar to medium risk, and in
addition, the physiotherapist will ad-
dress the patient’s specific psychosocial
risk factors using a cognitive behavioral
approach, and pain education will be
given

Content similar to low risk, and in addi-
tion, the physiotherapist can consider
providing evidence-based interventions
(eg, passive or active joint mobilization)
as recommended by guideline LBP of
the Royal Dutch Association for Physio-
therapy

Reassurance, information about LBP,
instruction on self-management op-
tions, and the importance of adequate
physical activity behavior

Content

Integration of face-to-face care and smartphone app

Provide information about LBP, instruc-
tions on home-based exercises address-
ing patient’s specific functional limita-
tions, and instructions on 3-day base-
line test using the smartphone app

Provide information about LBP, instruc-
tions on home-based exercises address-
ing patient’s specific functional limita-
tions, and instructions on 3-day baseline
test using the smartphone app

Provide information about LBP and
instructions on home-based exercises
addressing patient’s specific functional
limitations using the smartphone app

First session

Evaluation of progress with the smart-
phone app and optimizing face-to-face
care

Evaluation of progress with the smart-
phone app and optimizing face-to-face
care

N/AaMiddle sessions

Evaluate the progress with the smart-
phone app and give recommendations
to prevent recurrent episodes of LBP
and maintain or improve the physical
activity level

Evaluate the progress with the smart-
phone app and give recommendations to
prevent recurrent episodes of LBP and
maintain or improve the physical activity
level

Evaluate the progress with the smart-
phone app and give recommendations
to prevent recurrent episodes of LBP
and maintain or improve the physical
activity level

Final session

aN/A: not applicable.

Control: Face-to-face Physiotherapy
Patients in the face-to-face physiotherapy group received only
face-to-face care following the recommendations of the LBP
guidelines of the Royal Dutch Society for Physiotherapy [11].
The guideline distinguishes between three different patient
profiles based on the clinical course of recovery (ie, normal
recovery, abnormal recovery without predominant psychosocial
factors, and abnormal recovery with predominant psychosocial
factors) but does not use a specific tool to stratify care a priori.
The content of face-to-face physiotherapy was the same as the
stratified blended care intervention (ie, information, exercises,
and recommendations regarding physical activity). However,
no recommendations or restrictions were provided with regard
to the number of face-to-face sessions. Although web-based

applications, such as websites and apps, are not recommended
in the guidelines, physiotherapists were instructed to treat people
without using any web-based applications to assure contrast
between both groups. Practical content considerations were
made by the physiotherapists themselves with respect to their
clinical expertise.

Measurements
Patients received a web-based questionnaire and an
accelerometer at baseline and after 3 months of follow-up.
Baseline measurements were conducted face to face and
follow-up measurements through web-based communication
(eg, FaceTime) or face to face when requested. No financial
incentives were offered to complete the measurements. In the
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case of an unfilled questionnaire, patients were reminded after
7 and 14 days.

Outcome Measures

Primary Outcome
Physical functioning because of pain was assessed using the
Oswestry Disability Index (ODI; version 2.1a) [27,28]. The
ODI was derived from the internationally accepted core outcome
set for research into patients with nonspecific LBP [28]. A
higher score (0-100) indicates increased functional disability.

Secondary Outcomes
Pain intensity was measured using an 11-point numeric rating
scale for the average LBP intensity in the last week (0=no pain
and 10=worst possible pain) [28,29].

Physical activity was objectively measured using Activ8 (2M
Engineering) [30]. Patients were instructed to wear the Activ8
for 5 consecutive weeks starting at baseline and 8 consecutive
days at the 3-month follow-up, except during sleeping,
showering, bathing, or swimming. For the purpose of this study,
only the first 7 days at both the baseline and 3-month follow-up
were used. Accelerometer data were eligible if patients had
worn the meter for at least 3 days for ≥10 hours a day [31]. For
each patient, the mean time spent in moderate to vigorous
physical activity (all activities >3.0 metabolic equivalents [32])
in minutes per day was computed by summation and divided
by the number of eligible wearing days.

Fear-avoidance beliefs about physical activity and work were
measured using the Fear-Avoidance Beliefs Questionnaire [33].
A higher score (range 0-96) indicates stronger fear and
avoidance beliefs about how physical activity and work
negatively affect LBP.

Pain catastrophizing was measured using the Pain
Catastrophizing Scale [34]. A higher score (range 0-55) indicates
a higher level of catastrophizing.

Self-efficacy was measured using the General Self-Efficacy
Scale [35,36]. A higher score (range 10-40) indicates greater
or stronger perceived self-efficacy.

Self-management ability was assessed using the Dutch version
of the short form Patient Activation Measure [37]. A higher
score (range 0-100) indicates a higher level of self-management.

Health-related quality of life was measured using the
EuroQol-5D-5L [38]. A higher score (range 0-100) indicates a
higher health-related quality of life.

Patient self-reported adherence to prescribed home exercises
was measured using the Exercise Adherence Rating Scale [39].
A higher score (range 0-24) indicates better adherence.

Other Measures
Physiotherapists were asked to complete a registration form
about the number of face-to-face sessions and report the applied
treatment modalities per session. Patient characteristics and
relevant clinical variables were assessed as part of the baseline
questionnaire.

Data Analysis

Overview
Descriptive statistics were used to explore baseline
comparability and describe patients’general characteristics, the
number of face-to-face physiotherapy sessions, and the treatment
modalities. To investigate selective attrition, general
characteristics and primary baseline variables of dropouts and
nondropouts were compared. All analyses were performed
according to the intention-to-treat principle. Missing value
analyses were performed by assuming the missing at random
assumption. Multiple imputation was applied using multivariate
imputation by chained equations with predictive mean matching
for missing data in all outcomes. A total of 36 imputed data sets
were generated, corresponding to the highest missing value
percentage [40]. For all analyses, a 2-tailed significance level
of P<.05 was considered statistically significant.

Analyses of Effectiveness
Linear mixed models (LMMs) with random effects to control
for correlation within patients and physiotherapy practices [41]
were used to determine the short-term effectiveness of stratified
blended physiotherapy compared with face-to-face
physiotherapy on primary and secondary outcome measures.
Regression coefficients with 95% CIs signifying the differences
between stratified blended physiotherapy and face-to-face
physiotherapy were estimated. Analyses were adjusted for
predefined confounders (eg, age, gender, and duration of pain
[42-44]) that changed the between-group estimate by ≥10%. In
addition, analyses were also adjusted for variables with a
substantial difference at baseline that changed the regression
coefficient for the between-group estimate by ≥10%. Potential
interaction terms were explored. In the case of a statistically
significant interaction term, stratified LMM analyses, controlling
for the same variables as the primary analysis, were performed
for the effect modifier.

Sample Size
The power calculation was based on the recommendations of
Campbell et al [45] for cluster randomized trials and performed
for the physical functioning primary outcome at the primary
end point of the e-Exercise LBP study (ie, 12-month follow-up).
In addition, repeated measures of the primary outcome during
follow-up were taken into account [46]. An intraclass correlation
coefficient of 0.05 was assumed. In addition, to detect a
clinically relevant difference between groups at the 12-month
follow-up, a difference of >6 points in physical functioning
(ODI) [47,48], and an SD of 14.5 [49] were used in the sample
size calculation. For the repeated measures of physical
functioning, a correlation of 0.5 was estimated between baseline
and follow-up measurements until the 12-month follow-up [46].
On the basis of these assumptions (power 80%; α=.05) and an
average cluster size of 5, a total of 165 patients were needed.
With an expected dropout rate of 20%, a total of 208
participating patients (n=104 per arm) were needed.
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Results

Flow of Participants, Therapists, and Centers Through
the Study
From June 2018 to December 2019, 434 eligible patients with
LBP were asked to participate in 58 physiotherapy practices.
In 22 physiotherapy practices allocated to stratified blended
physiotherapy and 20 practices allocated to face-to-face
physiotherapy, 47.9% (208/434) patients were included (Figure
1).

Baseline characteristics of the patients are presented in Table
2. The stratified blended physiotherapy group comprised more
men, more patients with a low level of education, and more
patients with a duration of LBP >12 months. No other relevant
differences in characteristics were seen between groups. At

baseline, complete data on outcome measures were available
from 97.1% (101/104) of the patients in the stratified blended
physiotherapy group and 99% (103/104) of the patients in the
face-to-face physiotherapy group, and eligible accelerometer
data were available from 84.6% (88/104) and 83.7% (87/104),
respectively. Of the 208 patients, 4 (1.9%) ineligible patients
(n=2, 50% in the stratified blended physiotherapy group and 2,
50% in the face-to-face physiotherapy group) were unjustified
included, did not receive the allocated intervention and were
therefore excluded from all analyses.

At the 3-month follow-up, complete data on outcome measures
were available from 86.5% (90/104) of the patients in the
stratified blended physiotherapy group and 93.3% (97/104) of
the patients in the face-to-face physiotherapy group, and eligible
accelerometer data were available from 74% (77/104) and 76%
(79/104) of these patients, respectively.

Figure 1. Flow diagram of the e-Exercise low back pain study.
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Table 2. Baseline demographic and clinical characteristics for patients from the stratified blended physiotherapy group and face-to-face physiotherapy
group (N=208).

BaselineCharacteristics

Face-to-face physiotherapy (n=104)Stratified blended physiotherapy (n=104)

57 (54.8)45 (43.3)Gender (female), n (%)

47.26 (13.58)48.10 (15.08)Age (years), mean (SD)

26.31 (5.11)25.78 (3.79)BMI (kg/m2), mean (SD)

28 (26.9)38 (36.5)Presence of comorbidities (yes), n (%)

Past LBPa surgery, n (%)

101 (97.1)100 (96.2)None

1 (1)0 (0)Lumbar fusion

2 (1.9)4 (3.9)Lumbar discectomy

30.17 (12.19)30.88 (13.38)Central sensitization (score 0-100), mean (SD)

Educational level, n (%)

13 (12.5)22 (21.2)Low

36 (34.6)33 (31.7)Middle

55 (52.9)49 (47.1)High

Duration of LBP complaints, n (%)

49 (47.1)37 (35.6)0 to 6 weeks

19 (18.3)11 (10.6)6 to 12 weeks

9 (8.7)9 (8.7)12 weeks to 12 months

27 (26)47 (45.2)>12 months

20.38 (13.99)19.37 (15.64)Physical functioning (score 0-100), mean (SD)

5.36 (2.01)5.61 (1.99)Pain intensity (average score 7 days 0-10), mean (SD)

74.82 (40.94)80.34 (36.75)Physical activity (MVPAb minutes/day), mean (SD)

69.75 (17.63)67.90 (18.08)Health-related quality of life (score 0-100), mean (SD)

25.08 (16.18)27.86 (16.03)Fear-avoidance beliefs (score 0-96), mean (SD)

10.21 (8.75)11.06 (9.30)Pain catastrophizing (score 0-52), mean (SD)

33.12 (3.62)32.13 (4.36)Self-efficacy (score 10-40), mean (SD)

64.75 (12.68)62.48 (12.38)Patient activation (score 0-100), mean (SD)

aLBP: low back pain.
bMVPA: moderate to vigorous physical activity.

Number and Treatment Modalities of Physiotherapy
Sessions
In total, 189 physiotherapist registration forms were returned
(n=95, 50.3% stratified blended physiotherapy and n=94, 49.7%
in face-to-face physiotherapy). Table 3 shows the number and
treatment modalities of the face-to-face physiotherapy sessions.
Patients in the stratified blended physiotherapy group received
an average of 4.81 (SD 2.94) face-to-face sessions. For the low-,
medium-, and high-risk groups, the average number of sessions
was 3.77 (SD 2.54), 5.65 (SD 2.65), and 7.67 (SD 3.54),

respectively. Patients in the face-to-face physiotherapy group
received an average of 4.94 (SD 2.26) face-to-face sessions.
The average number of sessions for the low-, medium-, and
high-risk groups was 4.88 (SD 2.02), 5.09 (SD 2.51), and 4.33
(SD 4.16), respectively.

In general, education was the main treatment modality during
the face-to-face sessions in both treatment groups. No
remarkable differences in treatment modalities were found
between the 2 groups or between the different risk groups of
developing persistent LBP.
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Table 3. Number and treatment modalities of face-to-face physiotherapy sessions for patients from the stratified blended physiotherapy group and
face-to-face physiotherapy group.

Face-to-face physiotherapy

(risk of developing persistent LBP)

Stratified blended physiotherapy

(risk of developing persistent LBPa)

Category

Total (n=94)High (n=3)Medium (n=34)Low (n=57)Total (n=95)High (n=9)Medium (n=34)Low (n=52)

4.94 (2.26)4.33 (4.16)5.09 (2.51)4.88 (2.02)4.81 (2.94)7.67 (3.54)5.65 (2.65)3.77 (2.54)Number of sessions,
mean (SD)

Treatment modalities, n (%)b

70 (74)2 (67)25 (74)43 (75)72 (76)6 (67)24 (71)42 (81)Education

13 (14)0 (0)6 (18)7 (12)13 (14)1 (11)3 (9)9 (17)Strength exercises

25 (27)0 (0)11 (32)14 (25)23 (24)4 (44)5 (15)14 (27)Stability exercises

3 (3)0 (0)0 (0)3 (5)1 (1)0 (0)0 (0)1 (2)Endurance training

4 (4)0 (0)0 (0)4 (7)3 (3)0 (0)0 (0)3 (6)Functional exercises

35 (37)2 (67)11 (32)22 (39)27 (28)2 (22)10 (29)15 (29)Active mobilization

25 (27)1 (33)9 (26)15 (26)31 (33)3 (33)16 (47)12 (23)Passive mobilization

14 (15)0 (0)5 (15)9 (19)14 (15)2 (22)8 (24)4 (8)Massage

aLBP: low back pain.
bAmount (%) of patients who received the treatment modality as part of the face-to-face physiotherapy session for ≥60% of the total number of face-to-face
physiotherapy sessions.

Is Stratified Blended Physiotherapy Effective
Compared With Face-to-face Physiotherapy?
In the mixed model analyses, log likelihood ratios of naive
models and models that included a random intercept for both
physiotherapy practice and physiotherapist were similar.
Therefore, physiotherapy practice or physiotherapist was not
included as a level in the LMM analyses. At 3 months, LMM
analyses showed no clinically relevant or statistically significant
between-group difference in the primary outcome of physical
functioning (mean difference [MD] −1.96, 95% CI −4.47 to
0.55). For the secondary outcomes, a statistically significant
between-group difference was found in favor of stratified
blended physiotherapy for fear-avoidance beliefs (MD −4.29,
95% CI −7.22 to −1.37) and patients’ self-reported adherence
to prescribed home exercises (MD 0.73, 95% CI 0.06-1.39).
Within-group analyses showed clinically relevant and
statistically significant improvements in physical functioning
(MD −11.48, 95% CI −15.06 to −7.91), average pain intensity
(MD −2.38, 95% CI −3.00 to −1.76), and fear-avoidance beliefs
(MD −5.14, 95% CI −9.22 to −1.06) in the stratified blended

physiotherapy group. In the face-to-face physiotherapy group,
clinically relevant and statistically significant improvements in
physical functioning (MD −11.22, 95% CI −14.64 to −7.80)
and average pain intensity (MD −2.51, 95% CI −3.11 to −1.90)
were found (Table 4).

As indicated by a statistically significant interaction term, the
patients’ risk of developing persistent LBP was an effect
modifier of the between-group differences on the primary
outcome of physical functioning. In patients with a high risk of
developing persistent LBP, the stratified analysis showed a
statistically significant between-group difference in favor of
stratified blended physiotherapy on physical functioning (MD
–16.39, 95% CI –27.98 to –4.79), average pain intensity (MD
–3.43, 95% CI –6.55 to –0.31), and fear-avoidance beliefs (MD
–14.51, 95% CI –28.21 to –0.81). In patients with a medium
risk of developing persistent LBP, a statistically significant
between-group difference was found in favor of stratified
blended physiotherapy on fear-avoidance beliefs (MD –5.93,
95% CI –11.45 to –0.40). In patients with a low risk of
developing persistent LBP, no statistically significant
between-group differences were found (Table 5).
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Table 4. Unadjusted and adjusted primary and secondary outcome measures: improvements and differences within and between groups (N=204).

Between group differencesaFace-to-face physiotherapy (n=102)Stratified blended physiotherapy (n=102)

AdjustedbUnadjustedUnadjusted within-
group differences

Measurements,
mean (SD)

Unadjusted within-
group differences

Measurements,

mean (SD)

P

value

Mean

(95% CI)

P

value

Mean

(95% CI)

P

value

Mean

(95% CI)

3

months

BaselineP

value

Mean

(95% CI)

3

months

Baseline

Physical functioning (range 0-100)

.12−1.98 (−4.49

to 0.53)

.53−0.83 (−3.43

to 1.77)

<.001−11.22 (−14.64
to −7.80)

8.97
(10.75)

20.20
(13.90)

<.001−11.48 (−15.06
to −7.91)

7.91
(9.64)

19.39
(15.56)

Pain intensity (average score 7 days; range 0-10)

.800.08 (−0.57

to 0.74)

.360.31 (−0.35

to 0.98)

<.001−2.51 (−3.11

to −1.90)

2.90
(2.36)

5.40
(2.00)

<.001−2.38 (−3.00

to −1.75)

3.29
(2.42)

5.67
(1.94)

Physical activity (MVPAc min/day)

.553.62 (−8.27

to 15.51)

.563.49 (−8.38

to 15.36)

.49−4.42 (−16.91

to 8.07)

71.24
(40.34)

75.70
(41.89)

.59−3.37 (−15.63

to 8.88)

78.58
(44.45)

81.97
(38.52)

Fear-avoidance beliefs (range 0-96)

<.001−4.29 (−7.22

to −1.37)

.01−3.73 (−6.63

to −0.82)

.77−0.70 (−5.26

to 3.87)

24.82
(16.92)

25.51
(16.24)

.01−5.14 (−9.25

to −1.04)

22.77
(13.38)

27.92
(16.01)

Pain catastrophizing (range 0-52)

.34−0.96 (−2.95

to 1.02)

.53−0.63 (−2.58

to 1.32)

.37−1.17 (−3.74

to 1.40)

9.16
(9.84)

10.33
(8.76)

.11−2.04 (−4.50

to 0.43)

8.97
(8.05)

11.02
(9.30)

Self-efficacy (range 10-40)

.770.14 (−0.82

to 1.10)

.810.12 (−0.82

to 1.06)

.32−0.54 (−1.59

to 0.52)

32.58
(3.99)

33.12
(3.63)

.97−0.03 (−1.24

to 1.19)

32.02
(4.27)

32.05
(4.38)

Health-related quality of life (range 0-100)

.750.95 (−4.80

to 6.69)

.82−0.65 (−6.38

to 5.08)

.312.82 (−2.56

to 8.20)

72.57
(21.06)

69.75
(17.71)

.183.73 (−1.68

to 9.14)

71.44
(20.07)

67.70
(18.09)

Patient activation (range 0-100)

.62−0.79 (−3.95

to 2.36)

.60−0.83 (−3.94

to 2.27)

.85−0.33 (−3.84

to 3.18)

64.39
(12.71)

64.72
(12.65)

.990.02 (−3.42

to 3.46)

62.45
(11.89)

62.43
(12.37)

Adherence to prescribed home exercises (range 0-24)d

.030.73 (0.06

to 1.39)

.020.78 (0.13

to 1.44)

N/AN/A11.18
(2.17)

N/AN/AN/A11.96
(2.43)

N/Ae

aDifference between baseline and 3 months in stratified blended physiotherapy versus face-to-face physiotherapy.
bAdjusted for baseline and duration of low back pain complaints (<12 vs >12 weeks).
cMVPA: moderate to vigorous physical activity.
dPatient self-reported adherence to prescribed home exercises could only be measured after the treatment period.
eN/A: not applicable.
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Table 5. Adjusted primary and secondary outcome measures: improvements and differences between groups stratified for the risk of developing
persistent low back pain (LBP; N=204).

Risk of developing persistent LBPOutcome measure

High risk (n=13)Medium risk (n=71)Low risk (n=120)

P valueBetween-group differ-

ence, mean (95% CI)a
P valueBetween-group differ-

ence, mean (95% CI)a
P valueBetween-group differ-

ence, mean (95% CI)a

.01−16.39 (−27.98 to −4.79).22−3.48 (−8.99 to 2.03).44−0.82 (−2.92 to 1.27)Physical functioning

(range 0-100)

.03−3.43 (−6.55 to −0.31).980.01 (−1.08 to 1.11).470.30 (−0.52 to 1.13)Pain intensity

(average score 7 days; range 0-10)

.0639.50 (−1.24 to 80.24).911.08 (−16.70 to 18.86).643.80 (−12.05 to 19.65)Physical activity

(MVPAb minutes/day)

.04−14.51 (−28.21 to −0.81).04−5.93 (−11.45 to −0.40).13−2.70 (−6.22 to 0.82)Fear-avoidance beliefs

(range 0-96)

.10−14.47 (−31.89 to 2.94).09−2.66 (−5.73 to 0.41).810.28 (−2.03 to 2.59)Pain catastrophizing

(range 0-52)

.601.50 (−4.02 to 7.02).350.85 (−0.92 to 2.62).33−0.58 (−1.76 to 0.60)Self-efficacy

(range 10-40)

.1215.84 (−3.92 to 35.61).820.84 (−6.47 to 8.15).771.26 (−7.15 to 9.68)Health-related quality of life

(range 0-100)

.107.49 (−1.35 to 16.34).481.85 (−3.27 to 6.97).29−2.22 (−6.38 to 1.93)Patient activation

(range 0-100)

.28−1.19 (−3.37 to 0.99).160.86 (−0.35 to 2.08).050.82 (−0.01 to 1.65)Adherence to prescribed home exer-
cises (range 0-24)

aDifference between baseline and 3 months in stratified blended physiotherapy versus face-to-face physiotherapy per risk group and adjusted for baseline
and duration of low back pain complaints (<12 vs >12 weeks).
bMVPA: moderate to vigorous physical activity.

Discussion

Principal Findings
This study evaluated the short-term (3 months) effectiveness
of the stratified blended physiotherapy intervention e-Exercise
LBP on physical functioning in comparison with face-to-face
physiotherapy in patients with nonspecific LBP. In contrast to
our expectations, the study results showed no statistically
significant between-group difference in physical functioning
and most of the secondary outcome measures. Only
fear-avoidance beliefs and patient self-reported adherence to
prescribed home exercises improved significantly in patients
who were allocated to stratified blended physiotherapy. When
looking at the different prognostic risk groups in patients with
a high risk of developing persistent LBP, a statistically
significant between-group difference in favor of stratified
blended physiotherapy on physical functioning, average pain
intensity, and fear-avoidance beliefs was found; however, these
results come with some uncertainty.

Interpretation of the Findings
The results of this study complement the findings from previous
systematic reviews of randomized controlled trials that showed
that in the short term, web-based applications could reduce
LBP-related pain and disability; however, when compared with

other interventions, the results are inconclusive [15,22,50]. A
possible explanation for these inconclusive findings is the
considerable heterogeneity in the studied characteristics and
comparators, which hampers a clear comparison. For example,
in our study, we integrated a web-based application within
face-to-face guidance and compared it with face-to-face
physiotherapy. Previous studies in this research area have
focused predominantly on web-based applications as a
stand-alone intervention without the face-to-face guidance of a
health care professional [15,22,50]. Only a few studies have
investigated web-based applications as an adjunct to face-to-face
guidance, and the results regarding the added value of these
combined interventions have been inconclusive [15,51]. Similar
to our study, Sandal et al [51] investigated a smartphone app
as an adjunct to face-to-face guidance. The app was tailored
using artificial intelligence and did not influence face-to-face
guidance. In this study, the reported between-group difference
was statistically significant in favor of the combined intervention
when compared with face-to-face guidance alone; however, the
difference was small and of uncertain clinical significance.

Another example of heterogeneity in research on web-based
applications is the large variation in delivery modes and
duration. Similar to e-Exercise LBP, most web-based
applications tailored the content of the intervention using patient
characteristics and focused on self-management support,
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home-based exercise, and physical activity prescription
[15,22,50]. However, the e-Exercise LBP app provided this
content in weekly information modules and daily reminders to
exercise and physical activity recommendations during a 3- or
12-week duration [26]; the duration in other studies ranged from
3 weeks to 1 year. In addition, the delivery modes showed large
variation; that is, from no specific recommendations to multiple
web- or telephone-based coaching sessions [15,22,50].

Thus, looking at the different characteristics of web-based
applications, such as the role of the health care professional
within the intervention and the delivery mode and duration,
future research needs to focus on the comparison of web-based
applications with different characteristics to obtain a better
understanding of which elements work the best.

In our study, the short-term within-group improvements in
physical functioning and average pain intensity of stratified
blended physiotherapy were comparable with face-to-face
physiotherapy, both of which were statistically significant and
clinically meaningful. Patients in the stratified blended
physiotherapy group improved on average 11.48 (95% CI
−15.06 to −7.91) points (59.5%) in physical functioning, and
patients in the face-to-face physiotherapy group improved by
an average of 11.22 (95% CI −14.64 to −7.80) points (56%).
For average pain intensity, these improvements were 2.38 (95%
CI −3.00 to −1.76) points (42.8%) and 2.51 (95% CI −3.11 to
−1.90) points (46.9%), respectively. As physical functioning
and average pain intensity decreased by >30%, the
improvements in both groups were considered clinically
meaningful [52]. At the moment, e-Exercise LBP cannot be
considered an alternative to face-to-face physiotherapy as this
study was conducted as a superiority trial. To be able to value
the true potential of e-Exercise LBP, the meaningful
within-group improvements must be considered from the
perspective of the additional effort and costs needed to
implement such an intervention in daily physiotherapy practice.
Future cost-effectiveness analyses will provide more insight
into the long-term economic benefits of stratified blended
physiotherapy. On the other hand, given the additional effort
and costs, the potential of e-Exercise LBP needs to be considered
from the perspective of future health care. It is expected that
technology will be increasingly integrated into care for patients
who are suitable to use it. Future studies need to determine
which patients benefit most from a stratified blended
physiotherapy approach.

The e-Exercise LBP intervention significantly increased
patients’ self-reported adherence to prescribed home exercises,
as hypothesized. In addition, it resulted in a significant reduction
of fear-avoidance beliefs when compared with face-to-face
physiotherapy. The between-group difference in patients’
self-reported adherence to prescribed home exercises was 3.3%
points in favor of the e-Exercise LBP intervention. For
fear-avoidance beliefs, the between-group difference was −4.6%
points in favor of the e-Exercise LBP intervention. Although
there are no established cutoffs for the minimum clinically
important between-group differences in these outcomes, we
consider the between-group differences as small. The difference
in adherence might be explained by the benefits of integrating
a smartphone app. The 24/7 availability of the app and

functionality to remind the patient to perform scheduled
exercises might have stimulated the patients to adhere to their
prescribed home exercises in a better way than in the
face-to-face physiotherapy group [18,53]. Further research on
the long-term clinical relevance of adherence to home exercises
as prescribed in e-Exercise LBP is ongoing.

The reduction of fear-avoidance beliefs complements evidence
from a systematic review and meta-analysis that concluded that
patient education provides reassurance for patients with acute
or subacute LBP [54]. In our study, this reduction in the
stratified blended physiotherapy group might be explained by
the information module of the smartphone app. As the
information module provides the patient with self-management
information about LBP, the patient can reread the advice and
reassurance given in the face-to-face sessions by the
physiotherapist about their LBP at all times. As a result, the
harmless and nonspecific nature of LBP is possibly remembered
in a better way [55]. Long-term results should indicate whether
this reduction in fear-avoidance beliefs also influences physical
functioning, the handling of recurrent complaints, and costs a
patient incurs because of LBP.

Several explanations are possible to clarify why the additional
benefits of stratified blended physiotherapy were not found. A
first explanation is that the added value of a stratified approach
in itself must be critically evaluated. Although clinical practice
guidelines have adopted and advocated a stratified care approach
for several years to improve patient outcomes, the added value
of this approach is, at present, unclear. On the basis of previous
recommendations, we decided to use the Keele STarT Back
Screening Tool to create a matched web-based application [10].
Our results show that, after specific training, treatment intensity
(ie, the number of face-to-face sessions) in the e-Exercise LBP
group was in line with the patient’s risk profile, which was not
the case in our control group. However, this difference in
treatment intensity did not lead to relevant between-group
differences. This seems to be in line with more recent studies
evaluating the stratified approach according to the Keele STarT
Back Screening Tool. The results from these studies are not
convincing regarding the added value of such a stratified
approach [56,57]. Future research should focus on determining
whether this concerns the added value of the tool itself or the
added value of a stratified care approach in general.

In addition, stratified blended physiotherapy might not be
suitable for every patient. Earlier research has shown that it is
difficult to determine what works best for each individual patient
[22,50]. In our study, we did not take into account the patient’s
suitability for blended care to determine the optimal personalized
blended treatment [58]. As a result, patients might have received
stratified blended physiotherapy without being suitable for it;
for example, a lack of motivation or digital literacy skills.
Consequently, this could have resulted in the suboptimal
effectiveness of our stratified blended physiotherapy intervention
when compared with face-to-face physiotherapy. For future
studies on blended care, it is recommended to use patients’
suitability for blended care as inclusion criteria or criteria to
match treatment. The Dutch Blended Physiotherapy Checklist
[58] could be a useful aid in this process.
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A third explanation might be the relatively high proportion of
patients with a low risk of developing persistent LBP in this
study. For this group, earlier research has shown that providing
advice as a single intervention is likely to reassure the patient
with LBP but does not result in different management of pain
and disability in the short term [54,59]. In addition, for this
group, a stratified approach is beneficial from an economic
perspective rather than in terms of clinical outcomes, as many
of these patients recover completely within 2 to 3 weeks but
nevertheless receive unnecessary treatment [57,60,61].

A final explanation is the timing of our follow-up measurement
at 3 months only. Given the favorable course of LBP [62] and
the rationale that stratified blended physiotherapy will stimulate
patients’ self-management and adherence [21,22], patients in
the stratified blended physiotherapy group might recover faster,
which is not captured by a single follow-up measurement at 3
months. Therefore, for future studies that aim to investigate
postintervention effectiveness, it is recommended to measure
the clinical outcomes immediately after the intervention is
completed and to monitor the time to recovery.

Strengths and Limitations
This study had several important strengths. It is the next step
in a multiphase development and implementation process based
on the Center for eHealth Research Roadmap [63]. After
developing a prototype and testing its feasibility in a pilot study
[23], this study determined the short-term effectiveness of the
final stratified blended physiotherapy protocol and showed its
potential compared with face-to-face physiotherapy. The
pragmatic, multicenter, cluster randomized controlled trial
design allowed for the evaluation of stratified, blended
physiotherapy in comparison with face-to-face physiotherapy
in a real-world situation. The baseline characteristics of both
treatment groups and the distribution of the different prognostic
risk groups of developing persistent LBP reflect the
characteristics of patients with LBP normally being treated in
primary care physiotherapy [60], which enhances the
generalizability of our results. The use of measurement

instruments recommended in the core outcome set for research
into patients with nonspecific LBP [28] and a low dropout rate
(10.1%) guaranteed the internal validity of the results.

Nevertheless, this study also had a few limitations. First, the
results seem to suggest that patients’ risk of developing
persistent LBP could be an effect modifier of the between-group
differences on the primary outcome. Especially in the highest
risk group, consistent between-group differences were seen in
both the primary and secondary outcomes, supporting the
rationale for stratified blended physiotherapy. As it was not the
primary aim of this study, the sample size calculation did not
take interaction into account, the numbers were small, and
therefore, the results should be interpreted with caution. Second,
as we conducted a pragmatic study, the experiences of
physiotherapists in either using web-based applications or
treating patients with nonspecific LBP were not considered
inclusion criteria for physiotherapy practices. However, given
both the complexity of blended care [17] and the complexity
of treating patients with nonspecific LBP [4], it can be expected
that more experienced physiotherapists are able to deliver better
treatment than less experienced physiotherapists. Therefore,
experience might have influenced our analysis. Finally, 4
included patients were excluded from the analysis after being
diagnosed with specific LBP. As this number is low and
occurred equally in both treatment groups (2 in each group),
we expect that this has not influenced the results [64].

Conclusions
The stratified blended physiotherapy intervention e-Exercise
LBP is not more effective than face-to-face physiotherapy in
patients with nonspecific LBP in improving physical functioning
in the short term. For both stratified blended physiotherapy and
face-to-face physiotherapy, within-group improvements were
clinically relevant. To be able to decide whether e-Exercise LBP
should be implemented in daily physiotherapy practice, future
research should focus on the long-term cost-effectiveness and
determine which patients benefit most from stratified blended
physiotherapy.
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Abstract

Background: Multicomponent mobile health approaches can improve lifestyle intervention results, although little is known
about their long-term effectiveness.

Objective: This study aims to evaluate the long-term effectiveness (12 months) of a multicomponent mobile health
intervention—combining a smartphone app, an activity tracker wristband, and brief counseling, compared with a brief counseling
group only—on weight loss and improving body composition, physical activity, and caloric intake in Spanish sedentary adults
with overweight or obesity.

Methods: We conducted a randomized controlled, multicenter clinical trial (Evident 3). A total of 650 participants were recruited
from 5 primary care centers, with 318 participants in the intervention group (IG) and 332 in the control group (CG). All participants
were briefly counseled about a healthy diet and physical activity at the baseline visit. For the 3-month intervention period, the
IG received training to use the app to promote healthy lifestyles and the smart band (Mi Band 2, Xiaomi). All measurements were
performed at baseline and at 3 and 12 months. Physical activity was measured using the International Physical Activity
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Questionnaire–Short Form. Nutritional habits were assessed using the Food Frequency Questionnaire and Adherence to
Mediterranean diet questionnaire.

Results: Of the 650 participants included, 563 (86.6%) completed the 3-month visit and 443 (68.2%) completed the 12-month
visit. After 12 months, the IG showed net differences in weight (−0.26, 95% CI −1.21 to 0.70 kg; P=.02), BMI (−0.06, 95% CI
−0.41 to 0.28 points; P=.01), waist-height ratio (−0.25, 95% CI −0.94 to 0.44; P=.03), body adiposity index (−0.33, 95% CI −0.77
to 0.11; P=.03), waist circumference (−0.48, 95% CI −1.62 to 0.66 cm, P=.04) and hip circumference (−0.69, 95% CI –1.62 to
0.25 cm; P=.03). Both groups lowered daily caloric intake and increased adherence to the Mediterranean diet, with no differences
between the groups. The IG increased light physical activity time (32.6, 95% CI −30.3 to 95.04 min/week; P=.02) compared with
the CG. Analyses by subgroup showed changes in body composition variables in women, people aged >50 years, and married
people.

Conclusions: The low-intensity intervention of the Evident 3 study showed, in the IG, benefits in weight loss, some body
composition variables, and time spent in light physical activity compared with the CG at 3 months, but once the devices were
collected, the downward trend was not maintained at the 12-month follow-up. No differences in nutritional outcomes were
observed between the groups.

Trial Registration: ClinicalTrials.gov NCT03175614; https://clinicaltrials.gov/ct2/show/NCT03175614

International Registered Report Identifier (IRRID): RR2-10.1097/MD.0000000000009633

(J Med Internet Res 2022;24(2):e30416)   doi:10.2196/30416
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mobile app; telemedicine; eHealth; weight control; exercise; obesity; mobile phone

Introduction

Background
The combination of excess body weight and physical inactivity
contributes to global mortality [1,2] and to a shorter healthy life
expectancy [3]. Moreover, both are associated with a major risk
for serious chronic diseases, including type 2 diabetes and
cardiovascular diseases, as well as increasing cardiovascular
risk factors [4]. Such conditions may impact individual quality
of life and well-being while increasing the burden on the health
system [5]. Several strategies have been implemented to tackle
obesity, mainly focusing on changing lifestyles. In general,
weight loss interventions aim to increase physical activity,
reduce daily energy intake, improve diet or nutritional habits,
and achieve psychological changes [6]. Owing to the complex
nature of obesity, multicomponent interventions, capable of
addressing various aspects related to its causes, are shown to
be more effective in reducing cardiovascular risk factors [7]
and body weight [8]. However, finding accessible and
cost-effective multicomponent strategies that promote healthy
lifestyles over time is challenging.

Mobile Health
Mobile health (mHealth) approaches, which are defined as the
use of mobile wireless technologies for health [9], could
optimize these efforts as portable and flexible tools, as well as
improve the follow-up and feedback by registering health
information [10] and provide efficient health management
assistance for patients [11]. Specifically, some reviews suggested
that mHealth could be more effective in losing weight than
traditional approaches [12,13]. Among mHealth tools,
smartphones are positioned as the most effective approach to
achieve weight management [14], showing the most beneficial
effects in the short term [15] (≤6 months). However, mobile
phone intervention reports modest improvements in other
lifestyles such as physical activity [16] or changes in biomarkers

[13], highlighting the need to complement the intervention with
other tools. Along these lines, wearable devices have garnered
attention in improving physical activity and reducing sedentary
lifestyle. Pedometer-based interventions have been widely
explored [17], but the constant evolution of these tools requires
the inclusion of emerging electronic devices [18]. Activity
tracker wristbands, also called “smart bands,” have shown their
validity and reliability in measuring physical activity outcomes
[19] (eg, steps, kilometer walked, and intensity). Furthermore,
a recent systematic review found that these device-based
interventions are effective for increasing physical activity among
chronic disease populations [20], making activity tracker
wristbands a good option for inclusion in lifestyle interventions,
as wearable activity trackers have the potential to increase
physical activity participation [21]. However, wearable activity
trackers alone may not be sufficient to achieve the expected
lifestyle changes [22], so their inclusion in mHealth
multicomponent obesity interventions, which appears to be
more effective than app interventions alone [23], could be a
beneficial strategy to obtain positive results in diet, physical
activity, or other health variables [24,25]. In addition,
self-monitoring in digital health interventions is associated with
greater weight loss [26], so the use of both approaches could
produce better weight outcomes.

Despite these promising results, the evidence for long-term
efficacy is still limited, revealing that more evidence of
effectiveness over long follow-up periods is required [27]. A
systematic review showed that wearable devices might improve
long-term physical activity and weight loss outcomes, although
a comparison with traditional methods did not show clear
benefits [28]. A similar situation exists with regard to
multicomponent interventions with wearables, which may
provide a strategy to improve long-term weight loss [29] despite
the limited data on its effectiveness.
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Objectives
Previously, the Evident 2 study evaluated the effect of adding
an app (Evident 2) to a standardized intervention designed to
improve adherence to the Mediterranean diet and increase
physical activity in the general population [30]. The Evident 3
study aimed to evaluate the long-term effectiveness (12 months)
of a multicomponent mHealth intervention—combining a later
version of the smartphone app (Evident 3) and a smart band,
compared with a brief counseling–only group—on body weight
loss, improving body composition, increasing time spent in
physical activity, and decreasing caloric intake in Spanish
sedentary adults with overweight and obesity. The short-term
study results (3 months) related to body composition have
already been published [31].

Methods

Design and Setting
A multicenter, randomized controlled clinical trial with 2 parallel
groups was conducted in a primary care setting (Evident 3
study). The Primary Care Research Unit of Salamanca
(APISAL) at the Biomedical Research Institute of Salamanca
(IBSAL) coordinated the project in 5 health centers located in
Spain from the Network for Preventive Activity and Health
Promotion (REDIAPP; Salamanca, Valladolid, Cuenca, Palma
de Mallorca, and Zaragoza). The main aim of the study was to
evaluate the effect of the intervention on weight loss in
participants with overweight and obesity [32] (ClinicalTrials.gov
NCT03175614). Between June 2017 and June 2020, evaluations
were made at baseline and after the completion of 3 and 12
months. The results presented in this paper correspond to the
long-term effect (12 months) of the 3-month mHealth
intervention on the primary outcome (weight loss) and secondary
outcomes related to physical activity and diet.

Study Population
The participants were selected by random sampling among
patients who attended a consultation with their primary care
provider in each participating center. The inclusion criteria were

age between 20 and 65 years, a BMI between 27.5 kg/m2 and

40 kg/m2, classified as sedentary (20 minutes of
vigorous-intensity activity ≤3 times per week; 30 minutes of
moderate-intensity activity ≤5 times per week; or any
combination of moderate and vigorous activity ≤5 times per
week [33]), agreement to participate in the study, and signing
the informed consent document. A detailed description of the
exclusion criteria can be found elsewhere [32].

Sample Size
The sample size calculation was performed for the primary
study endpoint of weight loss at 12 months. Accepting an α risk
of .05 and a β risk of .20, with an SD of 12 kg, estimated in
participants from the Evident 2 study [30], 592 participants
would be needed (296 per group) to detect a decrease in weight
of ≥3 kg [34] in the intervention group (IG) versus the control
group (CG), considering a 15% loss to follow-up. This effect
size represents a 3% to 5% difference between groups, which
should produce clinically relevant health benefits [35].

Randomization
Participants were randomly assigned to either the IG or the CG
after the baseline visit and provided informed consent. The
allocation sequence was generated in a 1:1 ratio using the Epidat
(version 4.2; Xunta de Galicia) software package [36] by an
independent researcher and concealed until the group was
assigned. Owing to the nature of the study, the intervention
could not be blinded to the participants.

Procedures
Each participant completed an initial visit and 2 follow-up visits
at 3 and 12 months after randomization (Figure 1). They did
not receive any compensation for the study or visit completion.
Data from the visits were collected by a research nurse on a
paper-based Case Report Form and recorded after the visit on
the study website. The IG completed an additional appointment
7 days from the baseline visit to explain the use of the
smartphone app and set it with the participant’s data. The
researcher who carried out the additional appointment was
different from the researcher who collected the data of the visits.
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Figure 1. Flowchart of the Evident 3 study.

Primary and Secondary Outcomes

Overview
The primary outcome was weight loss (kg). The secondary
outcomes included changes in physical activity (min/week),
caloric intake (kcal/day), adherence to the Mediterranean diet
(points), and changes in body composition (anthropometric
indexes). All outcomes were measured at baseline and at 3 and
12 months after randomization.

Weight Loss
Body weight was measured twice to the nearest 0.1 kg, with
the participant barefoot and wearing light clothing, using a
homologated electronic balance (Scale 7830; Soehnle
Professional GmbH & Co). Height was measured with the
participant barefoot in the standing position using a portable
system (Seca 222; Medical scale and measurement system).
BMI was calculated by dividing weight (kg) by height squared

(m2). Waist circumference was measured twice on bare skin,
using a flexible tape parallel to the floor, at the level of the upper
border of the iliac crest, with the participant standing and after
inspiration, following the recommendations of the Spanish
Society for the Study of Obesity [37]. Hip circumference was
similarly measured at the level of the trochanters over the
underwear.

In addition, anthropometric indices were estimated to evaluate
body composition changes:

Waist–height ratio =

WC / Height (1)

Body adiposity index =

[HC / (Height1.5)] − 18 (2)

Waist–hip ratio =

WC / HC (3)

Body shape index [38] =

WC / [(BMI0.666) × (Height 0.5)] (4)

Body roundness index [39] =

364.2 − 365.5 × √{1 − [WC / (2 × 3.1416)]2 / (0.5 ×

Height)2} (5)

Physical Activity
Physical activity was assessed using the short version of the
International Physical Activity Questionnaire–Short Form
(IPAQ-SF) [40]. The IPAQ-SF is a self-reported questionnaire
that evaluates sitting and active time in the last 7 days through
7 questions. The categories consisted of walking,
moderate-intensity activity, and vigorous-intensity activity,
according to the energy expenditure estimated for each of them:
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3.3, 4.0, and 8.0 metabolic equivalents (METs), respectively;
1 MET being the amount of oxygen consumed while sitting at
rest [41]. Thus, the IPAQ-SF enables METs-minutes per week
to be calculated, and participants were stratified into 3 activity
levels (low, intermediate, and high).

Nutritional Habits
Caloric intake (kcal/day) and dietary habits of participants were
evaluated using a semiquantitative Food Frequency
Questionnaire previously validated in the Spanish population
[42]. The frequency options are divided into 9 intake categories,
ranging from never to >6 servings per day. Food Frequency
Questionnaire data were used to estimate the daily intake of
macro- and micronutrients and the mean kcal/day.

Adherence to the Mediterranean diet was assessed using the
validated 14-point Mediterranean Diet Adherence Screener [43]
developed by the prevention with Mediterranean diet study
group, which comprises 12 questions on food consumption
frequency and 2 questions on food intake habits. Each question
was scored as 0 or 1, and the total score ranged from 0 to 14.
A total score of 9 points or higher indicated adequate adherence.

Adherence to Self-monitoring on the Smartphone App
Adherence to self-monitoring on the smartphone app was
assessed by the number of days that the participants logged into
the app and recorded any dish or food. Records were classified
into 4 categories: 0 days, 1 to 30 days, 31 to 60 days, and >60
days. Participants who used the app for >60 days during the 3
months that they had the app were classified as sufficiently
adherent, whereas ≤60 days of use was classified as having low
adherence.

Other Variables

Sociodemographic Variables

Data on age, sex, marital status, educational level, and
occupation were collected at the time of inclusion in the study.

Peripheral Blood Pressure

Three measurements of systolic and diastolic blood pressure
were performed using the average of the last 2 measurements
with a validated Omron M10-IT model sphygmomanometer
(Omron Healthcare). The measurements were made on both
arms, with the participant seated, after at least 5 minutes of rest
with an appropriately sized cuff, following the recommendations
of the European Society of Hypertension [44].

Smoking Status

This was assessed through a questionnaire of 4 standard
questions adapted from the World Health Organization
monitoring of trends and determinants in cardiovascular disease
study [45]. Study participants were classified as current smokers,
former smokers (>1 year without smoking), or nonsmokers.

Intervention
A detailed description of brief counseling and specific
intervention has been published in the study protocol [32]. All
the intervention materials were provided in Spanish.

Standard Counseling (CG and IG)
A trained nurse at each primary health center, who was not
involved in other aspects of the study, gave 5 minutes of lifestyle
counseling to both groups (CG and IG) before randomization,
focusing on physical activity and diet in compliance with the
international recommendations for the general population. The
health benefits of physical activity were explained as well as
the recommendation to complete at least 30 minutes of moderate
activity 5 days a week, or 20 minutes of vigorous activity 3 days
a week. Counseling on food was in compliance with the plate
method [46], in which a plate is divided into 4 parts: half the
plate for salad or vegetables, one-quarter for proteins (white
meat preferred over red meat), and the final quarter for
carbohydrates. In addition, a medium-sized piece of fruit and a
skimmed dairy product should be consumed for dessert. This
advice enhanced the intake of healthy food, according to the
Mediterranean diet pattern, and daily caloric intake goals were
not included. No reinforcement of counseling was offered at
any other study visit or between the 3- and 12-month visits.

Specific Intervention (IG)
The IG received a low-intensity intervention consisting of a
smartphone with the EVIDENT 3 app (Samsung Galaxy J3)
and a smart band (Xiaomi Mi Band 2) for 3 months,
corresponding to the length of the intervention, without any
additional reinforcement or counseling by the investigators
throughout the study. Participants were trained at another
15-minute visit scheduled 7 days after the baseline visit in the
use of the app (EVIDENT 3 app [record entry no.
00/2017/2438]) specifically designed for the study by CGB
Computer Company and APISAL, as well as the use of the
smart band, instructing them to use both tools daily.

During this visit, the app was configured with each participant’s
data (sex, age, weight, and height). It was designed to allow full
daily self-monitoring of food intake (Figure 2) and automatically
record physical activity through the smart band, which was
configured to synchronize with the app. Participants entered
their food intake daily by selecting dishes and foods from the
app menu and indicating the portion size. Food composition
data were collected from the Spanish Food Composition
Database [47], developed by Spanish Food Composition
Database Network and Spanish Agency for Food Safety and
Nutrition. Once all the daily information is collected, the app
integrates the data to create personalized healthy food
recommendations based on the Mediterranean diet pattern and
specific targets for daily calorie intake that would lead to weight
loss. The app displays the amount of calories recorded (Figure
2) and a bar that changes color (green, yellow, or red) according
to the level set. It was configured to achieve a hypocaloric diet,
calculating the upper limit (the red line) by adding, according
to age and sex, the basal metabolic rate, diet-induced
thermogenesis, and estimated energy expenditure for sedentary
activities. The lower limit (the black line) was 85% of the
calories calculated, and below this, the bar appeared in green;
between the red and black lines, it appeared in yellow; and above
the red line, it appeared in red. The participant was able to
consult the app for these recommendations as well as
information about caloric intake changes and macronutrient
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distribution (carbohydrates, proteins, and unsaturated and
saturated fats). The smart band was set to congratulate the user
when reaching 10,000 steps/day, and the app displayed this step
recommendation in the goals section. Behavioral strategies were
included in the mHealth intervention to enhance self-efficacy
using self-monitoring, goal-setting, and positive reinforcement.
At the 3-month visit, participants returned the intervention tools
to the researchers. Thereafter, participants did not have access

to the intervention devices and were advised not to use other
digital tools for weight loss until the end of the study. All the
information generated by the app was duly analyzed and entered
into the database. In addition, once the tools were returned,
monthly mean daily steps and activity minutes were collected
for the last 2 of the 3 months of the intervention from the Mi
Fit app (Xiaomi) to assess whether the smart band was worn.

Figure 2. Evident 3 app screenshots.

Blinding Strategy
The researcher who carried out the specific intervention was
different from the person responsible for the assessment and
the standard counseling; both were kept blinded throughout the
study, as was the investigator who conducted the data analysis.
Owing to the nature of the study, the participants could not be
blinded. To prevent contamination between groups, in the
follow-up visits (3 and 12 months), only the study variables
were evaluated, but no advice or reinforcement was provided.
In addition, the app was not available for download on the
internet or anywhere until the end of the study, so the CG was
not able to make use of it in any way. During the follow-up
visits, participants were instructed not to use other digital health
technologies.

Statistical Analysis
Baseline characteristics of the study population were expressed
as mean and SD for quantitative variables and as frequency
distributions for categorical variables. Student t test (2-tailed),
chi-square test, and Fisher exact test were used to determine
differences in baseline characteristics between the IG and CG.
Analyses of the results were performed on an intention-to-treat
basis. Paired Student t test or McNemar test was applied to
assess changes within the same group. To analyze the effect of
the intervention, in the follow-up for primary and secondary
endpoints, we performed several multivariate analyses of the
variance of repeated measures using the general linear model,

comparing the changes observed between the IG and CG in the
analyzed variables, first unadjusted and then adjusted for age
and sex.

We performed a subanalysis by multivariate analysis of the
variance of repeated measures of the intervention effect in
primary and secondary outcomes stratified by sex (men and
women), age (<50 years and ≥50 years), and marital status
(married, single, or others).

The contrast in the hypotheses established an α value of .05.
The data were analyzed using SPSS Statistics software (version
26.0; IBM Corporation).

Ethical Considerations
The study was approved by the clinical research ethics
committee of the Health Area of Salamanca in April 2016. In
addition, the study was approved by the ethics committees of
the 4 collaborating centers: Aragón, Castilla-la Mancha,
Baleares, and Valladolid Oeste. All procedures were performed
in accordance with the ethical standards of the institutional
research committee and the 2013 Declaration of Helsinki [48].
All participants signed written informed consent documents
before participation in the study. The trial was registered at
ClinicalTrials.gov with identifier NCT03175614 on May 31,
2017.
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Results

Baseline Characteristics of the Participants and
Follow-up
Of the 650 participants who completed the baseline visit, 563
(86.6%) completed the 3-month visit and 443 (68.2%) completed
the 12-month visit. There were 207 (207/650, 31.8%)
participants who dropped out of the study, 32.1% (102/318) in
the IG and 31.6% (105/332) in the CG. Participants assigned
to each group and the reasons for withdrawal from the trial may
be consulted in Figure 1.

The clinical and sociodemographic baseline characteristics of
the 650 participants are presented in Table 1. The mean age of

the entire sample was 48.31 (SD 9.67) years, with a mean BMI

of 33.0 (SD 3.48) kg/m2. In addition, 68.5% (445/650) of
participants were women, 68.3% (444/650) were married, and
46.8% (304/650) were aged ≥50 years. No differences were
observed between the study groups at baseline.

The comparison between the baseline characteristics of the 207
participants who dropped out and those who completed the
study are shown in Multimedia Appendix 1. It should be noted
that those who dropped out were younger (46.3 vs 49.2 years)
and had a higher weight (93.3 vs 90.2 kg) and BMI (33.6 vs

32.7 kg/m2), with no difference in the rest of the variables
analyzed.
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Table 1. Baseline characteristics of study participants.

Control (n=332)Intervention (n=318)Characteristics

Age (years)

48.9 (9.2)47.7 (10.1)Value, mean (SD)

168 (50.6)178 (56)<50, n (%)

164 (49.4)140 (44)>50, n (%)

Sex, n (%)

101 (30.4)104 (32.7)Men

231 (69.6)214 (67.3)Women

Marital status, n (%)

74 (22.3)60 (18.9)Single

222 (66.9)222 (69.8)Married

30 (9)31 (9.7)Separated

6 (1.8)5 (1.6)Widower

Employment status, n (%)

249 (75.1)232 (72.9)Works outside of home

21 (6.3)22 (6.9)Homemaker

19 (5.7)22 (6.9)Retired

5 (1.5)9 (2.8)Student

38 (11.4)33 (10.4)Unemployed

Educational level, n (%)

134 (40.5)122 (38.5)University studies

152 (45.9)158 (48.9)Middle or high school

45 (13.6)37 (11.7)Elementary school

Clinical variables, mean (SD)

91.1 (14.8)91.4 (14.8)Weight (kg)

33.0 (3.6)33.1 (3.4)BMI (kg/m2)

107.4 (10.7)107.4 (12.9)Waist circumference (cm)

120 (16)119 (15)Systolic blood pressure (mm Hg)

81 (10)79 (9)Diastolic blood pressure (mm Hg)

74 (12)72 (12)Heart ratio (bpma)

202 (40)198 (36)Total cholesterol (mg/dL)

52 (12)51 (13)HDLb cholesterol (mg/dL)

BMI classification (kg/m2), n (%)

82 (24.7)75 (23.6)27.5-29.9

250 (75.3)243 (76.4)30-40

Chronic diseases, n (%)

116 (35.0)88 (27.7)Hypertension

87 (26.5)73 (23.4)Dyslipidemia

4 (1.3)5 (1.7)Diabetes mellitus

Medication use, n (%)

69 (20.8)50 (15.7)Antihypertensive drugs

56 (16.9)50 (15.7)Lipid lowering drugs
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Control (n=332)Intervention (n=318)Characteristics

37 (11.1)31 (9.8)Hypothyroid drugs

abpm: beats per minute.
bHDL: high-density lipoprotein.

Adherence to Self-monitoring on the Smartphone App
Adherence to self-monitoring on the smartphone app was
calculated from the app output data by an independent
researcher. The median app use was 64.5 days out of the 90
days of the intervention (71.67%). Of the 318 participants
assigned to the IG, 150 (47.2%) adhered sufficiently by
recording data in the app between 61 and 90 days. In total, 3
participants did not register any food, and there were 36 data
files from which no information was available for technical
reasons (Multimedia Appendix 2). Multimedia Appendix 3
displays the median days of app use out of the 90 days in
percentage to show adherence to self-monitoring on the app,
grouped by sex, marital status, and age.

Changes in Weight and Anthropometric Variables
During the Study Period
Table 2 shows the decrease in body weight at 3 and 12 months
in both groups. Comparing groups, the IG achieved a net weight
loss difference of 0.76 (95% CI −1.33 to −0.19) kg at 3 months
and 0.26 (95% CI −1.21 to 0.70; P=.02) kg at 12 months, more
than the CG. The overall weight reduction of the IG was 2.05%
at 3 months and 1.58% at 12 months, while the CG showed
1.1% and 1.26% reductions in body weight at 3 and 12 months,
respectively. Only 18.2% (52/285) of the IG participants
achieved a clinically significant weight loss of ≥5% at the 3
months visit and 19.4% (42/216) of them achieved that
percentage at 12 months. In the CG, 12.9% (35/271) achieved
a weight loss of 5% at 3 months and 18.5% (42/227) reached
that loss at the 12-month visit. Regarding adherence to

self-monitoring on the app, both in number of days used and
median percentage of days, a positive correlation was found at
3 months with weight loss (r=0.239; P<.001) and BMI (r=0.203;
P<.001) but not at 12 months or with weight (r=0.015; P=.83)
and BMI (r=0.021; P=.77).

In addition, the IG showed changes in waist circumference
(−0.76, 95% CI −1.47 to −0.05 cm) and hip circumference
(−1.02, 95% CI −1.68 to −0.34 cm) compared with the CG at
3 months. Similar results were found at 12 months, with net
decreases in waist circumference (−0.48, 95% CI −1.62 to 0.66
cm) and hip circumference (−0.69, 95% CI −1.62 to 0.25 cm;
P=.04 and P=.03, respectively) between groups. Regarding
body composition parameters, BMI decreased at 3 months
(−0.30, 95% CI −0.52 to −0.09 points) and slightly changed at
12 months (−0.06, 95% CI −0.41 to 0.28 points; P=.01),
comparing the study groups. Similar results were found for
waist–height ratio at 3 months (−0.48, 95% CI −0.92 to −0.04)
and 12 months (−0.25, 95% CI −0.94 to 0.44; P=.03) and body
adiposity index at 3 months (−0.50, 95% CI −0.81 to −0.18)
and 12-month follow-up (−0.33, 95% CI −0.77 to 0.11; P=.03)
between groups. Although the IG tended to show decreases in
the rest of the indexes analyzed (waist–hip ratio, body shape
index, and body roundness index) at both follow-up visits, no
significant differences were observed between groups.

Figure 3 shows the evolution of the main anthropometric
parameters analyzed over time, with a decrease at 3 months in
both groups, especially in the IG. However, the downward trend
was not maintained in the IG at 12 months, while the CG
continued to decrease.
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Table 2. Effect of the mobile health intervention on body weight and other anthropometric parameters.

Net differenceControl group (n=332)Intervention group (n=318)Parameters

P valuebP valueaValuesP valueValuesP valueValues

Weight (kg)

N/AN/AN/AN/A91.1 (14.8)N/Ac91.4 (14.8)Baseline, mean (SD)

N/AN/A−0.76 (−1.33 to
−0.19)

<.001−1.03 (−1.41 to
−0.64)

<.001−1.79 (−2.20 to
−1.37)

3-month change, mean difference
(95% CI)

.02.03−0.26 (−1.21 to
0.70)

<.001−1.20 (−1.87 to
−0.54)

<.001−1.46 (−2.15 to
−0.77)

12-month change, mean differ-
ence (95% CI)

Waist circumference (cm)

N/AN/AN/AN/A107.4 (10.7)N/A107.4 (12.9)Baseline, mean (SD)

N/AN/A−0.76 (−1.47 to
−0.05)

<.001−1.42 (−1.90 to
−0.94)

<.001−2.18 (−2.71 to
−1.65)

3-month change, mean difference
(95% CI)

.04.04−0.48 (−1.62 to
0.66)

<.001−1.80 (−2.57 to
−1.04)

<.001−2.28 (−3.14 to
−1.43)

12-month change, mean differ-
ence (95% CI)

Hip circumference (cm)

N/AN/AN/AN/A115.5 (9.3)N/A116.4 (11.4)Baseline, mean (SD)

N/AN/A−1.02 (−1.67 to
−0.36)

<.001−0.94 (−1.42 to
−0.47)

<.001−1.96 (−2.42 to
−1.50)

3-month change, mean difference
(95% CI)

.03.03−0.69 (−1.62 to
0.25)

.001−1.13 (−1.79 to
−0.46)

<.001−1.81 (−2.47 to
−1.16)

12-month change, mean differ-
ence (95% CI)

BMI (kg/m2)

N/AN/AN/AN/A32.9 (3.6)N/A33.1 (3.4)Baseline, mean (SD)

N/AN/A−0.30 (−0.52 to
−0.09)

<.001−0.38 (−0.52 to
−0.24)

<.001−0.69 (−0.85 to
−0.53)

3-month change, mean difference
(95% CI)

.01.02−0.06 (−0.41 to
0.28)

<.001−0.43 (−0.66 to
−0.19)

<.001−0.49 (−0.74 to
−0.24)

12-month change, mean differ-
ence (95% CI)

Waist–height ratio

N/AN/AN/AN/A64.76 (5.7)N/A64.82 (6.9)Baseline, mean (SD)

N/AN/A−0.48 (−0.92 to
−0.04)

<.001−0.87 (−1.16 to
−0.58)

<.001−1.35 (−1.68 to
−1.02)

3-month change, mean difference
(95% CI)

.03.04−0.25 (−0.94 to
0.44)

<.001−1.09 (−1.56 to
−0.63)

<.001−1.34 (−1.86 to
−0.83)

12-month change, mean differ-
ence (95% CI)

Body adiposity index

N/AN/AN/AN/A36.31 (5.6)N/A36.76 (6.6)Baseline, mean (SD)

N/AN/A−0.50 (−0.81 to
−0.18)

<.001−0.44 (−0.66 to
−0.22)

<.001−0.94 (−1.16 to
−0.72)

3-month change, mean difference
(95% CI)

.03.03−0.33 (−0.77 to
0.11)

.001−0.52 (−0.83 to
−0.20)

<.001−0.85 (−1.16 to
−0.54)

12-month change, mean differ-
ence (95% CI)

Waist–hip ratio

N/AN/AN/AN/A0.9 (0.1)N/A0.9 (0.1)Baseline, mean (SD)

N/AN/A0.00 (−0.01 to
0.01)

.020.00 (−0.01 to
0.00)

.070.00 (−0.01 to
0.00)

3-month change, mean difference
(95% CI)

.46.510.00 (−0.01 to
0.01)

.03−0.01 (−0.01 to
0.00)

.13−0.01 (−0.01 to
0.00)

12-month change, mean differ-
ence (95% CI)

Body shape indexd

N/AN/AN/AN/A8.1 (0.5)N/A8.1 (0.6)Baseline, mean (SD)

N/AN/A−0.01 (−0.06 to
0.036)

.01−0.04 (−0.08 to
−0.01)

.002−0.06 (−0.09 to
−0.02)

3-month change, mean difference
(95% CI)
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Net differenceControl group (n=332)Intervention group (n=318)Parameters

P valuebP valueaValuesP valueValuesP valueValues

.56.52−0.03 (−0.09 to
0.043)

.01−0.06 (−0.11 to
−0.01)

<.001−0.09 (−0.14 to
−0.04)

12-month change, mean differ-
ence (95% CI)

Body roundness index

N/AN/AN/AN/A6.6 (1.4)N/A6.7 (1.9)Baseline, mean (SD)

N/AN/A−0.11 (−0.21 to
0.00)

<.001−0.21 (−0.28 to
−0.14)

<.001−0.32 (−0.40 to
−0.24)

3-month change, mean difference
(95% CI)

.05.07−0.05 (−0.22 to
0.12)

<.001−0.26 (−0.37 to
−0.14)

<.001−0.31 (−0.43 to
−0.18)

12-month change, mean differ-
ence (95% CI)

aP value by analysis of variance.
bP value by analysis of variance adjusted by age and sex.
cN/A: not applicable.
dBody Round Shape results are displayed multiplied by 100 for easier reading.
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Figure 3. Evolution of weight, BMI, and other anthropometrics parameters from baseline to 3 and 12 months comparing the intervention and control
group. P value between groups was adjusted by age and sex: weight, P=.02; waist circumference, P=.04; hip circumference, P=.03; BMI, P=.01;
waist–height ratio, P=.03; and body adiposity index, P=.03.

Changes in Diet and Physical Activity
In terms of diet, daily caloric intake was lower in both groups
(IG: −295, 95% CI −391.63 to −198.93 kcal/day; CG: −222,
95% CI −310.62 to −135.14 kcal/day) at 12 months, with no
significant differences between groups (Table 3). The
Mediterranean diet adherence increased in both groups at 3 and
12 months, but the differences were not statistically significant.
The IG experienced a trend toward increased adherence to the
Mediterranean diet at 3 months, but decreased at 12 months,
while adherence was maintained in the CG.

Physical activity time in all intensities (light, moderate, and
vigorous) assessed by the IPAQ-SF increased in both groups at

3 and 12 months, whereas the time of sedentarism decreased.
Although the IG tended to show greater increases in light
activity, vigorous activity, and total activity time, only light
physical activity (LPA) time showed a net increase of 81.2 (95%
CI 31.93-130.58) minutes per week at 3 months and 32.6 (95%
CI −30.31 to 95.04) minutes per week at 12 months (P=.02)
compared with the CG. Regarding the smart band, Multimedia
Appendix 4 shows the correlation between the IPAQ-SF data
(METs per week and min/week for each activity level) at 3
months in the IG and the information collected from the smart
band after 3 months of the intervention (daily average of steps
and activity minutes), with a low correlation between variables,
which was higher in women than in men.
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Table 3. Effect of the mobile health intervention on diet and physical activity variables.

Net differenceControl group (n=332)Intervention group (n=318)Variables

P valueaValueP valueValueP valueValue

Energy intake (kcal)

N/AN/AN/A2359.9 (681.1)N/Ab2394.1 (676.4)Baseline, mean (SD)

N/A−14.34 (−127.48 to
98.80)

<.001−189.84 (−268.94 to
−110.73)

<.001−204.18 (−285.46 to
−122.89)

3-month change, mean difference
(95% CI)

.59−72.40 (−202.13 to
57.33)

<.001−222.88 (−310.62 to
−135.14)

<.001−295.28 (−391.63 to
−198.93)

12-month change, mean difference
(95% CI)

Score for adherence to MDc (points)

N/AN/AN/A7.1 (1.9)N/A7.1 (1.9)Baseline, mean (SD)

N/A0.15 (−0.15 to 0.45)<.0010.41 (0.19 to 0.60)<.0010.56 (0.34 to 0.78)3-month change, mean difference
(95% CI)

.06−0.19 (−0.56 to 0.17)<.0010.56 (0.29 to 0.82).0050.37 (0.12 to 0.63)12-month change, mean difference
(95% CI)

Score adherence to MD (≥9 points)

N/AN/AN/A84 (25.4)N/A81 (25.3)Baseline, n (%)

N/A2.14 (−6.11 to 10.39).045.90 (0.22 to 11.59).0098.04 (2.07 to 14.02)3-month change, percentage differ-
ence (95% CI)

.19−5.21 (−15.26 to 4.85).00111.66 (4.74 to 18.58).096.45 (−0.89 to 13.80)12-month change, percentage differ-
ence (95% CI)

Light activity (min/week)

N/AN/AN/A259.8 (287.9)N/A259.9 (283.4)Baseline, mean (SD)

N/A81.26 (31.93 to 130.58).2621.60 (−15.96 to 59.16)<.001102.85 (70.46 to
135.26)

3-month change, mean difference
(95% CI)

.0232.36 (−30.31 to 95.04).0358.85 (6.24 to 111.46)<.00191.21 (58.76 to 125.65)12-month change, mean difference
(95% CI)

Moderate activity (min/week)

N/AN/AN/A41.3 (133.6)N/A53.0 (154.2)Baseline, mean (SD)

N/A−25.21 (−60.27 to 9.85)<.00144.32 (22.06 to 66.57).1619.10 (−7.80 to 46.01)3-month change, mean difference
(95% CI)

.06−36.86 (−76.39 to 2.66).00338.90 (13.54 to 64.26).902.04 (−28.58 to 32.65)12-month change, mean difference
(95% CI)

Vigorous activity (min/week)

N/AN/AN/A30.7 (143.2)N/A39.2 (228.0)Baseline, mean (SD)

N/A7.07 (−29.44 to 43.58).3613.73 (−15.81 to 42.26).0620.80 (−1.26 to 42.85)3-month change, mean difference
(95% CI)

.827.92 (−23.54 to 39.37).1317.37 (−4.92 to 39.66).0325.29 (2.98 to 47.59)12-month change, mean difference
(95% CI)

Moderate to vigorous activity (min/week)

N/AN/AN/A71.9 (195.4)N/A92.2 (293.5)Baseline, mean (SD)

N/A−18.15 (−71.77 to
35.48)

.00658.04 (16.83 to 99.26).0339.89 (5.07 to 74.73)3-month change, mean difference
(95% CI)

.33−28.95 (−85.63 to
27.73)

.00456.27 (18.59 to 93.96).2127.33 (−15.38 to 70.03)12-month change, mean difference
(95% CI)

Total activity time (min/week)

N/AN/AN/A331.7 (345.2)N/A351.1 (415.8)Baseline, mean (SD)

N/A63.11 (−9.68 to 135.90).00579.65 (24.27 to 135.02)<.001142.75 (94.90 to
190.61)

3-month change, mean difference
(95% CI)
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Net differenceControl group (n=332)Intervention group (n=318)Variables

P valueaValueP valueValueP valueValue

.573.41 (−87.63 to 94.46).001115.12 (45.01 to
185.23)

<.001118.53 (60.59 to
176.48)

12-month change, mean difference
(95% CI)

Total sitting time (min/week)

N/AN/AN/A2805.9 (1347.6)N/A2903.6 (1397.3)Baseline, mean (SD)

N/A−132.24 (−300.17 to
35.70)

.48−42.74 (−160.90 to
75.42)

.004−174.98 (−294.58 to
−55.40)

3-month change, mean difference
(95% CI)

.09−165.57 (−359.74 to
28.60)

.20−94.28 (−239.15 to
50.60)

<.001−259.84 (−389.54 to
−130.16)

12-month change, mean difference
(95% CI)

aP value by analysis of variance.
bN/A: not applicable.
cMD: Mediterranean diet.

Analyses of the Effect Stratified by Baseline
Characteristics
Only women experienced decreases in weight, waist, and other
anthropometric parameters analyzed, except for waist–hip ratio,
body shape index, and body roundness index, with a net weight
loss of 0.50 (95% CI −1.53 to 0.54; P=.002) kg at 12 months.
With regard to age, those aged <50 years showed a decrease in
hip circumference, while people aged >50 years showed a
reduction in weight and BMI. Finally, analysis by marital status
showed that only married people showed decreases in weight
(−0.90, 95% CI −2.0 to 0.2 kg; P=.02), BMI (−0.3, 95% CI −0.7
to 0.1 points; P=.01), and other anthropometric parameters at
12 months. These analyses are presented in Multimedia
Appendix 5.

Discussion

Principal Findings

Overview
The Evident 3 study evaluated the intervention effect and its
maintenance over time at 3 and 12 months after the baseline
visit. The main findings of the use of a smartphone app in
combination with an activity tracker wristband for 3 months
and brief counseling showed a greater weight loss compared
with the CG, but once these devices were collected, the trend
was not maintained at 12 months. Although both groups had
reduced weight, BMI, and other anthropometric variables, the
IG showed a greater trend to reduce weight, BMI, waist and hip
circumference, waist–height ratio, and body adiposity index at
the 3-month follow-up and did not maintain a downward trend
at the 12-month visit. Regarding diet, both groups decreased
their caloric intake (kcal) and improved their Mediterranean
diet adherence, but no differences between groups were found.
A similar result was observed in physical activity, where
physical activity time increased in both groups, but the IG
showed an increase in weekly LPA time at 12 months. Analyses
stratified by baseline characteristics showed patterns toward
greater changes in body composition variables in women, people
aged >50 years, and married people.

Weight
Findings from meta-analyses have shown that mHealth weight
loss interventions were effective in comparison with minimal
intervention or control in the short term but with inconclusive
long-term results [15,16]. The Evident 3 study provides insights
into the long-term effects of weight loss, BMI, and other
anthropometric variables at 3 months, but this trend was not
maintained in the period when they no longer had access to the
devices up to the 12-month visit. In addition, overall weight
reduction in the IG was 2.05% at 3 months, so clinically relevant
weight loss was not achieved (>5%).

Despite the heterogeneity found in these types of interventions,
some systematic reviews [23,49] suggest that the combination
of mHealth tools could be useful for changing lifestyles to
healthier ones, but its effect on weight loss remains unclear.
Along these lines, the Innovative Approaches to Diet, Exercise
and Activity study, which provided a wearable technology
combined with a website to the enhanced IG, found no
significant difference in weight or physical activity between
groups [29] across the 24-month intervention in young adults.
Moreover, another study that evaluated the effect of a web-based
weight loss program with and without an activity tracking device
found that its addition to the intervention did not produce higher
changes in weight loss at the 12-month follow-up [50] than
those in the CG. In contrast, the Quant study, whose intervention
included 3 feedback devices (Bioelectrical Impedance Analysis
scale, blood pressure, and step counter) found a positive effect
on fat loss at the 12-month follow-up [51]. These results are
consistent with those found in our study, where there were
differences between groups in weight, body composition
variables, and physical activity but without reaching clinically
relevant results.

Notwithstanding the effectiveness of self-monitoring behaviors
in weight management [52], the challenge lies in finding a way
to keep the users using the app, because the frequency of logging
into the app is highly related to weight loss success in web-based
interventions [53] and mHealth apps [52], as the user adopts
new behaviors over time that is supported by the tools. In this
regard, the rate of users who adhered sufficiently to the study
app (150/318, 47.2%) may be insufficient to show better results
in the main outcomes at 12 months. It should also be noted that
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between the period in which mHealth tools were collected at
the 3-month follow-up and the 12-month visit, there was no
reinforcement or any contact with the participants by the
researchers. Therefore, despite not obtaining clinically relevant
weight loss, the results suggest that the intervention should be
modified (longer intervention period, improved adherence
strategies, some professional support, etc), as the trend of weight
reduction was not maintained over time when tools were
removed. Moreover, the CG also reported weight loss but lower
than that of the IG, which is commonly reported in weight loss
interventions [25], especially if the CG received usual care [54].

Physical Activity and Diet
The study intervention, which included an activity tracker
wristband, was shown to increase weekly LPA time measured
by the IPAQ-SF. Increasing LPA may improve important health
outcomes, such as markers of lipid and glucose metabolism and
mortality in the general population [55]. Although the general
physical activity recommendations are based on promoting
moderate to vigorous physical activity, increasing LPA in the
sedentary population may be a good starting point for decreasing
inactivity in people with overweight and obesity [56]. Previous
studies have reported beneficial changes in physical activity
variables, observing a small increase in moderate to vigorous
physical activity in women [57] and people with overweight
and obesity [22] or in steps per day [20] in people with chronic
diseases. Specifically, a recent study reported increased
resistance training and reduced energy intake at 6 months using
a multicomponent mHealth intervention [25], showing the
potential of these tools in physical activity promotion by
allowing a more tailored intervention and greater feedback.

Furthermore, energy intake was reduced, and adherence to the
Mediterranean diet increased in both groups. However, the app
intervention did not achieve better results than the CG. Potential
explanations for this include that the brief diet counseling using
the plate method was explained at the end of the baseline visit,
which could lead to an improvement in the entire sample.
Moreover, Solbrig et al [58] suggested that there is a mismatch
between people’s need for help and what weight management
apps provide, as people dislike counting calories, the basis of
most self-management apps, and need more tailored support
and motivational elements. Along these lines, a recent study
found that a digital app that provides personalized nutritional
recommendations appeared to be successful in reducing weight
in users with obesity [59]. Future research will focus on the
inclusion of new adaptive features in health apps to achieve
greater results in health outcomes and higher rates of
intervention adherence.

Analyses of the Effect Stratified by Baseline
Characteristics
These analyses showed that the intervention was more effective
in specific groups than in the general IG. Women showed greater
weight loss, BMI changes, and other anthropometric variables,
whereas men did not show differences. This could be explained
by the higher rate of participation by women in this study
(445/650, 68.5%), following the trend of weight management
studies [60] and by the lower number of men included (n=205),
which may have resulted in an underpowered analysis to find

differences in the male group. In addition, women are more
likely to participate in weight loss interventions [61] and use
health apps [62], so the sex factor has to be considered.
Regarding age, people aged >50 years obtained differences in
more outcomes than younger people, and they were more
adherent to the self-monitoring on the app. A systematic review
found that middle-aged adults are more willing to adhere to
such interventions with activity trackers [63] than younger
people, so it is feasible that differences are found between age
groups, as in the study results. In terms of marital status, married
people seem to benefit more from the intervention. However,
the unequal size of the groups could explain why single people,
who obtained higher median adherence days than married
people, did not show positive results. The influence of
sociodemographic factors on the digital intervention effect, or
adherence, has to be explored in-depth, but a study among users
of eHealth approaches suggested that married people, among
other characteristics, generally used more mHealth apps [64],
which might lead to more positive results. Although more
research is needed to determine which personal factors could
influence mHealth effectiveness, these analyses highlight the
need to develop more tailored interventions, adapting them
according to certain characteristics of the user to enhance the
effect of these digital approaches.

Finally, the average dropout rate was higher than expected
(207/650, 31.8%) but balanced between study groups (IG:
102/318, 32.1% vs CG: 105/332, 31.6%). As a group, the
participants who dropped out of the study were younger, with

greater mean weight, BMI >30 kg/m2, and a higher proportion
of smokers, in line with the dropout predictors found by a
systematic review [65]. The participant attrition rate from digital
interventions often exceeds 20% [66], and it is common to find
large dropouts in weight management mobile phone apps [67]
and multicomponent interventions [51]. Potential explanations
could be participants’ higher weight loss expectations [65] and
experiencing difficulty in maintaining self-monitoring.

Strengths and Limitations
This study had several strengths. The study included a large
sample with a multisite design with a wide range of ages and
educational background, which offers robustness to the results
obtained. Both the intervention and the statistical analysis were
conducted by blinding researchers to the assignment groups.
The 3- and 12-month visits allowed evaluation of the short-term
and long-term effects of this type of technology on weight loss
in the absence of additional face-to-face intervention. Moreover,
the adherence rate to the self-monitoring diet on the app was
acceptable (median percentage of days 71.7%).

In addition, some limitations of this study should be noted.
Although participants were instructed not to use any other
mHealth tool that could interfere with the study, there are no
guarantees to ensure this occurred. The data collected from the
smart band did not allow for the assessment of daily use and
adherence to this device. In addition, the nature of the
intervention precludes blinding of the participants, although
recent findings suggest that blinding is less important than often
believed [68]. The exposure time to the intervention (3 months)
might not be sufficient to identify more positive results in
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changing lifestyles and weight loss. The number of participants
in each baseline characteristics (sex, age, and marital status)
group could be insufficient to show more relevant effects in the
stratified analysis. Finally, the dropout rate of 31.8% (207/650)
may have biased the final sample study composition and
underpowered the study with regard to detecting a significant
effect in the results between groups. However, random allocation
and a balanced dropout between arms show that the group
characteristics differ little from the initial sample, making the
comparison between groups possible [69].

Conclusions
The low-intensity intervention of the Evident 3 study showed
in the IG, benefits on weight loss, some body composition

variables, and time spent in LPA compared with the CG at 3
months, but once the devices were collected, the downward
trend was not maintained at the 12-month follow-up. No
differences in nutritional outcomes were observed between the
groups. Analyses stratified by baseline characteristics revealed
that the intervention was more effective in women, people aged
≥50 years, and married participants. Further research is needed
to determine the optimum intervention period to achieve greater
results, as well as the inclusion of more tailored strategies in
health apps and weight management interventions that improve
intervention adherence and retention rates.
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Abstract

Background: Remote data capture for blood glucose (BG) or blood pressure (BP) monitoring and the use of a supportive digital
app are becoming the model in diabetes and hypertension chronic care. One of the goals in chronic condition management is to
increase awareness and generate behavioral change in order to improve outcomes in diabetes and related comorbidities, such as
hypertension. In addition, there is a lack of understanding of the association between BG and BP levels when using digital health
tools.

Objective: By applying a rigorous study framework to digital health data, this study investigated the relationship between BP
monitoring and BG and BP levels, as well as a lagged association between BP and BG. We hypothesized that during the first 6
months of BP monitoring, BG and BP levels would decrease. Finally, we suggested a positive association between BP levels and
the following month’s BG levels.

Methods: In this retrospective, real-world case-control study, we extracted the data of 269 people with type 2 diabetes (T2D)
who tracked their BG levels using the Dario digital platform for a chronic condition. We analyzed the digital data of the users
who, in addition to BG, monitored their BP using the same app (BP-monitoring [BPM] group, n=137) 6 months before and after
starting their BP monitoring. Propensity score matching established a control group, no blood pressure monitoring (NBPM,
n=132), matched on demographic and baseline clinical measures to the BPM group. A piecewise mixed model was used for
analyzing the time trajectories of BG, BP, and their lagged association.

Results: Analysis revealed a significant difference in BG time trajectories associated with BP monitoring in BPM and NBPM
groups (t=–2.12, P=.03). The BPM group demonstrated BG reduction improvement in the monthly average BG levels during the
first 6 months (t=–3.57, P<.001), while BG did not change for the NBPM group (t=0.39, P=.70). Both groups showed similarly
stable BG time trajectories (B=0.98, t=1.16, P=.25) before starting the use of the BP-monitoring system. In addition, the BPM
group showed a significant reduction in systolic (t=–6.42, P<.001) and diastolic (t=–4.80, P<.001) BP during the first 6 months
of BP monitoring. Finally, BG levels were positively associated with systolic (B=0.24, t=2.77, P=.001) and diastolic (B=0.30,
t=2.41, P=.02) BP.

Conclusions: The results of this study shed light on the association between BG and BP levels and on the role of BP
self-monitoring in diabetes management. Our findings also underscore the need and provide a basis for a comprehensive approach
to understanding the mechanism of BP regulation associated with BG.

(J Med Internet Res 2022;24(2):e32923)   doi:10.2196/32923
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Introduction

Major goals for the treatment of diabetes are to prevent or delay
complications and optimize the quality of life [1]. People with
type 2 diabetes (T2D) face challenging self-management
regimens to improve glycemia and decrease morbidity and
mortality, while often dealing with high costs of care [2].
Hypertension is the most common chronic illness in the United
States, and the standard model of office-based care delivery
continues to yield suboptimal outcomes, with approximately
50% of affected patients not achieving blood pressure (BP)
control [3]. Elevated BP values are a common finding in people
with T2D. In fact, hypertension is reported in over two-thirds
of patients with T2D [4], and its development coincides with
the development of hyperglycemia [5]. Furthermore, a large
proportion of persons with diabetes exhibit poorly controlled
hypertension, which may reflect not only delayed recognition
of the presence of hypertension, clinical inaction, and poor
adherence to the prescribed regimen but also uncertainty
regarding the treatment targets and pathogenic correlation [6].

The pathogenic relationship between T2D and hypertension is
assumed to be bidirectional [7]. Elevated BP levels are supposed
to reflect at least partially the impact of the underlying insulin
resistance on the vasculature and kidneys, while there is clinical
evidence suggesting that disturbances in carbohydrate
metabolism are more common in individuals with hypertension
[4]. In persons with diabetes, hypertension confers an enhanced
risk of cardiovascular disorder, having a similar risk for people
with hypertension but without diabetes [5]. Hypertension and
diabetes are major risk factors for cardiac diseases, stroke, and
kidney disorders [8-10]; however, hypertension is the leading
cardiovascular disease–related cause of morbidity and mortality
among persons with T2D [11,12].

Previous studies have shown the beneficial effect of
BP-lowering treatment on end-stage renal disorders in T2D
[13]. Moreover, a significant improvement was demonstrated
in all diabetes-related outcomes resulting from long-term tight
BP control in patients with T2D and hypertension [14,15].

Among normotensive individuals, T2D at baseline was shown
as a significant predictor of incident hypertension (independent
of age, body mass index [BMI], and family history of diabetes)
[6]. Furthermore, most of the care for the patient with
hypertension typically relies on the primary care physician,
whose time for face-to-face patient care has become
progressively limited [3]. Approximately half of the persons
treated for T2D do not have adequate BP or glycemic control
[16]. It is clear that management of a chronic condition requires
a change in strategy to meet the real-time needs of the
population.

Ideal management of chronic conditions, such as T2D and
hypertension, often includes monitoring lifestyle changes and
pharmacological interventions to improve metabolic health [17].
Home BP measurement has been recommended by many
hypertension guidelines and addresses several limitations of
traditional office-based care, including reducing
misclassification because of white-coat or masked hypertension

and an ability to take a more suitable action and a course of
corrective therapy [18].

Self-monitoring has been shown in previous studies as 1 of the
key elements for successful chronic condition management.
One of the examples of successful chronic condition
management was shown with self-monitoring behaviors
involving weight measurements, which demonstrated
self-monitoring as a significant predictor of weight loss during
6 months [19]. Of note, there is evidence showing that patients’
willingness to self-monitor is associated with disease
controllability, and persons with diabetes, asthma, and
hypertension are most willing to self-monitor [20]. Home
glucose self-monitoring has been associated with improved
glycemic control and reduced long-term complications [21].
Current meta-analysis supports the claim that self-monitoring
can significantly reduce BP [22,23].

Treatment optimization through digital health could enhance
users’ alertness to their health conditions through real-time
monitoring, leading to effective treatments. Timely
communication and feedback also can play a key role in efforts
toward achieving hypertension and diabetes control.
Technology-driven solutions can help persons with diabetes
build awareness of their daily health-related behaviors and
promote increased engagement with those behaviors [24-26].
Communication of test results also has been shown to be highly
desired among people with hypertension [27], and
lifestyle-focused educational messages providing advice,
motivational reminders, and support also were shown to be
effective in improving hypertension and other chronic conditions
[28]. Real-time digital communication can additionally include
progress reports focusing on achieving BP and blood glucose
(BG) goals and displaying insights as well as guidelines
promoting lifestyle change. Using a mobile app for
self-management purposes could make it easier for people with
chronic conditions to obtain insight into and control of their BG
and BP levels.

On the one hand, mobile apps have been shown to improve
diabetes outcomes via education and support for adhering to
evidence-based recommendations [29-32]. On the other hand,
there are mobile apps focused solely on hypertension
management. These are designed primarily for health
management functions and have proved an effective solution
in improving medication adherence and systolic and diastolic
BP levels [33-35]. Although mobile apps have the potential to
be beneficial for people with hypertension or diabetes, little is
known about their efficacy targeting several chronic conditions
at 1 time or monitoring both BP and BG levels on 1 mobile app
[36]. Further research is necessary for investigating the
effectiveness of mobile health for hypertension self-management
over time [35]. Moreover, the current literature is missing
rigorous real-life studies to test the role of BP self-monitoring
and diabetes management and to better understand the direct
association between BP monitoring and glycemic outcomes.
Further, in glucose-lowering trials, it is not clear whether
different ongoing BP levels are associated with different
BG-lowering outcome effects [37,38].
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This study used a retrospective analysis of a home-use diabetes
BG meter and BP-monitoring system with full data capture
using a supportive mobile app among people with T2D and
poorly controlled BP levels. This study can illuminate the
dynamic of the relative contribution of BP self-monitoring to
successful diabetes and hypertension self-management using
real-life data. We analyzed users’ data for 6 months before and
6 months after using the BP-monitoring system and compared
them with a matched control group that never used the
BP-monitoring system (NBPM). We hypothesized that BP
monitoring will be associated with reduction in systolic and
diastolic BP, as well as with BG levels. We additionally
hypothesized a linkage between BP levels and following BG
levels.

Methods

Platform
This study used the Dario digital therapeutics solution
(DarioHealth) for chronic conditions to support self-management
of diabetes and high BP levels. The Dario BP-monitoring system
combines an innovative meter with a phone app that is available
for both Android and iOS devices. The glucose meter consists
of a small, pocket-size holder for strips, a lancet, and the meter.
The BG meter is removed from the holder and plugged directly
into a smart mobile device, effectively converting the smart
mobile device into a display screen for the meter. The
BP-monitoring system measures the systolic and diastolic BP
and pulse rate by using a noninvasive technique in which an
inflatable cuff is wrapped on the upper arm. The BP-monitoring
system provides Bluetooth transmission. The BP cuff is paired
with the mobile app, and the data are transmitted to the smart
mobile device via Bluetooth. The BP reading is displayed on
the mobile app screen.

First, connecting the BG meter directly and pairing the BP cuff
to the phone ensures 100% data capture during glucose readings.
Second, users open the mobile app with their BG or BP
measurement. The measurements are taken independently. This
makes contextually tagging a measurement easy at the time of
taking the measurement. More specifically, the measurement
is shown on the mobile phone in a decision support system view.
After the measurement is shown, the user is transferred to a data
entry screen where additional information (measurement time
[fasting/premeal/postmeal/bedtime]; carbohydrate intake (g);
meal, mood, and location settings; and physical activity [kcal])
can be added to the BG measurement. All information is stored
in the users’ logbook in the app, attached to the specific BG or
BP reading. Data are uploaded to the cloud for backup and
further analysis. Mobile app functions include interface design
elements as well as specific educational content, wording, or
digital interventions that affect the users’ choices in the digital
environment that provides personal health information and
prompt feedback.

Measures
The outcome metrics were the monthly average BP level
(systolic and diastolic BP), defined as the mean of all the user’s
BP measurements taken over a 30-day interval, and the monthly

average BG level, defined as the mean of all the user’s BG
measurements taken over a 30-day interval.

The relationships of interest potentially could be investigated
on different scales emphasizing daily, weekly, or monthly
fluctuations. In this real-world data analysis, the timescale was
designed to reflect the monthly aggregated interval change over
a 6-month period because of the difficulty in tracking daily
changes in digital monitoring.

The mobile app collected the following medical and
sociodemographic information (by self-report) for each user:
gender, age, BMI, physical activity, stress level, and
comorbidities, such as high lipids, chronic kidney disease,
cardiovascular disease, sleep disorder, cancer, or stress and
depression. Socioeconomic status was matched by applying zip
code data to census.gov. All data were transferred and stored
in compliance with Health Insurance Portability and
Accountability Act (HIPAA) requirements, using Amazon AWS
database services. All data were anonymized before extraction
for this study.

Users
In total, 269 users with T2D who used the Dario BP-monitoring
system between 2019 and 2020 were included in this analysis.
The sample included 172 (63.9%) men, 45 (16.7%) having
comorbidities. Their average age was 62.0 (SD 11.9) years,
average BMI was 31.7 (SD 6.4), and median household income
was US $29,100 (SD 3150).

Study Design
The BPM group included persons with diabetes who measured
their BG and BP levels (BPM group, n=137, 50.9%). Inclusion
criteria were as follows for the BPM group: measured BP levels
in the first and fourth months, with at least 5 BP measurements
per month; the first-month average BP level was in the elevated
category (systolic BP 120-129 mmHg; diastolic BP less than
80 mmHg) [18] or above; and measured BG levels in the first
and fourth months after starting to use the Dario BP-monitoring
system, with at least 5 BG measurements per month.

We applied a quasi-experimental case-control study design to
improve the methodological rigor and validity of the findings
and take advantage of the users’ digital follow-up. We used the
existing Dario database to extract the background population
to match a control group, NBPM, that did not use BP
monitoring. The BG measurement inclusion criterion for the
NBPM group was the same as for the BPM group (measured
BG levels in the first and fourth months, with at least 5 BG
measurements per month) to find the best match for the cohort
of 137 (49.1%) users who started using BP monitoring.
Matching is used in the context of estimating the causal effect
of a binary condition of interested in or exposed to on an
outcome, while controlling for potential confounding variables
or variables prognostic of the outcome [39]. The goal of
matching was to produce a covariate balance, seeking for
approximately equal distributions of covariates in the 2 groups,
as they would be in a randomized experiment. The covariate
balance results in increased robustness to the choice of model
used to estimate the treatment effect. The match was based on
sociodemographic and clinical parameters: gender, age, BMI,
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physical activity level, stress level, and self-reported
comorbidities (hypertension, high lipids, chronic kidney disease,
cardiovascular disease, sleep disorder, cancer, mental condition),
socioeconomic status, number of BG measurements, and average
BG. We applied the nearest-neighbor propensity score matching
without replacement, with the propensity score estimated using
logistic regression of the treatment on the covariates [40,41].
This approach resulted in an adequate balance using the data of
132 users who did not measure BP.

No significant differences were found between BPM and NBPM
conditions by age (B=–0.007, Z=–0.22, P=.83), gender (B=0.53,
Z=0.59, P=.56), BMI (B=0.03, Z=0.34, P=.73), physical activity
level (0=not active, 10=very active; B=–0.28, Z=–1.55, P=.12),
stress level (0=not stressed, 10 =very stressed; B=0.002, Z=0.01,
P=.99), median household income (B=–0.28, Z=–1.55, P=.12),
number of BG measurements (B=–0.01, Z=–0.60, P=.55),
insulin treatment (B=–0.98, Z=–0.90, P=.37), comorbidities
(B=–0.66, Z=–0.65, P=.52), and digital engagement (tagging
meal type, physical activity in the context of measurement [26];
B=0.02, Z=0.97, P=.33).

Ethical & Independent Review Services [33], a professional
review board, issued the institutional review board exemption
for this study (#18032-04).

Analytic Approach
A classical linear longitudinal model assumes a single-slope
growth pattern for changes in an outcome variable across time.
Sometimes, such a simple model does not fit the empirical data.
In contrast, piecewise-based mixed-effects models allow
flexibility in the modeling of trajectories across time [42]. Here,
a mixed piecewise model assessed differences in the monthly
average BG level in 2 segments: before and after BP-monitoring
system usage. The piecewise model allowed the data to exhibit
different linear trends over their different regions. This statistical
approach provided an opportunity to model curvilinear changes
in the monthly average BG level as a single process and to test
complex effects.

Users’ data were centered around the beginning of the BP
measurements and 6 months before and after that point were
included in the analysis. For the NBPM (control) group, that
had never started BP measurements, we included users with at
least 18 months of monitoring, choosing a random cutoff point
and including in the analysis only the data collected during 6
months before and after the simulated cutoff point.

A piecewise-based mixed‐effects model was fit to the data,
modeling temporal changes of the monthly average BG level
for the 2 groups (BPM vs NBPM). The piecewise cutoff point
for the model was set to the beginning of BG monitoring,
assuming a change in the time-related monthly average BG
trajectory between the groups by the included interaction terms
between time trajectories and group. The model included a
person-based random intercept and random slope for the time
trajectory after the piecewise cutoff.

Next, we used mixed-model analysis to access the time
trajectory of systolic and diastolic BP for the initial 6 months
of BP monitoring. The models included a random intercept and
random slope of the time trajectory. We reported unstandardized
regression weights (B), test statistics (t), and associated
significance (P).

To better understand the dynamic of BP and BG association,
we conducted a lagged analysis, predicting the following
month’s BG level based on the BP level.

Results

BP Monitoring Is Associated With BG Levels
Piecewise mixed-model analysis revealed a significant
interaction between the time after starting BP monitoring and
group (B=−1.50, t=–2.12, P=.03) on BG levels. The BPM group
showed a significant reduction in BG (B=−1.16, t=–3.57,
P<.001), while the NBPM group did not show a significant time
trend (B=0.24, t=0.39, P=.70); see Figure 1. Before BP
monitoring, group difference was observed in BG time trends
(B=0.98, t=1.16, P=.25), both BPM (B=−0.13, t=–0.43, P=.67)
and NBPM (B=−1.16, t=–1.49, P=.14) groups showed no BG
trend. Extended information is provided in Multimedia
Appendix 1.

We reran the analysis including all the potential confounders
into the models. In the new analysis, the pattern of the findings
remained the same. Users with hypertension (B=25.27, t=2.57,
P=.02) and insulin treatment (B=18.17, t=3.02, P=.003) showed
increased monthly average BG levels. In addition, stress level
(B=4.26, t=2.38, P=.02) and median household income
(B=0.006, t=4.88, P<.001) were associated with increased
monthly average BG levels. Age, gender, BMI, physical activity,
alcohol consumption, and comorbidities were not related to the
monthly average BG (all P>.09).
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Figure 1. BG monthly average fluctuation for the BPM group and the NBPM group. Zero in the x-axis means the start of BP monitoring. Vertical lines
represent a 95% CI over time. BG: blood glucose; BPM: blood pressure monitoring; NBPM: no blood pressure monitoring.

BP Monitoring and the Link to BG
We analyzed the recorded monthly averaged BP during the first
6 months of monitoring. Systolic (B=−0.82, t=–6.42, P<.001,
135.4-130.8 mmHg) and diastolic (B=−0.41, t=–4.80, P<.001,
83.3-81.7 mmHg) BP showed significant reductions during that

period (Figure 2), and 37 (27%) of 137 users achieved systolic
BP reduction of >10 mmHg (P<.001). In addition, results from
the lagged analysis, predicting the following month’s BG based
on BP levels, showed that following month’s elevated BG is
associated with higher systolic (B=0.24, t=2.77, P=.001) and
diastolic (B=0.30, t=2.41, P=.02) BP.

Figure 2. Monthly average BP fluctuation over the first 6 months of monitoring for (A) systolic and (B) diastolic BP. The x-axis presents the centered
time, with 0 indicating the start of BP monitoring. The gray area represents a 95% CI over time. BP: blood pressure.

J Med Internet Res 2022 | vol. 24 | iss. 2 | e32923 | p.584https://www.jmir.org/2022/2/e32923
(page number not for citation purposes)

Fundoiano-Hershcovitz et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Discussion

Principal Results
This study showed that using a piecewise mixed-model
statistical framework appears to be an appropriate base model
to describe nonlinear fluctuations in BG levels comparing
different user cohorts over time. In our study, the model
indicated that before the BP adoption phase, both groups
evidenced flat trajectories. However, after starting the use of
the BP monitoring system connected to the same mobile app,
the BPM group experienced a significant decrease in BG levels,
while the NBPM group’s BG levels remained flat. In addition,
we ran a lagged analysis demonstrating that monthly systolic
and diastolic BP can predict the following month’s average BG.
This finding suggests the hypothesis that BP reduction may
serve as a mechanism of BG reduction; further studies would
be needed to confirm this and to analyze the mechanism by
which BP reduction has an effect on BG levels.

This real-world analysis presents data analyzing associations
between BP monitoring and reduction in BG levels in people
with T2D and elevated BP for those who start using the mobile
app for diabetes and hypertension management. More
specifically, results indicate an association between BG
reduction and BP monitoring. This effect was not observed
among the users who did not use BP monitoring, although both
groups showed statistically equivalent BG trends before BP
monitoring and had similar demographic and clinical
characteristics. In addition, analysis of the monthly average BP
during the first 6 months of monitoring showed a significant
decrease in systolic and diastolic BP during this period.
Moreover, monthly averaged BG was associated with systolic
and diastolic BP levels.

Consistent with the literature, we found that the BPM group,
which monitored their BP and improved their levels over time,
experienced a change in their BG levels, while the NBPM
group’s levels remained flat over the same time. Moreover,
based on the lagged analysis, we observed that higher systolic
and diastolic BP is associated with elevated BG in the following
month. Previous studies have shown a significant improvement
in all diabetes-related outcomes resulting from long-term tight
BP control in patients with T2D and hypertension [14,15]. There
is substantial overlap between T2D and hypertension in etiology
and illness mechanisms. Hypertension and diabetes substantially
share common pathways, such as obesity, inflammation,
oxidative stress, insulin resistance, and mental stress [43,44].
Patients with diabetes experience increased peripheral artery
resistance caused by vascular remodeling and increased body
fluid volume associated with insulin resistance–induced
hyperinsulinemia and hyperglycemia. Both these mechanisms
elevate systemic BP [7].

The constellation of metabolically related abnormalities, such
as obesity, glucose intolerance, and hypertension, are evident
in metabolic syndrome [45]. Successful management should
address all the factors involved. The goal in a clinical setting is
to improve the ability to identify and intervene with factors
contributing to metabolic syndrome, including lifestyle
modification, weight management, diet, and physical activity

changes. One critical view on the individualization of target
goals for patients at risk is that this has not always been well
adapted for people with low education levels or other
sociocultural factors that could distract from finding the time
and motivation for improving their individual lifestyles [46].
Our participants showed elevated BP, BG, and BMI. Such a
clinical profile resonates with previous diabetes studies [47].
Due to the nature of metabolic disease, factors such as high BP,
diabetes, and obesity are shown to be the most suitable therapy
areas to address via digital health. This approach may provide
information suitable for the user’s clinical condition and may
improve self-management efficiency and the clinical course
through personalized intervention [48]. Lifestyle changes, such
as dietary habits and following exercise recommendations, are
crucial for persons with diabetes and hypertension, even when
pharmacological treatment is required [43,49]. Further, guidance
on lifestyle changes must be provided for people with diabetes
and hypertension.

BP management presents a possible course to control BG and
improve the patient’s well-being. Reducing BP is more helpful
for people with than without diabetes in terms of absolute
cardiovascular risk [43]. Previous studies have revealed the
beneficial effect of BP treatment in people with high-risk
diabetes: attaining standard glycemic control resulted in a
decreased risk of cardiovascular events, including heart failure
[50].

Cardiovascular disease is the most significant health threat to
adults with T2D, and it is clear that efforts aimed at controlling
BP and cholesterol will have much greater effects on health
outcomes than those focused only on glycemic control [51].
For reducing cardiovascular risk, treatment should focus on
specific goals: reductions in systolic and diastolic BP, BG, and
plasma low-density lipoprotein (LDL) cholesterol [45].

Our results also revealed a synergistic effect in that the
management of BG and the management of BP became evident
with the start of controlling BP levels, while this association
was not present in the NBPM group, which did not use the
BP-monitoring system. Moreover, we demonstrated that the
diabetes clinical outcome (ie, monthly averaged BG) is
positively lagged with the hypertension clinical outcome (ie,
systolic and diastolic BP levels).

It was previously shown how distinct features of a digital
therapeutic app have the potential to deliver equitable
person-centric care and how digital engagement can play a key
role in enhancing a person’s chronic condition self-management
[16,52-54]. Previously, we demonstrated that digital engagement
may improve diabetes management [26]. Importantly, in this
study, the BPM and NBPM groups were not different in their
digital engagement. In addition, the tracking tool can be
disseminated via a simple-to-use, accessible, and low-cost
device. Further, the median household distribution of the users
in both groups was equal and revealed that the digital diabetes
management solution is desired and affordable among lower-,
middle-, and high-income levels to improve glycemic outcomes.

From a psychological perspective, it is assumed that individuals
using a digital platform may develop more active roles in
managing their health [55]. Previous studies have identified
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psychosocial factors that could be targeted by interventions to
improve diabetes self-management and treatment outcomes
[51]. National survey data from the United States highlight basic
knowledge gaps among many adults with diabetes and note that
less than 50% know their level of glycemic control and only
63% know their BP level [56]. For people with hypertension,
evidence for digital interventions has mostly come from small
trials with relatively short follow-up and substantial
heterogeneity of results [57]. Thus, more studies are needed
with larger samples and longer periods of follow-up. Digital
interventions (eg, apps, programs, or health software) have the
potential to support people in self-management and to facilitate
lifestyle change [57].

Our finding on the significant decrease in systolic and diastolic
BP occurring within the first 6 months of using the device and
mobile app suggests that even the short-term use of our digital
monitoring device may be an effective means to increase users’
knowledge base and self-care behavioral awareness in the
context of everyday life. The mobile app provided the users
with numeracy skills, including the ability to interpret and
respond to hypertension numerical feedback and to focus greater
attention on the self-management of more than 1 chronic
condition. The intervention is designed to influence user
behavior by using a person-based approach. Users were advised
with personalized reminders to take BP readings, with specific
messages driven by their BP levels, calculated averages,
displayed BP measurements levels by color scale, and other
lifestyle activities (smoking, caffeine, activity). Health behavior
change theory posits that new health behaviors emerge when
people gain both knowledge and self-efficacy to implement said
knowledge [58-60].

The logbook screen inside the mobile app presenting
measurements and data records possibly can be shared with the
health care provider for further support. The digitalization of
health care has the potential to save time and money and enable
better physician-patient relationships and personalized
treatments based on the specific characteristics of patients,
especially patients with hypertension [61,62]. Important
components may play a role in regulation of BP and BG and
other self-measured values by health care providers.

Finally, our findings indicated that monitoring several chronic
conditions may have the potential to offer a greater means for
helping person with diabetes and hypertension effectively
modulate their glycemia and BP than managing each of the
conditions separately. We expect that the analytical approach
applied in this study will be useful for examining other chronic
conditions and metabolic syndrome outcomes (eg, lipid profile
and weight loss). Moreover, this type of analysis may provide
valuable information for optimizing patients’ planning and
strategies for chronic condition management.

Limitations
We noted several limitations in this study. First, as in all studies
involving retrospective real-world data, groups were not
randomly assigned, and treatment protocols were not prescribed.
Both limitations created challenges for drawing casual effects.
It is possible that users who chose to manage both diabetes and
hypertension were those who were motivated to change.

However, our inclusion criteria were designed to ensure that
both BPM and NBPM groups showed evidence of being engaged
with their diabetes management. There were no significant
differences between the groups in terms of the number of BG
measurements and digital engagement (behavioral tagging).
This would suggest that motivation may not be the primary
difference between BPM and NBPM. That said, the statistical
modeling covers the pitfalls of the comparison between the 2
groups, allowing a quasi-causal inference. However, there might
be variables that were not collected that may impact the group
imbalance.

In this real-world data analysis, the timescale was designed to
reflect the monthly interval change over the 6-month period
before and the 6-month period after starting the use of the
BP-monitoring system. However, the relationship of interest in
this study could be potentially investigated on different scales
emphasizing daily, weekly, or monthly fluctuations. Owing to
the difficulty in tracking daily changes in real-world studies,
most studies focus on monthly fluctuations.

Another challenge regarding our data was that available
demographic data were limited. Although there were no
differences between groups by age, gender, or median household
income, there is always the possibility that uncontrolled
demographic bias was present from other demographic factors.
In addition, available medical and physical data were limited.
No differences existed between groups in terms of physical
activity, stress level, insulin treatment, and other comorbidities.
However, there is always the possibility that an uncontrolled
parameter bias was present from other medical record factors.

Conclusion
Our findings show a significant association between BP
measurement and improved glycemic control. The association
is consistent with the hypothesis that there is a physiologic link
between BP and glucose control. An alternative explanation is
that persons who measure both parameters are more likely to
be involved and motivated in their health care. Focusing on BP
self-monitoring and lifestyle activities may lead to better
glycemic outcomes. The clinical impact was observed in users
who measured their BG in the first 6-month period of BP
monitoring. We also observed real-time linkage between a
reduction in BP levels and a reduction in BG levels. From the
behavioral science perspective, this is not surprising.
Simultaneously, directing effort onto actionable areas for
improvement of BP is likely to increase the thought and action
needed for improvement of BG. Moreover, the process of BP
self-monitoring in lowering systolic and diastolic BP levels was
demonstrated. Future work should focus on investigating the
mechanisms underlying the comorbidity of diabetes and
hypertension and their management, identifying and applying
mediation models and behavioral interventions that go beyond
actionable multiple chronic conditions that drive prohealth
behavioral change. Furthermore, similar studies examining the
impact of gradual trajectories on other behavior changes,
including health coaching, gamification, and behavioral
economics, are essential. These investigations would help move
the field beyond the claim of “what is the impact of the digital
tools on managing chronic conditions such as diabetes or
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hypertension” to a deeper understanding of how digital solutions
drive clinical outcomes and how to integrate multiple digital
solutions and under what clinical situations. Finally, qualitative
research is needed for understanding users’ real-world

experiences and as a tool for sensitivity analysis and validation
of complex computational models in order to enhance
personalized medical approaches.
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Abstract

Background: Web-based mental health interventions offer a novel, accessible, and self-paced approach to care delivery to
family carers (ie, relatives and close friends who support a loved one with psychosis). We coproduced COPe-support (Carers fOr
People with Psychosis e-support), a psychoeducational intervention delivered via an enriched web-based learning environment
with network support from professionals and peers. In addition to the rigorous investigation of the effectiveness of COPe-support
on the well-being of carers and mental health outcomes, it is imperative to understand the experiences of using the web-based
intervention by carers and its associated web-based implementation and facilitation strategies.

Objective: This study aims to explore the experiences of carers and perceived acceptability of COPe-support and its different
components, how carers found engagement with COPe-support affected their own well-being and caregiving, and the ideas of
carers for improving COPe-support and its delivery to inform any future wider implementation.

Methods: We conducted a qualitative study, individually interviewing 35 carers, following their use of COPe-support for 8
months through a web-based, randomized controlled trial across England. A semistructured guide with open-ended questions
was used to explore the experiences of carers and perceived acceptability of the intervention and their ideas to improve the
provision. All interviews were conducted remotely through mobile phones or internet communication media, audio recorded and
transcribed verbatim. We used a thematic analysis framework to analyze the data.

Results: Three key themes were identified: remote, flexible, and personalized support; impacts on well-being and outlook on
caregiving; and future implementation and integration with existing services. Overall, carers found COPe-support a flexible
source of knowledge and support from professionals and peers that they could personalize to suit their own needs and convenience.
Participants described gaining self-confidence, hope, and a sense of connectivity with others in a similar situation, which helped
ameliorate isolation and perceived stigma. Most importantly, COPe-support promoted self-care among the carers themselves.
Participants’ experiences, use, and activity on COPe-support varied greatly and differed among carers of various ages and levels
of computer literacy.
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Conclusions: Nearly all participants had a positive experience with COPe-support and supported its wider implementation as
a beneficial adjunctive support resource for carers in the future. Any future scale-up of such an intervention needs to consider
feedback from carers and suggestions for further improvement. These included having more graphics and audiovisual content
materials, improving the navigation, and building in more interactional and customization options to suit various user styles, such
as emoji reactions, live web-based chat, opting in and out of updates, and choosing the frequency of reminders. To ensure successful
implementation, we should also consider factors pertinent to reaching more carers and integrating the web-based resources with
other conventional services.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN) 89563420;
https://www.isrctn.com/ISRCTN89563420

International Registered Report Identifier (IRRID): RR2-10.1186/s12888-020-02528-w

(J Med Internet Res 2022;24(2):e27781)   doi:10.2196/27781
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eHealth; family carers; qualitative research; psychosis; peer support; web-based psychoeducation; mobile phone

Introduction

Background
Family members or close friends supporting a loved one affected
by psychosis (ie, family or informal carers) play a crucial role
in promoting better prognosis and well-being of individuals
[1-3]. However, the demands and responsibility of caregiving
can make carers vulnerable to physical and mental ill-health
[4,5]. Carers need access to psychosocial treatment for
knowledge and support to care for their loved ones and to sustain
their own well-being [6]. In recent years, with the increasing
popularity of digital health interventions targeting a wide range
of common mental health symptoms among the general
population [7], a few clinical trials investigating such provision
for carers of people with psychosis have emerged [8-11]. These
web-based interventions tend to be complex multicomponent
encompassing psychoeducation (ie, information focused on the
health condition and its management) and web-based forums
where carers can share emotional support with peers in a closed
group, for example, COPe-support (Carers fOr People with
Psychosis e-support) [12] and Relatives Education And Coping
Toolkit [13]. Indeed, psychoeducation on psychosis and related
care giving and problem-solving strategies, especially when
integrated with peer support among carers, have been identified
in systematic reviews as the most desirable ingredients for
carer-focused interventions, delivered via the internet or in
person [1,14,15]. In previous trials of web-based interventions
targeting carers of people with psychosis, psychoeducation was
the most common therapeutic approach used. The web-based
medium enriched information environment allows carers to
self-pick information and advice to suit their own needs and go
through them at their own pace [8,11,12]. Psychoeducation and
peer support can also target difficulties commonly reported
among carers, including isolation, stigma, and uncertainty [16].

Web-based interventions allow for flexible access by carers,
minimizing accessibility barriers, such as geographic constraints
from needing to be in a particular location and time constraints
from juggling multiple roles and responsibilities [17,18]. The
web-based medium of delivery also facilitates autonomous use
of an individually tailored package of support (ie, carers can
choose how and when to use the content at their own
convenience) [14,19]. Paradoxically, web-based interventions

typically report much lower adherence and completion rates
compared with face-to-face interventions, limiting the evidence
about their effects [7,14]. Internet support groups and web-based
peer forums are often highlighted as desirable features of
web-based interventions for promoting social connections and
mutual support in mental illness [7,20]. However, their effects,
on their own or as part of a complex multimodal intervention,
are inconclusive [21-23]. Although users have often identified
a peer forum as an engaging element of web-based health
interventions [24,25], user characteristics and their use of such
forums vary widely [21,26]. Recently, Geramita et al [20]
explored the applicability of the 1% rule in a computerized
cognitive behavioral therapy platform, which included a patient
support group. The 1% rule originated from the web-based
marketing literature, suggesting that 1% of participants in
web-based communities generate approximately 90% of new
content [27]. A computerized cognitive behavioral therapy study
[20], among other web-based health intervention trials [24,26],
identified that a small number of users (approximately 10%)
post most of the content in peer forums, and the remainder
mainly observe activity. When considering the use of web-based
health tools and services by an individual and subsequent health
behavior uptake in general, Powell and Deetjen [26] proposed
a new typology. In their study, they identified 6 types of
web-based health users (learners, pragmatists, skeptics, worriers,
delegators, and adigitals), prompting consideration of the
motivation of individuals and orientations behind health-related
internet use [26]. Limited evidence to date suggests that high
engagement levels with peer forums or discrete elements of
complex web-based interventions (eg, information and forums)
are associated with better health outcomes or subjective
satisfaction or acceptability [7,14,20,28-30]. At the same time,
these issues highlight the challenge of implementing complex
web-based health interventions that include a peer support forum
element with diverse participant profiles and experiences.

Although web-based interventions present a promising
opportunity to address a long-standing lack of treatment and
support for carers of individuals with psychosis, they can only
affect meaningful changes in their users by optimizing their
engagement and facilitation strategies to ensure they get the
intended benefits. Considering other challenges inherent in
developing and evaluating web-based interventions (eg, safety,
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personalization, trust, reach, and uptake) [29], it is imperative
to embed qualitative process evaluation within web-based
intervention trials. While randomized controlled trials (RCTs)
are the gold standard study design to establish the clinical
effectiveness of an intervention, process evaluation to evaluate
the experience of participants and perceived acceptability of
the intervention and associated facilitation strategies can identify
essential contextual factors in outcomes. For web-based
interventions, the contextual factors in question are multiplied,
as these interventions are designed to be used autonomously by
users in their own homes. Hence, the Medical Research Council
complex intervention framework advocates that a thorough
process evaluation is needed to understand both the intervention
and its implementation process, as experienced by the
participants, and to clarify variations in outcomes under
contextual influences [31].

Objectives
This qualitative study explores carers’experiences and perceived
acceptability of COPe-support and its different components as
part of the process evaluation of the COPe-support trial [9,32].
We aim to understand from the carers if and how using
COPe-support affected their own well-being and the way they
provided care for their loved one. With their experience of using
COPe-support, the ideas of carers for improving COPe-support
and its delivery were also invited to inform any future wider
implementation.

Methods

Research Design and Setting
This study used in-depth individual interviews conducted
between February 2019 and October 2020, with participants
who had been randomly allocated to use the intervention, after
the final follow-up data collection (ie, 8 months after the
allocation), as described in the trial protocol [9].

For the RCT of COPe-support, a total of 407 family members
or close friends who provided at least weekly support for a loved
one affected by psychosis across England were recruited [32].
Over the duration of 2 years (ie, March 2018 to February 2020),
6 cohorts each starting 4 months apart and lasting 8 months
were scheduled; when participants consented to participate in

the trial, they were allocated to the next cohort scheduled to
start [9]. This approach allowed us to group an optimal number
of participants (ie, 40-120 participants) established from our
earlier systematic reviews into each cohort, which was closed
[1,14]. We believe these strategies facilitate peer-group building,
thus enhancing the web-based elements of the intervention. Half
of the participants were randomly allocated to the intervention
arm, that is, access to COPe-support for 8 months, which
included being able to post on the peer and expert forums for
the initial 4 months (termed the active intervention use period),
in addition to usual care. The remaining participants were
randomized to receive a web-based noninteractive information
bank as an attention-matched control, also with usual care [9].

The Intervention
The web-based intervention COPe-support was coproduced
using participatory research methodology as described elsewhere
[12]. COPe-support was delivered through a web-based,
enriched environment platform that carers could access through
a web browser using a computer or a laptop or through an app
on smartphones or tablets [9,12]. COPe-support comprises
multiple components, including psychoeducation on psychosis
and related caring issues, guidance on well-being promotion
information and exercises, a Resource for carers section
signposting to a wide range of external resources weblinks; and
2 web-based forums (one called Ask the Experts, where
participants could post questions for advice from a panel of
experts and the other called Peer to Peer for participants to
exchange views with one another; see Figures 1-3 for
screenshots of COPe-support components). Throughout the
study period, a web-based facilitator (an experienced mental
health nurse, JS) monitored and moderated all the interactive
functions of COPe-support. A weekly email update was sent
through the COPe-support platform to all participants for the
first 4 months of the study period, which was regarded as the
active use period. For security and confidentiality considerations,
participants were required to follow a set of ground rules,
including using a self-chosen pseudonym and observing
confidentiality principles by not sharing any identifying
information about themselves and their cared-for person on the
COPe-support platform. The web-based intervention platform
had an inbuilt use data recording system for log-ins, time spent,
and the number of posts made by each participant.
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Figure 1. COPe-support (Carers fOr People with Psychosis e-support) home page.

Figure 2. Ask the Experts forum webpage.
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Figure 3. Information on psychosis on COPe-support (Carers fOr People with Psychosis e-support).

Participants
The inclusion criteria for the RCT specified family members,
relatives, and close friends who were aged ≥18 years, had at
least weekly contact with the cared-for person (in any form
ranging from face-to-face to social medical communications),
living in England, able to communicate in English in usual
web-based communications, and had daily access to the internet,
including emails [9]. The inclusion criteria for this qualitative
study specified that participants had (1) been randomized to the
intervention arm and (2) completed the final RCT follow-up (8
months). Furthermore, purposive sampling was used to identify
about 20% of participants in each cohort intervention group
from across the 2-year study period to ensure representation of
those with different demographic factors and different levels of
use of COPe-support. As previous literature shows that female
and White individuals tend to form most of the participants in
intervention trials targeting carers for a loved one with psychosis
in Western countries [1,3,6,14], we prioritized male carers and
those from ethnic minority backgrounds in approaching potential
participants. To examine use, we followed the approach by
Valentine et al [33] in categorizing participants into levels of
use based on the overall number of log-ins by participants to
the COPe-support platform over the 4-month active intervention
use period. We categorized participants into three use groups
as follows: (1) noncompliers, participants who had not activated
their log-in or only logged in once; (2) moderate users, those
who had logged in between ≥2 and ≤10 times; and (3) high
users, those who had logged in >10 times. Within the use
categories, we also considered whether participants had forum
posts. Thus, participants in the three use groups were further
categorized into the following: (1) passive users, participants

who did not post, and (2) active users, participants who made
at least one forum post, in accordance with previous web-based
forum research [34,35]. Participants representing the various
demographic considerations and use levels were then contacted
via email and invited to participate in an individual interview.
A total of 43 participants were invited; 81% (n=35) of the
participants agreed, whereas 19% (n=8) of the participants did
not respond to the invitation with 2 reminders (their reasons for
not responding were not provided).

A total of 35 participants were interviewed and included in the
study. The mean age of the participants was 56 years (SD 13
years, range 23-73 years). Most of the participants interviewed
were White (29/35, 82%, White British and 2/35, 6%, other
White), whereas 6% (2/35) of the participants each described
themselves as Asian and Black. Approximately 63% (22/35) of
the participants were women, and most (23/35, 66%) cared for
a male person. Parents comprised most of the participants
(23/35, 66%), followed by partners (7/35, 20%), whereas
siblings (2/35, 6%) or close friends (3/35, 8%) formed the
remainder. According to the data on their caregiving roles and
activities provided by the participants, the mean age of the
cared-for persons was 35 years (SD 14 years, range 17-66 years).
Just over half (18/35, 51%) of the participants reported that their
cared-for persons first became unwell with psychosis <5 years
ago, whereas 11% (4/35) of the participants described their
loved ones had their first psychotic onset over 20 years
previously, and the remainder (13/35, 37%) had been caring for
between 5 and just under 20 years. Approximately half (17/35,
49%) of the participants lived with their cared-for person, and
40% (14/35) of carers reported spending over 20 hours per week
in caregiving activities. Table 1 provides a summary of the
participants’ demographic, caregiving, and use data.
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Table 1. Summary of participant use and demographic information categorized by use groups.

Posts
made

Overall
page-

viewsc

Overall
weekly

log-insb

Age
(years)

of CfP

Sex of CfPRelationship

with CfPa

Age of car-
ers (years)

Sex of

carers

Cohort (start
time)

Users and pseudonym

Noncompliers (who have not logged in or only logged in once throughout the 4 months)

Passive users (<1 post made)

03127MaleParent53MaleOctober 18Mark

08131MaleParent62FemaleFebruary 19Alexandra_1

03140FemalePartner41MaleFebruary 19Ahmed

040122MalePartner23MaleJune 19Aaron

00—d36MaleParent72FemaleOctober 19Sally

00—20FemaleParent50FemaleOctober 19Anna

Moderate users (who have logged in between ≥2 and ≤10 times in different weeks)

Passive users (<1 post made)

0163465MaleSibling57FemaleJune 18Fern

083427FemaleParent63MaleJune 18Martin

0238617MaleParent54FemaleOctober 18Summer_2

0561438MaleParent68FemaleFebruary 19Faye

0263543FemalePartner55MaleFebruary 19Alfred

0137442MaleParent71FemaleJune 19Sam

0677841MaleParent70FemaleFebruary 20Polly

020230MaleParent55MaleFebruary 20Hamish

0482659FemalePartner50MaleFebruary 20John

0195230FemalePartner33MaleFebruary 20Edward

Active users (≥1 post made)

10533257MaleSibling62FemaleFebruary 19Katrina

15930632MaleParent72FemaleJune 19Alexandra_2

22602420MaleParent58FemaleJune 19Alexandra_3

119741035MaleParent69MaleJune 19Ben_2

3226317MaleStepparent42MaleOctober 19Felix

4212527FemaleParent54FemaleOctober 19Abbie

4248717MaleParent50FemaleFebruary 20Molly

163326FemaleFriend27FemaleFebruary 20Sophie

2206640MaleParent73FemaleFebruary 20Louise

High users (those who have logged in >10 times in different weeks)

Active users (≥1 post made)

111251544FemalePartner46MaleFebruary 19Matthew

36541328MaleParent58FemaleJune 18Flossie

3126021941FemalePartner43MaleJune 18Tony

33111125MaleParent57FemaleOctober 18Summer_1

35541524MaleParent56FemaleOctober 18Alex

77151337MaleParent66MaleFebruary 19Ben_1

299671363FemaleFriend63FemaleFebruary 19Eleanor

43541266MalePartner67FemaleOctober 19Abby
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Posts
made

Overall
page-

viewsc

Overall
weekly

log-insb

Age
(years)

of CfP

Sex of CfPRelationship

with CfPa

Age of car-
ers (years)

Sex of

carers

Cohort (start
time)

Users and pseudonym

1011541126FemaleParent67FemaleOctober 19Maryam

712271430FemaleParent62FemaleFebruary 20Imogen

aCfP: cared-for person.
bNumber of weeks with log-ins across the 4-month active intervention use period.
cTotal page-views across the 4-month active intervention use period.
dHas not activated the log-in.

Multiple participants from each of the different use groups
across cohorts were interviewed. All participants were
interviewed shortly after their access to the intervention platform
ceased (ie, at the 8-month follow-up), although their last access
to the platform varied widely. Of the 35 participants, 17% (n=6)
participants were classified as noncompliers. All noncompliers
were passive users (passive noncompliers). Many participants
(19/35, 54%) were classified as moderate users, 53% (10/19)
of whom were passive (passive-moderate users) and 47% (9/19)
were active (active-moderate users). High users comprised the
remaining 28% (10/35) of participants, all of whom were active
within the COPe-support forums (active-high users).

Data Collection
All interviews were conducted remotely, suiting the preferences
of participants for either phone or internet-facilitated interviews
(using Skype [Microsoft] or Microsoft Teams). No face-to-face
interviews were used, as all participants had joined the
web-based trial of a web-based intervention, with no requirement
for in-person contact. Author JS conducted all interviews.
Informed written consent was obtained from each participant
through the web-based study platform before the interview. At
the beginning of each interview, we asked the participants to
confirm their consent orally, including for the interview to be
audio recorded. All interviews were audio recorded, apart from
3% (1/35) of the participants who opted for their interview
recorded by written notes instead.

The interviews followed a topic guide that was devised by the
Project Reference Group members, including individuals with
lived experiences of psychosis or caring for a loved one with
psychosis, who had been involved in developing the intervention
[12]. In line with the objectives of this interview study, the
interviewer asked open-ended questions to explore the
experiences of participants and their views of COPe-support,
any specific features of the intervention that they liked or
disliked, and the barriers to and facilitators of their access and
use of COPe-support, including the facilitation strategies used.
The interviewer asked the participants to reflect on their
subjective evaluation of the impact of using COPe-support on
both themselves and their caregiving experiences. Finally, the
interviewer asked the participants for their views and ideas for
a plausible wider implementation of COPe-support in the future.
The topic guide, which includes the semistructured interview
questions and prompts, is presented in Multimedia Appendix
1. Interview times ranged from 14 to 49 minutes and a total of
1117 minutes of data were transcribed.

Data Analysis
The audio recordings were transcribed verbatim. Only
transcribed anonymized textual materials were used for the
analysis. The data were analyzed in 4 phases using thematic
framework analysis [36], with the software NVivo 12 (QSR
International) [37]. In accordance with the thematic framework
analysis, we commenced the data analysis once the first
qualitative interview had been completed and transcribed. To
ensure the analysis was grounded in the data and the exploration
of the experiences of participants was driven by the emerging
results, the interviews and analysis were performed in parallel
so that the identified themes and framework of analysis could
be tested and validated in latter data.

In the first analysis phase, the authors (JS, S Gulshan, HS, and
RB) familiarized themselves with the data by rereading the
transcripts and noting interesting aspects. In the second phase,
2 authors (S Gulshan and HS) coded all the data, and a third
author (RB) coded 20% of the data independently. The data
coded by the third author was selected based on user type and
demographics, to ensure that all groups across the full sample
were represented. Open (unrestricted) descriptive codes
summarizing text segments were applied across the data set.
The codes were discussed and reviewed by the authors through
several iterations. In the third phase, initial themes and
subthemes reflecting broad units of common ideas were formed
by grouping relevant codes. These were compared by reviewing
the entire data set as well as within individual cases. In the
fourth and final phase, the authors (RB, S Gulshan, HS, EW,
and JS, all women) cross-referenced, discussed, and clearly
defined the themes and subthemes and their interrelated links
over several meetings. We used a combined inductive and
deductive approach to coding and selecting themes throughout
the analysis process [38]. Initially, we used inductive coding,
driven by the data (ie, the experience of participants or the way
they assigned meaning to their perception of using
COPe-support). Nonetheless, as the study aimed to explore the
participants’ perception of specific elements, functions, and
facilitation strategies related to the web-based intervention, we
also coded the data deductively with reference to previously
reported findings as reported in the literature on wider
web-based health interventions and those targeting carers for
individuals with a mental illness. These concerned web-based
content, forums, facilitation, and perceived safety and security
and were explored by questions within our interview topic guide
[8,14,24]. Suggested improvements specific to COPe-support
were coded deductively using the ideas generated from the views
expressed by the participants. Iterative analysis of the transcript
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showed that saturation of data was achieved as the final 2
interview transcripts produced no new themes or subthemes
[39].

Ethics Approval and Consent to Participate
This study, as part of the overall RCT, was reviewed and
approved by the South Central—Oxford C Research Ethics
Committee (reference: 18/SC/0104) and the Health Research
Authority (reference: IRAS 240005). Before study participation,
all participants were required to view and give consent on the
web to the information provided in the participant information
sheet.

Results

Overview
In total, 3 main themes were identified, with each theme divided
into subthemes to comprehensively capture the phenomenon
explored. The three main themes were as follows: (1) remote,
flexible, and personalized support; (2) impacts on well-being
and outlook on caregiving; and (3) future implementation and
integration with existing services (Figure 4). A brief summary
of each theme and subtheme is provided in Multimedia
Appendix 2.

Figure 4. Coding tree summarizing the interrelated themes and subthemes. COPe-support: Carers fOr People with Psychosis e-support.

Remote, Flexible, and Personalized Support
This theme covered the experiences and perspectives of carers
using COPe-support, with particular regard to navigation, safety,
and usability. This theme incorporated 5 subthemes as follows.

Personalization
Carers mostly appreciated that they could choose and focus on
specific content on COPe-support, suiting their own
circumstances and needs. Several carers also valued the ability
to choose their own pseudonyms. Although sharing a common
caregiving role, carers recognized that they each have specific
interests and needs based on their cared-for person’s
presentation, treatment, and a range of caregiving factors. For
instance, for some carers, information and advice on getting
through the benefits system could be a priority at the time,
whereas others were after a summary of research evidence of
a new treatment:

Whereas the stuff from the website was quite helpful
and we could tailor it to our own sort of thing. Yes,
it was just nice. [Aaron; male, partner, passive
noncomplier]

Some carers discussed a preference for having a greater sense
of independence and choice regarding communication in the
forums. This included being able to opt in and out of updates
and chose the frequency of reminders.

Convenience and Flexibility
Many carers appreciated the convenience of having the
information and resources they needed in one place and being
able to revisit information and access information at any time
and place in day-to-day life. Carers particularly valued the
flexibility of their use of COPe-support. This included having
autonomy over their use and posting without having to adhere
to engagement targets, as well as being able to pick out relevant
information at their own pace. Several carers found revisiting
and downloading the information for future reference
particularly useful:

Yes, I mean anything that was easier to download
and keep for reference, I mean it’s always good to
have reference material. [Ben_2; male, parent,
active-moderate user]

Carers particularly appreciated having access to a range of
professionals and found it fascinating to receive different
perspectives from experts with various experiences and
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knowledge. Most carers also appreciated the convenience of
expert knowledge on COPe-support. Several considered this
novel and felt it addressed the lack of access to experts in
existing services for loved ones. Carers valued the opportunity
to ask specific questions at any time and received prompt and
thought-out answers. A couple of carers noted that this was in
contrast to their experiences of feeling rushed within
appointments with professionals:

I think looking back to seeing the doctors and the
psychiatrists you feel a bit rushed and they haven’t
got time to think about it much but if it’s sent as a
question you feel someone has taken time to give you
an in-depth answer. [Abby; female, partner,
active-high user]

Moderation, Safety, and Anonymity
Being anonymous helped many carers feel more comfortable
interacting on forums. Most carers felt that anonymity helped
to protect the privacy of their loved one with psychosis and did
not affect the community feel on COPe-support:

Anonymization probably is quite important because
if you are posing questions or comments about your
experience as a carer, you inevitably have to talk
about that person and they might not like you doing
that. [Maryam; female, parent, active-high user]

Carers particularly appreciated the ground rules (eg, being
respectful and not mentioning identifying information) and
forum moderation (eg, checking and approving content),
providing reassurance that the forums comprised a safe
environment. Some carers expressed appreciation and preference
for professionals (as used in the trial) over hypothetical carer
moderation, providing the professional understood the needs
of carers, to help increase the accuracy of information, dispel
potentially misguided beliefs, and manage disagreements.

Weekly emails tended to have a positive impact: carers felt they
not only served as a reminder for the intervention but also that
someone cared. Some carers described themselves as looking
forward to or smiling at the emails. Overall, the carers shared
a sense that COPe-support was safe and trustworthy, as reflected
in the following:

It’s having a trusted site to look at and knowing that
if you put anything on it it’s a safe place. [Abbie;
female, parent, active-moderate user]

Usability
Mixed experiences were shared regarding the usability of the
COPe-support. Some carers felt confident owing to good
computer literacy or previous experience with similar platforms,
whereas others described barriers, such as age and poor
computer literacy. Carers appreciated accessing COPe-support
on different devices (eg, computers, laptops, or mobile phones),
with some finding devices with larger screens easier to navigate.
Most carers described an adjustment period during which they
initially struggled with navigating the interventions but adjusted
and grew in confidence over time:

I did start to get a bit more used to [navigating] after
a while but to begin with I did find it complicated.
[Summer_1; female, parent, active-high user]

Recognition of Different User Types
Many carers expressed awareness of different user types on
COPe-support. Carers tended to distinguish between enthusiastic
(active) users whose names frequently appeared within forums
and other (passive) users who tended to observe. Some active
users reported focusing on the peer and expert forums and felt
these aspects in themselves made COPe-support powerful
(Eleanor; female, friend, active-high user and Alexandra_3;
female, parent, active-moderate user). A couple of active users
were unaware of being particularly active and felt unsure of
how many people read their posts. Most passive users were
aware that they had not posted and found reading what others
had to say useful and knowing the forums were there if needed
comforting in itself:

I guess there are some people who are going to be
very active on there and discuss things a lot and then
there are going to be people who are very quiet on
there...It doesn’t mean to say that they’re not taking
it all in and getting something from it...I also regret
slightly now that I wasn’t a bit more active at the
same time. [Summer_2; female, parent,
passive-moderate user]

Impacts on Well-being and Outlook on Caregiving
Three subthemes represented the impacts on well-being and
outlook on caregiving experienced from participating in
COPe-support.

Knowledge, Self-confidence, and Empowerment
Many caregivers felt that COPe-support provided
comprehensive, relevant, and helpful information across various
important topics. New carers found the information especially
suitable for their first time learning about psychosis. For others
with existing knowledge, the information supplemented the
resources they had previously accessed. Although some felt
COPe-support had enhanced their knowledge and skills enough
to not require further support, others appreciated the signposting
to other sources and local and national services to further support
their loved ones:

I’ve got 99% certain I will either get signposted in
the right direction or find what I want rather than
Googling and going through different websites and
trying to find the same information. [Faye; female,
parent, passive-moderate user]

Some carers felt that the information was quite generic, outdated,
and repetitive. Moreover, some newer carers initially found the
amount of information overwhelming, although they reported
adjusting and learning over time:

It’s also a strength is the fact that once you are in the
program you realize just how comprehensive and
detailed it actually is and that this could be a bit
daunting initially for people signing up. [Eleanor;
female, friend, active-high user]
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Most carers felt that the tone of the experts was just right: not
pressurizing or patronizing, yet empathetic, respectful, and
comforting. Understandable language (eg, no acronyms,
abbreviations, and technical terms) was also used to explain
complex information in an understandable way. However,
several carers felt that the answers were sometimes generic or
vague, although they appreciated that the experts were not aware
of the full situation of their loved ones and still found the
suggestions helpful. The information provided and knowledge
gained subsequently empowered them to seek further
conversations with mental health professionals caring for loved
ones, as expressed by a participant:

They’ve not been able to provide really specific
answers sometimes because obviously they don’t know
our situation but the fact of it is they’ve been able to
signpost or suggest something that you maybe hadn’t
thought of. [Alexandra_3; female, parent,
active-moderate user]

Some carers discussed the lack of preparation for caring roles
and the ongoing self-doubt surrounding doing the right thing
or supporting their loved one in a helpful way. These carers felt
by gaining information, resources, and knowledge on
COPe-support had better equipped them and also improved
their self-confidence in their ability as carers:

I’m sure it’s given me more confidence as a carer
because I’ve got more information and that also
becomes a part of how I care for my daughter and
talk to the family and others as well. [Maryam;
female, parent, active-high user]

Supportive Peer Community
One significant benefit identified was a sense of belonging to
a supportive peer community, without ever seeing or knowing
one another. Many carers discussed feelings of loneliness and
isolation experienced by them. Reading the resources and forums
showed carers that others were experiencing similar and
relatable difficulties, helping them feel less alienated, isolated,
and detached:

Sometimes when you are a carer you think you are
alone. When you go to these groups or you do these
things, you realise you are not. It makes a difference.
[Anna; female, parent, passive noncomplier]

Carers also reported feeling more connected and having a sense
of solidarity and unity with others to proceed on the caring
journey. Carers valued having a sense of community, group
alliance, and connection, which naturally arose from sharing
similar experiences and challenges and feeling mutually
understood, something they often lacked in their own lives. This
was made explicit by the following:

Being able to see that people are getting some support
and that it normalizes the issues that we don’t talk
about. [Abbie; female, parent, active-moderate user]

Most carers valued being linked with other carers, especially
new carers who felt shell-shocked and craved speaking to others
in a nonjudgmental environment. Many carers appreciated the
opportunity to learn from peers, including practical tips, advice,

and awareness of differing carer experiences. Some also valued
the opportunity to help other carers and the positive feelings
that came with that:

But in the main I found the whole thing quite helpful
especially for the first month or so when I could see
or read about everyone else’s problems and some
were similar to mine and some of the advice they gave
if you know what I mean. [Ben_1; male, parent,
active-high user]

In addition to creating a community and reducing loneliness,
many carers noted that reading posts from other carers also
helped normalize and validate their feelings and experiences.
The intervention content and forums also helped to normalize
concerns, fears, and often stigmatized psychosis-related topics
that carers often found difficult to talk to people in their personal
lives about. Such normalization and validation subsequently
helped carers feel less overwhelmed:

Yes, I think I found it really helpful as well because
some of the ways that it was designed with the
different subjects helped as well to make me think oh
yes well this experience I’m having is normal, which
is like there was, how it was set up the program it had
stigma. [Eleanor; female, friend, active-high user]

Some carers felt that the expert and peer support forums
provided hope, particularly in instances where carers were able
to provide lived accounts and reassurance of particular aspects
and situations improving over time. Some carers especially
valued reminders that their loved one is still their loved one and
reflected that kind words provided light, led to a feeling of hope:

In some respects, it made me feel a bit better because
other people are going through not completely the
same as me but very similar as me and they’ve
managed to get through it, etc. [John; male, partner,
passive-moderate user]

Improved Well-being
Carers recognized that the COPe-support was specifically
designed for them. Some carers discussed how COPe-support
not only provided support for the well-being of their loved ones
but also their own. This included recognizing the importance
of supporting their own needs, focusing on self-care, and
fostering healthier routines, such as improving their diet, fitness,
and sleep hygiene:

It was just really, really helpful to learn how I can
manage my well-being in terms of trying to support
myself in terms of trying to help the person I’m caring
for...like I said it has made a really big difference to
my well-being and my partner’s well-being and it has
been a lifeline. [Edward; male, partner, passive
moderate user]

I have actually changed my eating this last few months
as a direct result of the site, so that’s quite something.
[Alexandra_3; female, parent, active-moderate user]

Even the concept that COPe-support had been designed
specifically for carers helped carers recognize their support
needs were valid and acknowledged, reducing guilt associated
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with personal help-seeking. Some carers described how
COPe-support had provided personal space and time to reflect
on their personal journey as carers, get more in touch with their
emotions, and listen to the reflections of others:

Even just using the questionnaires at times were good
for me because it made me sit and focus a little bit on
where things were at...and actually think about how
I was feeling. [Alexandra_1; female, parent, passive
noncomplier]

Future Implementation and Integration With Existing
Services
The following subthemes reflect the perspectives of carers
surrounding the future implementation of COPe-support and
integration with existing services. This includes suggested
improvements for COPe-support.

Comparison With Face-to-face Support
Compared with face-to-face support for carers, the perspectives
of COPe-support were mixed. Although some expressed a
preference for traditional means of delivery, others preferred
web-based platforms and ideally a blended approach. Barriers
to face-to-face support, including geographic factors, family
life, funding and time constraints, and the benefits of web-based
delivery in minimizing these barriers were discussed by some
carers. Other carers considered barriers to web-based
interventions, including age and a desire to personally meet
carers and be able to sit with others going through similar
situations. This is expressed as follows:

And I think that e-support is definitely a very, very
useful, well it’s a very good use of technology for
people who have computers or phones and have the
confidence to access stuff. You can’t beat that
one-to-one when you need it, you can’t beat that.
[Faye; female, parent, passive-moderate user]

Integration With Other Services
Several carers commented that, given the funding restrictions
on existing services, implementing COPe-support could only
be a benefit. Some carers highlighted that participating in
COPe-support addressed their concerns surrounding
interventions for carers and motivated use of other services,
such as face-to-face groups and courses for carers. Although
some felt the support they had received through COPe-support
was sufficient for their needs, others emphasized that
COPe-support should serve as an adjunct to existing services
rather than a replacement:

It also encouraged me to join a carers and coping
course...I think it’s made me question why I would
find it so hard...to sit in a group with other people
and hear about what’s been happening to them, so
yes I’m definitely looking forward to going to a
six-week course at the end of this month. [Summer_2;
female, parent, passive-moderate user]

Continuous Access
Perspectives on the length of time to access COPe-support were
mixed. Some felt they had received access for just the right

amount of time to remain engaged and gain optimal benefits as
a carer. However, some desired a longer use time. Several carers
highlighted that as caring can be a long and complex journey,
it would be reassuring to be able to revisit information and know
they would be able to use it and have instant access to support
in the future if new challenges arise (ie, dip in and out):

People have different periods of crisis. You would not
want to have the sense of support suddenly be taken
away. [Martin; male, parent, passive-moderate user]

To allow for continuous access to carers’needs, some suggested
being able to self-refer back into the intervention if necessary
or have continual access and be able to opt out when they felt
they had used it enough:

It was very good, too good; hence I asked if I can
enroll again...it was a lifeline for me...COPe-support
came along and gave me all the help and support I’ve
ever wanted. [Summer_1; female, parent,
active-moderate user]

Greater Advertisement and Reach
Some carers reflected on coming across COPe-support by
chance and emphasized a need for greater advertisement to
reach more carers if it was to be rolled out widely in the future.
Several advertising and promotion routes have been suggested,
including local authorities and social services, charities, general
physician surgeries, existing services for carers and trust
websites, noticeboards, and newsletters. Awareness among
health and social care professionals was also noted as important,
with potential screening for the well-being of carers and onward
signposting to COPe-support recommended. Suggestions for
ways to reach carers include the following:

When you roll it out into various Trusts and it goes
further that’s where it needs to be as well. There are
a number of options there. [Mark; male, parent,
passive noncomplier]

They always ask at the GP surgery when you register
or every so often they’ll say are you caring for anyone
and it could be quite helpful to maybe signpost it at
that point. [Aaron; male, partner, passive
noncomplier]

User Suggested Improvements
Many carers have proposed improvements for COPe-support.
Some were about the way information was presented, which
some found, at times, overwhelming and off-putting (ie, too
much on the screen sometimes). To reduce confusion, fewer
chunks of text and more graphics and visual aids or see more
dropdown options were recommended:

I suppose what I’m trying to say is even a little, you
need to have something...if you want to do mindfulness
it needs to have a little picture, it needs to be more
visually stimulating. [Molly; female, parent,
active-moderate user]

With regard to forum communications, although some described
freely writing open posts as cathartic, several carers reflected
on an emotional burden arising from posts. At times, carers
found posts distressing to read and that they could generate
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worries. Thus, providing a general warning of content causing
potential distress and content warnings for particular comments
was recommended:

There were things where...you know, there were things
that triggered me to think about things and thought
this maybe something worth sharing. [Matthew; male,
partner, active-high user]

Moreover, some caregivers desired more ongoing conversations.
Thus, suggestions for a chatroom or befriender element were
made by a few carers to help build stronger connections. Some
carers reported it was hard to relate to others given different life
circumstances (eg, having several children to care for too).
Hence, a couple of carers recommended brief profiles with
basic, yet nonidentifying, information (eg, sex, caring
responsibilities, relationship, or living situation) to provide
advice and support, as well as seeking relatable content.
However, when certain forum topics received a good number
of posts, one common problem that arose was having to go
forward and backward among pages and scrolling excessively
to see forum comments. This was described by an active user
as follows:

I remember the format of the message threads when
you had five or six interactions or replies on the same
thread it becomes almost impossible to read on the
phone because you have to scroll down and the
indentation starts going to the right. [Tony; male,
partner, active-high user]

Hence, for navigating the forums and the COPe-support content
overall, frequently viewed and recently viewed buttons were
recommended by some carers. Some would also like to be able
to choose which posts on the forum to expand. Most found the
instructions for navigating COPe-support clear, although some
would have appreciated an opt-in for 1:1 guidance.

Finally, to encourage engagement, some carers noted that they
would have appreciated some additional prompting after periods
of inactivity. Several passive users regretted not using the
forums more and reported barriers to posting, including their
busyness, mental state, difficulties expressing their feelings,
worries surrounding sharing with unknown people, and
experiencing hesitation and self-doubt. Some carers suggested
having rolling discussion topics and implementing alternative
options (eg, emoji reactions) to facilitate forum engagement:

If that [thumbs up or other emojis for
acknowledgement] feature had been available and
I’d seen a couple of thumbs up to the things I’d posted
I think that would have been great...And maybe that’s
a stepping stone as well they start by just a few
reactions, emoji reactions and then it’s small steps.
They can do that the first time and then maybe the
next time they will write a few words. [Felix; male,
stepparent, active-moderate user]

Discussion

Principal Findings
This study aimed to explore the following: (1) carers'
experiences and perceived acceptability of COpe-support and

its different components; (2) how they found engagement with
COPe-support affected their own well-being and caregiving;
and (3) ideas of carers for improving COPe-support and its
delivery to inform any future wider implementation. Notably,
this qualitative study is one of the first to explore the experiences
of carers of individuals with psychosis by using an entirely
web-based psychoeducation and peer support intervention,
coproduced by carers and people with experiential expertise.
Experiences of participants were predominantly positive with
COPe-support, and carers identified a range of benefits from
using the intervention. Nonetheless, the carers highlighted some
key areas of improvement. Overall, three themes were identified,
each addressing one of the objectives of the study as follows:
(1) remote, flexible, and personalized support; (2) impacts on
well-being and outlook on caregiving; and (3) future
implementation and integration with existing services.

Overall, the subjective experiences of COPe-support among
carers were positive. In addition to the web-based gains provided
by COPe-support, such as improved accessibility, flexibility,
and anonymity, participants also reported that the intervention
was beneficial in providing access to a rich repertoire of credible
information [8,11,12] and fostering personal development by
enhancing their self-confidence and understanding. Our results
indicate that COPe-support was perceived as a crucial resource
to reinforce feelings of empowerment in carers while reducing
their sense of isolation. COPe-support also prompted carers to
prioritize their own well-being. These impacts motivated some
carers to access further support and engage more with
professionals, indicating additional long-term benefits
[1,3,6,14,15].

Notably, our themes and subthemes should be recognized as a
set of interconnected and interacting constructs to be considered
in the overall design (eg, content) and facilitation (eg,
moderation) of web-based interventions, such as COPe-support
[8]. For instance, carers would only enjoy interacting on the
web-based forums, provided they felt safe and supported through
specific implementation strategies. Carers would be less likely
to see the essential intervention contents should access and
navigation be less than facilitative.

Moreover, similar to earlier studies on web-based interventions
with a forum component [20-23,33], we found that the use by
carers in terms of numbers of posts and log-ins does not always
align with their perceived acceptability and usefulness of the
intervention. Although the carers who actively initiated posts
themselves were eager to see more exchanges on the forums,
many others found benefits in being passive observers. Some
carers identified that anonymous participation on web-based
forums allowed them not to feel pressurized to participate in a
certain fashion as in a face-to-face group setting. Many carers
described finding resonance, connections, and solidarity from
the peer and expert forums without making a post themselves,
although some identified that they would have made posts if
given more time or if a specific question came up.

Future Directions
The experience of participants seemed partly dependent on
factors, such as their own demographic profile (eg, length of
time as a carer and age) and preferences for particular delivery
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formats and computer literacy as highlighted in previous studies
[14,26,40,41]. It is imperative to incorporate these perspectives
in considering how best to further refine COPe-support and its
facilitation. Upon future implementation, several advertisement
routes were recommended to increase the reach of
COPe-support, as well as a need for greater awareness among
professionals who have contact with carers. In line with previous
research [41], the need for more proactive approaches from
professionals and services to identify and refer carers were
highlighted, such as potential screening for the well-being of
carers and signposting to COPe-support [32].

In any future rollout of COPe-support, it is imperative to
consider the revision and refinement of the content as much as
the facilitation of the minimally guided web-based intervention
holistically to keep the participants engaged, to induce the
anticipated impact [7]. Further scaling-up implementation of
COPe-support and similar interventions also needs to carefully
consider what constitutes the optimal group size and setup for
a multicomponent web-based object, including closed forums
catering for numerous users with varying use and participation
profiles and a more flexible time frame to suit the ongoing needs
of carers. Some participants also highlighted a desire for blended
services—that is, COPe-support being adjunctive to, rather than
a replacement of, in-person support. Indeed, a blended approach
could foster the discussed benefits of both web-based and
face-to-face support, as well as provide carers with options to
cater for their needs and preferences.

Strengths and Limitations
We considered the sample of 35 carers interviewed for this study
as a strength, as this contributed to a wide variation in user
experience and use from carers with different relationships with
individuals with psychosis and in different caregiving situations.
Having multiple researchers to independently code and analyze
the rich data led to unanimous results and increased the rigor
and reflexivity of the study [36,42]. The study results allow us

to understand how carers engaged with COPe-support, what
helped or hindered their engagement, and how using it affected
themselves. Through these results, we underscored that carers’
experiences of COPe-support were shaped by a range of
demographic and web-based health literacy factors, in addition
to the intervention design and delivery itself. To ensure that
users obtain the intended benefits of the COPe-support in the
future rollout, it is imperative to consider how best to engage a
wide variety of users to use all its essential ingredients [7,14].

This study had several limitations. Although we aimed to
interview carers after completion of outcome data collection at
8 months, some carers had stopped using COPe-support earlier
than the study duration and hence found it difficult to recall
their experience with the intervention in detail. Although we
strived to invite participants with low use and those from ethnic
minority backgrounds for the interviews, such populations
remained underrepresented (in the overall trial and this study)
[43,44]. Our interviewees may have been positively biased in
their views surrounding the intervention and study. It could be
valuable to extend future work to explore reasons for
nonenrollment among potential participants within services
where the intervention was advertised, yet they chose not to
take part.

Conclusions
Overall, this qualitative interview study captured the experiences
of carers of using the web-based intervention COPe-support.
The variation in responses among active and passive users
captured the carer’s perception of COPe-support. Notably,
support and engagement with peers and experts were appreciated
for meeting and validating the needs of carers, and the
importance of usability ease, personalization, convenience, and
safety were discussed. Further work is required to develop
COPe-support based on these suggestions and explore the steps
for optimal implementation.
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Abstract

Background: Mobile health (mHealth) platforms show promise in the management of mental health conditions such as anxiety
and depression. This has resulted in an abundance of mHealth platforms available for research or commercial use.

Objective: The objective of this review is to characterize the current state of mHealth platforms designed for anxiety or depression
that are available for research, commercial use, or both.

Methods: A systematic review was conducted using a two-pronged approach: searching relevant literature with prespecified
search terms to identify platforms in published research and simultaneously searching 2 major app stores—Google Play Store
and Apple App Store—to identify commercially available platforms. Key characteristics of the mHealth platforms were synthesized,
such as platform name, targeted condition, targeted group, purpose, technology type, intervention type, commercial availability,
and regulatory information.

Results: The literature and app store searches yielded 169 and 179 mHealth platforms, respectively. Most platforms developed
for research purposes were designed for depression (116/169, 68.6%), whereas the app store search reported a higher number of
platforms developed for anxiety (Android: 58/179, 32.4%; iOS: 27/179, 15.1%). The most common purpose of platforms in both
searches was treatment (literature search: 122/169, 72.2%; app store search: 129/179, 72.1%). With regard to the types of
intervention, cognitive behavioral therapy and referral to care or counseling emerged as the most popular options offered by the
platforms identified in the literature and app store searches, respectively. Most platforms from both searches did not have a specific
target age group. In addition, most platforms found in app stores lacked clinical and real-world evidence, and a small number of
platforms found in the published research were available commercially.

Conclusions: A considerable number of mHealth platforms designed for anxiety or depression are available for research,
commercial use, or both. The characteristics of these mHealth platforms greatly vary. Future efforts should focus on assessing
the quality—utility, safety, and effectiveness—of the existing platforms and providing developers, from both commercial and
research sectors, a reporting guideline for their platform description and a regulatory framework to facilitate the development,
validation, and deployment of effective mHealth platforms.

(J Med Internet Res 2022;24(2):e27388)   doi:10.2196/27388
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Introduction

Mobile health (mHealth) refers to medical, health care, and
public health practices that use mobile computing or
technologies such as mobile phones, wireless devices, patient
monitoring devices, and web-based platforms [1-3]. With the
overarching objective of improving health-related outcomes
and awareness, mHealth platforms can either serve as standalone
or complementary platforms and offer the potential to cater to
the needs of many users, from health care professionals to
patients and consumers. The existing infrastructure and
technology of mobile devices, such as mobile apps and mobile
sensors, make them ideal candidates for offering convenience
while addressing clinical concerns and improving health-related
outcomes. For example, mobile apps can be installed on a
mobile device that allows for the measurement and collection
of vital information such as location data and activities. These
tracking data are invaluable as they may help inform users about
their health status or provide necessary information to health
care professionals during their decision-making process [4] to
subsequently provide actionable feedback to their patients [5].
In addition, as most of the world’s population already uses
mobile devices, it is possible that mHealth interventions may
allow greater access to care [6]. According to a digital global
report published in October 2020, mobile phones and the internet
had a penetration rate of 60% and 67% worldwide, respectively
[7], both of which increased by a staggering 1% in just 3 months
compared with July 2020 [8]. It is plausible that the COVID-19
pandemic that has driven most of the world into forceful
isolation may have contributed to this increment. It is evident
that mobile devices are increasingly becoming an indispensable
part of our lives and will continue to be so [9]. As such, mHealth
may offer a feasible approach for targeting a wide range of
health conditions.

In recent years, there has been an increase in the use of mHealth
platforms to intervene in the management of mental health
conditions [10,11]. As a result, research is emerging on the
implementation and clinical outcomes of mHealth platforms
[10,11], and preliminary evidence on their efficacy is beginning
to surface. Anxiety and depression, which have the highest
prevalence among mental health conditions, are at the forefront
of these targeted mHealth interventions [12,13]. The
convenience facilitated by technology coupled with a higher
quality of interventions—evidenced from randomized controlled
trials (RCTs) and real-world evidence (RWE) delivered for
those with anxiety or depression compared with those delivered
for people with general health issues [10,11]—further propels
mHealth as an increasingly appealing solution for the prevention
and management of anxiety or depression. As a result, a plethora
of mHealth platforms for anxiety or depression have been and
continue to be developed.

This accelerated proliferation of anxiety or depression mHealth
platforms that are readily available makes it difficult for
stakeholders to determine not only those that may be useful but
also those that may be potentially counterproductive. In addition,

the resulting quantity of available platforms does not necessarily
correlate with the scale of effectiveness validation. mHealth, as
a whole, is still a relatively new field. Subsequently, regulatory
policies and standards for the development of these platforms
and the claims made by their developers have not been fully
established [14,15], adding to the difficulty for stakeholders in
identifying appropriate and safe mHealth apps. Accordingly,
as the number of mHealth platforms for anxiety or depression
continues to grow, it is important for relevant stakeholders,
including users, clinicians, researchers, and developers, to
understand what is currently available.

A recent review [16] has provided a comprehensive overview
of commercially and academically available mental health apps
offered in the Spanish language in the United States; however,
a similar review of mental health mHealth apps available in the
English language, to our knowledge, has not been conducted
to date. Therefore, the aim of this review is to systematically
identify and amalgamate the characteristics of the currently
available English language mHealth platforms for anxiety or
depression that have been developed for research, commercial
use, or both. The outcome of this review may provide insights
into considerations in the development, regulation,
implementation, and adoption of future mHealth platforms for
anxiety or depression.

Methods

Study Design
A cross-sectional study was performed to characterize mHealth
platforms developed for depression or anxiety that were
available for commercial, research, or both purposes. The
mHealth platforms included apps, websites, and web-based
software. A 2-pronged approach was used in this study. This
included systematically searching relevant literature that
described mHealth platforms as interventions developed for
research and simultaneously searching 2 major app stores
systematically to identify commercially available platforms.
The protocol was registered on PROSPERO (International
Prospective Register of Systematic Reviews; CRD42020193956)
after preliminary searches were conducted. The piloting of
inclusion and exclusion criteria and formal screening were
conducted after the official PROSPERO registration.

Identifying Platforms Described in Research Literature

Search
The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines were used and adhered
to for the literature search [17]. A systematic search of the
databases PubMed, Embase, CINAHL, and PsycINFO was
completed on June 23, 2020, from database inception dates.
The search string was developed using the population,
intervention, comparison, outcome strategy [18] using keywords
and search terms combined with Boolean operators (Textbox
1). The search terms were carefully selected so that the
homogeneous terms could be used in both the literature and app
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store searches. The full search strings per database can be found
in Multimedia Appendix 1. All searches were performed with

no restriction on the publication period or year of release. There
were no age or location restrictions on the target population.

Textbox 1. Keywords and search terms used for the formulation of the search string in the literature search.

Mental health condition

• Mental health, mindfulness, anxiety, depression

Platform

• mHealth, mobile health, mobile device, mobile application, digital therapeutics, digital intervention, ehealth, smartphone, mobile phone, text
message, web based, web application

Selection
After duplicate articles were removed, 2 reviewers (SS and
QYL) independently applied the eligibility criteria to titles and
abstracts and subsequently to full-text articles using the
Covidence software (Veritas Health Innovation) [19]. A third
reviewer (AR) resolved any discrepancies. Articles were
included if they were published in English, were full-text
original journal articles or conference papers, and provided at
least one characteristic of interest about an mHealth platform
for anxiety or depression.

Articles were excluded if they were reviews (but reference lists
were cross-checked for included studies), had no characteristic
description of the mHealth platform, did not have the name of
the mHealth platform, were not designed specifically for anxiety
or depression, described mHealth platforms that targeted
physical conditions only, or targeted secondary mental health
problems related to a physical condition, health behaviors (eg,
smoking cessation, risky drinking, obesity, and exercise),
neurodegenerative disorders (eg, dementia), chronic pain, a
specific phobia, posttraumatic stress disorder, addictions,
subclinical symptoms, or a severe mental illness.

As the primary focus of the review was to characterize mHealth
platforms, a formal assessment of the study quality and risk of
bias was not performed.

Identifying Platforms Available Commercially

Search
Building on the methodologies by Bender et al [20] and Giunti
et al [21], we systematically completed our search of all

available platforms from 2 major app stores accessible from
Singapore—Google Play Store and Apple App Store—on June
19, 2020. In-depth searches across the Apple App Store were
included to identify platforms compatible with iOS or macOS
devices. The search terms used were anxiety, depression, mental
health, and mindfulness (Textbox 1), with no restriction on the
app category.

Selection
Apps were initially included if the title or description of the app
included the terms anxiety or depression. After the removal of
duplicates, 2 reviewers (SS and QYL) independently assessed
the eligibility of the app using the a priori determined criteria.
Any discrepancies were addressed by a third independent
reviewer (AR).

The included mHealth platforms comprised apps targeting
mental health, specifically anxiety, depression, or both. Apps
were excluded if they were no longer available, not available
in English, or provided app descriptions that lacked the
characteristics of interest.

Data Coding and Extraction

Data Coding
An mHealth platform characteristic coding scheme was
developed based on an internally identified mHealth platform’s
characteristics of interest. If the mHealth platform characteristics
were not clearly described or discrepancies were found during
the classification of the mHealth platforms, discussions were
held until consensus was reached. The final coding scheme and
outcomes are detailed in Table 1.
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Table 1. The mobile health (mHealth) characteristic coding scheme of the characteristics of interest from the respective searches and the description
of each item.

App store
search

Literature
search

DescriptionCharacteristic

✓✓The name of the platform that was developed for research, available for commercial use,
or both

Platform name

✓✓The condition the platform was designed for: anxiety, depression, or bothTargeted condition

✓✓The intended users the platform was designed forTargeted group

✓✓The commercial availability of the platform in either the Apple App Store, Google Play
Store, or both

Commercial availability

✓✓The intended use that the platform was designed for. For example, diagnostics, monitoring,
prevention, treatment, education, and support

Purpose of platform

✓✓The mobile modality and operating system in which the mHealth platform was rolled outType of technology

✓✓Applicable only for platforms that offer treatmentType of intervention

✓App store category assigned to the platform by the development team that best describes
its main function or subject matter

App store categorization

✓✓Additional characteristics reported such as language, ratings, and cost of the platformAdditional mHealth charac-
teristics

✓✓A secondary search was performed to obtain additional information of the identified
platforms which included the availability of clinical evidence in the form of randomized
control trials, real-world evidence, and regulatory approval

Clinical evidence and regula-
tory information

✓Studies cited in the platform’s article regarding the development, validation, or further
evaluation of the platform

Other studies that reported
the platform

✓References to academic publications provided in the platform’s app store descriptionCited literature

Data Extraction
The mHealth platforms and their characteristics of interest from
both searches were extracted and recorded in a
custom-developed Microsoft Excel template. The collected and
assessed data included characteristic information of the mHealth
platforms, which were based on the description in the app stores,
provided by 2 reviewers (SS and QYL), and any discrepancies
were resolved by a third reviewer (AR).

Statistical Analysis
Descriptive statistical analyses were performed for all the
variables. The categorical variables were presented as absolutes
and relative frequencies. Statistical analyses were performed
using Microsoft Excel (version 16.43).

Results

Platforms Available in Literature Search

Selection
As depicted in Figure 1, after duplicate removal and review of
reference list cross-checking, 8362 articles were initially
screened. This resulted in the identification of 169 mHealth
platforms described in 1.7% (145/8362) of articles (Multimedia
Appendix 2 [22-166]). Some articles reported ≥1 platform,
whereas some platforms were described in ≥1 article. Examples
of platforms found across multiple studies were Deprexis (6/169,
3.6%), MoodGYM (6/169, 3.6%), Happy@Work (4/169, 2.4%),
myCompass (4/169, 2.4%), and Partners in Parenting (4/169,
2.4%).
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Figure 1. PRISMA (Preferred Reporting Item for Systematic Reviews and Meta-Analyses) flow diagram of search strategy and the finalized number
of articles and resulting mHealth platforms included for this review. mHealth: mobile health.

Commercial Availability of Apps From the Literature
Search
Of the 169 apps identified in the literature search, 8 (4.7%) were
available in the app stores. All 8 apps were found in the Google
Play Store, whereas a subset (6/8, 75%) was commercially
available in the Apple App Store. No platform was reported as
a medical device. However, of the 169 platforms, 2
(1.2%)—myStrength and HelpID—were reported as being used
in health care settings. myStrength was used as a psychological
intervention and had affiliations with health care providers,
whereas HelpID was included in health care plans and insurance.

Targeted Condition
Of the 169 platforms reported in the articles, 116 (68.6%)
targeted depression, 22 (13%) targeted anxiety, and 31 (18.3%)
targeted both (Table 2). Approximately 1.8% (3/169)
platforms—Situman, TeleCoach, and LifeRhythm—acted as
complementary apps to other platforms targeting depression.
The roles played by these apps varied, where Situman provided
situational awareness to the Moodbuster platform, TeleCoach
involved weekly calls to help with adherence to the
MoodManager intervention, and LifeRhythm helped in data
collection for the DepWatch system.
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Table 2. Summary of the mobile health (mHealth) platforms characteristics from the literature search (N=169).

Platforms, n (%)mHealth platform characteristics

Targeted condition

22 (13)Anxiety

116 (68.6)Depression

31 (18.3)Both

Target group

3 (1.8)Children

15 (8)Young people

3 (1.8)University students

8 (4.7)Adults

1 (0.6)Older adults

3 (1.8)Employees

1 (0.6)Migrants

2 (1.2)Patient or clinician

136 (79.9)Not specified

Purposes

90 (53.3)1 only

71 (42)2

8 (4.7)≥3

Number of languages

2 (1.2)1

5 (3)2

4 (2.4)≥3

158 (93.5)Not specified

Targeted Group
Of the 169 platforms reported in the articles, 135 (79.9%) were
not developed for a specific target group. The remaining 20.1%
(34/169) targeted 8 different groups: children, young people,
university students, adults, older adults, employees, migrants,
and patient or clinician communication. Of the 169 apps, 2
(1.2%)—BiP Anxiety and Supporting Our Valued

Adolescents—involved ≥1 target group and required the
engagement of parents along with their children and adolescents,
respectively.

Purpose
Approximately half of the platforms were designed with ≥1
purpose (Table 2). Treatment was the most common purpose,
with 72.2% (122/169) of the platforms including it (Table 3).
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Table 3. The primary purpose of mobile health platforms for anxiety or depression identified in the literature search (N=169).

Platforms, n (%)ExampleDescriptionPurpose

45 (26.6)Text-based information, audio or visual materials, and
blogs

Education • Provide mental health and medication information
• Teach a variety of skills, including self-manage-

ment and problem solving
• Impart lessons through modules

12 (7.1)Psychological questionnaires before use or over timeDiagnostic • Identify depression and anxiety symptoms
• Serve as a screening tool

38 (22.5)Ecological momentary assessment through a mobile
app, prompts to rate mood or complete short question-
naires, and data collection through wearable devices
and mobile phones

Monitoring • Track self-reported symptoms and medical adher-
ence

• Collect relevant sensor data such as location and
mobility information

122 (72.2)Cognitive behavioral therapy, problem-solving therapy,
gamification, lessons by topic, and homework

Treatment • Deliver psychological interventions through mod-
ules

• Teach a variety of skills such as positive emotion
skills, self-management skills, and guided medita-
tion

• Learn about coping strategies

29 (16.2)Text-based information and audio or visual, syn-
chronous, or offline asynchronous activity

Prevention • Similar to Treatment but targets individuals who
are at risk of anxiety or depression

11 (6.5)Messaging service, discussion forum, web-based inter-
action in self-help groups, and web-based directory of
bodies offering support

Support • Offer a decision support system to clinicians
• Manage care activities
• Provide access to peer-to-peer support or health

care professionals for support

Type of Intervention
In platforms designed for treatment purposes, the incorporation
of ≥2 intervention types was common (20/169, 11.8%). The
most common types of intervention were cognitive behavioral
therapy (CBT; 50/169, 29.6%), problem-solving therapy
(11/169, 6.5%), and psychoeducation (9/169, 5.3%). An average
of 8 (SD 5.04) modules was offered by 41.4% (70/169) of
platforms that provided module-based sessions. The common
frequency of intervention was weekly (32/169, 18.9%), followed
by daily (8/169, 4.7%) on the (42/169, 24.9%) platforms that
reported this characteristic. Of note, some (5/169, 3%) platforms
incorporated some form of in-app human interaction, where the

interaction personnel included medical physicians (1/5, 20%;
Ascend), psychologists (1/5, 20%; HelpID), therapists (1/5,
20%; SmartCAT), trained health care professionals (1/5, 20%;
PratenOnline), Master’s degree–level students in clinical
psychology (2/5, 40%; Happy@Work and Ascend), and
occupational social workers (1/5, 20%; Happy@Work).

Type of Technology
Various types of technology have been deployed to fulfill the
purposes of the mHealth platforms. Some (22/169, 13%)
platforms used ≥1type of technology, with top choices including
web-based interventions (90/169, 53.3%) and mobile apps
(57/169, 33.7%; Table 4).

Table 4. Types of technology used by the platforms made for research purposes (N=169).

Platforms, n (%)Technology type

90 (53.3)Web-based platforms

57 (33.7)Mobile apps

12 (7.1)Text messaging

6 (3.6)Others

25 (14.8)Not specified

Additional mHealth Characteristics
Of the 169 platforms, 9 (5.3%) were available in ≥2 languages
(Table 2). Of these, the most common languages besides English
were German (4/9, 44%) and Spanish (4/9, 44%).

App Store Search

Selection
The search terms yielded 179 mHealth platforms from the
selection of apps in the Singapore region’s Google Play Store
and Apple App Store (Figure 2; Multimedia Appendix 3).
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Figure 2. PRISMA (Preferred Reporting Item for Systematic Reviews and Meta-Analyses) flow diagram of search strategy and the finalized number
of platforms included in the app store search for this review.

Commercial Availability
More apps were available in the Google Play Store (140/179,
78.2%) than in the Apple App Store (61/179, 34.1%; Table 5).

Approximately 12.3% (22/179) apps were available in both app
stores.
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Table 5. Summary of characteristics of commercially available mHealth platforms (N=179).

All, (n=179), n (%)Botha (n=22), n (%)Apple App Store (n=61), n (%)Google Play Store (n=140), n (%)Characteristics

Targeted condition

73 (40.8)12 (54.6)27 (44.3)58 (41.4)Anxiety

50 (27.9)2 (9.1)13 (21.3)39 (27.9)Depression

56 (31.3)8 (36.4)21 (34.4)43 (30.7)Both

Purposes

102 (57)7 (31.8)32 (52.5)77 (55)1

54 (30.2)7 (31.8)16 (26.2)45 (32.1)2

23 (12.9)8 (36.4)13 (21.3)18 (12.9)≥3

Frequency of intervention

7 (3.9)0 (0)3 (4.9)4 (2.8)Daily

2 (1.1)1 (4.6)2 (3.3)1 (0.7)Weekly

170 (95)21 (95.5)56 (91.8)135 (96.4)Not specified

Number of downloads

67 (37.4)4 (18.2)4 (6.6)67 (47.9)<5000

12 (6.7)1 (4.6)1 (1.6)12 (8.6)5000-10,000

26 (14.5)3 (13.6)3 (4.9)26 (18.6)10,000-50,000

8 (4.5)0 (0)0 (0)8 (5.7)50,000-100,000

14 (7.8)5 (22.7)5 (8.2)14 (10)100,000-500,000

3 (1.7)1 (4.6)1 (1.6)3 (2.2)500,000-1,000,000

6 (3.4)4 (18.2)4 (6.6)6 (4.3)>1,000,000

43 (24)4 (18.2)43 (70.5)4 (2.9)Not available

Ratingsb

2 (1.1)0 (0)1 (1.6)1 (0.7)1 star

1 (0.6)0 (0)1 (1.6)0 (0)2 stars

10 (5.6)0 (0)4 (6.6)7 (5)3 stars

70 (39.1)10 (45.6)21 (34.4)58 (41.4)4 stars

64 (35.8)12 (54.6)33 (54.1)43 (30.7)5 stars

32 (17.9)0 (0)1 (1.6)31 (22.1)Not specified

Cost

100 (55.9)4 (18.2)19 (31.2)85 (60.7)Free

56 (31.3)13 (59.1)30 (49.2)39 (27.9)Free and paid versions
available

23 (12.8)5 (22.7)12 (19.7)16 (11.4)Payment required

aBoth refer to platforms found in both Google Play Store and the Apple App Store.
bRatings were rounded to the nearest integer.

Targeted Condition
The mHealth apps identified in both app stores were designed
predominantly for anxiety (73/179, 40.8%). Approximately
30.7% (43/140) of the apps in the Google Play Store and 34%
(21/61) of the apps in the Apple App Store claimed to address
both anxiety and depression (Table 5).

Targeted Group
All platforms provided suitable age groups. One of the
platforms, the Geriatric Depression Scale 2.0, detailed a
specified target group, that is, older adults.

Purpose
Most apps found in both stores offered 1 purpose (Android
devices: 77/179, 43%; iOS devices: 32/179, 17.9%; Table 5).
Among the identified purposes available through the apps,
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treatment was the most common purpose in both app stores, with 72.1% (129/179) of the apps including it (Table 6).

Table 6. The primary purpose mobile health platforms for anxiety or depression identified from the Google Play Store and Apple App Store (N=179).

Apps, n (%)ExamplesDescriptionPurpose

50 (27.9)Text-based information, video materials, and SMS text
messaging

Education • Provide information and communication of self-
monitoring procedures

• Dissemination of information by health care profes-
sionals

34 (19)Self-administered questionnaires and psychological testsDiagnostic • Interpret symptoms
• Identify possible mental health conditions

129 (72.1)SMS text messaging, real-time videoconferencing, and
text-based treatment suggestions

Treatment • Offer treatment tips, recommendations, and advice
• Provide some form of intervention

26 (14.5)In-app notifications, self-administered questionnaires,
and journaling

Monitoring • Tracking of symptoms
• Prompts and reminders for tasks and appointments

34 (19)Forums, chatbots, and SMS text messagesSupport • Provide access to some form of support
• Features option to call a friend, a family member,

health care professionals, or a nearby help center
directly from the platform

8 (4.5)Text-based information, audio, and activitiesPrevention • Claim to prepare for and prevent anxiety-related
or depressive episodes

• Offer modules or activities that serve as preventive
measures

Type of Intervention
A total of 22 types of interventions were identified from the
72.1% (129/179) of apps that offered some form of treatment.
Of these, referral to care or counseling (36/129, 27.9%), problem
solving (27/129, 20.9%), and CBT (22/129, 17.1%) were the
most common types of interventions available. Apart from
encouraging to seek or directly offering specialist support, some
apps provided support from the community, for example, access
to forums with like-minded users (16/179, 8.9%). A subset of
the apps that offered referral (14/179, 7.8%), counseling (4/179,
2.2%), or forum services (2/179, 1.1%) was subscription-based
or required payment to gain access.

Type of Technology
Of the 179 platforms, all the platforms were available for mobile
devices, except for 1 (0.6%; At Ease Anxiety and Worry Relief),
which was accessible from both iOS and macOS devices. Of
these 179 platforms, 140 (78.2%) were available on the Android
operating system, 61 (34.1%) were available on iOS, and 22
(12.3%) were available on both operating systems. Other notable
forms of technology that complemented or were incorporated
in the platforms included wearable devices, such as headsets or
smartwatches (1/179, 0.6%), and artificial intelligence–backed
counseling sessions (3/179, 1.7%).

App Store Categorization
The app categorization and classification differed between the
2 stores. In Google Play Store, mHealth apps were categorized
into 14 categories (Health and Fitness, Medical, Lifestyle, Books
and Reference, Education, Trivia, Casual, Simulation,
Adventure, Puzzle, Music and Audio, Social, Personalization,

and Productivity), whereas Apple App Store mHealth apps were
categorized into 5 categories (Health and Fitness, Medical,
Lifestyle, Games, and Social Networking). The Health and
Fitness category was the most common classification of mHealth
platforms available on both the Google Play Store (81/179,
45.3%) and Apple App Store (39/179, 21.8%). The Medical
category was the second most common classification available
on both the Google Play Store (27/140, 19.3%) and Apple App
Store (18/61, 29.5%).

Additional mHealth Characteristics
Of the 179 mHealth platforms, 100 (55.9%) were made freely
available, with 56 (31.3%) providing both free and paid versions
and 23 (12.8%) offering only paid versions. The costs of
platforms that required payments ranged from SGD 1.21 (US
$0.90) per installation to SGD 399.99 (US $296.20) for lifetime
use.

Clinical Evidence and Regulatory Information for
Literature and App Store mHealth Platforms
RCTs are clinical evidence and a prerequisite for regulatory
approval. However, not all platforms had RCTs. Additional
regulatory information—RWE and regulatory approval—was
searched. In the secondary search mentioned in Table 1, a subset
of apps had a credible source that offered some form of
empirical evidence. In the app store searches, 3.4% (6/179) of
the apps included scientific evidence claims, whereas 2.8%
(5/179) of the apps were affiliated with health care experts and
reputable institutions.

None of the apps in both literature and app store searches were
reported as medical devices. In the literature search, 44.4%
(75/169) and 45% (76/169) of articles presented evidence from
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RCTs and RCT protocols (Table 7), respectively, whereas the
remaining 10.7% (18/169) did not provide evidence from RCTs.
Further analysis of the clinical and regulatory evidence—through
the search for additional RCTs, RWE, and regulatory
approvals—demonstrated that 41.4% (70/169) of platforms
presented evidence from RCTs, 0.6% (1/169; Wysa) presented
preliminary RWE, 1.2% (2/169; myStrength and Moodgym)
presented evidence from RCTs and RWE, and 0.6% (1/169;
Deprexis) presented evidence from RCTs and RWE and had
obtained regulatory approval.

From the app store search, a subset of apps was pinpointed to
be based on substantial validation studies to assess effectiveness.
In particular, RWE can serve as a key gateway and vitally
important indicator for supporting health care decisions, as well
as impact and value toward patient care and the broader health
care ecosystem. For example, 1.1% (2/179) of the apps provided
evidence from each of the following sources: RCTs (Sanvello
and Moodmission); RWE (Talkspace and Wysa); RCTs, RWE,
and regulatory approval when applicable (Flow and Sooma).

Table 7. Availability of clinical-grade evidence and regulatory oversight in mobile health platforms for anxiety or depression identified from the
literature and app store searches.

App stores search (N=179), n (%)Literature search (N=169), n (%)Evidence

—b75 (44.4)RCTsa protocol

2 (1.1)76 (45)RCTs

2 (1.1)—bRWEc

0 (0)—bRCT+RWE

2 (1.1)—bRCT+RWE + regulatory approval

173 (96.7)18 (10.7)None

aRCT: randomized controlled trial.
bNo reported clinical evidence or additional regulatory information found.
cRWE: real-world evidence.

Discussion

Principal Findings
This review provides an in-depth analysis of the current mHealth
platforms developed for anxiety or depression available for
research and commercial purposes. Through a novel combined
approach—a 2-pronged systematic search across the research
literature and marketplace—we identified 169 and 179 mHealth
platforms, respectively. Most platforms developed for research
purposes were designed for depression (116/169, 68.6%),
whereas the platforms made available in the app stores were
mainly developed for anxiety (Android: 58/179, 32.4%; iOS:
27/179, 15.1%). We identified that mHealth characteristics such
as platform name, aspects of mental health addressed, purpose,
type of intervention, type of technology, and level of evidence
varied largely across these platforms. In addition, we highlighted
a significant lack of adoption of the regulatory framework and
standards governing these mHealth platforms. An overview of
the existing platforms for anxiety and depression available for
research, commercial use, or both, as reported in this review,
allowed us to identify gaps in the literature and marketplace
and subsequently provide guidance for recommendations for
future frameworks of mHealth development and regulations.

Targeted Group, Purpose, and Intervention Type of
Available mHealth Platforms for Anxiety and
Depression
Among the abundance of mHealth options currently available
for anxiety or depression, relatively few have been developed
for youths and emerging adults [167,168]. This is surprising,
as these age groups are among the most prevalent users of

mobile technologies as well as the groups that are most in need
of mental health interventions. In particular, typical engagement
with standard care for mental health has low appeal to young
people and can be antagonistic to their developmental needs
[168]. The low motivation inherent in emotional disorders; the
need for agency, anonymity, and privacy; the greater sensitivity
to stigma and discrimination associated with mental health; and
the development of self-monitoring among young people can
be addressed by mHealth approaches that provide personalized
and timely treatment [169,170]. Future developers of mHealth
platforms for anxiety or depression should consider developing
them with this targeted group in mind.

The main purpose of most of the mHealth platforms for anxiety
or depression identified in this review focused on treatment.
The treatment used features such as module-based sessions and
the teaching of coping and management strategies, which were
based on the principles and guidelines of CBT, problem-solving
therapy, and psychoeducation. Previous research has revealed
3 primary areas for enhancing the effectiveness of the treatment
function of mHealth [167]. First, mHealth needs to be
complemented by human interactions, especially with a medical
physician or health care worker, to increase compliance,
adherence, dropout [2,171,172], and efficacy in treatment
[173-175]. However, findings from this review highlighted that
few mHealth platforms included human interactions. To be
effective, the digital framework for human interaction needs to
consider individuals’desire for anonymity and privacy. Second,
initial engagement and sustained use of mHealth platforms for
young people require some form of social support from peers,
schools, or mental health professionals. Although the role of
social support and the associated outcomes are similar to that
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found with the standard of care, the distinct feature of digital
social support that mHealth platforms provide is anonymity and
accessibility. The opportunity to share similar lived experiences
of anxiety or depression with one’s peers and being accountable
to an authority (eg, health care professional) for the purpose of
monitoring or assessment of their symptoms has the potential
to increase their engagement and adherence to the mHealth
platforms. Notwithstanding the support function of mHealth
platforms, few platforms included this in their design feature.
Finally, an mHealth platform needs to be easy to navigate,
relatable, engaging, and esthetically appealing in providing
education for mental health users—another common function
of mHealth platforms. Previous studies have found that the
boring and repetitive nature of modules and lessons presents a
barrier to greater engagement with the education feature of an
mHealth platform [10].

Type of Technology
mHealth can be deployed via one or a combination of mobile
technologies. An increasing trend, which is also observed in
health care, is to reach the individuals by communication
technologies that are already in use for the seamless
incorporation of the intervention into their daily life. Our
literature search reported web-based platforms (90/169, 53.3%),
mobile apps (57/169, 33.7%), and messaging (12/169, 7.1%)
as the most common modalities deployed, which is consistent
with findings in other studies [176]. In our literature search,
13% (22/169) of the platforms used ≥1 type of technology.

The app stores search identified discrepancies in the number of
apps available in each app store. The higher number of apps in
the Google Play Store (140/179, 78.2%) than in the Apple App
Store (61/179, 34.1%) can be attributed to a preference for the
Android operating system over iOS in Asia (82.7% vs 16.5%)
and Singapore (65.2% vs 33.9%), as recorded in June 2020
[177]. Although the infrequent download count data from iOS
disables the comparison in this category in our review, the
literature suggests that in the United States, the iOS preference
is reversed (41.7% vs 58.2% for Android and iOS, respectively)
[177], and iOS apps show a higher number of downloads of
behavioral health mobile apps [178]. Interestingly, a recent
study collecting location data has shown that the platform type
had a measurable effect on the retention of passive data
collection because of the increased battery consumption of the
app for the iOS system. In addition, the operating systems differ
in their battery-saving modes and memory space–saving
strategies, for example, app offloading to a cloud, which may
have further implications. In the same study, no differences
were detected in active data collection retention, suggesting that
the operating system had no effect on active user interactions
with the mHealth platform [179].

The deployment technology type and its specific technical
considerations (eg, operating system) can make or break an
mHealth platform. A digital intervention design should carefully
consider the context of how each technology is already being
used, as well as its technical and behavioral limitations. An
mHealth platform can be deployed either via one technology
type only or in a hybrid model to reap the benefits of each

technology type to maximize usability with sustained
functionality toward the highest efficiency of the intervention.

Commercial Versus Academic Motivation
Considerations
Of note, only 4.7% (8/169) of the mobile apps identified in the
literature search were available in app stores. This can be
potentially related to the geographical constraints of the app
store search compared with the unconstrained geography of the
literature search. In addition, the literature searches covered
articles from inception to 2020, whereas the app store search
included only the apps present in the marketplace in June 2020.
It is not unusual that after the gathering of evidence, the apps
become unavailable in the marketplace [178,180,181]. The lack
of commercial translation of research published in literature can
be attributed to multiple factors: funding timelines (eg, relatively
short grant duration and high staff rotation may not enable long
term app management) and downstream research objectives
(basic or fundamental research, tool development, and
proof-of-concept to support potential future commercial and
large-scale deployment) [182].

From the perspective of the marketplace, 1.7% (3/179) of apps
in the app store search were described in a peer-reviewed article
identified in our search. This can be potentially attributed to a
business strategy that favors quick-in and quick-out rather than
laborious and costly app evaluation without prevailing guidelines
or incentives—monetary, regulatory, or otherwise—in doing
so. Although consumers make the initial decision of which app
to download based on easy-to-judge attributes such as graphics,
price, and rating [178,183], it is the credibility and
trustworthiness that drive engagement with mental health apps
[184-186]. With this realization, it is important for commercial
app developers to generate scientific evidence that validates
their apps to substantiate the scientific descriptions, which will
collectively enhance the app’s appeal. In a study of the app
descriptions of the top-ranked apps, it was previously found
that apps use scientific jargon and are not supported by
principles backed by peer review and validation studies, or they
do not align with established findings in the scientific literature
[187]. Instead of objectively informing about the evidence, the
function of the app description is to appeal to consumers and
drive the number of app downloads, independent of the
platform’s objective quality [187]. Accordingly, app user ratings
do not indicate clinical utility or quality [188,189].

Regulatory Information: Scientific Evidence and
Regulatory Status of mHealth Platforms for Research
and Commercial Use
Clinical evidence, in the form of RCTs, reported in the
publications found in the literature search (151/169, 89.4%)
vastly exceeded that for apps found in the app store (2/179,
1.1%). Regulatory approvals (0.6% vs 1.1%) and RWE (0.6%
vs 1.1%) were more balanced between platforms from the
literature and app stores. The relatively high frequency of RCTs
but low numbers in RWE and regulatory approvals for platforms
featured in the literature search seem to indicate a pre-eminently
investigative intent of those platforms. In addition, 33.7%
(57/169) of the platforms were available as mobile apps, further
hinting at treatment commercialization as a secondary
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possibility. Maintenance and update of the website platforms
were, in some cases, not frequent, indicating ad hoc use.

A large proportion of the mHealth platforms from the app store
were unregulated, clinically untested, and unevaluated for
real-world effectiveness (173/179, 96.7%), indicating a potential
need for business models that support investment in robust
clinical or real-world validation. Importantly, although 1.7%
(3/179) of the apps found in the app store search in this review
could claim to have scientific evidence or regulatory approval,
15.1% (27/179) and 10.1% (18/179) of the mHealth platforms
for anxiety or depression extracted from the Google Play Store
and Apple App Store, respectively, were included in the Medical
category. Under this category (excluding telehealth), 8.4%
(15/179) of the platforms affirmed that health professionals
were involved in the design of the apps. From the app stores,
8.9% (16/179) of the platforms included a disclaimer notifying
that the app was not intended to be a replacement for treatment
or any sort of medical intervention. Another 12.3% (22/179) of
the apps mentioned information sources used to design the app,
such as validated tests (eg, Patient Health Questionnaire-9 for
the assessment of depression and Generalized Anxiety
Disorder-7 for the assessment of anxiety), international
organization guidelines (eg, World Health Organization),
validated therapies (eg, CBT), or peer-reviewed articles. These
numbers reflect the need to develop more actionable and
meaningful app store categorizations for medical apps. In
addition, increased app store categorization oversight and
strategies to enable or incentivize owners to implement changes,
as well as clearer accountability guidelines pertaining to store
content quality, may be needed. For example, oversight could
be extended to app store owners to assist in enhancing specificity
regarding the medical classification of apps. In addition, greater
user education in the selection of apps may be a downstream
consideration for health authorities. Consumers may need to be
able to discern real-value apps by analyzing their claims, the
involvement of health professionals, regulatory status, and
scientific evidence. Apps that have not been supported by
established validation guidelines adversely affect the field and
users in multiple ways. For example, they may add a burden to
already strained health care systems. In addition, they may create
opportunity costs when the technological promise is not realized,
resulting in mHealth fatigue of the clinicians, patients, and
consumers, thus delaying the implementation of evidence-based,
efficient mHealth platforms.

Overall, a need for enhanced regulation, especially in the
Medical category of the stores, indicates that authorities may
be able to positively affect the mHealth landscape toward
requirements that include threshold validation and other
applicable compliance guidelines. Several attempts have been
made in that direction from various government organizations
and professional societies. For example, the Institute of
Electrical and Electronics Engineers—an engineering
professional society—developed the Institute of Electrical and
Electronics Engineers 1752 standards in 2017, which define
specifications for standardized representations for mHealth data
and metadata for cardiovascular, respiratory, and metabolic
measures [190]. Health Level Seven International—an
international mHealth professional workgroup—released the

Consumer Mobile Health Application Functional Framework
in 2018 with the primary goal of providing a standard whereby
a mobile app’s characteristics can be assessed [191]. In 2020,
the American Psychiatric Association—a professional
organization of psychiatrists—developed the American
Psychiatric Association App Advisor, an initiative to identify
an app evaluation model that was specific to mental health to
be used by clinicians and their patients [192]. Most recently, in
February 2021, a joint unit formed by the National Health
Service England and the Department of Health and Social
Care—released the Digital Technology Assessment Criteria
with the aim to set the expectation of digital health technologies
for potential developers [193]. In addition, other digital health
and medicine professional societies, such as the Digital Medicine
Society and Digital Therapeutics Alliance, also have initiatives
to develop frameworks, standards, and resources for the different
stakeholders of digital health interventions [194,195].
Furthermore, the International Organization for Standardization
Technical Specification, in collaboration with the European
Committee for Standardization, is currently developing a health
app quality label ISO/TS 82304-2 Health software–Part 2:
Health and wellness apps–Quality and reliability [196,197].
Although the continued development of these regulatory
frameworks is critical, to have a real-world impact on the quality
of mHealth platforms and apps, they must also be widely
adopted by developers and requested by regulators, marketplace
owners, and target populations alike. This will ultimately result
in the development of high-quality mHealth platforms with
stringent safety and security measures required in health care.

Methodological Limitations and Further
Considerations
Although we took a novel approach of combining both a
systematic literature search and app store search, some mHealth
platforms may have been excluded. For example, although we
had no geographical filters in our literature search, our
commercially available app search was based on regional
availability in Singapore’s Google Play Store and Apple App
Store. Although this may be a region-specific search, this review
also provides new insight into the field as it serves as an early
resource detailing available mHealth apps and platforms in
South-East Asia. As Singapore is a globally recognized regional
information communications technology hub with a
well-established and efficient health care innovation ecosystem,
this review provides the basis for a review of commercially
available mHealth platforms available in surrounding countries
and worldwide, alongside actionable recommendations. In
addition, we restricted our inclusion criteria to mHealth
platforms in English. It is possible that some apps may be
published exclusively in other countries’ stores (eg, United
States, United Kingdom, or Canadian stores) and in other
languages that were ultimately excluded from our search and
this review. Furthermore, in the academic setting, the goal of
the research team may be to assess the efficacy of the mHealth
intervention they developed. After proven efficacious,
commercialization may be the next step in the pipeline, in which
case a name may be given to the platform. As such, this review
does not include nameless mHealth platforms that were
developed solely for research purposes. This decision was made
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so that we could identify the app crossover between the 2
searches. In addition, we used exclusion criteria such as mHealth
platforms developed for specific target populations (eg,
comorbidities), secondary mental health problems related to a
physical condition (eg, pregnancy), and platforms targeting
health behaviors (eg, anxiety for smoking cessation) and severe
mental illnesses. These criteria narrowed down the included
platforms considerably. Overall, the possibility of mHealth
platform exclusion may have introduced bias into our analysis.
However, by including a comprehensive search of both the
literature and multiple app stores, we aimed to minimize the
possibility of mHealth platform exclusion in this review. Finally,
as previously mentioned, we carefully selected search terms
that could be used in both the literature and app store searches
to ensure that these searches could be conducted as
homogeneously as possible despite the different methodological
requirements for each. As a result, some common key terms
(eg, treatment and prevention) and phrases for the clinical
conditions (eg, mood, sadness, affective disorder, phobias, and
CBT) that would be included in a traditional literature database
search were excluded. Therefore, it is plausible that some
mHealth platforms described in the literature may have been
excluded from this review. However, this review aimed to
provide an overview of current mHealth platforms developed
specifically for general nonspecific anxiety or depression; thus,
we do not expect many potentially excluded platforms from
this review. If more specific anxiety and depression conditions
such as mood disorders or phobias are of interest, the keywords
should be developed accordingly.

Furthermore, this review does not include a quality assessment
of the mHealth platforms. We intended to use the Mobile App
Rating Scale [198], as indicated in our PROSPERO registration
(CRD42020193956). However, it was beyond the scope of this
project to download all the included mHealth platforms, many
of which required payment for installation or were not accessible
(ie, from the literature). Therefore, we used the information
detailed in the descriptions provided by the app stores or in the
literature. As a result, some data were not available, and we
could not avail of the Mobile App Rating Scale for the intended
purpose. We attempted to use an alternative mHealth quality
assessment tool; however, we did not find one that would be
suitable for these purposes. Nouri et al [199] has previously
identified substantial heterogeneity in the assessment criteria
for mHealth apps in different studies. As valid and reliable
frameworks to assess the quality of mHealth platforms are
developed, future reviews, such as ours, should incorporate
them.

Future Directions: Digital Therapeutics as the Next
Step for mHealth Solutions for Anxiety and Depression
It is estimated that 264 million people have depression and 284
million people have anxiety worldwide [200]. The COVID-19

pandemic may exacerbate these numbers [201]. Although
effective treatments exist, many health systems worldwide are
underresourced and struggling to respond to the burden of
anxiety, depression, and other mental health disorders effectively
and efficiently [201]. As a result, mHealth platforms continue
to gain popularity and are emerging as a feasible option for
improving the quality of and overcoming access barriers to
mental health support. However, the aforementioned concerns
of lack of regulation and low levels of evidence are limiting
factors for the current mHealth platforms developed for anxiety
and depression to become successful solutions. A leap forward
would involve venturing into digital therapeutics (DTx), which
is widely regarded as the next step for mHealth. DTx offers
effective, safe, highly personalized, objective, and cost-saving
health care where barriers between information silos are
overcome [202], all of which are ideal for addressing mental
health conditions such as anxiety and depression. DTx require
clinical and regulatory oversight and demonstrated RWE and
are further differentiated by the delivery of a clinical-grade
intervention (beyond tracking) to treat or manage a disease
[198]. In other words, DTx interfere with the patient to modify
their state, often through behavioral alteration. They can operate
as a standalone treatment (eg, treating a mental disorder through
gamification) or adjunct to other therapies to enhance them (eg,
improving drug adherence). With the expectation to grow
dramatically over the next few years, DTx can potentially affect
users, organizations, and the health care industry in different
ways: new treatment options, improved care pathways,
incorporation of new standards of care, improved patient and
population health outcomes, similar coverage to existing
therapies, international product quality standards, and acceptance
as an independent class of medicine, among others [203]. DTx
is a favorable next step in mHealth solutions for anxiety and
depression.

Conclusions
This study analyzed the characteristics of mHealth platforms
for anxiety or depression that were available for research,
commercial use, or both. A systematic search of the current
literature and 2 popular app stores identified 169 and 179
mHealth platforms, respectively. mHealth platforms varied in
their targeted condition, targeted group, purpose, intervention
type, and technology type. In addition, most platforms from
popular app stores lacked clinical and RWE, and a small number
of platforms present in the literature were available
commercially. Future efforts should focus on further accessing
the quality—utility, safety, and effectiveness—of the existing
platforms and ensuring the adoption by developers, from both
commercial and academic sectors alike, of a reporting guideline
for their platform description, as well as a regulatory framework
to facilitate the development, validation, and deployment of
mHealth platforms for anxiety or depression.
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Abstract

Background: Being diagnosed with cancer during childhood or adolescence can disrupt important periods in an individual’s
physical, psychosocial, and spiritual development and potentially reduce the quality of life (QOL) after treatment. Research is
urgently required to improve the QOL for child and adolescent cancer survivors, and it is necessary to analyze the trends in prior
research reported in international academic journals to identify knowledge structures.

Objective: This study aims to identify the main keywords based on network centrality, subgroups (clusters) of keyword networks
by using a cohesion analysis method, and the main theme of child and adolescent cancer survivor–related research abstracts
through topic modeling. This study also aims to label the subgroups by comparing the results of the cohesion and topic modeling.

Methods: A text network analysis method and topic modeling were used to explore the main trends in child and adolescent
cancer survivor research by structuring a network of keyword (semantic morphemes) co-occurrence in the abstracts of articles
published in 5 major web-based databases from 2016 to 2020. A total of 1677 child and adolescent cancer survivor–related studies
were used for data analyses. Data selection, processing, and analyses were also conducted.

Results: The top 5 keywords in terms of degree and eigenvector centrality were risk, control interval, radiation, childhood
cancer treatment, and diagnosis. Of the 1677 studies used for data analyses, cluster 1 included 780 (46.51%) documents under
risk management, cluster 2 contained 557 (33.21%) articles under health-related QOL and supportive care, and cluster 3 consisted
of 340 (20.27%) studies under cancer treatment and complications.

Conclusions: This study is significant in that it confirms the knowledge structure based on the main keywords and
cross-disciplinary trends in child and adolescent cancer survivor research published in the last 5 years worldwide. The primary
goal of child and adolescent cancer survivor research is to prevent and manage the various aspects of the problems encountered
during the transition to a normal life and to improve the overall QOL. To this end, it is necessary to further revitalize the study
of the multidisciplinary team approach for the promotion of age-specific health behaviors and the development of intervention
strategies with increased feasibility for child and adolescent cancer survivors.

(J Med Internet Res 2022;24(2):e32309)   doi:10.2196/32309
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Introduction

Background
More than 300,000 children worldwide are diagnosed with
cancer every year; every 3 minutes, a family somewhere in the
world receives the unexpected and shattering news that their
child has been diagnosed with cancer [1]. According to a 2017
survey of major causes of death across all races and sexes in
the United States, malignant neoplasm was the leading cause
of disease-related death in children and adolescents [2].
Approximately 137 million children are predicted to be
diagnosed with cancer worldwide between 2020 and 2050 [3].

With significant advances in diagnosis and increase in
multimodal treatment, childhood cancer survival rates have
improved significantly in recent decades [4]. In the case of
5-year survivors of childhood cancer, the 30-year cumulative
survival rate is 81.9% (95% CI 81.1-82.7) [5]. However, most
child and adolescent cancer survivors experience additional
problems and health effects after cancer treatment. More than
60% of survivors report with at least one chronic disease, and
more than one-third report experiencing a reduced quality of
life (QOL) with at least 2 complications [6,7].

Late complications experienced by child and adolescent cancer
survivors may be psychosocial and behavioral, such as
depression, anxiety, and risky health behaviors, or physical,
such as cardiovascular disease, secondary cancer, and hormonal
and immune deficiencies [8,9]. Even after full recovery, many
child and adolescent cancer survivors have a high risk of death
and morbidity resulting from secondary infections [10,11]. In
other words, being diagnosed with cancer at this age can disrupt
key periods of physical, social, and psychological development
and potentially reduce QOL after treatment [12,13]. Therefore,
significant effort is required to improve the QOL of child and
adolescent cancer survivors.

More targeted research is needed to improve the QOL of child
and adolescent cancer survivors; it is necessary to analyze
previous research and organize the research results. A systematic
literature review and meta-analysis, which are common methods
used to intensively analyze intervention effects in the field of
interest, are based on specific research questions and analyzed
for a limited number of relevant papers [14]. Although it is
possible to investigate the outcome of a topic of interest in this
way, there is a limitation in that the overall knowledge structure
of the context in which the major research concept and topic
are studied or the type of connections between the main concepts
cannot be known.

Exploiting a text network analysis to study research trends
provides useful information with new ideas for future research
[15,16]. These results can be used to form a body of knowledge
by quantitatively analyzing a large number of papers and
qualitatively interpreting the discovered knowledge structure
to identify a certain pattern in the scattered data [17]. In addition,
because numerous related papers are collected and used for
analysis, this method has a significant quantitative scientific
basis in terms of the research results and in identifying core
research topics in academic fields and its relevance to various

subtopics. In particular, it is possible to intuitively explore the
knowledge structure by visualizing such research results [18,19].

Through text network analysis, it is possible to check the
connectivity (links) between the words included in the
documents (in our case, the words in the abstracts) and the
connectivity group (community) of keywords based on their
links. In addition, if a topic modeling analysis, which has the
advantage of identifying topics representing the community
based on the probability distribution of words included in the
document, is applied simultaneously within a text network
analysis, then trends based on the core topic of research in the
field of interest can be clearly identified. Although the
probability distribution of words in a document does not have
any intuitive meaning, researchers can interpret the meaning of
a specific topic, and thus, the extracted topic can be used as
important information representing the document [20,21].

In the field of adult cancer and cancer survivor care, the number
of studies applying a text network analysis to confirm the
knowledge structure and overall research trends in the field of
interest have increased over the past 10 years [16,22-25].
However, few studies that were published in 2017 applied a
network analysis method to child and adolescent cancer
survivors [15]. Because information technology has been
undergoing rapid advancements, it is important that research
on child and adolescent cancer survivors is shared all over the
world.

To improve the QOL of child and adolescent cancer survivors
based on the latest information, it is necessary to
comprehensively identify research trends related to child and
adolescent cancer survivors using text network analysis on
studies published in internationally recognized academic
databases. Therefore, in this study, using a text network analysis
method and topic modeling, the main research concepts of
previous studies on child and adolescent cancer survivors
published in international academic journals in the last 5 years
were reviewed, and research trends were identified.

Objectives
The specific goals of this study that analyze the abstracts of
child and adolescent cancer survivor–related research papers
are as follows: identifying the main keywords based on network
centrality, finding the subgroups of a network of keywords using
a cohesion analysis, clustering the main theme of child and
adolescent cancer survivor–related research abstracts through
topic modeling, and comparing and analyzing the results of
cohesion and topic modeling.

Methods

Study Design
This study used text network analysis and topic modeling to
explore the main research trends of child and adolescent cancer
survivors by structuring a word co-occurrence network among
the keywords (semantic morphemes) in the abstracts of articles
published in 5 major web-based databases between 2016 and
2020. The process used is illustrated in Figure 1.
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Figure 1. The process of this study.

Ethical Considerations
This study was approved by the Institutional Review Board of
Sahmyook University (IRB No. 2020116HR). The data were
collected from published articles in web-based databases, and
no harm or risk was posed by the research to the participants.
In addition, the collected data will not be used for any purpose
other than for this study.

Data Selection

Keyword Selection
The first search to retrieve published articles from all time
periods in 5 major databases (PubMed, CINAHL, Cochrane,
Embase, and PsycInfo) was conducted in January 2021. The
main keywords used included Adolescent [Mesh] OR Child
[Mesh] OR Pediatrics [Mesh] and Cancer Survivors [Mesh]

along with Childhood cancer survivors, Adolescent cancer
survivors, and Pediatric cancer survivors. Only articles written
in English during the 5-year period of 2016-2020 were selected.
The article identification and selection process used the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) flow diagram protocol (Figure 2) to retrieve
4817 articles during the initial search; 51.75% (2493/4817)
articles were retained after eliminating duplicates (2324/4817,
48.25%). Each title was reviewed in accordance with this study’s
topic of interest, and 31.52% (786/2493) irrelevant studies were
excluded. In all, 68.47% (1707/2493) of full-text articles were
assessed for eligibility. Of the 1707 articles assessed, 30 (1.76%)
that included a nonpediatric population (12/30, 40%), no history
of cancer (9/30, 30%), and duplicate data (9/30, 30%) were
excluded. Finally, 67.27% (1677/2493) abstracts were collected
after reviewing their adequacy, and a network analysis was
conducted on the data.
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Figure 2. A PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.

Collection of Abstracts
A total of 2 researchers (HYK and KAK) of this study reviewed
the titles of the retrieved data to identify the criteria for selection
and exclusion. Moreover, 2 other researchers (SJH and JC) of
this study repeated the former review process. A total of 1677
studies were selected for the final data analyses.

Preprocessing

Overview
The final selected abstracts were categorized to generate
compatible unstructured data that could be accessed by
NetMiner (Cyram) version 4.0. NetMiner is a validated program
that conducts text network analysis by extracting a keyword
from the abstracts and applying automatic filtration of the parts
of speech (eg, nouns, verbs, and adjectives), generating a word
co-occurrence matrix, and visualizing the analysis results [26].

First, to create compatible unstructured data, we categorized
the retrieved studies based on publication year, author, title,
abstract, and keywords using Microsoft Excel 2016. The raw
data were then imported into NetMiner, and 10,786 words were
identified as the main set of nodes.

Node Filtering

Word Refining and Selection

In all, 2 researchers of this study conducted a brief review of
the first main node set of 10,786 words, regardless of the
occurrence frequency. There is no scientific protocol available

for the cut-off standard; however, it is widely accepted that
words that only appear once can be excluded. During the review
process, most of the words with a frequency of 1-4 showed
inaccurate spellings or errors, irrelevance with respect to the
main concept of the study, and general verbs or adjectives that
were considered far removed from the actual content. Therefore,
both researchers reached a consensus to exclude words with a
frequency of <5, thus leaving 2755 words as a result.

Development of Dictionaries

For meaningful text network analysis, refining the semantic
morphemes is important [17,26]. For the further filtering
process, 4 researchers conducted a detailed review of each term
and created a filtering dictionary. A total of 3 types of filtering
dictionaries were created during this review. First, the thesaurus
dictionary contained the identification of keywords that had the
same definition but were listed in different ways (eg, QOL,
quality of life, and Quality of Life). An exclusion dictionary was
created to eliminate words that were not significantly related
to the study content (eg, apple, Netherlands, and cars), and
terms that were composed of multiple words representing a
single definition (eg, physical activity as a single term, not
physical and activity separately) were listed in the defined
dictionary.

Keywords Extracted by Applying Dictionaries

The dictionaries were applied using the NetMiner software
while importing unstructured data. With a network structure in
which people in a social network analysis are nodes (points)
and relationships among people are links (lines), a text network
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analysis helps us understand the relationship among words
comprehensively and intuitively by providing a sociogram in
which words are applied as nodes, and co-occurrence
relationships are applied as links [18]. This filtering process
was repeated until the main node set of words was clearly
noticeable without any errors (eg, uncapitalized terms, undefined
terms, or unorganized synonyms). When the first filtering
process was completed, 217 words remained in the main node
set.

Development of Co-occurrence Matrix for Keywords
(From 2-Mode to 1-Mode Network)
In this study, an abstract was considered a single document unit;
each term represented a single node unit, and the initial
word-document network was created (2-mode). Then, to process
the comembership between terms, a co-occurrence word network
(1-mode) was generated using the recoded weight value of term
frequency-inverse document frequency (TF-IDF). The TF-IDF
value reflects both the importance and frequency of a term
occurring in a set of documents; therefore, it can be considered
as an appropriate value for conducting a keyword network
analysis [17,18,26]. An inner-product-proximity measure was
adopted during the mode-conversion process.

Link Filtering
The generated 1-mode network consisted of 10,826 links. An
excessive number of links in a network must be filtered to
clearly view the results for network visualization. The cut-off
standard for link reduction was determined by conducting a
link-reduction simulation. A link frequency of ≥60 was chosen
for the reduction, and 378 links were finally included in the data
analysis.

Data Analysis
NetMiner version 4.0. was used for data analyses.

Network Visualization
Network visualization is the styling of nodes and links such that
the connecting structure can be intuitively expressed [17,20].
A total of 3 simulations (with a link frequency of ≥55, ≥60, and
≥65) were conducted to visualize the map of the 1-mode
network, and a consensus among the authors was reached to
adopt a link frequency of ≥60, which best reflects the major
trends in childhood cancer research. We applied a word cloud
to visualize the network.

Text Network Analysis
Centrality is a useful index employed to determine the node
(keyword) that lies at the center of the network, and the rank is
determined based on its relativity rather than the absolute size.
A node with a high centrality value can be considered as the
core-acting node in a network [17,18,27]. This study adopted
the following two approaches: degree and eigenvector centrality.

Degree centrality measures the number of connections carried
by a single node, which indicates that a node with a higher
degree centrality value and a higher number of connections
within a network can be determined as a core keyword. The
concept of eigenvector centrality is somewhat similar; however,
rather than determining the direct connections of a node, it

overviews the entire network to discover the most influential
keyword by counting its surrounding neighbors. The
standardized value of centrality lies between 0 and 1 and is used
to determine the core-acting keywords in the theme of this study
[17,26].

A cohesion analysis was conducted to identify the subtopic
groups and the division of communities belonging to the
co-occurrence word network [17,28]. In the first step, the giant
component was extracted, and a community analysis was
conducted. The largest modularity (best cut) is regarded as the
most optimized value, with values of 1.25-2.75 indicating
normal values and 2.75-3.5 indicating good values [17,28]. A
higher modularity with a positive value means that the
community is significantly divided; this link density within the
group is high and between groups is low [17,18,28].

When visualizing the results of the network analysis, it is
difficult to interpret the connections between many nodes and
links because of their complexity. In this study, a pathfinder
network, which is abbreviated such that only important links
are left for each node, was used as a graph-drawing algorithm
for centrality and cohesion analysis.

Topic Modeling
The topic modeling method, which is a technique used in text
mining, assumes that a document is a set of words and that each
document contains multiple topics with a specific probability
distribution [19-21,27]. For topic modeling, this study applied
latent Dirichlet allocation (LDA), a classic type of machine
learning method, to discover topic keywords that best
represented the core value in the collection of documents
[19,21,26]. In this study, a topic modeling analysis applying
LDA was used to validate and provide evidence for a cohesion
analysis which was the categorization of themes concluded by
the authors. LDA was conducted using NetMiner 4.0. The values
of the parameter settings were α=.01 and β=.01, and the number
of iterations was 1000. The adequate distribution of topics was
set at 7, showing a clear distinction between all topics. Probable
keywords for each topic were chained to refer to the
categorization results of the cohesion analysis.

Results

Characteristics of Included Research
In the last 5 years, an average of 335.4 articles per year were
published on child and adolescent cancer survivors (SD 65.24).
The number of studies was 252 in 2020, 429 in 2019, 303 in
2018, 349 in 2017, and 344 in 2016. The year in which the most
number of child and adolescent cancer survivor–related articles
were published was 2019, whereas the most recent year, 2020,
had the lowest number of publications.

Text Network Analysis

Degree Rank of 2-Mode (Word Documents), Degree,
and Eigenvector Centrality of Keywords
Multimedia Appendix 1 presents the top 20–ranked keywords
in the 2-mode network (word documents), degree centrality,
and eigenvector centrality. Keywords that appeared most
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frequently in the documents included childhood cancer treatment
(degree=925), risk (degree=748), effect (degree=681), diagnosis
(degree=652), and cause (degree=578). In contrast, the top 5
keywords in terms of degree centrality were risk, control
interval, childhood cancer treatment, diagnosis, and radiation.
The degree centrality index was 26.606%, with a mean of 0.018
(SD 0.04). The index of the centrality ranges from 0% to 100%,
indicating that the links were fairly distributed within the
network when the percentage is closer to 0% [20]. The top 5
keywords in the eigenvector centrality were risk, control
interval, radiation, childhood cancer treatment, and respiratory
rate. The mean was 0.025 (SD 0.064. The trends in the theme
of the keywords, in both degree and eigenvector centrality rank,
revealed their similarity because 75% (15/20) of the keywords
overlapped with each other.

Cohesion With Network Visualization
For cohesion analysis, the giant component was extracted from
the 1-mode network, which represented the relationship between
a set of keywords (main node vs main node) and documents
(abstracts). The component included 90 keywords from the
network consisting of link frequencies >60 based on the TF-IDF
recoded value. A component community analysis, using the
Blondel processing method, divided the groups into 3 clusters
with a maximum modularity value of 0.258. Textbox 1 lists the
clusters divided according to their connection strengths. Cluster
1 contains 34 keywords, including risk, control interval, female,
condition, and cancer center. Cluster 2 contains 31 keywords,
including caregiver, effect, care, health, and group. Cluster 3
contains 25 keywords, including childhood cancer treatment,
diagnosis, radiation, cause, and leukemia. Multimedia Appendix
2 shows the top 10 keywords of each cluster and map of the
communities.

Textbox 1. Results of cohesion (clusters; maximum modularity=0.258) and included keywords.

Cluster 1 (n=34): risk management

• Behavior, BMI, Cancer Center, cardiovascular Disease, Cohort, comorbidity, Comparison, Condition, Control Interval, Death, Deficiency,
Diabetes, Engagement, Ethnicity, Exposure, Female, Gonadal, Hormone, Hospitalization, human papillomavirus, Insurance, Knowledge, Male,
Malignancy, Mortality, Peer, Perception, Prognosis, Pulmonary, respiratory rate, Risk, Sex, Sibling, Surveillance.

Cluster 2 (n=31): health-related quality of life and supportive care

• Anxiety, Burden, Care, Caregiver, Central control station, Concern, Counseling, Depression, Education, Effect, Fatigue, Fertility, Group, Health,
health care professional, Information, Intervention, Measurement, Nutrition, Physical activity, Physician, Posttraumatic growth, quality of life,
Resilience, School, Stress, Support, Survivorship, Symptom, Transition, well-being.

Cluster 3 (n=25): cancer treatment and complication

• 5 y, Assessment, BMD, Brain tumor, Cardiac, Cause, Central Nervous System, Chemotherapy, Childhood cancer treatment, Complication,
Diagnose, Disease, Dysfunction, Experience, Incidence, leukemia, Lymphoma, magnetic resonance imaging, Medicine, Operation, Other cancer,
Radiation, Regimen, Therapy, Transplant.

Topic Modeling
The keywords in the results of topic modeling, when applying
LDA, feature the probability of being the best representation
for the classified documents. In this study, 7 topics were
determined to be appropriate matches in accordance with the
results of the cohesion analysis. Multimedia Appendix 3 presents
the keywords representing each topic based on a probability
distribution with the number of documents included for each
topic. Among the keywords representing the documents
belonging to each topic, the first keyword has the highest
probability of representing each topic, and the probability
decreases with each keyword [28]. In this study, only the first
and second keywords were considered for the analysis. Of the
1677 documents, topic 1 consisted of 265 (15.8%) documents,
and the most probable keywords representing the documents
belonging to this topic in order were care or caregiver. Topic
2 consisted of the lowest number of documents at 6.97%
(117/1677), with fertility or female as representative keywords.
Topic 3 had the largest number of documents at 21.36%
(358/1677), with care or caregiver as the representative
keyword. Topic 4 included 12.52% (210/1677) documents and

was represented by the keywords brain tumor or radiation.
Topic 5 consisted of 9.36% (157/1677) documents, with
keywords including physical activity and health. Topic 6
consisted of 13.30% (223/1677) documents, with risk or control
interval as representative keywords. Finally, Topic 7 contained
the second largest number of documents at 20.69% (347/1677),
with complication and radiation as representative keywords.

Comparison of Results of Cohesion With Topic
Modeling and Topic Naming
On the basis of the keyword trends in each community, analyzed
through cohesion, the authors reviewed the similarities among
keywords, included in each cluster, in the results of the cohesion
as well as each topic with representative keywords in the results
of the topic modeling. As shown in Textbox 1 and Multimedia
Appendix 3, comparing topics 2 and 6, we reached a consensus
to name cluster 1 as risk management. Cluster 2 with topics 1,
3, and 5 was labeled health-related QOL and supportive care,
and cluster 3 with topics 4 and 7 was labeled cancer treatment
and complication. Figure 3 presents a clearer comparison of the
keywords surrounding each categorized topic based on cohesion
analysis and topic modeling.

J Med Internet Res 2022 | vol. 24 | iss. 2 | e32309 | p.637https://www.jmir.org/2022/2/e32309
(page number not for citation purposes)

Kim et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 3. Comparison map of results between cohesion analysis and topic modeling.

Discussion

Principal Findings
In this study, child and adolescent cancer survivor–related
research trends over the past 5 years were analyzed by reviewing
papers published in all academic fields.

The main findings of this study were that the top 5 keywords
in terms of degree and eigenvector centrality are risk, control
interval, radiation, childhood cancer treatment, and diagnosis.
Of 1677 documents, cluster 1 included 780 (46.51%) documents
under risk management, cluster 2 contained 557 (33.21%)
articles under health-related QOL and supportive care, and
cluster 3 consisted of 340 (20.27%) studies under cancer
treatment and complications.

Among the documents included in the 3 subgroups, the
knowledge structure and research trends were described by
comparing the results of the meta-analysis that presented
research results regarding the concerned topics. The giant
component from the centrality analysis in this study showed 3
subgroups based on the cohesion analysis. To name the cluster
of subgroups more accurately, we compared the results of the
cohesion analysis and topic modeling. Cohesion analysis has
the advantage of showing the degree of cohesion between
keywords belonging to the relevant community [17,28].
However, there is a limitation in that it does not have guidelines
based on mathematical calculations to name a given community.
Recently, topic modeling, in which keywords that can represent
documents belonging to each topic are presented based on
probability values, has frequently been used to supplement the
limitations of cohesion analysis [20,21]. On the basis of keyword
trends in each community with cohesion analysis, the authors
reviewed the similarity among keywords included in each cluster
in the results of cohesion analysis and each topic with
representative keywords in the results of topic modeling. In
addition, keywords representing each topic should be mutually
exclusive [26]. In the topic modeling results of this study, the

first and second keywords representing each topic did not
overlap and were mutually exclusive. Therefore, the cohesion
analysis and topic modeling results indicate that the clusters of
keywords representing recent research trends were reasonably
named.

In cluster 1, labeled risk management, keywords related to
periodic risk management and various risks that child and
adolescent cancer survivors could experience while living as
survivors after cancer treatment were included. A total of 10
meta-analysis studies corresponding to cluster 1 were identified.
In all, 6 meta-papers [29-34] regarding long-term risk and
management needs were published, and smoking, binge
drinking, and drug use were reported as vulnerable issues for
child and adolescent cancer survivors. In particular, the
importance of periodic surveillance for late risk management
such as cardiac toxicity was reported in a study related to
surveillance guidelines among 4 meta-papers [35-38] related to
survivorship in child and adolescent cancer survivors. On the
basis of this analysis, it is necessary to conduct various studies
related to education, information provisioning, health
care–provider training, and social support and care system
establishment related to periodic surveillance systems for
potential risk management.

In cluster 2, labeled “health-related QOL and supportive care,”
keywords related to the various experiences of child and
adolescent cancer survivors’ care, and QOL required for
survivorship were included. A total of 30 articles were identified
in the meta-analysis studies corresponding to cluster 2. Most
meta-studies on the development and effect of interventions
related to physical health behaviors, such as exercise, nutrition,
health promotion behavior, and obesity prevention, were found
in 13 articles [39-51]. The results of this study related to
keywords such as effect, health, physical activity, intervention,
and nutrition were also confirmed. Specifically, studies proposed
that future research should focus on providing evidence of the
efficiency and feasibility of interventions that use web-based
technologies (such as @TheTable e-cookbook) to facilitate
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remote intervention delivery and peer support as the most
effective means of promoting changes in health behavior
[39-41,49,50,52]. We identified anxiety, burden, depression,
resilience, stress, counseling, measurement, and post-traumatic
growth. In 7 meta-analyses [53-59], child and adolescent cancer
survivors were highly likely to experience mood or affective
disorders [56], and brain tumor in child and adolescent cancer
survivors was significantly associated with anxiety, depression,
and health-related QOL, highlighting the importance of
psychosocial screening. Furthermore, in 1 systematic review
and meta-study [54], dealing with the keyword post-traumatic
growth identified in this study, the need for targeted social
support, clinical intervention, and education to facilitate
posttraumatic growth was suggested through an analysis of 18
studies. Other keywords related to academics, school, and social
adaptation were education, group, school, and transition, with
6 meta-studies [60-65] related to these keywords. In particular,
the results of 26 studies were analyzed in a meta-study
conducted by Saatci et al [65], and compared with controls there
were significant differences in educational attainment among
survivors according to country and culture. It has been reported
that the support and participation of a cross-professional group,
such as that of clinicians, teachers, and policymakers, is needed,
and the problem of academic and school adjustment for child
and adolescent cancer survivors involves an extremely critical
developmental issue and an important global care problem that
should not be overlooked. A total of 3 studies [66-68] addressed
the fertility issues among child and adolescent cancer survivors.
The most commonly reported barriers were a lack of patient
educational materials regarding oncofertility psychosocial
support and staff training [67], whereas another study attempted
to realize a qualitative meta-synthesis [69] by synthesizing 51
research results into 5 themes (ie, experiencing difficulties
related to cancer, fluctuating realities, coping strategies, new
roles and responsibilities of the child, and practical resources
to enable the managing of cancer). Compared with the
keyword-analysis results confirmed for cluster 2 of this study,
it is necessary to continuously conduct research on adaptation
and improvement of QOL for children with cancer in terms of
their physical, psychological, social, future occupational, and
reproductive problems.

Cluster 3 of the cohesive analysis was labeled cancer treatment
and complication because the main keywords were matched
with topics 4 and 7 of the topic modeling results. Among the
relevant papers, 11 meta-analysis studies [48,70-79] were
identified, and the correlation with keywords included in cluster
3 of this study was confirmed. Keywords related to major
carcinomas were leukemia, brain tumor, and lymphoma, and
for other cancer types, other cancer were designated as
representative words. Words related to childhood cancer
treatment and diagnosis were the main keywords. Meta-studies
were conducted on the subject of complications and therapeutic
management of the endocrine system [78], nervous system
[71,77,79], heart [48,72-74], tinnitus [75], and infection [76].
In particular, meta-analyses related to cardiac toxicity were
predominant in 4 articles [48,72-74]. Most of the studies
conducted in the medical field were identified as the main

characteristics of the studies that fall into cluster 3, and the
characteristics of interdisciplinary research topic keywords were
confirmed.

Implications
The purpose of this study was to identify the knowledge
structure based on major research trends and core research topics
related to all child and adolescent cancer survivors. The 3
categories (risk management, health-related QOL and supportive
care, and cancer treatment and complications) imply the current
research trends. The results of this study are significant in that
they can suggest practical research directions for the specific
needs regarding QOL of child and adolescent cancer survivors
in all academic fields.

In terms of the significance of the research methodology, this
is the first study to use a text network analysis on child and
adolescent cancer survivor–related topics and categorize
interdisciplinary research trends. It has the advantage of
increasing the validity of research trends as a quantitative
method, based on a higher probability, by comparing a cohesion
analysis with topic modeling.

Limitations
This study included data from only the last 5 years. The
limitation is that the trends in child and adolescent cancer
survivor–related research conducted based on the past 5- or
10-year periods cannot be compared or analyzed. The results
of this study, focusing on the meta-analysis results included in
each cluster, were analyzed and compared with 1677 studies in
this research area. Therefore, potential limitations could exist,
as some topics have been addressed infrequently in some studies;
therefore, these might have been overlooked. Finally, studies
in the genetic and biochemical fields were excluded.

Conclusions
This study is significant, in that it confirmed the knowledge
structure based on the main keywords and cross-disciplinary
research trends related to child and adolescent cancer survivors
published in the last 5 years worldwide. To more accurately
name the knowledge structure on a quantitative basis, the results
of coherence analysis and topic modeling were compared and
analyzed based on the giant component confirmed through a
centrality analysis. In both cluster 1, risk management, and
cluster 2, health-related QOL and supportive care, many
research results for multidisciplinary teams have also been
published.

Regarding cluster 3—cancer treatment and
complications—papers published in the medical field prevailed,
confirming the identity of interdisciplinary research topics.
Improving QOL is the primary goal of child and adolescent
cancer survivors, preventing and managing various aspects of
problems encountered during the transition to normal life. To
this end, it is necessary to further revitalize the studies through
a multidisciplinary team approach to promote age-specific health
behaviors and develop intervention strategies with increased
feasibility and educational effects for child and adolescent
cancer survivors.
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Abstract

Background: In December 2019, the COVID-19 outbreak started in China and rapidly spread around the world. Many studies
have been conducted to understand the clinical characteristics of COVID-19, and recently postinfection sequelae of this disease
have begun to be investigated. However, there is little consensus on the longitudinal changes of lasting physical or psychological
symptoms from prior COVID-19 infection.

Objective: This study aims to investigate and analyze public social media data from Reddit to understand the longitudinal
impact of COVID-19 symptoms before and after recovery from COVID-19.

Methods: We collected 22,890 Reddit posts that were generated by 14,401 authors from March 14 to December 16, 2020. Using
active learning and intensive manual inspection, 292 (2.03%) active authors, who were infected by COVID-19 and frequently
reported disease progress on Reddit, along with their 2213 (9.67%) longitudinal posts, were identified. Machine learning tools
to extract biomedical information were applied to identify COVID-19 symptoms mentioned in the Reddit posts. We then examined
longitudinal changes in individual physiological and psychological characteristics before and after recovery from COVID-19
infection.

Results: In total, 58 physiological and 3 psychological symptoms were identified in social media before and after recovery from
COVID-19 infection. From the analyses, we found that symptoms of patients with COVID-19 lasted 2.5 months. On average,
symptoms appeared around a month before recovery and remained for 1.5 months after recovery. Well-known COVID-19
symptoms, such as fever, cough, and chest congestion, appeared relatively earlier in patient journeys and were frequently observed
before recovery from COVID-19. Meanwhile, mental discomfort or distress, such as brain fog or stress, fatigue, and manifestations
on toes or fingers, were frequently mentioned after recovery and remained as intermediate- and longer-term sequelae.

Conclusions: In this study, we showed the dynamic changes in COVID-19 symptoms during the infection and recovery phases
of the disease. Our findings suggest the feasibility of using social media data for investigating disease states and understanding
the evolution of the physiological and psychological characteristics of COVID-19 infection over time.

(J Med Internet Res 2022;24(2):e33959)   doi:10.2196/33959

KEYWORDS

COVID-19; symptom; diagnosis; treatment; social media; Reddit; longitudinal; observational; machine learning

Introduction

COVID-19 is a pandemic viral infectious disease that has
quickly spread worldwide. The clinical presentation of
COVID-19 has been well defined from active clinical and basic
scientific research. Risk factors and commonly observed

symptoms at the diagnosis of COVID-19 and throughout the
acute disease course have been well documented [1,2]. Several
studies have tried to identify self-reported COVID-19 symptoms
using social media data [3,4] and investigated the dynamics of
symptoms that were observed prior to and throughout
COVID-19 infection [5]. Our own analysis of social media and
clinical literatures suggested less common or rarely observed
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novel symptoms related to COVID-19. We also observed that
different sets of clinical and demographic characteristics are
associated with specific clinical outcomes, such as severity of
disease progression, hospitalization, and intensive care unit
admission [6]. These efforts have helped to understand the
development of COVID-19 and identify appropriate medical
treatment options and diagnostic methods.

Since early 2021, researchers have found emerging evidence
of long-term sequelae in a considerable proportion of patients
who have recovered from COVID-19. Several systematic
reviews and cohort-based studies have suggested a set of
symptoms from which COVID-19 survivors have partially
recovered or those they have retained [7,8]. Most of these studies
have focused on a set of symptoms that appeared at a static time
point (eg, symptoms before, or at, the moment of confirmation
of COVID-19; symptoms during recovery; or symptoms after
recovery from COVID-19) and were based on retrospective
data of hospitalized patients. When we considered that about
15% of patients with COVID-19 have been hospitalized [9],
there was limited understanding of patients who experienced
less severe symptoms and received home-based care. This
created a huge knowledge gap to understand the symptom
landscape and symptom durations in the general patient
population (ie, 85% of patients with COVID-19). A
comprehensive understanding of the full spectrum of symptoms
and their dynamic changes throughout the patient journey (ie,
disease course) was essential to obtain better information about
acute and chronic/persistent COVID-19 symptoms in general
patients and develop a complete understanding of the
longitudinal impact of COVID-19 infection in the population.

To better understand the longitudinal changes in the
physiological and psychological characteristics of the
COVID-19 patient population throughout the patient journey,
we systematically investigated Reddit public social media data
from individuals who had previously been infected with
COVID-19 and have recovered. Social media provides an
efficient method of gathering large amounts of real-world data
on the general public, which are scalable and convenient for
users at any time of day, especially from remote or unattended
regions. In addition, the development of sophisticated machine
learning methods has been used to collect high-quality medical
information from social media [10,11]. For this study, social
media data were utilized to capture the disease course of general
patients with COVID-19, including nonhospitalized patients
with various levels of symptom severity. Machine learning
methods were applied to select reliable patients with COVID-19
and their posts from social media data and to identify the full
spectrum of symptoms of COVID-19 in a comprehensive
manner.

Methods

Data
Reddit was used to collect social media posts of COVID-19
survivors. Reddit is a large user-generated content website and

text-based social media platform (without the limitation of text
length) enabling us to extract detailed information about a given
topic. Reddit is also a community-based social media platform
providing sections devoted to topic-specific discussions
(subreddits). Authors express their opinions or concerns on
subreddit forums. Subreddit defines its characteristics and
eligible members. Therefore, people who are really interested
in each topic can participate in a subreddit community.
Furthermore, Reddit provides a publicly accessible Application
Programming Interface (API) so that researchers can collect
and analyze anonymized posts for their own purpose. Such clear
definitions of topics and member eligibility, as well as
anonymized data access through the API, made Reddit a reliable
and effective social media platform to find the appropriate target
audience for this study.

For this analysis, we collected posts that were generated from
the moment the United States declared COVID-19 a national
emergency (March 13, 2020; we collected posts from March
14, 2020) until the Food and Drug Administration (FDA) issued
an emergency use authorization to both Pfizer-BioNTech’s and
Moderna’s COVID-19 vaccines (December 17, 2020; we
collected posts until December 16, 2020). After the World
Health Organization (WHO) declared COVID-19 a pandemic
and the United States declared COVID-19 a national emergency,
it was logical to assume that the general population started to
become aware of the presence of the COVID-19 virus and be
interested in symptoms and their health conditions. In addition,
they were exposed to the risk of COVID-19 contraction before
the vaccine was available. During this period, people could
actively discuss COVID-19-related issues and share their
personal experience. We especially considered posts generated
in “COVID-19Positive” and “CoronavirusSurvivors” subreddits.
“COVID-19Positive” was self-described as “a place for people
who came back positive for COVID-19 to share your stories,
experiences, answer questions and vent!” “CoronavirusSurvivor”
was self-described as a community for survivors of the
coronavirus. At the time the conversations analyzed for this
study were downloaded, the “COVID-19Positive” subreddit
had about 81,000 members and the “CoronavirusSurvivors”
subreddit had about 1000 members.

The procedure to process and analyze social media data is
described in Figure 1A. In total, 22,890 posts from 15,401
authors were collected from Reddit. Of the 15,401 authors,
11,900 (77.27%) generated only 1 post, which was inappropriate
to examine longitudinal changes in COVID-19 symptoms. We
did not consider them for further analyses.

To identify active authors’ authentic COVID-19-related posts,
we performed active learning. After the automated active
learning procedure, manual inspection was performed to
examine the reliability of post labeling (Figure 1A). Details are
described in the Acquiring Pertinent Labels for Reddit Posts
section.
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Figure 1. Overview of social media data related to COVID-19 patient journey. (A) Social media data collection and analysis procedure. In total, 1634
posts from 290 active authors who continuously posted their disease progress were identified and used for further analyses. * and + indicate automated
steps and steps requiring manual inspections, respectively. (B) Fraction of active authors, depending on posting duration. Posting duration is the time
difference between the first and last COVID-19 posts from the same active author. The red-dashed line indicates the average posting duration. (C)
Fraction of before-posts, depending on number of symptoms. (D) Fraction of after-posts, depending on the number of symptoms. The red-dashed line
indicates the average number of symptoms mentioned in a post.

Acquiring Pertinent Labels for Reddit Posts
We observed some authors asking questions about COVID-19
or posting about symptoms, or about a family member, rather
than themselves. It was apparent after reading many posts that
not all authors were COVID-19 positive. This observation
necessitated distinguishing between true patients with
COVID-19 and authors who had not tested positive for
COVID-19. Furthermore, we wanted to identify those authors
that had discussed recovery from COVID-19 in their posts. We
were also interested to know how different physical and
psychological symptoms were discussed within Reddit posts.

We first generated an unlabeled data set of 4762 posts that were
written by 734 authors who had posted at least 4 times in our
COVID-19-related subreddits (Figure 1A). We designated 4
classes (ie, label types) that we needed for our analysis. For
each post in our data set, we needed to check whether the post
had (1) evidence that the author is/was COVID-19 positive
(label: “posi”), (2) evidence that the author has recovered from
COVID-19 (label: “reco”), (3) evidence of physiological
symptoms (label: “physio”), and (4) evidence of psychological

symptoms (label: “psycho”). More details of labeling are
described in Multimedia Appendix 1.

To do this, we implemented an active learning method [12] to
capture the different labels for Reddit posts in an automated
and expedited manner. Active learning is a popular method to
find relevant materials from within documents and is widely
used in the e-discovery domain (eg, labeling documents as
relevant or nonrelevant from a collection of legal documents or
research papers). It also has been applied to identify the literature
that is relevant to infection prevention and control of COVID-19
from a large biomedical corpus [13] and used to build a
diagnostic method for COVID-19 [14].

Using active learning, we built a classifier for each of the label
classes; the classifier was periodically updated with new
evidence, as saved by a human assessor (Multimedia Appendix
1). This way, the classifier can capture newly found text features
with each training iteration. The goal for the classifier is to find
the next best-candidate Reddit post that can contain a label
evidence string. The human assessor, when presented with the
candidate post, assesses the post as nonrelevant (providing a
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true-negative label) or highlights and saves an evidence string
(providing a true-positive label). After retraining with a set of
new labels, the classifier “relearns” which features in the text
are likely to be found relevant and it presents the next best
candidate to the user for assessment. For the human assessor,
the likelihood of finding true-positive labels increases early in
the label-gathering process, which helps with expediting labeling
efforts when we are looking for true-positive labels on a budget.

A labeling interface was built to capture labels using our active
learning method (Multimedia Appendix 1). An assessor is
presented with 1 Reddit post at a time for 1 label class. The
assessor can mark the post as nonrelevant for the particular post
for the particular class or save (copy/paste) an evidence string
that is representative of the label class description. The classifier
for the respective label type is then retrained with the new
evidence string. Then, all remaining unlabeled posts are scored
by the classifier. The top-ranked unlabeled post is then presented
to the assessor for judgement. Thus, after each judgement cycle,
the classifier learns which text features are relevant to the
assessor, and the method then presents the most likely relevant
candidate for assessment to the user next. This way, the most
relevant posts are labeled quickly, with the added advantage
that assessment budgets and available time are utilized more
efficiently.

We recruited 13 well-trained assessors for the labeling task; the
number of assessors varied across label classes. The goal for
assessors was to find and label as many label-relevant posts as
fast as possible. To do this, we provided 2 hours of training
sessions so that accessors could find relevant posts generated
by reliable patients with COVID-19. Labeled data completed
by accessors were then manually inspected by the authors in
this study to confirm that labeling was done correctly
(Multimedia Appendix 1). The assessors made 2785 judgements
and found 1072 evidence strings across all classes (Multimedia
Appendix 1).

Identifying Active Authors
We selected active authors who were infected by COVID-19
and described their experiences and COVID-19 symptoms across
the entire patient journey: from the confirmation of COVID-19
infection to after recovery from COVID-19. To do this, we
examined the median time duration between the first post and
the last post that a given user generated (Multimedia Appendix
1), and selected the optimal number of posts that could represent
the patient journey.

We found that symptoms usually take 5-6 days to appear after
COVID-19 exposure (incubation period of COVID-19) [15].
We also estimated the recovery time after onset of the
symptoms. We calculated the average recovery time (duration
between the posts with the label “posi” and the posts with the
label “reco”) for the subset of users who had mention of
recovery in their posts. For this calculation, first we removed
the outliers that were considered as cases with recovery time
higher than 2×SD. We obtained 15.7(SD 10.4) days as the
average recovery time after testing positive. Since our subset
was small (n=38 users) and there was high variation in the data,
we decided to use the commonly accepted recovery time from
the literature. Although there were various studies reporting

different durations [5], 14 days was the duration we most often
found in our search [16-19]. Therefore, we utilized 14 days as
the recovery period after having tested positive for COVID-19,
and we assumed that 20 (6+14) days of posting period could
represent a typical patient’s journey. In addition, 4 posts were
used as a cut-off to find active authors since they were generated
for 22 days, which was the closest period to our adopted notion
of COVID-19 duration (20 days).

Identifying Symptoms of COVID-19
To identify the physical or psychological symptoms that were
mentioned in Reddit posts, we applied 2 automated symptom
extraction methods. Using the Amazon Comprehend Medical
tool (Amazon Web Services), we extracted medical entities.
The Amazon Comprehend Medical tool uses machine learning
to extract health-related information from text automatically.
For this study, we considered medical entities “symptoms” and
“signs” as COVID-19 symptoms. In addition to the Amazon
Comprehend Medical tool, we also built a model to identify
medical entities using Scispacy (v.0.4.0). Scispacy is a Python
package for handling scientific documents and extracting
medical and clinical terminology [20]. We considered the
medical entity “disease” as COVID-19 symptoms. From the
performance evaluation of medical entity extraction models,
we found that the models identified over 80% of COVID-19
symptoms correctly and reliably (Multimedia Appendix 1). The
model achieved 87% precision, 83% recall, and an F1 score of
0.85. In total, 58 physical and 3 psychological symptoms were
identified (Multimedia Appendix 1). The 3 psychological
symptoms were “confusion or fluster,” “depression or anxiety,”
and “mental discomfort or distress” (eg, foggy head and loss of
consciousness).

In total, 1634 posts generated by 290 active authors mentioned
at least 1 COVID-19 symptom (Figure 1A). Next, we determined
when each post was generated: before or after recovery from
COVID-19. We divided the posts into 2 groups, before-posts
and after-posts, based on their posting time. Before-posts were
written before COVID-19 recovery, and after-posts were written
after recovery. Posts that were generated before recovery posts
(label: “reco”) were defined as before-posts. When authors only
had positive posts (label: “posi”), posts generated from the date
of the first positive post to the next 14 days were considered as
before-posts based on the study that patients with COVID-19
take about 14 days to recover from the disease [16]. Remaining
posts were defined as after-posts. We assumed the date of the
first before-post was the moment users realized COVID-19
symptoms or confirmed their infection by COVID-19.

Since the number of before- and after-posts was different,
identified COVID-19 symptoms were observed with different
frequencies. For a fair comparison of symptom frequency
between before and after COVID-19 recovery, we normalized
the frequency of each symptom to 100 posts (ie, of 100 posts,
how many mentioned a given symptom). Depending on this
frequency, acute and chronic symptoms were determined. Acute
symptoms developed rapidly and were mentioned more
frequently in before-posts. Chronic symptoms developed
gradually and were slow to resolve, remaining as sequelae, and
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were mentioned more frequently after recovery from COVID-19
(after-posts).

Identifying Symptoms Mentioned Together
To identify symptoms that commonly appear together, we
performed association rule analysis [21]. We measured support,
which is defined as the proportion of posts in which a certain
set of symptoms come together. We adopted the Apriori
algorithm and followed a bottom-up approach that starts from
every single symptom, and then symptom subsets are extended
1 item at a time. At each step, the group of candidates is tested,
and the ones that include infrequent items are pruned.

Negation Analysis
To understand how patients perceive and respond to COVID-19
symptoms, negation analysis was performed using the Amazon
Comprehend Medical negation model [22] and manual
inspection (Figure 1A). Negation analysis showed whether a
given symptom was denied (eg, “I have gotten no fever” or “I
don’t cough anymore”). Therefore, in our study, negation
indicated that a given symptom was relieved or disappeared
after recovery from COVID-19. After automatic identification
of negated symptoms, we removed false positives through
manual inspection. False positives are symptoms that present
after COVID-19 recovery, but negation analysis detected them
due to the sentence structure (eg, “I still have no smell and taste
after I received a negative polymerase chain reaction [PCR]
test”; “no smell and taste” was not negation. This symptom was
still presented after recovery). Of 699 after-posts, negation was
detected from 240 (34.3%) posts.

Statistical Analysis
To compare the duration of symptoms before and after
COVID-19, Spearman rank correlation coefficient measurement
was performed using the programming language Python
(v.3.8.1) and SciPy package (v.1.6.2). P<.05 was considered
statistically significant. For the visualization of analyses, the
BPG library (v.6.0.1) in R was used [23].

Results

Result 1: Overview of Reddit COVID-19 Posts
To understand longitudinal changes in physical and
psychological characteristics during the COVID-19 patient
journey, we decided to collect patients' self-generated posts
from Reddit. Reddit is a community-based online forum where
patients can share their clinical journey, symptoms, and
experiences from diagnosis to postrecovery. We identified 292
active authors who continuously and voluntarily discussed their
physiological and psychological symptoms from the beginning
of COVID-19 contraction to the after-recovery stage of
COVID-19 (see the Methods section and Multimedia Appendix
1 for details). From the active learning experiment, we found
that active authors generated 2213 posts that described their
positive COVID-19 infection and the symptoms they had before
and after recovery from COVID-19. On average, active authors
generated 8 posts in 73 days (difference between the first
before-post and the last after-post; Figure 1B). It is suggested

that COVID-19 symptoms remain after recovery and present
for about 2.5 months from diagnosis.

Next, we fed all 2213 posts into the biomedical named entity
recognition (Bio-NER) program to find COVID-19 symptoms
in a comprehensive manner. In total, 1634 (73.84%) posts
mentioned at least 1 COVID-19 symptom (Figure 1A). From
those, 935 (57.22%) posts were written from diagnosis (eg,
confirmation of a positive test or notification of COVID-19
symptoms) to before recovery from COVID-19 (eg, received a
negative test after the positive test). These were defined as
before-posts. In addition, 699 (42.78%) posts were written after
recovery (after-posts; see the Methods section for details). On
average, each active author mentioned 9 symptoms in the
before-post (Figure 1C) period and 6 symptoms in the after-post
(Figure 1D) period.

Result 2: COVID-19 Symptom Landscape in Social
Media Data
To understand the dynamic development of physiological and
psychological symptoms throughout the COVID-19 patient
journey, we compared how often individual symptoms were
mentioned in before- and after-posts. Of 61 symptoms, 33 (54%)
were acute symptoms. They were mentioned more frequently
before recovery from COVID-19 compared to after recovery.
The most known COVID-19 symptoms, such as weakness, body
aches, cough, fever, chest tightness, and loss of smell and taste,
were mentioned frequently in before-posts. We observed that
these symptoms were relieved or improved after recovery. For
example, in 100 posts, loss of smell and taste was mentioned
63 times in before-posts. However, after recovery, it was 32.89%
less frequently mentioned (42 times in after-posts). Fever, cough,
and throat discomfort (dry or sore throat) were approximately
40% less frequently mentioned after recovery (Figure 2A).
Chills (51.23% reduced), cold-like symptoms (42.38% reduced),
nausea (40.04% reduced), and sputum (43.52% reduced) were
also mentioned less after recovery. Negation analysis supported
these findings. When negation was detected in a sentence that
contained a symptom, we could assume that a symptom was
relieved or disappeared. We performed negation analysis using
after-posts and found that common symptoms, including fever,
cough, or chest tightness, were denied (eg, “I have no fever or
no cough”) in after-posts. In addition, 5%-20% of after-posts
clearly mentioned that these symptoms disappeared after
recovery from COVID-19 infection (Multimedia Appendix 1).
In addition, 4 (7%) extremely rare symptoms (epilepsy, spasm,
constipation, and anemia; less than 1% of posts mentioned these
symptoms) were only identified before the recovery period
(Figure 2A).

Furthermore, 28 (46%) of 61 symptoms were mentioned more
frequently after recovery from COVID-19 (chronic symptoms).
We observed that patients with COVID-19 mainly complained
of psychological symptoms during this time. Mental discomfort
and distress, including brain fog, stress, and panic, were
mentioned 18.27% more often, and confusion/fluster was
mentioned 8.63% more after recovery. Constitutional symptoms,
such as fatigue (25.96%), and physiological symptoms,
including problems in toes or fingers (eg, tingly hands/feet and
toe/finger rash, 41.26%), renal-related problems (eg, frequent

J Med Internet Res 2022 | vol. 24 | iss. 2 | e33959 | p.649https://www.jmir.org/2022/2/e33959
(page number not for citation purposes)

Sarabadani et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


urination and kidney pain, 38.43%), and immunodeficiency (eg,
autoimmune disease and immune system disorder, 37.94%),
were also frequently mentioned after recovery (Figure 2B).
These results suggested that well-known symptoms are likely
to be acute symptoms and do not remain as postrecovery

sequelae of COVID-19 infection. Rather, after recovery, patients
experience mental discomfort and symptoms that are less
common at or shortly following the time of diagnosis of
infection and slow to resolve [6].

Figure 2. Symptom landscape in before- and after-posts. (A) There were 33 acute symptoms that were frequently mentioned before recovery from
COVID-19. (B) There were 28 chronic symptoms that were frequently mentioned after recovery from COVID-19. The number indicates the incidence
of a given symptom per 100 posts.

Result 3: Co-occurrence of COVID19 Symptoms
Before and After Recovery
It has been shown that COVID-19 can cause multiple symptoms
during early infection and progression [6]. To understand the
dynamic co-occurrence of COVID-19 symptoms through the
patient journey, we examined a set of symptoms that were
mentioned together in a Reddit post. We found that each author
mentioned more symptoms before recovery than after recovery
(Figure 3). For example, of 256 authors who generated
before-posts, 64 (25%) mentioned 11-15 symptoms, and this
was 1.63 times higher compared to those who generated
after-posts (n=222; 35 [15.8%] mentioned 11-15 symptoms).
Meanwhile, 92 (41.4%) of 222 authors mentioned fewer
symptoms (1-5 symptoms) in after-posts, which was 1.56 times

higher (68/256, 26.6%) compared to before-posts. Next, we
examined what symptom pairs were observed before and after
recovery. In total, we identified 368 co-occurred symptom pairs.
We observed that common and acute symptoms of COVID-19
were mentioned more frequently together before recovery. Chills
with loss of smell and taste (2.51 times), cough (2.44 times),
fever (2.39 times), chest tightness (2.39 times), or body aches
(2.31 times) frequently co-occurred before recovery from
COVID-19 compared to after. Meanwhile, 1 of the chronic
symptoms, immunodeficiency (eg, autoimmune disease and
immune system disorder), co-occurred with other chronic
symptoms, such as mental discomfort/distress, myalgia/fatigue,
and skin problems only after recovery from COVID-19
(Multimedia Appendix 1).

J Med Internet Res 2022 | vol. 24 | iss. 2 | e33959 | p.650https://www.jmir.org/2022/2/e33959
(page number not for citation purposes)

Sarabadani et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 3. Number of COVID-19 symptoms in before- and after-posts. Dark- and light-gray bars indicate the fraction of authors who mentioned a given
number of symptoms in before- and after-posts, respectively.

Result 4: Symptom Duration in Patients with
COVID-19
Our data set was composed of posts that followed time courses,
enabling us to perform temporal analyses to understand dynamic
changes over time. We examined the duration of symptoms
across the COVID-19 patient journey. On average, each
symptom persisted for 83 days. On average, symptoms appeared
37 days before recovery (Figure 4A) and remained up to 46
days after recovery (Figure 4B). This implied that about a month
was required to recover from the first COVID-19 symptom
presentation and that symptoms remained for 1.5 months after
recovery.

We found that there was a weak correlation between frequency

of symptoms and symptom duration (ρ=0.45, P=.28×10-4;
Spearman correlation coefficient, Figure 4C). In before-posts,
well-known acute COVID-19 symptoms (eg, weakness, body
ache, cough, fever, dyspnea, and headache) were mentioned by

at least 116 (40%) of 290 active authors. They appeared
relatively early compared to other symptoms (appeared 54 days
before recovery). Loss of smell and taste (37 days), nausea (37
days), and asthma (31 days) appeared about 1 month before
recovery. Less common symptoms, including arthritis, epilepsy,
and anemia (<1% of before-posts mentioned these) appeared
around 10 days before recovery (Multimedia Appendix 1).

After recovery, we observed a similar trend. There was a weak
but statistically significant positive correlation between
frequency of symptoms and time of presentation (ρ=0.43,

P=.93×10-4; Spearman correlation coefficient, Figure 4D).
Chronic symptoms (frequently observed after recovery), such
as confusion, immunodeficiency, and fatigue, were slow to
resolve. They remained for over 50 days after recovery. Mental
discomfort/distress (38 days) also remained longer than other
symptoms. Menstrual problems, shock, and acute respiratory
distress–related symptoms (<1% of after-posts) remained about
15 days after recovery (Multimedia Appendix 1).
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Figure 4. Duration of COVID-19 symptoms. (A) Duration of symptoms before recovery from COVID-19. (B) Duration of symptoms after recovery
from COVID-19. The red-dashed line indicates the average symptom duration. The relationship between symptom duration and symptom occurrence
(C) before and (D) after recovery from COVID-19.

Discussion

Principal Findings
Our longitudinal analysis based on social media data showed
the dynamic evolution of symptoms through the COVID-19
patient journey. From this observational study, we identified
acute and chronic symptoms that were frequently or specifically
observed before and after recovery from COVID-19. Individual
symptoms showed differing durations and recovery times. Social
media data expanded our understanding of COVID-19 symptoms
and their longitudinal changes through the patient journey.

From social media data, we observed that the most common
COVID-19 symptoms (eg, fever, cough, and weakness) appeared
earlier in patient journeys and were mentioned more frequently
before recovery from COVID-19. These common COVID-19
symptoms were easily recognizable and evaluated by ordinary
people without any screening tools. In addition, they were basic
indicators used in clinical and medical research. Accumulated

COVID-19 research defined them as well-characterized
diagnostic indicators for COVID-19 [24]. Furthermore, at the
beginning of the pandemic, national- or international-level
awareness campaigns were conducted with a limited
understanding of COVID-19 symptoms. We suggested that the
public’s basic awareness and easy recognition could
disproportionate the prevalence of COVID-19 symptoms,
increasing the reporting of common symptoms in social media
before recovery from COVID-19.

Interestingly, common symptoms were relieved or disappeared
after recovery from COVID-19 (acute symptoms) based on our
analyses of symptom negation and the duration over this entire
period. Fever was considered a beneficial response to infection.
Increased temperature reduces pathogens’survival and increases
mobilization of immune cells [25]. Cough is an intrinsic and
protective reaction to many respiratory infections [26]. Skeletal
muscle atrophy can be caused by an immune response, leading
to weakness or body ache [27,28]. Taken together, we suspected
that many common and acute symptoms are likely to be

J Med Internet Res 2022 | vol. 24 | iss. 2 | e33959 | p.652https://www.jmir.org/2022/2/e33959
(page number not for citation purposes)

Sarabadani et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


associated with the initial immune response and are relieved as
the initial immune response decreases over time after viral
clearance.

Significance of Mining Social Media Data
Currently, there is limited information about nonhospitalized
or initially asymptomatic patients with COVID-19 who have
had persistent and chronic symptoms after their recovery. In
addition, there is a lack of information about longitudinal
changes in COVID-19 symptoms due to the limited methods
or accessibility to identify COVID-19 survivors on a global
level. Our study explored dynamic changes in COVID-19
symptoms throughout patient journeys using social media data.
Although social media may lack some depth of patient
information, it provides an effective method of collecting a wide
breadth of data. Social media data can be easily gathered across
the world 24 hours a day, without the need for a clinician visit,
and is an extremely efficient method [29] for rapidly
disseminating new knowledge related to COVID-19 [30].
Indeed, we observed more than 60 symptoms that were extracted
from the Reddit posts, including all the symptoms of COVID-19
suggested by the Centers for Disease Control and Prevention
(CDC) [31]. This number of symptoms observed in social media
was about 2 times higher than the number of symptoms
mentioned in the biomedical literature (34 symptoms), which
was published by clinical institutes [6]. Furthermore, tracking
COVID-19 symptoms in social media data over time gave us
novel insights to understand the full clinical spectrum of
symptoms and the patient journey. Social media has also been
used to predict COVID-19 waves [32], forecast the number of
cases [33], and develop crisis management strategies [34]. Taken
together, social media data could be useful for understanding
the symptoms and epidemiology of novel diseases, such as
COVID-19. Accumulated knowledge and techniques that utilize
social media data would be rapidly applied for future pandemic
preparedness and response in an effective manner.

Limitations and Future Work
The presence and rapid diffusion of misinformation in online
communities is a growing concern for patients and health care
providers [35]. We suspected that similar experiences and
common interests among patients would make strong emotional
connections in online disease communities, enabling us to
extract relatively reliable information compared to nondisease
communities. It has been shown that online disease communities
are mainly composed of patients, family members of patients,
and caregivers who are in similar situations and want to obtain
accurate information by posting their real experience-based
inquiries online [36]. In addition, patients are more likely to
express emotions and share aspects of their life in an online
community that they would not share face-to-face [37]. Such
similar experiences, common interests, emotional connections,
and empathy could develop and operate patient empowerment
by creating and disseminating relevant information that would
help them to understand their health conditions and to receive
psychological support. Furthermore, disease communities

develop practices that improve the quality of the information
that peers exchange [38]. Since disease communities deal with
life-related matters, peer interactions in online disease
communities have found low levels of inaccuracy [39], and
most false or misleading statements are rapidly corrected by
participants [40]. In addition to patients’ honest voluntary
participation, we adopted an active learning method by
collecting manually labeled Reddit posts and performed
second-round manual inspections of labeled posts to improve
the authenticity of the social media data. We believe these efforts
have greatly improved the reliability and authenticity of our
study.

It could be possible that all the symptoms extracted from Reddit
would not cover the entire literature of COVID-19 symptoms
or would not necessarily be COVID-19 symptoms. Moreover,
there is an inherent uncertainty in social media analysis about
the accuracy of temporal directions and the potential delays that
might occur between the actual event and the time of posting,
which is challenging to detect. A closely related limitation is
our assumption of a duration of 20 days for the COVID-19
patient journey, which is derived through the available data
(Reddit posts).

Natural language processing (NLP) could assist in identifying
the temporal mentions and adjusting the outcomes. We might
be able to improve our recovery time estimates using NLP,
helping to improve temporal accuracy. As we work beyond
social media surveillance and integrate with other data sets in
the future, we are likely to find better alignment regarding the
patient journey and related timelines.

We believe that the integration of various social media data sets
and the accumulation of data or systematic surveys of
COVID-19 survivors as well as customized machine learning
algorithms to capture COVID-19 symptoms would help to
decide which symptoms are manifestations of COVID-19
infection and provide new and untapped insights into
understanding the longitudinal evolution of symptoms
throughout the entire COVID-19 patient journey. This also
could be a novel means of assessing the fraction of COVID-19
survivors with persistent symptoms.

Conclusion
In this observational study, we demonstrated the extensive
variability of physiological and psychological impacts of
COVID-19 infection and their variability during the acute
infection and recovery phases of illness. We also demonstrated
the usefulness of gathering social media data as an effective
and alternative way to understanding the patient journey from
diagnosis through recovery. Our findings show the practicality
and feasibility of employing social media data for investigating
disease states and understanding the evolution of physiological
and psychological characteristics of disease over time. These
practices could be incorporated into routine procedures for
COVID-19 patient care, providing appropriate treatment and
long-term care after recovery from COVID-19.
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Abstract

Background: The recent introduction of COVID-19 certificates in several countries, including the introduction of the European
green pass, has been met with protests and concerns by a fraction of the population. In Italy, the green pass has been used as a
nudging measure to incentivize vaccinations because a valid green pass is needed to enter restaurants, bars, museums, or stadiums.
As of December 2021, a valid green pass can be obtained by being fully vaccinated with an approved vaccine, recovered from
COVID-19, or tested. However, a green pass obtained with a test has a short validity (48 hours for the rapid test, 72 hours for the
polymerase chain reaction test) and does not allow access to several indoor public places.

Objective: This study aims to understand and describe the concerns of individuals opposed to the green pass in Italy, the main
arguments of their discussions, and their characterization.

Methods: We collected data from Telegram chats and analyzed the arguments and concerns that were raised by the users by
using a mixed methods approach.

Results: Most individuals opposing the green pass share antivaccine views, but doubts and concerns about vaccines are generally
not among the arguments raised to oppose the green pass. Instead, the discussion revolves around the legal aspects and the
definition of personal freedom. We explain the differences and similarities between antivaccine and anti–green pass discourses,
and we discuss the ethical ramifications of our research, focusing on the use of Telegram chats as a social listening tool for public
health.

Conclusions: A large portion of individuals opposed to the green pass share antivaccine views. We suggest public health and
political institutions to provide a legal explanation and a context for the use of the green pass, as well as to continue focusing on
vaccine communication to inform vaccine-hesitant individuals. Further work is needed to define a consensual ethical framework
for social listening for public health.

(J Med Internet Res 2022;24(2):e34385)   doi:10.2196/34385

KEYWORDS

green pass; COVID-19; COVID-19 pandemic; vaccines; vaccination hesitancy; freedom; social listening; social media; infodemic;
bioethics; telegram

Introduction

Background
Since the beginning of large-scale vaccination campaigns against
COVID-19, many countries have had to deal with the issue of
vaccine hesitancy [1]. Already defined by the World Health
Organization in 2019 as one of the major threats to global health

[2], vaccine hesitancy has become even more relevant in the
context of the COVID-19 pandemic [3]. In Israel, the first
country that was able to ensure sufficient supplies of the
Pfizer-BioNTech vaccine, the Ministry of Health swiftly started
a vaccination campaign in late 2020. However, after covering
health care staff, older adults, and vulnerable patients, the
campaign reached a stagnation phase, as a relevant percentage
of individuals were not willing to get vaccinated. After
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considering other forms of incentives [4], the Israeli Ministry
of Health developed a new ad hoc strategy to increase the
vaccination rate. According to this plan, vaccinated people
would receive a special document that would allow them access
to social and cultural events, national and international mobility,
and exemption from quarantine. The declared aim of this
document or the “green passport” was to encourage citizens to
receive COVID-19 vaccinations while allowing some reopening
of the economy [5]. The proposal for the Israeli green passport
was passed on December 14, 2020 [4]; on January 27, 2021,
the eHealth network of the European Commission started to
develop a set of guidelines in order to implement a “EU Digital
COVID certificate” system in Europe. On June 1, 2021, the
European Union Gateway, that is, the backbone interconnecting
national green pass systems in the European Union, went live
[6]. On July 23, 2021 the Italian government passed Decree-Law
105, regulating the use of the green pass [7], already recognized
and defined on April 22, 2021 by Decree-Law 52, article 9 [8].

Compared to other nudging strategies to tackle vaccine
hesitancy, the green pass looks like a promising concept, as it
incentivizes people to get vaccinated without imposing a
decision; however, already in its first implementation in Israel,
it generated some debate as it can be considered as a tool for
discrimination based on someone’s vaccination status. Another
argument often used by green pass critics regards privacy; when
showing their green pass, people are de facto obliged to disclose
health information—thus, their sensitive information—to third
parties [5]. The adoption of the green pass strategy in Europe
caused the very same debate and the very same arguments
already seen in Israel. In many European countries, opposition
movements started to form and grow, discussing the use of the
green pass and organizing protests, sit-ins, and rallies [9]. In a
time of physical distancing due to containment measures, many
of these discussions were taking place online on social media
and communication platforms. As popular social media
platforms increasingly corrected their policies to decrease the
flow of misinformation [10,11], people and organizations
holding critical views about the green pass started to deplatform
toward alternative social media channels, a phenomenon already
seen and studied, mostly regarding the far-right and conservative
world [12]. Notably, one of the most prominent destinations for
deplatformed individuals and organizations has been Telegram.

Over the last few years, Telegram has become one of the most
prominent instant messaging services. This success is due to a
combination of 2 factors: on the one hand, end-to-end encryption
[13] and an infrastructure distributed over several jurisdictions
[14] makes it rather difficult to extract data from the system
[15]. As stated on the official Telegram’s frequently asked
questions, to this day, Telegram has “disclosed 0 bytes of user
data to third parties, including governments” [14]. On the other
hand, Telegram’s services go way beyond conventional instant
messaging services: Telegram groups allow a maximum of
200,000 members and include advanced features such as unified
history, instant search, replies, permissions, and moderation
tools, making them outstanding tools for many-to-many
discussions. In parallel, Telegram broadcast channels allow an
unlimited number of followers, making them an appealing
alternative to Twitter for one-to-many communication [14,16].

This combination of publicity, mobilization capabilities, and
privacy provides a solution to the so-called “terrorists’
dilemma,” that is, the balancing security and outreach in
choosing a web-based communication platform [17]. The use
of Telegram among “no-green-pass groups” in Italy started to
grow rapidly already in July 2021; as soon as the green pass
was introduced, groups and individuals offering forged green
passes for purchase started to exist [18] as well as groups
organizing protests and rallies against the green pass [19].

Aims
This study has 2 aims: (1) to study the discourse revolving
around the opposition to the green pass and its use in Telegram
chats by no-green-pass groups in Italy, with a focus on groups
used by university students; and (2) to detail a novel approach
to online social listening by using a combination of quantitative
and qualitative approaches and to question its ethical aspects.

Methods

Ethical and Legal Considerations
As this study did not fall under the scope of the Swiss Human
Research Act [20], authorization from the Cantonal Ethics
Committee was not required. The messages analyzed in this
study were retrieved from public chats using the “download
history” function of Telegram Desktop. This qualifies the data
as publicly available. According to the General Data Protection
Regulation (GDPR) [21] article 6.1, data processing without
explicit consent of data subjects is possible when protecting the
interest of the data subject and when “necessary for the
performance of a task carried out in the public interest.”
Research falls in the category of public interest, but this criterion
being very broad, it is important to weigh the public interest
and benefits to the risk for the individuals, especially because
the data set might contain special categories of personal data
(ie, health, politics, or worldview-related data). Generally, the
information detailed in article 14 of the GDPR should be
provided to the data subjects individually, although this could
be considered as a disproportionate effort, given the number of
users involved in this study. However, one could argue that the
necessary information could be provided in a general way
through posting into those chats. Since either way this
transparency might result in both a higher risk of reidentification
and a serious impairment to the pursue of research, it could be
argued that is against the public interest and should therefore
be omitted. Articles 14.5 and 89 of the GDPR exempt from the
provision of information to study participants where and insofar
it would involve a disproportionate effort or render impossible or
seriously impair the achievement of the objectives (ie, the
research goals in the public interest). As specified in article
14.5.b, we took appropriate measures to protect the privacy of
data subjects whose messages are included in our study: the
JSON files retrieved from Telegram have been completely
anonymized (removal of personal names and toponyms from
the message text) and pseudonymized (replacement of the user
ID with a pseudonym), the original data set has been destroyed,
the analysis has been conducted on the anonymized version,
the anonymized data set will be available upon request, and as
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the search of segments of text in the original chat would allow
reidentification, the links to the chats will not be disclosed.

Data Collection
Data were collected from 2 groups of chats. The first comprised
no-green-pass groups of Italian universities (one in the north,
one in the center, and one in the south) and generic
no-green-pass groups. The second, our negative control,
comprised groups discussing topics unrelated to COVID-19 or
to the green pass, such as video games, parrot breeding, and
other general topics. The selection of these control chats
followed 3 criteria: the chats were active (at least 10 messages
sent in the last week), they counted at least 200 users, and the
main language used was Italian. We identified relevant chats
and downloaded the message history as JSON files. We
downloaded the JSON files containing the entire history of the
said groups on September 9, 2021. The data collection is
described in Multimedia Appendix 1.

Data were downloaded directly using the function “export chat
history” of Telegram’s official desktop client. For this study,
we downloaded only textual data. We parsed the JSON files
into Pandas data frames. To protect the privacy of the users
while still maintaining the possibility to track conversations in
qualitative analysis, we combined anonymization and
pseudonymization. Anonymization was performed by removing
metadata from messages and by removing personal names and
replacing them with [name] [22]. Similarly, every toponym was
replaced with [place] [23]. Direct mentions of users in the text
(eg, @thisuser) were searched and replaced with [username].
Surnames were not removed from messages. Since the chats
were in an informal context, people did not refer to other
members of the chat or to themselves using surnames. However,
surnames are often used to refer to public figures or sources of
information and thus represent a valuable component for the
analysis.

Analysis
For this project, first, we used a mixed methods approach, which
involves the use of qualitative and quantitative data. Second,
for the quantitative analysis, with a top-down approach, we
defined a series of dictionaries relevant for the purpose of this
study—each one containing regular expressions that belong to
the same concept. Regex (Regular Expressions) allows the
definition of fairly complex rules, able to reduce ambiguity,
and capture precise concepts. As an example, the rule
(tesser.\sverd.?|pass\sverd.?|certifica\w*\sverd.?) will fire on
“tessera verde” (green pass) or “tessere verdi” (green passes)
or “pass verde” (green pass) or “certificato verde” (green
certificate) but not on “casa verde” (green house) or “verderame”
(verdigris) or “tessera del cinema” (cinema card). The
autocoding has a weight system: if only one rule from the
dictionary fires, the autocode is assigned a weight of 1, if 2 rules
fire, the weight will be 2 and so on. Autocodes can then be used
to measure the prevalence of topics through the corpus to
segment the quantitative analyses or as a starting point for the
qualitative work. Third, we extracted the lemmas used in the
corpus by using the Python package “spaCy” and its pretrained
model for Italian [24]. This was performed on a large bag of
words including every message in the corpus and by dividing

messages by code. In the final step of the quantitative analysis,
we performed a sentiment analysis [25], both on the entire
corpus and on messages divided by code. The sentiment analysis
was performed using the Python package “feel-it” [26], through
which we calculated the probability of positive or negative
sentiment for each message. We developed the analysis pipeline
in Python; the code is structured in a JupyterLab notebook,
available through Zenodo [27].

For the qualitative analysis, we generated a structured text file,
annotated with pseudonymized speakers and codes resulting
from the autocoding system. The file was then imported into
MAXQDA for thematic analysis. The development of the
regular expressions used for autocoding has been an iterative
process. We ran the code several times, exploring the results,
noting the gaps, and fine-tuning the regular expressions. The
thematic analysis has been conducted by native Italian speakers
on messages written in Italian; the text has been translated by
the authors to be comprehensible to a wider audience but still
as close as possible to the original. The original quotes in Italian
and the categories/topics included in the analysis are provided
as supplementary material (Multimedia Appendix 2 and
Multimedia Appendix 3).

Results

Quantitative Results

Lemmas, Terms, and Rules: the No-Green-Pass
Discourse Encompasses Legal Aspects, Actions, and
Vaccine Skepticism
To understand the interests of individuals critical of the green
pass, their arguments, and the opinions that shape their position
in the debate, we quantified and analyzed the most frequently
used lemmas in control chats (Multimedia Appendix
4)—discussing issues not related to green pass, vaccines, or
COVID-19, and in chats focused on green pass opposition
(Multimedia Appendix 5). As a positive control, we checked
whether the lemmas “green” and “pass” were found to be among
the most frequently used in green pass opposition chats when
compared with control chats. As expected, “green” was the
second most frequently used lemma in green pass opposition
chats, and “pass” was the fourth most frequently used lemma
(frequencies 9.2% and 7.5%, respectively). However, these
lemmas were barely used in control chats (frequency of 0.02%
for both lemmas). As expected, the average frequency of the 2
lemmas combined (“green” + “pass”) in green pass opposition
chats was significantly higher than that in control chats (Figure
1A). Among the 20 most used lemmas in either control or green
pass opposition chats, we identified 2 relevant categories of
terms: legal terms and action terms. Legal terms included law
(legge) and article (articolo). These terms were highly
overrepresented in green pass opposition chats when compared
with those in control chats (Figure 1B). Action lemmas included
can (potere), must (dovere), want (volere), know (sapere), ask
(chiedere), do (fare), say (dire), speak (parlare), take (prendere),
put (mettere), use (utilizzare), come and go (andare and venire),
and write (scrivere). Among these, we identified 3 lemmas to
be relevant and underrepresented in green pass opposition chats:
take (prendere), put (mettere), and use (utilizzare).
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Overrepresented lemmas were can (potere), ask (chiedere), and
speak (parlare) (Figure 1C). Besides these lemmas, we were
interested in understanding which rules were the most relevant
in control chats, and, in addition to the rule “green pass,” we
focused on the rules “COVID-19” and “vaccine” and “freedom.”
With this analysis, we wanted to understand whether the legal
lemmas that were overrepresented in green pass opposition chats
were linked to a pronounced discussion about personal freedom,
in connection with the discussion about the green pass and
COVID-19 vaccines. All the abovementioned rules were
represented with a higher frequency in green pass opposition

chats when compared with those in control chats, and these
differences were statistically significant (Figure 2). As expected,
the rule for “green pass” fired very frequently in green pass
opposition chats and more frequently than the rules
“COVID-19” and “freedom.” Surprisingly, however, the rule
“vaccine” was the most frequently used in green pass opposition
chats, more so than the rule “green pass,” indicating that among
green pass critics, even when the discussion revolves around
legal aspects connected to personal freedom, skepticism toward
vaccines likely remains as the predominant reason to oppose
the green pass.

Figure 1. (A) Average lemma frequency (in percentage) in control versus green pass opposition chats. Average lemma frequency (in percentage) for
green pass in control (grey bar) versus green pass opposition chats (black bar). (B) Average lemma frequency (in percentage) for legal terms in control
chats (grey bars) when compared with green pass opposition chats (black bars), extracted from the 20 most frequently used words in the green pass
opposition chats. (C) Average lemma frequency (in percentage) for action terms in control (grey bars) versus green pass opposition chats (black bars),
extracted from the 20 most frequently used words in both control and green pass opposition chats. The green background highlights the most relevant
action terms that are overrepresented in the green pass opposition chats, whereas the grey background highlights the most relevant action terms that are
overrepresented in control chats. *P<.05, t test. Error bars represent standard error of the mean.
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Figure 2. Average rule frequency (in percentage) in control versus green pass opposition chats. Average rule frequency for terms grouped under the
rules “COVID-19,” “freedom,” “green pass,” and “vaccine” in control (grey bars) versus green pass opposition chats (black bars). *P<.05; ***P<.001,
t test. Error bars represent standard error of the mean.

“No-Green-Pass” Individuals Have a Negative Sentiment
Toward Green Pass and Vaccines
After having identified the predominant themes associated with
anti–green pass discourse, we analyzed whether such a discourse
is associated with a higher probability of negative sentiments.
By defining the likelihood of negative sentiment for each
message, we averaged the sentiment for each chat and finally
across chats within the same category. As expected, the average
likelihood of negative sentiment was significantly higher in
green pass opposition chats when compared to that in control
chats, with a probability of 0.70 and 0.55, respectively (Figure
3A). In addition, we calculated the average probability of
negative sentiment associated with the rules “COVID-19,”
“freedom,” “green pass,” “vaccine,” and determined that for all

these rules, messages depicting negativity were overrepresented
in green pass opposition chats when compared with those in
control chats (Figure 3B). This effect was significant for the
rule “green pass,” which can serve as a positive control,
indicating that green pass critics are, in fact, assessing the issue
with negative sentiment, when compared with people that do
not necessarily oppose its introduction and use. Of particular
interest, messages related to the rule "vaccine" had a 96.26%
probability to depict negative sentiment, a particularly high
probability also when compared with negativity for
"COVID-19", "freedom", and "green pass" in green pass
opposition chats (90%, 88%, and 85%, respectively), thus
providing strength to the hypothesis that vaccine skepticism is
the primary reason to oppose the green pass.
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Figure 3. Sentiment analysis in control versus green pass opposition chats. Average probability of negative sentiment in messages published in control
(grey bar) versus green pass opposition (black bar) chats. (A) Average probability of negative sentiment per rule in control (grey bars) versus green
pass opposition chats (black bars). The following rules are taken into consideration: “COVID-19,” “Freedom,” “Green Pass,” and “Vaccine” (B) 0
indicates the maximum likelihood for an average message to display positive sentiment, whereas 1 indicates the maximum likelihood for an average
message to display negative sentiment. *P<.05, t test. Error bars represent standard error of the mean.

Rules and Lemma Frequency: Interplay Between
Vaccines and Green Pass
To further understand the relationship among the topics “green
pass,” “vaccine,” “freedom,” and “COVID-19,” we analyzed
the most frequently used lemmas when the discussion was on
one of such topics (as determined using the associated rules).
For the rule “COVID-19,” the lemmas “green,” pass,” and
“vaccine” were among the most used (Figure S1A in Multimedia
Appendix 6). For the rule “freedom,” as expected, lemmas
associated with legal terms were overrepresented as well as
“green” and “pass” (Figure S1B in Multimedia Appendix 6).
For the term “green pass,” we could not identify “vaccine”
among the most relevant and used lemmas, although we
identified lemmas associated with legal terms, including
“freedom,” “law,” “article,” “can,” and “must” (Figure S1C in
Multimedia Appendix 6). Instead, for the rule “vaccine,” we
could identify “green” and “pass” among the most relevant and
significant lemmas (Figure S1D in Multimedia Appendix 6).
As our previous results indicate, although our analysis was
focused on green pass opposition chats, vaccines constituted a
widely discussed topic, which even dominated the discussion
about the green pass. In line with our previous observations,
here we show that green pass discussion takes place when
vaccines are being discussed but not vice versa. This might
suggest that green pass critics tend to share antivaccine views
but do not wish their argumentations against the green pass to
revolve around their antivaccine views. Rather, they prefer to
support their position by discussing limitations to personal
freedom and advancing legal considerations.

Qualitative Results

Green Pass and Vaccines
The qualitative analysis supports the findings described in our
quantitative analysis. Although our analysis was focused on
chats discussing the green pass, users often started debating
about related topics, including the risk-benefit profile of

COVID-19 vaccines, their efficacy, and their use. Of note,
moderators often asked participants to stay on topic and avoid
discussing these parallel issues. There were 2 main reasons: one
was to avoid conflict, as a (small) fraction of individuals who
positioned themselves as opposed to the green pass were for
vaccinations; the other was to avoid floods of misinformation,
which could discredit what the moderators perceived as a much
needed debate. The quotes below are shown by the subcorpus
(university group or generic group, and the position refers to
the line in the subcorpus).

…On the other hand, it is a big mistake to take a
stance on vaccines. Those who want to do so should
do so. The point is only to be against this limitation
of freedom and many vaccinated people are against
the green pass. Do not introduce divisive or extremist
elements that vote the initiative down. [University,
south, position 742]

Users themselves are very aware of how hard it is to discuss
the green pass without discussing the reasons for which it is
needed.

…how can one ignore the vaccine issue if it is literally
the main option for getting a pass? [University, north,
position 6693]

As stated above and as noted in the quantitative analysis, these
no-green-pass chats have de facto been a proxy to discuss
vaccines. Users know the green pass was introduced as a
nudging measure to avoid mandatory vaccination. Nevertheless,
they do not perceive this strategy in a positive way. Even if
there are other ways to receive a valid green pass (ie, recovery
from COVID-19 or testing), vaccination is the most obvious
and less burdensome one. Users perceive this as a cunning
imposition, which possibly makes them even angrier than
mandated vaccines.

…I am against the green pass because I see it as a
coercive and hypocritical tool put in place by the
government because if they saw the vaccine as a safe
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way, they should have the consistency to make it
compulsory and instead they don't bother to do so.
[University, south, position 1807]

…the green pass is a way of circumventing
compulsory vaccination. The green pass is an
“incentive,” said to be very soft, but in fact it is a
compulsory requirement. [University, center, position
14716-14718]

Even though, as discussed above, moderators would prefer to
disentangle the discussion about the green pass from the topic
of vaccinations, pointing out that even someone who is
vaccinated could hold no-green-pass positions, most of the users
shared common critical beliefs about vaccines.

…It is becoming increasingly clear from the scientific
literature that (1) There are very effective treatments
for COVID that indicate that vaccines are not at all
essential. (2) Vaccines often have serious short-,
medium- and long-term side effects, there is a
well-founded fear that they could induce serious
pathologies (tumors, autoimmune and degenerative
diseases, sterility...) and they are still at the
experimental stage. (3) Vaccines facilitate the
development of variants, many of which are
particularly virulent, and should not be carried out
during epidemics, let alone pandemics. (4) Vaccines
do not absolutely protect against COVID as they are
said to do, ie, those vaccinated may become infected
and may in turn infect others... so they should not
have a Green pass unless they too are swabbed.
[University, center, position 3572-3579]

Users are especially afraid of the possible side effects. This
narrative proposes that the vaccine is worse than the disease it
is meant to prevent.

…who can guarantee that I will not have serious
effects as a result of the vaccine, which could harm
my future? Who will compensate me for any damage?
[University, north, position 25293-25294]

…Statistics show that the number of deaths due to
COVID is the same as the number of deaths due to
the vaccine, only that the number of deaths due to
COVID is much overestimated (the number also
includes deaths due to other causes but catalogued
as COVID because they are positive to the test), while
deaths due to the vaccine (not to mention cases of
serious adverse effects) are much underestimated
because only passive surveillance is done, and poorly.
[University, center, position 15682-15688]

Moreover, according to several users, there is no evidence that
vaccines work. They do not prevent the spread of the disease
and are less effective and more burdensome than alternative
therapies to reduce the symptoms (the most quoted are
hydroxychloroquine, cortisone, heparin, ivermectin, nonsteroidal
anti-inflammatory drug, and hyperimmune plasma transfusions).

…We must rebel, this vaccine is a gene therapy with
no guarantee that it will work. Vaccinated people are
just as infectious as unvaccinated people, it is clear

that this vaccine does not protect against COVID.
[University, north, position 2612]

…It is written in all official documents of the
pharmaceutical companies and the WHO that there
is no evidence that vaccination will stop the spread
of the virus. [University, north, position 3385]

Finally, some users suggested that vaccines could be part of a
bigger scheme, again orchestrated by governments and covert
powers, possibly aiming to reduce the world’s population.

…Overpopulation, they have been saying this for
years, and the Vax in my opinion serves to solve that
problem, not COVID. [University, south, position
2343]

…Their aim is to manipulate human beings by
injecting them with a serum containing graphene,
which can react with certain frequencies and modify
the behavior of cells. By changing the behavior of
cells, you can change the behavior of human beings.
[Generic, position 72471]

Beyond Vaccines: Green Pass, Legal Aspects, and
Personal Freedom
Despite vaccines being the predominant topic in these chats,
the majority of individuals did not make use of arguments
related to vaccines, including conspiracy theories about vaccines,
to justify their opposition to the green pass. Rather, they claimed
the green pass was an illegal measure and it is discriminatory.

…it is clear that the green pass is an instrument of
political discrimination that has no relation to the
actual health status. [University, center, position
3572-3579]

…The green pass is clearly unconstitutional and
discriminatory in nature and is a purely political
instrument as it has no scientific basis; the report
linked before is very clear about it, then they do not
make it mandatory by law otherwise they would be
obliged to compensate those who died of the vaccine.
[University, center, position 7520-7522]

In some circumstances, users alluded to conspiracy theories
according to which the green pass is an element of a bigger plan
put in place either by governments or by covert powers to
achieve other ends, usually the institution of a totalitarian
regime.

…Do you still have to realize that even if the Regime
decides to withdraw the COVID PASS, to let you go
back to work, you have already become citizens of a
totalitarian Regime? Citizens of a lousy Regime based
on lies, on the progressive elimination of freedoms,
on the violent suppression of dissent? [Generic,
position 2127]

Many users believed the green pass was a serious limitation of
personal freedom. This argument was developed following 3
main threads in order of importance: jurisprudential,
consequentialist, and deontological. On the jurisprudential side,
users appeal mostly to the Italian constitution (articles 13 and
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120), to law 196/2003 (personal data protection code), and to
the Oviedo convention.

…the “green pass” cannot be checked because it is
discriminatory, prejudicial to privacy and violates
the following articles of law: - Art. 187 of the TULPS
Regulation: a commercial operator is obliged to
welcome in his business any person, without
discrimination, under penalty of a fine up to
€3000,00.- Privacy Law: no one can force us to
provide information about our health conditions.-
Art. 120 Italian Constitution: no one can limit the
freedom of movement of the individual in the territory
of the Italian republic. - Art. 13 Italian Constitution:
no one may restrict personal freedom without a
provision of the Judicial Authority on facts concerning
the individual. [Generic, position 3448]

…Add that we will respect all the anti-COVID security
measures (social distancing, hygiene, mask). With
regard to the reference to laws and treaties, don't we
want to mention the convention on human rights, the
Oviedo treaty and the Supreme Court ruling stating
that the health of the individual cannot be sacrificed
for the sake of collective health? don't we want to
mention the principle of self-determination?
[University, center, position 395-397]

On the consequentialist side, users tend to fall into a slippery
slope fallacy. In their view, the green pass system will
necessarily lead to a system of capillary social control,
repression of dissent, and loss of critical thinking capabilities—a
system that is clearly undesirable and immoral; therefore, the
green pass is undesirable and immoral as well.

…Look at the Chinese social score system to
understand the crazy direction of these actions, typical
of dictatorial systems and not of advanced
democracies. [University, south, position 3755]

…By now I think these people are lobotomized and
probably don't even know the word FREEDOM.
[University, south, position 1255]

A minority of users tried to build a deontological argument,
balancing values such as freedom and life. Their conclusion
was that life and freedom have equal importance; hence, it is
unjust to protect life by limiting freedom.

…If the answer to the question is that life is more
important than liberty, then all the liberticidal laws
made so far are justifiable and I would say almost
fair, I can also understand why the green pass, a
blatantly discriminatory law, is considered fair by
many.

…If the answer to the question is freedom, it is clear
that everything that has been done so far is considered
a mistake regardless of whether a particular law was
made to save lives.

…We come to the last answer, the most balanced one
for me at least, that life and freedom are of equal
importance. In view of this answer, it is clear that
taking precautions to limit contagion and death is

right and proper, so limitations will be inevitable
(such as social distancing, masks indoors, limiting
seating etc.), but at the same time it is important to
preserve the freedoms of all citizens. [University,
center, position 14996-15012]

The 3 arguments converge on a single conclusion: the green
pass and the system of control it creates are either seen as tools
in the hands of dictators or as preparatory tools to gather power.

…What kind of disgusting nightmare do we want to
bequeath to our children? A Health Regime? A
Regime that brutalizes the minds and bodies of its
citizens on a daily basis? Enough! Rebel! [Generic,
position 2127]

…We are living in a health dictatorship and political
authoritarianism that must be opposed. I wonder if a
general acting as a commissioner who comes out with
absurd words about wanting to flush out the
'unvaccinated' house by house? These people must
leave the government. We must demand to go to the
polls again. [University, center, position 5904-5906]

Action Plan
Leveraging on this understanding of freedom, users perceive a
clear duty to react. The first and foremost action is understanding
who the real enemy is, that is, not the virus, nor the people who
get vaccinated or obey the regime. The real enemies are the
political system and the political representatives who allowed
this to happen.

…It is a political issue everywhere. If we understand
this we know who we have to fight, and for sure it’s
not a virus. [University, north, position 20112]

In the university groups, users discussed a lot about
communication strategies that would allow them to be credible,
also because they are aware that their groups might be studied.
The most important points were regarding avoiding defusing
topics (ie, conspiracy theories) and focusing on
self-determination. Again, coherently with our quantitative
findings, the main issue appeared to be the vaccine, for which
the green pass was just a proxy.

…we have been able to ascertain the intense doxing
activity also of Telegram groups. In short, now that
membership is growing, we need a minimum of 'art
of war' (or rather strategy, just to avoid accusations
of terrorism). [University, north, position 20233]

…no disquisitions that go beyond the topic to be
defended, such as the existence or nonexistence of
the virus, the no-pro vax diatribe, the Davis forum,
depopulation, mass experimentation, variants,
damage, etc. These are all topics on which one has
burnt the candle at the stake. These are all topics on
which the authoritativeness of many prominent figures
has been burned, since they easily fall under the so
to speak 'defusing' labels (conspiracist, degree
obtained on Google, no Mask, no vax, no test,
denialist). [University, north, position 3607]
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Lastly, many users considered protests as valid strategic options
to make their voices heard. The options they considered ranged
from flash mobs to general strikes, to occupations of the
parliament.

…Shall we make a flash mob where all the
unvaccinated all go in at the same time where they
can't? Maybe running so that we are sweaty (so they
are afraid to touch us) maybe with a hat that says
“the Jew rebels” [Generic, position 1007]

…You will sign in front of the incredulous eyes of
your employer your declaration of nonviolent
struggle. Your declaration of an all-out general strike.
Full stop. Nothing else is needed. There will be
100,000 of us, and we will block Italy, offices,
services, production. We will pull the plug of this
infamous regime. [Generic, position 2127]

Summary: Explaining Green Pass Opposition Without
Involving Vaccines
Among those opposing the introduction of the green pass,
especially among university students, only a few were in favor
of vaccinations and those in favor of freedom of choice were
typically hesitant about vaccines. The “being aware” antivaccine
discourse has been typically dismissed by a large fraction of
the Italian society and by the political class as conspiratorial in
nature and not worth considering. Anti–green pass antivaccine
supporters have oriented themselves toward different
argumentations to defend their positions, revolving around legal
aspects related to the concept of personal freedom. Our
considerations are well summarized by the following message.

…The main argument must continue to be that one
must be able to refuse an injection, whatever it may
be. The body is mine and I decide. And if you were to
be convinced that the serum prevents x% of the
infection (as some try to suggest), would our whole
battle fall apart? I certainly hope it’s not the case.
[University, north, position 24367]

The battle is fought on grounds different from that of vaccines,
but vaccines are what this battle is for.

Other Aspects

COVID-19
In the no-green-pass corpus, 2 main positions about COVID-19
emerged. According to the first, COVID-19 exists but is much
less dangerous than what it is communicated by the mainstream
media.

…In addition, in response to the pathetic provocation,
I would like to point out that 99% of COVID deaths
are of over-80s with multiple pathologies. [University,
center, position 2199-2202]

…COVID exists but you can't stop the world because
of it. It's a fucking flu, especially for young people.
Many more people have died of the flu and it has
never been talked about. [University, north, position
2864]

According to the second dominant position, COVID-19 does
not exist and is yet another element of a bigger plan conceived
to limit personal freedom and eradicate free thinking through
fear.

…Do you realize that you're talking about a virus that
nobody anywhere in the world can prove exists?
[University, north, position 1328]

…The virus has never been isolated or purified.
[University, north, position 6509]

At the junction of these 2 narratives, COVID-19 would be a
strategy to pursue other means.

…the virus is just a means to achieve other goals that
have nothing to do with health protection. [University,
center, position 8092-8095]

Expertise
If COVID-19 does not exist or is not particularly dangerous,
then the need for measures such as the green pass would be
unfounded. These beliefs are supported by a wide network of
experts, which according to users are brave free thinkers who
are not afraid of speaking their mind and standing against these
covert powers.

…In addition, the most important doctor we have in
Italy, Dr Remuzzi with H index 189, has long since
drawn up an approved treatment protocol. Go to the
website of the [name] Negri Institute and find out
more. Dr Scoglio, candidate for the 2018 Nobel Prize,
should also be considered. [University, center,
position 14640-14643]

…COVID can be treated at home, with medication.
There is a group of volunteer doctors who do just
that. “Terapie domiciliari COVID,” a very popular
Facebook group. [University, south, position 1974]

…Listen also to Dr Citro, Dr [name] Montanari, Dr
Bolgan, to what they say. [Authorities] forced people
to get vaccinated with fear, and blackmailed young
people with the green pass. There are many adverse
reactions and they don't tell you that, so resist for
your own good. [University, center, position
4198-4200]

…The mask does not protect against viruses. Instead,
it creates colonies of bacteria that you breathe in, as
well as other filth that I won't tell you about, not to
look like a conspiracy theorist. My colleague's
comments on Dr Gatti are right. A great
nanopathologist. [University, north, position 742]

…According to Dr Delgado, it is not a virus that
causes the disease. I will explain this when we meet.
[University, north, position 3485]

Preferred Measures
Among those who believe that COVID-19 is actually an issue
to be contained, some try to delineate alternatives to the green
pass. These include the use of masks, social distancing, tests,
and dual teaching (both in presence and online).
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…Exactly, you must respect all the rules to prevent
contagion and therefore masks and distancing.
[University, south, position 1467]

…if we really want to be sure that the virus does not
spread in the university, shouldn't the swab be used
for everyone who enters the university, as it is the
only instrument with a high percentage of detection
of the virus? [University, north, position 25297]

…However, I would like to see mixed teaching, both
face-to-face and online, at least in the first semester
so as not to increase the risk of infection and to allow
everyone to get vaccinated. The situation in [place],
with transport and everything, means that the risk of
contagion is too high, even for those who are
vaccinated and may be carriers. I don't feel like taking
the responsibility of walking around in [place], even
if I'm vaccinated, and putting other people's life at
risk. [University, center, position 2095-2102]

However, in the same groups, there is a strong critique of the
dehumanization caused by online teaching, and tests are
perceived as burdensome (economically and physically) and as
unfair.

…In spite of the effort to reach the university, it is not
real university what you do online. [The real one is]
made of people, looks, REAL dialogues; it is precisely
the effort and the time spent to go to the university
that sanctions its founding and formative value.
Distance learning is not an appropriate cultural
medium. [University, north, position 19204]

…the test becomes an economically limiting tool for
the individual, since university students are not
guaranteed free access to this service at all, which
puts an economic burden on those who choose not to
vaccinate. [University, north, position 25298]

Antitest and Antimask Positions
Although more testing and systematic use of masks are
sometimes suggested as a preferred protection strategy, many
users have concerns about both. Some users think that tests and
masks do not work; some think tests are dangerous as while
collecting a mucus sample, it is possible to damage the brain;
and some believe that masks are dangerous as they create
bacterial colonies.

…I still don't understand... (it's rhetorical and
sarcastic) why for the most contagious virus that
spreads with a single droplet - with aerosol even, in
the air... you have to pierce all the way to the
encephalic barrier and up to the pineal gland? Maybe
because otherwise you don't assimilate graphene
oxide & who knows what else? Vets have long used
nasal vaccination. Ps. There have been cases of
rhinoliquorrhoea, ie, loss of cerebrospinal fluid,
dizziness, abnormal migraines, etc, but of course, as
with everything else, everything is covered up and
minimized. [University, north, position 11697-11698]

…The mask does not protect against viruses. Instead,
it creates colonies of bacteria that you breathe in, as

well as other filth that I won't tell you about, not to
look like a conspiracy theorist. My colleague's
comments on Dr Gatti are right. A great
nanopathologist. [University, north, position 742]

Reliance on Anecdotal Evidence
Users often bring information to support their claims.
Sometimes, they provide links to blog posts but seldom to
scientific studies or to statistical analyses. Sometimes, they
engage with such information critically; sometimes they do not.
Of note, stories based on anecdotes and personal narratives tend
not to be questioned.

…My grandfather died with COVID. We followed
what the doctors said about treatment at home for my
grandmother. She survived. My grandfather wanted
to follow the standard procedure instead. 2 weeks
worsening. Intensive care and death. [University,
center, position 13863-13866]

…I spoke to a doctor from [place]. Do you know what
they do to make it look like only the unvaccinated are
in the ICU? When COVID patients come in, even
those vaccinated with two doses, they have orders to
move the vaccinated to other wards and leave the
unvaccinated in the ICU. [University, north, position
24524]

Discussion

Vaccine Skepticism and Public Health
Recommendations
Our analysis clearly shows how the green pass has become a
proxy and a catalyzer for vaccine skepticism. Especially during
this time, people and politicians supportive of vaccines strongly
oppose vaccine skepticism or denialism. The discussion about
the dangers of vaccines as well as the conspiracy theories and
the misinformation in general are not considered relevant and
are silenced since these positions are not backed up by scientific
evidence. Antivaccine supporters have come to learn that
shifting their focus on the green pass allows them to bring new
arguments, which are more likely to be heard, to indirectly bring
arguments against the use of vaccines. In fact, questioning the
validity of the green pass rather than that of vaccines is seen as
less socially problematic, albeit it remains strictly connected to
the discussion about vaccines. In practice, the green pass has
become the fig leaf of the antivaccine movement. That said, it
is also important to note that tensions and diverging narratives
exist, even within the groups under analysis. As our results
show, moderate positions (ie, COVID-19 is an issue, but the
green pass is not an appropriate measure) coexist with
conspiracy theories (ie, COVID-19 does not exist and
COVID-19, vaccines, and the green pass are part of a bigger
plan). De facto, opposition to the green pass is what glues
together these opinions and attitudes. This opposition is often
justified on the grounds of a naïve idea of freedom,
conceptualized in a jurisprudential, consequentialist, or
deontological form. Based on our findings, we believe that it is
possible to trace some recommendations for public health
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authorities and political institutions engaging with
communication on these topics:

1. Acknowledge the doubts of individuals opposed to the green
pass without dismissing their opinions and arguments as
ramblings.

2. Disambiguate the purpose of the green pass: it should be
made clear that it is a tool intended to incentivize
vaccinations and thus to protect people—not only to people
who cannot get vaccinated but also to protect everybody’s
personal freedom (ie, those who are not willing to risk to
contract the virus but still desire to enjoy a meal in a
restaurant, watch a theater play, or a football match in a
stadium, etc). We see this discussion as a reminiscent of
the long-standing debate about smoking in closed
environments.

3. Since freedom is an important topic, counteract the models
of freedom in which the opposition to the green pass is
grounded, offering alternatives, for example, Rawls’
“greatest equal liberty” principle [28], according to which
each person should be given the most extensive basic
freedoms that are compatible with another person’s
freedom.

4. Clarify the legal basis of the green pass, explaining how it
is founded and regulated in existing jurisprudence, and how
its scope and application is defined and limited by the
contingency of the pandemic. It is necessary to explain why
it has a specific “expiry date” and under which
circumstances and for how long people should expect these
measures to be in place.

5. Keep informing about vaccines, with a specific focus on
transparency and risk-benefit balance. In this context,
complement as much as possible narratives based on data
and scientific evidence with personal narratives (still backed
up by science), as they are easier to relate to and can be
more effective [29].

Ethical Considerations and Recommendations

A Plea for Active Social Listening
Communication is a key component of human life. The ability
to communicate privately with others can be understood as an
expression of the right to privacy. Privacy, in turn, is not a
luxury that can be easily overridden by other seemingly more
urgent or more important needs. Rather, it is a fundamental
human right recognized by the United Nations Declaration of
Human Rights and many other international and national treaties.
The COVID-19 pandemic has presented us with tricky dilemmas
regarding the protection of both privacy and public health.
Although there is no doubt about the need for the effective
management of the pandemic, concerns have been voiced that
“measures taken to control the spread of COVID-19 have
negatively impacted the enjoyment of the right to privacy and
other human rights” [30]. These concerns become even more
acute when measures are coupled with artificial intelligence
technology that can enhance not only analysis and forecasting
but also the ability to effectively target the behavior of groups
and individuals [31]. The key ethical question is therefore how
effective communication and management during important

public health crises such as pandemics is possible without
undermining privacy as a human right.

Telegram grants end-to-end encryption, and encrypted
communication might grant a sense of safety to users. In fact,
owing to this perceived safety, often it is chosen for illegal
activities as it happened for the sale of false green passes [18].
However, when a curious user acquires access to the group,
either directly or with social engineering techniques, he has
access to the entire history of the chat, no matter the encryption.
It is worth noting that similar or related groups often cross-share
messages; when a message is shared, it incorporates a link to
the original chat where it was posted. Thus, by scraping chats
for “t.me” links, it is rather simple to obtain access to related
groups. Finally, it is important to mention that often these groups
use bots offering more advanced moderation features, for
example, silencing a user for a specified amount of time. As
bots come to users as black boxes, it would not be difficult to
load them with malicious features, for example, sending the
links of the chats where they are used if specific rules fire. Even
when users do not use their name and surname as their
username, still there are many possible strategies for
reidentification. Users might share emails, locations, and even
pictures. Crossing this information and identifying a person is
just a matter of amount of data, time, and commitment.

Having proven that the approach and the techniques detailed in
this paper can provide useful and deep insight on critical topics
debated in Telegram groups, we still tend to think that these
techniques should not be applied broadly for social listening.
We live in a time in which societies are already experiencing a
progressive loss of trust, and techniques of passive social
listening—intended as collecting information from digital
communities without engaging with them—can only worsen
the situation. Passive social listening, as detailed in this paper,
is incredibly powerful, as it can extensively and rapidly map
communities, measure their discussions, and potentially help
predicting protests and violent actions. Active social
listening—intended as actively asking people their opinion on
delicate topics such as vaccine distribution strategies or safety
measures—is slower and less comprehensive, as it depends on
creating efficient bidirectional interfaces between the public
and authorities. However, it has a big advantage: it can build
trust rather than undermine it further. Engaging directly with
communities by offering concerned people the possibility to
voice their worries can create a sense of not only being listened
to but also of being heard, recognized, and valued. A recent
example of an active social listening tool is PubliCo [32], a
web-based platform that collects data on public perception of
the pandemic and its management. Following a participatory
citizen science approach, it invites users not only to provide
data but also to suggest new survey items or to research the
database with queries of their particular interest [33].

Transparency and Recommendations
The software and the procedure we developed are subject to the
dual-use problem. In nondemocratic regimes, they could be
used not only to map and understand dissent but to eradicate it.
Our decision to share it is motivated by 3 reasons: first, science
should be open and transparent in its objectives, means, and
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methods, not only in its findings. Second, as Steven Levy noted,
“If you don’t have access to the information you need to improve
things, how can you fix them?“ [34]. Pavel Durov, Telegram’s
founder, stated that “Telegram must continue to serve the world
as an example of a tech company that strives for perfection and
integrity” [35]. If Telegram wants to stay true to that claim, the
company needs to know how a characteristic of their software
can be exploited as a vulnerability compromising users’privacy.
Third, if a nondemocratic regime would want to develop a
similar system, it could do it anyways unless this vulnerability
is fixed.

Limitations
As we collected our data from public Telegram groups, our
sampling is not representative of the general anti–green pass
population. We do not have any information about the
magnitude of the phenomenon nor do we have demographic
variables to stratify the analysis. However, the sample is relevant
for the scope of this study and we can characterize why and
how these groups oppose the green pass by drawing reliable
conclusions and outlining possible approach strategies. Our
approach to thematic analysis departs from standards: in
thematic analysis, data should be disassembled and reassembled

in a different shape to reveal its themes and patterns [36,37]
with a bottom-up approach to coding. Codes should emerge
during the analysis to capture emerging and unforeseen
phenomena, which contrasts with the very notion of autocoding
that we employed. To mitigate this, we adopted an iterative
process with continuous testing, analysis, and expansion of the
rules. Still, we believe autocoding is a good compromise to map
the content of large volumes of data in reasonable time.

Conclusion
Through our social listening analysis on Telegram chats, we
conclude that a large fraction of individuals opposed to the green
pass share antivaccine views. We also show they generally do
not argue their opposition to the green pass with antivaccine
rhetoric but rather focus on the legal aspects and limitations of
personal freedom. We suggest that public health and political
institutions provide a legal explanation and a context for the
use of the green pass as well as to continue focusing on vaccine
communication to inform hesitant individuals. Finally, we point
to the ethical ramifications of our research and propose ways
to ensure that social listening analysis is transparent and ethically
sound. Further work is needed to define a consensual ethical
framework for social listening for public health.
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Average lemma frequency (in percentage) per rule in control versus green pass opposition chats. Average lemma frequency in
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Abstract

Background: Patients’ participation is crucial to the success of randomized controlled trials (RCTs). However, recruiting and
retaining patients in trials remain a challenge.

Objective: This study aims to describe patients’ preferences for the organization of RCTs (visits on- site or remotely) and
evaluate the potential impact of fulfilling preferences on their willingness to participate in a clinical trial.

Methods: This was a vignette-based survey. Vignettes were case scenarios of real clinical trials assessing pharmacological
treatments. These RCTs evaluated 6 prevalent chronic diseases (ie, osteoporosis, osteoarthritis, asthma, cardiovascular diseases,
diabetes, and endometriosis). Each vignette described (1) the RCT and characteristics of the treatment tested (ie, doses,
administration routes) and (2) the trial procedures and different options (on-site or remotely) for how the trial was organized for
informed consent, follow-up visits, and communication of results when the trial was completed. We recruited 628 participants
from ComPaRe (www.compare.aphp.fr), a French e-cohort of patients with chronic diseases. The outcomes were the participants’
preferences for the way the trial was organized (on-site or remotely) and their willingness to participate in the trial.

Results: Of the 628 participants who answered the vignettes, 491 (78.2%) were female (median age 55 years), with different
chronic diseases ranging from endometriosis in 59 of 491 (12%) patients to asthma in 133 of 628 (21.2%) patients. In addition,
38 (6.1%) participants wanted to provide informed consent and all trial visits on-site, 176 (28%) wished to participate in the trial
entirely remotely, and 414 (65.9%) wanted to combine remote-based and hospital-based visits. Considering the trial as a whole,
when the trial was organized in a way that the patients preferred, the median (Q1-Q3) likelihood of participation in the trial was
90% (80-100) versus 60% (30-80) if the trial followed the patients’ nonpreferred model. Furthermore, 256 (40.8%) patients
responded to open-ended questions expressing their experience with trial participation and visits to the hospital and providing
suggestions for improvement. The patients emphasized the need to personalize the way a trial is organized according to each
patient’s needs and conditions.

Conclusions: There was a significant diversity in the participants’ preferences. Most participants preferred hybrid organization
involving both on-site and remote visits. Participants were more likely to participate in a trial organized according to their
preferences.
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Introduction

Patients’ participation is crucial to the success of randomized
controlled trials (RCTs). However, recruiting and retaining
patients in trials remain a challenge [1,2]. For example, less
than a third of RCTs funded by the National Institute for Health
Research (NIHR) in the United Kingdom achieved the target
sample size, and about a third of RCTs in the United States
recruited less than 75% of the planned sample size [1,3]. With
the increasing complexity of trial procedures, patients’decisions
to take part and remain in a trial depend not only on the potential
benefits and risks of the interventions evaluated but also on the
practical logistics of trials and how burdensome these are to
patients [4,5]. Evidence shows that participating in RCTs can
be burdensome for patients, particularly due to the ways
informed consent is managed, follow-up visits organized, and
trial results communicated [5,6]. Several efforts have tried to
ease this burden by using technologies to allow patients to take
part in a trial remotely using electronic informed consent,
dispensing study drugs at patients’ homes, performing entirely
web-based data collection, and conducting virtual visits via
video calls [7-9]. However, the model of remote trials has not
significantly succeeded in improving trial recruitment and
retention and might not be suitable to all patient groups [7,10].

Information about patients’ preferences for the way a trial is
organized could inform the trial planning to enhance the
participation rate. However, the previous literature on patients’
willingness to participate in clinical trials mainly focused on
their attitudes toward the randomization, without considering
other aspects of trial organization [11]. In this study, we
developed a new approach, using an online vignette-based
survey to involve a large number of patients to explore their
preferences on trials visits (on-site or remotely) and to evaluate
the impact of fulfilling their preferences on potential
participation.

Methods

Study Design
We conducted a vignette-based survey asking patients a set of
directed questions to elicit their preferences for different ways
of organizing a trial. Vignettes have traditionally been used in
a number of areas, including medical training to evaluate clinical
practice, and are being increasingly used in research to address
topics such as identifying the best trial designs for
methodological questions [12-15]. In this study, vignettes were
case scenarios of real clinical trials assessing pharmacological
treatments. These vignettes explained to patients what a clinical
trial is and what they are expected to do when participating in
the clinical trial.

This study received ethical approval from the French National
Institute of Health and Medical Research Ethic Committee
(IRB00003888; reference 19-580). We reported our findings

following the Checklist for Reporting Results of Internet
E-Surveys (CHERRIES) checklist for online surveys [16].

Vignette Development
The vignettes were developed from existing protocols of
ongoing or recently completed RCTs either published or
available on clinicaltrials.gov. Two patient representatives and
a steering committee comprising trialists and methodologists
contributed to the development of the vignettes.

Clinical Trial Protocol Search
We systematically searched clinicaltrials.gov and PubMed for
protocols of ongoing or recently completed (2017 onward) phase
3 RCTs evaluating pharmacological treatments. We limited the
search to 6 prevalent chronic diseases: osteoporosis,
osteoarthritis, asthma, cardiovascular diseases, diabetes, and
endometriosis (Multimedia Appendix 1). Trials were included
if they had a parallel design, at least 1 year of follow-up, and a
full protocol available. We excluded trials that were exclusively
on patients less than 18 years old or that were conducted
exclusively in Asia, Africa, and Latin America. We also
excluded trials testing treatments for secondary conditions (eg,
osteoporosis induced by glucocorticoids). In total, 93 RCTs
were retrieved from the search, with 18 (19%) fulfilling the
inclusion criteria. One protocol was chosen for each disease,
with the goal of maximizing the diversity of funding and the
type of administration route across the vignettes, leading to 6
protocols being chosen for vignette development (Multimedia
Appendix 2).

Vignette Conception
Each vignette was structured in 2 parts. The first part described
the RCT and the characteristics of the treatment tested (ie, doses,
administration routes). The second part described the procedures
of the trial and different options of how the trial was organized
for each step: (1) informed consent, (2) follow-up visits, and
(3) communication of results when the trial was completed. For
informed consent, the participants were asked to choose 1 of
the 3 ways: (1) The trial was explained to the patients, and they
signed the informed consent form at the research center; (2)
information was explained via a video, and the patients
electronically provided signed informed consent; and (3) the
trial was explained to the patients at the research center, and
they then electronically signed the informed consent form at
home after getting an opportunity to discuss with their family.
For follow-up visits, we provided details of the number of visits
and types of tests involved in each visit. The patients were asked
to choose 1 of 3 options: (1) All follow-up visits happened at
the research center; (2) all follow-up visits happened at the
patients’homes, with a nurse visiting their home, and tests were
conducted at a local hospital if they could not be performed at
home; and (3) the patients were able to decide which visits
happened at the research center and which at home. We
described all logistics involved in each option (eg, contact with
doctor, travel and waiting time). For communication of results,
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the patients were asked to choose 1 of 4 options: (1) have a
face-to-face meeting with investigators, (2) have a video call
with investigators, (3) receive the results by email, and (4)
receive the results by post. The description of each option for
informed consent and communication of results were kept
unchanged across the vignettes, while the number of visits and
frequency of tests performed varied according to the protocols

of the real RCTs. Textbox 1 presents an example of the choices
for the informed consent process for the osteoarthritis RCT.
Other vignettes are provided in Multimedia Appendix 3. The
vignettes were then translated into French by a professional
translator. A senior researcher (author IB) and a patient
representative who was a native French speaker reviewed the
translation to ensure its accuracy.

Textbox 1. Vignette for the randomized controlled trial (RCT) of osteoarthritis.

1. Informed consent

Before you participate in the clinical trial, the research team will explain to you the study, the new treatment, and the schedule of assessments. You
will sign a consent form if you agree to participate.

Where do you want to have the information of the clinical trial explained to you and sign the consent form? Choose 1 of the 3 choices below:

At the university hospital

You will:

• Travel to the hospital and wait to see a study doctor.

• Meet the doctor who explains the trial to you.

• Ask your questions to the doctor.

• Sign the consent form if you agree to participate.

• Keep a copy of the consent form.

At home using the internet

You will:

• Stay at home.

• Watch a video online explaining the trial.

• Call the study doctor by telephone if you have questions when you want during working hours.

• Discuss with your family.

• Sign the consent form via a computer when you are ready.

A copy of the consent form will be sent to you by email or by post based on your choice.

At the university hospital and at home

You will:

• Travel to the hospital and wait to see a doctor.

• Meet the doctor who explains the trial to you.

• Ask your questions to the doctor.

• Return home and discuss with your family.

• Call the study doctor by telephone if you have questions when you want during working hours.

• Sign the consent form via a computer when you are ready.

A copy of the consent form will be sent to you by email or by post based on your choice.

Participants
We recruited patients from La communauté de patients pour la
recherche (ComPaRe, an ongoing cohort of patients with chronic
conditions in France) [17]. The patients were adults (>18 years
old) who reported having at least 1 chronic condition (defined
as a condition requiring health care for at least 6 months). They
helped accelerating research on their conditions by completing
patient-reported outcome questionnaires, suggesting ideas for
new research or participating in the analysis of research projects

[18-20]. By February 2020, there were 36,000 patients
participating in ComPaRe. All patients provided electronic
informed consent before participating in the e-cohort. By signing
this electronic informed consent form to participate in ComPaRe,
they agreed to receive invitations to participate in research
provided via the platform.

We sent an invitation email to all patients who reported having
asthma, diabetes, endometriosis, hypercholesterolemia,
osteoarthritis, or osteoporosis via the ComPaRe platform. Two
reminder messages were sent to nonrespondents. We then sent
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the questionnaire including the vignette corresponding to the
patients’ chronic diseases to patients who replied yes to the
invitation email via the secure ComPaRe platform. The patients
were recruited from February 12 to April 23, 2020.

Outcomes
We evaluated the following outcomes:

• Participants’ preferences for the way a trial is organized at
each step: The patients were asked to indicate their preferred
choices for the following questions: Where would you like
to receive the information about the trial and sign the
informed consent? Where would you like to do the follow-up
visits? How do you want to receive the results of the trial?

• Participants’ willingness to participate in the trial: The
patients were asked the following questions: If this step is
performed at the hospital, how likely would you participate
in the trial? If this step is performed at your home, how
likely would you participate in the trial? If this step is
performed at both the hospital and your home, how likely
would you participate in the trial? The patients answered
each question on a scale from 0 to 100, with 0 being very
unlikely and 100 being very likely.

• The patients were also invited to propose new ideas for
organizing each step of the trial.

They were able to express their ideas in free text by responding
to open-ended statements: If you have an idea to improve your
experience with receiving information about the trial and sign
informed consent, please let us know and If you have an idea
to improve your experience with follow-up visits, please let us
know.

Data Analysis
Descriptive analysis was used to describe the characteristics of
the patients participating in the survey and their preferences for
trial organization. The analysis was performed using R software
(version 4.0.2).

Analysis of the patients’answers to open-ended questions about
their ideas for how clinical trials should be organized were
informed by thematic analysis. Data were imported into NVivo
(QSR International) to facilitate the coding process. One
researcher (author VN) performed open coding through an

iterative process. A subset of responses to open-ended questions
from 50 participants was coded line by line. The codes were
then organized into themes to create a coding framework. This
coding framework was then discussed with a senior researcher
(author IB) and refined by considering the context of the data
with the wider data set. The coding framework was used to
analyze the remaining survey responses and refined throughout
the process of analysis.

Data Sharing
De-identified data from this study are available on request to
the academic researchers who have submitted a protocol to the
scientific committee of ComPaRe and signed a data use
agreement.

Patient and Public Involvement
Two patient representatives participated in the development of
the vignettes.

Results

Study Population
We sent invitation emails to 2155 patients in the ComPaRe
e-cohort, including 434 (20.14%) patients with asthma, 317
(14.71%) patients with diabetes, 480 (22.27%) patients with
endometriosis, 114 (5.29%) patients with hypercholesterolemia,
276 (12.81%) patients with osteoarthritis, and 534 (24.78%)
patients with osteoporosis. Of the 2155 patients, 834 (38.7%)
initially responded positively to our invitations. We then sent
this group the survey containing the vignettes of trials
corresponding to their conditions. A total of 628 (75.3%)
patients answered the vignette-based survey. Table 1 presents
the demographic information of the respondents. The patients
mainly lived in France (621/628, 98.9%), with age ranging from
21 to 84 years (median 55 years, IQR 44-64), and were mainly
female (491, 78.2%). In addition, 427 of 628 (68%) patients
lived in an urban area. Most of the patients had obtained at least
a high school diploma, and 107 (17%) had experience of
participating in an RCT before. Nearly 377 (60%) of the patients
could reach a university hospital within 1 hour of driving from
their place of residence. Multimedia Appendix 4 provides the
demographic information of nonrespondents.
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Table 1. Characteristics of patients.

Osteoporosis
(n=152)

Osteoarthritis (n=
125)

Hypercholes-
terolemia (n=76)

Endometriosis
(n=59)

Diabetes
(n=83)

Asthma
(n=133)

Total (N=628)Characteristic

Gender, n (%)

152 (100)97 (78)35 (46)59 (100)41 (49)107 (80)491 (78)Female

028 (22)41 (54)042 (51)26 (20)137 (22)Male

60 (IQR: 55-
64); 23-83

57 (IQR 50-66);
26-80

61 (IQR 56-69);
25-80

38 (IQR 32-45);
21-60

54 (IQR 46-
63); 26-81

45 (IQR 36-
52); 22-84

55 (IQR 44-
64); 21-84

Age (years), median
(IQR); min-max

Employmenta, n (%)

10 (6.6)10 (8)4 (5)7 (12)2 (2)18 (13.5)51 (8.1)Unemployed

2 (1.3)3 (2.4)09 (15)3 (4)4 (3)21 (3.3)Apprentice

53 (34.9)41 (32.8)25 (33)39 (66)43 (52)71 (53.4)272 (43.3)Employed

52 (34.2)41 (32.8)37 (49)024 (29)15 (11.3)169 (26.9)Retired

31 (20.4)28 (22.4)10 (13)4 (7)10 (12)19 (14.3)102 (16.2)Disabled

4 (2.6)2 (1.6)001 (1)5 (3.8)12 (1.9)Other

Highest level of educationa, n (%)

1 (0.7)2 (1.6)3 (4)1 (2)3 (4)4 (3)14 (2.2)No formal diploma

20 (13.2)24 (19.2)13 (17)6 (10)18 (22)18 (13.5)99 (15.7)Highschool diploma

22 (14.5)11 (8.8)11 (15)4 (6.8)11 (13)17 (12.8)76 (12.1)Vocational training

108 (71.1)88 (70.4)49 (64)48 (81)49 (59)93 (69.9)435 (69.2)Undergraduate/post-
graduate

1 (0.7)0002 (2)1 (0.7)4 (0.6)Other diplomas

Living area

43 (28.3)40 (32)20 (26)20 (34)33 (40)45 (33.8)201 (32)Rural area

109 (71.7)85 (68)56 (74)39 (66)50 (60)88 (66.2)427 (68)Urban area

Distance to a university hospital, n (%)

75 (49.3)80 (64)45 (59)35 (59)53 (64)74 (55.6)362 (57.6)<1 hour

68 (44.7)37 (29.6)26 (34)20 (34)27 (33)51 (38.3)229 (36.4)1-2 hours

9 (5.9)8 (6.4)5 (7)4 (7)3 (3)8 (6)37 (5.9)2-5 hours

Previous participation in a trial, n (%)

27 (17.7)19 (15.2)14 (18)4 (7)16 (19)26 (19.5)106 (16.9)Yes

125 (82.3)106 (84.8)62 (82)55 (93)67 (81)107 (80.5)522 (83.1)No

aOne participant did not answer this question.

Patients’ Preferences for the Way a Trial Is Organized
All patients answered the vignette of the trial testing treatment
for their conditions. For the informed consent process, 311
(49.5%) patients indicated that they preferred to be given
information about the trials and sign the consent form at home
over the internet, while 239 (38.1%) patients preferred the 2-step
approach: having information about the trial explained at the
hospital and signing the consent form at home.

Regarding follow-up visits, 251 (39.9%) patients wished to have
all follow-up visits at home and 254 (40.4%) patients preferred
the combination of both on-site visits at research centers and
home-based visits with the possibility to arrange the visits
according to their choices. Only 122 (19.4%) patients chose to
have all follow-up visits at the hospital.

Most of the respondents (276/628, 43.9%) wished to have an
in-person meeting with research investigators when receiving
the results of the trials, 192 (30.6%) chose to receive a summary
of results by email, and 126 (20.1%) preferred a video call with
research investigators (Table 2). Overall preferences were
consistent across conditions. However, for the informed consent
process, 33 of 59 (56%) patients with endometriosis preferred
the trial to be explained to them at the hospital and to sign the
informed consent form at home. Patients with
hypercholesterolemia were the only group in which most
patients chose to receive trial results by mail (33/76, 43%),
while the other groups wished to meet a research investigator
in person (Table 2).
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Table 2. Patients’ choices of trial organization.

Osteoporosis
(n=152)

Osteoarthritis
(n=125)

Hypercholesterolemia
(n=76)

Endometriosis
(n=59)

Diabetes
(n=83)

Asthma
(n=133)

Total (N=628)Choice

Informed consent, n (%)

75 (49.3)58 (46.4)47 (62)19 (32)39 (47)73 (54.9)311 (49.5)At home

62 (40.8)40 (32)22 (29)33 (56)40 (48)32 (24.1)239 (38.1)At hospital and
at home

15 (9.9)27 (21.6)7 (9)7 (12)4 (5)18 (13.5)78 (12.4)At hospital

Follow-up visitsa, n (%)

62 (40.8)61 (48.8)23 (30)28 (48)29 (35)51 (38.3)254 (40.4)By choices

61 (40.1)30 (24)41 (54)19 (32)42 (51)58 (43.6)251 (39.9)At home

29 (19.1)34 (27.2)12 (16)12 (20)12 (15)23 (17.3)122 (19.4)At hospital

Receive results, n (%)

60 (39.5)62 (49.6)24 (32)32 (54)39 (47)58 (43.6)275 (43.8)Meeting a doc-
tor at the hospi-
tal

26 (17.1)19 (15.2)16 (21)16 (27)19 (23)30 (22.6)126 (20.1)Video call with
a doctor

49 (32.2)38 (30.4)33 (43)9 (15)25 (30)38 (28.6)192 (30.6)By mail

16 (10.5)6 (4.8)3 (4)2 (3)07 (5.3)34 (5.4)By post

aOne participant did not answer this question.

Figure 1 illustrates the diversity of the patients’ preferences
regarding trial participation as a whole. For example, of 311
(49.5%) patients who wished to have the informed consent
process at home, more than half (175/311, 56.3%) chose to have

all follow-up visits at home. Of these 175, 73 (41.7%) wished
to receive trial results by mail, 55 (31.4%) wished to be informed
about trial results via a video call, and 31 (17.7%) preferred to
meet a research investigator in person.
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Figure 1. Diversity of patients’ preferences for the way a trial is organized. This alluvial diagram presents patients’ choices for each step of trial
participation. The streams connecting the columns present the proportion of patients selecting each option in each column. For example, the red streams
connecting “Informed consent” and “Follow-up” present the proportion of patients deciding to have follow-up visits at the hospital (n=39, 50%), at
both the hospital and home (n=26, 33%), or at home (n=13, 17%) among all patients who decided to provide informed consent at the hospital (n=78).
The red streams connecting “Follow-up” and “Results communication” present the proportion of patients deciding to receive the results at the hospital
(n=81, 66.9%), by video call (n=6, 4.9%), by email (n=33, 27.3%), and by post (n=1, 0.8%) among all patients who decided to have all follow-up visits
at the hospital (n=121).

Patients’ Willingness to Participate in a Trial
According to Their Preferences for Trial Organization
When the informed consent process was organized in a way
that the patients preferred, the median likelihood to participate
in the trial was 90% (IQR 80%-100%) versus 50% (IQR
30%-80%) if the informed consent process followed the patients’
nonpreferred model. Similarly, the median likelihood to

participate in a trial if follow-up visits followed the patients’
preferred model was 90% (IQR 80%-100%) versus 60% (IQR
30%-90%) if trials were set up according to the patients’
nonpreferred model. Considering the trial as a whole, when the
trial was organized in a way that the patients preferred, the
median likelihood of participation in the trial was 90% (IQR
80%-100%) versus 60% (IQR 30%-80%) if the trial followed
the patients’ nonpreferred model. See Figure 2.
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Figure 2. Probability of participating when a trial is performed in accordance with patients’ preferences.

Patients’ Suggestions to Improve the Way a Trial Is
Organized
Of 628 patients, 256 (40.8%) responded to at least 1 open-ended
question, expressing their experience with trial participation
and visits at the hospital and providing suggestions for
improvement. Patients emphasized the need to personalize the
way a trial is organized according to each patient’s needs and
conditions.

I think you cannot generalize, but for each clinical
trial, the patient must be given a choice of how to
participate. This depends mainly on the distance

between home and hospital and of course whether
the person has a professional activity or not. The way
of participating could be proposed to the patient at
the same time as the consent and the patient will then
be in control of whether he or she can and wants to
participate. [Patient #125 with asthma]

Patients’ Propositions to Improve Trial Visits at the
Hospital
The patients suggested changes to the logistical organization
of hospital visits to reduce waiting time and also suggested that
flexible appointment times be offered to suit the individual
situations of patients (Textbox 2).

Textbox 2. Patients’ proposals to improve visits.

1. Keep appointment times and reduce waiting time.

Make sure that appointments with doctors or ECG radiography departments are on time. [Patient #41 with osteoarthritis]

It all depends on the location of the hospital and how easy it is to get there by public transport (I don't drive). On the
other hand, please respect the appointment times very strictly. [Patient #5 with osteoporosis preferring home-based
visits]

2. Arrange a reception dedicated to trial participants.

Make sure that appointments with doctors or ECG radiography departments are on time, without going through the
general reception of the hospital . . . In order for me to participate in a study, the “logistics” must be as fluid as
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possible and outside the traditional care circuit in terms of administration and waiting time. [Patient #41 with
osteoarthritis preferring combination of hospital and home-based visits]

3. Provide flexibility of appointment time.

Having the possibility to have intelligent appointments, to have all examination and tests in the morning or in the
afternoon or from 10:00 to 15:00, for example . . . this allows fragile, sick, and tired people to take time and take care
of their health, when they come from far away or when they have difficulty to move. It is important to be able to
organize according to our conditions. [Patient #13 with diabetes preferring combination of hospital and home-based
visits]

I would be willing to go to the hospital without any worries, but I do not want this to be done during my working
hours as it should not be the concern of my employer. [Patient #65 with asthma preferring combination of hospital
and home-based visits]

4. Combine follow-up visits with routine care visits.

Should we combine the visit with the examination and radiography for osteoarthritis? [Patient #97 with osteoarthritis
preferring combination of hospital and home-based visits]

5. Reimburse transportation fees and provide free parking.

The fee of transportation and parking should be reimbursed for traveling to and parking at the research center.
[Patient #35 with osteoarthritis preferring combination of hospital and home-based visits]

Patients’ Proposals Regarding Remote Trial Visits
The patients highlighted the advantages of participating in a
trial from home over the internet as a solution to reduce travel,
save time, and avoid disruption of their work. They,
nevertheless, indicated that human contact is important and an
in-person conversation with research investigators would help
reassure them when making decisions related to trial
participation.

In the context of a clinical trial, a contact with a real
human is important. The internet does not transmit
the emotion. [. . .] It is reassuring [in] the hospital
setting. They (doctors) can see my condition, and I
also feel that I am a stakeholder and an actor of my
own decisions when having a human in front of me.
[Patient #73 with osteoarthritis preferring
hospital-based visits]

One patient also explained that she wanted to keep her home
as a private place for rest and recreation.

My home is a place of conviviality, rest, or recreation.
I do not want my home to become a place of care. I
already have auto-injections. I prefer to go to the
doctor, in a center of care, even if that seems more
constraining. [Patient #4 with asthma preferring
combination of hospital and home-based visits]

Several patients suggested that researchers should foresee
measurements to ensure the accuracy of tests and data collected
outside the context of the hospital, which might influence the
quality of research. Further, they also reminded researchers
about the fact that not all patients would have access to
equipment for video calls with doctors and that their internet
connection might be unstable.

The patients also suggested that trial investigators could
collaborate with local hospitals and laboratories to organize
visits and examinations, which would reduce travel time, while
maintaining the quality of data collected. The patients also spoke
of the possibility to involve their primary care doctors in the
trials, which would help them feel more reassured when
participating in trials (Textbox 3).

Textbox 3. Patients’ suggestions regarding remote trial visits.

1. Involve local hospitals and health care providers for follow-up visits.

I participated in a clinical trial. The appointments with the doctor took place at the hospital. The biological tests
between appointments at the hospital were done at a laboratory near my home. I appreciated this organization.
[Patient #56 with asthma preferring hospital-based visits]

To not wait too long at the hospital, and to be able to do the visits at a hospital nearby to reduce the travel time.
[Patient #123 with asthma preferring combination of hospital and home-based visits]

2. Involve primary care doctors for informed consent and follow-up visits.

Another suggestion is to involve the primary care doctor as an intermediary to explain the study. [Patient #82 with
osteoarthritis preferring hospital-based visits]

To involve the primary care doctor to avoid a part of the travel to the hospital. [Patient #51 with endometriosis
preferring hospital-based visits]

J Med Internet Res 2022 | vol. 24 | iss. 2 | e29691 | p.679https://www.jmir.org/2022/2/e29691
(page number not for citation purposes)

Nguyen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Follow-up of the trial by primary care doctor and nurse for usual blood examination in close contact with the research
team of the university hospital. [Patient #37 with hypercholesterolemia preferring home-based visits]

3. Ensure close contact with investigators.

Contact by video call rather than by telephone. [Patient #55 with diabetes preferring home-based visits]

It would be good to be able to exchange email with the doctor. [Patient #63 with diabetes preferring combination of
hospital and home-based visits]

4. Provide equipment suitable to patients’ conditions.

I have a computer with a large screen, but my osteoarthritis makes me suffer so much that I cannot sit upright for
more than 5 minutes. I can use [the] telephone for a video call, and I can lie down, although it will be less effective
for communication. [Patient #54 with osteoarthritis preferring hospital-based visits]

I would like to have home-based visits, but I am not sure to have a webcam with my computer. [Patient #6 with
hypercholesterolemia preferring combination of hospital and home-based visits]

5. Apply technology to reduce the burden of data collection.

Plan (or use an existing one) an application with file sending via email for patients already doing PeakFlow follow-ups
if this can replace or complement the certain spirometry (to avoid sending an IDE at home). [Patient #115 with asthma
preferring home-based visits]

Discussion

Summary of Findings
In this study, we used a vignette-based survey to solicit patients’
preferences for the way RCTs are organized from a large group
of patients. We created 6 vignettes based on protocols of real
clinical trials. In total, 628 patients with different chronic
diseases, ranging from 59 (9.4%) patients with endometriosis
to 133 (21.2%) patients with asthma, shared their preferences.
Our results highlight the diversity of the preferences and show
that if trials are planned according to patients’preferred choices,
the likelihood of participating in trials could increase by 30%.

Implications
Our results showed the desire of patients to move from the
one-size-fits-all approach of trial participation and tailor the
way trials are organized to better suit each patient’s condition,
such as severity of their diseases, employment status, and
distance to the hospital. By allowing flexibility in the way
patients participate in a trial, patients who are underrepresented
due to barriers, such as employment, income, and distance to
hospitals, might be enabled to take part, thus increasing external
validity [21,22]. The COVID-19 pandemic has created
challenges for clinical trials but also created opportunities to
significantly change how trials are conducted. Many clinical
trials have adapted to recruit patients online and remotely
perform trial visits [23]. For example, the Pragmatic Evaluation
of Events And Benefits of Lipid-lowering in Older Adults
(PREVENTABLE) trial shipped medications to patients’homes
and cognitive assessment was performed at the patient’s home
by trained research staff [24]. A trial evaluating fluvoxamine
to treat COVID-19 was conducted entirely remotely. Patients
were recruited online and signed the e-consent form, and data
were collected via mail or telephone [25]. These examples show
the feasibility of remote trials as an alternative to overcome
certain barriers to trial participation. Further research is needed
to assess the validity of data collected in a setting outside the
research center [26,27]. Nevertheless, other barriers, such as
understanding of complex concepts related to clinical trial

participation (eg, randomization) or concerns about adverse
effects of tested treatments, might not be resolved by remote
trials [24]. Thus, discussion to address the concerns of
participants and identify the best approach for their participation
in trials is necessary.

The patients in our sample also expressed the need to be
informed about trial results, preferably during a discussion with
a doctor, to get a chance to bring up questions and these being
answered directly. This desire is in line with efforts to enhance
transparency of trial results for which funders are striving.
Further, informing patients about trial results helps them
understand the significance of their contribution to science and
could encourage them to participate again in future studies [28].

Our study also shows that vignette-based surveys are a useful
and innovative design to incorporate perspectives of a large
number of patients and public members in research. The vignette
is an effective way to communicate the complex concept of
clinical trials to patients. In the development of the vignettes
for this study, we explained the process and practicalities of
taking part in a trial, such as the distance of travel, types and
number of examination tests, and the total amount of time for
each visit. We cocreated the vignettes with patient
representatives to ensure that the structure and language used
were comprehensible to the patients. Vignette-based surveys
allow patients to express their opinions and ideas without
pressure from other stakeholders [29-32]. Vignette-based
surveys could also be used to discover patients’ perspectives
on other aspects of trial design, such as their preferences for
comparators, outcomes, and study design.

Limitations
Our study had some limitations. We recruited patients from a
patient e-cohort; thus patients in our sample had more experience
with the use of the internet and participating in research. In
France, 77% of the population has smartphones and 72% of the
population has access to the internet [33]. In our study, 427 of
628 (67.9%) patients lived in urban areas and 364 (57.9%) had
access to a university hospital in less than 1 hour, which is
similar to the French population, with 54.6% of the population
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living in urban areas (ie, areas with more than 50,000
inhabitants) [34]. Additionally, the majority of patients (621/628,
98.9%) lived in France; thus their experience with clinical trial
participation might be different from that of patients living in
other countries in order to be able to generalize the study results.
Nevertheless, this study could be adapted to other languages
and disseminated to international patient communities. Lastly,
due to the hypothetical nature of the vignettes, we cannot

exclude the fact that patients might make a different decision
in a real-life situation.

Conclusion
We used a vignette-based survey, a new approach, to solicit
preferences and ideas to improve RCT organization from a large
number of patients. The patients emphasized the need to
transform the current one-size-fits-all approach of clinical trial
participation.
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Abstract

Background: Autism spectrum disorder (ASD) is a widespread neurodevelopmental condition with a range of potential causes
and symptoms. Standard diagnostic mechanisms for ASD, which involve lengthy parent questionnaires and clinical observation,
often result in long waiting times for results. Recent advances in computer vision and mobile technology hold potential for
speeding up the diagnostic process by enabling computational analysis of behavioral and social impairments from home videos.
Such techniques can improve objectivity and contribute quantitatively to the diagnostic process.

Objective: In this work, we evaluate whether home videos collected from a game-based mobile app can be used to provide
diagnostic insights into ASD. To the best of our knowledge, this is the first study attempting to identify potential social indicators
of ASD from mobile phone videos without the use of eye-tracking hardware, manual annotations, and structured scenarios or
clinical environments.

Methods: Here, we used a mobile health app to collect over 11 hours of video footage depicting 95 children engaged in gameplay
in a natural home environment. We used automated data set annotations to analyze two social indicators that have previously
been shown to differ between children with ASD and their neurotypical (NT) peers: (1) gaze fixation patterns, which represent
regions of an individual’s visual focus and (2) visual scanning methods, which refer to the ways in which individuals scan their
surrounding environment. We compared the gaze fixation and visual scanning methods used by children during a 90-second
gameplay video to identify statistically significant differences between the 2 cohorts; we then trained a long short-term memory
(LSTM) neural network to determine if gaze indicators could be predictive of ASD.

Results: Our results show that gaze fixation patterns differ between the 2 cohorts; specifically, we could identify 1 statistically
significant region of fixation (P<.001). In addition, we also demonstrate that there are unique visual scanning patterns that exist
for individuals with ASD when compared to NT children (P<.001). A deep learning model trained on coarse gaze fixation
annotations demonstrates mild predictive power in identifying ASD.

Conclusions: Ultimately, our study demonstrates that heterogeneous video data sets collected from mobile devices hold potential
for quantifying visual patterns and providing insights into ASD. We show the importance of automated labeling techniques in
generating large-scale data sets while simultaneously preserving the privacy of participants, and we demonstrate that specific
social engagement indicators associated with ASD can be identified and characterized using such data.
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Introduction

Background
Autism spectrum disorder (ASD) is a neurodevelopmental
disorder characterized by social impairments, communication
difficulties, and restricted and repetitive patterns of behavior.
Currently, 1 in 44 children in the United States have been
diagnosed with ASD, with males 4 times more likely to be
affected than females [1,2]. ASD usually manifests in infants
and children and presents a wide range of symptoms that vary
in intensity from person to person. The heterogeneity of ASD
presents a major diagnostic challenge, with clinicians typically
employing a combination of lengthy parent questionnaires and
clinical observation to evaluate children.

Standard diagnostic mechanisms for ASD are often accompanied
by a range of issues that result in long waiting times for results
[3-5]. However, in recent years, significant strides have been

made in the fields of computer vision and mobile technology,
giving rise to the possibility of using home videos of a child's
natural behaviors to identify characteristics linked with ASD
and enable a more accurate and timely diagnosis [6].

We previously created a mobile app called GuessWhat, which
yields video data of children engaged in socially motivated
gameplay with parents in a natural home environment [7-13].
The app presents a charades game, encouraging kids to act out
a series of given prompts, such as emotions, sports, or chores.
During a game, parents will open the GuessWhat app and place
the smartphone on their foreheads, with the front-facing camera
pointing at the child; the child then proceeds to act out the
prompt displayed on the device while the parent attempts to
predict the answer, as shown in Figure 1. The game ends when
the 90-second time limit is exceeded. At this point, the parent
can view the video recording of the child and is then given the
option to share this data with our research team.

Figure 1. GuessWhat Mobile app. (A) The parent places the mobile phone in a fixed location, allowing the recording of a semistructured gameplay
video. (B) The children are presented with a variety of charades prompts, such as emotions and animals.

The data collection pipeline employed by GuessWhat provides
several benefits that make the obtained information amenable
to computational analysis. First, although children are
performing varied tasks in diverse environments, GuessWhat
videos encourage inherent structure, with factors such as the
position of the phone camera, location of the child relative to
the camera, and game-based social interactions between the
parent and child remaining generally consistent between videos.
In addition, as children are in a home environment and are
unencumbered by bulky hardware such as eye trackers or head
mounts, they can interact with their parents and surroundings
in a natural manner. As a result, we hypothesize that computer
vision algorithms can be designed to monitor socially motivated
facial engagement in children during gameplay, allowing
effective identification of behaviors, eye contact events, and
social interactions potentially correlated with the ASD
phenotype.

In this work, we used computational techniques to analyze these
videos and identify differences in social interactions between
children with ASD and neurotypical (NT) children. We

specifically analyzed 2 common social engagement signals that
are included in standard clinical diagnostic instruments and can
be identified through computer vision methodologies: (1) gaze
fixation patterns, which represent the regions of an individual’s
visual focus and (2) visual scanning methods, which refer to
the ways in which individuals scan their surrounding
environment. We performed these tasks without sharing
participant videos or private patient information with human
annotators.

Ultimately, the development of this system can help improve
diagnosis of ASD through automated detection of impaired
social interactions, mitigating the problems associated with
limited diagnostic resources for neurodevelopmental disorders,
especially in regions where access to care is limited [14]. This
work also demonstrates the usefulness of game-based
approaches and automated labeling methods in preserving
privacy, generating large diagnostic data sets, and improving
human understanding of complex conditions.
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Prior Work
Researchers have demonstrated the usefulness of video data in
providing diagnostic insights into gaze and engagement
behaviors associated with ASD. Prior work can generally be
divided into three categories: (1) manual annotation methods,
(2) eye-tracking systems, and (3) use of structured environments.

Manual Annotation Methods
Some studies have used human annotators to label social
interaction and engagement information in video frames. Several
prior works, such as those by Tariq et al and Leblanc et al,
performed manual annotation of behavioral features in home
videos, which enabled the creation of classifiers that could
identify ASD with high accuracy [15-20]. Chorianopoulou et
al collected structured home videos from participants and had
expert annotators label the data set with the actions, emotions,
gaze fixations, utterances, and overall level of engagement in
each video; this information was then used to train a classifier
to identify specific engagement features that could be correlated
with ASD [21]. Rudovic et al trained a large and generalizable
neural network to estimate engagement in children with ASD
from different cultural backgrounds [22]. Engagement labels
were manually annotated by trained individuals. Although these
methods enable the creation of human-vetted, accurate data sets,
such approaches require large numbers of trained annotators
when implemented on a large scale, which is expensive and
time-consuming. In addition, these techniques may compromise
the privacy of participants by providing annotators with access
to video footage, although some methods have been developed
to address privacy concerns with crowdsourced annotations
[23,24].

Eye-Tracking Systems
Several studies have used eye trackers to identify patterns in
gaze and engagement behaviors that may be indicative of ASD
or other developmental conditions [25-28]. Pusiol et al showed
that deep learning models trained on data collected from a
head-mounted eye tracker and camera could be used to classify
idiopathic developmental disorder and fragile X syndrome with
high precision [29]. Similarly, Riby et al used eye trackers to
show that individuals with ASD had atypical gaze patterns when
watching movies and cartoons [30]. To counteract artificial
movements often associated with facial eye trackers, Noris et
al developed a nonintrusive eye-tracking device mounted on a
hat that recorded a child's interactions with an interviewer; the
study concluded that children with ASD were more inclined to
look downward during social interaction than their NT peers
[31]. Despite the accuracy and quality of gaze data collected
from such systems, eye trackers require custom hardware that
can often be expensive and inaccessible, especially for
individuals living in resource-limited regions. As a result, these
approaches are unlikely to be accessible to the general
population.

Use of Structured Environments
Hashemi et al explored the use of computer vision algorithms
to identify behaviors associated with ASD [32]. A trained

clinician administered a series of predefined, structured tasks
involving toys and other visual stimuli, while a video camera
captured footage of the child's response. A computer vision
system that analyzed the child's body orientation and facial
movement was able to evaluate the child's engagement with
high accuracy. Similarly, Chang et al used the front-facing
camera of a mobile device to capture gaze scanning patterns as
children watched strategically designed short movies [33].
Automated computer vision techniques were then used to
identify differences in gaze patterns between children with ASD
and NT individuals. Egger et al also used mobile phones to
collect videos of ASD and NT children engaging with short
movies. Visual stimuli in movies were carefully designed based
on neuroscience principles, and children’s emotional and
behavioral responses were computationally analyzed [34]. These
works demonstrate effective methods for analyzing engagement
patterns without the use of manual annotations or external
eye-tracking hardware; however, these studies were conducted
with highly structured tasks (eg, carefully selected movies and
toys) and controlled environmental factors (eg, Hashemi et al
and Chang et al controlled the room lighting and distance of
the camera from the participant's face). As a result, the ability
of these techniques to translate to natural nonclinical
environments and unstructured tasks remains to be explored.
In addition, these works do not evaluate engagement and
behaviors in social situations.

Our Contributions
To the best of our knowledge, this is the first study that attempts
to obtain diagnostic insights into ASD from social gameplay
videos without the use of eye-tracking hardware, manual
frame-level annotations, and structured scenarios or
environments. We show that semistructured gameplay videos
collected on mobile devices reveal specific regions of gaze
fixation as well as visual scanning patterns that differ between
individuals with ASD and NT children during social gameplay.
With further research and development, our system can be
deployed as a diagnostic tool in diverse settings on a large scale.

Methods

Data Collection
We used the GuessWhat mobile app to collect videos of children
engaged in gameplay with a parent. Participants were recruited
using social media advertisements and research email lists
maintained by the study team. Approximately 1000 individuals
proceeded to download the GuessWhat app, and we collected
449 videos from 95 children for this study. The participants
ranged in age from 2 to 15 years and included 68 children (15
females, 53 males) diagnosed with ASD as well as 27 NT
children (9 females, 18 males). Each child contributed a mean
of 4.7 videos (SD 7.3), resulting in a total data set size of
1,084,267 individual frames and 11.1 hours of footage, presented
in Figure 2. All parents consented to share their videos with our
research team and completed a survey to provide the age, sex,
and diagnostic status of their children.
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Figure 2. Data set information. These graphs show the breakdown of our data set by age, diagnosis, and sex. In our data set, 1 NT male failed to provide
his age, and this information has been excluded from this figure. ASD: autism spectrum disorder; NT: neurotypical.

Data Preprocessing
Although the semistructured format of our video data set
presents numerous advantages, home videos are naturally
heterogeneous in quality; this results in several challenges that
must be addressed prior to computational analysis. Specifically,
excessive camera movement and poor lighting conditions
rendered some frames in our data set too blurry for use.
Moreover, other adults or siblings would often join in gameplay,
resulting in multiple faces in the frame and making identification
of the participating child challenging. Another major challenge
arises from the lack of fine-grained annotations and ground truth
labels; although the lack of eye-tracking hardware enables
natural child motions and interactions, this also results in a lack
of calibration information for obtaining accurate gaze locations.

We began our analysis with extensive quality control and data
preprocessing. To preserve privacy, we annotated our data set
solely using computational methods. We first used Amazon
Rekognition, a powerful off-the-shelf computer vision platform
developed by Amazon, to perform noisy labeling of key features
in each still frame, including 30 facial landmarks and facial
bounding boxes. Frames with 0 or greater than 2 faces were
removed from the data set. We then used an open-source facial
landmark annotation platform called OpenFace to obtain

automated estimates of gaze directions [35,36]. Each frame with
an identifiable face was assigned a coordinate pair (x,y)
representing the direction of the individual's gaze. The value of
x ranges from –1 (indicating a leftward gaze) to 1 (indicating a
rightward gaze); similarly, the value of y ranges from –1
(indicating a downward gaze) to 1 (indicating an upward gaze),
as shown in Figure 3. As these coordinates were assigned with
respect to the smartphone camera, a frame in which an individual
is gazing straight ahead into the camera is assigned a coordinate
pair of (0,0). If the OpenFace model demonstrated low
confidence in gaze estimation values (defined as confidence
below 75%) because of occluded eyes or insufficient image
quality, the frame was removed from the data set; as a result,
we expected the final annotations to be of high quality, but the
presence of some noise and incorrect labels was to be expected.
This procedure resulted in a total of 619,620 annotated frames,
representing 520,536 frames from children with ASD and 99,084
frames from NT children.

Finally, to discretize gaze annotation data, we divided the
coordinate map into 16 distinct areas of interest (AOIs), as
shown in Figure 3. All gaze coordinates that fell within the
bounds of a particular AOI were grouped together. Such an
approach allowed us to identify trends in an individual's gaze
fixations and scanning patterns.

Figure 3. Gaze annotations. (A) Gaze coordinates range between –1 and 1 on the x- and y-axes. (B) To categorize gaze coordinates into discrete regions,
we divided the gaze map into 16 buckets. Each area of interest is labeled with corresponding row and column letters.
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Differential Pattern Analysis

Gaze Fixation Patterns
Gaze fixation, which occurs when one's gaze is held on a single
target for an extended period, plays an important role in social
interaction by signaling communicative intent and enabling
interpersonal relationships. In a dyadic social interaction,
individuals usually fixate their gaze on the target's eyes.
However, individuals with ASD often face difficulty with
maintaining eye contact and instead tend to focus their visual
attention on other regions of the target's face. Several studies
involving eye trackers and visual stimuli have shown that
children with ASD tend to fixate on the mouth or other body
parts; this has even been observed in children aged as young as
2 to 6 months who were later diagnosed with ASD [37-39]. Eye
contact avoidance, which is explicitly examined in standard
clinical diagnostic examinations, can result in decreased facial
identification and social engagement.

To determine the gaze fixation patterns of individuals during a
single 90-second game, we used the coarse gaze annotations
obtained from our preprocessed data set. For each video in our
data set, we computed the percentage of time that the child
fixated his or her gaze on each of the 16 predefined AOIs. A
2-sided permutation test was used at every AOI to identify
statistically significant differences between the ASD and NT
populations, with the null hypothesis that the fixation times for
both populations followed an equivalent distribution; we
calculated the difference in the mean fixation times for 100,000
rearrangements of the 2 groups. Bonferroni correction was
applied to account for multiple hypothesis tests. It is important
to note that because the AOIs are correlated, the Bonferroni
correction is extremely stringent and will reduce the likelihood
of Type 1 errors.

Visual Scanning Patterns
Humans tend to transition their gaze between various objects
in their environments when encountering visual stimuli, a
phenomenon called visual scanning. The patterns and
frequencies with which humans scan their surroundings can
provide insight into how individuals process the world around
them. In the context of social interaction, prior research has
shown that individuals with ASD vary in the way that they scan
a target's facial landmarks during a social scenario, which may
contribute to difficulty with interpreting emotional or nonverbal
cues. This was shown by Pelphrey et al, who demonstrated that
when presented with images of faces, NT individuals typically
transitioned their gaze between core features, such as the eyes
and nose, whereas individuals with ASD appeared to scan
nonfeature areas of the face, such as the forehead and cheeks
[40]. A similar study conducted by Chawarska and Shik on
toddlers corroborated these findings, providing evidence of
atypical scanning patterns in children with ASD when compared
to their age-matched NT peers [41]. Understanding these
patterns can reveal differences in the way that individuals with
ASD process visual stimuli and interact in social situations.

Modeling gaze transition patterns as a graph problem can
provide insight into the regions that children focus on while
scanning their environments [42]. For each 90-second video of
gameplay, we constructed a network consisting of 16 nodes nAA,
nAB, …, nDC, nDD, with each node representing a predefined
AOI. When a child shifts his or her gaze between locations on
the 16-AOI gaze map, an undirected edge e=(ni, nj) is drawn
between the 2 corresponding nodes. Edges are weighted by the
number of transitions that occur during the game. The graph
can then be converted to a 16 × 16 adjacency matrix, as depicted
in Figure 4.

Figure 4. Graph model of gaze transitions. We modeled the gaze transitions in each gameplay video as a graph, which was then used to generate a 16
× 16 adjacency matrix.
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We computed adjacency matrices for all gameplay videos and
normalized each matrix by dividing each entry by the total
number of transitions. Then, we computed the average of all
matrices associated with the NT individuals in our data set,
resulting in a single 16 × 16 matrix depicting the mean
percentage of transitions occurring between each pair of AOIs
in a single game. This process was repeated for the gameplay
videos associated with the ASD cohort. We conducted 2-sided
permutation tests at each location in the transition matrix to
determine if there were significant differences in the transition
types between the 2 groups.

Deep Learning Model
Next, we used deep learning techniques to measure the
predictive power of gaze fixation patterns. We began by
converting fixation data points into feature matrices that could
serve as the input to our classifiers. We first extracted the
sequence of gaze coordinates from each video using the coarse
annotation procedure described in the previous section. This
resulted in a vector of n ordered pairs (x,y) for every video,
where n represents the number of valid frames in the video, and
x and y are the gaze fixation coordinates ranging from –1 to 1.

We then matched each ordered pair with its associated AOI, as
demonstrated in Figure 3. This yielded a vector of n AOIs,
representing the regions of the gaze map that each individual
fixated on during a game. Next, each of the 16 predefined AOIs
was assigned a number from 0 to 15 in alphabetical order, with
0 representing AA and 15 representing DD; this formed a vector
of n integers, which we will refer to as v.

We used a sliding window approach to divide v into separate
vectors using 2 predefined parameters, namely window and
shift. The window parameter w represents the number of frames
included in a single feature vector; in our experiments, this value
ranged from 50 to 500 frames, which roughly corresponds to 2
to 20 seconds of video content. The shift parameter s defines
the number of elements by which the window slides between
feature vectors, and we experimented with shift values between
10 and 100. These parameters allowed us to extract feature
vectors from v consisting of w elements, with vectors separated
by exactly s frames; note that if s<w, vectors will contain
overlapping elements. Finally, we converted each w vector into
a w × 16 feature matrix, with each AOI integer encoded by a
one-hot vector. A demonstrative example is shown in Figure 5.

Figure 5. Gaze fixation feature representation. In this demonstrative example, we begin with a video consisting of 9 frames. Gaze coordinates are
matched with corresponding area of interest (AOI) regions. Using a window of 4 and a shift value of 2 divides vector v into 3 feature vectors. Each
feature vector is then one-hot encoded. All input feature matrices are assigned the same label.

We then used deep learning models to determine if gaze fixation
patterns could be predictive of ASD. We assigned 324 videos
(275 ASD, 49 NT) in our data set to the training set, 71 videos
(62 ASD, 9 NT) to the validation set, and 54 videos (43 ASD,
11 NT) to the held-out test set, ensuring that all videos
corresponding to a single child were assigned to the same set.
Input feature matrices were constructed using the approach
described above. A binary label l ∈ {0,1} was assigned to each
matrix to represent the diagnosis of the child in the associated
video, with 1 representing the presence of ASD.

To exploit the temporal nature of our data set, we used long
short-term memory (LSTM) networks, which are a type of

recurrent neural network that can model long-term dependencies.
A w × 16 feature matrix served as the input to an LSTM model
with w cells; each cell accepted a one-hot encoded 16-feature
vector as the input. We used the Adam optimizer with a learning
rate of 0.001, a batch size of 5, and a weighted binary
cross-entropy loss function. The last cell of the LSTM network
was connected to a fully connected layer with a single class
output followed by a sigmoid nonlinearity; this resulted in a
final value ranging between 0 and 1. This value was rounded
to the closest integer to determine the final prediction, as
observed in Figure 6.
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Figure 6. Model architecture. The model consists of a long short-term memory network with w cells. Each cell accepts a one-hot vector of size 16,
represented in the figure by xi, and outputs a cell state ci and a hidden state hi. The final cell is connected to a fully connected layer, which generates a
single class output. FC: fully connected layer; LSTM: long short-term memory.

Finally, to characterize model performance, we report four
metrics: macroaveraged recall, macroaveraged precision,
weighted-average recall, and weighted-average precision. As
our data set exhibits class imbalance with cases outnumbering
controls, these metrics provide the most accurate representation
of model performance. Macroaveraged statistics compute the
arithmetic mean of performance on each class, whereas
weighted-average statistics compute the weighted mean. We
performed all parameter experiments on our validation set and
evaluated our final best-performing models on the held-out test
set.

Ethics Approval
This study was approved by the Stanford Institutional Review
Board (eProtocol number: 39562).

Results

Gaze Fixation Patterns Differ Between ASD and NT
We first analyzed gaze fixation patterns to determine if regions
of focus differ between children with ASD and NT children

during a single 90-second game. Coarse gaze annotations, which
were obtained using the automated labeling procedure described
in the Methods section, were grouped into 16 AOIs, and the
percentage of time that the child fixated on each region was
computed. Figure 7 shows the mean percentage of time that the
ASD and NT cohorts fixated on each AOI during a game. As
shown by the heat maps, children mostly fixated on the 4 central
locations BB, BC, CB, and CC, which are located closest to the
camera of the mobile phone. The distributions show that several
differences exist between the 2 populations; children with ASD
were most likely to fixate on locations BB and CB, whereas NT
children spent much of the 90-second game focusing on
locations BB and BC. We conducted a 2-sided permutation test
at each AOI with 100,000 permutations of the data, setting a
Bonferroni-corrected significance threshold of 0.0031 to account
for the 16 hypothesis tests. A significant difference in fixation
distributions between the 2 cohorts was observed at location
BC (P<.001).

Figure 7. Gaze fixation results. The heat maps located at the upper left and lower left show the mean percentage of time that an individual fixated his
or her gaze on each area of interest (AOI). The bar charts and the box and whisker plots show the distribution of fixation times across all videos. ASD:
autism spectrum disorder; NT: neurotypical.
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Visual Scanning Patterns Differ Between ASD and NT
Next, we used graph methods to analyze the ways in which
participants scanned their environments during gameplay. We
modeled the gaze transitions in each gameplay video as a
network and computed the mean adjacency matrices for the
ASD and NT populations, which are shown in Figure 8; a cell
of the matrix in row i and column j represents the mean
percentage of gaze transitions in a single 90-second game that
occur between AOI i and AOI j. We conducted permutation
tests with 100,000 permutations at each of the 61 nonzero,

unique locations in the adjacency matrices; as the matrix is
symmetric, the distributions for each distinct transition pair
were tested for significance exactly once. We then used a
Bonferroni-corrected significance threshold of 0.0008 to account
for 61 hypothesis tests. Our results show that a significant
difference exists in the percentage of gaze transitions between
regions BB and BC (P<.001). As shown by the heat maps in
Figure 8, 9.4% of the gaze transitions made by an individual
with ASD occur between BB and BC; however, for NT children,
13% of the gaze transitions made during a 90-second game
occur between BB and BC.

Figure 8. Gaze transition heat maps. These heat maps show the percentage of gaze transitions that occur between each pair of AOIs during a 90-second
game. AOI: area of interest; ASD: autism spectrum disorder; NT: neurotypical.

Gaze Fixation Patterns Provide Mild Predictive Power
We measured the classification performance of models trained
on gaze fixation patterns. Gaze fixation coordinates were
encoded as one-hot vectors and passed as input to an LSTM
network, which generated a single class output representing the
likelihood of ASD. LSTM models were trained with a range of
window and shift parameter values and evaluated on the

validation set. Our results from the validation set allowed us to
identify our top 3 models, which were trained with parameters
(1) w=100, s=10; (2) w=200, s=10; and (3) w=500, s=10. These
networks were then evaluated on the held-out test set. In Table
1, we provide precision and recall values for an LSTM model
trained with those values of the window w and shift s that
achieved the best performance on the validation set.

Table 1. Classifier performance on held-out test set with gaze fixation features.

Weighted-average precisionWeighted-average recallMacroaveraged precisionMacroaveraged recallShift (s)Window (w)

0.6610.6560.5950.59810100

0.6350.6620.5770.56110200

0.6240.6250.5770.57610500

The model with parameters w=100 and s=10 demonstrated the
best performance. Macroaveraged statistics are lower than
weighted-average statistics, suggesting that the accuracy of
prediction differs between the 2 classes. In summary, the results
suggest that gaze fixation patterns can provide mild predictive
power.

Discussion

In this study, we used computational techniques to analyze home
videos and obtain diagnostic insights into ASD. We collected
a large data set of semistructured videos featuring children
engaged in gameplay with a parent, and we analyzed 2 key
markers of social engagement that have been shown to differ
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between children with ASD and their NT peers: (1) gaze fixation
and (2) visual scanning. For each marker, we identified
statistically significant differences between the 2 cohorts and
demonstrated that this information could be useful in identifying
the presence of ASD.

Our study demonstrates the potential that mobile tools hold for
quantifying visual patterns and providing insights into ASD.
Despite the presence of high heterogeneity and varying quality
in our data set, the automated labeling techniques and deep
learning classifiers used in this work were able to extract usable
signals and identify differences in gaze fixation and visual
scanning patterns between the 2 cohorts. These methods also
enabled us to preserve participant privacy by avoiding the use
of human annotators. Our findings support prior works that have
identified social and visual engagement differences between
individuals with ASD and NT individuals [37-41], and we
demonstrate here that these variations can be identified using
mobile tools. In contrast to previous video-based diagnostic
approaches, we demonstrate that diagnostic insights can be
obtained without the use of manual annotation methods,
eye-tracking systems, or structured environments.

This work has some limitations. First, due to the class imbalance
in our data set, the predictive accuracy of ASD differs from that

of the control individuals; this is reflected in Table 1, which
shows variations between macroaveraged statistics and
weighted-average statistics. Additional data set augmentations
will be necessary to correct this issue in future. In addition, due
to camera motion and variation in the location of the smartphone
relative to the parent's face, the gaze fixation maps are difficult
to interpret qualitatively, and AOIs cannot be definitely matched
to a parent's specific facial regions.

Future directions for this work include expanding the size of
the experimental population; analyzing additional motion-based
features in gameplay videos, such as limb movements and
coordination; performing qualitative human-centered
investigations or pragmatic randomized controlled trials to
evaluate clinical usability; and evaluating the real-world
diagnostic capabilities of our approach across diverse
environmental settings [43-47].

Overall, this study demonstrates the usefulness of game-based
mobile apps and heterogeneous video data sets in aiding in the
diagnosis of ASD. With further research and development, the
system described in this work can ultimately serve as a low-cost
and accessible diagnostic tool for a global population.
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Abstract

Background: Health self-tracking is an evidence-based approach to optimize health and well-being for personal self-improvement
through lifestyle changes. At the same time, user-generated health-related data can be of particular value for (health care) research.
As longitudinal data, these data can provide evidence for developing better and new medications, diagnosing rare diseases faster,
or treating chronic diseases.

Objective: This quantitative study aims to investigate the impact of digital forced-choice nudges on the willingness of German
health self-trackers to donate self-tracked health-related data for research. This study contributes to the body of knowledge on
the effectiveness of nonmonetary incentives. Our study enables a gender-specific statement on influencing factors on the voluntary
donation of personal health data and, at the same time, on the effectiveness of digital forced-choice nudges within tracking apps.

Methods: We implemented a digital experiment using a web-based questionnaire by graphical manipulation of the Runtastic
tracking app interface. We asked 5 groups independently to indicate their willingness to donate tracked data for research. We
used a digital forced-choice nudge via a pop-up window, which framed the data donation request with 4 different counter values.
We generated the counter values according to the specific target group needs identified from the research literature.

Results: A sample of 919 was generated, of which, 625 (68%) were women and 294 (32%) were men. By dividing the sample
into male and female participants, we take into account research on gender differences in privacy tendencies on the web and
offline, showing that female participants display higher privacy concerns than male participants. A statistical group comparison
shows that with a small effect size (r=0.21), men are significantly more likely (P=.04) to donate their self-tracked data for research
if the need to take on social responsibility is addressed (the prosocial counter value in this case—contributing to society) compared
with the control group without counter value. Selfish or pseudoprosocial counter values had no significant effect on willingness
to donate health data among male or female health self-trackers in Germany when presented as a forced-choice nudge within a
tracking app.

Conclusions: Although surveys regularly reveal an 80% to 95% willingness to donate data on average in the population, our
results show that only 41% (377/919) of the health self-trackers would donate their self-collected health data to research. Although
selfish motives do not significantly influence willingness to donate, linking data donation to added societal value could significantly
increase the likelihood of donating among male self-trackers by 15.5%. Thus, addressing the need to contribute to society promotes
the willingness to donate data among male health self-trackers. The implementation of forced-choice framing nudges within
tracking apps presented in a pop-up window can add to the accessibility of user-generated health-related data for research.

(J Med Internet Res 2022;24(2):e31363)   doi:10.2196/31363

KEYWORDS

quantified self; health self-tracking; digital nudge; data donation; health data; mobile phone

J Med Internet Res 2022 | vol. 24 | iss. 2 | e31363 | p.696https://www.jmir.org/2022/2/e31363
(page number not for citation purposes)

Pilgrim & Bohnet-JoschkoJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:katharina.pilgrim@uni-wh.de
http://dx.doi.org/10.2196/31363
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Self-tracked Health Data for Research
As of April 2020, more than half a million enthusiastic health
self-trackers donated collected data to the federal government
research institute responsible for disease control and prevention
in Germany, via fitness wristbands or smartwatches [1]. As of
February 2021, data records donated have exceeded 170 million
sets, including pulse, blood pressure, weight, temperature,
physical activity, and information on sleep cycles. Regarding
the COVID-19 pandemic, heart rate measurement and physical
activity are of particular interest because an accelerated pulse
while decreasing activity is a likely fever indicator—a typical
COVID-19 symptom. At best, this fever monitor will serve as
an early warning system and predict the spread of coronavirus
in Germany even before case numbers from public health
authorities are available [2].

The approach described is only one instance of how
user-generated health-related data could add value to research
and support public health measures [3]. Moreover, this kind of
real-world data can support the development of pharmaceutical
innovation, accelerate rare disease diagnosis, and improve
chronic disease treatment [4-10]. For the self-tracked data to be
available for research, users have to share, more precisely,
donate their data actively to research institutions [11,12]. In
addition to observing regulatory, ethical, and privacy issues, it
is crucial to know, understand, and evaluate the motives of a
specific target group for data donation [13,14]. Research on
data donation typically uses a population cross-section sample.
Surveys indicate that 4 of 5 Germans are willing to donate their
digital health data anonymously and free of charge for medical
research [15]. As many as 95% of German and US social media
users would specifically donate their data to scientists at
universities and public research institutions [15,16]. The results
can potentially be highly biased, as individuals may
hypothetically signal their willingness to donate data and
perhaps not even engage in health self-tracking at all. Thus, on
the one hand, research lacks information on the willingness to
donate self-tracked health-related data among those who actually
engage in health self-tracking for personal reasons and with
individual goals. On the other hand, we need to determine
whether there are nonmonetary benefits for that target group
that can possibly influence the willingness to donate data
positively.

Research Question and Objectives
We argue that digital forced-choice nudging in general is an
appropriate tool to introduce behavioral change toward donating
personal health-related data among health self-trackers because
health self-trackers are very likely to share their self-tracked
data with third parties and primarily have other intentions for
tracking. Thus, data donation for research might be perceived
as rather unimportant and therefore present an appropriate field
for effective nudging.

This quantitative study aims to investigate whether a digital
forced-choice nudge can influence the willingness of German
health self-trackers to donate self-tracked health-related data
for research. We want to contribute to the body of knowledge

on the effectiveness of nonmonetary incentives derived from
the known needs of the target population. For this, we also
consider research on gender differences in privacy tendencies
on the web and offline. This shows that women display higher
privacy concerns than men. This is in line with both evolutionary
and social role theories. Therefore, we analyzed male and female
health self-trackers separately [17,18]. Our study thus enables
a gender-specific statement on influencing factors on the
voluntary donation of personal health data and, at the same time,
on the effectiveness of digital nudges for health self-trackers in
Germany.

Background and Theory

Nudging
When discussing the active decision to donate self-collected
health data and possible contributing factors, we already know
that various psychological effects influence individuals,
consciously or unconsciously, during their decision-making
process [19,20]. People often act impulsively, emotionally, or
simply out of habit [21]; they are not always able to calculate
the expected consequences of given options and therefore choose
the seemingly best available one [22].

In this context, nudges are tools for influencing behavior in
decision-making processes without resorting to prohibition,
commandments, or economic incentives [19,23,24]. Thus, a
nudge is a nonregulatory approach that attempts to motivate
individual behavior change through subtle alterations in the
choice environments that people face [19,25], whereas a
suggested benefit is embedded in the decision-making process
[26]. Thus, Karlsen and Andersen [27] define nudging as a term
for influencing decisions and behavior using suggestions,
positive reinforcement, and other noncoercive means. Löfgren
and Nordblom [28] show that the likelihood of a nudge having
an effect is higher for choices that the individual perceives as
rather unimportant and at a moment in time with limited
attention. In summary, the behavior of our study group, health
self-trackers in Germany, can potentially be influenced by a
nudge that promises a benefit based on existing target group
needs and is implemented at a point of limited attention.

Nudges in Health Systems
Nudges are widely applied in health systems, with the ultimate
goal of a healthy population. According to Holland et al [29],
most nudging measures aim at a healthier diet, more exercise,
and the reduction of alcohol and tobacco consumption and are
thus frequently applied in preventive interventions. Especially
in the nutrition field, we find a body of evidence for the
effectiveness of nudging interventions: the use of nudges such
as food traffic lights, the prominent placement of healthy food
alternatives, or the transparent display of calories increases the
choice of the healthier option by an average of 16.3% in test
participants [30]. Okeke et al [31] investigated the impact of
haptic (digital detox) nudging (phone vibration) to reduce the
time spent on the web to improve users’well-being, successfully
reducing daily screen time by over 20%. The growing body of
evidence on nudging is also increasingly attracting the attention
of health care insurance providers. They can potentially realize
considerable savings by encouraging their insureds toward
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targeted (healthier) behavior changes while offering the prospect
of bonuses in return.

Digital Nudges
With the extensive use of digital devices, decision-making in
digital choice environments (so-called digital nudging) has
emerged, especially in the field of e-commerce [27,32]. Digital
nudges affect value cocreation by (1) widening resource
accessibility, (2) extending engagement, or (3) augmenting
human actors’ agency [33]. Similar to offline nudges, ethical
considerations for digital nudges are already discussed in the
literature, focusing on topics such as preserving individuals’
freedom of choice or autonomy, transparent disclosure of
nudges, and individual (proself) and societal (prosocial)
goal-oriented justification of nudging [34]. Mirsch et al [32]
pointed out that digital nudging in general is a promising
research area with great potential for improvement and
opportunities, especially regarding user interface, user
experience, and digital service design questions. The future
potential is supported by findings from the study by Hummel
and Maedche [35], who discovered that today, only 62% of
digital nudging treatments are statistically significant. Regarding
the effect size of digital nudges, a quantitative review showed
no difference (median effect size of 21% depending on category
and context) compared with offline settings while offering new
perspectives of individualization [35]. However, research on
smart digital nudges in the health care or data donation field is
limited. Meske et al [36], for example, conclude that digital
nudging in hospitals can positively influence the use of
technology, new value creation, changes in structures, and
consequently financial dimensions of digital transformation,
supporting caregivers as well as caretakers [36]. Regarding
charity program participation, forced-choice nudges are found
to be the most efficient ones [37,38]; a review reveals that
overall default nudges are most effective, and precommitment
strategies are least effective [35].

Hypotheses Development

Overview
To test the effectiveness of digital forced-choice nudges for data
donation among health self-trackers in Germany, we need to
identify the needs of our test group to use the right triggers for
behavior change—in our experiment, donate tracked data. The
prospect of need satisfaction could be a potentially attractive
reward, which might encourage self-trackers to donate their
data in return. To this end, we will derive potentially attractive
counter values (benefits) for framing in a digital forced-choice
nudge based on the known prevailing motives and needs of our
target group and for data donation in general.

Need of Achievement and Power by Self-expertization
People with a diagnosed disease predominantly track vital signs
or biological parameters [39-42]. Intrinsic motivation to improve
disease management by advancing personal disease knowledge
and controlling health indicators (such as glucose or blood
pressure levels) is key for tracking [39-42]. Goals are controlling
symptoms and preventing or delaying disease progression.

People with self-perceived disease risk factors mainly track
their dietary and physical activities. Motives include potential
and subjectively perceived risk prevention (such as obesity) or
the desire to learn and promote a healthier lifestyle [43,44].
People without a diagnosed or self-perceived disease or
prevalence primarily track their nutrition and exercise
parameters. Self-design by performance optimization and
monitoring performance progress improvement is the motivation
behind [45-47]. A less relevant motive is self-entertainment,
which includes natural curiosity, a basic interest, and fun in data
collection and visualization [46,48,49].

Health self-trackers thus collectively possess a desire to use
digital technologies to optimize health and well-being via
self-monitoring [50,51]. Self-motivation, self-discipline, or the
desire for performance enhancement are motives found in every
user group [52,53] and can be labeled as self-expertization [54].
According to McClelland, these motives arise from the need
for achievement and power (over a disease or one’s own body)
[55-59]. As self-expertise is key in every subpopulation with
no regard to personal medical conditions, our first hypothesis
is as follows:

• H1A: The prospect of receiving individualized tips to
improve one’s health has a positive influence on female
health self-trackers’ willingness to donate personal
self-collected health-related data for research.

• H1B: The prospect of receiving individualized tips to
improve one’s health has a positive influence on male health
self-trackers’ willingness to donate personal self-collected
health-related data for research.

Need of Self-actualization by Contributing to Society
Research on the motives to donate personal data, for example,
to charity, is consistent with findings on motives supporting
prosocial behavior, such as blood donation [60-63]. Donations
can positively impact self-image and sense of self, as the donor
receives appreciation and care in return [64]. Thus, individual
needs as well as the need for self-actualization are also satisfied
in this context [65]. Kalkman et al [14] pointed out that although
participants recognized the actual or potential benefits of data
donation for research, they expressed concerns about
confidentiality and data abuse [14]. Nonetheless, 2 positive
influences on the willingness to donate personal data exist:
social responsibility or sense of duty is the first and most
influential factor [66]. It refers to indirect reciprocity: giving
back to the community and expecting the same treatment in
return [67,68]. This altruistic motive is predominantly based on
perceived empathy—the willingness to help out of compassion
[69].

Second, an individual’s perception of the significance of their
own contributions to the community is crucial. Nudging
intervention can realize this by emphasizing benefits, such as
potentially accelerating the cure of disease by valid research
findings and improved therapeutic interventions [16,70].

Derived from identified positive influences on data donation in
general and underlying needs, our second hypothesis is as
follows:
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• H2A: The prospect of contributing to the community has
a positive influence on female health self-trackers’
willingness to donate personal self-collected health-related
data for research.

• H2B: The prospect of contributing to the community has a
positive influence on male health self-trackers’ willingness
to donate personal self-collected health-related data for
research.

Need of Recognition and Social Belonging
According to Gimpel et al [46], motives for sharing self-tracked
data, such as diet- and exercise-related or vital and biological
parameters, can be referred to as self-association. Cost-benefit
trade-offs regarding sharing tracked data are strongly linked to
situationally perceived experience [71]. On the basis of the
social exchange theory by Homan, users unconsciously or
consciously weigh the costs or disadvantages of disclosure
against personally perceived advantages [72]. Prospects of
satisfying feelings of belonging (to a community) and
identification with personalized and individual data outweigh
possible disadvantages, for example, receiving personalized
advertisements or privacy concerns [46]. Self-association can
be traced back to social and individual needs satisfaction
according to Maslow and Kruntorad [65], as individuals feel
an urge for recognition and belonging and, based on this, possess
a desire for esteem and prestige. We derive hypotheses 3 and 4
according to the identified motives for personal health-related
data sharing as follows:

• H3A: The prospect of recognition by the peer group
(classification of personal tracking results) has a positive
influence on female health self-trackers’ willingness to
donate personal self-collected health-related data for
research.

• H3B: The prospect of recognition by the peer group
(classification of personal tracking results) has a positive
influence on male health self-trackers’willingness to donate
personal self-collected health-related data for research.

• H4A: The prospect of belonging to a peer group (via
personal donation activity) has a positive influence on
female health self-trackers’ willingness to donate personal
self-collected health-related data for research.

• H4B: The prospect of belonging to a peer group (via
personal donation activity) has a positive influence on male
health self-trackers’ willingness to donate personal
self-collected health-related data for research.

Methods

Study and Questionnaire Design
To test hypotheses 1 to 4 using digital forced-choice nudges,
we set up a web-based experiment with the questionnaire tool
LimeSurvey for health self-trackers in Germany. We generated
5 different mock-ups of the tracking app, Runtastic. We chose
the app for its continued popularity, familiarity across all age
groups, and duration in the market (since 2009—one of the first
apps for health self-tracking) [73-75]. These mock-ups depicted
the following situation:

the user has just tracked a run of 5.2 km with Runtastic. This
screen in particular is a characteristic of a frequently shared
status update on Facebook or Twitter [76]. It represents the
sharing of personal physical activity by predominantly
recreational athletes via social networks [76]. At this point in
the user journey within the app, users only want to see their
personal stats (and share them).

On completion, a pop-up window with call to action appeared.
The pop-up is a new built-in hurdle before reaching the desired
results. The person is in a state of physical exertion, having just
completed an intense sports session. Attention and interest in
pop-up content could be considered lower at this point [28].

Each pop-up window had a recommendation to the
user—donating the tracked data to research, followed by
information that motivates and helps him choose the suggested
behavior—1 of 4 different nudges (N1 to N4) [27]. Presented
nudges refer to hypotheses H1A to H4B. N1 is a framing nudge
with egoistic benefits, promising individual tips for data
donation based on the need for achievement and power through
self-experimentation. N2 promises a contribution to society and
is thus our prosocial (framing) nudge based on the need for
self-actualization by contributing to society. N3 promises the
comparison of one’s own results with other users (social norm
framing), as the second egoistic nudge, built on the identified
need for recognition. N4 promises joining the data-for-science
community, indicated by a badge within the app, and is thus a
pseudoprosocial nudge that also uses social norm framing
(belonging to a community). The counter value is based on the
identified needs of social belonging and the desire for prestige.
Finally, N0 is the control group, with no offered counter value.

Willingness to donate was queried by assessing the likelihood
of donating on an 11-point scale, ranging from 0% to 100%
(How likely are you to click Donate Now?). Only one of the
pop-up windows was randomly included in each questionnaire.
In addition to three sociodemographic parameters, gender, age,
and education, we added 2 items as inclusion criteria to the
questionnaire. We started by querying devices used for tracking
health-related data (smartphone, smartwatch, fitness tracker,
or none), allowing multiple answers as well as the frequency of
accessing the tracked data (daily, weekly, monthly, fever, or
never).

Recruitment
The recruitment strategy included digital social media channels,
such as Facebook, Instagram, LinkedIn, Xing, and Twitter.
Facebook groups dedicated to fitness and nutrition topics as
well as Instagram stories of female fitness microinfluencers
represented key channels. To question active health self-trackers
in Germany that engage with their tracked data, the defined
exclusion criteria were (1) if participants never used a tracking
device and (2) if participants never actively or consciously
tracked any health-related data.

Data Processing and Statistical Analysis
After collection, the data preparation included cleaning and
organizing the raw data set in Excel (Microsoft Inc). We
diligently checked for errors to eliminate incomplete
questionnaires. Data processing involved encoding text format
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data into numeric indicator variables. Ultimately, our sample
included exclusively ordinal-scaled variables suitable for
statistical analysis in SPSS. We divided the sample into female
and male participants to examine gender-specific differences.

To perform appropriate statistical analysis for the experimental
evaluation, we checked the data distribution. In addition, we
checked for variance homogeneity within the 5 different test
groups for each gender. To validate experimental hypotheses
H1 to H4, we compared our 5 groups with each other for men
and women separately. Regarding the data set characteristics,
we applied the Kruskal-Wallis and Mann-Whitney U tests as
nonparametric tests to compare independent samples with
homogeneous variances. The Kruskal-Wallis test can evaluate
whether there is an actual effect of group affiliation in the first
step. With a subsequent post hoc test, we checked which of the
groups differed significantly. We used the Dunn-Bonferroni
test.

Results

Sample
We collected 1091 questionnaires in January and February 2021.
Following our defined exclusion criteria, we excluded 5.04%
(55/1091) of observations because of participants not using a
tracking device and 0.73% (8/1091) of observations because
they did not track any health-related data actively or consciously.
Furthermore, we removed 9.99% (109/1091) of incomplete
questionnaires. The final sample consisted of 919 participants.

Our data set was not normally distributed but left-sided
(skewness=0.087) and compressed (kurtosis=−1.431; Table 1).

The sample included 68% (625/919) women and 32% (294/919)
men. Overall, 45.1% (414/919) of the participants were aged
between 18 and 34 years, 46% (423/919) of the participants
were aged between 35 and 54 years, and 8.9% (82/919) of the
participants were aged >55 years. Overall, only 0.2% (2/919)
of participants did not finish high school. Overall, 4.5% (41/919)
of the participants were still in school or high school graduates
with no additional formal education. In addition, 43.5%
(400/919) of the participants were attending or had graduated
from college, and 51.8% (476/919) of the participants were
going to or had graduated from a university. In terms of tracking
frequency, 85.4% (785/919) of the participants reported daily
tracking, 10.8% (99/919) of the participants tracked weekly,
1.4% (13/919) of the participants tracked monthly, and 2.4%
(22/919) of the participants tracked less than once per month.

We found that 60.3% (554/919) of our sample used a smartwatch
for health self-tracking. Overall, 43.2% (397/919) of the
participants used a smartphone, and 33% (303/919) of the
participants used a fitness tracker (multiple answers were
possible).

The sample (N=919) was divided into 5 test groups with N0 as
186 (20.2%; control group without nudge) and 4 different nudge
groups (N1=183, 19.9%; N2=163, 17.7%; N3=199, 21.7%; and
N4=188, 20.5%; women and men combined).

Taking gender differences in privacy concerns into account, we
split the sample into female (Table 2) and male (Table 3)
participants for further analysis.

Table 1. Data distribution.

ValuesProbability to donate (men + women)

Participants, n (%)

919 (100)Valid

0 (0)Missing

0.087 (0.081)Value, skewness (SE)

−1.431 (0.161)Value, kurtosis (SE)

Table 2. Description of the female sample—divided into the 5 test groups (n=625).a

Value, mean (SD; SE; range; 95% CI)Participants, n (%)Nudge

41.18 (36.113; 3.205; 0-100; 34.84-47.52)127 (20.3)0

43.91 (31.336; 2.922; 0-100; 38.12-49.70)115 (18.4)1

47.97 (34.901; 3.213; 0-100; 41.60-54.33)118 (18.9)2

45.30 (34.574; 2.832; 0-100; 39.70-50.90)149 (23.8)3

34.83 (36.295; 3.370; 0-100; 28.15-41.50)116 (18.6)4

aTotal: mean 42.77, SD 34.879; SE 1.395; range 0-100; 95% CI 40.03-45.51.
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Table 3. Description of the male sample—divided into the 5 test groups (n=294).a

Value, mean (SD; SE; range; 95% CI)Participants, n (%)Nudge

47.80 (36.863; 4.799; 0-100; 38.19-57.40)59 (20.1)0

48.24 (36.608; 4.439; 0-100; 39.37-57.10)68 (23.1)1

63.33 (33.439; 4.985; 0-100; 53.29-73.38)45 (15.3)2

56.20 (34.279; 4.848; 0-100; 46.46-65.94)50 (17)3

41.25 (35.759; 4.214; 0-100; 32.85-49.65)72 (26.3)4

aTotal: mean 50.10, SD 36.112; SE 2.106; range 0-100; 95% CI 45.96-54.25.

Outcomes of Web-Based Experiment: Nudging Female
Health Self-trackers
The female sample contained 625 questionnaires. Regardless
of the nudge applied, 77% (481/625) of women surveyed were
willing to donate their tracked data for research (with a
probability between 10% and 100%).

The Levene test indicates homogeneous variances for female
health self-trackers (Table 4).

Using the Kruskal-Wallis test, we examined whether the
probability of data donation is the same across the 5 sample

groups. As a result, we had to reject the nil hypothesis because
significant differences (P=.03) exist across at least 2 groups.

As a post hoc test, we applied the Dunn–Bonferroni test for
pairwise group comparison to identify the groups with
significant differences. Ultimately, we found no significant
difference in the likelihood of donating data between the control
group 0 and the 4 test groups. Accordingly, we had to reject the
hypotheses H1A, H2A, H3A, and H4A for female health
self-trackers, as none of the nudges exerted a significant positive
influence on the willingness to donate data. However, there was
a significant difference between group 2, the social nudge, and
group 4, the prosocial nudge (P=.03; Figure 1; Table 5).

Table 4. Levene test of homogeneity of variances (women; N=625).

Significance (P value)Levene statistic (df)Parameters

Probability to donate (women)

.092.007 (4,620)On the basis of the mean

.261.323 (4,620)On the basis of the median

.261.323 (4,548.352)On the basis of the median and with adjusted df

.121.864 (4,620)On the basis of the trimmed mean

Figure 1. Boxplots for willingness to donate among the 5 test groups (women).
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Table 5. Pairwise comparison of nudges (women; N=625).

Adjusted significanceb

(P value)

Significance (P value)Standard test
statistic

Test statistic (SE)Participants, n (%)Sample 1-sample 2a

.99.151.43733.037 (22.986)243 (38.9)4-0

.25.032.23552.646 (23.552)231 (36.9)4-1

.09.012.59157.423 (22.161)265 (42.4)4-3

.03.0032.96769.431 (23.401)234 (37.4)4-2

.99.40−.851−19.609 (23.038)242 (38.7)0-1

.99.26−1.128−24.386 (21.615)276 (44.2)0-3

.99.11−1.590−36.394 (22.884)245 (39.2)0-2

.99.83−.215−4.777 (22.215)264 (42.2)1-3

.99.47−.716−16.785 (23.452)233 (37.3)1-2

.99.59.54412.008 (22.055)267 (42.7)3-2

aEach row tests the null hypothesis that the sample 1 and sample 2 distributions are the same. Asymptotic significances (2-sided tests) are displayed.
The significance level is P=.05.
bSignificance values have been adjusted by the Bonferroni correction for multiple tests.

The post hoc test results and plot visualization suggest a
potential significant difference between groups 1 and 4 and
between groups 3 and 2. We further applied a median-based
pairwise group comparison using the Mann–Whitney U test.
The results indicate significant differences between groups 1
and 4 (N=231; P=.01) and between groups 3 and 4 (N=265;
P=.01).

In summary, for female health self-trackers, no offered counter
value, based on egoistic, social, or prosocial motives or needs,
has a significant positive or negative influence on the willingness
to donate tracked data for research. However, the prospect of
showing one’s donation behavior to other users has a negative
effect on willingness to donate data in direct comparison with
groups that receive a prosocial or a self-serving return for their
data donation.

Outcomes of Web-Based Experiment: Nudging Male
Health Self-trackers
Overall, 79.9% (235/294) of the male respondents would donate
their data (with a probability between 10% and 100%),
regardless of the nudge queried (3% more than female
respondents).

The Levene test indicates homogeneous variances for male
health self-trackers (Table 6).

Testing for differences among groups in terms of donation
probability also revealed a significant difference among male
participants (P=.02) using the Kruskal-Wallis test.

A pairwise group comparison also revealed a significant
difference between groups 2 (social nudge) and 4 (prosocial
nudge; P=.02; Figure 2; Table 7).

The Mann-Whitney U test revealed significant differences
between groups 1 and 2 (P=.04), between groups 0 and 2
(P=.04), and between groups 3 and 4 (P=.02).

As with female health self-trackers, we had to reject hypotheses
H1B, H3B, and H4B for men as well. Thus, the prospect of a
self-serving benefit or displaying data donation activity, named
pseudoprosocial in our experiment, has no significant positive
or negative influence on willingness to donate.

On the other hand, the prospect of making a prosocial
contribution significantly influences the likelihood of donating
self-tracked (health) data with a small effect size (r=0.21;
Z=−2.087; N=104). Accordingly, we could not reject hypothesis
H2B. Comparing means, nudging male health self-trackers in
their donating decision-making process with a prosocial nudge
would increase the willingness to donate data by 15.5%. At the
same time, for male health self-trackers, we found evidence that
open data donation significantly reduces the probability of
donation compared with a secret donation (nudge 2), as well
as compared with test groups 1 and 3, receiving a personal
benefit. In addition, a group comparison of participants receiving
personal tips and participants merely making a prosocial
contribution reveals again that prosocial reasons are superior
to selfish ones and increase the likelihood of donating data in
direct comparisons.

By dividing the sample into male and female participants, we
considered gender differences because of the known privacy
concern differences between men and women. We also split the
sample into different groups regarding age, education, devices
used for tracking health-related data, and tracking frequency
during analysis. The results show that there are no significant
increases or decreases in the willingness to donate self-tracked
health-related data when the sample is divided into the stated
groups. A correlation analysis did not show any significant
positive or negative correlations with the willingness to donate
any other variable but gender (P=.001).

J Med Internet Res 2022 | vol. 24 | iss. 2 | e31363 | p.702https://www.jmir.org/2022/2/e31363
(page number not for citation purposes)

Pilgrim & Bohnet-JoschkoJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 6. Levene test of homogeneity of variances (men; N=294).

Significance (P value)Levene statistic (df)Parameters

Probability to donate (men)

.480.873 (4,289)On the basis of the mean

.341.127 (4,289)On the basis of the median

.341.127 (4,275.393)On the basis of the median and with adjusted df

.420.975 (4,289)On the basis of the trimmed mean

Figure 2. Boxplots for willingness to donate among the 5 test groups (men).

Table 7. Pairwise comparison of nudges (men; N=294).

Adjusted significanceb

(P value)

Significance (P value)Standard test
statistic

Test statistic (SE)Participants, n (%)Sample 1-sample 2a

.99.301.04315.441 (14.806)131 (44.6)4-0

.99.221.21817.372 (14.258)140 (47.6)4-1

.22.022.29435.604 (15.522)122 (41.5)4-3

.02.0023.16150.646 (16.022)117 (39.8)4-2

.99.90−.129−1.932 (15.001)127 (43.2)0-1

.99.21−1.244−20.163 (16.207)109 (37.1)0-3

.35.04−2.110−35.205 (16.687)104 (35.4)0-2

.99.25−1.161−18.231 (15.708)118 (40.1)1-3

.40.04−2.054−33.274 (16.203)113 (38.4)1-2

.99.39.86815.042 (17.325)95 (32.3)3-2

aEach row tests the null hypothesis that the sample 1 and sample 2 distributions are the same. Asymptotic significances (2-sided tests) are displayed.
The significance level is P=.05.
bSignificance values have been adjusted by the Bonferroni correction for multiple tests.
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Discussion

Principal Findings and Comparison With Previous
Work
As apps represent digital environments in which users have to
make decisions on an ongoing basis, a neutral choice
presentation is impossible from a behavioral economics point
of view. User interface design is crucial and influences users’
app interactions. Developers need to know and understand user
decisions and motives, as well as the inferable effects of design
on user decision-making, to support desired actions. Our results
show that digital nudges addressing the right user needs seem
to be an action-triggering operation. Specifically, a digital
forced-choice prosocial framing nudge, presented in a pop-up
window, can increase the willingness to donate data among
male health self-trackers by 15.5%. The results are in line with
research on the effectiveness of digital nudging in general (20%)
as well as on the effectiveness of offline nudges in health care
(16%) [30,35]. We need to further examine how the nudge itself
(framing), the presentation (pop-up window vs no pop-up
window), and timing of the digital nudge impact nudge
effectiveness. In general, however, developers and researchers
should consider digital nudges addressing the need for social
responsibility when asking for data donation within this specific
user group.

The experimental results confirm the findings of previous
research on the motives to donate personal data for the health
area. Specifically, for health self-trackers, our study confirms
the results of Skatova and Goulding [66] and Mujcic and
Leibbrandt [68], who found social responsibility or duty to be
the strongest predictor of willingness to donate personal data.
Our experiment demonstrated that the prospect of doing
something good for society positively influences willingness
to donate personal health data. Arguably, the act of donating
has a positive impact on self-image and sense of self. Unlike
blood donation, which provides immediate reciprocal value to
the donor in the form of appreciation and caring (during
donation; Schiefer [64]) by those present, our results suggest
the opposite for health data donation. The public donation of
data and its visibility to third parties, especially peers, can
potentially discourage health self-trackers from making this
donation—they prefer to do so confidentially. Belonging to an
ever more similar group within the group of self-trackers, in
this case, people who donate their health data have no positive
influence on willingness to donate data and more of a negative
influence. Showing charity, therefore, negatively influences
willingness to donate data. This finding should be taken into
account when framing a data donation plea, for example, by
explicitly referring to donor anonymity.

Compared with polls regarding willingness to donate data, our
results show a significantly lower willingness among active
health self-trackers. In contrast to population surveys, which
put a willingness to donate data at 80% or social media users’
willingness at 95% [15,16], only 41% (377/919) of surveyed
health self-trackers would be willing to donate their tracked
data to research with a probability above 50% and only 10%
(92/919) with 100% probability. This discrepancy suggests that

individuals who actively collect health-related data for a
particular purpose value it more. It is important to keep this in
mind when designing approaches to access health-related,
self-tracked data. Research surveying a population cross-section
disregards the hypothetical character of questions and answers,
and thus, results can be biased and lead to ineffective measures.

Our results also show that women, who are evolutionarily more
concerned about protecting their privacy, do not respond to any
of the nudges presented adding to the findings by Tifferet [17]
and Farinosi and Taipale [18], who found these gender
differences, especially in social media users. Regarding the
existing gender gap in clinical trials, addressed by Karp and
Reavey [77], research needs to investigate which motives, needs,
and nudges can increase access to women’s health data equally.

Limitations
The findings have a number of limitations. Owing to recruiting
primarily via social media and fitness influencers, the sample
includes a disproportionately large number of younger and
higher educated people as well as mostly female compared with
male health self-trackers (2/3 to 1/3), which can bias our results.

Thus, the sample may not represent all German health
self-trackers. Furthermore, people engaging in social media and
following a call to action from influencers on Instagram and
from peers in fitness Facebook groups (participating in the
experiment in this case) have fewer privacy concerns and are
more likely to share their health-related information with others.
We did not perform ex ante power calculations to determine
the sample size. Future research may therefore repeat the survey
with a larger sample via additional recruitment channels to
assess the reliability of our findings. In addition, the chosen
geographic focus (Germany) might have biased the results
because of cultural differences in terms of relevance and general
attitudes toward privacy [78]. Further studies could consider
international cross-cultural comparisons to verify the validity
of our findings for a global app market.

Participants’ nonreproducible or untruthful answers can also
limit the results. The reasons could be the chosen and not clearly
comprehensible scale levels or phrasing of the individual benefit.
Future experiments could also imbed nudges in a different
environment (a different app) and use an even more realistic
situation with clickable mock-ups. Our hypothetical request for
web-based health data donation may not represent reality. Future
experiments could implement a real data donation tool within
a popular health self-tracking app to verify our results.

Conclusions
The growing trend toward digital health and increasing
acceptance as well as the use of health apps such as fitness
trackers, digital check-ups, and nutrition apps will contribute
to a significant increase in nudging measures. This study could
aid access to health data for research and long-term care
improvement.

Although selfish motives do not significantly influence
willingness to donate, linking data donation to added societal
value could significantly increase the likelihood of donating
among male self-trackers by 15.5%. Thus, addressing the need
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to contribute to society promotes willingness to donate data
among male health self-trackers and should be emphasized when
designing campaigns to donate health data. The implementation

of forced-choice framing nudges within tracking apps presented
in a pop-up window can add to the accessibility of
user-generated health-related data for research.

 

Acknowledgments
The study was conducted as part of the ATLAS project, which is funded by the Ministry of Economic Affairs, Innovation,
Digitalization, and Energy of North Rhine-Westphalia (funding code: ITG-1-1).

Authors' Contributions
KP conducted the literature research, conducted the quantitative study, and analyzed and discussed the data. SB-J provided content
support for the process and reviewed the results. All authors have read and agreed to the published version of the manuscript.

Conflicts of Interest
None declared.

References
1. Amft O, Lopera Gonzalez LI, Lukowicz P, Bian S, Burggraf P. Wearables to fight COVID-19: from symptom tracking to

contact tracing. IEEE Pervasive Comput 2020;19(4):53-60. [doi: 10.1109/mprv.2020.3021321]
2. Corona data donation app 2.0: donate data and answer surveys - your contribution against Corona. Robert Koch-Institut.

2021. URL: https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Corona-Datenspende-allgemein.html
[accessed 2020-12-04]

3. Kakkanatt C, Benigno M, Jackson VM, Huang PL, Ng K. Curating and integrating user-generated health data from multiple
sources to support healthcare analytics. IBM J Res Dev 2018;62(1):2:1-2:7. [doi: 10.1147/jrd.2017.2756742]

4. Shaw DM, Gross JV, Erren TC. Data donation after death: a proposal to prevent the waste of medical research data. EMBO
Rep 2016;17(1):14-17 [FREE Full text] [doi: 10.15252/embr.201541802] [Medline: 26658488]

5. Strotbaum V, Pobiruchin M, Schreiweis B, Wiesner M, Strahwald B. Your data is gold - data donation for better healthcare?
Inf Technol 2019;61(5-6):219-229. [doi: 10.1515/itit-2019-0024]

6. Gay V, Leijdekkers P. Bringing health and fitness data together for connected health care: mobile apps as enablers of
interoperability. J Med Internet Res 2015;17(11):e260 [FREE Full text] [doi: 10.2196/jmir.5094] [Medline: 26581920]

7. Sharon T. Self-tracking for health and the quantified self: re-articulating autonomy, solidarity, and authenticity in an age
of personalized healthcare. Philos Technol 2017;30(1):93-121. [doi: 10.1007/s13347-016-0215-5]

8. Niknejad N, Ismail WB, Mardani A, Liao H, Ghani I. A comprehensive overview of smart wearables: the state of the art
literature, recent advances, and future challenges. Eng Appl Artif Intell 2020;90:103529. [doi:
10.1016/j.engappai.2020.103529]

9. Lupton D. Data mattering and self-tracking: what can personal data do? Continuum 2020;34(1):1-13. [doi:
10.1080/10304312.2019.1691149]

10. Lupton D. Self-tracking modes: reflexive self-monitoring and data practices. SSRN J 2014:1-19. [doi: 10.2139/ssrn.2483549]
11. Bietz MJ, Bloss CS, Calvert S, Godino JG, Gregory J, Claffey MP, et al. Opportunities and challenges in the use of personal

health data for health research. J Am Med Inform Assoc 2016;23(e1):e42-e48 [FREE Full text] [doi: 10.1093/jamia/ocv118]
[Medline: 26335984]

12. Chen J, Bauman A, Allman-Farinelli M. A study to determine the most popular lifestyle smartphone applications and
willingness of the public to share their personal data for health research. Telemed J E Health 2016;22(8):655-665. [doi:
10.1089/tmj.2015.0159] [Medline: 26958742]

13. Bietz M, Patrick K, Bloss C. Data donation as a model for citizen science health research. Citiz Sci Theory Pract 2019;4(1):6.
[doi: 10.5334/cstp.178]

14. Kalkman S, van Delden J, Banerjee A, Tyl B, Mostert M, van Thiel G. Patients' and public views and attitudes towards the
sharing of health data for research: a narrative review of the empirical evidence. J Med Ethics 2022;48(1):3-13 [FREE Full
text] [doi: 10.1136/medethics-2019-105651] [Medline: 31719155]

15. Semler SC. "Datenspende“ für die medizinische Forschung: ergebnisse einer aktuellen umfrage. Medizininformatik-initiative.
2019. URL: https://www.tmf-ev.de/DesktopModules/Bring2mind/DMX/Download.aspx?EntryId=32081&PortalId=0
[accessed 2021-01-07]

16. Grajales F, Clifford D, Loupos P, Okun S, Quattrone S, Simon M, et al. Social networking sites and the continuously
learning health system: a survey. NAM Perspectives 2014;4(1):1-26. [doi: 10.31478/201401d]

17. Tifferet S. Gender differences in privacy tendencies on social network sites: a meta-analysis. Comput Hum Behav
2019;93:1-12. [doi: 10.1016/j.chb.2018.11.046]

J Med Internet Res 2022 | vol. 24 | iss. 2 | e31363 | p.705https://www.jmir.org/2022/2/e31363
(page number not for citation purposes)

Pilgrim & Bohnet-JoschkoJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1109/mprv.2020.3021321
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Corona-Datenspende-allgemein.html
http://dx.doi.org/10.1147/jrd.2017.2756742
https://doi.org/10.15252/embr.201541802
http://dx.doi.org/10.15252/embr.201541802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26658488&dopt=Abstract
http://dx.doi.org/10.1515/itit-2019-0024
https://www.jmir.org/2015/11/e260/
http://dx.doi.org/10.2196/jmir.5094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26581920&dopt=Abstract
http://dx.doi.org/10.1007/s13347-016-0215-5
http://dx.doi.org/10.1016/j.engappai.2020.103529
http://dx.doi.org/10.1080/10304312.2019.1691149
http://dx.doi.org/10.2139/ssrn.2483549
http://europepmc.org/abstract/MED/26335984
http://dx.doi.org/10.1093/jamia/ocv118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26335984&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2015.0159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26958742&dopt=Abstract
http://dx.doi.org/10.5334/cstp.178
http://jme.bmj.com/lookup/pmidlookup?view=long&pmid=31719155
http://jme.bmj.com/lookup/pmidlookup?view=long&pmid=31719155
http://dx.doi.org/10.1136/medethics-2019-105651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31719155&dopt=Abstract
https://www.tmf-ev.de/DesktopModules/Bring2mind/DMX/Download.aspx?EntryId=32081&PortalId=0
http://dx.doi.org/10.31478/201401d
http://dx.doi.org/10.1016/j.chb.2018.11.046
http://www.w3.org/Style/XSL
http://www.renderx.com/


18. Farinosi M, Taipale S. Who can see my stuff? Online self-disclosure and gender differences on Facebook. OBS*
2018;12(1):53-71. [doi: 10.15847/obsobs12120181129]

19. Mirsch T, Lehrer C, Jung R. Digital nudging: altering user behavior in digital environments. In: Proceedings der 13th
Internationalen Tagung Wirtschaftsinformatik. 2017 Presented at: WI '17; February 12-15, 2017; St. Gallen.

20. Weinmann M, Schneider C, vom Brocke J. Digital nudging. Bus Inf Syst Eng 2016;58(6):433-436. [doi:
10.2139/ssrn.2708250]

21. Hechter M, Kanazawa S. Sociological rational choice theory. Annu Rev Sociol 1997;23(1):191-214. [doi:
10.1146/annurev.soc.23.1.191]

22. Müller H. Spielen hilft nicht immer. die grenzen des rational-choice-ansatzes und der platz der theorie kommunikativen
handelns in der analyse internationaler beziehungen. Zeitschrift für internationale beziehungen 1995;2(2):371-391 [FREE
Full text]

23. Thaler RH, Sunstein CR. NUDGE: improving decision about health, wealth, and happiness. London: Penguin; 2009:185-198.
24. Sunstein CR. Nudging: a very short guide. J Consum Policy 2014;37(4):583-588. [doi: 10.1007/s10603-014-9273-1]
25. Oliver A. From nudging to budging: using behavioural economics to inform public sector policy. J Soc Policy

2013;42(4):685-700. [doi: 10.1017/s0047279413000299]
26. Chong D, Druckman JN. Framing theory. Annu Rev Polit Sci 2007;10(1):103-126. [doi:

10.1146/annurev.polisci.10.072805.103054]
27. Karlsen R, Andersen A. Recommendations with a nudge. Technologies 2019;7(2):45. [doi: 10.3390/technologies7020045]
28. Löfgren Å, Nordblom K. A theoretical framework of decision making explaining the mechanisms of nudging. J Econ Behav

Organ 2020;174:1-12. [doi: 10.1016/j.jebo.2020.03.021]
29. Hollands GJ, Shemilt I, Marteau TM, Jebb SA, Kelly MP, Nakamura R, et al. Altering micro-environments to change

population health behaviour: towards an evidence base for choice architecture interventions. BMC Public Health 2013;13:1218
[FREE Full text] [doi: 10.1186/1471-2458-13-1218] [Medline: 24359583]

30. Arno A, Thomas S. The efficacy of nudge theory strategies in influencing adult dietary behaviour: a systematic review and
meta-analysis. BMC Public Health 2016;16:676 [FREE Full text] [doi: 10.1186/s12889-016-3272-x] [Medline: 27475752]

31. Okeke F, Sobolev M, Dell N, Estrin D. Good vibrations: can a digital nudge reduce digital overload? In: Proceedings of
the 20th international conference on human-computer interaction with mobile devices and services. New York: Association
for Computing Machinery; 2018 Presented at: MobileHCI '18; September 3-6, 2018; Barcelona p. 1-12. [doi:
10.1145/3229434.3229463]

32. Mirsch T, Lehrer C, Jung R. Making digital nudging applicable: the digital nudge design method. In: Proceedings of the
39th international conference on information systems.: Association for Information Systems. AIS Electronic Library
(AISeL); 2018 Presented at: ICIS '18; December 13-16, 2018; San Francisco.

33. Mele C, Russo Spena T, Kaartemo V, Marzullo ML. Smart nudging: how cognitive technologies enable choice architectures
for value co-creation. J Bus Res 2021;129:949-960. [doi: 10.1016/j.jbusres.2020.09.004]

34. Lembcke TB, Engelbrecht N, Brendel AB, Kolbe L. To nudge or not to nudge: ethical considerations of digital nudging
based on its behavioral economics roots. In: Proceedings of 27th European conference on information systems. 2019
Presented at: ECIS '19; June 8-14, 2019; Stockholm.

35. Hummel D, Maedche A. How effective is nudging? A quantitative review on the effect sizes and limits of empirical nudging
studies. J Behav Exp Econ 2019;80:47-58. [doi: 10.1016/j.socec.2019.03.005]

36. Meske C, Amojo I, Poncette AS, Balzer F. The potential role of digital nudging in the digital transformation of the healthcare
industry. In: 21st HCII: international conference on human-computer interaction. 2019 Presented at: HCII '19; July 26-31,
2019; Orlando p. 323-336. [doi: 10.1007/978-3-030-23538-3_25]

37. Meske C, Amojo I, Mohr P. Digital nudging to increase usage of charity features on e-commerce platforms. In: 15th
international conference on business informatics. 2020 Presented at: WI '20; March 9-11, 2020; Potsdam. [doi:
10.30844/wi_2020_k5-meske]

38. Liebig G, Rommel J. Active and forced choice for overcoming status quo bias: a field experiment on the adoption of “no
junk mail” stickers in Berlin, Germany. J Consum Policy 2014;37(3):423-435. [doi: 10.1007/s10603-014-9264-2]

39. Karkar R, Zia J, Vilardaga R, Mishra SR, Fogarty J, Munson SA, et al. A framework for self-experimentation in personalized
health. J Am Med Inform Assoc 2016;23(3):440-448 [FREE Full text] [doi: 10.1093/jamia/ocv150] [Medline: 26644399]

40. Lee HR, Panont WR, Plattenburg B, de la Croix JP, Patharachalam D, Abowd G. Asthmon: empowering asthmatic children's
self-management with a virtual pet. In: CHI'10 extended abstracts on human factors in computing systems. 2010 Presented
at: CHI EA '10; April 10-15, 2010; Atlanta p. 3583-3588. [doi: 10.1145/1753846.1754022]

41. Walters DL, Sarela A, Fairfull A, Neighbour K, Cowen C, Stephens B, et al. A mobile phone-based care model for outpatient
cardiac rehabilitation: the care assessment platform (CAP). BMC Cardiovasc Disord 2010;10:5 [FREE Full text] [doi:
10.1186/1471-2261-10-5] [Medline: 20109196]

42. Klasnja P, Hartzler A, Powell C, Phan G, Pratt W. Health weaver mobile: designing a mobile tool for managing personal
health information during cancer care. AMIA Annu Symp Proc 2010;2010:392-396 [FREE Full text] [Medline: 21347007]

J Med Internet Res 2022 | vol. 24 | iss. 2 | e31363 | p.706https://www.jmir.org/2022/2/e31363
(page number not for citation purposes)

Pilgrim & Bohnet-JoschkoJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.15847/obsobs12120181129
http://dx.doi.org/10.2139/ssrn.2708250
http://dx.doi.org/10.1146/annurev.soc.23.1.191
http://www.jstor.org/stable/40843782
http://www.jstor.org/stable/40843782
http://dx.doi.org/10.1007/s10603-014-9273-1
http://dx.doi.org/10.1017/s0047279413000299
http://dx.doi.org/10.1146/annurev.polisci.10.072805.103054
http://dx.doi.org/10.3390/technologies7020045
http://dx.doi.org/10.1016/j.jebo.2020.03.021
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-1218
http://dx.doi.org/10.1186/1471-2458-13-1218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24359583&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3272-x
http://dx.doi.org/10.1186/s12889-016-3272-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27475752&dopt=Abstract
http://dx.doi.org/10.1145/3229434.3229463
http://dx.doi.org/10.1016/j.jbusres.2020.09.004
http://dx.doi.org/10.1016/j.socec.2019.03.005
http://dx.doi.org/10.1007/978-3-030-23538-3_25
http://dx.doi.org/10.30844/wi_2020_k5-meske
http://dx.doi.org/10.1007/s10603-014-9264-2
http://europepmc.org/abstract/MED/26644399
http://dx.doi.org/10.1093/jamia/ocv150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26644399&dopt=Abstract
http://dx.doi.org/10.1145/1753846.1754022
https://bmccardiovascdisord.biomedcentral.com/articles/10.1186/1471-2261-10-5
http://dx.doi.org/10.1186/1471-2261-10-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20109196&dopt=Abstract
http://europepmc.org/abstract/MED/21347007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21347007&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


43. Miller AD, Mynatt ED. StepStream: a school-based pervasive social fitness system for everyday adolescent health. In:
Proceedings of the SIGCHI conference on human factors in computing systems. New York: Association for Computing
Machinery; 2014 Presented at: CHI '14; April 16-May 1, 2014; Toronto p. 2823-2832. [doi: 10.1145/2556288.2557190]

44. Cordeiro F, Epstein DA, Thomaz E, Bales E, Jagannathan AK, Abowd G, et al. Barriers and negative nudges: exploring
challenges in food journaling. Proc SIGCHI Conf Hum Factor Comput Syst 2015;2015:1159-1162 [FREE Full text] [doi:
10.1145/2702123.2702155] [Medline: 26894233]

45. Choe EK, Lee NB, Lee B, Pratt W, Kientz JA. Understanding quantified-selfers' practices in collecting and exploring
personal data. In: 32nd annual ACM conference on human factors in computing systems. New York: Association for
Computing Machinery; 2014 Presented at: CHI '14; April 26-May 1, 2014; Toronto p. 1143-1152. [doi:
10.1145/2556288.2557372]

46. Gimpel H, Nißen M, Görlitz R. Quantifying the quantified self: a study on the motivations of patients to track their own
health. In: Proceedings of 34th international conference on information systems. 2013 Presented at: ICIS '13; December
15-18, 2013; Milan.

47. Swan M. Sensor mania! The Internet of things, wearable computing, objective metrics, and the quantified self 2.0. J Sens
Actuator Netw 2012;1(3):217-253. [doi: 10.3390/jsan1030217]

48. Li I, Dey AK, Forlizzi J. Understanding my data, myself: supporting self-reflection with ubicomp technologies. In:
Proceedings of the 13th international conference on ubiquitous computing. New York: Association for Computing Machinery;
2011 Presented at: UbiComp '11; September 17-21, 2011; Beijing p. 405-414. [doi: 10.1145/2030112.2030166]

49. Budzinski O, Schneider S. Smart fitness: Ökonomische effekte einer digitalisierung der selbstvermessung. List Forum
2017;43:89-124. [doi: 10.1007/s41025-017-0059-5]

50. Lupton D. ‘It’s made me a lot more aware’: a new materialist analysis of health self-tracking. Media Int Aust
2019;171(1):66-79. [doi: 10.1177/1329878x19844042]

51. Fox NJ. Personal health technologies, micropolitics and resistance: a new materialist analysis. Health (London)
2017;21(2):136-153. [doi: 10.1177/1363459315590248] [Medline: 26216896]

52. Sanders R. Self-tracking in the digital era: biopower, patriarchy, and the new biometric body projects. Body Soc
2017;23(1):36-63. [doi: 10.1177/1357034x16660366]

53. Walz SP, Deterding S. Foucault's fitbit: governance and gamification. In: Walz SP, Deterding S, editors. The gameful
world: approaches, issues, applications. Cambridge: MIT Press; 2014:339-358.

54. Heyen NB. From self-tracking to self-expertise: the production of self-related knowledge by doing personal science. Public
Underst Sci 2020;29(2):124-138 [FREE Full text] [doi: 10.1177/0963662519888757] [Medline: 31778095]

55. McClelland D. Achievement motivation theory. In: Miner JB, editor. Organizational behavior 1: essential theories of
motivation and leadership. Milton park: Routledge; 2005:46-60.

56. Fotopoulou A, O’Riordan K. Training to self-care: fitness tracking, biopedagogy and the healthy consumer. Health Sociol
Rev 2016;26(1):54-68. [doi: 10.1080/14461242.2016.1184582]

57. Lentferink AJ, Oldenhuis HK, de Groot M, Polstra L, Velthuijsen H, van Gemert-Pijnen JE. Key components in eHealth
interventions combining self-tracking and persuasive eCoaching to promote a healthier lifestyle: a scoping review. J Med
Internet Res 2017;19(8):e277 [FREE Full text] [doi: 10.2196/jmir.7288] [Medline: 28765103]

58. Salamati F, Pasek ZJ. Personal wellness: complex and elusive product and distributed self-services. Procedia CIRP
2014;16:283-288. [doi: 10.1016/j.procir.2014.02.016]

59. Institute of Medicine (US) Committee on Prevention of Mental Disorders, Mrazek PJ, Haggerty RJ. Reducing risks for
mental disorders: frontiers for preventive intervention research. Washington, D.C: National Academies Press; 1994:1-32.

60. Skatova A, Ng E, Goulding J. Data donation: Sharing personal data for public good. In: Digital economy all hands meeting
2014. 2014 Presented at: BESiDE '14; December 3-5, 2014; London. [doi: 10.13140/2.1.2567.8405]

61. Evans R, Ferguson E. Defining and measuring blood donor altruism: a theoretical approach from biology, economics and
psychology. Vox Sang 2013;106(2):118-126. [doi: 10.1111/vox.12080] [Medline: 24117697]

62. Penner LA, Dovidio JF, Piliavin JA, Schroeder DA. Prosocial behavior: multilevel perspectives. Annu Rev Psychol
2005;56:365-392. [doi: 10.1146/annurev.psych.56.091103.070141] [Medline: 15709940]

63. de Waal FB. Putting the altruism back into altruism: the evolution of empathy. Annu Rev Psychol 2008;59:279-300. [doi:
10.1146/annurev.psych.59.103006.093625] [Medline: 17550343]

64. Schiefer G. Motive des blutspendens: tiefenpsychologische untersuchung mit gestaltungsoptionen für das marketing von
nonprofit-organisationen des blutspendewesens. Cham: Springer; 2007:93-119.

65. Maslow AH, Kruntorad P. Motivation und persönlichkeit. Hamburg: Rowohlt; 1981:49-61.
66. Skatova A, Goulding J. Psychology of personal data donation. PLoS One 2019;14(11):e0224240 [FREE Full text] [doi:

10.1371/journal.pone.0224240] [Medline: 31747408]
67. Godin G, Conner M, Sheeran P, Bélanger-Gravel A, Germain M. Determinants of repeated blood donation among new and

experienced blood donors. Transfusion 2007;47(9):1607-1615. [doi: 10.1111/j.1537-2995.2007.01331.x] [Medline:
17725724]

68. Mujcic R, Leibbrandt A. Indirect reciprocity and prosocial behaviour: evidence from a natural field experiment. Econ J
2018;128(611):1683-1699. [doi: 10.1111/ecoj.12474]

J Med Internet Res 2022 | vol. 24 | iss. 2 | e31363 | p.707https://www.jmir.org/2022/2/e31363
(page number not for citation purposes)

Pilgrim & Bohnet-JoschkoJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1145/2556288.2557190
http://europepmc.org/abstract/MED/26894233
http://dx.doi.org/10.1145/2702123.2702155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26894233&dopt=Abstract
http://dx.doi.org/10.1145/2556288.2557372
http://dx.doi.org/10.3390/jsan1030217
http://dx.doi.org/10.1145/2030112.2030166
http://dx.doi.org/10.1007/s41025-017-0059-5
http://dx.doi.org/10.1177/1329878x19844042
http://dx.doi.org/10.1177/1363459315590248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26216896&dopt=Abstract
http://dx.doi.org/10.1177/1357034x16660366
https://journals.sagepub.com/doi/10.1177/0963662519888757?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/0963662519888757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31778095&dopt=Abstract
http://dx.doi.org/10.1080/14461242.2016.1184582
https://www.jmir.org/2017/8/e277/
http://dx.doi.org/10.2196/jmir.7288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28765103&dopt=Abstract
http://dx.doi.org/10.1016/j.procir.2014.02.016
http://dx.doi.org/10.13140/2.1.2567.8405
http://dx.doi.org/10.1111/vox.12080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24117697&dopt=Abstract
http://dx.doi.org/10.1146/annurev.psych.56.091103.070141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15709940&dopt=Abstract
http://dx.doi.org/10.1146/annurev.psych.59.103006.093625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17550343&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0224240
http://dx.doi.org/10.1371/journal.pone.0224240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31747408&dopt=Abstract
http://dx.doi.org/10.1111/j.1537-2995.2007.01331.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17725724&dopt=Abstract
http://dx.doi.org/10.1111/ecoj.12474
http://www.w3.org/Style/XSL
http://www.renderx.com/


69. Titchener EB. Lectures on the experimental psychology of the thought-processes. Basingstoke: Macmillan; 1909:157-194.
70. Hummel P, Braun M, Dabrock P. Data donations as exercises of sovereignty. In: Krutzinna J, Floridi L, editors. The ethics

of medical data donation. Cham: Springer; 2019:23-54.
71. Liao Y. Sharing personal health information on social media: balancing self-presentation and privacy. In: Proceedings of

the 10th international conference on social media and society. New York: Association for Computing Machinery; 2019
Presented at: SMSociety '19; July 19-21, 2019; Toronto p. 194-204. [doi: 10.1145/3328529.3328560]

72. Krasnova H, Spiekermann S, Koroleva K, Hildebrand T. Online social networks: why we disclose. J Inf Technol
2010;25(2):109-125. [doi: 10.1057/jit.2010.6]

73. Fröhlich G. Die Geschichte medienbasierter Selbsttechnologien von Rousseau bis Runtastic. In: Gentzel P, Krotz F, Wimmer
J, Winter R, editors. Das vergessene Subjekt. Cham: Springer; 2019:207-226.

74. Monroy Antón A, Rodríguez Rodríguez B. Runtastic PRO app: an excellent all-rounder for logging fitness. Br J Sports
Med 2016;50(11):705-706. [doi: 10.1136/bjsports-2015-094940] [Medline: 26294442]

75. Ittner L, Novak F. Über den Faktor Zeit: Warum Timing alles ist – und es nur selten Sinn macht, ausschließlich auf
organisches Wachstum zu setzen. In: Business Angel Hansi Hansmann. Wiesbaden: Springer; 2018:61-66.

76. Stragier J, Evens T, Mechant P. Broadcast yourself: an exploratory study of sharing physical activity on social networking
sites. Media Int Aust 2015;155(1):120-129. [doi: 10.1177/1329878x1515500114]

77. Karp NA, Reavey N. Sex bias in preclinical research and an exploration of how to change the status quo. Br J Pharmacol
2019;176(21):4107-4118 [FREE Full text] [doi: 10.1111/bph.14539] [Medline: 30418665]

78. Tsoi HK, Chen L. From privacy concern to uses of social network sites: a cultural comparison via user survey. In: IEEE
3rd international conference on privacy, security, risk and trust and IEEE 3rd international conference on social computing.:
IEEE; 2011 Presented at: SocialCom and PASSAT '11; October 9-11, 2011; Boston p. 457-464. [doi:
10.1109/passat/socialcom.2011.71]

Edited by R Kukafka; submitted 21.06.21; peer-reviewed by M Salimi, T Karen, O El-Gayar, J Nafziger; comments to author 22.09.21;
revised version received 17.11.21; accepted 17.12.21; published 21.02.22.

Please cite as:
Pilgrim K, Bohnet-Joschko S
Effectiveness of Digital Forced-Choice Nudges for Voluntary Data Donation by Health Self-trackers in Germany: Web-Based
Experiment
J Med Internet Res 2022;24(2):e31363
URL: https://www.jmir.org/2022/2/e31363 
doi:10.2196/31363
PMID:35188472

©Katharina Pilgrim, Sabine Bohnet-Joschko. Originally published in the Journal of Medical Internet Research
(https://www.jmir.org), 21.02.2022. 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 2022 | vol. 24 | iss. 2 | e31363 | p.708https://www.jmir.org/2022/2/e31363
(page number not for citation purposes)

Pilgrim & Bohnet-JoschkoJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1145/3328529.3328560
http://dx.doi.org/10.1057/jit.2010.6
http://dx.doi.org/10.1136/bjsports-2015-094940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26294442&dopt=Abstract
http://dx.doi.org/10.1177/1329878x1515500114
https://doi.org/10.1111/bph.14539
http://dx.doi.org/10.1111/bph.14539
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30418665&dopt=Abstract
http://dx.doi.org/10.1109/passat/socialcom.2011.71
https://www.jmir.org/2022/2/e31363
http://dx.doi.org/10.2196/31363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35188472&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

The Use of Wearable Pulse Oximeters in the Prompt Detection
of Hypoxemia and During Movement: Diagnostic Accuracy Study

Mauro Santos1,2*, DPhil; Sarah Vollam2,3*, PhD; Marco AF Pimentel1, DPhil; Carlos Areia2,3, MSc; Louise Young2,3,

BSc; Cristian Roman1,2, PhD; Jody Ede3, MSc; Philippa Piper4, BSc; Elizabeth King4,5, BSc; Mirae Harford2,3, MD;

Akshay Shah6, DPhil; Owen Gustafson4, MSc; Lionel Tarassenko1,2, DPhil; Peter Watkinson2,3,4, MD
1Institute of Biomedical Engineering, Department of Engineering Science, University of Oxford, Oxford, United Kingdom
2National Institute for Health Research Oxford Biomedical Research Centre, Oxford, United Kingdom
3Critical Care Research Group, Nuffield Department of Clinical Neurosciences, University of Oxford, Oxford, United Kingdom
4Adult Intensive Care Unit, Oxford University Hospitals National Health Service Foundation Trust, Oxford, United Kingdom
5Therapies Clinical Service, Oxford University Hospitals National Health Service Foundation Trust, Oxford, United Kingdom
6Radcliffe Department of Medicine, University of Oxford, Oxford, United Kingdom
*these authors contributed equally

Corresponding Author:
Sarah Vollam, PhD
Critical Care Research Group
Nuffield Department of Clinical Neurosciences
University of Oxford
Kadoorie Centre, Level 3
John Radcliffe Hospital
Oxford, OX3 9DU
United Kingdom
Phone: 44 01865223058
Email: sarah.vollam@ndcn.ox.ac.uk

Abstract

Background: Commercially available wearable (ambulatory) pulse oximeters have been recommended as a method for managing
patients at risk of physiological deterioration, such as active patients with COVID-19 disease receiving care in hospital isolation
rooms; however, their reliability in usual hospital settings is not known.

Objective: We report the performance of wearable pulse oximeters in a simulated clinical setting when challenged by motion
and low levels of arterial blood oxygen saturation (SaO2).

Methods: The performance of 1 wrist-worn (Wavelet) and 3 finger-worn (CheckMe O2+, AP-20, and WristOx2 3150) wearable,
wireless transmission–mode pulse oximeters was evaluated. For this, 7 motion tasks were performed: at rest, sit-to-stand, tapping,
rubbing, drinking, turning pages, and using a tablet. Hypoxia exposure followed, in which inspired gases were adjusted to achieve
decreasing SaO2 levels at 100%, 95%, 90%, 87%, 85%, 83%, and 80%. Peripheral oxygen saturation (SpO2) estimates were
compared with simultaneous SaO2 samples to calculate the root-mean-square error (RMSE). The area under the receiver operating
characteristic curve was used to analyze the detection of hypoxemia (ie, SaO2<90%).

Results: SpO2 estimates matching 215 SaO2 samples in both study phases, from 33 participants, were analyzed. Tapping,
rubbing, turning pages, and using a tablet degraded SpO2 estimation (RMSE>4% for at least 1 device). All finger-worn pulse
oximeters detected hypoxemia, with an overall sensitivity of ≥0.87 and specificity of ≥0.80, comparable to that of the Philips
MX450 pulse oximeter.

Conclusions: The SpO2 accuracy of wearable finger-worn pulse oximeters was within that required by the International
Organization for Standardization guidelines. Performance was degraded by motion, but all pulse oximeters could detect hypoxemia.
Our findings support the use of wearable, wireless transmission–mode pulse oximeters to detect the onset of clinical deterioration
in hospital settings.

Trial Registration: ISRCTN Registry 61535692; http://www.isrctn.com/ISRCTN61535692
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Introduction

Failure to recognize and act on physiological indicators of
worsening acute illness in hospital wards is a prevalent problem
first recognized over 20 years ago [1-3]. Current practice
involves intermittent measurements of vital signs and use of
early warning scores [4], which are limited by the intermittent
nature of the measurements and the associated time burden for
staff [5]. Monitoring vital signs continuously with wearable
(ambulatory) devices may overcome these limitations and
improve detection of deterioration [6-8]. However, recent pilot
and observational studies of wearable monitoring devices have
shown mixed results, and no large clinical trials of ambulatory
monitoring systems (AMSs) have demonstrated improved
patient outcomes [6,9,10]. For example, in pulse oximetry, it is
well known that patient motion and low perfusion in extremities
can generate artifacts that reduce the accuracy of peripheral
oxygen saturation (SpO2) readings [11]. This represents a major
barrier to the deployment of these wearable devices for
in-hospital patient monitoring [12]. Data averaging, alarm delay,
and data holding are some of the strategies developed by pulse
oximeter manufacturers to reduce the effect of motion artifacts
and avoid false alerts [13], but there is still a need for studies
of diagnostic accuracy and motion artifacts to support
development of reliable wearable devices [3,7,14,15]. This need
has become acute as health care systems have recommended
the incorporation of ambulatory pulse oximeters in the home
management of COVID-19 [16-18].

This study is part of a phased mixed-methods research project
aiming to develop and refine an AMS using wearable devices
to aid in the detection of deterioration and improve patient
outcomes. The primary objective of this study was to determine
the specificity and sensitivity of currently available ambulatory
vital sign–monitoring equipment for the detection of hypoxemia.
The secondary objective was to determine the effect of motion
on data acquisition by the same devices.

Methods

Ethics
This research publication follows the Standards for Reporting
Diagnostic Accuracy Studies reporting guidelines [19] and
reports the results of the study protocol of Areia et al [20]. This
study received ethics approval from the East of Scotland
Research Ethics Service REC 2 (19/ES/0008) and was registered
in June 2019 (no. ISRCTN61535692).

Study Design
This was a prospective, observational study in which SpO2

estimates from the study devices were compared with the

gold-standard arterial blood oxygen saturation (SaO2) samples
and clinical-standard SpO2 estimates collected from arterial
blood gas (ABG) samples and a nonambulatory Philips MX450
(Philips, Amsterdam, the Netherlands) pulse oximeter,
respectively. The device’s pulse rate estimation accuracy is
reported in Multimedia Appendix 1.

Participants
Healthy adults (18 years or older) able to give informed consent
for participation in the study were recruited consecutively from
the Oxford area (United Kingdom) between June 18 and August
8, 2019. The exclusion criteria are described in detail in the
study protocol [20], including clinical conditions that might
bias the estimation of SpO2 by oximetry (eg, anemia) or increase
risk to the participants’ health (eg, clotting disorders).

Test Methods

Study Sessions
The study sessions took place at the Cardiovascular Clinical
Research Facility, John Radcliffe Hospital, Oxford, UK. An
arterial line was first inserted, under local anesthesia,
preferentially into the nondominant radial artery of participants

placed in the semirecumbent position (30o head up). Where it
was not possible to cannulate the nondominant arm, the
dominant arm was cannulated. Participants wore 1 wrist-only
device (Wavelet; WaveletHealth, Mountain View, USA) and 3
wrist-worn pulse oximeters with a finger probe: CheckMe O2+
(Viatom Technology Co Ltd, Shenzhen, China), AP-20
(Shenzhen Creative Industry Co Ltd, Shenzhen, China), and
WristOx2 3150 with Bluetooth Low Energy (BLE; Nonin
Medical Inc, Plymouth, USA) on the same arm. These devices
are among the few that make both numeric and waveform data
available to other systems. This is a requirement in our research
[20] as we plan to notify clinical staff about the signal quality
of the waveforms from which the numeric estimates are derived.
A nonambulatory Philips MX450 pulse oximeter was also worn.
CheckMe O2+ was always placed on the first finger as per the
manufacturer’s recommendation. The position of the other 3
finger probes on the second, third, and fourth fingers was
randomized using software from Haahr [21], per study visit day,
ensuring an even distribution of placement. The participants
also wore a 3-lead electrocardiogram (ECG) and an end-tidal
carbon dioxide monitor connected to the Philips MX450
monitor, and an adhesive chest patch, for monitoring and
acquisition of the heart rate and breathing rate. Results obtained
with the chest patch are not reported here.

Stage 1: Movement Phase
An at-rest window was assigned to the period before the first
ABG measurement, taken after fitting all the devices. The
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participants then moved to a chair and were asked to complete
a series of consecutive motion tasks: 20 times sit-to-stand (STS),
2-minute tapping at 2 Hz, 2-minute rubbing at 2 Hz, 20 times
drinking from a plastic cup, 50 times turning pages, and a set
of predefined tablet activity tasks [20]. ABG measurements
were made at the end of each motion task in order to analyze
the mean bias of the SpO2 estimates for each task. For a sample
of 15 participants, an additional ABG measurement was made
in the middle of the STS motion to assess differences in the
SaO2 during and after that activity.

Stage 2: Hypoxia Exposure Phase
Participants moved to a semirecumbent, supine position and
wore a tight-fitting silicone facemask connected to a device that
reduces the inspired fraction of oxygen, the hypoxicator unit
(Everest Summit Hypoxic Generator, Altitude Centre, London,
UK). During this phase, oxygen saturation from the
clinical-standard Philips MX450 monitor guided the titration
of the hypoxicator by a senior anesthetist from the research
team, with appropriate resuscitation facilities nearby. In addition,
7% oxygen in nitrogen was used to further lower the fraction
of inspired oxygen (FiO2), if required [22]. FiO2 was also
monitored via an in-line gas analyzer. ABGs were sampled
when the participants reached stable prespecified target
peripheral oxygen saturation levels: 95%, 90%, 87%, 85%,
83%, and 80%. A senior anesthetist decided when a stable
oxygen level was achieved in order to take the ABG based on
the clinical values shown by the standard SpO2 monitor.

Data Collection
Demographic data, including age, sex, height, weight, skin type
(Fitzpatrick scale [23]), baseline heart rate (Philips MX450
3-lead ECG), and SaO2 (from the initial ABG), were collected
for each participant at the start of their session. All data
collection devices and software were synchronized to the same
timestamp, at the start of each study session. SpO2 data (1 Hz)
from CheckMe O2+ and WristOx2 3150 were sent via BLE to
and timestamped in different Android tablets (application
developed in-house). The AP-20 SpO2 data (1 Hz) were captured
in the device and then downloaded via Oximeter Data Manager
version 5.6 software (Shenzhen Creative Industry Co. Ltd.,
China). The Wavelet device first uploaded the
photoplethysmography data to its web platform via an iOS app
“On-site.” The platform then retrospectively estimated SpO2 (1
Hz), and these data were shared with the research team. The
Phillips MX450 SpO2 data were collected using ixTrend version
2.1 software. The start and stop times of each motion task and
the ABG measurement timings were recorded in case report
forms. Functional SaO2 values were determined immediately
after each ABG sample was taken, by multiwavelength
oximetry, using a calibrated blood gas electrolyte analyzer,
Radiometer ABL90 Flex (Radiometer, Copenhagen, Denmark).

Statistical Analysis

Sample Size
The sample size calculation was based on the International
Organization for Standardization (ISO) 80601-2-61:2019
guideline for testing the accuracy of pulse oximeters, which

requires at least 200 data points balanced across the SaO2 range
of 70%-100% from at least 10 subjects. We aimed to collect
approximately 30 full data sets (with 7 ABGs being used in
both the movement and hypoxia exposure phases, yielding a
total of 420 readings, ie, 210 for each phase) to achieve a
sufficient number of data points for the primary and secondary
outcomes, and to recruit participants varying in their physical
characteristics to the greatest extent possible. We excluded
participants if incomplete data were collected for any 1 device
during testing or if hypoxia was not achieved.

Accuracy, Bias, and Precision Metrics
Demographics and baseline vital sign descriptors were
summarized using the mean, the median, and the first and third
quartiles for continuous variables and proportions for categorical
variables. In accordance with the ISO guideline, the accuracy
of the SpO2 estimates for each device was determined using the
root-mean-square error (RMSE) between the measured values
(SpO2i) and the reference values (SaO2i):

The RMSE 95% CI was determined using bootstrapping
(random sampling with replacement) with 10,000 repetitions.
The ISO guideline requires that valid oximeters present an
RMSE below or equal to 4% (and below or equal to 8% when
considering the CI). To interpret potential sources of the SpO2

estimation error, the mean bias B and precision S were also
calculated as

and

respectively. The latter is also known as the SD of the residuals,
which determines the spread of the test SpO2 data around the
linear regression model, SpO2fit, which predicts the SpO2

estimates that best fit the reference SaO2 values. The agreement
between the test devices and the gold standard was also assessed
via Bland-Altman plots. Finally, the mean absolute bias was
also analyzed.

Movement Phase
The metrics were computed using the median SpO2i from the
40-second window immediately before the stop time from each
motion task and the SaO2 value from the ABG taken
immediately after the same motion task.

Hypoxia Exposure Phase
The metrics were computed using the median SpO2i from a
40-second window, including 35 seconds before and 5 seconds
after the i-th reference SaO2 value (note that SaO2 readings were
taken for the 80%, 83%, 85%, 87%, 90%, 95%, and 100% target
values, with the corresponding output of the blood gas analyzer
then taken as the reference value). These metrics were also
computed for 3 SaO2 subgroups: severe hypoxia, SaO2 lower
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than 85%; mild hypoxia, SaO2 from 85% to 89%; and normoxia,
SaO2 equal to or greater than 90%.

Statistical Tests
For both phases, one-way ANOVA followed by the
Tukey-Kramer test [24] was used to evaluate differences in the
mean bias and the mean absolute bias between groups. The
Levene test [25] was used to evaluate differences in the precision
between groups. In the movement phase, the distributions
between the 15 additional SaO2 values taken at the middle of
the STS motion and those taken at the end were compared via
the Wilcoxon test. Significance was considered at P<.05.

Sensitivity and Specificity in Detecting Hypoxemia
To evaluate each device’s diagnostic accuracy in detecting
hypoxemia, we determined the sensitivity, specificity, positive
and negative predictive values (PPV and NPV), and accuracy
(computed from the error matrix) for identifying values of SaO2

below 90%. To consider whether device performance would be
more reliable if recalibrated, we calculated the area under the
receiver operating characteristic (AUROC) curve for each pulse
oximeter and computed the same metrics at the optimal
operating value. In addition, 95% CIs for all metrics were
determined using bootstrapping.

Due to SpO2 estimation performance issues, Wavelet analysis
was removed. Its results can be found in Multimedia Appendix
2.

Results

Participants
Prescreening interviews were performed on 51 volunteers
(Consolidated Standards of Reporting Trials [CONSORT] flow
diagram in Figure 1). Of these, 1 (2%) volunteer was excluded
due to a history of anemia, and 8 (16%) were not able to attend
the study session. The remaining 42 (82%) participants attended
a study session: 4 (10%) participants presented clinical
conditions, evaluated at the start of their session, that were part
of the exclusion criteria and would bias the SpO2 estimations
if included (3 [75%] additional anemia cases, evaluated from
the first ABG, and 1 [25%] sickle cell trait); for 1 (2%) subject,
it was not possible to induce hypoxia; for 2 (5%) subjects, it
was not possible to insert an arterial line (in either arm); finally,
2 (5%) subjects had incomplete SpO2 data for the WristOx2
3150 device. Complete data were therefore obtained from 33
(79%) healthy adults, 18 (55%) women and 15 (45%) men,
spread across Fitzpatrick skin types 1-4, with a median age of
29 (SD 24-36) years. The baseline vital sign mean values,
measured at the start of each session, were 71 beats per minute
(bpm), 15 respirations per minute (rpm), 100% SaO2, 130/75

mmHg, and a derived BMI of 23.7 kg/m2 (demographics
available in Table 1). Figure 2 shows an exemplar SpO2 trend
for each device for 1 study session. In general, poor estimation
performance could be seen during the motion tasks (identified
by the brown periods at the top), and all devices (expect
Wavelet, whose analysis can be reviewed in Multimedia
Appendix 2) followed the SaO2 desaturation trend (red stars)
during the hypoxia phase (from 9:58 AM to 10:14 AM). We
discuss their accuracy next.

Figure 1. CONSORT flow diagram of the study. ABG: arterial blood gas; CONSORT: Consolidated Standards of Reporting Trials.
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Table 1. Demographics and baseline heart rate, respiration rate, blood pressure, and SaO2
a for 33 participants.

Q1b, Q3cMean (median)Demographics

24.0, 36.029.0 (31.18)Age (years)

N/Ad18 (54.5)Sex (female), %

1.6, 1.81.70 (1.70)Height (m)

61.0, 80.070.0 (70.7)Weight (kg)

21.5, 26.423.7 (24.3)BMI (kg/m2)

Skin tonee, %

N/A9 (27.3)Type 1

N/A15 (45.5)Type 2

N/A2 (6.1)Type 3

N/A7 (21.2)Type 4

N/A0 (0)Type 5

N/A0 (0)Type 6

13.0, 18.015.0 (15.7)Respiration rate (rpmf)

62.0, 82.071.0 (70.9)Heart rate (bpmg)

100.0, 100.0100.0 (99.6)SaO2, %

122.8, 142.8129.5 (133.8)Systolic blood pressure (mmHg)

69.8, 86.375.0 (77.4)Diastolic blood pressure (mmHg)

aSaO2: arterial blood oxygen saturation.
bQ1: first quartile.
c Q3: third quartile.
dN/A: not applicable.
eFitzpatrick scale.
frpm: respirations per minute.
gbpm: beats per minute.
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Figure 2. SpO2 trend for each device during the movement (9:20 AM-9:50 AM) and hypoxia exposure (9:58 AM-10:14 AM) phases of 1 study session.
The gold-standard SaO2, derived from ABG samples, are shown as red stars. The different motion tasks and target desaturation intervals are illustrated
by brown and blue rectangles at the top, respectively. Wavelet SpO2 data are shown for comparison (results can be reviewed in Multimedia Appendix
2). ABG: arterial blood gas; SaO2: arterial blood oxygen saturation; SpO2: peripheral oxygen saturation.

SpO2 Estimation in the Movement Phase

The results of SpO2 estimation performance metrics for each
device are shown in Table 2. The mean bias and precision are

further illustrated for each motion task in Figure 3. The number
of dropout values was comparable between the finger-worn
devices. The RMSE values were below 4% when at rest and for
the STS and drinking tasks for all devices. For all other tasks,
they were above 4% for at least 1 device.
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Table 2. Comparison of accuracy (RMSEa) and bias in SpO2
b estimation between different motion tasks, for each device, for 33 participants.

P valuedTablet useTurning pagesDrinkingTappingRubbingSTScAt restPerformance metrics

AP20

N/Ae31273130323032Available SpO2

points, n

N/A8.01 (1.15-
13.72)

8.52 (6.18-
10.75)

1.96 (1.48-2.46)12.21 (9.31-
14.74)

11.96 (9.44-
14.23)

4.68
(1.47-
7.72)

0.82
(0.55-
1.06)

RMSE, % (95%
CI)

<.001–2.22k–6.46–1.45j–9.82g,i–9.91f,g,j,k–0.9h,i–0.21f,gMean bias, %

<.0012.56i,n6.46m1.57h,j9.85g,h,l,n9.91f,i,j,k2.15f,g0.6k,l,mMean |bias|, %

<.0017.89k5.571.37j7.49f,h,j,k6.914.31h0.81fPrecision, %

CheckMe O2+

N/A32323230313130Available SpO2

points, n

N/A4.2 (2.86-5.47)7.83 (5.9-9.8)2.43 (1.9-2.96)3.99 (2.28-5.69)8.45 (5.86-
10.88)

3.5 (1.49-
5.37)

1.68
(1.21-
2.12)

RMSE, % (95%
CI)

.001–2.94–6.04h–1.93–2.65h,j–6.19j–1.37–1.06Mean bias, %

.0052.986.061.972.716.311.921.29Mean |bias|, %

.132.865.111.413.065.843.081.33Precision, %

Philips MX450

N/A32323232333333Available SpO2

points, n

N/A1.97 (1.29-2.68)6.64 (3.81-9.03)1.17 (1.0-1.36)7.15 (3.07-10.3)9.49 (7.04-
11.86)

2.31 (1.9-
2.67)

1.11
(0.92-
1.28)

RMSE, % (95%
CI)

<.0010.4k–3.040.84j–1.75i–5.37f,h,i,j,k1.97h0.89fMean bias, %

.0021.514.031.06j3.336.6h,j2.020.97hMean |bias|, %

<.0011.82i6.040.8h,j7.16g,h6.77f,i,j,k0.78f0.63g,kPrecision, %

WristOx2 3150

N/A33243229293332Available SpO2

points, n

N/A3.91 (1.49-5.62)6.28 (4.25-8.27)1.27 (0.95-1.57)7.17 (4.66-9.35)9.5 (7.29-11.5)2.33
(1.26-
3.41)

1.18
(0.84-
1.51)

RMSE, % (95%
CI)

.002–1.81k–4.51–0.86j–4.56i–7.52f,h,i,j,k–0.4h–0.71fMean bias, %

<.0012.02h,m4.561.02h,j4.69g,l,m7.52f,i,j,k1.38f,g0.92k,lMean |bias|, %

.0013.06k4.350.93j5.7f,h,j,k5.982.12h0.97fPrecision, %

aRMSE: root-mean-square error.
bSpO2: peripheral oxygen saturation.
cSTS: sit-to-stand.
dOne-way ANOVA followed by the Tukey-Kramer test was used to evaluate differences in the mean bias and mean absolute bias between tasks. The
Levene test was used in the case of precision.
eN/A: not applicable.
f-nDifferent from each other; for example, for CheckMe O2+, the mean bias of the tapping motion task was different from that of the turning page task

and that of the rubbing task (paired differences coded as j and h, respectively).
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Figure 3. Comparison of the mean bias (SpO2–SaO2) and precision between devices for each movement type. The number of points available per
device is presented below each bar. For each task, one-way ANOVA followed by the Tukey test was used to evaluate differences in the mean bias
between devices. *Different from other values. +Different from each other. SaO2: arterial blood oxygen saturation; SpO2: peripheral oxygen saturation;
STS: sit-to-stand.

SpO2 Estimation in the Hypoxia Exposure Phase

Table 3 compares the SpO2 estimation performance of the
devices across the range of SaO2 targets of the hypoxia exposure
phase, and their Bland-Altman plots (with the mean bias and
limits of agreement) can be reviewed in Figure 4. The WristOx2
3150 device underestimated SpO2 in comparison with SaO2 by
almost 2%. The WristOx2 3150 and CheckMe O2+ devices had
the numerically greatest mean absolute bias. However, SaO2

subgroup analysis (see Figure 5 and Table 4) showed that the
WristOx2 3150 device consistently underestimated SpO2 across
the measured range (with an overall mean bias of –1.92% [SD
2.73%]; Table 3), whereas the CheckMe O2+ device
overestimated in the severe-hypoxia range and underestimated
in the mild-hypoxia and normoxia ranges (Figure 5). However,
WristOx2 3150, CheckMe O2+, AP-20, and Philips MX450
showed an overall RMSE below 4% (and below 8% when
considering the 95% CI; Table 3), meeting the ISO
80601-2-61:2019 requirement.

Table 3. Comparison of accuracy (RMSEa) and mean bias of SpO2
b estimation between devices during the hypoxia exposure phase. There were 215

SaO2 target windows in this phase.

P valueAP-20WristOx2 3150CheckMe O2+Philips MX450Performance metrics

N/Ac214209207215Available SpO2 points, n

N/A2.86 (2.44-3.25)3.33 (2.85-3.86)3.20 (2.85-3.56)2.67 (2.31-3.06)RMSE, % (95% CI)

<.001–0.3d–1.92e–0.220.49dMean bias, %

<.022.002.402.421.92Mean |bias|, %

<.022.832.733.16d2.62dPrecision, %

aRMSE: root-mean-square error.
bSpO2: peripheral oxygen saturation.
cN/A: not applicable.
dDifferent from each other.
eDifferent from other values.
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Figure 4. (a-d) Bland-Altman plots for the Philips MX450, AP-20, CheckMe O2+, and WristOx2 3150 SpO2 estimation, respectively. The mean bias
and limits of agreement values are shown at the left of their respective dashed lines. The solid line represents y=0 (no bias). SaO2: arterial blood oxygen
saturation; SpO2: peripheral oxygen saturation.

Figure 5. Comparison of the mean bias (SpO2–SaO2) and precision between devices for the 3 SaO2 subgroups: severe hypoxia, SaO2<85%; mild
hypoxia, SaO2=85%-89%; and normoxia, SaO2=90%-100%. The number of points available per device is presented below each bar. For each subgroup,
one-way ANOVA followed by the Tukey test was used to evaluate differences in the mean bias between devices. *Different from other values. +Different
from each other. SaO2: arterial blood oxygen saturation; SpO2: peripheral oxygen saturation.
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Table 4. Comparison of accuracy (RMSEa) and mean bias of the device’s SpO2
b estimation between 3 SaO2

c subgroups: severe hypoxia (SaO2<85%),
mild hypoxia (SaO2 85%-89%), and normoxia (SaO2≥90%).

P valued90%-100%85%-89%<85%Performance metrics

N/Af797660Total ABGse, n

AP-20

N/A787660Available SpO2 points, n

N/A2.88 (1.88-3.78)2.73 (2.28-3.16)2.99 (2.44-3.57)RMSE, % (95% CI)

.18–0.52–0.540.28Mean bias, %

.171.682.072.33Mean |bias|, %

.162.862.712.74Precision, %

CheckMe O2+

N/A767556Available SpO2 points, n

N/A3.05 (2.54-3.53)3.10 (2.46-3.83)3.52 (2.86-4.18)RMSE, % (95% CI)

.01–0.99–0.11d0.67dMean bias, %

.392.262.352.74Mean |bias|, %

.282.923.143.5Precision, %

Philips MX 450

N/A797660Available SpO2 points, n

N/A2.70 (1.88-3.56)2.54 (2.08-3.02)2.80 (2.18-3.33)RMSE, % (95% CI)

.020.42g–0.05g1.26Mean bias, %

.441.721.972.13Mean |bias|, %

.242.692.572.16Precision, %

WristOx2 3150

N/A767459Available SpO2 points, n

N/A3.61 (2.37-4.64)3.49 (2.92-3.99)2.69 (2.28-3.08)RMSE, % (95% CI)

.06–1.83–2.47–1.36Mean bias, %

.132.122.832.21Mean |bias|, %

.993.032.482.13Precision, %

aRMSE: root-mean-square error.
bSpO2: peripheral oxygen saturation.
cSaO2: arterial blood oxygen saturation.
dFor each device, one-way ANOVA followed by Tukey test was used to evaluate differences in the mean bias and mean absolute bias between subgroups.
The Levene test was used in the case of precision.
eABG: arterial blood gas.
fN/A: not applicable.
gDifferent from each other.

Sensitivity and Specificity
Table 5 shows the performance metrics of the pulse oximeters
in detecting hypoxemia (SaO2<90%; AUROC curves available
in Figure 6). A total of 128 SaO2 targets were in the hypoxemia
range versus 74 in the normoxia range. At a 90% cut-off,
WristOx2 3150 showed significantly better sensitivity (0.97,
95% CI 0.93-0.99) than Philips MX450 (0.86, 95% CI

0.80-0.92). The values for the other metrics were comparable
between all devices. All finger-worn devices achieved a good
and comparable AUROC curve (≥0.92). Recalibration of the
SpO2 threshold to the optimal operating value resulted in AP-20
achieving significantly higher sensitivity than CheckMe O2+
(0.95 [95% CI 0.91-0.98] vs 0.78 [95% CI 0.71-0.85]). The
remaining sensitivity and specificity values were comparable.
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Table 5. Performance metrics of each pulse oximeter for detecting hypoxemia (SaO2
a<90%). The metrics are shown at a 90% SpO2

b cut-off and for
the determined optimal SpO2 cut-off.

Accuracyf,
mean (95% CI)

NPVe, mean
(95% CI)

PPVd, mean
(95% CI)

Specificity,
mean (95% CI)

Sensitivity,
mean (95% CI)

AUROCc, mean
(95% CI)

Cut-off, %Device

90% SpO2 (%) cut-off

0.89 (0.84-0.93)0.79 (0.71-0.88)0.96 (0.92-0.99)0.93 (0.87-0.99)0.86 (0.80-0.92)N/Ag90.0Philips MX 450

0.87 (0.82-0.91)0.80 (0.71-0.88)0.91 (0.86-0.96)0.85 (0.76-0.93)0.87 (0.81-0.93)N/A90.0CheckMe O2+

0.91 (0.86-0.95)0.94 (0.87-0.99)0.89 (0.84-0.94)0.80 (0.70-0.89)0.97 (0.93-0.99)N/A90.0WristOx2 3150

0.90 (0.86-0.94)0.85 (0.76-0.92)0.94 (0.89-0.98)0.89 (0.82-0.96)0.91 (0.85-0.95)N/A90.0AP-20

Optimal SpO2 (%) cut-off obtained via AUROC analysish

0.93 (0.90-0.97)0.94 (0.88-0.99)0.93 (0.88-0.97)0.86 (0.78-0.94)0.97 (0.94-0.99)0.94 (0.90-0.98)90.7Philips MX 450

0.82 (0.76-0.87)0.70 (0.60-0.79)0.92 (0.86-0.97)0.88 (0.80-0.95)0.78 (0.71-0.85)0.92 (0.87-96)89.0CheckMe O2+

0.88 (0.83-0.92)0.81 (0.72-0.89)0.92 (0.87-0.96)0.86 (0.78-0.94)0.88 (0.82-0.94)0.94 (0.89-97)88.0WristOx2 3150

0.91 (0.87-0.95)0.91 (0.84-0.97)0.91 (0.86-0.96)0.84 (0.75-0.92)0.95 (0.91-0.98)0.94 (0.89-98)91.0AP-20

aSaO2: arterial blood oxygen saturation.
bSpO2: peripheral oxygen saturation.
cAUROC: area under the receiver operating characteristic.
dPPV: positive predictive value.
eNPV: negative predictive value.
fAccuracy = (True positives + True negatives)/n, where n is the total number of examples.
gN/A: not applicable.
hThe optimal SpO2 cut-off is the best compromise between sensitivity and specificity to detect hypoxemia (SaO2<90%).

Figure 6. ROC curves in detecting hypoxemia (SaO2<90%) during the hypoxia exposure phase. ROC: area under the receiver operating characteristic;
SaO2: arterial blood oxygen saturation.
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Discussion

Principal Findings
Several studies have been published on both the usefulness and
the potential issues of pulse oximetry in the clinical setting using
nonambulatory devices. In this study, we compared the
performance of wearable pulse oximeters and 1 nonambulatory
pulse oximeter using gold-standard arterial blood samples drawn
from healthy adult participants. Availability of waveform data
was a requirement that limited the selection of devices. Our
provision of waveform data will allow clinical staff to assess
the reliability of the signal. However, a risk with all
continuous-monitoring systems is that they increase the burden
on clinical teams by providing excess data. Further work is
required to determine the usefulness of these systems in clinical
practice and how continuous-monitoring data should be
summarized in the electronic patient record.

In tests of finger-based devices, WristOx2 3150 significantly
underestimated SaO2 (mean bias –1.92% [SD 2.73%]; Table 3)
when compared with the other wearables. Nevertheless, all
finger-based probes showed a similar mean absolute bias (about
2%) and RMSE (about 3%). Overall, all finger-worn wearable
pulse oximeters achieved good sensitivity (≥0.87) and specificity
(≥0.80), comparable to the standard nonambulatory device, in
detecting hypoxemia (Table 5). Given that WristOx2 3150
underestimates SaO2, it presented higher sensitivity (0.97, 95%
CI 0.93-0.99) at the cost of a lower specificity value (0.80, 95%
CI 0.70-0.89). This underestimation explains why recalibration
by 2% achieves the optimal operating point. The remaining
devices only required a change in the threshold by 1% at their
optimal operating point.

From the 7 motion tasks, tapping, rubbing, turning book pages,
and using a tablet challenged the finger-based wearable devices
the most (the first 2 are also analyzed by Louie et al [11] and
Barker and Shah [26]), resulting in an RMSE above 4% in at
least 1 device. The mean bias at rest, STS, and drinking motions
was comparable (<4%; Table 2).

Limitations
The sample size calculation for our study was based on the ISO
80601-2-61:2019 guidelines to evaluate the accuracy of pulse

oximeters in detecting changes in SpO2, not to identify
differences in performance between pulse oximeters and
between activities. The study was not designed to generalize
results to the wider population, for example, for patients with
darker skin types or with acute illness.

We chose to sample ABGs at the end of each task to avoid
accidental removal of the cannula. However, it became clear
during our study that the ABGs could have been sampled while
the motion task was occurring, perhaps better representing that
interval reference SaO2. Preliminary analysis of the difference
between ABGs taken immediately after the STS motion task
and those taken at the midpoint of that motion, for 15 patients,
showed that the SaO2 dropped by an average of 1.87% (SD
0.87%, P<.001 between the 2 SaO2 sample sets), indicating that
the SpO2 value might change between the time used to compute
the SpO2 estimates and that of the ABG samples taken after the
exercise. Our hypothesis was that the STS task would be the
motion task with the greatest effect on the participants’ SaO2.
However, the error in the SpO2 estimates from the wearable
devices during motion was much larger, so this correction would
not have changed our findings.

Conclusion
The accuracy of SpO2 estimation by finger-worn pulse oximeters
was within that required by the ISO 80601-2-61:2019 guideline
(≤4%). The accuracy was degraded by motion but not more
than that with usual-care bedside monitors. All finger-worn
pulse oximeters were capable of detecting hypoxemia, their
performance being comparable to that used in nonambulatory
standard care.

Our findings support the use of wearable, finger-based, wireless
transmission–mode pulse oximeters to detect the onset of clinical
deterioration in the hospital, possibly earlier than intermittent
vital-sign measurements. The continuous assessment of SpO2,
especially values below 90%, may be helpful to manage the
care of ambulatory in-hospital patients who have been infected
with the SARS-CoV-2 virus [27]. Further work is required to
assess the impact of AMSs on patient outcomes, both during
the COVID-19 pandemic and beyond.

 

Acknowledgments
This work was supported by the National Institute for Health Research (NIHR) Biomedical Research Centre (BRC), Oxford, UK.
MS, LY, SV, PW, and CA were funded/supported by the NIHR BRC. The views expressed are those of the authors and not
necessarily those of the National Health Service (NHS), the NIHR, or the Department of Health. MAFP was funded by a Drayson
research fellowship. AS is currently supported by an NIHR doctoral research fellowship (NIHR-DRF-2017-10-094).

Conflicts of Interest
PW and LT report significant grants from the National Institute of Health Research (NIHR), UK, and the NIHR Biomedical
Research Centre (BRC), Oxford, UK, during the conduct of the study. PW and LT report modest grants and personal fees from
Sensyne Health, outside the submitted work. LT works part-time for Sensyne Health and holds share options in the company.
PW also holds shares in the company.

J Med Internet Res 2022 | vol. 24 | iss. 2 | e28890 | p.720https://www.jmir.org/2022/2/e28890
(page number not for citation purposes)

Santos et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Multimedia Appendix 1
Analysis of the pulse rate estimation in wearable pulse oximeters.
[PDF File (Adobe PDF File), 1140 KB - jmir_v24i2e28890_app1.pdf ]

Multimedia Appendix 2
Results of Wavelet’s SpO2 estimation.
[PDF File (Adobe PDF File), 540 KB - jmir_v24i2e28890_app2.pdf ]

References
1. Sun L, Joshi M, Khan SN, Ashrafian H, Darzi A. Clinical impact of multi-parameter continuous non-invasive monitoring

in hospital wards: a systematic review and meta-analysis. J R Soc Med 2020 Jun;113(6):217-224 [FREE Full text] [doi:
10.1177/0141076820925436] [Medline: 32521195]

2. McQuillan P, Pilkington S, Allan A, Taylor B, Short A, Morgan G, et al. Confidential inquiry into quality of care before
admission to intensive care. BMJ 1998 Jun 20;316(7148):1853-1858 [FREE Full text] [doi: 10.1136/bmj.316.7148.1853]
[Medline: 9632403]

3. Leenen JPL, Leerentveld C, van Dijk JD, van Westreenen HL, Schoonhoven L, Patijn GA. Current evidence for continuous
vital signs monitoring by wearable wireless devices in hospitalized adults: systematic review. J Med Internet Res 2020 Jun
17;22(6):e18636 [FREE Full text] [doi: 10.2196/18636] [Medline: 32469323]

4. Royal College of Physicians. National Early Warning Score (NEWS) 2. Standardising the Assessment of Acute-Illness
Severity in the NHS. London: Royal College of Physicians; Dec 19, 2017.

5. Downey CL, Tahir W, Randell R, Brown JM, Jayne DG. Strengths and limitations of early warning scores: a systematic
review and narrative synthesis. Int J Nurs Stud 2017 Nov;76:106-119. [doi: 10.1016/j.ijnurstu.2017.09.003] [Medline:
28950188]

6. Downey C, Randell R, Brown J, Jayne DG. Continuous versus intermittent vital signs monitoring using a wearable, wireless
patch in patients admitted to surgical wards: pilot cluster randomized controlled trial. J Med Internet Res 2018 Dec
11;20(12):e10802 [FREE Full text] [doi: 10.2196/10802] [Medline: 30538086]

7. Joshi M, Ashrafian H, Aufegger L, Khan S, Arora S, Cooke G, et al. Wearable sensors to improve detection of patient
deterioration. Expert Rev Med Devices 2019 Feb;16(2):145-154. [doi: 10.1080/17434440.2019.1563480] [Medline:
30580650]

8. Watkins T, Whisman L, Booker P. Nursing assessment of continuous vital sign surveillance to improve patient safety on
the medical/surgical unit. J Clin Nurs 2016 Jan;25(1-2):278-281 [FREE Full text] [doi: 10.1111/jocn.13102] [Medline:
26531215]

9. Weller RS, Foard KL, Harwood TN. Evaluation of a wireless, portable, wearable multi-parameter vital signs monitor in
hospitalized neurological and neurosurgical patients. J Clin Monit Comput 2018 Oct;32(5):945-951. [doi:
10.1007/s10877-017-0085-0] [Medline: 29214598]

10. Paul JE, Chong MA, Buckley N, Harsha P, Shanthanna H, Tidy A, et al. Vital sign monitoring with continuous pulse
oximetry and wireless clinical notification after surgery (the VIGILANCE pilot study): a randomized controlled pilot trial.
Pilot Feasibility Stud 2019 Feb 26;5(1):36 [FREE Full text] [doi: 10.1186/s40814-019-0415-8] [Medline: 30858986]

11. Louie A, Feiner J, Bickler P, Rhodes L, Bernstein M, Lucero J. Four types of pulse oximeters accurately detect hypoxia
during low perfusion and motion. Anesthesiology 2018 Mar;128(3):520-530 [FREE Full text] [doi:
10.1097/ALN.0000000000002002] [Medline: 29200008]

12. Appelboom G, Camacho E, Abraham ME, Bruce SS, Dumont EL, Zacharia BE, et al. Smart wearable body sensors for
patient self-assessment and monitoring. Arch Public Health 2014 Aug;72(1):28 [FREE Full text] [doi:
10.1186/2049-3258-72-28] [Medline: 25232478]

13. Petterson MT, Begnoche VL, Graybeal JM. The effect of motion on pulse oximetry and its clinical significance. Anesth
Analg 2007 Dec;105(6 Suppl):S78-S84. [doi: 10.1213/01.ane.0000278134.47777.a5] [Medline: 18048903]

14. Weenk M, van Goor H, Frietman B, Engelen LJ, van Laarhoven CJ, Smit J, et al. Continuous monitoring of vital signs
using wearable devices on the general ward: pilot study. JMIR Mhealth Uhealth 2017 Jul 05;5(7):e91 [FREE Full text]
[doi: 10.2196/mhealth.7208] [Medline: 28679490]

15. Verrillo SC, Cvach M, Hudson KW, Winters BD. Using continuous vital sign monitoring to detect early deterioration in
adult postoperative inpatients. J Nurs Care Qual 2019;34(2):107-113. [doi: 10.1097/NCQ.0000000000000350] [Medline:
30095509]

16. Seshadri DR, Davies EV, Harlow ER, Hsu JJ, Knighton SC, Walker TA, et al. Wearable sensors for COVID-19: a call to
action to harness our digital infrastructure for remote patient monitoring and virtual assessments. Front Digit Health 2020
Jun 23;2:8 [FREE Full text] [doi: 10.3389/fdgth.2020.00008] [Medline: 34713021]

17. O'Carroll O, MacCann R, O'Reilly A, Dunican EM, Feeney ER, Ryan S, et al. Remote monitoring of oxygen saturation in
individuals with COVID-19 pneumonia. Eur Respir J 2020 Aug;56(2):2001492 [FREE Full text] [doi:
10.1183/13993003.01492-2020] [Medline: 32616588]

J Med Internet Res 2022 | vol. 24 | iss. 2 | e28890 | p.721https://www.jmir.org/2022/2/e28890
(page number not for citation purposes)

Santos et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

jmir_v24i2e28890_app1.pdf
jmir_v24i2e28890_app1.pdf
jmir_v24i2e28890_app2.pdf
jmir_v24i2e28890_app2.pdf
https://journals.sagepub.com/doi/10.1177/0141076820925436?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/0141076820925436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32521195&dopt=Abstract
http://europepmc.org/abstract/MED/9632403
http://dx.doi.org/10.1136/bmj.316.7148.1853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9632403&dopt=Abstract
https://www.jmir.org/2020/6/e18636/
http://dx.doi.org/10.2196/18636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32469323&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2017.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28950188&dopt=Abstract
https://www.jmir.org/2018/12/e10802/
http://dx.doi.org/10.2196/10802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30538086&dopt=Abstract
http://dx.doi.org/10.1080/17434440.2019.1563480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30580650&dopt=Abstract
http://europepmc.org/abstract/MED/26531215
http://dx.doi.org/10.1111/jocn.13102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26531215&dopt=Abstract
http://dx.doi.org/10.1007/s10877-017-0085-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29214598&dopt=Abstract
https://pilotfeasibilitystudies.biomedcentral.com/articles/10.1186/s40814-019-0415-8
http://dx.doi.org/10.1186/s40814-019-0415-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30858986&dopt=Abstract
https://pubs.asahq.org/anesthesiology/article-lookup/doi/10.1097/ALN.0000000000002002
http://dx.doi.org/10.1097/ALN.0000000000002002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29200008&dopt=Abstract
https://archpublichealth.biomedcentral.com/articles/10.1186/2049-3258-72-28
http://dx.doi.org/10.1186/2049-3258-72-28
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25232478&dopt=Abstract
http://dx.doi.org/10.1213/01.ane.0000278134.47777.a5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18048903&dopt=Abstract
http://mhealth.jmir.org/2017/7/e91/
http://dx.doi.org/10.2196/mhealth.7208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28679490&dopt=Abstract
http://dx.doi.org/10.1097/NCQ.0000000000000350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30095509&dopt=Abstract
http://europepmc.org/abstract/MED/34713021
http://dx.doi.org/10.3389/fdgth.2020.00008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34713021&dopt=Abstract
http://erj.ersjournals.com/lookup/pmidlookup?view=long&pmid=32616588
http://dx.doi.org/10.1183/13993003.01492-2020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32616588&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


18. Greenhalgh T, Knight M, A'Court C, Buxton M, Husain L. Management of post-acute covid-19 in primary care. BMJ 2020
Aug 11;370:m3026. [doi: 10.1136/bmj.m3026] [Medline: 32784198]

19. Cohen JF, Korevaar DA, Gatsonis CA, Glasziou PP, Hooft L, Moher D, STARD Group. STARD for Abstracts: essential
items for reporting diagnostic accuracy studies in journal or conference abstracts. BMJ 2017 Aug 17;358:j3751. [doi:
10.1136/bmj.j3751] [Medline: 28819063]

20. Areia C, Vollam S, Piper P, King E, Ede J, Young L, et al. Protocol for a prospective, controlled, cross-sectional, diagnostic
accuracy study to evaluate the specificity and sensitivity of ambulatory monitoring systems in the prompt detection of
hypoxia and during movement. BMJ Open 2020 Jan 12;10(1):e034404 [FREE Full text] [doi: 10.1136/bmjopen-2019-034404]
[Medline: 31932393]

21. Haahr M. What's This Fuss about True Randomness?. URL: https://www.random.org [accessed 2021-02-28]
22. Rowland MJ, Ezra M, Winkler A, Garry P, Lamb C, Kelly M, et al. Calcium channel blockade with nimodipine reverses

MRI evidence of cerebral oedema following acute hypoxia. J Cereb Blood Flow Metab 2019 Feb;39(2):285-301 [FREE
Full text] [doi: 10.1177/0271678X17726624] [Medline: 28857714]

23. Fitzpatrick TB. The validity and practicality of sun-reactive skin types I through VI. Arch Dermatol 1988 Jun;124(6):869-871.
[doi: 10.1001/archderm.124.6.869] [Medline: 3377516]

24. Haynes W. Tukey’s test. In: Dubitzky W, Wolkenhauer O, Cho KH, Yokota H, editors. Encyclopedia of Systems Biology.
New York, NY: Springer; 2013:2303-2304.

25. NIST/SEMATECH. NIST/SEMATECH e-Handbook of Statistical Methods. 2012. URL: https://www.itl.nist.gov/div898/
handbook/ [accessed 2020-02-03]

26. Barker SJ, Shah NK. Effects of motion on the performance of pulse oximeters in volunteers. Anesthesiology 1996
Oct;85(4):774-781 [FREE Full text] [doi: 10.1097/00000542-199610000-00012] [Medline: 8873547]

27. Oxford University Hospitals. New Wearable Technology to Monitor COVID-19 Patients. URL: https://www.ouh.nhs.uk/
covid-19/news/article.aspx?id=1215 [accessed 2022-02-03]

Abbreviations
ABG: arterial blood gas
AMS: ambulatory monitoring system
AUROC: area under the receiver operating characteristic
CONSORT: Consolidated Standards of Reporting Trials
BLE: Bluetooth Low Energy
bpm: beats per minute
ECG: electrocardiogram
FiO2: fraction of inspired oxygen
ISO: International Organization for Standardization
NPV: negative predictive value
PPV: positive predictive value
RMSE: root-mean-square error
ROC: receiver operating characteristic
rpm: respirations per minute
SaO2: arterial blood oxygen saturation
SpO2: peripheral oxygen saturation
STS: sit-to-stand

Edited by R Kukafka; submitted 21.03.21; peer-reviewed by C Downey, M Knight; comments to author 21.04.21; revised version
received 04.05.21; accepted 21.11.21; published 15.02.22.

Please cite as:
Santos M, Vollam S, Pimentel MAF, Areia C, Young L, Roman C, Ede J, Piper P, King E, Harford M, Shah A, Gustafson O, Tarassenko
L, Watkinson P
The Use of Wearable Pulse Oximeters in the Prompt Detection of Hypoxemia and During Movement: Diagnostic Accuracy Study
J Med Internet Res 2022;24(2):e28890
URL: https://www.jmir.org/2022/2/e28890 
doi:10.2196/28890
PMID:35166690

J Med Internet Res 2022 | vol. 24 | iss. 2 | e28890 | p.722https://www.jmir.org/2022/2/e28890
(page number not for citation purposes)

Santos et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1136/bmj.m3026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32784198&dopt=Abstract
http://dx.doi.org/10.1136/bmj.j3751
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28819063&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=31932393
http://dx.doi.org/10.1136/bmjopen-2019-034404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31932393&dopt=Abstract
https://www.random.org
https://journals.sagepub.com/doi/10.1177/0271678X17726624?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/10.1177/0271678X17726624?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/0271678X17726624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28857714&dopt=Abstract
http://dx.doi.org/10.1001/archderm.124.6.869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3377516&dopt=Abstract
https://www.itl.nist.gov/div898/handbook/
https://www.itl.nist.gov/div898/handbook/
https://pubs.asahq.org/anesthesiology/article-lookup/doi/10.1097/00000542-199610000-00012
http://dx.doi.org/10.1097/00000542-199610000-00012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8873547&dopt=Abstract
https://www.ouh.nhs.uk/covid-19/news/article.aspx?id=1215
https://www.ouh.nhs.uk/covid-19/news/article.aspx?id=1215
https://www.jmir.org/2022/2/e28890
http://dx.doi.org/10.2196/28890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35166690&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Mauro Santos, Sarah Vollam, Marco AF Pimentel, Carlos Areia, Louise Young, Cristian Roman, Jody Ede, Philippa Piper,
Elizabeth King, Mirae Harford, Akshay Shah, Owen Gustafson, Lionel Tarassenko, Peter Watkinson. Originally published in the
Journal of Medical Internet Research (https://www.jmir.org), 15.02.2022. 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 2022 | vol. 24 | iss. 2 | e28890 | p.723https://www.jmir.org/2022/2/e28890
(page number not for citation purposes)

Santos et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Original Paper

Behavioral Efficacy of a Sexual Health Mobile App for Men Who
Have Sex With Men: Randomized Controlled Trial of Mobile
Messaging for Men

Patrick Sean Sullivan1, DVM, PhD; Rob Stephenson2, PhD; Sabina Hirshfield3, PhD; Cyra Christina Mehta4,5, MSPH,

PhD; Ryan Zahn1, MSPH, MBA; Jose A Bauermeister6, MPH, PhD; Keith Horvath7, PhD; Mary Ann Chiasson8,9,

DrPH; Deborah Gelaude10, MA; Shelby Mullin1, MPH; Martin J Downing Jr11, PhD; Evelyn Jolene Olansky10,12,

MPH; Sarah Wiatrek1, MPH; Erin Q Rogers1,2, MPH; Eli Rosenberg13, PhD; Aaron J Siegler1, MPH, PhD; Gordon

Mansergh10, PhD
1Department of Epidemiology, Rollins School of Public Health, Emory University, Atlanta, GA, United States
2Department of Systems, Population, and Leadership, School of Nursing, University of Michigan, Ann Arbor, MI, United States
3Special Treatment and Research Program, Department of Medicine, The State University of New York Downstate Health Sciences University, Brooklyn,
NY, United States
4Division of Infectious Diseases, Department of Medicine, Emory University School of Medicine, Atlanta, GA, United States
5Department of Biostatistics and Bioinformatics, Rollins School of Public Health, Emory University, Atlanta, NY, United States
6Department of Family and Community Health, School of Nursing, University of Pennslyvania, Philadelphia, PA, United States
7Department of Psychology, San Diego State University, San Diego, CA, United States
8Department of Epidemiology, Mailman School of Public Health, Columbia University, New York, NY, United States
9Division of Infectious Diseases, Department of Medicine, Columbia University Irving Medical Center, New York, NY, United States
10HIV Research Branch, Division of HIV Prevention, Centers for Disease Control and Prevention, Atlanta, GA, United States
11Department of Psychology, Lehman College, City University of New York, Bronx, NY, United States
12Social & Scientific Systems, Inc, DLH Holdings Company, Atlanta, GA, United States
13Department of Epidemiology, School of Public Health, University at Albany, State University of New York, Albany, NY, United States

Corresponding Author:
Patrick Sean Sullivan, DVM, PhD
Department of Epidemiology
Rollins School of Public Health
Emory University
1518 Clifton Road NE
Atlanta, GA, 30322
United States
Phone: 1 404 210 6039
Email: pssulli@emory.edu

Abstract

Background: Gay, bisexual, and other men who have sex with men (GBMSM) face the highest burden of HIV in the United
States, and there is a paucity of efficacious mobile health (mHealth) HIV prevention and care interventions tailored specifically
for GBMSM. We tested a mobile app combining prevention messages and access to core prevention services for GBMSM.

Objective: This study aims to measure the efficacy of the Mobile Messaging for Men (M-cubed) app and related services to
increase HIV prevention and care behaviors in diverse US GBMSM.

Methods: We conducted a randomized open-label study with a waitlist control group among GBMSM in 3 groups (low-risk
HIV-negative group, high-risk HIV-negative group, and living-with-HIV [LWH] group) recruited online and in venues in Atlanta,
Detroit, and New York City. Participants were randomly assigned to receive access to the app immediately or at 9 months after
randomization. The app provided prevention messages in 6 domains of sexual health and offered ordering of at-home HIV and
sexually transmitted infection test kits, receiving preexposure prophylaxis (PrEP) evaluations and navigation, and service locators.
Serostatus- and risk-specific prevention outcomes were evaluated at baseline, at the end of the intervention period, and at 3, 6,
and 9 months after the intervention period.
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Results: In total, 1226 GBMSM were enrolled and randomized; of these 611 (49.84%) were assigned to the intervention group
and 608 (99.51%) were analyzed, while 615 (50.16%) were assigned to the control group and 612 (99.51%) were analyzed. For
high-risk GBMSM, allocation to the intervention arm was associated with higher odds of HIV testing during the intervention
period (adjusted odds ratio [aOR] 2.02, 95% CI 1.11-3.66) and with higher odds of using PrEP in the 3 months after the intervention
period (aOR 2.41, 95% CI 1.00-5.76, P<.05). No changes in HIV prevention or care were associated with allocation to the
intervention arm for the low-risk HIV-negative and LWH groups.

Conclusions: Access to the M-cubed app was associated with increased HIV testing and PrEP use among high-risk HIV-negative
GBMSM in 3 US cities. The app could be made available through funded HIV prevention providers; additional efforts are needed
to understand optimal strategies to implement the app outside of the research setting.

Trial Registration: ClinicalTrials.gov NCT03666247; https://clinicaltrials.gov/ct2/show/NCT03666247

International Registered Report Identifier (IRRID): RR2-10.2196/16439

(J Med Internet Res 2022;24(2):e34574)   doi:10.2196/34574

KEYWORDS

HIV prevention; mHealth; tool; video; randomized clinical trial; app; prevention; HIV; PrEP; STI; testing; behavior; efficacy;
men who have sex with men; MSM; sexuality; gay; bisexual; United States

Introduction

The ambitious goal of the US Ending the HIV Epidemic
Initiative to reduce new HIV diagnoses by 90% by 2030 [1]
will not be reached without reducing new HIV infections in
gay, bisexual, and other men who have sex with men (GBMSM).
GBMSM comprised 54% of annual new HIV diagnoses in 2019
in the United States [2] and face the highest burden of HIV in
the United States [3]. However, there are few efficacious or
promising mobile health (mHealth) HIV prevention and care
interventions tailored for subgroups of GBMSM [4,5]. New
HIV prevention tools should address the needs of GBMSM,
young GBMSM aged 15-24 years (YGBMSM) [6], and
YGBMSM of color, for whom HIV incidence is the highest
[7-9]. Currently, HIV prevention services are underused by
GBMSM: in 2018, just over half (56%) reported being tested
in the past 12 months, high proportions (76% of HIV-positive
and 66% of HIV-negative GBMSM) reported recent condomless
receptive anal intercourse, and few (<20%) reported preexposure
prophylaxis (PrEP) use [10,11]. Statistical models demonstrate
that high levels of coverage of prevention services will be
required to substantially reduce HIV incidence among GBMSM
[12,13] and increased use of routine prevention services (eg,
HIV testing) might increase uptake of biomedical interventions,
such as PrEP [14]. A package of HIV prevention interventions
is needed to maximally reduce the risks of infection, and uptake
of multiple prevention services by a substantial proportion of
the GBMSM population is needed to reduce HIV incidence
among GBMSM.

A growing body of research has suggested that mobile phone
apps are a promising environment to offer tailored and
on-demand prevention services for GBMSM [5,6,15-19].
GBMSM are open to receiving prevention information and
resources via mobile apps [20]. Communicating prevention
messages through mobile apps (mobile messaging) might
enhance intervention uptake, because it allows messaging to a
wide audience of GBMSM, including rural GBMSM, who use
sexual health services and PrEP at lower rates than GBMSM
in urban areas [10,11,21]. Younger GBMSM might be especially

interested in using mobile technology to receive health
information [22].

HIV prevention and care interventions for GBMSM have most
often been provided through in-person sessions with behavior
change interventions, are often focused on specific subgroups
of GBMSM (eg, high-risk HIV-negative episodic
substance-using GBMSM, Black GBMSM with HIV-negative
or unknown HIV serostatus, HIV-positive clinic patients) [23]
and often target only 1 element of comprehensive
prevention—for example, condom use, medication adherence,
or PrEP uptake [4]. In a serostatus-neutral framework [24], we
must evaluate interventions that address multiple prevention
behaviors (eg, HIV testing, sexually transmitted infection [STI]
testing, condom use, PrEP uptake, and medication adherence),
many of which are relevant to GBMSM with HIV and those at
risk for HIV infection.

To address these needs, we adapted an existing HIV prevention
app designed for GBMSM, HealthMindr, to add and evaluate
tailored prevention messaging [25-27]. The methods for the app
content development specific to this study have been described
elsewhere [28]. We aimed to develop a mobile app that can
address multiple prevention and care needs for GBMSM, both
those with HIV and those at risk for HIV acquisition (ie, HIV
negative). We developed messaging for HIV-negative GBMSM
that would be relevant for both high- and low-risk MSM.
Messages were drawn from existing mHealth interventions
[29,30] and adapted through a theory-driven approach with
stakeholder input, as previously described [28]. Messages were
provided through in-app content and videos. We used the core
HealthMindr app [25,26] to offer a suite of prevention services,
including self-screening for HIV and STI risk; a scheduling and
reminder system for routine HIV and STI testing; a PrEP
eligibility screener; a nonoccupational postexposure prophylaxis
(nPEP) risk assessment tool; an ordering platform for delivery
of at-home HIV- and STI-screening kits and of condoms and
lubricants; and service locators for HIV and STI testing, PrEP,
nPEP, and HIV treatment and care. The app included branding
associating the app with Emory University. Content was frozen
during the trial. Participants accessed the app from Apple App
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Store or Google Play Store and received a study-specific
activation code.

We aimed to evaluate the use and efficacy of the combined
prevention messaging and app service components as a public
health intervention strategy to reduce risks of HIV acquisition
and improve HIV care outcomes among GBMSM. We
hypothesized that exposure to the message delivery platform
within a comprehensive HIV prevention app would result in
improvements in participants’ self-reported sexual health,
prevention, and care behaviors, compared to GBMSM without
access to the app.

Methods

Study Design
Data were collected from January 24, 2018, to October 31, 2019.
The methods for the study have been previously described [28]
and are summarized here. Eligibility criteria are summarized in
Table 1. Men were classified as (1) HIV seropositive, (2) HIV
seronegative at high risk (any anal sex not protected by condoms
or not taking PrEP, as prescribed, in the past 3 months), and (3)
HIV seronegative at low risk (anal sex protected by condoms
in the past 3 months or taking PrEP, as prescribed, in the past
3 months, ie, adherent PrEP users). Owning a cell phone was
also required, and smartphone literacy was thus a de facto
eligibility criterion. This research was reviewed and approved
by the Emory University institutional review board (protocol

IRB00087684) on June 13, 2016. We collected individual
informed consent in person at the study enrollment visit.
Consenting participants were randomly assigned to either the
immediate intervention group or the waitlist control group in a
1:1 ratio within 36 strata based on the 3 serostatus/risk groups,
3 cities, race/ethnicity (non-Hispanic White vs other
race/ethnicity), and phone type (Android vs iOS) [31].
Participants in the intervention group received one 2-sentence
message every other day and a 1-minute video weekly, in
addition to access to HIV and STI kit ordering and informational
resources.

At in-person baseline visits, participants assigned to the
intervention group downloaded and received orientation to the
study app and received access to the mobile app and prevention
messages based on their risk profiles. Participant contact and
retention activities were supported through the Emory Study
Management and Retention Tool (SMART). The intervention
was provided over 3 months, after which the app was
deactivated. Waitlist control participants were not provided
access to the intervention app at the baseline visit but continued
to receive quarterly surveys. An overview of the study timeline
and complete survey instruments have been published and are
available online [28].

There were multiple prevention outcomes, which varied among
the 3 risk groups, as previously reported [28]. The specific
outcomes and measures used are summarized in Table 2.

Table 1. Eligibility criteria for a randomized controlled trial of the Mobile Messaging for Men intervention in Atlanta, Detroit, and New York City
(2018-2019).

Eligible levelCriterion

Age (years) • ≥18

Sex at birth • Assigned as male

Current gender identity • Male

Sexual risk behaviors • Reports anal intercourse with a male partner in the past 12 months

City of residence • Resident of Atlanta, Detroit, or New York City

Other eligibility criteria • Plans to stay in the city area for the next 9 months
• Owns and uses an Android or iOS smartphone
• Is able to read and understand English without assistance
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Table 2. Outcomes and measures used in the evaluation of Mobile Messaging for Men, a mobile health intervention to promote HIV prevention and

care behaviors among GBMSMa in Atlanta, Detroit, and New York City (2018-2019).

DefinitionGroup assessedBehavior

STI testc in the 3 months before the surveySTIb testing • All GBMSM

Self-reportedd HIV test in the 3 months before the surveyHIV testing • Low-risk HIV-negative GBMSM
• High-risk HIV-negative GBMSM

Self-reportedd being on PrEP as of the day of the surveyCurrent PrEPe use • Low-risk HIV-negative GBMSM
• High-risk HIV-negative GBMSM

Self-reportedd taking at least 25/30 daily pills in the prior 30 daysPrEP adherence • All low- and high-risk HIV-negative
GBMSM reporting PrEP use

Self-reportedd being on ART as of the day of the surveyCurrent ARTf use • All LWHg GBMSM

Self-reportedd taking ART, as prescribed, on ≥25 of the past 30 daysART adherence • All LWH GBMSM on ART

Self-reported anal sex with a main or casual partner when the partici-
pant was not on PrEP AND the insertive partner did not use a condom

from start to finishd

Anal sex not protected by PrEP or
condoms

• Low-risk HIV-negative GBMSM
• High-risk HIV-negative GBMSM

Self-reported anal sex with a main or casual partner when the insertive

partner did not use a condom from start to finishd
Anal sex not protected by PrEP or
condoms

• LWH GBMSM

aGBMSM: gay, bisexual, and other men who have sex with men.
bSTI: sexually transmitted infection.
cIncludes Mobile Messaging for Men care kit orders with results.
dSelf-report measures were previously validated as part of the American Men’s Internet Survey [32].
ePrEP: preexposure prophylaxis.
fART: antiretroviral therapy.
gLWH: living with HIV.

Data Analysis
Analyses were stratified by the baseline HIV status/risk group:
high-risk HIV-negative, low-risk HIV-negative, and living with
HIV (LWH) groups. Counts and relative frequencies were used
to describe sociodemographics and sexual history at baseline
by intervention status (intervention group vs control group) and
HIV status/risk group, and chi-square tests assessed for
differences in these characteristics by intervention status (Table
3). To account for within-person repeated measures and
randomization strata, separate mixed-effect logistic models
assessed for association over time of the intervention with each
outcome.

A post hoc analysis was conducted to compare control
participants with intervention participants who had at least 30
minutes of intervention use in order to assess the potentially
mediating effect of the time spent on the app; 30 minutes was
the estimated time required to read and rate all written messages
and view the video messages. A second post hoc analysis was
conducted because not all participants who ordered and received
at-home STI test kits returned them. In this second analysis, we
defined the intention to test for STIs as either ordering an STI
test kit through the mobile app or reporting having taken an STI
test. Result reporting was prepared in accordance with
Consolidated Standards of Reporting Trials (CONSORT)
guidelines [33].
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Table 3. Sociodemographic and baseline behavioral characteristics of MSMa in the Mobile Messaging for Men study sample (2018-2019).

HIV-positive (n=383)Low-riskc HIV-negative
(n=410)

High-riskb HIV-negative (n=427)Overall (N=1220)Characteristic

P value (in-
tervention vs
control)

n (%)P value (inter-
vention vs
control)

n (%)P valued (inter-
vention vs
control)

n (%)n (%)

Race/ethnicitye

.84300 (78.3).92204 (49.8).89205 (48.0)709 (58.11)MSM of color

—82 (21.4)—206 (50.2)—f222 (52.0)510 (41.80)White

Age (years)

.5858 (15.1).89180 (43.9).13210 (49.2)448 (36.72)18-29

—325 (84.9)—230 (56.1)—217 (50.8)772 (63.28)≥30

Education levelg

.7691 (23.8).4631 (7.6).9654 (12.6)176 (14.42)≤High school diploma/Gen-
eral Education Development
(GED) test

—161 (42.0)—98 (23.9)—128 (29.9)387 (31.72)Some post–high school edu-
cation

—78 (20.4)—158 (38.5)—141 (33.0)377 (30.90)4-year college degree

—52 (13.6)—123 (30.0)—102 (23.9)277 (22.70)Some graduate education

City/metropolitan statistical area

.98188 (49.1).99145 (35.4).98140 (32.8)473 (38.77)Atlanta

—57 (14.9)—121 (29.5)—155 (36.3)333 (27.29)Detroit

—138 (36.0)—144 (35.1)—132 (30.9)414 (33.93)New York City

Baseline outcome variables

.09271 (71).27254 (61.9).18165 (38.4)—STIh testing (3 months)

——.74259 (63.2).40162 (37.9)—HIV testing (3 months)

——.21222 (54.1).0822 (5.1)—Current PrEPi use

——.99212 of 222
(95.5)

.3611 of 22 (50.0)—PrEP adherence (≥25/30

days)j

.99368 (96.1)—————Current ARTk use

.06335 of 368
(91.0)

—————ART adherence (≥25/30

days)j

.0198 (25.6).7351 (12.4).37392 (91.8)—Unprotected anal sex (3

months)l

.06251 (65.5).42196 (47.8).1045 (10.5)—Engagement in care (3

months)m

aMSM: men who have sex with men.
bHigh risk (condomless/PrEP-less anal sex, past 3 months).
cLow risk (no condomless/PrEP-less anal sex, past 3 months).
dP value for chi-square testing (difference between intervention and control arms).
eOne HIV-positive participant did not report race/ethnicity.
fNot applicable.
gTwo high-risk HIV-negative and one HIV-positive participants did not report education level.
hSTI: sexually transmitted infection.
iPrEP: preexposure prophylaxis.
jAmong current users.
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kART: antiretroviral therapy.
lCondomless and PrEP-less anal sex for HIV-negative and condomless/detectable viral load for HIV-positive users.
mEngagement in PrEP or ART care.

Results

Recruitment and Randomization
From January 24, 2018, to November 2, 2018, a total of 9966
GBMSM were assessed for eligibility for the randomized

controlled trial; reasons for lack of eligibility are shown in
Figure 1. Specifically, 2841 (28.51%) of 9966 GBMSM
screened were eligible and provided contact information, of
which 1236 (43.51%) attended a baseline study visit, 1226
(99.19%) consented and were randomized to intervention
(n=611, 49.84%) and control (n=615, 50.16%) arms (Figure 1).

Figure 1. CONSORT diagram for the M-cubed randomized controlled trial among GBMSM (screening through randomization). CONSORT: Consolidated
Standards of Reporting Trials; GBMSM: gay, bisexual, and other men who have sex with men; M-cubed: Mobile Messaging for Men.

Sample Characteristics
The analytic sample comprised 1220 GBMSM enrolled in the
study, including 608 (49.84%) randomized to the intervention
arm and 612 (50.16%) randomized to the control arm (Figure
2). There was no failure of randomization within the 3 risk
groups, except for unprotected anal intercourse among LWH
GBMSM (Table 2). Most participants were GBMSM of color

(n=378 [30.98%] Black/African American, n=183 [15%]
Hispanic/Latino, n=148 [12.13%] other/mixed), were aged ≥30
years (772/1220 [63.28%]), and had at least a 4-year college
education (654/1220 [53.61%]). Other indicators of risk and
prevention services did not differ between control and
intervention arms (data not shown). Self-reported levels of use
of prevention and care services were often less than
recommended by the Centers for Disease Control and Prevention
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(CDC). High-risk HIV-negative GBMSM reported moderate
levels of STI (165/427, 38.6%) and HIV (162/427, 37.9%)
testing in the 3 months before baseline; only 22 of 427 (5.1%)
reported using PrEP, and adherence to PrEP was low (11/22,
50%, reported ≥25/30 pills in the prior 30 days). A high
proportion (392/427, 91.8%) reported sex not protected by PrEP
or condoms in the past 3 months. Among low-risk HIV-negative
GBMSM, baseline use of STI (254/410, 61.9%) and HIV
(259/410, 63.2%) testing was higher; in addition, 222 of 410
(54.1%) reported being on PrEP, with high (212/222, 95.5%)

adherence. Many HIV-negative GBMSM were designated as
low risk because they were on PrEP; routine PrEP care includes
HIV and STI testing. Among LWH GBMSM, most (271/383,
70.8%) reported recent STI testing, being on
antiretroviral therapy (ART; 368/383, 96.1%) and high ART
adherence (335/368, 91%). About 1 in 4 reported anal sex not
protected by condoms in the past 3 months (98/383, 25.6%),
and most (251/383, 65.5%) reported engaging in HIV care
during the prior quarter.

Figure 2. CONSORT diagram for a randomized controlled trial of the M-cubed intervention for GBMSM (randomization through analysis). CONSORT:
Consolidated Standards of Reporting Trials; GBMSM: gay, bisexual, and other men who have sex with men; M-cubed: Mobile Messaging for Men.

Retention was 1065 of 1226 (86.87%) at 3 months, 1046 of
1226 (85.32%) at 6 months, and 985 of 1226 (80.34%) at 9
months. Factors associated with retention were consistent across
time points: retention was higher among participants who were
White non-Hispanic, had more education, were employed
full-time, and were not homeless. At the 9-month follow-up,
higher retention was also associated with gay/homosexual

identity (vs bisexual or other identities) and online recruitment
(vs venue-based recruitment).

Intervention Efficacy
Intervention efficacy was analyzed by HIV status/risk group
(Table 4). Among high-risk HIV-negative GBMSM, the odds
of HIV testing (Figure 3) were higher at the immediate
postintervention time point and the odds of current PrEP use
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(Figure 4) were higher at the 3-month postintervention time
point, but not at 6 or 9 months postintervention (Table 4). Of
the high-risk GBMSM in the intervention arm who tested for
HIV in the immediate postintervention period (n=126), 16
(12.7%) used an at-home HIV self-test kit provided through the
app. As shown in Figure 4, although the initial prevalence of
PrEP use was nonsignificantly lower in the intervention group
at baseline, PrEP use rose from 3% at baseline to 15% by the
3-month follow-up assessment and remained at 15% through
the 6-month follow-up assessment. Although odds ratio (OR)

estimates comparing intervention to control for PrEP adherence
were >1.0 at all postintervention time points for high-risk
GBMSM, they were not statistically significant, given the small
number of high-risk HIV-negative GBMSM taking PrEP.

For low-risk HIV-negative GBMSM, there were no changes in
study outcomes associated with assignment to the intervention.
For LWH GBMSM, STI testing was significantly lower in the
immediate posttest period in the intervention group compared
to the control group.
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Table 4. Modeled behavioral measures at baseline, immediate posttest, and 3- and 6-month postintervention follow-up assessments for intervention

efficacy of the Mobile Messaging for Men mobile app among MSMa by HIV status/risk group (N=1220).

HIV-positive MSM (n=383)Low-risk HIV-negative MSM (n=410)High-risk HIV-negative MSM (n=427)Behavioral

measure

aOR

(95% CI)

Control
group, M%
(95% CI)

Intervention
group, M%
(95% CI)

aOR

(95% CI)

Control
group, M%
(95% CI)

Intervention
group, M%
(95% CI)

aORc

(95% CI)

Control
group, M%
(95% CI)

Intervention

group, M%b

(95% CI)

STId testing (3 months)

—68 (59-75)76 (68-82)—64 (55-71)58 (50-66)—e41 (34-49)35 (28-43)Baseline

0.49

(0.26-0.94)f

72 (63-79)65 (56-73)1.53

(0.87-2.70)

56 (48-65)61 (53-69)1.07

(0.61-1.87)

47 (39-55)42 (35-50)Immediate
posttest

1.19

(0.63-2.24)

59 (50-68)72 (63-79)1.65

(0.97-2.81)

56 (48-64)63 (54-71)1.01

(0.58-1.76)

45 (37-53)39 (31-47)3 months
postinterven-
tion

0.96

(0.53-1.73)

63 (54-72)71 (62-78)1.22

(0.77-1.94)

58 (49-66)57 (48-66)1.06

(0.64-1.74)

42 (34-50)37 (30-45)6 months
postinterven-
tion

HIV testing (3 months)

————71 (63-78)73 (65-80)—52 (44-60)48 (39-57)Baseline

———1.41

(0.75-2.64)

65 (57-73)75 (67-81)2.02

(1.11-3.66)f

51 (42-59)63 (55-71)Immediate
posttest

———1.03

(0.57-1.86)

66 (58-73)69 (61-77)0.98

(0.55-1.75)

52 (44-60)47 (39-55)3 months
postinterven-
tion

———0.90

(0.54-1.52)

68 (59-75)68 (60-76)1.34

(0.80-2.25)

50 (42-58)53 (45-61)6 months
postinterven-
tion

Current PrEPg use

————49 (39-58)55 (45-64)—7 (4-11)3 (2-7)Baseline

———0.89

(0.60-1.31)

49 (39-58)52 (42-62)1.26

(0.48-3.32)

15 (11-21)9 (6-14)Immediate
posttest

———0.88

(0.63-1.23)

48 (39-59)52 (42-61)2.41

(1.00-5.76)f

14 (10-20)15 (10-21)3 months
postinterven-
tion

———0.85

(0.66-1.10)

49 (39-58)51 (42-61)1.67

(0.81-3.47)

19 (14-26)15 (11-21)6 months
postinterven-
tion

PrEP adherence (≥25/30 days)

————95 (88-98)95 (89-98)—62 (37-82)35 (10-71)Baseline

———1.66

(0.39-7.02)

84 (74-91)91 (82-95)2.72

(0.26-28.15)

80 (61-91)78 (54-92)Immediate
posttest

———1.84

(0.43-7.80)

85 (75-91)92 (84-96)5.47

(0.58-51.75)

74 (55-87)84 (64-94)3 months
postinterven-
tion

———0.88

(0.21-3.66)

92 (83-96)91 (82-95)1.38

(0.13-14.28)

92 (77-98)85 (64-94)6 months
postinterven-
tion

Current ARTh use

—98 (95-99)98 (94-99)——————Baseline

0.83

(0.17-4.15)

98 (94-99)97 (92-77)——————Immediate
posttest
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HIV-positive MSM (n=383)Low-risk HIV-negative MSM (n=410)High-risk HIV-negative MSM (n=427)Behavioral

measure

aOR

(95% CI)

Control
group, M%
(95% CI)

Intervention
group, M%
(95% CI)

aOR

(95% CI)

Control
group, M%
(95% CI)

Intervention
group, M%
(95% CI)

aORc

(95% CI)

Control
group, M%
(95% CI)

Intervention

group, M%b

(95% CI)

2.43

(0.56-10.55)

96 (92-98)98 (94-99)——————3 months
postinterven-
tion

1.11

(0.38-3.30)

96 (91-98)96 (91-98)——————6 months
postinterven-
tion

ART adherence (≥25/30 days)

—91 (85-95)96 (92-98)——————Baseline

0.58

(0.18-1.85)

91 (85-95)93 (87-96)——————Immediate
posttest

0.40

(0.13-1.18)

92 (85-95)93 (87-96)——————3 months
postinterven-
tion

0.43

(0.16-1.14)

92 (86-96)92 (86-96)——————6 months
postinterven-
tion

Unprotected anal sex/all partners (3 months)i

—34 (27-42)21 (16-28)—15 (10-21)14 (9-20)—92 (87-95)94 (90-97)Baseline

1.93

(0.92-4.06)

20 (14-28)20 (14-27)0.79

(0.38-1.64)

28 (21-37)23 (16-31)0.93

(0.39-2.24)

73 (65-80)78 (71-84)Immediate
posttest

1.46

(0.68-3.15)

19 (14-27)15 (10-22)0.75

(0.38-1.49)

29 (22-38)22 (15-30)0.58

(0.25-1.35)

76 (67-82)72 (64-79)3 months
postinterven-
tion

1.98

(0.96-4.07)

18 (12-25)18 (12-25)1.11

(0.62-2.01)

26 (19-35)27 (20-35)0.82

(0.40-1.67)

66 (58-74)70 (61-77)6 months
postinterven-
tion

Engagement in PrEP/ART care (3 months)

—61 (53-68)70 (63-77)—46 (37-55)49 (40-59)—13 (9-19)8 (5-13)Baseline

0.75

(0.40-1.39)

58 (50-66)61 (53-69)0.91

(0.54-1.55)

45 (36-55)46 (37-56)1.38

(0.62-3.04)

18 (13-25)16 (11-22)Immediate
posttest

1.11

(0.60-2.04)

56 (48-64)68 (60-76)0.97

(0.60-1.57)

44 (35-54)47 (37-57)1.90

(0.89-4.04)

15 (10-22)17 (12-24)3 months
postinterven-
tion

0.95

(0.54-1.65)

55 (47-63)64 (55-72)0.82

(0.55-1.22)

43 (34-53)42 (33-52)1.37

(0.73-2.56)

20 (14-27)17 (12-24)6 months
postinterven-
tion

aMSM: men who have sex with men.
bM%, model-based mean probability of reporting behavior.
caOR: adjusted odds ratio (for intervention vs control change from baseline; regression models include independent variables of the intervention group
[intervention, control], survey time point [baseline, immediate posttest, 3- and 6-month postintervention follow-up], and their interaction).
dSTI: sexually transmitted infection.
eNot applicable.
fP<.05.
gPrEP: preexposure prophylaxis.
hART: antiretroviral therapy.
iCondomless/PrEP-less anal sex for HIV-negative MSM and condomless/detectable viral load for HIV-positive MSM.
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Figure 3. HIV testing of high-risk GBMSM, reported by study time point and randomized allocation, in Atlanta, Detroit, and New York City (2018-2019).
GBMSM: gay, bisexual, and other men who have sex with men.

Figure 4. PrEP use among GBMSM who reported anal intercourse not protected by condoms or PrEP at baseline, reported by study time point and
randomized allocation, in Atlanta, Detroit, and New York City (2018-2019). GBMSM: gay, bisexual, and other men who have sex with men; PrEP:
preexposure prophylaxis.
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Posthoc Analyses of Intervention Effects by Key
Demographic Variables and Time Spent on App and
STI Testing
Given the potential importance of race/ethnicity, age group, and
education level as potential moderators of intervention effects,
we conducted stratified analyses of the outcome variables for
each of the 3 HIV status/risk groups for the following subgroups:
non-Hispanic White versus others; age 18-29 versus ≥30 years;
and <4-year college degree versus 4-year degree or more. No
meaningful difference in outcomes was identified among
stratum-specific estimates. Further, a sensitivity analysis
assessed the time spent on the mobile app over the 3-month
intervention (control vs ≥30 minutes of intervention use) for
the 3 HIV status/risk groups. No meaningful or significant
difference in outcomes was identified.

In a posthoc analysis, the intention to test for STIs (ie, ordering
an STI test kit or reporting having had an STI test) was higher
in all HIV-negative participants (low-risk HIV-negative: aOR
3.1, 95% CI 1.7-5.6; high-risk HIV-negative: aOR 3.5, 95% CI
2.0-6.2; all HIV-negative regardless of risk group: aOR 3.4,
95% CI 2.3-5.1).

Discussion

Principal Results
We tested an app-based intervention to provide messages to
promote HIV prevention and care and provide access to core
HIV and STI prevention services to GBMSM. The results
showed significant increases in HIV screening during the period
of app use among high-risk HIV-negative GBMSM. The results
also indicated increased prevalence of PrEP use among high-risk
HIV-negative GBMSM in the 3-month period after app use.
We identified no protective changes in study outcomes for
low-risk HIV-negative GBMSM or LWH GBMSM. Given the
high baseline PrEP use and adherence among low-risk
HIV-negative GBMSM who did not report recent anal sex not
protected by condoms and high levels of ART use and the high
baseline adherence among LWH GBMSM, there was little room
for improvement statistically among these groups on key
outcome variables. We recognize, however, that the vulnerability
of GBMSM may change over time (ie, seasons of risk [34]), so
the utility of the app and its messaging might change over time
for individual men.

We developed our intervention in light of 3 principles. First,
we worked from the paradigm of integrated HIV prevention
and care continua. Although the HIV status was determined at
the beginning of the trial, when the app is used in practice, HIV
testing will be the starting point for both continua. Thus, the
intervention could serve GBMSM who do not know their HIV
status [35]. Second, we sought to develop an intervention that
could be offered to all GBMSM rather than to demographic or
risk subsets of men. Third, we sought to develop an intervention
that could be scaled to provide intervention content to large
numbers of men without the need for a large staff of
interventionists. A free, downloadable app that disseminates
one 2-sentence message every other day and a 1-minute video
weekly might be easily incorporated into a user’s life without

requiring the time and travel often required of more traditional,
in-person interventions. Further, mobile app interventions are
a potentially low-cost strategy from the perspective of health
departments and community-based organizations (CBOs) that
may choose to implement them in their jurisdictions.

We view our mixed efficacy outcomes from several
perspectives. The fact that exposure to the app was associated
with a doubling of HIV-testing behaviors and of prevalence of
PrEP use among high-risk HIV-negative GBMSM suggests that
the messages and app services could be a scalable, effective
resource for GBMSM who engage in anal intercourse that is
not protected by condoms or PrEP. Large national surveys of
GBMSM suggest that 47%-53% of HIV-negative GBMSM
would fall into this category [36,37]; considering the number
of high-risk HIV-negative GBMSM in the United States [38],
the potential user base for these services is about
1,800,000-2,000,000 US GBMSM.

The effect sizes for uptake of HIV screening and PrEP use were
both about 2. However, the baseline levels of HIV screening
and PrEP use were quite different. For high-risk GBMSM, the
CDC recommends HIV testing at least annually, and in the
intervention arm, nearly two-thirds reported HIV testing in the
immediate posttest assessment period (tested in the prior 3
months). However, despite the same relative increase in PrEP
use, only 1 in 6 (17%) high-risk GBMSM was taking PrEP at
the 3-month postintervention time point. This suggests that
additional and more intensive intervention services will likely
be required for high-risk PrEP-eligible men who do not initiate
PrEP within 6 months of starting the use of the Mobile
Messaging for Men (M-cubed) app.

We also recognize that increases in PrEP usage and HIV testing
associated with allocation to the app were short lived. The timing
of the effects makes sense: the support for HIV testing provided
during the period of app use included ordering at-home kits and
navigating to testing locations; the significant increase in testing
was observed during the period when men had access to the
app, and about 1 in 7 high-risk men who tested for HIV used a
mailed-out HIV self-test kit provided through the study. For
PrEP, after the decision to start PrEP, there is a long process of
making an appointment, undergoing lab tests, filling a
prescription, and starting the medication; this outcome was
higher in the 3 months after the period of app use. In practice,
exposure to the app would not be limited to 3 months, and it is
a separate question as to whether changes in behavior would be
sustained over time with ongoing exposure to the app. Such a
question could be answered in an implementation study.

Our approach was developed with an eye toward being able to
reach large numbers of GBMSM with a basic package of
prevention services. Given that there was efficacy for some
outcomes, there are important questions about how the
intervention might be made available to GBMSM who would
be likely to benefit from it [39]. Most HIV prevention services
are currently provided and funded through CBOs and health
departments. Although some CBOs and health departments
might have the technical capacity to support app-based
prevention services, this capacity is likely quite limited. A
currently underway randomized study of an efficacious eHealth
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intervention (Keep It Up [40]) will examine the outcomes of
centralized versus decentralized implementation approaches,
and the results of the study may inform how the M-cubed
intervention could be most effectively implemented [41].

Limitations
Our study was subject to several limitations. Although we used
recruitment quotas to guide recruitment and achieved a balanced
sample with respect to the 3 HIV status/risk groups,
race/ethnicity, and recruitment venues, our sample was skewed
to men with higher education. These selection biases threaten
the external generalizability of the study; it is possible that the
intervention might have had salutary effects for low-risk
HIV-negative GBMSM or LWH GBMSM with lower education.
However, although not powered for secondary comparisons,
our post hoc stratified analyses did not suggest differential
effects by educational attainment. Second, PrEP use in our
sample was high at baseline (about 29% among all HIV-negative
GBMSM), which is unique in large samples of GBMSM to
date. For example, current PrEP use was reported by less than
20% of respondents to the American Men’s Internet Survey (a
large, national sample of US GBMSM) in 2017 [10] and by
25% of GBMSM who participated in 23 cities in the 2017
National HIV Behavioral Surveillance study [37]. Over half of
GBMSM in our study who were not on PrEP reported HIV
testing in the 3 months before enrollment; this is similar to the
proportion who tested for HIV in the 12 months before
interviews in the 2016 AMIS survey [11]. Third, outcomes were
self-reported and so might be subject to misclassification
because of social desirability bias [42]. Fourth, our sample was
restricted to GBMSM recruited online; this might introduce
selection bias, in that men recruited through physical venues,
such as sex venues, might have higher or lower levels of risk.
Lastly, our sample was limited to GBMSM in 3 urban areas of
the United States who reported sex with a man in the past year;
patterns of risk behaviors and use of prevention services are
known to be different in other urban areas or among rural
GBMSM [11,21]. The level of ART use in our LWH MSM was

high, offering limited opportunity for improvement. Future
studies of the app could condition enrollment on the need for
support for ART initiation or maintenance for LWH MSM.

The next steps for the study include secondary analysis of
extensive app usage data or paradata [43] in terms of
understanding the ratings of each message and the time spent
using various optional aspects of the app descriptively [44]. We
will also conduct further assessments of the potential mediation
of outcome effects by app usage to help direct future prevention
research and program implementation of mobile apps. Based
on our data, the app offered benefits to GBMSM who reported
recent anal sex not protected by condoms or PrEP but not to
HIV-negative men who did not report sex not protected by
condoms of PrEP or LWH men. Therefore, we will consider
how the app can be updated and implemented [39,45] for
GBMSM engaging in sex not protected by condoms or PrEP
and for LWH MSM. Because we found that the app is a
successful way to increase the intention to test for STIs and to
distribute at-home STI self-test kits, the kits were often not
returned and additional research is needed to understand the
barriers to returning STI specimen collection kits. If this barrier
can be overcome, the M-cubed app might also effectively
support increased STI testing for some groups of GBMSM.

Conclusion
We sought to produce and evaluate a mobile app with prevention
messaging and services to support comprehensive HIV
prevention and care with low levels of prevention staff
interaction for all GBMSM, regardless of HIV status or current
risk behaviors. Such a serostatus-neutral approach, if
implemented successfully, would offer advantages in terms of
cost efficiency and minimization of segmentation of GBMSM
by serostatus. Future work with the M-cubed app should focus
on implementing the app for GBMSM who are likely to benefit
from it based on their current behaviors and evaluating methods
of implementation of the app through public or publicly
supported prevention providers [39].
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Abstract

Background: The World Wide Web has become an essential source of health information. Nevertheless, the amount and quality
of information provided may lead to information overload. Therefore, people need certain skills to search for, identify, and
evaluate information from the internet. In the context of health information, these competencies are summarized as the construct
of eHealth literacy. Previous research has highlighted the relevance of eHealth literacy in terms of health-related outcomes.
However, the existing instrument assessing eHealth literacy in the German language reveals methodological limitations regarding
test development and validation. The development and validation of a revised scale for this important construct is highly relevant.

Objective: The objective of this study was the development and validation of a revised German eHealth literacy scale. In
particular, this study aimed to focus on high methodological and psychometric standards to provide a valid and reliable instrument
for measuring eHealth literacy in the German language.

Methods: Two internationally validated instruments were merged to cover a wide scope of the construct of eHealth literacy
and create a revised eHealth literacy scale. Translation into the German language followed scientific guidelines and recommendations
to ensure content validity. Data from German-speaking people (n=470) were collected in a convenience sample from October to
November 2020. Validation was performed by factor analyses. Further, correlations were performed to examine convergent,
discriminant, and criterion validity. Additionally, analyses of measurement invariance of gender, age, and educational level were
conducted.

Results: Analyses revealed a 2-factorial model of eHealth literacy. By item-reduction, the 2 factors information seeking and
information appraisal were measured with 8 items reaching acceptable-to-good model fits (comparative fit index [CFI]: 0.942,
Tucker Lewis index [TLI]: 0.915, root mean square error of approximation [RMSEA]: 0.127, and standardized root mean square
residual [SRMR]: 0.055). Convergent validity was comprehensively confirmed by significant correlations of information seeking
and information appraisal with health literacy, internet confidence, and internet anxiety. Discriminant and criterion validity were
examined by correlation analyses with various scales and could partly be confirmed. Scalar level of measurement invariance for
gender (CFI: 0.932, TLI: 0.923, RMSEA: 0.122, and SRMR: 0.068) and educational level (CFI: 0.937, TLI: 0.934, RMSEA:
0.112, and SRMR: 0.063) were confirmed. Measurement invariance of age was rejected.

Conclusions: Following scientific guidelines for translation and test validation, we developed a revised German eHealth Literacy
Scale (GR-eHEALS). Our factor analyses confirmed an acceptable-to-good model fit. Construct validation in terms of convergent,
discriminant, and criterion validity could mainly be confirmed. Our findings provide evidence for measurement invariance of the
instrument regarding gender and educational level. The newly revised GR-eHEALS questionnaire represents a valid instrument
to measure the important health-related construct eHealth literacy.
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Introduction

Background
The concept of health literacy emerged in the 1990s as a
competence to gather health information and use it to address
health questions and problems [1]. Nutbeam [2] defined health
literacy as “cognitive and social skills which determine the
motivation and ability of individuals to gain access to,
understand, and use information in ways which promote and
maintain good health.” In the following years, health literacy
has turned out to be an important predictor for various health
outcomes (eg, behavior of patients with diabetes mellitus or
heart failure) [3,4]. The World Health Organization has declared
health literacy as a key determinant of health and defined it as
a Sustainable Development Goal [5].

With the rise of the internet as a source of information, the
gathering of health information was no longer limited to
professional or face-to-face health sources but was available
from many different health topic websites [6]. With the
increasing availability of health information on the internet, the
number of people using this source for seeking health
information rose as well [7,8]. However, sources on the internet
contain inconsistent information as contributions are not by
professionals only [9]. As a result, the amount and differences
in quality of information provided on the internet may lead to
health information overload [10]. For example, in 2020,
COVID-19 became a global pandemic, and disease-related
information, especially from the internet, grew exponentially,
leading to an “infodemic” [11,12]. Not only is a large amount
of information available, but a significant amount of it must be
considered misinformation because the sources of the
information must be classified questionable [13,14].

For the context of information from the internet, Norman and
Skinner [15] applied the concept of health literacy to electronic
health literacy (eHealth literacy). With the development of the
eHealth Literacy Scale (eHEALS) questionnaire [16], the
concept of eHealth literacy became measurable and emerged
as a growing interest in psychological and medical health
sciences. Systematic reviews have shown that eHEALS is
associated with different health-related outcomes, but findings
could not be consistently confirmed [17,18]. Associations of
eHealth literacy with different health outcomes have been found,
such as health intentions [19], acquiring health knowledge
[20-23], and health prevention behavior [21,24,25]. Furthermore,
research showed associations between eHealth literacy and
healthy behaviors like exercise behavior, balanced nutrition,
and regular breakfast [26,27]. In the context of COVID-19,
associations of eHealth literacy and lower psychological
symptoms [28] and higher prevention behaviors [29] could be
confirmed. To sum up, research indicates that eHealth literacy
is associated with prevention behaviors, the acquisition of
knowledge, and people’s ability to cope with diseases, which

confirms eHealth literacy as an important construct in examining
people’s health behavior.

To cope with information overload and use the information
from the internet, Norman and Skinner [15] proposed a set of
different competencies: skills to read, identify, and understand
different information to distinguish helpful from less helpful or
even false or harmful information. These competencies represent
a sequential process of handling available information. In the
first step, basic cognitive skills are needed to search for
information regarding a certain topic. In a subsequent cognitive
process, information available must be distinguished as helpful
or less helpful in order to answer specific questions. These steps
represent an elaborated cognitive information process rather
than a heuristic one. The distinction of cognitive processes was
formerly described within dual-process theories in psychological
literature and confirmed in multiple studies [30-32].
Dual-process theories distinguish between fast cognitive
processes, which describe heuristic and holistic approaches
representing intuitive, implicit cognitions, and slow cognitive
processes, which are analytic and rule-based and focus on
explicit learning [33]. Slow cognitive processes run serially and
require cognitive capacity to answer or address specific
questions. In the context of eHealth literacy, the handling of
health information from the internet clearly represents a serial
process of subsequent cognitions that require different
competencies building on each other.

eHEALS: Translations of the Original eHEALS
Questionnaire and its Limitations
Since its publication, the original eHEALS questionnaire has
been translated into many languages, including Italian [34,35],
Spanish [36], Dutch [37], Chinese [38], Serbian [39], Korean
[40], Indonesian [41] and German [42]. However, some of these
studies could not confirm the 1-factorial model as assumed by
Norman and Skinner [16]. Looking at many different validation
studies of the eHEALS questionnaire, a consistent factorial
structure has not been verified; 1-factorial [16,37,43], 2-factorial
[42,44,45], and 3-factorial models [46-48] have been identified
in different validation studies and languages. These results
indicate that the eHEALS questionnaire lacks consistent factorial
structure.

The German version of the questionnaire validated by Soellner
and colleagues [42] especially lacks methodological and
content-related accuracy. They developed an initial instrument
for assessing eHealth literacy for the German-speaking
community (G-eHEALS). However, Soellner and colleagues
[42] did not meet scientific criteria substantially; first, they did
not meet the criteria scientifically recommended for translation
of instruments. Second, in their 2-factorial model content
validity was questionable because some items reflected the
subdimension of information appraisal rather than the assigned
subdimension of information seeking (“I know how to use the
health information I find on the internet to help me” or “I feel
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confident in using information from the internet to make health
decisions”). In addition, Soellner and colleagues [42] collected
their data on a limited sample of 327 students aged 16 to 21
years at only one type of school (gymnasium: a German school
type preparing for university attendance), and people of older
age were not considered for validation. However, as people of
older age may be less familiar using the internet [49-51] and
eHealth literacy especially depicts a particular digital literacy,
the model proposed by Soellner and colleagues [42] is possibly
not valid for assessing eHealth literacy in older people.
Moreover, the educational level of the participants could not
be considered within their biased study sample. Juvalta and
colleagues [52], who used the G-eHEALS, have also collected
their data on a limited sample of young parents (88.5% female).
In another German-speaking study, Reder and colleagues [53]
have shown a 3-factorial structure for the G-eHEALS. However,
only women participated in this study, which is a limited sample
for examining the validity of the G-eHEALS. Inconsistent
findings and methodological limitations of these studies indicate
an unclear factorial structure of the G-eHEALS.

Another limitation of the original eHEALS questionnaire refers
to insufficient representation of an elaborated cognitive
information process. The original scale does not reflect the
above-mentioned complexity of an information process in its
entirety. Petrič and colleagues [54] focused on this limitation
and developed an extended eHealth literacy scale (eHEALS-E).
Creating a 20-item questionnaire, they found a 6-factorial
structure. Despite this extension and other concepts and
questionnaires [55-57], eHEALS is still the instrument most
used for measuring eHealth literacy.

Aims of This Study
In summary, the G-eHEALS validated by Soellner and
colleagues [42] was a valuable first approach to the important
topic of eHealth literacy, but it underlies significant
methodological limitations and lacks in psychometric quality.
Nevertheless, as eHealth literacy could be confirmed as an
important construct of health-related outcomes, the possibility
of assessing eHealth literacy is crucial for health care
practitioners and researchers in understanding health competence
in German-speaking people. In response to the practical and
scientific demands and described limitations, we developed a
new instrument for measuring eHealth literacy with 4 objectives:

• Extension of the existing questionnaire of Norman and
Skinner [16] by 8 nonoverlapping items proposed by Petrič
and colleagues [54]. By combining the questionnaires, a
better representation of the construct of eHealth literacy
regarding the cognitive processes of seeking, identifying,
and evaluating health information should be achieved.

• German translation of the items according to common
scientific recommendations [58,59] to ensure content
validity.

• Validation of the revised GR-eHEALS at a convenience
sample in terms of construct and criterion validity. We
decided to collect data in a convenience sample to reach
participants with varied socioeconomic backgrounds.
Furthermore, our goal was not to limit the sample in order

to develop a measurement model that is as generic as
possible.

• To our knowledge, there is no study examining
measurement invariance of eHealth literacy between gender,
age, or educational level in a German sample. Nevertheless,
the interpretation of statistical differences between different
groups of people requires measurement invariance between
these groups [60]. As eHealth literacy represents
competencies that are important for people regardless of
their sociodemographic status, its measurement should
obviously be independent of these influencing variables.

All in all, we are pursuing the study goals to develop a revised
and validated instrument for measuring eHealth literacy. Further,
we sought to examine the measurement invariance of the
instrument regarding relevant sociodemographic variables.

Methods

Development of the New Instrument
The revised eHealth Literacy Scale (GR-eHEALS) is based on
the original items from the eHEALS [16] extended by adding
items from the eHEALS-E questionnaire from Petrič and
colleagues [54]. The translation was conducted following the
guidelines proposed by Beaton and colleagues [58] and
Guillemin and colleagues [59] for translation of academic
literature to ensure content validity. Accordingly, in a first step,
2 of the authors translated the items into German and merged
these translations into a first translation proposal. In the second
step, this proposal was discussed within a systematic expert
panel consisting of the 2 translators and 2 psychologists who
are experts in the context of health care and eHealth. The
resulting second proposal was translated back into English in
the third step to confirm that the essential meaning of the items
is consistent with the original items. In the fourth step, cognitive
interviews were conducted to make sure that all items are easy
to understand, do not include offensive speech, and do not
discriminate for age or gender. Interviewees were aged 23 to
72 years and had different educational backgrounds. The
resulting final version of the translated and extended version
consisted of 16 items. The original items and the translated
items are displayed in Multimedia Appendix 1. Items 1 to 8 are
translated from the original eHEALS questionnaire from
Norman & Skinner [16], and items 9 to 16 are translated from
the questionnaire (eHEALS-E) from Petrič and colleagues [54].
All subsequent nominations of item numbers refer to the item
numbers mentioned in Multimedia Appendix 1. To validate the
GR-eHEALS, we performed a prestudy in which we aimed to
check for any complications in answering the translated items
and to conduct an item analysis The results of this analysis are
displayed in Multimedia Appendix 2. As the prestudy showed
solid item characteristics, the developed instrument was
considered good fitting for the purpose of the main study.

Study Design and Participants
The cross-sectional study was conducted via Unipark (Tivian
XI GmbH), an online survey tool, between October and
November 2020. The ethics committee of the Faculty of
Medicine of the University of Duisburg–Essen reviewed and
approved this study (20-9592-BO).
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All data were collected anonymously. Participants for this study
were recruited via personal and occupational networks and
online social networks (Xing, Facebook, LinkedIn). In our
analyses, only complete data sets were considered. From a total
of 1634 participants, 524 have completed our questionnaire in
full, which represents a completion rate of 32.1% and can be
considered typical for an online survey [61]. We excluded cases
in which participants took less than 5:34 minutes (5% percentile)
or more than 25:45 minutes (95% percentile) to complete the
survey. Furthermore, we excluded 1 participant for being under
18 years old. As only 1 person indicated gender as diverse, we
excluded this case in order to perform the analysis of
measurement invariance of gender. The resulting sample
consisted of 470 respondents. The sample size is in accordance
with recommendations for validation studies [62,63]. Answering
the questionnaire took 11:32 (SD 4:24) minutes on average. All
data supporting the conclusion of the study are included in
Multimedia Appendix 3.

In the main study, it was our objective to validate the
GR-eHEALS in a convenience sample to verify its convergent,
discriminant, and criterion validity and test for measurement
invariance.

We verified convergent validity by assuming a positive
correlation between eHealth literacy and health literacy, which
measures a similar construct but does not take the source of
information into account. Furthermore, we assumed eHealth
literacy to be positively interrelated with internet confidence
and negatively associated with internet anxiety as eHealth
literacy particularly focuses on the gathering of information
from the internet.

To verify discriminant validity, we captured impulsivity and
common personality traits assuming no significant interrelations.
As eHealth literacy reflects competencies in dealing with
health-related information [15] rather than a personality trait,
there should be no content-related overlaps between eHealth
literacy and personality traits.

Additionally, we considered the possible outcome variables
mental and physical health status and life satisfaction to examine
criterion validity. Criterion validity of an instrument describes
the ability to prove relationships between the construct itself
and possible outcomes [64]. Thus, we expected eHealth literacy
to be associated with above mentioned health-related variables.

The survey included the following questionnaires (sample items
presented below are translations). Most scales were assessed
on 5-point Likert scales from 1=strongly disagree to 5=strongly
agree. Exceptions are separately explained below. Scales
contained inverted items that were recoded prior to statistical
analyses.

Measurements

Health Literacy
Participants rated their health literacy on 16 items from the
Health Literacy Questionnaire from Röthlin and colleagues
[65]. A sample item is “How easy/difficult is it to find
information about therapies for diseases that affect you?” Health
literacy was measured on a 2-point scale (easy/hard). Therefore,

it is used as a sum-score indicating the extent of health literacy
between 0 and 16 (mean 12.63 [SD 2.99]). Cronbach alpha of
this scale was .79.

Impulsivity
We used the 8-item Impulsive Behavior–8 Scale from Kovaleva
and colleagues [66] to measure impulsivity (eg, “Sometimes I
spontaneously do things that I should not have done”). Cronbach
alpha of this scale was .72 (mean 2.78 [SD 0.59]).

Personality Traits
Personality traits (extraversion, neuroticism, openness,
conscientiousness, and agreeableness) were each assessed by 2
items from Rammstedt and colleagues [67]. A sample item for
neuroticism is “I get nervous and insecure easily.” Extraversion
(mean 3.30 [SD 1.04]), neuroticism (mean 3.08 [SD 0.97]),
openness (mean 3.61 [SD 0.99]), conscientiousness (mean 3.59
[SD 0.75]), and agreeableness (mean 3.15 [SD 0.76]) had
Cronbach alphas of .79, .66, .62, .38, and .19, respectively. Due
to low reliabilities, conscientiousness and agreeableness were
excluded from the following analyses.

Further Constructs
In addition, we asked for internet confidence (3 items; mean
3.74 [SD 0.72], Cronbach alpha .89), internet anxiety (3 items;
mean 1.81 [SD 0.82], Cronbach alpha .81) and single items to
measure physical (mean 7.37 [SD 1.58]) and mental health
(mean 7.27 [SD 1.90]) on 11-point Likert scales from 0=very
bad health to 10=very good health (all self-formulated), and life
satisfaction at a 5-point Likert scale from 1=not satisfied at all
to 5=totally satisfied (mean 3.76 [SD 0.83]) from Beierlein and
colleagues [68].

Furthermore, sociodemographic variables (age, gender, marital
status, educational level, financial situation, internet availability,
and community size) were considered to make sure that the
sample represents the population.

Statistical Analysis
All data analyses were conducted using R (R Foundation for
Statistical Computing), RStudio, and several packages.

Prior to conducting confirmatory factor analysis (CFA), we
performed an exploratory factor analysis (EFA) to evaluate
whether data were suitable for factor analysis. We used the
Kaiser-Meyer-Olkin (KMO) and Bartlett test of sphericity for
evaluation. Factor extraction was conducted using maximum
likelihood estimation with Promax oblique rotation and number
of factors were identified by scree plot inspection and Kaiser
criterion (eigenvalue >1). Factor loadings ≥0.4 were considered
as significant [69].

Subsequently, we performed consecutive CFA and compared
fit indices and factor loadings to confirm the best-fitting model
by considering the recommendations of Hu and Bentler [70]
who assume to achieve a comparative fit index (CFI) and Tucker
Lewis index (TLI) about 0.95 and root mean square error of
approximation (RMSEA) and standardized root mean square
residual (SRMR) about 0.06 and 0.08, respectively. We used
the robust maximum likelihood estimator as our prestudy
showed that items were slightly negative skewed, and a robust
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estimator is more likely to produce less biased model statistics
than maximum likelihood estimator [71].

Two-tailed Pearson correlations were conducted considering a
significance level of 5% to examine convergent, discriminant,
and criterion validity.

We performed tests of measurement invariance on our final
model to examine whether the measurement is reliable for both
genders as well as 2 age groups and 3 groups of educational
level. For this purpose, we performed consecutive multigroup
CFA with progressively stricter model assumptions by fixing
an increasing number of model parameters for each of 3
measurement invariance models.

Measurement invariance—as a prerequisite for the interpretation
of mean differences—is verified by 3 consecutive steps with
increasingly strict model assumptions for (1) the number of
factors and the pattern of factor-indicator relationships
(configural invariance), (2) factor loadings (metric invariance),
and (3) intercepts of indicators (scalar invariance) [72]. These
3 steps assume that there are no differences between observed

groups regarding these parameters, and interpretation of mean
differences is valid when scalar invariance is confirmed [73].
Differences between groups should only be interpreted when
measurement invariance is confirmed since otherwise
differences between groups may occur due to the fact that an
instrument does not measure equally between different groups
[60,73,74].

We applied a cutoff criterion of a difference of CFI (ΔCFI) of
0.01 as it is proposed as appropriate to assume invariance
between two models [75,76]. Thus, for evaluation of
measurement invariance we considered the model fit indices
and difference of CFI between compared models.

Results

Sample Characteristics
Mean age of participants was 37.16 (SD 13.4, min 18, max 82,
median 33) years. Sample characteristics of all other
sociodemographic variables are shown in Table 1.
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Table 1. Summary of sample characteristics (n=470).

Values, n (%)Characteristics

Gender

332 (70.6)Female

138 (29.4)Male

Marital status

161 (34.3)Married

183 (38.9)Not married, in partnership

115 (24.5)Single

11 (2.3)Other

Educational level

5 (1.1)Lower secondary school

24 (5.1)Upper secondary school

77 (16.4)University entrance qualification

91 (19.4)Vocational training

273 (58.1)University degree

Financial situation

9 (1.9)Very good

47 (10.0)Good

114 (24.3)Middling

220 (46.8)Bad

80 (17.0)Very bad

Internet availability

288 (61.3)Always available

177 (37.7)Mostly available

5 (1.1)Occasionally available

0 (0.0)Not available

Community size

244 (51.9)Big city (>100,000 inhabitants)

88 (18.7)Medium city (>20,000 inhabitants)

76 (16.2)Small city (>5000 inhabitants)

62 (13.2)Rural village (<5000 inhabitants)

Exploratory Factor Analysis
KMO revealed a value of 0.92 and Bartlett test of sphericity
was highly significant (P<.001), indicating that data were
suitable for factor analysis. Empirical Kaiser criterion and scree

plot implied a 2-factor model. Table 2 shows factor loadings of
the 2 factors.

As item 14 did not significantly load on any of the 2 factors it
was excluded from the following analysis. The remaining 15
items were considered in the CFA.
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Table 2. Results of exploratory factor analysis.

Factor 2Factor 1Item no

–0.060.881

0.030.802

0.000.843

–0.060.974

0.370.495

0.620.106

0.700.037

0.490.288

0.780.009

0.78–0.1210

0.75–0.1111

0.56–0.0712

0.560.1213

0.310.3214

0.010.4415

–0.090.4416

Confirmatory Factor Analysis
In model 1, 15 items were assigned on the 2 factors identified
by the EFA. Based on the content meanings of the underlying
items, factor 1 represents information seeking and factor 2
represents information appraisal. However, items 13, 5, and 15
did not fit the factor proposed by the EFA in terms of their
content. Therefore, item 13 was reassigned to information
seeking whereas items 5 and 15 were reassigned to information
appraisal in model 2. For model 3, we removed 6 items due to
low factor loadings (<0.65). Moreover, we excluded 1 more
item to develop a parsimonious model resulting in a 2-factorial
model with 4 items on each of the 2 factors. Table 3 shows the
model fits of the 3 models.

CFI, TLI, and SRMR practically meet the criteria of a good
model fit. RMSEA is slightly above the recommendations of
Hu and Bentler [70]. Considering the recommendations, model
3 shows an acceptable-to-good model fit.

Figure 1 depicts the structure of the 2-factorial model with its
factor loadings. All item factor loadings were greater than
λ=0.71.

Information seeking and information appraisal achieved
satisfactory Cronbach alphas of .92 and .83, respectively. Table
4 shows the statistics of the final items. Based on mean and
standard deviation, lower levels of information seeking and
information appraisal are below a mean score of 2.99 and 3.20,
respectively. Higher levels can be assumed above mean scores
of 4.71 and 4.69, respectively.

Table 3. Results of the confirmatory factor analyses.

BICfAICeSRMRdRMSEAcTLIbCFIadfChi-squareModel

16158.56716029.8320.0670.1000.8710.89189433.51

16265.34316136.6080.0840.1120.8390.86389519.82

7852.6407782.0430.0550.1270.9150.94219117.03

aCFI: comparative fit index.
bTLI: Tucker Lewis index.
cRMSEA: root mean square error of approximation.
dSRMR: standardized root mean square residual.
eAIC: Akaike information criterion.
fBIC: Bayesian information criterion.
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Figure 1. A 2-factorial, intercorrelated model of eHealth literacy.

Table 4. Descriptive statistics of the revised German eHealth Literacy Scale (GR-eHEALS) items.

SkewMedianMean (SD)Item

–0.784.003.85 (0.86)Information seeking

–0.934.003.93 (0.95)1. Ich weiß, wie ich Internetseiten mit hilfreichen Gesundheitsinformationen finden kann.

–1.014.004.04 (0.87)2. Ich weiß, wie ich das Internet nutzen kann, um Antworten auf meine Gesundheitsfragen zu erhalten.

–0.604.003.63 (1.00)3. Ich weiß, welche Seiten mit Gesundheitsinformationen im Internet verfügbar sind.

–0.894.003.81 (1.01)4. Ich weiß, wo ich im Internet hilfreiche Gesundheitsinformationen finden kann.

–0.774.003.95 (0.74)Information appraisal

–0.774.003.91 (0.88)5. Ich weiß Gesundheitsinformationen aus dem Internet so zu nutzen, dass sie mir weiterhelfen.

–1.244.004.18 (0.87)6. Ich bin in der Lage, Internetseiten mit Gesundheitsinformationen kritisch zu bewerten.

–0.934.004.07 (0.84)7. Ich kann zwischen vertrauenswürdigen und fragwürdigen Internetseiten mit Gesundheitsinforma-
tionen unterscheiden.

–0.574.003.62 (1.03)8. Ich fühle mich sicher darin, Informationen aus dem Internet zu nutzen, um Entscheidungen in
Bezug auf meine Gesundheit zu treffen.

Validation of the GR-eHEALS
To examine convergent, discriminant, and criterion validity of
the GR-eHEALS, we performed correlation analyses with the
2 factors (information seeking and information appraisal).
Moreover, correlations of the 2 factors with demographic
variables were calculated. Results are shown in Table 5. Both
factors were strongly positively correlated with health literacy

and internet confidence and strongly negatively correlated with
internet anxiety. None of the 2 scales correlated significantly
with impulsivity or extraversion. Information appraisal was
interrelated with neuroticism while information seeking was
associated with openness. Information appraisal was correlated
with mental and physical health and life satisfaction, which was
not true for information seeking. Furthermore, information
seeking was significantly associated with age.
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Table 5. Pearson correlation coefficients of the eHealth literacy factors.

Information appraisal (P value)Information seeking (P value)Scales

Convergent validity

0.53 (<.001)0.43 (<.001)Health literacy

0.17 (<.001)0.17 (<.001)Internet confidence

–0.23 (<.001)–0.21 (<.001)Internet anxiety

Discriminant validity

–0.05 (.28)–0.06 (.16)Impulsivity

0.03 (.56)–0.03 (.58)Extraversion

–0.14 (.001)–0.08 (.09)Neuroticism

0.07 (.12)0.10 (.03)Openness

Criterion validity

0.19 (<.001)0.06 (.20)Mental health

0.12 (.01)0.06 (.21)Physical health

0.12 (.01)–0.01 (.83)Life satisfaction

Sociodemographic variables

0.06 (.16)0.10 (.02)Age

0.01 (.78)–0.03 (.55)Gender

–0.07 (.15)–0.02 (.71)Marital status

–0.02 (.68)–0.04 (.39)Educational level

0.04 (.45)–0.05 (.27)Financial situation

0.02 (.71)0.01 (.76)Internet availability

–0.04 (.41)0.02 (.60)Community size

Test of Measurement Invariance
Measurement invariance of the GR-eHEALS was performed to
test whether the scale is a suitable measurement independently
of gender, age, and educational level. Prior to these analyses, a
median split was performed to separate participants into 2 groups
according to age. Median age was 33 years. Also, to divide the
study sample into 3 groups of educational levels, we separated
participants into people who held a university degree, people
who completed a vocational training, and people who had any

school certificate. Results of the analyses are shown in Table
6.

Besides chi-square and fit indices, Table 6 shows the differences
of CFI between models. Regarding measurement invariance of
gender and education, all changes in CFI are below 0.01,
indicating that model fits did not substantially decrease between
more constraint models. Measurement invariance regarding age
must be rejected as configural invariance could not be
confirmed.
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Table 6. Results of measurement invariance for gender, age, and education using multigroup confirmatory factor analysis.

ΔCFIeSRMRdRMSEAcTLIbCFIadfChi-squareModel

Genderf

0.0060.0560.1350.9050.9438154.937Configuralg

0.0020.0660.1280.9160.9344166.889Metric

0.0020.0680.1220.9230.9350181.273Scalar

Ageh

0.0210.0590.1500.8830.9238187.672Configuralg

–0.0020.0590.1380.9010.9244185.713Metric

0.0010.0600.1300.9130.9250197.419Scalar

Educationi

0.0070.0580.1360.9040.9457170.758Configuralg

–0.0040.0610.1190.9260.9469174.474Metric

0.0020.0630.1120.9340.9481196.107Scalar

aCFI: comparative fit index.
bTLI: Tucker Lewis index.
cRMSEA: root mean square error of approximation.
dSRMR: standardized root mean square residual.
eChange in CFI compared to preceding model.
fFemale n=332; male n=138.
gChange of CFI compared to model 3.
hAge>median n=240; age<median n=230.
iUniversity degree n=273; vocational training n=91; school certificate n=106.

Discussion

Principal Findings
The results of our factor analyses show that eHealth literacy
consists of 2 factors, information seeking and information
appraisal. Our first study aim was to examine whether the
measurement of eHealth literacy could be improved by adding
nonoverlapping items from the eHEALS-E [54] to the original
eHEALS [16]. We performed an EFA and several CFAs to
examine the factorial structure of our instrument. Our analyses
show that the measurement of eHealth literacy could not be
improved by adding additional items to the well-established
eHEALS questionnaire.

However, our study significantly contributes to the existing
measurement of eHealth literacy. By strongly following
scientific recommendations regarding academic translations,
we developed the GR-eHEALS with high content validity. By
taking statistical and content-related consideration into account
when conducting factor analyses, we developed a measurement
model of eHealth literacy with high content validity and
acceptable-to-good model fit. Cronbach alpha was satisfactory
for the 2 factors indicating good internal consistency and
confirming reliability of the instrument.

Our findings on the examination of convergent, discriminant,
and criterion validity of our instrument were not completely
consistent with our expectations and require critical discussion.

As expected, the 2 factors showed significant correlations with
the convergent constructs of health literacy, internet confidence,
and internet anxiety. By contrast, while impulsivity and
extraversion consistently showed, as expected, no significant
correlations with the 2 factors, neuroticism and openness
indicated more inconsistent interrelations. Neuroticism was
strongly negatively correlated with information appraisal, but
not with information seeking. On the other hand, openness was
only correlated with information seeking but not with
information appraisal. To understand these unexpected
correlational patterns, we examined findings of studies
discovering the associations of personality traits and
health-related constructs. Other studies showed that neuroticism
is associated with lower health behavior self-efficacy and health
behaviors [77] and lower internet use for learning and education
[78]. These findings could indicate that neuroticism distorts
cognitive processes of higher elaboration that are required for
information appraisal but not necessarily for information
seeking. Regarding the personality trait of openness, Bogg and
Vo [79] have shown that people with higher openness more
often search the internet regarding health-related topics. One
could think that openness promotes people to search for new
information in a sense of curiosity. However, the subsequent
and cognitively demanding process of information appraisal
may not be promoted by people’s openness.

Referring to the examination of criterion validity, positive
correlations with the possible outcome variable mental health,
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physical health, and life satisfaction were expected, although
only information appraisal was significantly related to these
constructs. These results could be potentially explained by the
idea that information seeking is a process that requires cognitive
efforts but may not be sufficient to promote satisfaction and
health status on its own but needs a high competency in
information appraisal as a mandatory precondition. However,
the search of information is a necessary process to perform the
subsequent process of information appraisal.

To sum up, convergent validity of our instrument can be
comprehensively confirmed. Examination of discriminant
validity and criterion validity reveal unexpected findings that
should be subjects of further studies. Despite our results not
completely meeting our expectations, findings indicate that the
2 factors represent different cognitive processes in line with
dual-process theories of analytic and rule-based processes:
information seeking as a first of 2 consecutive competencies
exclusively focuses on the process of searching information on
the internet but not on a deeper application of the information
found. Within a second consecutive competency built on
information seeking, information appraisal describes a cognitive
process of interpretation of information and its application on
personal health-related questions.

Furthermore, we investigated the measurement invariance for
gender, age, and educational level. The results of our study
suggest that measurement invariance of the GR-eHEALS can
be assumed for gender and educational level at a scalar level of
invariance but not for age. Our study is the first to examine
measurement invariance for these sociodemographic variables.
Particularly regarding sample limitations of previous studies
investigating eHealth literacy, the GR-eHEALS is the first
instrument that can be deployed and interpreted regardless of
gender and educational level. Therefore, future researchers are
able to interpret statistical differences of these sociodemographic
variables on eHealth literacy by using the GR-eHEALS. This
is highly important as one could think of differential levels of
eHealth literacy due to gender, which was confirmed for the
construct of health literacy [80]. Regarding educational level,
studies suggest that education also plays a role in the context
of eHealth literacy [81,82], but, to our knowledge, neither used
instruments confirmed to be measurement invariant.

Concerning the finding of inequality of our instrument with
respect to age, one potential explanation could be that older
people are less familiar with using the internet than younger
people in terms of a digital divide [49] and have a different
understanding of information seeking and information appraisal
than younger people. Chesser and colleagues [83] suggest that
age is a relevant variable in the context of eHealth literacy.
Further, in our data we found significant interrelations of age
and information seeking but not of age and information
appraisal. This should be examined further in upcoming
research.

In summary, prior research indicates that the investigation of
differences of eHealth literacy of different groups of people is
of high scientific interest. Nonetheless, previous studies were
lacking considering statistical differences should not be
interpreted unless measurement invariance is confirmed. With

the GR-eHEALS, we close this gap and contribute substantially
to the understanding of the concept of eHealth literacy and the
interpretation of mean differences for gender and educational
level.

Due to its high validity, the GR-eHEALS provides researchers
and practitioners with a measurement for the increasingly
important construct of eHealth literacy. As eHealth literacy is
linked with many health-related outcomes and behaviors
[19,26,27], the GR-eHEALS could provide a basis for
educational programs to improve eHealth literacy by focusing
on the main cognitive processes important for interpreting health
information from the internet. Also, there is evidence that
students lack in competencies regarding eHealth literacy [84].
Hence, the assessment and development of eHealth literacy
should be a part of students’curriculum to provide young people
with the competencies needed to maintain or improve one’s
health status. Consequently, the GR-eHEALS could be part of
educational psychologists’ diagnostic repertoire as well as a
foundation for specialist training programs in schools and
universities. We propose that the results of the GR-eHEALS
should be interpreted based on the 2 competencies for diagnostic
and interventions of eHealth literacy considering the described
mean scores for higher and lower levels of information seeking
and information appraisal.

Strengths and Limitations
The main strengths of this study are the high methodological
and psychometric standards applied to develop GR-eHEALS
and confirm its content, construct, and criterion validity.
Furthermore, confirmation of measurement invariance is a
state-of-the-art approach with strong practical implications
regarding the interpretations of group differences.

One limitation of our study was that we measured eHealth
literacy by self-assessment only. Since this construct is intended
to measure skills and competencies, eHealth literacy should
either be compared with actual behaviors or assessed using
behavior-based measurement. Furthermore, our data were
collected in a cross-sectional study. Therefore, correlational
directions show relationships but are not interpretable causally.
Future research should explore if our 2 factors show different
effects on health-related outcomes. Additionally, as we used an
online survey, participation by people familiar with the internet
was more likely than by people who rarely use the internet.
Thus, the possibility of selection bias should be considered. In
our sample, a high proportion of people holding a university
degree limits the representativeness regarding the education
level. As in Germany about 19% of the population hold a
university degree [85], our sample with a proportion of 58%
holding a university degree clearly overrepresents academic
persons. Even though it was our goal to collect data on a
convenience sample, our study sample consisted of 71% female
participants and cannot be considered as
population-representative. Therefore, future studies should
replicate our findings using a population-representative sample.

Conclusion
eHealth literacy reflects the important competence of people in
maintaining and improving their health status. This competence
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will become more and more important since the internet provides
a rapidly increasing amount of health information with
considerable bandwidth of quality and trustworthiness. The
GR-eHEALS, with its 8 items on 2 factors, is a validated
instrument to capture eHealth literacy in the German language.
The GR-eHEALS contributes to the measurement of eHealth
literacy in 3 ways: (1) instrument has high content validity

because of a translation following scientific recommendations,
(2) instrument has an acceptable-to-good model fit and confirms
measurement invariance for gender and educational level, and
(3) instrument revises the existing G-eHEALS and fills an
important gap in measuring eHealth literacy to provide
researchers and practitioners an accurate and valid assessment.
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Abstract

Background: The lifetime risk of breast and ovarian cancer is significantly higher among women with genetic susceptibility
or a strong family history. However, current risk assessment tools and clinical practices may identify only 10% of asymptomatic
carriers of susceptibility genes. Bright Pink developed the Assess Your Risk (AYR) tool to estimate breast and ovarian cancer
risk through a user-friendly, informative web-based quiz for risk assessment at the population level.

Objective: This study aims to present the AYR tool, describe AYR users, and present evidence that AYR works as expected
by comparing classification using the AYR tool with gold standard genetic testing guidelines.

Methods: The AYR is a recently developed population-level risk assessment tool that includes 26 questions based on the
National Comprehensive Cancer Network (NCCN) guidelines and factors from other commonly used risk assessment tools. We
included all women who completed the AYR between November 2018 and January 2019, with the exception of self-reported
cancer or no knowledge of family history. We compared AYR classifications with those that were independently created using
NCCN criteria using measures of validity and the McNemar test.

Results: There were 143,657 AYR completions, and most participants were either at increased or average risk for breast cancer
or ovarian cancer (137,315/143,657, 95.59%). Using our estimates of increased and average risk as the gold standard, based on
the NCCN guidelines, we estimated the sensitivity and specificity for the AYR algorithm–generated risk categories as 100% and
89.9%, respectively (P<.001). The specificity improved when we considered the additional questions asked by the AYR to define
increased risk, which were not examined by the NCCN criteria. By race, ethnicity, and age group; we found that the lowest
observed specificity was for the Asian race (85.9%) and the 30 to 39 years age group (87.6%) for the AYR-generated categories
compared with the NCCN criteria.

Conclusions: These results demonstrate that Bright Pink’s AYR is an accurate tool for use by the general population to identify
women at increased risk of breast and ovarian cancer. We plan to validate the tool longitudinally in future studies, including the
impact of race, ethnicity, and age on breast and ovarian cancer risk assessment.

(J Med Internet Res 2022;24(2):e29124)   doi:10.2196/29124
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Introduction

In the United States, there are nearly 250,000 cases of breast
cancer and 25,000 cases of ovarian cancer diagnosed annually
[1,2]. Breast cancer is the leading cause of cancer-related deaths
and the most commonly occurring cancer among women
globally [3-5]. In contrast, ovarian cancer is only the 10th most
common cancer but the fifth leading cause of cancer-related
death among women [1,6] and the leading cause of death from
gynecological cancer [7]. Studies have estimated that 5% to
10% of breast cancer and 10% to 18% of ovarian cancer are
due to hereditary susceptibility, in particular from breast cancer
gene (BRCA) mutations or a strong family history [8-10].
Among BRCA1 carriers, specifically, estimates suggest a 40%
to 87% cumulative breast cancer risk by age 70 years, whereas
for ovarian cancer risk, estimates range from 16% to 68% [11].
However, studies have also demonstrated that current risk
assessment and clinical practices only identify a small proportion
of the at-risk population.

A central component of breast and ovarian cancer prevention
programs is education on personal risk, as determined by factors
such as family history, genetic susceptibility, hormonal risk
factors, and modifiable health behaviors [12-14]. However,
studies have estimated that current practices identify at most
10% of asymptomatic BRCA 1/2 carriers [8,10,15-17].
Moreover, among those with a strong family history of breast
or ovarian cancer, but who have not received genetic testing,
an estimated 20% to 30% have a pathogenic mutation in a breast
cancer susceptibility gene [10]. Bright Pink is a nonprofit
organization devoted to improving breast and ovarian cancer
prevention through the belief that empowering educated patients
leads to (1) lower distress associated with cancer risk assessment
and (2) improved cancer prevention outcomes [18,19].

To achieve these goals, Bright Pink developed the Assess Your
Risk (AYR) tool that provides a user-friendly, web-based survey
to determine lifetime breast and ovarian cancer risk at the
population level. Bright Pink was developed in collaboration
with genetic counselors, public health practitioners, and
clinicians to ensure alignment with standards of breast and
ovarian cancer risk assessment but with a modern,
consumer-facing interface that would be accessible to the
general population. Since 2014, the Bright Pink AYR has been
used by more than 1.2 million women to assess breast and
ovarian cancer risk. The AYR tool offers a streamlined,
educational, and actionable user experience with the goal of
substantially increasing the number of women nationwide, as
well as internationally, learning about breast and ovarian cancer
risk.

However, the AYR tool has not yet been compared with the
gold standard clinical guidelines for identifying women at
increased risk for breast and ovarian cancer who are eligible for
consultation with a genetic counselor. The aims of this study
are to (1) describe the AYR tool and its content, (2) describe
the AYR tool user population, and (3) compare the AYR tool
classification against the National Comprehensive Cancer
Network (NCCN) guidelines for genetic and family high-risk
assessment in breast and ovarian cancer [2,17]. Moreover,

improving health equity and early identification of young adult
women at increased risk are the primary goals of Bright Pink
and public health. Thus, this analysis is also the first to examine
AYR classification compared with the NCCN criteria by race,
ethnicity, and age group. Demonstration that Bright Pink AYR
is an accurate tool for risk assessment at the population level is
a critical step in ensuring that the general population, as well
as patients and providers, have a reliable tool for the
identification and education of women at risk for breast and
ovarian cancer.

Methods

Study Population
Bright Pink, a national nonprofit organization based in Chicago,
Illinois, was started in 2007 with the mission of empowering
women to know their breast and ovarian cancer risk to manage
their health proactively. For this study, eligible participants
included Bright Pink AYR 3.0 users from October 2018 to
March 2019, who were women aged ≥18 years. We included
women of White non-Hispanic or Latinx, African American,
Asian, or Hispanic or Latina race and ethnicity and all age
groups. We excluded participants with a personal history of
breast or ovarian cancer (excluding nonmelanoma skin cancer)
or no knowledge of family history from calculations of
agreement between the NCCN and the AYR. The goal of the
NCCN criteria is to identify individuals who may be eligible
for genetic testing and counseling for breast or ovarian cancer;
therefore, we included women at increased risk for either breast
or ovarian cancer.

Ethics Approval
This study was approved by the Northwestern University Human
Subjects Protection Program (review number STU00207333).

Bright Pink AYR: History
Bright Pink developed the original AYR tool in 2014 to support
the goals of modernizing and increasing access to risk
assessment for breast and ovarian cancer at the population level.
The AYR tool estimates breast and ovarian cancer risk through
a user-friendly, informative web-based quiz with superior-rated
readability [20]. In late 2018, Bright Pink introduced a new
version of AYR with an updated user experience and the goal
of significantly increasing the number of women in the general
population learning about breast and ovarian cancer risk.
Specifically, the new version of the AYR tool includes a
user-friendly quiz experience and updated mobile-first design
features based on feedback gathered from surveys and focus
groups of key target demographics, including African American
women. Bright Pink also updated the educational content
throughout the AYR tool to improve the user’s understanding
of how their responses affect risk calculations and understand
personalized risk management recommendations. The National
Society of Genetic Counselors has reviewed and approved the
AYR tool. The AYR tool not only provides accessible risk
assessment to the general population but also links women to
additional resources, including Bright Pink’s Explore Your
Genetics website, breast health mobile messaging program, and
an online peer support forum.
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Bright Pink AYR: Design and Content
The AYR 3.0 tool includes 26 questions (Figure 1) based on
the NCCN criteria for Genetic/Familial High-Risk Assessment:
Breast and Ovarian [2,17]. However, the AYR tool is unique
compared with other existing risk assessment tools designed
primarily for use in clinical settings. The NCCN criteria that
trigger consideration of genetic testing among asymptomatic
individuals include (1) a family history of BRCA1/2 or other
gene variants, (2) a family history of high-risk cancers such as
triple-negative or male breast cancer, or (3) a family history of
more than 3 cases of cancers on either side.

On the basis of these NCCN criteria, Bright Pink’s AYR tool
categorizes women into the high category when they report
already having a mutation in a breast cancer susceptibility gene
identified through genetic testing. Specifically, AYR high risk
is triggered by a personal history of positive genetic testing for
genes associated with hereditary breast and ovarian cancer

syndrome (BRCA1 and BRCA2), Lynch syndrome (MSH2,
MLH1, or EPCAM), or Peutz-Jeghers Syndrome (STK11) [2].
In contrast, increased risk is triggered by a personal history of
positive genetic testing for other moderate to lower penetrance
mutations (eg, BRIP1, RAD51C, RAD51D, PMS2, and MSH6)
or a relative with a positive gene mutation test combined with
no personal history of genetic testing. Moreover, a strong family
history of high-risk breast or ovarian cancer, as well as a history
of three or more cancers within the family, will trigger an
increased risk in the AYR tool. Finally, AYR also uses
components from the Gail and Tyrer-Cusick models, including
a personal history of childhood radiation to the chest, abnormal
breast biopsy, or polycystic ovary syndrome (PCOS) [21-24].
Women with no family history of these genes, and none of the
other criteria listed in Figure 1, are categorized as average risk
and provided with educational messaging focused on appropriate
clinical screening guidelines and current evidence related to the
impact of health behaviors on cancer prevention.

Figure 1. Description of the 3.0 criteria used by the Bright Pink Assess Your Risk (AYR) for breast and ovarian cancer risk assessment among
asymptomatic women.

Statistical Methods
The primary goal of the AYR is to estimate the lifetime risk of
breast and ovarian cancer among women with no history of
breast or ovarian cancer. We thus excluded women reporting a
previous history of breast or ovarian cancer from the analysis
because the focus of AYR is on cancer prevention and early
detection. In this subset, we calculated descriptive statistics for
the AYR participants overall then by average, increased, and
high AYR breast and ovarian categories. We then examined
measures of agreement between the NCCN and AYR criteria.

We used the AYR quiz questions to create our own average
and increased categories based on the NCCN criteria for breast
and ovarian cancer genetic testing. We then compared these
with the categories assigned by the AYR algorithm when the
quiz was taken. We assessed measures including sensitivity and
specificity to estimate the ability of AYR to distinguish between
women who are eligible for genetic testing (AYR increased
risk) versus those who are at average risk and thus not eligible
for genetic testing, considering our NCCN criteria variables as
the gold standard. We also examined the positive predictive
value (PPV) and negative predictive value (NPV) to determine

whether the AYR tool correctly identifies eligible or ineligible
women based on NCCN criteria among those in the AYR
increased or average categories, respectively. A true positive
was when AYR risk category matched with the independently
created NCCN categories. We calculated McNemar test of
agreement, with an α of .05.

Results

AYR User Population
There were 143,657 AYR completions between October 2018
and March 2019, with complete data on health behaviors and
family history. We examined the results for both breast (Table
1) and ovarian (Multimedia Appendix Table S1) cancer AYR
risk categories. Overall, most AYR participants reported White
race, and the mean age was 30.0 years (SD 10.7), with over half
of participants in the 18-29 years age group. The mean BMI

was 28.2 (SD 7.6) kg/m2, and most women reported that they
limit alcohol intake to less than 2 drinks per day and did not
smoke. However, 60.54% (86,969/143,657) of women reported
that they did not meet the physical activity guidelines for 150
minutes of moderate-intensity activity per week.

J Med Internet Res 2022 | vol. 24 | iss. 2 | e29124 | p.759https://www.jmir.org/2022/2/e29124
(page number not for citation purposes)

Hibler et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 1. Characteristics of the Bright Pink Assess Your Risk population for breast cancer risk.

High (n=6342)Increased (n=74,555)Average (n=62,760)Overall (N=143,657)Characteristics

29.0 (12.46)30.2 (10.49)29.8 (10.76)29.66 (10.71)Age (years), mean (SD)

Age group (years), n (%)

4284 (67.55)42,533 (57.05)37,689 (60.05)84,506 (58.82)18-29

913 (14.40)17,937 (24.06)13,558 (21.60)32,408 (22.56)30-39

552 (8.70)9529 (12.78)7369 (11.74)17,450 (12.15)40-49

455 (7.17)4050 (5.43)3647 (5.86)8152 (5.67)50-64

138 (2.18)506 (0.68)497 (0.79)1141 (0.79)≥65

Race and ethnicity, n (%)

4549 (71.73)53,694 (72.02)38,984 (62.12)97,227 (67.68)White

157 (2.48)2224 (2.98)2620 (4.17)5001 (3.48)African American

147 (2.32)1398 (1.88)2924 (4.66)4469 (3.11)Asian

973 (15.34)11,200 (15.02)10,238 (16.31)22,411 (15.60)Other or multiple

67 (1.06)400 (0.54)249 (0.40)716 (0.50)Ashkenazi Jewish ethnicity

449 (7.08)5639 (7.56)7745 (12.34)13,833 (9.62)Hispanic or Latina ethnicity

27.12 (6.99)28.51 (7.75)28.00 (7.52)28.22 (7.63)BMI, mean (SD)

853 (13.45)8498 (11.4)06820 (10.87)16,171 (11.26)Alcohol intake; ≥2 drinks per day, n (%)

3609 (56.91)45,879 (61.45)37,481 (59.72)86,969 (60.54)Exercise; <150 min/week, n (%)

1081 (17.05)12,102 (16.23)8618 (13.73)21,801 (15.18)Current smoker, n (%)

4599 (72.52)0 (0)0 (0)4599 (3.20)Personal history of breast cancer only, n (%)

11 (0.17)948 (1.27)316 (0.50)1275 (0.89)Personal history of ovarian cancer only, n (%)

1182 (18.64)0 (0)0 (0)1182 (0.82)Personal history of breast and ovarian cancer, n (%)

1578 (24.88)14,321 (19.21)8448 (13.46)24,347 (16.95)Dense breasts, n (%)

862 (42.86)13,304 (41.07)10,554 (41.93)24,720 (41.50)History of breastfeeding, n (%)

828 (13.06)7881 (10.57)5116 (8.15)13,825 (9.62)Polycystic ovary syndrome, n (%)

971 (15.31)2550 (3.42)0 (0)3521 (2.45)Abnormal biopsy, n (%)

258 (4.07)1283 (1.72)0 (0)1541 (1.07)Chest radiation, n (%)

2630 (41.47)23,450 (31.45)0 (0)26,080 (18.15)Family history early-onset breast cancer, n (%)

584 (9.21)5267 (7.06)0 (0)5851 (4.07)Family history triple-negative breast cancer, n (%)

1565 (24.68)14,888 (19.97)0 (0)16,453 (11.45)Family history multiple breast cancers in same relative, n
(%)

1399 (22.06)12,322 (16.53)0 (0)13,721 (9.55)Family history of multiple breast cancers with at least one
≤50 years, n (%)

128 (2.02)874 (1.17)0 (0)1002 (0.70)Family history of male breast cancer, n (%)

1007 (15.88)15,704 (21.06)0 (0)16,711 (11.63)Family history of ovarian cancer, n (%)

332 (5.23)7481 (10.03)0 (0)7813 (5.44)Family history of metastatic prostate cancer, n (%)

574 (9.05)11,158 (14.97)0 (0)11,732 (8.17)Family history of pancreatic cancer, n (%)

1381 (21.78)3064 (4.11)845 (1.35)5290 (3.68)Personal genetic testing history, n (%)

1750 (45.44)16,690 (34.26)2103 (6.46)20,553 (24.13)Family member genetic testing history, n (%)

We also examined participant characteristics by the risk category
assigned by the AYR algorithm, which is shown for breast
(Table 1) and ovarian (Multimedia Appendix 1, Table S1)
cancers. Most participants were classified as average or
increased risk for breast cancer, with only 4.41% (6342/143,657)

reporting high risk. White race was the most commonly reported
(97,227/143,657, 67.67%) compared with 3.48% (5001/143,657)
for African American, 3.11% (4469/143,657) for Asian, and
9.62% (13,833/143,657) for Hispanic or Latina ethnicity. After
stratifying for the AYR-assigned risk category, a greater
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proportion of high-risk women tended to be aged >50 years and
reported Ashkenazi Jewish ethnicity. For health behaviors, we
observed a trend of higher alcohol intake and current smoking
among women with increased and high breast cancer risk AYR
categories. However, women in the high-risk category were
least likely to report that they did not meet the physical activity
guidelines (378/683, 55.3%) compared with 61.89%
(49,566/80,091) and 58.53% (36,358/62,122) for increased and
average risk, respectively) and reported the lowest mean BMI

of 27.1 kg/m2. High-risk women were also more likely to have
a personal history of dense breast, PCOS, or abnormal breast
biopsy as well as a family history of high-risk cancers. For
ovarian cancer (Multimedia Appendix 1, Table S1), we observed
similar trends overall and by risk category. This is supported
by Table S2 in Multimedia Appendix 1, which demonstrates
that most participants matched in the AYR risk category for
breast and ovarian cancer.

Agreement Between AYR-Defined Categories Versus
Independently Assessed NCCN Risk Categories
In examining the agreement between the AYR tool
classifications and our classification based on NCCN criteria
for breast and ovarian cancer risk, we calculated the sensitivity,
specificity, PPV, and NPV. As shown in Table 2, the sensitivity
and NPV were 100% for AYR compared with NCCN for all
categories. However, overall, the specificity of the AYR tool

was 89.9%, whereas the PPV was 94%. We also examined
variation in measures of validity between the AYR and NCCN
criteria by race, ethnicity, and age group (Table 3). We found
the lowest estimates of specificity and PPV for Asian race,
followed by Ashkenazi Jewish ancestry. Overall, specificity
ranged from 85.9% for the Asian race to 91.3% for the African
American race. For age group, there was also some variation
in specificity, and the values ranged from 87.6% for the 30-39
years age group to 93.7% for those aged ≥65 years.

To explore the reasons for the observed variation in specificity
and sensitivity, we also examined the frequency of the additional
characteristics evaluated by the AYR tool, including personal
history of chest radiation, PCOS, or abnormal breast biopsy by
race, ethnicity, and age group (Multimedia Appendix 1, Table
S3). Women with Ashkenazi Jewish ethnicity reported the
highest frequency of previous chest radiation, PCOS, and
abnormal breast biopsy. However, Asian women and women
reporting for other races also reported 14.88% (638/4288) and
13.93% (2434/17,474) relatively high frequency, respectively,
of a history of PCOS. Older women were more likely to report
a history of chest radiation, whereas younger women were more
likely to report PCOS. We also observed a trend of higher
frequency of abnormal breast biopsy for the over 40-49, 50-64,
and ≥65 years age groups (905/18,671, 4.85%; 644/7997, 8.05%;
and 109/1151, 9.47%, respectively) compared with younger
age groups.

Table 2. Variation in agreement between National Comprehensive Cancer Network (NCCN) and Assess Your Risk (AYR) by race, ethnicity, and age
group.

AYR compared with NCCN criteria only

P valuedNPVc (%)PPVb (%)Specificity, (%)Sensitivity (%)True negative, nTrue positive, nTotala, n (%)

<.001100.0093.9589.80100.0040,88072,072117,595 (100)Overall

Race and ethnicity

<.001100.0094.4689.83100.0026,99452,07882,128 (69.83)White

<.001100.0093.2891.31100.00160821253886 (3.3)African Amer-
ican

<.001100.0083.2485.93100.00161213113187 (2.71)Asian

<.001100.0093.7189.36100.00608610,80317,614 (14.97)Other

<.001100.0093.9588.63100.00187373584 (0.49)Ashkenazi
Jewish

<.001100.0092.7591.25100.004393538210,196 (8.67)Hispanic or
Latina

Age group (years)

<.001100.0094.7390.55100.0021,93641,12665,352 (55.57)18-29

<.001100.0092.7287.60100.00969417,47528,541 (24.27)30-39

<.001100.0093.0689.35100.00573691701590 (1.35)40-49

<.001100.0093.4991.99100.00306838327167 (6.09)50-64

<.001100.0093.9993.70100.00446469945 (0.8)≥65

aSample size excluded women with a history of genetic testing in the high risk category (n=6342), no personal history of cancer (n=7056), or unknown
family history (n=19,138). These categories were not mutually exclusive, and 26,062 were excluded from the analysis.
bPPV: positive predictive value.
cNPV: negative predictive value.
dP value was calculated using McNemar test.
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Table 3. Assess Your Risk (AYR) compared with National Comprehensive Cancer Network (NCCN) criteria plus polycystic ovary syndrome, childhood
radiation, and abnormal breast biopsy

AYR full criteria compared with NCCN criteria

P valuedNPVc (%)PPVb (%)Specificity (%)Sensitivity (%)True negative, nTrue positive, nTotala, n (%)

.32100.00100.00100.00100.0040,88076,714117,595 (100)Overall

Race and ethnicity

—e100.00100.00100.00100.0026,99455,13482,128 (69.83)White

.32100.0099.9699.94100.00160822773886 (3.3)African Amer-
ican

—100.00100.00100.00100.00161215753187 (2.71)Asian

—100.00100.00100.00100.00608611,52817,614 (14.98)Other

—100.00100.00100.00100.00187397584 (0.49)Ashkenazi
Jewish

—100.00100.00100.00100.004393580310,196 (8.67)Hispanic or
Latina

Age group (years)

—100.00100.00100.00100.0021,93643,41665,352 (55.57)18-29

.32100.0099.9999.99100.00969418,84628,541 (24.27)30-39

—100.00100.00100.00100.005736985415,590 (13.26)40-49

—100.00100.00100.00100.00306840997167 (6.09)50-64

—100.00100.00100.00100.00446499945 (8.03)≥65d

aSample size excluded women with a history of genetic testing in the high risk category (n=6342), no personal history of cancer (n=7056), or unknown
family history (n=19,138). These categories were not mutually exclusive, and 26,062 were excluded from the analysis.
bPPV: positive predictive value.
cNPV: negative predictive value.
dP value was calculated using McNemar test.
eNo discordant pairs between groups where all measures are 100.00.

Discussion

Principal Findings
We present the AYR tool as a valuable, new risk assessment
tool with great potential to impact breast and ovarian cancer
prevention in the general population. Overall, the AYR tool is
highly accurate in identifying women at increased risk for breast
and ovarian cancer in comparison with the gold standard NCCN
criteria. We also identified differences by race, ethnicity, and
age group that highlight opportunities for improving the reach
of the AYR tool to additional populations as well as objective
for future studies to validate the AYR tool among diverse
populations. Overall, the Bright Pink AYR tool provides reliable,
evidence-based risk assessment to the general as well as clinical
populations for the identification of women at increased risk
for breast and ovarian cancer.

Existing Risk Assessment Tools Compared With Bright
Pink AYR
Bright Pink AYR is unique compared with other web-based
risk assessment tools for breast and ovarian cancer, primarily
because of its nature as a participant or patient-facing web-based
tool designed for use by the general population. This includes,
but is not limited to, clinical risk assessment tools such as the

Breast Cancer Risk Assessment Tool (BCRAT; also known as
the Gail model), the International Breast Cancer Intervention
Study (IBIS), the Breast and Ovarian Analysis of Disease
Incidence and Carrier Estimation Algorithm (BOADICEA)
model, and BCRAPRO [25-29]. There is much overlap between
these validated, clinically oriented tools with AYR but also
important differences. For example, the BCRAT model uses 7
questions including age, race, ethnicity, health history (age at
menarche and history of abnormal breast biopsy), and family
history of breast cancer to estimate the 5-year risk and lifetime
risk of invasive breast cancer based on the probability of cancer
incidence during a defined age range [21,22]. The BCRAT
model, however, does not include the risk of genetic mutations
but instead refers participants to alternative tools for testing
[21,22]. In contrast, although software such as IBIS using the
Tyrer-Cuzick model also estimates 5-year and lifetime risk, the
model incorporates genetic mutations and breast density into
the most recent versions [23,24]. Moreover, both IBIS and
BOADICEA were recently updated to include polygenetic risk
scores, which is a limitation that other models such as the AYR
should examine in future iterations. BRCAPRO is a similar
model that relies primarily on basic demographics, family
history, and genetic testing results, if available [30]. However,
one major difference between AYR and these other tools is that,
other than BOADICEA, none include lifestyle or health behavior
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risk factors in the models [27]. Overall, although there are many
similarities between AYR and existing breast and ovarian cancer
clinical risk assessment tools, the major difference is that AYR
was designed as a resource for the general population.

Opportunities for Improving Risk Assessment Through
Bright Pink AYR
Bright Pink built the AYR for the general population as a tool
to help inform women of their risk and to provide education on
cancer prevention activities appropriate to their risk level. We
believe that the patient-oriented interface, developed with the
help of marketing experts, makes AYR a particularly
user-friendly risk assessment tool with the potential to reach
populations that existing clinical tools may not reach because
of issues such as health care access. The Bright Pink AYR tool
represents an advance in the field of population-level cancer
prevention as a screening tool with the potential to improve the
reach and use of web-based breast and ovarian risk assessment
among diverse populations.

The Bright Pink AYR tool has also demonstrated a strong reach
to potentially underserved populations. Epidemiological data
from the Surveillance, Epidemiology, and End Results Program
demonstrate disparities in breast and ovarian cancer incidence
and mortality by race [31-33]. However, studies show that much
of the differences in breast and ovarian cancer incidence and
mortality rates by race and ethnicity are driven by factors such
as access to recommended screening and treatment [34,35]. To
improve early cancer detection among high-risk groups and
younger women not yet eligible for cancer screening, it is critical
to increase access to and use of risk assessment tools in the
general population. The Bright Pink AYR was designed to
bridge these gaps. However, studies have demonstrated that
other current methods for breast and ovarian cancer risk
assessment may not currently be acceptable to diverse
populations. Studies by Cragun [36] and Sheppard et al [37]
demonstrated the disparities by race in the acceptability and use
of breast and ovarian cancer risk assessment. The results
demonstrate that breast and ovarian cancer risk assessment in
a clinical setting is less likely to be acceptable or used by
African American and Hispanic or Latina women compared
with White women [36,37]. The observed disparities by race
and ethnicity in breast and ovarian cancer risk as well as use of
risk assessment tools justify the need to modernize risk
assessment to make it more broadly accessible to the general
population. We have demonstrated that the Bright Pink AYR
reaches these diverse populations in the general population and
provides accurate risk assessment; however, the educational
follow-up emails also make AYR unique.

The AYR tool is also unique compared with other tools in that
health behaviors are collected and used to tailor email messages
to promote cancer prevention behaviors. Previous studies have
demonstrated the impact of education on health behaviors among
high-risk populations. For example, Quach et al [38] examined
baseline and 6-month reporting of health behaviors among
Ashkenazi Jewish individuals (n=120) who underwent genetic
testing for BRCA1/2. The study found that women and those
with higher education were more likely to report a healthy diet.
The results showed no change in diet, vitamin use, or physical

activity over time. However, there was no education component
for health behaviors incorporated into the genetic counseling
sessions. Another study examined health behaviors among
participants of self-reported genetic testing (n=3016; with n=136
reporting genetic testing) using data from the Health Information
National Trends Survey 4 [39]. The results demonstrated that
lifestyle factors were not statistically significantly different
between those who reported genetic testing and those who did
not. However, the sample size was relatively small, and the
study did not examine multivariate models. The AYR tool
collects data on health behaviors, unlike many other
clinician-oriented risk assessment tools. However, the AYR
educational component has a strong potential to impact
population-level participation in cancer prevention activities.

Studies have examined the impact of risk assessment programs
for breast or ovarian cancer on adherence to cancer prevention
guidelines or recommendations for lifestyle risk factors, and
most have identified opportunities for improvement [38-43].
For women with a strong family history, Price et al [44] reported
that among 748 women in a breast cancer family registry,
between baseline and 3-year surveys, 16% were underscreened
for mammography and 55% were underscreened for clinical
breast examinations. Moreover, a study by Loescher et al [45]
examined cancer surveillance behaviors among 107 women
aged ≥18 years who presented for genetic risk assessment for
breast and ovarian cancer. The results showed that 60% engaged
in the minimal level of recommended breast cancer prevention
activities, but 70% reported behaviors below optimal guidelines
for cancer prevention. The study also found that a lack of
physician recommendation was the most commonly reported
reason for not engaging in breast or cancer prevention activities
[45]. Similarly, Botkin et al [46] studied the impact of BRCA1
genetic testing on preventative cancer screening behavior over
2 years (n=408). Among women aged ≥40 years, 82% of
mutation carriers followed guidelines for screening
mammography in the first year and 67% in the second year,
which was significantly increased from baseline and greater
than the levels observed among noncarriers [46]. These studies
provide evidence that knowledge of risk for breast and ovarian
cancer may not only impact participation in cancer prevention
activities but also that reported levels are not optimal and
expanded adoption of combined risk assessment and educational
modalities such as the AYR tool may improve cancer prevention
in the general population.

There are strengths and limitations of the current analysis. The
strengths include the very large sample size of the completions
of the AYR tool in a short period and a diverse population.
However, although the population was diverse, the frequency
by race and ethnicity was lower than expected for some
populations. This reflects the opportunity to improve access
and use of the AYR tool in diverse populations. Moreover, the
questions asked by the Bright Pink AYR tool are categorical
and often binomial, such as health or family history and physical
activity questions. This limits the level of detailed data collected
on high-risk cancers and the ability to evaluate factors such as
age at cancer diagnosis and pathology or subtype of breast
cancer. Finally, these data were cross-sectional. Longitudinal
studies will be necessary to validate the accuracy of AYR risk
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assessment in breast and ovarian cancer risk prevention.
However, overall, the results demonstrate that AYR accurately
classifies women according to breast and ovarian cancer risk
using existing gold standard criteria.

These results demonstrate that Bright Pink’s AYR accurately
classifies women at an increased risk of breast or ovarian cancer.

The variation observed by race, ethnicity, and age group
demonstrates the need to improve access and use of risk
assessment tools in diverse populations. Overall, Bright Pink
AYR is a valuable tool for use by the general population as well
as patients and clinical providers for early detection and
education, which will improve the prevention of breast and
ovarian cancer.
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Abstract

Background: The rapid aging of the world’s population requires systems that support health facilities’ provision of integrated
care at multiple levels of the health care system. The use of health information systems (HISs) at the point of care has shown
positive effects on clinical processes and patient health in several settings of care.

Objective: We sought to describe HISs for older persons (OPs) in select government tertiary hospitals and health centers in the
Philippines. Specifically, we aimed to review the existing policies and guidelines related to HISs for OPs in the country, determine
the proportion of select government hospitals and health centers with existing health information specific for OPs, and describe
the challenges related to HISs in select health facilities.

Methods: We utilized the data derived from the findings of the Focused Interventions for Frail Older Adults Research and
Development Project (FITforFrail), a cross-sectional and ethics committee–approved study. A facility-based listing of services
and human resources specific to geriatric patients was conducted in purposively sampled 27 tertiary government hospitals identified
as geriatric centers and 16 health centers across all regions in the Philippines. We also reviewed the existing policies and guidelines
related to HISs for OPs in the country.

Results: Based on the existing guidelines, multiple agencies were involved in the provision of services for OPs, with several
records containing health information of OPs. However, there is no existing HIS specific for OPs in the country. Only 14 (52%)
of the 27 hospitals and 4 (25%) of the 16 health centers conduct comprehensive geriatric assessment (CGA). All tertiary hospitals
and health centers are able to maintain medical records of their patients, and almost all (26/27, 96%) hospitals and all (16/16,
100%) health centers have data on top causes of morbidity and mortality. Meanwhile, the presence of specific disease registries
varied per hospitals and health centers. Challenges to HISs include the inability to update databases due to inadequately trained
personnel, use of an offline facility–based HIS, an unstable internet connection, and technical issues and nonuniform reporting
of categories for age group classification.

Conclusions: Current HISs for OPs are characterized by fragmentation, multiple sources, and inaccessibility. Barriers to
achieving appropriate HISs for OPs include the inability to update HISs in hospitals and health centers and a lack of standardization
by age group and disease classification. Thus, we recommend a 1-person, 1-record electronic medical record system for OPs and
the disaggregation and analysis across demographic and socioeconomic parameters to inform policies and programs that address
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the complex needs of OPs. CGA as a required routine procedure for all OPs and its integration with the existing HISs in the
country are also recommended.

(J Med Internet Res 2022;24(2):e29541)   doi:10.2196/29541

KEYWORDS

health information systems; the Philippines; aged; hospitals; community health centers; database; geriatric assessment; elderly;
digital health; medical records; health policy

Introduction

The world’s population is rapidly aging, from the 12% estimate
in 2015 to the 22% total global population in 2050 [1]. In the
Philippines, 7.5 million, or 7.5%, of the total country population
in 2015 were senior citizens (aged 60 years and above) [2].
Recognizing their complex health needs and considering that
sound and reliable information is the foundation of decision
making across all health systems, the World Health Organization
(WHO) developed the Global Strategy and Action Plan on Aging
and Health (GSAP 2016-2020), which includes adapting
information systems to collect, analyze, and report data on
intrinsic trends in the capacity of the aging population [3].

Comprehensive geriatric assessment (CGA) is a form of
collecting, analyzing, and reporting data on the intrinsic capacity
of an older person (OP). It is a multidimensional,
multidisciplinary diagnostic and treatment process conducted
by a team of health professionals through a systematic evaluation
that identifies a variety of treatable health problems and leads
to better health outcomes [4]. It is currently being utilized in
different settings, government and private facilities, outpatient
and inpatient care, primary care, and research. It contains
multiple data points and essential health information about OPs
that must be considered in providing holistic and integrated
care. Based on findings of meta-analyses [5-10], CGA leads to
improved detection and documentation of geriatric problems
as well as improvement of health outcomes, such as
improvement of functional status, prevention of hospitalization,
and reduction in readmission rates or mortality, depending on
the specific model and setting in which it is implemented [4].
Furthermore, recent evidence on the cost and effects of CGA
showed a reduction in the need for hospital care days in a
high-risk population of older adults, which could be of great
importance in managing the increasing prevalence of frailty and
multimorbidity [11]. This information is also crucial for program
and policy development.

One of the main challenges of today’s health system in the
country is access to real-time information for decision making
[12]. The 2018 Philippine’s health system review highlighted
that integrating and harmonizing all existing health-related
information systems and data sources, and the inadequacy of a
governance structure on information and communication
technologies (ICT) are critical challenges [13]. Moreover, the
privacy of heath information was also identified as a challenge
in policy and practice [14].

The rapid aging of the population requires systems that support
health facilities’ provision of integrated care at multiple levels
of the health care system. A health information system (HIS)
that maintains “1 person, 1 record” facilitates efficient provision
of services for OPs. Furthermore, the use of HISs at the point
of care has shown positive impacts on clinical processes and
patient health in multiple settings of care [15]. The adoption of
health information exchange (HIE) programs has proven to
lessen utilization of health care services, such as ambulatory
care and hospital readmissions, and allow smooth transition
from inpatient to outpatient care [16,17].

In recognition of the need for Filipino senior citizens to receive
appropriate geriatric health care services, the Department of
Health (DOH) provided funding for upgrading the 27
DOH-retained hospitals across regions where geriatric centers
will be established [18]. CGA will be conducted in these centers
and in primary care settings through Guidelines on the Adoption
of Baseline Primary Health Care Guarantees for All Filipinos
(DOH Administrative Order [AO] no. 2017-002) [19].

Given the rapid aging population, complex needs of OPs,
importance of health information in the delivery of services,
and challenges to health information in general, identifying the
current status of HISs for OPs is significant in aligning the
health system in the country to achieve healthy aging. This is
especially true for government tertiary hospitals and health
centers where OPs usually access health care.

Figure 1 shows the Focused Interventions for Frail Older Adults
Research and Development Project (FITforFrail) framework
adapted from the WHO Healthy Aging Framework, which
defines healthy aging as the process of developing and
maintaining the functional ability that enables well-being in
older age [20]. The systems, health services, workforce and
programs, intrinsic factors, environment and social structures,
and research capacity development are essential parts of the
whole-of-system approach that supports healthy aging.

Since healthy aging is the main focus of the GSAP, wherein 1
of the key strategies is aligning health systems to the needs of
OPs [3], FITforFrail Study 1 concentrated on the analysis of
current health systems for aging in the Philippines. The systems,
health services, and workforce and programs, as well as aspects
of the environment and social structures, were covered by Study
1, where mixed methods of data collection were utilized.
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Figure 1. FITforFrail healthy aging framework. FITforFrail: Focused Interventions for Frail Older Adults Research and Development Project.

According to WHO, health systems need to be transformed and
realigned to ensure access to evidence-based health interventions
responsive to the needs of OPs [3]. A HIS is one of the building
blocks of the health system. It provides the underpinnings for
decision making where data generation, compilation, analysis
and synthesis, and communication and use are its key functions
[21]. With the advent of technology, eHealth or the use of ICT
for health can maximize its potential toward integrated care of
OPs.

The HIS is particularly under the systems, health services, and
workforce and programs wherein review of policies related to
OPs and listing of services and workforce specific for geriatric
patients are conducted.

The data on HISs in general and even among specific population
groups in the Philippines are limited. Thus, this paper sought
to describe the existing HISs specific for OPs, especially among
government tertiary hospitals and health centers across regions
in the country. Specifically, it aimed to review the existing
policies and guidelines related to HISs for OPs in the
Philippines; determine the proportion of select government
hospitals and health centers with existing health information
specific for OPs, such as CGA, medical records, analysis of top
causes of morbidity and mortality, and registry of specific
diseases, and electronic medical records (EMRs); and describe
the challenges related to HISs in select tertiary hospitals and
health centers.

Methods

FITForFrail
FITforFrail is a research and development project funded by
the DOH through the Philippine Council for Health Research
and Development (PCHRD) under the Advancing Health
through Evidence-Assisted Decisions with Health Policy
Systems Research (AHEAD-HPSR) program. Using the WHO
Healthy Aging Framework, the project aims to identify the
current health system for the aging population and describe the
health status of OPs in select communities. FITforFrail Study
1 analyzed the health system, and FITforFrail Study 2 evaluated
the health status of OPs, with a focus on frailty.

Study Design
A cross-sectional research study design using mixed methods
of data collection was utilized. Mixed methods and community
participation were hallmarks of this research. For this specific
paper, a review of policies and papers related to OPs and a

facility-based listing of health services and workforce specific
for OPs were conducted to collect the data on HISs.

Sampling
Purposive sampling was used in selecting study sites. The
inclusion criteria for the hospitals were (1) Ministry of
Health–/DOH-retained government tertiary hospitals and (2)
geriatric centers identified through the Philippine Health
Development Plan 2017-2022. For health centers, they had to
be within the catchment area of the identified hospital in the
region. All the 27 hospitals identified as geriatric centers and
17 health centers within the catchment area across all regions
were included in the study.

Study Setting and Participants
The researchers conducted a listing of health services and
workforce specific for OPs in the 27 hospitals identified as
geriatric centers and the 17 health centers within their catchment
area. An advance copy of the listing tool along with the letter
addressed to the heads of the institutions was sent prior to actual
data collection. The heads of the institutions assigned and
identified focal or point persons to be interviewed to provide
their facility data. These identified point persons served as key
informants. They were mostly in charge of the geriatric program
in their institutions. The research team scheduled separate
meetings with the informants to explain the study and obtain
consent prior to actual data collection. Policies and the existing
literature on HISs were also reviewed.

Ethics Clearance
FITforFrail obtained a total of 6 ethics approvals from the
University of the Philippines Manila Research Ethics Board
(UPMREB), the Single Joint Research Ethics Board (SJREB),
and 4 institutional review boards of hospitals (Multimedia
Appendix 1). The UPMREB oversight applies to UP Manila
researchers and non-UP Manila researchers doing research in
non-UP Manila sites with no local ethics review committee (as
mandated by the Philippine Health Research Ethics Board
[PHREB]), while the SJREB is a joint review mechanism among
the PHREB–duly accredited research ethics committees (RECs)
of DOH hospitals. The rest of the reviews and approvals were
from the DOH hospitals that required separate institutional
review.
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Data Collection

Desk Review
Policies were collected through consultation, online search or
bibliographic databases visits, and manual search or onsite
library visits. For bibliographic databases and online search,
the following search terms were used covering the period of
1980 to July 2020: “aging,” “senior citizens,” “older persons,”
“Philippines,” “Republic Act,” “memorandum,” “circulars,”
“policy,” “administrative order,” “health information system,”
“information systems,” and “programs.”

Listing of Services and Workforce
A facility-based listing of services and workforce specific for
OPs was conducted. The DOH hospitals identified as geriatric
centers were selected as study sites. For primary care units,
health centers within the catchment area of the identified
regional hospitals were purposely selected across 17 regions in
the country. A total of 27 DOH-retained hospitals identified as
geriatric centers and 17 health centers were visited for the
facility-based listing of services and workforce, with particular
attention to HISs for OPs.

A checklist or facility-based listing form was used (Multimedia
Appendix 2). The listing form was developed by trained research
assistants through policy review and series of consultation
meetings with the project and study leaders. The sections of the
listing form are as follows: facility demographics, human
resources, competencies and training, health services, health
financing, information system, and health policies and programs.
The specific section on HISs contains questions on patient
medical records, disease registries, online databases, and reasons
for not having such registries and databases. Moreover, the
question on CGA was included under the Health Services
section.

Data Management and Analysis
The collected data from the listing were entered in a
password-protected EpiInfo data entry program. Data
verification and cleaning were conducted using Microsoft Excel
through the help of a statistical assistant and under the
supervision of a statistician. Cleaned data sets were endorsed
to the statistician for analysis. Descriptive statistics (means,
SDs, and frequency distribution) were calculated for all
continuous and categorical variables measured using Stata
(StataCorp).

Results

Policies and Guidelines on Health Information Systems
for Older Persons
Republic Act No. 11223 or the Universal Health Care (UHC)
Act of 2019 state that all health facilities are required to maintain
a HIS consistent with DOH standards, which will be
electronically uploaded on a regular basis through interoperable
systems [22]. The DOH and PhilHealth will fund and manage
the development, quality assurance, and maintenance of the
information systems. Under the implementation of the UHC
Act is the establishment of a HIS in every health facility, which

requires multiple key players for the provision of population-
and individual-based health services, including the services for
OPs. The DOH, PhilHealth, and the Department of Interior and
Local Government (DILG) will integrate all local health systems
into a province-wide health system. The private sector will also
be encouraged to participate in the integrated local health system
through a contractual arrangement.

Prior to the UHC Act, the DOH issued standard policies,
procedures, and guidelines governing all ICT-related work in
2005 [13]. It also established the Knowledge Management and
Information Technology Service (KMITS); developed the
Department of Health Enterprise Architecture (DOH EA) for
HISs, which is national in scope; implemented information
systems using client-server technology; and established an
eHealth framework [23]. A part of the eHealth framework is
the Philippine Health Information Exchange (PHIE) through
the Joint DOH-DOST-PhilHealth AO no. 2016-001. It aims to
achieve integrated health care services and delivery that are also
seamlessly responsive, efficient, cost effective, and in real time
[24].

The Joint AO no. 2016-003 of DOH and PhilHealth gave way
to the adoption of PHIE Lite, which aims to institutionalize the
implementation of a harmonized approach and system in
developing applications and information systems [25]. OPs
were included in the initial priorities of PHIE Lite
interoperability as they are included as expanded primary benefit
care (ePCB)-entitled sponsored members.

The National Health Data Dictionary (NHDD) and the Unified
Health Management Information System (UHMIS), and
interoperability standards were also developed and implemented
through DOH AO nos. 2013-025 and 2015-037 [26,27].
Unfortunately, the latest version of the NHDD (version 2.0)
[28] do not include standard age group classification (young,
middle, and oldest old) and relevant diseases, such as geriatric
syndromes (ie, dementia, frailty, malnutrition, polypharmacy,
and incontinence).

A program dedicated to OPs, the National Health and Wellness
Program for Senior Citizens (NHWPSC) through the DOH AO
no. 2015-009, was established. One of its objectives is to
establish and maintain a database management system and
conduct research in the development of evidence-based policies
for senior citizens [29]. To date, there is no database
management system specific for OPs.

To summarize, multiple agencies are involved in the provision
of services for OPs, with several records containing health
information about OPs. Moreover, there is no system to integrate
or enable interoperability of data systems of OPs at primary,
secondary, or tertiary levels of care. Hence, a provider for an
OP would be unable to access medical, social, or insurance
information in a single record.

Health Information Specific for Older Persons
Table 1 summarizes the health information for OPs in visited
government tertiary hospitals and health centers across all
regions in the country.
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Table 1. Health information for OPsa in government tertiary hospitals and health centers, 2019-2020.

Health centers (N=16), n (%)Hospitals (N=27), n (%)Health information

16 (100)27 (100)Facilities

4 (25)14 (52)CGAb

16 (100)27 (100)Medical records of patients

16 (100)26 (96)Data on top causes of mortality and morbidity

13 (81)20 (74)Registry of diseases of OPs

Diseases in the registry

13 (81)18 (67)Hypertension

13 (81)18 (67)Diabetes mellitus

10 (62)18 (67)CVDc

10 (62)18 (67)Stroke or cerebrovascular attack

10 (62)17 (63)Heart attack/myocardial infarction

13 (81)20 (74)Respiratory tract diseases

5 (31)20 (74)Cancer

3 (19)7 (26)Mental disorders

7 (44)9 (33)Disability

Online web-based database

10 (62)23 (85)Patient records

015 (56)iHoMISd

1 (6)10 (37)UDRSe

10 (62)0iClinicSysf

1 (6)i8 (30)hOthers (Bizbox, MedSys, Medix, CHITSg)

6 (37)4 (15)Not updated regularly

Reasonsj

2 (12)4 (15)No trained/not enough personnel

2 (12)0Unstable internet

1 (6)2 (7)Use of an offline system

2 (12)0Technical issues

aOP: older person.
bCGA: comprehensive geriatric assessment.
cCVD: cardiovascular disease.
diHOMIS: Integrated Hospital Operations and Management Information System.
eUDRS: Unified Disease Registry System.
fiClinicSys: Integrated Clinic Information System.
gCHITS: Community Health Information Tracking System.
hValues for Bizbox, MedSys, and Medix.
iValue for CHITS.
jMultiple responses possible.

Comprehensive Geriatric Assessment
A total of 27 DOH tertiary hospitals and 17 health centers were
visited. Of the 17 health centers, only 16 (94%) have
facility-based listing data. There was no information obtained
from a health center in Region IV-B, a cluster of islands in

southern Luzon, Philippines [30]. The specific question on CGA
was in the Health Service Delivery section of the checklist.

The study revealed that only 14 (52%) of the 27 hospitals
identified as geriatric centers conduct CGA for their geriatric
patients (Table 1). Of these, only 5 (18%) hospitals use CGA
to screen for all their geriatric patients; the rest have specific
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conditions or guidelines regarding to whom they can administer
CGA. Most hospitals would only utilize CGA in specific age
brackets; other hospitals would only do so through referrals,
when the patient is admitted, or when they think the patient is
frail or at risk. Commonly reported reasons for not administering
CGA to all OPs in hospitals include the lack of manpower,
inadequate trained personnel, and the length of the assessment.
However, of the 16 health centers, only 4 (25%) conduct CGA
for their geriatric patients.

Medical Records and Registries for OPs in Hospitals
and Health Centers
All 27 hospitals and 16 health centers maintain medical records
of their patients. The data on the top causes of mortality are
available in almost all (26/27, 96%) visited hospitals and all
(16/16, 100%) health centers. When asked whether the facilities
have a registry of diseases of OPs, there are more health centers
than hospitals that have these (13/16 [81%] vs 20/27 [74%]),
as summarized in Table 1.

In terms of specific registries (Table 1), hospitals have better
registries on cardiovascular disease (CVD; 18/27 [67%] vs
10/16 [62%]), stroke (18/27 [67%] vs 10/16 [62%]), heart attack
(17/27 [63%] vs 10/16 [62%]), cancer (20/27 [74%] vs 5/16
[31%]), and mental disorders (7/27 [26%] vs 3/16 [19%]).
However, health centers have better registries on hypertension
(13/16 [81%] vs 18/27 [67%]), diabetes (13/16 [81%] vs 18/27
[67%]), respiratory tract diseases (13/16 [81%] vs 20/27 [74%]),
and disability (7/16 [44%] vs 9/27 [33%]). Whether these
registries are or are not CGA based is not known, as this was
not covered by the study and was considered 1 of its limitations.

There are more hospitals that utilize online web-based database
of patients records than health centers (23/27 [85%] vs 10/16
[62%]). More than half (15/27, 56%) of the hospitals utilize the
Integrated Hospital Operations and Management Information
(iHOMIS), and more than a quarter (10/27, 37%) utilize the
Unified Disease Registry System (UDRS). iHOMIS is a
Windows-based computerized hospital information system for
government hospitals, while the UDRS is a unified registry that
contains an injury surveillance system, an integrated
noncommunicable diseases registry, a violence against children
and women registry, and a persons with disabilities registry
[31].

Other third-party providers, such as BizBox, MedSys, and
Medix, were also reported. Bizbox is a PhilHealth-accredited
health information technology provider that passed the eClaims
certification on the case rate system [32]. The MedSys EMR is
a web-based application developed for physicians and staff
within a health care institution to ensure accuracy, privacy, and
service efficiency [33]. Lastly, Medix is a cloud-based clinic
management software that helps practitioners improve their
clinic operations [34]. Some of these are also being utilized by
government hospitals despite the availability of
DOH-maintained iHOMIS.

For the health centers, more than half (10/16, 62%) utilize an
online web-based database for patient records through the
Integrated Clinic Information System (iClinicSys), while only
1 (6%) uses the Community Health Information Tracking

System (CHITS), as shown in Table 1. iClinicSys is a system
owned by the DOH that efficiently and effectively monitors
patient cases in rural health units (RHUs) [31], while CHITS
is an EMR system for government primary care health centers
in the Philippines [35].

Challenges Related to HISs in Select Tertiary Hospitals
and Health Centers
In terms of management of HISs, the most common reasons for
not regularly updating the web-based database are a lack of or
inadequate trained personnel to maintain and manage the
information systems (in 4/27 [15%] of hospitals and 2/16 [12%]
of health centers), an unstable internet connection (2/16 [12%]
of health centers), the use of an offline system (1/16 [6%] of
health centers), and technical issues (2/16 [12%] of health
centers), as shown in Table 1.

Discussion

Principal Findings
This study described HISs specific for OPs, especially among
government tertiary hospitals and health centers across regions
in the Philippines. It reviewed the existing policies and
guidelines and determined the proportion of select government
hospitals and health centers with existing health information
specific for OPs, such as CGA, medical records, top causes of
morbidity and mortality, registries of specific diseases, and
EMRs. Furthermore, challenges related to HISs in select health
facilities were described.

There are various HISs in the country. For primary care benefit
providers, the following are the DOH-accredited EMR systems:
iClinicSys, CHITS, Segworks Tecknologies (Seg-RHIS), the
eHatid local government unit (LGU), Secure Health Information
Network and Exchange (SHINE OS+), and Wireless Access
for Health (WAH) [36]. Furthermore, the DOH maintains 10
information systems and databases. These include the Electronic
Drug Price Monitoring System (EDPMS), iClinicSys, the
Integrated Chronic Non-Communicable Disease Registry System
(ICNCDRS), the Integrated Drug Test Operations Management
Information System (IDTOMIS), iHOMIS, the Integrated TB
Information System (ITIS), the Online National Electronic
Injury Surveillance System (ONEISS), the Philippine Registry
for Persons with Disabilities (PRPWD), the National Rabies
Information System (NaRIS), and the Violence Against Women
and Children Registry System (VAWCRS) [31]. In addition,
there are other private or third-party providers of HISs in the
country, such as BizBox, MedSys, and Medix.

Among the existing HISs maintained by the DOH, there is no
specific one for OPs. The data on OPs can be distributed in
almost all existing HISs (ie, PRPWD; ICNCDRS; online
reporting of cancer, diabetes, chronic obstructive pulmonary
disease, stroke, blindness, mental, coronary artery disease, and
renal data from health facilities; ITIS; ONEISS; and other HISs).
All these systems require log-in credentials; thus, only
authorized personnel have access.

Based on the policies and literature review, there are policies
and guidelines that support the establishment and integration
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of HISs for OPs. However, there is no current database
management system specific for OPs to date, and the data from
the existing HISs maintained by the DOH are not readily
accessible. Geriatric syndromes, including frailty, malnutrition,
dementia, incontinence, and polypharmacy, are not in the
NHDD.

There are multiple information systems and agencies involved
in the provision of services and sources of health information
about OPs, which leads to fragmented health information about
OPs in the country. Given the limited accessibility and
fragmentation, coming up with evidence for program and policy
development that will address the needs of OPs is a major
challenge.

More than half of the hospitals identified as geriatric centers
and only a quarter of the health centers conduct CGA for their
geriatric patients. According to the DOH AO no. 2017-001,
“All older patients with a positive risk screen should have a
Comprehensive Interdisciplinary Geriatric Assessment for
individual special complex needs” and the “Comprehensive
Geriatric Assessment should be updated prior to discharge in
chronic care facilities and made available to accepting facilities
or carers and vice versa” [37].

This study found a limitation in the conduct of CGA, especially
in the primary care setting. Not all visited DOH hospitals,
although being identified as geriatric centers, conduct CGA.
The commonly reported reasons for not administering CGA to
all OPs in hospitals include the lack of personnel, inadequate
trained personnel, and the length of the assessment.

All visited hospitals and health centers maintain medical records
of their patients. The data on the top causes of mortality are
available in all health centers and almost all visited hospitals.
There are more hospitals that utilize online web-based databases
of patients records than health centers. More than half of the
hospitals utilize iHOMIS, and more than a quarter utilize the
UDRS. In addition, there are third-party providers, such as
BizBox, MedSys, and Medix.

There are more health centers than hospitals that have a specific
registry of diseases. Hospitals have better registries on CVD,
stroke, heart attack, cancer, and mental disorders. However,
health centers have better registries on hypertension, diabetes,
respiratory tract diseases, and disability. More than half of the
health centers visited utilize an online web-based database for
patient records through iClinicSys, while only 1 uses another
information system, specifically CHITS.

Most of the information systems utilized by the hospitals and
health centers are for all patients in general wherein data on
OPs can only be extracted. However, the extraction of data on
OPs is complicated due to the nonuniform age group categories.
In some facilities, the data on patients aged 60-64 years could
not be properly retrieved, as these are incorporated into the
45-64-year age group. Age group classification is not
standardized across facilities. Having multiple platforms for
managing health information deteriorates interoperability
between different health facilities, which, in effect, reduces the
ease of service delivery.

Limitations
The study was able to cover facilities representing each region
across the country; however, these are limited to the selected
hospitals identified as geriatric centers and the health centers
within their catchment area. Private health facilities were not
covered by the study. Thus, the status of HISs in this study was
limited only to public health facilities. Moreover, the status of
the Philippines’ HISs in general was not within the scope the
study and thus warrants further investigation.

Comparison With Prior Work
In 1990, the BLACKBOX was the management information
system for public health programs, vital statistics, mortality,
and notifiable diseases. It handled and retrieved all data that
were being routinely collected by public health workers all over
the Philippines. It was developed toward a need-responsive and
cost-effective health and management information system
(HAMIS) [38]. Decades later, with the advancement of eHealth,
there are various HISs in the country. For primary care benefit
providers, there are 6 DOH-accredited EMR systems [36].
Furthermore, the DOH maintains 10 information systems and
databases, which are being implemented in various health care
settings through the UHMIS [31]. In addition, there are other
private or third-party providers of HISs in the country. These
are harmonized through the interoperability standards and
guidelines issued by the DOH. However, based on the results
of this study, there is no current database management and HIS
specific for OPs to date.

The National Objectives for Health 2005-2010 and 2011-2016
prioritized the use of ICT in various reforms areas, critical health
programs, and specific areas in health administration [39,40].
The Philippine eHealth Strategic Framework and Plan
2014-2020 was also developed [23]. The current and overall
status of the PHIE warrants further investigation.

In terms of management of HISs, the most common reasons for
not regularly updating the web-based database are a lack of or
inadequate trained personnel to maintain and manage the
information system, an unstable internet connection, the use of
an offline system, and technical issues. These barriers are also
consistent with the findings of other studies, such as a lack of
standards, the use of different information systems, infrastructure
issues for electricity and connectivity [35], a lack of human
expertise [41], the need for training and support for human
resources [41,42], and technical complexity [43,44]. In
Malaysia, several issues have influenced overall HIS
implementation in public hospitals, such as limited financial
sources, maintenance by different departments, HIS
implementation orders by the Malaysian Ministry of Health,
addition of new systems, confidentiality issues, low acceptance
levels, low satisfaction levels, different vendors, infrastructure
issues, system breakdown, duplication of data, and different
systems [45].

In developing countries, the establishment of well-coordinated
information collection systems at various levels of the health
care system using appropriate staff could contribute greatly to
improvements in health care delivery [46]. Furthermore, ICT
need to be seen as part of wider approaches involving
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technological, social, and institutional innovation; health
workers need to be educated more broadly on the use of HISs
for action [46,47]; health institutions need to adapt in many
ways toward local accountability and patient and health worker
empowerment; and software development for HISs needs to
integrate computerized systems with work practices to make
work more effective [47]. In decentralized and democratic
governments similar to the Philippines, HISs can play a crucial
role in supporting and sustaining processes by serving as a
repository for generated and analyzed information at the local
level so that primary health care can address the dynamic and
unpredictable elements of health care planning in developing
countries [48].

Routine HIS interventions in the European region were
identified to be promising; however, different areas of
improvement, such as technical, organizational, and behavioral
elements, were identified [49]. In Japan, the areas of
improvement in health care information technology include the
necessity for leadership and IT knowledge in medical
communities, provider incentives, legislation regarding
accountability, security, privacy and confidentiality, inclusion
of stakeholders in solution development, and creation of
sustainable business models [50].

In terms of sustainability of HISs, many challenges are faced,
and these could be addressed through the systems’ technical
design, stakeholder coordination, and the building of
organizational capacity to maintain and enhance such systems
[51]. Furthermore, effective collaboration between major actors
(donors, developers, and the Ministry of Health) is fundamental
to sustain HISs [52].

Conclusion and Recommendations
The review of existing policies and guidelines provided a
background on the status of HISs for OPs in the Philippines.
The facility-based listing revealed the proportion of select
facilities that conduct CGA and the status and challenges related
to the HIS in select tertiary hospitals and health centers in the
country.

Current HISs for OPs are characterized by fragmentation,
multiple sources of health information, and inaccessibility.
Barriers to achieving appropriate HISs for OPs include inability
to update HISs in hospitals and health centers and a lack of age
group and disease standardization.

A comprehensive assessment and care plan shared with all
providers is one of the important elements of integrated care
for OPs. In line with the universal health coverage and
Sustainable Development Goal of “Ensuring healthy lives and
promote wellbeing for all at all ages,” an emerging landscape
of innovation and development on integrated care of OPs is
essential in order to address the multidimensional needs of the
aging population.

A 1-person, 1-record EMR system for OPs is recommended in
order to address their complex needs, as well as extract data to
inform policies and programs. Furthermore, the data on OPs
should be disaggregated and analyzed across geographic and
social parameters in order to identify gaps in programs and
provision of services.

Specifically, we recommend the following:

• Integration of data of OPs in the existing HISs in the
country, wherein data can be derived and disaggregated
across all health care facilities
• Standardizing the definition of age groups (young,

middle, and oldest old) and geriatric syndromes (ie,
frailty, malnutrition, falls, dementia, delirium,
incontinence, polypharmacy, deconditioning) and
inclusion in the latest version of the NHDD
(KMITS-DOH)

• Funding and creating a dashboard for OPs (DOH,
PhilHealth)

• Conducting a CGA of all OPs as a clinical record to be
shared across health care providers in all health settings,
which will be integrated in the existing HIS

• Alignment of the integration of HISs for OPs with the
existing mandates of the NHWPSC and health care provider
networks (NHWPSC-DOH, centers for health development
[CHDs], LGUs)

• Hiring and capacity building of personnel for management
and maintenance of facility-based HISs (Health Human
Resource Development Bureau [HHRDB]-DOH, regional
hospitals, LGUs)

• Research, evaluation, and monitoring of the integrated HIS
(National Commission of Senior Citizens [NCSC], National
Privacy Commission [NPC], Health Policy Development
and Planning Bureau [HPDPB]-DOH, academia, research
institutions)
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Abstract

Background: Prior literature suggests that alert dismissal could be linked to physicians’ habits and automaticity. The evidence
for this perspective has been mainly observational data. This study uses log data from an electronic medical records system to
empirically validate this perspective.

Objective: We seek to quantify the association between habit and alert dismissal in physicians.

Methods: We conducted a retrospective analysis using the log data comprising 66,049 alerts generated from hospitalized patients
in a hospital from March 2017 to December 2018. We analyzed 1152 physicians exposed to a specific clinical support alert
triggered in a hospital’s electronic medical record system to estimate the extent to which the physicians’ habit strength, which
had been developed from habitual learning, impacted their propensity toward alert dismissal. We further examined the association
between a physician’s habit strength and their subsequent incidences of alert dismissal. Additionally, we recorded the time taken
by the physician to respond to the alert and collected data on other clinical and environmental factors related to the alerts as
covariates for the analysis.

Results: We found that a physician’s prior dismissal of alerts leads to their increased habit strength to dismiss alerts. Furthermore,
a physician’s habit strength to dismiss alerts was found to be positively associated with incidences of subsequent alert dismissals
after their initial alert dismissal. Alert dismissal due to habitual learning was also found to be pervasive across all physician ranks,
from junior interns to senior attending specialists. Further, the dismissal of alerts had been observed to typically occur after a
very short processing time. Our study found that 72.5% of alerts were dismissed in under 3 seconds after the alert appeared, and
13.2% of all alerts were dismissed in under 1 second after the alert appeared. We found empirical support that habitual dismissal
is one of the key factors associated with alert dismissal. We also found that habitual dismissal of alerts is self-reinforcing, which
suggests significant challenges in disrupting or changing alert dismissal habits once they are formed.

Conclusions: Habitual tendencies are associated with the dismissal of alerts. This relationship is pervasive across all levels of
physician rank and experience, and the effect is self-reinforcing.

(J Med Internet Res 2022;24(2):e23355)   doi:10.2196/23355
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Introduction

Background and Significance
Electronic medical records (EMR) systems have many
embedded clinical support alerts to help warn or remind
clinicians about patient-related issues [1]. However, the
ubiquitous use of such alerts has led to a significant number of
alert dismissals [2-8]. Some of these alerts were wrongly
dismissed, leading to significant health consequences [1,9]. For
example, Slight et al [10] estimated that in the United States
alone about 57.6 million adverse drug event alerts were
dismissed in 2014, and of those, about 5.5 million were
inappropriately overridden, resulting in approximately 196,600
adverse drug events.

Prior literature suggests at least 3 interrelated reasons for the
excessive dismissal of alerts. The first reason is the relevance
or effectiveness of the alerts [11,12]. Physicians are more likely
to dismiss less relevant alerts when they are repeatedly exposed
to them. As such, studies have examined how the tiering of
alerts based on their medical significance [13] could improve
a physician’s alert compliance. Irrelevant alerts are also linked
to the second reason—alert fatigue. Alert fatigue is a result of
alert overload that causes clinicians to become desensitized to
subsequent alerts [14,15]. The third reason, as suggested by
Baysari et al [16], alerts are excessively dismissed is because
of physicians’ habitual dismissal of alerts. Using field
observations and physician interview data, the authors found
that physicians had developed the habit of dismissing alerts
over time, which resulted in an excessive number of alerts being
dismissed without significant cognitive considerations. As such,
Baysari et al [16] called for more empirical studies to examine
the role that habit plays in influencing alerts dismissal and
establish the prevalence of such incidences of habitual dismissal.
In particular, they suggested studying the association between
the number of alerts clinicians experience and their alert
dismissal rates and how the rate of alert exposure impacts the
formation of alert dismissal habits.

Put together, if physicians under high workload environments
rely on habituated responses as a way to cope with alert overload
and not critically process these alerts as a result [16], then it
would have significant implications on the efficacy of alerts in
situations that matter most. Therefore, we concur with Baysari
et al [16] that it is important to establish the prevalence of such
habitual behaviors among physicians and understand how such
habits are formed and their impacts on patient care.

Habits are driven by an environmental stimulus that leads to
consistent follow-up action in response to that stimulus.

Quantifying habitual behavior using empirical observations is
challenging; however, this area of research has received
increased attention in recent years with the development of
quantitative models to measure habit strength [17,18]. These
models permit researchers to empirically quantify habitual
actions to answer the call for empirically investigating the effects
of habits on alert dismissal [16].

Objective
The objective of this study is to empirically quantify the
prevalence of alert dismissal associated with physician habit
(habitual dismissal) as well as the association between a
physician’s habitual dismissal and their subsequent tendency
for alert dismissal.

Methods

Research Context
The study is a retrospective analysis of log data from 66,049
alerts generated from hospitalized patients captured by the Epic
EMR system (Epic Systems Corp) over a 20-month period from
March 2017 to December 2018.

Settings and Data Context
The study was situated at Jurong Health Campus, which consists
of the integrated 700-bed Ng Teng Fong General Hospital and
the 400-bed Jurong Community Hospital. An alert was set up
in the EMR system to check if a patient had an indwelling
catheter (IDC) for an extended period and was at risk of urinary
tract infection. The IDC alert was activated each time the
physician accessed the patient’s medical record, and it would
have informed the physician of the following clinical guideline:
“Urinary tract infection causes 30% of all health care–associated
infections, and approximately 75% are related to urinary
catheters.” A screenshot of the alert can be seen in Figure 1.
The alert would have reminded the physician to assess the
patient and indicate the reasons as to whether the patient should
or should not continue to use the catheter. If the physician
indicated that the catheter should be removed, they could enter
the order in the Epic system. If the patient required continued
use of the catheter, the physician could acknowledge this and
indicate the reasons in the alert pop-up. In order to not obstruct
the physician’s workflow, the alert also allowed the physician
to ignore the alert by clicking on the dismiss button. Alerts that
were acted upon by physicians (eg, alerts that were
acknowledged with reasons for nonremoval or ordered for
removal) would no longer appear. Alerts dismissed without
acknowledgment continued to appear each time the physician
accessed the patient’s medical record.
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Figure 1. Indwelling catheter alert interface screenshot (modified to remove patient identifiers).

Between March 2017 and December 2018, we captured the
actions of 1152 physicians who interacted with the IDC alert.
This IDC alert was implemented in March 2017, after which
we began the data capture. Physicians were not exposed to this
alert prior to March 2017 as the IDC alert was custom-built and
implemented only in this hospital campus. The IDC alert’s
interface was also different from other clinical alerts in the EMR
system as it is a customized alert. Our data consist of a total of
66,049 alerts from 1874 patients; each patient triggered an
average of more than 30 alerts during their hospitalization. A
total of 91.2% (60,236/66,049) of all alerts were dismissed by
physicians.

Outcome: Alert Dismissal
The unit of analysis for this study is each alert instance, and the
main dependent variable is alert dismissal (dismiss), represented
by a binary measure to indicate if the physician dismisses the
alert. As a robustness check, we have also included 3 other
possible dependent variables: dismissal performed in under 1,
2, or 3 seconds after the alert’s appearance (dismiss1, dismiss2,
and dismiss3). We have included time limits for these alerts as
a robustness check because habits are often associated with
actions that are performed automatically with little cognitive
effort and awareness.

Automaticity [16,19] is a trait of habits and an efficient way of
handling familiar situations where the individual can execute
actions with limited mental effort. Automaticity during a
habitual action means that an individual is less likely to search
for new information while ignoring additional situational
information and will follow up with the usual habitual responses
in a short amount of time [20]. Prior literature suggests that
habitual dismissal occurs when physicians dismiss an alert
without reading the content of the alert [16,21]. Given the
clinical information included in the IDC alert, dismissal of alerts
in under 1 second after they appeared were likely to be acts of
automaticity and it was unlikely the physician had assessed the
content of the alert. As a robustness check, other timing cutoffs
were also used (ie, alerts dismissed in under 2 seconds [dismiss2]
and 3 seconds [dismiss3]) with statistically similar findings.

Primary Predictors: Habit Strength From Habitual
Learning
To quantify habitual behavior, we represent habitual learning
as a mathematical form of Hebbian learning as proposed in prior
studies [17,22-26].

Ht+1 = Ht + αH (αt – Ht) (1)

H represents the physician’s habit strength at different points
in time denoted by t. αt corresponds to the action taken on time
t. An action that corresponded to the response observed in the
habitual behavior (ie, dismissal of alert) was coded as 1; it was
coded as 0 if the action was otherwise. αH is a parameter that
quantifies the rate of learning after each habitual action. Larger
αH values suggest a faster habit learning rate, and it typically
takes on small values (ie, less than 1) [17]. For robustness and
comparative purposes, this study used 3 values of αH to compute
the physician’s habit strength—0.01 (H0.01), 0.05 (H0.05), and
0.1 (H0.1). Given that the alert system is custom-built and that
we captured all alert responses from the start of the alert’s
implementation, we set the initial habit strength, Ht, at 0 since
no physicians had prior exposure to this particular alert before
the implementation of the alert.

Covariates
We divided the covariates used in this study into 5 categories:
context of the alert, physician’s historical exposure to alerts,
physician’s characteristics, patient’s characteristics, and timing
effects. The names of the covariates are in brackets and
italicized.

• Context of the alert: captured if the alert appeared during
ward rounds (ward).

• Physician’s historical exposure to alerts were controlled
for in 5 ways. First, given that many physicians can consult
1 patient and a physician can have many patients, we first
computed the patient-physician (P_C) dyads. This dyad
allowed us to precisely measure each physician’s alert
exposure for a particular patient. We computed P_Ctotal,
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the total number of alerts a particular physician received
for a particular patient. Second, we computed P_Cward,
the total number of alerts received during ward rounds for
the patient-physician pair. Third, to control for prior
exposure to alerts unrelated to a particular patient, we
computed the total number of alerts a particular physician
received within the hospital from the beginning of the IDC
alert program’s implementation (Ctotal). Physicians have
heterogeneous experience and exposure to these alerts as
they consult a large number of patients; the Ctotal variable
controls for a physician’s familiarity with the system.
Fourth, we controlled for the number of unique patients
with indwelling catheters the particular physician
encountered in a particular workday (CPatNum) to account
for the physician’s exposure to patients with similar
ailments. Finally, we controlled for the number of days
since the physician,C, received the first alert for the patient,
P.

• Physician characteristics: the variable C_rank (ie, seniority
of the physician—intern, resident, fellow, or attending) was
a proxy for the level of physician experience. We also
captured the main medical specialty (specialty) in charge
of the patient (eg, cardiology). Finally, we captured the type
of ward the patient was in (dept).

• Patient characteristics: the patient’s age, gender, and race;
the total length of stay (los) and number of diagnoses based
on International Classification of Diseases, Tenth Revision
classification (Diagnosis_count) were used as proxies for
the severity of the patient’s condition.

• Timing effects: controlled for by recording the day of the
week to account for the change in shift duty and the month
of the year to account for seasonality.

The complete list of covariates and their detailed descriptions
can be seen in Table S1 in Multimedia Appendix 1.

Statistical Analysis
We computed the descriptive statistics to explore the distribution
of how long it took each alert to be processed across different
physician types and alert outcomes. We computed the point
biserial correlations between the outcome variables and primary
predictors, as well as Pearson correlations among the rest of the
primary predictors. Calculating the point biserial correlation
was required for instances where one of the variables was a
binary variable.

To test the independent association of the physician’s habit
strength on dismissal, we estimated 3 fixed effects, logistic
regressions with the variable dismiss as the outcome variable,
and each of the 3 measures of habit strength (H0.05, H0.01, and
H0.1) as predictor variables. Fixed effects regression—grouped
at the physician level—was required as the same physician’s
dismissal behavior is likely to be correlated across alert
instances, and controlling for physician-level effects allowed
us to isolate the association between habit strength and dismissal
outcomes beyond the physician’s idiosyncratic characteristics.
As a robustness test, we estimated 3 more sets of fixed effects:
logistic regression models using alternative, dependent variable

measurements of dismissal (ie, dismiss1, dismiss2, and
dismiss3). Likewise, the 3 primary predictors of habitual
learning were regressed on each of these 3 alternative dependent
variables, resulting in an additional (3 × 3) 9 regressions. As a
further robustness check, we replicated the 12 regression models
described above using regular logistic estimators and random
effects logistic estimators for comparative purposes. These
additional 24 models are reported in Multimedia Appendix 1.

All regressions used the covariates described above as controls
during estimation, and we performed our analyses using Stata
(version 14.2, StataCorp LLC).

Ethics Approval
Ethics approval for this study was received by the Domain
Specific Review Board (Ref: 2018/01306) in the National
Healthcare Group, Singapore.

Results

Descriptive Statistics
Table 1 presents the summary statistics of our sample. We
observed that physicians, on average, dismissed 91.2%
(60,236/66,049) of all IDC alerts they encountered. Further,
13.3% (8750/66,049) of all alerts they encountered were
dismissed in under 1 second, 56.9% (37,546/66,049) of alerts
were dismissed in under 2 seconds, and 72.5% (47,890/66,049)
of alerts were dismissed in under 3 seconds. A total of 45.6%
(30,132/66,049) of all alerts appeared during the physician’s
ward rounds (ward). Physicians, on average, were exposed to
84.9 alerts during this period in the hospital (Ctotal). For any
specific patient, a physician received, on average, about 3.9
alerts within the ward (P_Cward) and 8.2 alerts during the
patient’s stay (P_Ctotal). On any particular day, a physician
would encounter an average of 1.3 patients (CPatNum) when the
IDC alert was triggered.

Figure 2 presents the distribution of processing time for the
alerts before they were dismissed. We observed that, on average,
79.5% (47,890/60,236) of all dismissed alerts were dismissed
in under 3 seconds, and 14.5% (8750/60,236) of all dismissed
alerts were dismissed in under 1 second.

We also observed changes in physicians’ response times over
time (Figure 3). The average time for a physician to process an
alert dropped from 5.90 seconds (95% CI 5.46-6.34) in the first
alert exposure to 2.43 seconds (95% CI 1.75-3.10) during the
60th exposure.

We further explored the distribution of dismissal times across
different physician experience levels (Figure 4) and observed
similar patterns in dismissal times across medical interns,
residents, fellows, and attending physicians. These results
suggest that habitual tendencies in dismissing alerts apply to
all levels of medical experience.

To visualize how a physician’s habit strength (H0.01, H0.05, and
H0.10) changed relative to their increasing exposure to the alerts,
see the relationship plotted for a typical physician in Figure 5.
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Table 1. Summary statistics of the variablesa.

MaximumMinimumMean (SD)Variable

100.912 (0.283)dismiss

100.132 (0.339)dismiss1

100.568 (0.495)dismiss2

100.725 (0.446)dismiss3

100.400 (0.292)H0.01

100.708 (0.316)H0.05

100.792 (0.291)H0.01

100.456 (0.498)ward

12018.216 (11.961)P_C total

6003.876 (5.991)P_Cward

669184.868 (93.886)Ctotal

711.303 (0.619)CPatNum

24003.164 (8.826)day_lag

1051667.903 (16.125)age

100.558 (0.497)gender

357138.425 (48.369)los

311.044 (0.234)Diagnosis_count

aAll variables listed above were described earlier in the text. Refer to Table S1 in Multimedia Appendix 2 for a list of detailed definitions of the variables.

Figure 2. Distribution of processing time of all dismissed alerts.
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Figure 3. Physicians’ average alert processing times across number of alert exposures.

Figure 4. Distribution of response time by physician’s rank (level of experience).
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Figure 5. Variation of habit strength across number of alert exposures. Note: P-C (Total) represents the number of alert exposures a physician experiences.

The pair-wise correlations between the outcome variable and
primary predictors can be found in Table 2. Alert dismissal was
found to positively correlate with all primary predictors (habit
strength) in this study, with correlations ranging from 0.227 to
0.421 (P<.001). Further, all dismissals under 1, 2, and 3 seconds
(dismiss#) were found to positively correlate with the
physicians’habit strengths. The point biserial correlation values
ranged from 0.024 (P<.001) to 0.270 (P<.001). The correlations
were found to be higher for dismissals under 2 seconds (the

correlation values ranged from 0.106 to 0.220; P<.001) than
dismissals under 1 second (the correlation values ranged from
0.024 to 0.082; P<.001). Dismissals under 3 seconds had the
highest correlations between the physician’s habit strength and
alert dismissal (correlations ranged from 0.136 to 0.270;
P<.001). We observed stronger positive correlations for a higher
rate of habitual learning with dismissal outcomes, indicating
that physicians with stronger habitual tendencies were more
likely to dismiss alerts within a short period of time.

Table 2. Correlationsa among outcome variables and key predictors.

H0.1 (P value)H0.05 (P value)H0.01 (P value)dismiss3 (P value)dismiss2 (P value)dismiss1 (P value)dismiss (P value)

——————b.99dismiss

—————.990.121 (<.001)dismiss1

————.990.341 (<.001)0.357 (<.001)dismiss2

———.990.707 (<.001)0.241 (<.001)0.505 (<.001)dismiss3

——.990.136 (<.001)0.106 (<.001)0.024 (<.001)0.227 (<.001)H0.01

—.990.845 (<.001)0.223 (<.001)0.183 (<.001)0.065 (<.001)0.347 (<.001)H0.05

.990.956 (<.001)0.703 (<.001)0.270 (<.001)0.220 (<.001)0.082 (.002)0.421 (<.001)H0.01

aVariables dismiss, dismiss1, dismiss2, and dismiss3 are binary, so we perform a point biserial correlation for their relationships with other predictors.
All other correlations are Pearson correlations.
bNot applicable.

Regression Results
The regression results in Multimedia Appendix 2 show the
association between physicians’ current habit strength of alert
dismissal (H0.01, H0.05, H0.1) and the probability of their dismissal
of the current alert (dismiss). The results show that all 3 ways
of quantifying habit strengths were positively associated with
an increased likelihood of dismissing alerts received in the
present time. A 1 standard deviation increase in habit strength
was associated with an increase in odds of a physician’s

dismissal of an alert they received in the present time by 0.642
to 0.810 times.

The results for the other 9 models with alternative measures of
dismissals performed within 1, 2, and 3 seconds of appearance
(dismiss1, dismiss2, and dismiss3) were also consistent with the
main findings. Physicians with higher habit strength were found
to more likely dismiss the next alert in under 1 to 3 seconds.
Specifically, every 1 standard deviation increase in habit strength
was associated with an increase in odds ratio by 0.362 to 0.510
times for the dismissal of the next alert within 1 second of the

J Med Internet Res 2022 | vol. 24 | iss. 2 | e23355 | p.786https://www.jmir.org/2022/2/e23355
(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/


alert’s appearance. The effect was similar for dismissals that
occur in under 3 seconds of the alert’s appearance—a 1 standard
deviation increase in a physician’s habit strength was associated
with an increase in odds ratio of 0.350 to 0.503 times for
dismissing the subsequent alert. We further computed a
random-effects estimator to derive the intraclass correlation
coefficient for this model and found that physician
characteristics account for 0.716 of the total unexplained
variance in dismissal.

Extant studies have found mixed results on how physicians of
different ranks (ie, level of experience) would respond to alerts
differently. For example, Baysari et al [27] found that only 17%

of alerts presented to senior doctors were read compared to
junior doctors reading 78% of patient alerts they received.
However, Straichman et al [28] and Tamblyn et al [29] found
that a physician’s seniority had no impact on their alert
overriding behavior. To explore if habits had a different
influence on physicians of different ranks (levels of experience),
we divided the alert instances into 4 subsamples based on the
physician’s rank (intern, resident, fellow, or attending). For
each subsample, we observed that an increase in habit strength
was positively associated with dismissals, with dismissals below
1 to 3 seconds of alert exposure across all physician ranks (Table
3).

Table 3. Fixed effects logistic regression results for different physician ranks.

dismiss3dismiss2dismiss1dismissPhysician rank and habit
strength

P valueβ (95% CI)P valueβ (95% CI)P valueβ (95% CI)P valueβa (95% CI)

Intern (first year post-medical school)

.101.560

(1.364-1.756)

.101.476

(1.288-1.664)

.151.656

(1.368-1.944)

.233.235

(2.785-3.685)

H0.05

Resident (2 to 6 years of work experience)

.071.486

(1.357-1.614)

.061.496

(1.374-1.618)

.101.354

(1.174-1.535)

.122.604

(2.374-2.835)

H0.05

Fellow (completed residency and in specialist training)

.291.584

(1.010-2.157)

.251.831

(1.333-2.329)

.452.285

(1.397-3.173)

.621.591

(0.372-2.811)

H0.05

Attending physician (specialists)

.241.652

(1.184-2.121)

.222.077

(1.641-2.512)

.341.934

(1.272-2.596)

.421.830

(1.008-2.651)

H0.05

aCoefficients are exponentiated and represent odds ratios. Each cell represents the coefficient of a single fixed effects logistics regression. Full regression
results are available in Multimedia Appendix 1. All multivariate models are adjusted for the context of the alert, physician’s historical exposure to alerts,
physician characteristics, patient characteristics, and timing effects.

Finally, we computed the relationship between habit strength
and physician processing time in an alternative analysis with
fixed effects, random effects, and ordinary least square
estimators. Here, we observed that processing time of alert is
significant and negatively associated with habit strength after
controlling for contextual factors, providing further evidence
for the association between habit and automaticity
(βfixed_effects=–1.161, P<.10; βrandom_effects=–1.305, P<.05;
βOLS=–2.402, P<.05). We further computed a random-effects
estimator to derive the intraclass correlation coefficient for this
model and found that physician characteristics account for 0.164
of the total unexplained variance in processing time.

Discussion

Principal Findings
Physicians in clinical settings often experience high workload,
significant time pressure, and information overload. The use of
clinical support alerts supposedly ensures that, amid these
challenging work conditions, physicians can quickly attend to
patients potentially at risk of adverse events. The irony,
however, is that the very same challenging conditions are also

the conditions that may result in the formation of habits in
physician responses to the alerts [16,20]. Under such conditions
of high workload and information overload, individuals are
more likely to rely on automaticity in their responses. Further,
as physicians experience more alerts, as argued by Baysari et
al [16], they may form habits that are biased toward more
habitual dismissal. We empirically show that this is true in our
study’s clinical context.

Our study contributes to the area of habit research by
operationalizing an empirical measure of habitual actions.
Traditionally, habitual actions are observed and understood
from the perspective of the physician performing the action.
However, it is inherently difficult to determine the cognitive
state of the physician as they perform different actions [19]. As
such, it is challenging to conduct a large-scale empirical study
to quantify physician habits. Our study provides a different
approach to address this challenge by using a theoretically based
alternative that tracks repeated actions as an empirical proxy to
quantify habitual actions [18]. We tested the habit strength
measure’s relationship with the physician’s subsequent alert
dismissal and found significant positive relationships between
them. Our additional analyses also showed that habit strength
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measures yielded consistent and similar results with models
that used simpler measurements of habit such as physicians’
past dismissal rates. Our empirical method of quantifying the
habitual response of alerts provides a way for future empirical
research that studies the role of habits in physician actions in
general.

Our study also answers the call for more systematic empirical
research to examine the role of habits in high alert dismissal.
Our findings, where we observed a large proportion of alerts
dismissed in under 3 seconds, provide empirical evidence of
physicians relying on automaticity while dismissing alerts. Our
findings support the view that habits play a significant role in
influencing alert response.

Specifically, our findings provide 3 key insights into the
relationship between habits and alerts. First, we found that the
association between habit strength and alert dismissal is
pervasive in the sample of alert responses we studied. Second,
we showed that habitual alert dismissal occurs in physicians
across all levels of experience; senior and junior physicians
alike all have the tendency to habitually dismiss alerts. Together,
these insights suggest that health informatics professionals and
designers of clinical support alerts need to take into account the
effect of habits on physicians when designing, implementing,
and interpreting the impact of clinical alerts. Research on alert
relevance that uses dismissal rates as a measure of relevance
(ie, lower dismissal rates suggest a higher relevance of the alert)
need to take into account how fast alerts are dismissed. Our
study found that there is more to alert dismissal than simply a
physician’s judgment of the alert’s relevance. This is especially
true for alerts dismissed within time durations that are too brief
to support any meaningful assessment of the alert. Third, we
found that habits are self-perpetuating, self-reinforcing, and, as
a result, hard to mitigate once they are formed. Physicians who
have a history of dismissing alerts are more likely to dismiss
subsequent alerts and tend to dismiss them more hastily without
much consideration. The self-reinforcing nature of habitual
dismissal is a cause of concern as it may significantly reduce
the effectiveness of the focal alert and possibly impact the
physicians’ responses to other clinical support alerts
implemented in a clinical setting.

However, given our understanding of the role of a physician’s
habit formation in the context of alert dismissal and the
prevalence of habitual dismissal in health care settings, we
propose that future research should draw on our understanding
to examine how work conditions and alerts could be designed
to mitigate the formation of habitual behavior. Extant literature
informs us that habits are shaped by associating an external cue
with a repeated, stable response, which, in turn, produces a set
of consistent consequences [30]. Habits form when individuals
experience a stable context that triggers a habitual action
performed frequently, and the habitual action leads to an
affirmative outcome that reinforces the behavior. These 3
antecedents are necessary for habit formation, and prior studies
on strategies to reduce habitual responses have suggested
disrupting or removing these antecedents to reduce habitual
behaviors [31,32]. One example to mitigate habit formation is
to disrupt the stable environment and triggers that lead to
habitual responses. Although these studies are not situated in

the medical context, the strategy of removing the individual’s
familiar environment and triggers of habitual response is an
approach that could be explored in the clinical alert context.
For example, designers of clinical support alerts could consider
varying the format and form of the alerts based on the risk levels
or types of clinical conditions involved. Rare alerts associated
with higher risks could be designed with a different alert
interface, which could disrupt the stable environment (similar
presentation mode) that triggers the habitual response.
Furthermore, the alert interface could be programmed to be
refreshed periodically to remove the stable environment required
for habit formation and thereby reduce the incidence of habitual
responses.

Limitations
One limitation of this study is that it examined habitual dismissal
for only one type of clinical alert: the removal of IDCs.
Although we examined all the alerts that appeared during the
sample time frame, future research could include different types
of alerts as part of the study to understand if our findings are
generalizable beyond a specific alert. However, studies involving
different alerts will require these additional alert systems to be
custom-built to accurately analyze physician responses from
the start of the alert’s implementation to quantify physician
habit strength. Studies that use existing alert systems may not
yield accurate findings, as physicians would have had prior
exposure to these alerts. Although we attempted to control for
physicians’alert fatigue by including, as a covariate, the number
of unique patients with the IDC alert the physician consulted
on that day, this may not completely control for alert fatigue
that might result from other types of medical alerts. Again,
future research may attempt to include the impact of other alerts
as a control in the study.

Finally, like most retrospective cohort studies, our study does
not seek to establish causal evidence or a causal relationship
between a physician’s habits and the subsequent dismissal of
alerts. Here, we use a computational model of habit to show the
association between habit formation and a physician’s dismissal
of alerts within a real-world clinical context. Without further
studies that examine the intentions, less feasible in a real-world
clinical context, the ability to isolate habit as the sole cause of
dismissal is challenging and calls for further research.

Conclusion
This study shows that the strength of a physician’s habit for
dismissing medical alerts is positively associated with their
tendency for subsequent incidences of alert dismissal.
Additionally, it was found that most (72.5%) dismissed alerts
occurred in under 3 seconds of the physician’s exposure to the
alert. This empirical finding is in line with prior health
informatics literature, suggesting the role of habit in EMR alert
dismissal. We contribute to this stream of work by showing that
habitual dismissal occurs across all levels of physician
experience and that this is a self-reinforcing phenomenon. As
physicians habitually dismiss alerts, the likelihood of them
hastily dismissing subsequent alerts increases significantly. This
phenomenon presents challenges to removing such inclinations
toward habitual dismissal among physicians.
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Abstract

Background: COVID-19 caused by SARS-CoV-2 has infected 219 million individuals at the time of writing of this paper. A
large volume of research findings from observational studies about disease interactions with COVID-19 is being produced almost
daily, making it difficult for physicians to keep track of the latest information on COVID-19’s effect on patients with certain
pre-existing conditions.

Objective: In this paper, we describe the creation of a clinical decision support tool, the SMART COVID Navigator, a web
application to assist clinicians in treating patients with COVID-19. Our application allows clinicians to access a patient’s electronic
health records and identify disease interactions from a large set of observational research studies that affect the severity and
fatality due to COVID-19.

Methods: The SMART COVID Navigator takes a 2-pronged approach to clinical decision support. The first part is a connection
to electronic health record servers, allowing the application to access a patient’s medical conditions. The second is accessing data
sets with information from various observational studies to determine the latest research findings about COVID-19 outcomes for
patients with certain medical conditions. By connecting these 2 data sources, users can see how a patient’s medical history will
affect their COVID-19 outcomes.

Results: The SMART COVID Navigator aggregates patient health information from multiple Fast Healthcare Interoperability
Resources–enabled electronic health record systems. This allows physicians to see a comprehensive view of patient health records.
The application accesses 2 data sets of over 1100 research studies to provide information on the fatality and severity of COVID-19
for several pre-existing conditions. We also analyzed the results of the collected studies to determine which medical conditions
result in an increased chance of severity and fatality of COVID-19 progression. We found that certain conditions result in a higher
likelihood of severity and fatality probabilities. We also analyze various cancer tissues and find that the probabilities for fatality
vary greatly depending on the tissue being examined.
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Conclusions: The SMART COVID Navigator allows physicians to predict the fatality and severity of COVID-19 progression
given a particular patient’s medical conditions. This can allow physicians to determine how aggressively to treat patients infected
with COVID-19 and to prioritize different patients for treatment considering their prior medical conditions.

(J Med Internet Res 2022;24(2):e29279)   doi:10.2196/29279

KEYWORDS

COVID-19; clinical decision support; precision medicine; web application; FHIR

Introduction

Precision medicine, as defined by the National Institutes of
Health’s Precision Medicine Initiative, is “an emerging approach
to disease treatment and prevention that takes into account
individual variability in genes, environment, and lifestyle for
each person” [1]. Recent increases in the availability of
electronic patient data have facilitated the development of
precision medicine. For instance, electronic health records
(EHRs) store all information collected in hospitals, such as
blood tests, radiographs, diagnostic tests, and any biographical
information about a patient, such as their age, weight, or height
[2]. This approach to medical treatment could prove to be useful
in dealing with the COVID-19 caused by SARS-CoV-2, which
has been ravaging the United States and the world [3,4].
Currently, a vast amount of research is being conducted to
understand how a patient’s underlying health conditions interact
with the progression of the virus infection. For example, certain
conditions such as diabetes and heart disease have been found
to raise the severity and fatality rates of patients who have
become infected with the virus [5]. Applying the tools of
precision medicine can help doctors customize treatment for
patients affected by COVID-19 based on the patient’s underlying
conditions. Attempts at clinical decision support systems for
COVID-19 have been made using information on risk factors
and biomarker measurements [6,7].

With the rapid spread of COVID-19 and the scarcity of
physician resources and time, there is an immediate need for a
clinical decision support system that provides patient and disease
interaction information to clinicians to allow them to practice
precision medicine. In this paper, we describe the creation of
the SMART COVID Navigator, a web-based application
designed to assist clinicians to relate patient risk factors to the
growing amount of research that identifies how various
underlying patient conditions affect the progression of
COVID-19. This application identifies patient risk factors based
on integrating comprehensive data available through multiple
EHRs. The application then allows clinicians to quickly access
a large set of research studies based on their patient’s medical
history in an easy-to-access format, helping promote updated
information on COVID-19 and its risks for a diverse community.
This tool will simplify a clinician’s search for relevant research
and findings and support clinical treatment.

The SMART COVID Navigator connects patient information
from multiple EHR servers to 2 databases of COVID-19 research
studies. This will allow clinicians to access data-driven research
based on a particular patient’s risk factors. The SMART COVID
Navigator builds on the framework developed by the SMART
Cancer Navigator, which offers clinical decision support by

connecting patient EHR information to cancerous gene variants
[8,9]. The Navigator is a further step for creating Fast Healthcare
Interoperability Resources (FHIR) protocol–based tools to
support personalized medicine [10]. This web-based application
was built by researchers at the Biomedical Cybernetics
Laboratory in Harvard Medical School. It was created using an
Angular and Bootstrap front-end framework. The code is
available at [11].

Methods

Accessing Multiple FHIR Servers
The SMART COVID Navigator allows the user to log into 2
EHRs: the Veterans Affairs (VA) and the Center for Medicare
and Medicaid Services (CMS). There are significant advantages
to the application being able to log into multiple EHR servers
[12]. Doctors viewing their patient’s medical information
through the application have the ability to discern any
discrepancies between the data sources. Similarly, doctors and
patients can be sure that they are receiving the most up-to-date
information regarding their health records, as any information
not captured in one of the EHRs would most likely be shown
in the other. The VA and CMS servers follow the FHIR standard
[13]. The FHIR platform allows for the interoperability of the
navigator with other EHRs that follow the FHIR protocol. The
application is registered with the relevant EHRs. The system
can be expanded to access additional health records, provided
their application programming interfaces (APIs) follow the
FHIR standard. The EHRs provide the application with a client
ID and a client secret, which is used for authentication purposes.
The following section describes the login process.

To log into the 2 API-enabled EHR systems, the application
implements the OAuth2 [14] and OpenID Connect [15]
standards to achieve secure authentication and authorization.
The authentication process involves a user entering their login
credentials, while the authorization process requires a request
to the EHR’s server to obtain an access token. Upon receiving
the access token, the application is authorized to retrieve relevant
patient information. The left side of Figure 1 depicts the system
architecture for the EHR access process. The login process
begins when the user clicks one of the login buttons. The user
is redirected to the login portal for the EHR of their choice to
enter their login credentials. The OAuth2 process redirects the
user back to the application with an ID token in the URL (step
1 in Figure 1). With this ID token, the application then requests
an access token from the relevant API to obtain access to the
patient’s medical information. The application accomplishes
this second step by sending the ID token along with additional
information such as the application’s client ID and client secret
back to the EHR server through an HTML POST request. The
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server then returns an access token, which the application can
use to gain access to any part of the patient’s profile (step 2 in
Figure 1). The access token is saved to the local storage of the
app; thus, if the user refreshes the application or attempts to log
into another EHR, they will still retain access to the first EHR.
This 2-step process ensures better security of sensitive medical

data. From the EHRs, the following information is retrieved:
(1) the patient’s name, (2) their location zip code, (3) their date
of birth (which is used to calculate their age), and (4) a list of
medical conditions associated with the patient along with a
numerical code presenting the condition (step 3 in Figure 1).

Figure 1. Architecture diagram of the SMART COVID Navigator. API: application programming interface; CMS: Center for Medicare and Medicaid
Services; CORD-19: COVID-19 Open Research Dataset; ICD-10: International Classification of Diseases-tenth version; SNOMED-CT: SNOMED
Clinical Terms; VA: Veterans Affairs.

The EHR server results are visually displayed at the top of the
screen. This menu appears when a user logs into either one of
the servers. It displays demographic information such as the
patient’s name, age, and current zip code. It also shows a list
of medical conditions retrieved from the patient’s profile with
the list of conditions appearing in a dropdown menu (Figure 2).
If the user is logged into both the VA and CMS servers, then
the application retrieves demographic information from the VA
server, while the condition list is a combined list from both

EHRs. Please note that the patient information displayed in
Figure 2 and in other figures below are based on information
taken from VA- and CMS-simulated patient data; since these
data are not from a real patient, there are no Health Insurance
Portability and Accountability Act concerns. With these patient
conditions now available in the Navigator, the next step is to
connect these conditions to risk factors shown to affect
COVID-19 progression.

Figure 2. The disease condition list for a Veterans Affairs test patient. This dropdown appears from the patient header.
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Accessing Artificial Intelligence–Powered Knowledge
Base From the COVID-19 Open Research Dataset
The SMART COVID Navigator collects risk factor information
from 2 external data sets, as shown on the right side of Figure
1 and relates it to patient medical conditions. The first data set
is the COVID-19 Open Research Dataset (CORD-19), created
by the White House and a set of leading research groups such
as the Georgetown University’s Center for Security and
Emerging Technology and the National Library of Medicine,
National Institutes of Health [16]. This resource currently
contains over 200,000 scholarly papers related to COVID-19.
Researchers apply artificial intelligence techniques to create

this knowledge base. CORD-19 sources papers from the World
Health Organization, PubMed Central, bioRxiv, and medRxiv.
These can be in the form of physical printouts, PDF files, or
XML files. The papers and preprints are then collected by
Semantic Scholar [17], and the resulting metadata are
harmonized and deduplicated. The full text of the papers is then
extracted [18]. This knowledge base is stored on Kaggle, a
web-based community of data scientists and machine learning
practitioners [19]. The Navigator utilizes the “risk factors”
section of CORD-19 to support clinical assessment of how a
patient’s medical conditions affect their chances of having a
severe or fatal COVID-19 infection (step 1 in Figure 3).

Figure 3. Architecture diagram of the interactions between the Veterans Affairs and Center for Medicare and Medicaid Services electronic health
record systems, SNOMED/International Classification of Diseases-tenth version codes, and the COVID-19 Open Research Dataset. CMS: Center for
Medicare and Medicaid Services; CORD-19: COVID-19 Open Research Dataset; ICD-10: International Classification of Diseases-tenth version;
SNOMED-CT: SNOMED Clinical Terms; VA: Veterans Affairs.

The CORD-19 data are publicly available and are stored in CSV
files. Each file tracks studies relating to a specific condition (eg,
hypertension, heart disease) that is being tracked. Each row in
the CSV file represents a study. The study name, link, date, and
significance of the severity and fatality of the patients are all
provided. Textbox 1 provides a list of the risk factors provided
in CORD-19. As shown in Textbox 1, the CORD-19 data set
consists of 28 risk factors—22 of which are disease conditions,
while the other 6 are patient biographical characteristics. The
comprehensive clinical terminology coding systems, SNOMED
Clinical Terms used by the VA [20] and the International
Classification of Diseases-tenth version (ICD-10) used by CMS
[21], consist of thousands of more specific disease identifiers
than the broader disease categories tracked by CORD-19. We
mapped the identifiers in the SNOMED Clinical Terms and
ICD-10 code sets to the CORD-19 risk factors to be able to
match patient conditions to disease categories tracked by
CORD-19 (step 2 in Figure 3). This mapping was accomplished

through word matching. For each of the 28 risk factors present
in CORD-19, the name of the risk factor or a part of the name
was matched with every instance of that name occurring in the
SNOMED Clinical Terms and ICD-10 code sets by using a
Python script created by the authors. For instance, the risk factor
“diabetes” links to any disease classification in the code sets
that has the word “diabetes” or variations such as “diabetic.”
Because the disease identifiers in the code sets are more specific
than the broad risk factors tracked by CORD-19, many risk
factors align with hundreds of more specific disease names from
the code sets. Since the mapping involved matching words or
parts of words using Python code (and was not done manually),
we believe there is unlikely to be incorrect mapping. For
example, we searched for the string “diabet,” which would
capture both “diabetes” and “diabetic.” Nevertheless, it is
possible that some conditions in the 2 code sets might not have
been captured despite our attempts at careful mapping.
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Textbox 1. Risk factors tracked by the COVID-19 Open Research Dataset.

Risk factors

• Age

• Endocrine diseases

• Asthma

• Ethnicity: Hispanic versus non-Hispanic

• Autoimmune disorders

• Heart disease

• Chronic obstructive pulmonary disease 

• Heart failure

• Cancer

• Hypertension

• Cardiovascular and cerebrovascular disease

• Immune system disorders

• Cerebrovascular disease

• Male gender

• Chronic digestive disorders

• Neurological disorders

• Chronic kidney disease

• Overweight or obese

• Chronic liver disease

• Race: Asian versus White

• Chronic respiratory diseases

• Race: Black versus White

• Dementia

• Race: Other versus White

• Diabetes

• Respiratory system diseases

• Drinking

• Smoking status

Visually in the Navigator, the information from CORD-19
regarding studies related to COVID-19 risk factors appears as
a menu of conditions (Figure 4). When the user clicks a
particular condition, a pop-up screen is displayed, providing all
the information collected about studies relevant to that condition
(Figure 5). This will allow a user to view the studies and use
the findings for clinical decision support. The study name (with
a hyperlink to the full study), date, and the significance of the
severity and fatality statistics are shown for each study. At the
top of the pop-up, an overview of the studies associated with
the chosen condition is displayed. The information included are
the total number of studies for that condition, the percentage of

studies that found the selected condition to cause a significant
change in the severity of COVID-19 progression (out of the
studies that measure for severity), and the percentage of studies
that found a significant change in fatality due to COVID-19.
We alert the user if the proportion of papers finding a significant
result is greater than 50%. If a particular risk factor is found to
be associated with the severity or fatality due to COVID-19
infection in a high proportion of observational studies, then
physicians should pay more attention to patients with that risk
factor. However, individual physicians should make their own
decisions based on the information in the SMART COVID
Navigator and the severity of their patients’ health conditions.
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Figure 4. A view of the application logged into a test Veterans Affairs profile. A button appears for each condition that is being tracked. Based on the
conditions in the patient’s profile, certain risk factors on the screen are highlighted in orange.

Figure 5. Presentation of information from the COVID-19 Open Research Dataset relating to a particular risk factor (in this case, the example is for
the “age” risk factor).
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The patient’s biographical and health information retrieved from
the EHRs can be used to better guide clinicians on the health
conditions they should be concerned about in relation to
COVID-19. The Navigator uses the previously described
mappings from SNOMED Clinical Terms and ICD-10 identifiers
to the CORD-19 risk factors; wherever there is a match between
the code in a patient’s EHR condition list (step 3 of Figure 3)
and those associated with each CORD-19 risk factor, the
condition highlights orange (step 4 of Figure 3), thereby alerting
the user to presence of the condition of concern (Figure 4). If
the patient is older than 60 years, then the “age” condition is
highlighted as well. The clinician should click on any
highlighted conditions to access further information from the
CORD-19 database, as this information is likely to be relevant
for the patient in question.

COVID-19 in Patients With Cancer
Cancer has been shown to be a risk factor for COVID-19, and
the different types of cancers affect COVID-19 progression
differently [22]; therefore, it is important for physicians to
understand disease progression if patients with cancer become
infected with COVID-19. To help with this, the SMART COVID
Navigator accesses Reboot Rx’s Reboot: COVID-Cancer Project
data sets in order to display information regarding the impact
of COVID-19 and its treatment on patients with cancer [23].
The Reboot: COVID-Cancer Project identifies relevant
published clinical studies and extracts and aggregates the data
from those studies into 2 data sets. The first data set examines
COVID-19 disease progression for patients with cancer. The
second data set examines what effect drugs currently being
tested for COVID-19 treatment could have on cancer
(independent of their effect on COVID-19). The data sets are
publicly available on the Reboot: COVID-Cancer Project

website via interaction dashboards and can be requested in the
form of Excel files. This feature gives an organized tool for
clinicians to better understand COVID-19 outcomes for different
types of cancer. Textbox 2 shows each of the tissue types that
are examined in the Reboot: COVID-Cancer Project data sets
(the numbers in parentheses indicate which data sets the tissue
type is in). As shown in Textbox 2, the data sets consist of 30
tissue types. Tissue types were chosen to distinguish the cancers
instead of cancer types, as the number of tissue types was more
manageable and therefore would be easier to access for the user
of the application.

When a user navigates to the “COVID19-Cancer” tab of the
SMART COVID Navigator, they will see a menu of tissue types,
similar to how the CORD-19 risk factors are displayed, as well
as another button that displays the summary information for all
of the tissues in 1 pop-up, colored blue to distinguish it from
the other buttons representing tissue types (Figure 6). When
one of the buttons is clicked, a pop-up appears with 2 tabs. The
first tab displays information retrieved from data set 1 regarding
patient outcomes, and the second tab displays information from
data set 2 about COVID-19 drugs that could be useful for cancer
treatment (Figure 7). When the summary tab is clicked,
information retrieved from data set 1 about all tissue types in
that data set is displayed, so that clinicians can easily see all the
patient outcome statistics on 1 central page (Figure 8). Please
note that the use of data set 1 in the SMART COVID Navigator
is to display patient outcomes for the treatment of COVID-19
in patients with cancer. This use is similar to how we used the
CORD-19 data set. The display of data set 2 is for a different
purpose—to inform physicians treating cancer that how drugs
that are being used for COVID-19 treatment have an application
in cancer treatment.
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Textbox 2. Tissue types tracked by the Reboot: COVID-Cancer Project data sets. The numbers in parentheses indicate which data sets the tissue type
is in.

Tissue types

• Bladder/unitary tract (1,2)

• Head and neck (1,2)

• Pancreas (2)

• Bone and soft tissue (1)

• Hematologic not specified (1)

• Pleura (1)

• Bowel (1,2)

• Kidney (1,2)

• Prostate (1,2)

• Bowel, esophagus/stomach (2)

• Liver (1,2)

• Sarcoma (2)

• Brain/central nervous system (1,2)

• Lung (1,2)

• Skin (1,2)

• Breast (1,2)

• Lymphoid (1,2)

• Soft tissue (2)

• Cervix (1)

• Lymphoid, myeloid (2)

• Testis (2)

• Esophagus/stomach (2)

• Myeloid (1,2)

• Thoracic (1)

• Genitourinary (1)

• Not specified (1,2)

• Thymus (1,2)

• Gynecological (1)

• Ovary/fallopian tube (1,2)

• Thyroid (2)
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Figure 6. Standard view of the COVID-19 cancer tab of the COVID Navigator. The “Summary” button is highlighted in blue to distinguish it from
the other buttons that represent tissue types.

Figure 7. When a tissue is clicked, a pop-up appears with 2 tabs (this figure shows the pop-up for lung tissue). The first tab (on the left) tracks patient
outcomes for patients with lung cancer who contract COVID-19. The second tab (on the right) tracks drugs being tested for COVID-19 that could have
an impact on cancer of the selected tissue.
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Figure 8. When the blue “Summary” button is clicked, this pop-up appears, which displays the patient outcome summary statistics for each tissue type
in a concise manner.

Data Governance
There are 2 sources of data used in the application. The first is
patient data from the VA and CMS, which are accessed when
a patient logs into their accounts in these EHRs. The SMART
COVID Navigator does not store any patient data. These data
are accessed by the patient or physician under authorization by
the patient. These data are used to identify patient risk factors
when the physicians/patients are using the application. When
they are done using the application and log out, the patient data
are deleted from the local machine, which is being used to access
the app. At no point is patient data stored in the main server
running the application. The second source of data is from the
publicly available CORD-19 and Reboot: COVID-Cancer
Project data sets for use in the application. Given these are
publicly available repositories of research papers, we do not
implement any specific data governance with respect to this
information.

Results

Knowledge Base Analysis
In addition to the development of the SMART COVID
Navigator, we performed analyses on the research studies in
the CORD-19 and the Reboot: COVID-Cancer Project

knowledge bases. Given the large number of studies both in the
CORD-19 knowledge base and the COVID-Cancer data sets,
it would be difficult for a clinician to quickly assess if a
particular patient’s disease condition or cancer type interacts
significantly with COVID-19. For the CORD-19 knowledge
base, we explored whether on average, the studies found
significant results for each of the 28 conditions examined, and
for the Reboot: COVID-Cancer Project data sets, we explored
the likelihood of mortality for a particular cancer type based on
the aggregate data collected from the data sets.

CORD-19 Knowledge Base Analysis
First, we discuss the results from the CORD-19 knowledge base
relating to risk factors. We found that out of the 816 studies
examined in the risk factors section, 355 studies (43.5%) studied
only how a particular disease condition affected the severity of
COVID-19 progression, 328 studies (40.2%) examined only
how the disease condition affected fatality, 89 studies (10.9%)
examined both severity and fatality, and 44 studies (5.4%) had
no entry for severity nor fatality. We examined each of the 28
individual risk conditions to identify which of them have been
found more frequently to be a significant factor in COVID-19
severity and fatality rates. These data are displayed in Tables 1
and 2. Table 1 presents the data for each condition regarding
severity, and Table 2 presents the data regarding fatality.
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Table 1. Severity statistics for all risk factors.

Studies showing significant severity, n (%)aStudies on COVID-19 severity (n)Total papers (N)Risk factor

10 (67)1533Age

0 (0)36Asthma

0 (0)13Autoimmune disorders

8 (50)1626Cancer

4 (57)710Cardiovascular and cerebrovascular disease

6 (75)820Cerebrovascular disease

0 (0)25Chronic digestive disorders

10 (53)1938Chronic kidney disease

1 (17)612Chronic liver disease

6 (50)1229Chronic respiratory diseases

18 (78)2341Chronic obstructive pulmonary disease

1 (50)25Dementia

33 (58)57100Diabetes

0 (0)11Drinking

2 (50)44Endocrine diseases

0 (0)615Ethnicity: Hispanic versus non-Hispanic

42 (78)5498Heart disease

1 (33)317Heart failure

35 (58)60100Hypertension

3 (75)46Immune system disorders

29 (49)59100Male gender

1 (33)36Neurological disorders

18 (64)2843Overweight or obese

0 (0)25Race: Asian versus White

2 (29)721Race: Black versus White

0 (0)39Race: Other versus White

5 (83)67Respiratory system diseases

16 (48)3356Smoking status

aThe proportion of studies showing significant severity was calculated from the number of studies showing severity of COVID-19 in people with the
particular risk factor.
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Table 2. Fatality statistics for all risk factors.

Studies with significant fatality value, n (%)aStudies on fatality (n)Total papers (N)Risk factor

16 (84)1933Age

2 (50)46Asthma

2 (67)33Autoimmune disorders

6 (46)1326Cancer

2 (67)310Cardiovascular and cerebrovascular disease

10 (71)1420Cerebrovascular disease

0 (0)25Chronic digestive disorders

14 (61)2338Chronic kidney disease

3 (60)512Chronic liver disease

13 (68)1929Chronic respiratory diseases

8 (42)1941Chronic obstructive pulmonary disease

4 (100)45Dementia

26 (57)46100Diabetes

N/Ab01Drinking

N/A04Endocrine diseases

6 (55)1115Ethnicity: Hispanic versus non-Hispanic

43 (84)5198Heart disease

9 (64)1417Heart failure

21 (49)43100Hypertension

4 (100)46Immune system disorders

20 (51)39100Male gender

3 (100)36Neurological disorders

12 (60)2043Overweight or obese

3 (75)45Race: Asian versus White

7 (41)1721Race: Black versus White

3 (33)99Race: Other versus White

2 (100)27Respiratory system diseases

5 (19)2656Smoking status

aThe proportion of studies showing significant fatality was calculated from the number of studies showing fatality of COVID-19 in people with the
particular risk factor.
bN/A: not applicable.

Table 1 documents severity statistics; specifically, the number
and proportion of studies that find if a given condition results
in a statistically significant change in the likelihood of a patient
having a severe COVID-19 infection. For example, out of the
98 studies on heart disease, 54 of them study severity and 42
(78%) found a significant result for severity. However, chronic
liver disease seems to not have a significant impact on
COVID-19 severity, as out of the 12 papers that study this
condition, 6 study severity and only 1 study (17%) found a
significant correlation. This application alerts users if more than
50% of papers report a significant finding.

Table 2 is similar to Table 1, except that instead of documenting
findings about COVID-19 severity, it documents statistics
regarding fatality. We can again look at some examples of

medical conditions. As in the case of severity of COVID-19
progression, heart disease is a useful predictor of COVID-19
fatality; out of the 51 papers that measure fatality statistics for
the condition, 43 of them (84%) found a significant correlation.
Being a smoker, however, does not seem to have the same high
degree of correlation; only 5 (19%) out of the 26 papers that
measure fatality statistics for smoking status found a significant
result. Similarly to that for severity, the application alerts users
if more than 50% of papers report a significant finding for
fatality.

There are conditions for which the papers tracked by CORD-19
do not offer a definitive answer. Cancer is one of these
conditions; 50% (8/16) of studies found a significant finding
for severity, while 46% (6/13) found a significant finding for
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fatality. A possible explanation for this inconclusive result is
the existence of various types of cancers in different tissues of
the body, resulting in a mixed result when grouping various
cancer types together. For such cases, clinicians will need to
access additional information from other papers. As discussed
before, we display the severity and fatality percentage summary
statistics in the application for each condition so that clinicians
can obtain a quick overview of the significance of that condition
without having to review each study in detail. However, we
caution that clinicians might want to review the studies in greater
detail depending on the medical condition of the concerned
patient.

Reboot: COVID-Cancer Project Knowledge Base
Analysis
In addition to the CORD-19 analysis, we conducted an analysis
based on the papers in the Reboot: COVID-Cancer Project data
set relating to patient outcomes. This data set stores the number
of patients with a specific type of cancer and with COVID-19,
the number of those patients who died, and the percentage
fatality found. The Navigator aggregates these data to offer the
user summary statistics for each of the tissue types. Table 3
documents the aggregate patient outcomes for each cancerous
tissue, compiled by adding the number of patients with

COVID-19 and number of deaths reported in all the papers
relating to the given tissue type. Some cancer tissue types in
the table can be seen to be associated with a relatively high
fatality rate. For instance, out of the 200 patients with thoracic
cancer, 66 died (33%) due to COVID-19. Similarly, 152 out of
the 504 patients with lymphoid cancer died (30.1%) and 67 of
the 225 patients with lung cancer died (29.7%), indicating that
cancers of these tissue types generally result in a higher fatality
rate for COVID-19. However, only 5 out of the 91 patients with
breast cancer died (6%), indicating that breast cancer is
associated to a lesser degree with COVID-19 fatality than some
other cancer tissue types.

For some tissue types, the data available through the Reboot:
COVID-Cancer Project do not contain an adequate number of
patients to support clinical decisions. For instance, based on the
fatality rate of 33% (3/9), it would seem that bone and soft tissue
cancer is associated with a high risk of COVID-19 fatality.
However, the data contain only 9 patients with bone and soft
tissue cancer; therefore, more information is needed to make
clinical decisions for patients with COVID-19 and bone and
soft tissue cancer. Clinicians can access additional information
from the full text of papers from the Navigator to make better
decisions about patient treatment.

Table 3. Outcome statistics for all tissue types.

Deaths due to COVID-19 (% fatality), n (%)Patients (n)Tissue type with cancer

0 (0)1Bladder/urinary tract

3 (33)9Bone and soft tissue

0 (0)5Bowel

0 (0)2Brain/central nervous system

5 (6)91Breast

0 (0)1Cervix

0 (0)4Genitourinary

20 (11)180Gynecological

0 (0)8Head and neck

492 (26)1893Hematologic not specified

2 (11)18Kidney

1 (20)5Liver

67 (30)225Lung

152 (30)504Lymphoid

5 (17)29Myeloid

2632 (20)13265Not specified

0 (0)2Ovary/fallopian tube

0(0)1Pleura

28 (23)124Prostate

0 (0)3Skin

66 (33)200Thoracic

0 (0)1Thymus
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Discussion

Views From Clinician Users
We surveyed clinicians who tested the SMART COVID
Navigator to elicit their assessment. Their feedback highlighted
the following uses of the application in patient care and as an
educational resource. The clinicians noted that the application
allows for a real-time assessment of comorbidities that any
given patient may have that could impact severity and fatality
risk from COVID-19 and that it allows for the assessment of
patients in which multiple factors may be at play. The clinicians
also noted that the application could be used at the point of care,
and this application filled an unmet clinical need. They stated
that the application made it easier to narrow down the literature
and find out the relevant patient management–related answers
quickly. They also pointed out that the fatality and severity rates
displayed by the CORD-19 data could help them in triaging and
stratifying patients in limited resource conditions, allowing them
to decide whether aggressive treatment was warranted
immediately or not. This would also help them involve palliative
care early enough if needed. Finally, they commented that the
application would help them in shared decision-making with
patients.

Apart from patient care, the clinicians felt that the SMART
COVID Navigator could serve as an educational resource for
teaching medical students, residents, journal clubs, and perhaps,
even in continuing medical education for physicians. Some also
felt that the application can help in making institutional
guidelines. The clinicians made suggestions for future work
related to the SMART COVID Navigator. Real-time use of the
application would be enhanced by creating a smartphone
interface in addition to the current desktop-based web interface,
considering that physicians often perform literature reviews on
smartphones. Although the application currently links to the
VA and CMS, some clinicians felt that the application would
benefit from being linked to other EHRs such as Epic. In fact,
the same type of user interface and back-end API
(SMART-on-FHIR) can be leveraged and is supported by these
as well. Another suggestion was to link the application to a
patient’s COVID-19 vaccination records to further improve the
physician’s ability to treat the patient.

Additional Comments and Extensions
SMART COVID Navigator was created in response to a growing
need for precision medicine tools to assist doctors dealing with
COVID-19–infected patients with risk factors shown to affect
COVID-19 progression. The Navigator achieves this by
connecting patient medical information—in the form of
EHRs—with data sets giving comprehensive information about
patient outcomes. We show in this paper how to create a clinical
decision support system for physicians to understand how a
new disease (COVID-19) interacts with a broad set of patient
risk factors through the use of the CORD-19 data set. In
addition, we expand 1 existing patient condition, namely, cancer,
and provide physicians information on how various types of
cancers interact with COVID-19. This can be extended to other
conditions such as heart disease since certain chronic conditions
appear with a large number of variations in patients.

This application benefits from the creation of research study
data sets such as CORD-19 and the Reboot: COVID-Cancer
Project, thereby showing the value of such collaborative efforts
to collect current research findings in one place. Currently, these
data sets do not provide API access; therefore, we have to
periodically download these data sets for use in the app. In the
future, we recommend that such data sets provide API access
to enable real-time updating. We note that in the CORD-19 data
set, some disease categories are examined by a limited number
of papers; thus, the results may not be meaningful for our
understanding of COVID-19’s impact on patients with that risk
factor. Similarly, certain cancer tissue types are not well
represented in the Reboot: COVID-Cancer Project data set. We
expect that as research into COVID-19 progresses further, there
will be better representation across disease categories and tissue
types. The ability for users to log into 2 FHIR-supported EHR
systems is a useful feature of the application. In addition to
providing physicians the latest information about patient’s health
records, it can also alert users to discrepancies between different
databases, giving them an opportunity to correct their health
records. This application is not limited to just the 2 EHR
databases currently used (VA and CMS); more EHRs can be
added to the application as long as they follow the FHIR format,
allowing for even more expansion of patient record access.

A possible next step for the SMART COVID Navigator could
be to better consolidate the research available in CORD-19 and
the Reboot: COVID-Cancer Project by using meta-analysis of
the various studies to provide more information to the clinician
[24]. For instance, more sophisticated weighting of the results
in different papers could be implemented. Another extension
would be to provide treatment information through the Navigator
platform depending upon the patient’s health profile. In addition,
advancements in artificial intelligence and machine learning
technologies could play an important role in the improvement
of the Navigator platform, as well as precision medicine as a
whole, by offering predictions about disease progression based
on past patient health information, thereby tailoring treatment
for the individual and allowing for increased efficiency in
treatment [25]. This could take the form of creating patient risk
scores generated based on data from EHRs.

Conclusion
Precision medicine has long been hailed as the next step in
advancing patient care, with institutions such as the White House
creating initiatives to further precision medicine technology
advancement [26]. The SMART COVID Navigator is a clinical
decision support tool designed to allow physicians to provide
precision medicine in the context of COVID-19. Using the app,
clinicians can identify patient risk factors from multiple EHRs
and connect them to databases of COVID-19 research. Without
a clinical decision support system supporting COVID-19
precision medicine, a clinician would need to examine multiple
studies in order to fully understand disease progression and
fatality outcomes, given a particular disease that their patient
has, which is costly in terms of time and effort. The number of
studies examining particular disease conditions and their
relationship to COVID-19 is growing at a rapid pace. This
application simplifies this by providing summary statistics on
the risk factors’ effect on COVID-19 severity and fatality.
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Although this application currently focuses on COVID-19, it
can be a readily available platform for quickly expanding into

any potential new diseases that emerge.
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Abstract

Background: As people increasingly turn to web-based sources for medical information, we offer some insight into what website
traits influence patients’ credibility assessment. Specifically, we control for brand and content length, while manipulating three
website traits: authorship, format, and tone. Furthermore, we focus on medical skepticism to understand how patients with high
levels of medical skepticism may react to web-based medical information differently. Medical skepticism is related to a patient’s
doubts about the value of conventional medical care; therefore, skeptics may have different practices and criteria when conducting
their own web-based medical searches.

Objective: The aim of this study is to evaluate how website traits affect the likelihood that patients follow web-based medical
advice and how this varies among patients with differing levels of medical skepticism.

Methods: This web-based experiment presented participants with a hypothetical medical situation about leg cramps and offered
a website with treatment advice. We varied the websites the participants observed across three traits: authorship (patient or
physician), format (article or discussion forum), and tone (objective or experience-based). The 2305 participants were randomly
assigned to 1 of 8 possible conditions and then asked the extent to which they would follow the advice. Health care patterns and
coverage, demographics, and the participants’ level of medical skepticism were captured.

Results: Our participants were selected to be demographically representative of the population of internet users in the United
States. The 2305 complete responses were analyzed with ordinary least squares regression. Our analysis reveals that people are
more likely to accept web-based medical advice authored by a physician (P<.001) and presented with an objective tone (P=.006),
but these preferences erode as the levels of medical skepticism increase. Medical skepticism was measured by means of a previously
established index on a 0 to 4 scale, and the average score was 2.26 (SD 0.84). Individuals with higher levels of medical skepticism
were more likely to follow web-based medical advice in our experiment (P<.001). Individuals with low levels of medical skepticism
found the discussion forum format more credible, whereas those with high levels of medical skepticism preferred the article
format (P=.03). We discuss the interactions between medical skepticism and all 3 website traits manipulated in the experiment.

Conclusions: Our findings suggest that, generally, physician authorship and an objective tone create more persuasive web-based
medical advice. However, there are differences in how patients with high levels of medical skepticism react to web-based medical
resources. Medical skeptics are less discerning regarding the author’s credentials and the presentation tone of the information.
Furthermore, patients with higher levels of medical skepticism prefer article format presentations, whereas those with lower levels
of medical skepticism prefer discussion forum–style formatting.
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Introduction

Background
Skepticism toward medical care and treatment has been a
long-standing issue in health care [1], ranging from the
development of antivaccination beliefs [2,3] and affecting how
smokers perceive health-risk information [4] to affecting which
treatments people with arthritis decide to use [5]. Medical
skepticism, specifically, is related to a patient’s doubts about
the value of medical care and is defined as “global doubts
regarding the ability of conventional medical care to appreciably
alter health status” and has been shown to correlate with higher
rates in mortality at follow-up [6]. However, other studies have
noted the potential benefits of medical skepticism, such as
medically skeptical older adults reporting higher levels of
self-rated overall health [7]. Previous work has focused on which
demographics are more inclined to be skeptical of health care,
generally concluding that it is highest among young White
people with less education and often lacking health insurance
[8,9]. Even so, medical skepticism is widespread, and the trend
may be rooted in a consumerist movement where patients are
encouraged to be more involved in their health care, making it
of particular interest to understand how their decision-making
process regarding medical care unfolds [10].

The internet is an obvious tool for patients to find alternative
medical information [11,12]. All patients, regardless of their
medical skepticism, increasingly use web-based resources to
seek health information [13,14]. A Pew Research Center report
found that 80% of US internet users (>93 million people) have
searched for health-related topics on the web, and most of the
health-related searches are related to specific medical problems
they are experiencing [15]. In 1 survey, 80% of the physicians
confirmed experiences of patients presenting internet-sourced
medical information [16]; and in another survey, 41% of the
patients stated that they had used a medical professional to
confirm their own internet diagnoses [15]. However, this
growing interest in web-based medical information has been
answered by an explosion of available health content, ranging
from predatory websites that spread misinformation and
nonprofit institutions creating web-based article repositories to
patients using interaction-enabled web-based formats to discuss
medical information in a question-and-answer format [17-19].
As gathering health information on the web has been established
as a norm, it is important that we understand what causes a
patient to follow or ignore medical advice they read on the web
[20-24]. Logically, medically skeptical patients may also have
different web search behaviors and react to website traits
differently. Therefore, we consider what web-based content
traits drive people’s willingness to follow the advice, as well
as the role medical skepticism plays in the web-based credibility
assessment process.

Previous research has looked at the use of patient portals as a
web-based form of communication between patients and

physicians [25-27], but portals provide a web-based
communication mechanism that supplements a previously
established relationship between a physician and a patient. Prior
research has also considered how active participation in
web-based health care communities may influence patient
outcomes and provide emotional support [28-31]; yet, this
assumes that a patient has joined, and is actively participating
in, a community, usually sharing their own details and questions.
In contrast, our study aims to better understand how patients
decide whether to follow web-based medical advice in more
casual web research scenarios, specifically those that do not
necessarily require the intervention of a physician or long-term
emotional support. To that end, we focus on three potential traits
that shape web content and may affect credibility assessment:
authorship, format, and tone of presentation.

The objectives of this study are to (1) determine what website
traits affect a patient’s likelihood to follow the presented medical
advice and (2) determine whether patients with higher levels of
medical skepticism exhibit different patterns of website traits
influencing their likelihood to follow medical advice found on
the web. Our findings increase our understanding of how
patients decide whether to follow web-based medical advice
and may inform the design of health care websites. Furthermore,
we extend our knowledge about medical skepticism by finding
evidence that it alters the credibility assessment that patients
undertake when considering web-based medical advice.

Website Traits

Overview
There has been an explosion in medical websites in the last
several decades that individuals may turn to for obtaining advice,
sharing experiences, voicing concerns, and informing decisions
[32-34]. In any context, web users must look for cues signaling
that the content is credible and trustworthy [35,36]. We identify
three specific website traits that vary across common health
information websites: authorship, format, and presentation tone.

Authorship
The authorship of content is a major factor in how people assess
the credibility of information [37]. A meta-analysis of studies
looking at the effects of health care expertise on the credibility
of health information suggests that authorship of web-based
content is important and experts are favored [38]. However, the
research is not consistent, and in some situations, patients prefer
nonexpert advice [39] or perceive a source as credible because
of positive judgments about the trustworthiness of the author
instead of professional credentials [21]. For simplicity, we
focused on two major categories of authors who often provide
web-based health care information: physicians and other
patients. Physicians represent the easy-to-recognize role of a
health care professional who has formal training and expertise,
whereas other patients are peers who may have faced similar
medical situations.
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Format
The increasing prevalence of user-generated content is one of
the strongest trends of the past decade [40,41]. This has created
new types of web-based content fundamentally different from
the more traditional static webpage format, especially regarding
navigation design and connectedness [42]. For example, a
medical article is usually presented as a static page and is
read-only. The owner of a static webpage is also the controller
of the information presented. For brevity, we refer to this static,
read-only delivery as article format. In contrast, web forums or
blogs invite users to also create and share content (eg, ask
questions or respond to previous posts) in a dynamic and
participative manner [41]. This cocreation process means that
the webpage owner is not solely responsible for generation of
the content that is visible. We refer to this dynamically cocreated
content as discussion forum format. The article format presents
a single point of view in a controlled environment, whereas the
discussion forum format often presents a cocreated set of advice.

Tone of Presentation
Medical information can be presented on the web as objective
or experiential [9]. Objective information is content presented
as fact, devoid of any personal attachment or interpretation by
the person conveying the information. Experiential information
is presented as derived from the actual experiences and insights
of the person conveying the information. Some previous research
makes the assumption that information provided by health care
professionals is objective and information provided by other
patients is experiential [28]; however, we believe that the 2
should not be conflated but instead considered separately. Health
care professionals can offer advice because of their experiences
with other patients, and other patients can convey information
as objective fact. Broadly speaking, people tend to appreciate
experiential information in decision-making contexts because
it signals familiarity with the content [21]; yet, traditionally, an
objective presentation signals that the information is well
established and broadly accepted [43].

Methods

Sampling and Data Collection
We conducted a web-based experiment through a web-based
survey. Qualtrics software was used to recruit participants, and
after excluding those with missing or incomplete data, we
obtained a sample of 2305 participants. Panelists were recruited
to be demographically representative of the population of
internet users in the United States, which is a strength of
Qualtrics panels [44]. We excluded participants who worked in
a medical profession and those who had previous experience
with leg cramps (the focus of our experimental manipulation)
to remove participants with previous expertise in the study’s

context. We captured demographics (sex, race, education level,
income, age, and geography: whether they lived in a rural,
suburban, or urban area), health care situation (number of recent
health care visits, current method of receiving primary care, and
health insurance status), and the respondent’s level of medical
skepticism.

Each participant was presented with the same hypothetical
medical situation to begin the experiment: “Your friend has
recently been battling leg cramps. They ask you to help them
research the condition online, and you find the following
resource. Please read the web page presented and then answer
the questions related to your experience with the online
resource.”

This situation was chosen such that there would be a nontrivial
treatment recommendation that could nonetheless be
administered without formally seeking professional medical
intervention. Next, 1 of 8 different webpages containing health
information regarding leg cramps was presented to the
participant. The set of 8 webpages used in the experiment
(2×2×2 experimental design) represents each possible
permutation of the three website traits of interest: authorship
(physician or patient), format (article or discussion forum), and
tone (objective or experiential). Each prompt provides identical
treatment advice regarding leg cramps, regardless of the website
traits shown in the experimental manipulation to which they
were assigned.

A positive perception of a specific brand or the reputation of a
website increases the likelihood that people will follow the
presented advice [42,45-47]. Opinions of friends and
acquaintances about a particular website source might also
influence patients because they build brand recognition [48,49].
In addition, the length of the text and other formatting features
that affect the ease of skimming (eg, bullet points vs long blocks
of text) are known to affect the likelihood that people will read
the advice and then follow that advice [50-52]. To avoid
confounding effects rooted in brand recognition, text length, or
readability, our experimental design eliminates these factors by
removing branding and standardizing the text length and
grammatical presentation of the content shown to participants
across all 8 website prompts (including order of information
and sentence structure to the extent possible). Example prompts
are presented in Figures 1 and 2; all 8 are available upon request.

Individuals were randomly assigned to each experimental
condition, and there were between 269 and 301 individuals in
each of the 8 possible website version groups. After viewing
the prompt, participants were asked to indicate the likelihood
that they would recommend the presented advice to their friend
with leg cramps.
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Figure 1. Experimental website prompt displaying physician authorship, article format, and experiential presentation tone.
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Figure 2. Experimental website prompt displaying patient authorship, discussion forum format, and objective presentation tone.

Outcomes and Measures

Follow Web-Based Medical Advice
Our dependent variable was a continuous variable, ranging from
0 to 4, where lower numbers indicated that individuals were
less likely to follow web-based medical advice and higher
numbers indicated that individuals were more likely to follow
web-based medical advice. This variable was an index composed
of four ordinal measures indicating the extent to which

individuals agreed with the following: (1) recommending that
their friends try magnesium supplements, (2) the extent to which
individuals believe that trying magnesium supplements is good
advice, (3) if an individual had leg cramps, the extent to which
they agree that they would try magnesium supplements, and (4)
the webpage convinced them that they should try magnesium
supplements to reduce leg cramps.

Individuals reported the extent to which they agreed with each
of these statements by responding to a Likert scale that ranged
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from strongly disagree to strongly agree. We averaged these
measures to form a continuous index for following web-based
medical advice (Cronbach α=.94).

Independent Variables

Experimental Conditions

We included three independent variables to account for each of
the aforementioned experimental conditions: the author
(physician or patient), the format (article or discussion forum),
and the tone (objective or experiential).

Medical Skepticism

We used an index to measure medical skepticism, and this index
was based on 3 characteristics that captured an individual’s
skepticism toward medicine. Medical skepticism was measured
by means of a previously validated scale [8,53]. Respondents
were asked the extent to which they agreed (on a scale of 0-4)
with the following questions: (1) I can overcome most illness
without help from a medical professional, (2) home remedies
are better than medicines prescribed by doctors, and (3) I
understand my health better than most physicians do (Cronbach
α=.62). Although the reliability score is below the recommended
threshold of Cronbach α=.70, it is an established scale [8,53]
and similar to the reliability score reported in previous studies
(eg, Cronbach α=.69 in the study by Fiscella et al [6] and
Cronbach α=.63 in the study by Jensen et al [10]).

Health Care Situations

We used several independent variables to account for
individuals’health care situations. These were important aspects

to capture for both our research objectives. A patient’s medical
care situation and exposure may influence how they interpret
web-based health care information [54,55], in general, and
previous work has noted that medical skeptics may seek out
in-person health care differently [8]. To accurately measure and
control for these variations, we first included the approximate
number of health care visits that respondents had made in the
last 2 years because of illness or injury. Health care visits
included visits that respondents have made for themselves or
as a companion to a friend or family member because either
visit would expose the individual to conversations with
individual health care providers. Second, we used a measure
that indicated the location where respondents sought primary
medical care. This was a dichotomous measure that showed
whether a respondent used emergency or urgent care as their
primary care or whether they used a clinic, primary care
physician, or other health care facility or whether the respondent
did not seek any medical care. Finally, we included a variable
that measured whether the respondent had health insurance. We
compared those who did not have health insurance with
individuals who had any type of health insurance (ie, Medicaid,
Medicare, employer-provided, military or veteran, self-funded).

Control Variables
We included geographical setting and demographic data in our
models, including sex, race, age, income, and educational
attainment (Table 1).
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Table 1. Descriptive statistics (N=2305).

ValueDescriptionVariable

2.97 (0.90)This is a continuous variable, ranging from 0 to 4, indicating the likelihood that the re-
spondent will follow the web-based medical advice provided at the end of the prompt
(Cronbach α=.94)

Dependent variable: follow web-based
medical advice, mean (SD)

Experimental conditions: 2 × 2 × 2 design involving the following three factors, n (%)

1170 (50.76)Dichotomous variable indicating that the experimental prompt was written by a physician
(as opposed to a patient)

Physician

1171 (50.8)Dichotomous variable indicating that the experimental prompt was written in article
format (as opposed to a discussion forum format)

Article

1158 (50.24)Dichotomous variable indicating that the experimental prompt was written in an objective
manner (as opposed to experiential manner)

Objective

2.26 (0.84)This is a continuous variable, ranging from 0 to 4, indicating the extent to which the
respondent is skeptical toward medicine (Cronbach α=.62)

Medical skepticism, mean (SD)

Health care situation

4.40 (3.47)The approximate number of health care visits in the last 2 years (as a patient or accom-
panying a friend or family member)

Number of health visits, mean (SD)

477 (20.69)Dichotomous variable indicating that the respondent uses emergency or urgent care as
their primary or usual care option (as opposed to other sources such as primary care
physician or a community clinic)

Primary care is emergency or ur-
gent, n (%)

344 (14.92)Dichotomous variable indicating that the respondent has health insurance (as opposed
to being without insurance)

No insurance, n (%)

Home geographical category, n (%)

558 (24.21)Respondent lives in a rural settingRural

1046 (45.38)Respondent lives in a suburban settingSuburban

701 (30.41)Respondent lives in an urban setting. This is the reference categoryUrban

Demographics

1352 (58.66)Respondent is female (the reference category is male)Female, n (%)

158 (6.85)Respondent identifies as Asian or Pacific IslanderAsian or Pacific Islander, n (%)

511 (22.17)Respondent identifies as BlackBlack, n (%)

210 (9.11)Respondent identifies as Hispanic or LatinoHispanic or Latino, n (%)

88 (3.82)Respondent identifies as other raceOther race, n (%)

1338 (58.05)Respondent identifies as White. This is the reference categoryWhite, n (%)

689 (29.89)Dichotomous variable indicating that the respondent has at least a bachelor’s degree
(reference category is less than a bachelor’s degree)

Bachelor’s degree, n (%)

4.01 (3.16)An ordinal variable, ranging from 0 to 11, entered into the model as a continuous pre-
dictor because of its underlying interval–ratio nature. The answer 4 (the average) indicates
a salary of approximately US $30,000 to US $39,999

Income, mean (SD)

728 (31.58)Respondent is young: aged 18-34 yearsYoung, n (%)

1223 (53.06)Respondent is middle-aged: aged 35-64 yearsMiddle-aged, n (%)

354 (15.36)Respondent is older: aged 65 to ≥85. This is the reference categoryOlder, n (%)

Data Analysis
We used an ordinary least squares (OLS) regression model to
analyze how factors such as the experimental condition, medical
skepticism, and demographic characteristics contributed to the
extent to which individuals were willing to follow the advice
offered for a leg cramp medical condition. Our dependent
variable was continuous in nature, thus making OLS regression
the most appropriate analytical model.

Ethics Approval
This study was approved by the University of Virginia's
Institutional Review Board for Social and Behavioral Science
(Project Review 2018-0398-00).
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Results

Participant Characteristics
Of the 2305 participants in our study, 1352 (58.66%) were
women. Our sample was racially diverse, with 58.05%
(1338/2305) of the participants identifying as White, 22.17%
(511/2305) as Black, 9.11% (210/2305) as Hispanic or Latino,
6.85% (158/2305) as Asian or Pacific Islander, and 3.82%
(88/2305) as a different race. Of the 2305 participants, 1223
(53.06%) were aged 35-64 years and 728 (31.58%) were aged
18-34 years, whereas 354 (15.36%) were aged >65 years.

On average, the respondents reported approximately 4.40 (SD
3.47) health care visits in the last 2 years (to accompany a friend
or family member or as patients themselves), and 20.69%
(477/2305) of the respondents indicated that their primary care
occurred in an emergency room or urgent care clinic. Most of
our respondents carried some sort of insurance (eg, Medicare,
Medicaid, and private insurance), but 14.92% (344/2305)
reported having no insurance provider. Our respondents included
those who lived in suburban (1046/2035, 45.38%), urban

(701/2305, 30.41%), and rural (558/2305, 24.21%) areas. Of
the 2305 respondents, 689 (29.89%) had a bachelor’s degree or
higher, and the average respondent reported an income generally
consistent with that of the middle class [56] (Table 1).

Following Web-Based Medical Advice
At the end of each prompt, the respondents were provided with
the same treatment advice regarding leg cramps, regardless of
the website traits shown in the experimental manipulation. We
present OLS regression results (Table 2) that assess how
experimental conditions and medical skepticism contribute to
the likelihood that respondents will follow this advice. In model
1 (Table 2), we focus on the direct relationships between our
independent variables of interest and the likelihood that
respondents follow web-based medical advice. Our findings
suggest that website traits do affect whether individuals are
likely to follow medical advice. When presented with an
example written by a physician, the respondents were
significantly more likely to follow advice (P<.001). Similarly,
an objective writing style, as opposed to a tone reflecting
personal experience, was positively associated with following
web-based medical advice (P=.006).
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Table 2. Ordinary least squares regression analysis of following web-based medical advice regressed on experimental conditions.

P valueModel 2P valueModel 1

Experimental conditions

<.0010.385<.0010.184Physician author

.06–0.196.600.019Article format

.0030.312.0060.101Objective writing style

.0010.144<.0010.099Medical skepticism

Interactions

.04–0.089——aSkepticism × physician

.030.094——Skepticism × article

.03–0.094——Skepticism × objective

Health care

<.0010.025<.0010.025Number of health care visits

.0470.094.040.099Primary care is emergency or urgent

.83–0.012.73–0.018No insurance (reference: any insurance)

Control variables

Setting (reference: urban setting)

.16–0.074.18–0.072Rural

.84–0.009.84–0.009Suburban

.730.013.800.010Female

Race (reference: White)

.12–0.121.14–0.114Asian

.36–0.045.40–0.042Black

.780.019.830.015Hispanic

.42–0.079.44–0.075Other race

<.001–0.225<.001–0.232Bachelor’s degree or higher (reference=less than bachelor’s degree)

.310.007.280.007Income

Age (years; reference: older adults aged ≥65 years)

<.001–0.242<.001–0.244Young (18-34)

.03–0.120.03–0.121Middle-aged (35-64)

<.0012.576<.0012.678Constant

N/A0.060N/Ab0.059R2 (N=2305)

aNot included in base model.
bN/A: not applicable.

As medical skepticism increased, individuals were more likely
to follow web-based medical advice (P<.001). This may be
because these individuals are more receptive to self-service
sources of information as a substitute for the advice of health
care providers, whom they distrust. Individuals who reported
more frequent health care visits in the last 2 years were also
positively associated with following web-based medical advice
(P<.001). When individuals used the emergency room or urgent
care as their primary source of health care, they were more likely
to follow the presented advice (P=.04). The sex, race, and
income of our respondents were not significantly related to
whether they followed web-based medical advice, but education

and age were significant predictors. Compared with those
without higher education, individuals who had attained at least
a bachelor’s degree were significantly less likely to follow
web-based medical advice (P<.001). In general, younger
individuals were less likely to follow web-based medical advice
(P<.001 for young adults and P=.03 for middle-aged adults),
which is consistent with previous research that found that
younger patients were less likely to believe that providers
listened to them [57] and less likely to seek medical care [58].

J Med Internet Res 2022 | vol. 24 | iss. 2 | e29275 | p.816https://www.jmir.org/2022/2/e29275
(page number not for citation purposes)

Claggett et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Interaction Between Medical Skepticism and Website
Trait Influence
In model 2 (Table 2), we additionally examine moderation
effects that capture the complex relationship between
experimental conditions and medical skepticism. Model 1
demonstrates that individuals reporting higher levels of
skepticism were more likely to follow web-based medical
advice, regardless of the experimental condition. However, the
significant coefficients for our 3 interaction terms indicate that
the association between experimental condition and following
web-based medical advice does vary by the degree of medical
skepticism.

Physician Authorship × Medical Skepticism
Model 1 shows that physician advice (as opposed to patient
advice) was more likely to be followed. However, as model 2

and Figure 3 show, this effect was moderated by medical
skepticism such that the physician advantage was much smaller
among respondents with higher skepticism compared with those
with lower skepticism (P=.04). Follow-up regression models
indicated that the physician authorship advantage was
nonsignificant among respondents in the highest tertile of
skepticism, but it was relatively large and statistically significant
among those in the lowest tertile of skepticism (b=0.202; P=.05).
Despite this erosion of physician authorship advantage among
more skeptical users, individuals across all skepticism levels
favored physician-authored web-based material—in no case
were respondents more likely to follow web-based medical
advice in the experiment after reading a webpage with a patient
author.

Figure 3. Interaction between medical skepticism and authorship.

Webpage Format × Medical Skepticism
In model 1, the format of the webpage (article vs discussion
forum) was not significantly related to whether individuals
followed web-based medical advice. However, model 2 and
Figure 4 demonstrate that the effect of a webpage format was
moderated by medical skepticism (P=.03). Those with lower
levels of skepticism were more likely to follow web-based
medical advice when presented with a discussion forum format.

Follow-up regression models indicated a statistically significant
discussion forum (vs article) advantage for respondents in the
lowest tertile of medical skepticism (b=–0.270; P=.008),
whereas those in the highest tertile of skepticism significantly
preferred an article format (b=0.270; P=.008). This suggests
that individuals with high levels of medical skepticism are
swayed by an article format, but those with low levels of medical
skepticism show a preference for a discussion forum format.
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Figure 4. Interaction between medical skepticism and format.

Content Tone × Medical Skepticism
Our final interaction term illustrates how individuals with the
highest level of medical skepticism have diminished content
tone preferences. Model 2 and Figure 5 show how the effect of
the content tone was moderated by medical skepticism (P=.03).

Follow-up regression models demonstrate that the objective
tone advantage was statistically significant among respondents
in the lowest tertile of skepticism (b=0.240; P=.02). On average,
people are more likely to follow objectively written advice, but
that advantage disappears among those with higher skepticism.

Figure 5. Interaction between medical skepticism and writing style.

Discussion

Principal Findings
Our results demonstrate that, within our experimental condition
of leg cramp advice, website presentation traits of medical
information on the web do matter. Generally, patients are more
receptive to medical information authored by a physician and
presented in an objective tone, with this advantage diminishing
among those with higher skepticism. The website format trait

(article format vs discussion forum format) is more complex.
Although our findings in model 1 suggest this trait is not a
significant influencer when considering all participants on
average, Figure 4 helps explain that this is due to different
preferences depending on the level of medical skepticism, with
low-skepticism participants preferring the discussion forum
format and high-skepticism participants preferring the article
format. This distinction implies that different website formats
may be better suited for audiences of different levels of medical
skepticism.
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Medical skepticism has been previously identified as an
important trait to consider when trying to understand patient
behavior [5,6,8,9,59]. Learning about medical conditions and
taking a more active role in health decisions may manifest in
higher medical self-efficacy and simultaneously make patients
more skeptical about physician advice [59]. For example, high
levels of medical skepticism were associated with the use of
complementary and alternative medical treatments in patients
with arthritis [5]. We extend our understanding of medical
skepticism and show evidence that it is also important in how
people consume web-based medical information. We find that
people consume and judge web-based medical advice credibility
differently, depending on their level of medical skepticism.
Patients with a greater degree of medical skepticism are more
likely to follow web-based medical advice, regardless of the
website traits. This insight makes sense because they are likely
more familiar with getting medical advice or ideas from
web-based sources because they conduct their own research
instead of seeking out and listening to medical professionals in
person. This underscores the ever-deepening power of
web-based medical advice on patient behaviors, often at the
expense of seeking in-person medical diagnoses.

Furthermore, the preferences of physician authorship over
patient authorship and an objective writing tone over an
experiential writing tone diminish as medical skepticism
increases. This implies that medical skeptics may be more open
to a wider variety of web-based medical advice. They are
receptive to patient and physician accounts as well as
experiential recounts, in addition to objective information.
However, patients with a greater degree of medical skepticism
find the article format more credible than the discussion forum
format, which is opposite of the preferences of those with lower
degrees of medical skepticism. This is an interesting finding,
and may be due to a sense of legitimacy conveyed in an article
format to a population more interested in researching and
making their own medical decisions.

This research suggests that medical organizations should
consider website traits when designing solutions to communicate
medical advice. Physician-authored information written in
objective tones in a discussion forum format seems to be a
potentially effective combination for individuals with low
medical skepticism. We do not formally survey web-based
information sources to determine the relative frequency of
presentation formats, but this combination seems to be rare,
presenting a potentially significant opportunity. Our findings
may also be useful to health care professionals because they
interact with patients who are likely bringing their own ideas
and information gathered from web sources into consultations.
Those with higher levels of medical skepticism tend to be less
discriminating about website traits, although they find
web-based articles more persuasive.

Limitations and Future Research Directions
The hypothetical situation of a leg cramp scenario might have
influenced participants in certain ways that limit the broader

generalizability of our insights. The strength of an experiment
is the ability to control factors in the participant’s situation, but
the experimental scenario may not accurately predict how
real-world scenarios unfold [60]. Care was taken to select a
medical scenario that (1) was plausible to research independently
(ie, not so severe as to need immediate medical attention) and
(2) could involve medical treatment advice that was not trivial
but did not necessitate physician oversight. We also screened
out participants who had previous experience with leg cramps
in an attempt to recruit unbiased participants without existing
opinions about leg cramp treatments.

Patients read internet content on a variety of devices, including
desktop computers, laptops, tablets, and smartphones [61]. Our
data reflect this variety, with 54.49% (1259/2305) of the
participants accessing the study from mobile devices. Therefore,
we believe that our findings are generalizable to a variety of
consumer devices used by patients. However, future work would
benefit from studying user device preferences more directly to
see whether they alter patient acceptance of web-based medical
advice.

Our website format distinction was between an article format
(static website that the owner controls) and a discussion forum
format (dynamic cocreation among multiple users). It is worth
noting that there is a plethora of discussion forum styles and
blogs, with their own different sets of features and uses. Our
design incorporated a simple discussion forum layout, but future
research could extend this research question to determine which
set of traits and functions in a discussion forum layout distinctly
affect patients’willingness to follow web-based medical advice.

Our study focused on nonchronic ailments for which patients
may seek web-based medical advice. Patients who have chronic
ailments may exhibit different behaviors regarding their
assessment and adherence to web-based medical advice. For
example, previous work has examined the importance of
web-based communities for patients with chronic diseases
[62-64]. Another extension of this research would be to consider
a broader decision-making process of the patient. Our
experimental design focused only on the participant’s initial
assessment of a single isolated webpage. In reality, patients may
look at multiple webpages to form opinions.

Conclusions
Although already prevalent, the number of patients conducting
their own web-based medical research increases every year
[13,15]; yet, not enough is known about what makes a medical
website persuasive to the average patient. Our research identifies
three website traits (authorship, format, and tone) relevant to
patient credibility assessments and provides evidence about
how these traits influence patients. Furthermore, we extend the
conversation about medical skepticism and show how patients
with high levels of medical skepticism may interpret website
traits to assess medical advice credibility differently.
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Abstract

Background: SIMPLe is an internet‐delivered self‐management mobile app for bipolar disorder (BD) designed to combine
technology with evidence-based interventions and facilitate access to psychoeducational content. The SIMPLe app was launched
to the real world to make it available worldwide within the context of BD treatment.

Objective: The main aims of this study are as follows: to describe app use, engagement, and retention rates based on server
data; to identify patterns of user retention over the first 6-month follow-up of use; and to explore potential factors contributing
to discontinuation of app use.

Methods: This was an observational ecological study in which we pooled available data from a real-world implementation of
the SIMPLe app. Participation was open on the project website, and the data-collection sources were a web-based questionnaire
on clinical data and treatment history administered at inclusion and at 6 months, subjective data gathered through continuous app
use, and the use patterns captured by the app server. Characteristics and engagement of regular users, occasional users, and no
users were compared using 2-tailed t tests or analysis of variance or their nonparametric equivalent. Survival analysis and risk
functions were applied to regular users’data to examine and compare use and user retention. In addition, a user evaluation analysis
was performed based on satisfaction, perceived usefulness, and reasons to discontinue app use.

Results: We included 503 participants with data collected between 2016 and 2018, of whom 77.5% (n=390) used the app.
Among the app users, 44.4% (173/390) completed the follow-up assessment, and data from these participants were used in our
analyses. Engagement declined gradually over the first 6 months of use. The probability of retention of the regular users after 1
month of app use was 67.4% (263/390; 95% CI 62.7%-72.4%). Age (P=.002), time passed since illness onset (P<.001), and years
since diagnosis of BD (P=.048) correlate with retention duration. In addition, participants who had been diagnosed with BD for
longer used the app on more days (mean 97.73, SD 69.15 days; P=.002) than those who had had a more recent onset (mean 66.49,
SD 66.18 days; P=.002) or those who had been diagnosed more recently (mean 73.45, SD 66 days; P=.01).
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Conclusions: The user retention rate of the app decreased rapidly after each month until reaching only one-third of the users at
6 months. There exists a strong association between age and app engagement of individuals with BD. Other variables such as
years lived with BD, diagnosis of an anxiety disorder, and taking antipsychotics seem relevant as well. Understanding these
associations can help in the definition of the most suitable user profiles for predicting trends of engagement, optimization of app
prescription, and management.

(J Med Internet Res 2022;24(2):e31565)   doi:10.2196/31565

KEYWORDS

bipolar disorder; psychoeducation; smartphone; app; SIMPLe; Intervention; mobile phone

Introduction

Background
Globally, an estimated 46 million people have been diagnosed
with bipolar disorder (BD) [1]. Besides behavioral changes
occurring during mood episodes, BD has a serious impact on
psychosocial functioning, cognition, quality of life, and survival
rate of individuals with this condition [2,3]. Although ranges
vary dramatically because of methodological differences among
studies, there is agreement that people with BD are between 9
and 30 times more likely to die from suicide than someone
without this condition [4,5].

Although the fundamental treatment for BD relies basically on
psychopharmacology, some adjuvant psychological interventions
have been shown to improve the long-term outcomes of this
disease [6]. Among psychological interventions,
psychoeducation programs have proven to be a cost-effective
approach to prevent episodes by helping patients to improve
adherence, embrace healthy habits, and learn to recognize the
prodromes and symptoms of upcoming episodes. It is obvious
that efficacious treatments only work for patients who can
receive them [7]; yet, these psychological interventions are
scarce and difficult to access for most patients [8].

e-Mental health—the delivery of mental health–related tools
through the internet and related technologies [9]—is one of the
most promising strategies to address this access gap, relieving
overburdened mental health services and increasing the services’
cost-efficiency while maintaining its quality. Although
internet-based interventions for mental health are still relatively
new, the number of solutions such as web-based platforms,
smartphone apps, and wearables is rapidly growing globally
[10], with their actual acceptability by patients tending to be
increasingly higher [11].

However, the strong desire to proliferate e-mental health
solutions has not been translated into a transformation in the
delivery of mental health care because there is little available
evidence of uptake of mental health apps [12]. Moreover, despite
the increasing number of e-mental health apps available in app
stores, few are properly validated in a scientific process; this
lack of validation could jeopardize the safety and health of
potential users [13,14]. In addition, the quality of the content
of the apps for BD in the app stores does not live up to
expectations because most of them do not rely on the available
best practice clinical guidelines [15]. Thus, it remains a
challenge to implement platforms developed within

evidence-based–practice frames that, simultaneously, have been
subjected to efficacy tests [16,17].

Within this framework, the SIMPLe project was designed to
leverage the potential of combining technology with
evidence-based interventions by developing and evaluating an
internet‐delivered self‐management mobile app (SIMPLe
1.5) for BD in addition to standard treatment. The SIMPLe 1.5
app collects information about potential symptoms, with the
advantage of providing users with personalized
psychoeducational messages and alerts that are tailored to
specific needs. The app is based on group psychoeducation, a
well-established and evidence-based care-focused psychological
intervention that addresses relevant issues of self-management
for BD, such as identification and management of early warning
signs, lifestyle, and treatment adherence [18,19].

Up until now, the SIMPLe app has proved acceptable to users
and has shown interesting and optimistic results: a high retention
rate was attained in a 3-month feasibility study and positive
outcomes regarding satisfaction were found in a naturalistic
implementation feasibility study [20-22]. In addition, some
potential improvements in terms of biological rhythms and
medication adherence were suggested by post hoc analyses [23].
It is worth mentioning that pharmacological treatment adherence
is a particularly complex issue in BD because more than 50%
of the patients are estimated to be nonadherent fully to the
prescribed doses of medication [24].

Considering that the ultimate aim of the SIMPLe project is to
extend and facilitate access to psychoeducational content
through the SIMPLe app to all potential users, wide and free
access to the SIMPLe 1.5 app around the Spanish-speaking
world was offered. This way, we had the opportunity to routinely
collect implementation data on use in a real-world setting and
naturalistic condition.

A previous report on the OpenSIMPLe study presented partial
data demonstrating the high dropout rates when a
psychoeducation smartphone-based intervention for individuals
with BD is offered openly [22]. We hereby present the results
of the whole sample of SIMPLe users throughout the study.
This research differs from our previous partial sample in terms
of both sample size and follow-up time frame. Statistical
analyses of the previous partial sample only included descriptive,
pre–post, and logistic regression tests without considering the
temporal retention period as we did in this paper.

In this paper, we focus on exploratory analyses that aim to
investigate in depth the relationships among variables that may
predict overall engagement as well as retention rates mainly by
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means of survival analyses. More specifically, we intend to shed
some light on the ways in which the SIMPLe app engagement
and user retention patterns are influenced by individual
variables, including sociodemographic and clinical data.

This study is based on an ecological experimental
implementation of an e-mental health resource. Thus, the reader
may miss the usual randomized controlled studies’ constraints
such as the lack of sample size calculation (which, by definition,
would be the bigger the better) or some control measures.
However, this study reflects the real day-to-day problems faced
by a mental health app when launched to the app stores to be
used by the target population.

Objectives
The main aims of this study are to (1) describe app use,
engagement, and retention rates based on server data; (2)
identify patterns of user retention over the first 6-month
follow-up of use; and (3) explore potential factors contributing
to the risk of discontinuing app use.

The expectations are that these exploratory analyses will help
to confirm preliminary use data of the SIMPLe app and
understand user retention rates as well as the ways in which
users self-manage BD in a real-world setting. In addition, we
hope that the results will provide our research colleagues with
relevant insights into the interplay, dynamics, and predictive
factors of user engagement with mental health apps at the time
of their implementation in real-world conditions.

Methods

Procedure and Participants
Participation availability was open on the project website [25]
to anyone with BD who was fluent in Spanish. Specific app
characteristics and functionality offered for the SIMPLe app
have been published elsewhere [20,21]. In brief, the app
consisted of a daily graphic 5-item screening test (mood, energy,
sleep time, medication adherence, and irritability) and a weekly,
more comprehensive Yes or No test, considering all Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition,
criteria for manic and depressive episodes. The resulting mood
assessments were displayed in a chart on the home screen. On
the basis of the information collected, a daily pop-up notification
prompted the user to read a short psychoeducational message
providing brief information or advice about how to deal with
specific situations to avoid relapses. Each message was extracted
from a library of more than 500 messages categorized according
to different clinical situations based on a published
psychoeducation manual and lay-language books on BD written
by 2 of the authors (FC and EV). Additional optional modules
available in the app were personalized medication reminders,
prodromal symptoms, and mood-chart sharing.

Following a real-world naturalistic approach, no active
recruitment strategy or advertisement was used. Potential
participants approached the study voluntarily through the
website [25] (more detailed information can be found elsewhere
[22]). Potential participants needed to meet the following
inclusion criteria: (1) aged ≥18 years; (2) having a
psychiatrist-confirmed diagnosis of BD before entry; (3)

pharmacological treatment for BD provided by a psychiatrist;
(4) owning and using daily an Android or iOS smartphone; (5)
fluency in Spanish; (6) an active email account; and (7) standard
cutoff score of 7, co-occurrence of at least two symptoms, and
moderate or severe impairment on a modified version of the
Mood Disorder Questionnaire (MDQ) [26,27]. The participants’
answers were reviewed by a psychiatrist to assess consistency,
after which they were informed whether they were eligible for
the study.

To prevent duplicate use and potential misuse, the possibility
of completing the questionnaire multiple times from the same
IP address was blocked. Web-based technical support was
provided to the app users, if needed, through email.

Data from the sample were drawn from 503 SIMPLe users who
had provided informed consent and completed the app’s
onboarding questionnaire between May 2016 and June 2018.
Of the 503 participants, 390 (77.5%) used the app, and data
from these participants were used in the analyses.

All procedures contributing to this work complied with the
ethical standards of national and international guidelines and
the basic principles of protection of dignity and human rights,
as stated in the Declaration of Helsinki (64th General Assembly,
Fortaleza, Brazil, October 2013), and were conducted according
to current regulations. The ethical committees from both
Hospital Clínic of Barcelona (HCB/2016/0403) and the Hospital
del Mar Medical Research Institute (2016/6764/I) approved the
protocol.

Assessments
In all, two sources of data were used: (1) a web-based form
administered at program inclusion and at 6 months and (2)
subjective data gathered through continuous app use and the
use patterns captured by the app server.

Psychometric External Assessments
Sociodemographic data as well as illness and treatment history
were collected at program inclusion through a web-based form
from participants who had provided informed consent. The
number of hospitalizations and suicide attempts as well as
treatment history during the past 6 months were also collected
6 months after inclusion.

The Spanish validated version of the 5-item World Health
Organization Well-being Index [28] was used to assess mental
well-being at baseline and 6 months later at the final follow-up.

App-Derived Assessments

Subjective Information

The subjective information assessed was as follows:

1. Self-reported mood, sleep, medication adherence, and
energy: The app prompts users to answer 5 daily slider
screening tests on mood, energy, sleep time, irritability,
and drug-treatment adherence. The daily scores appearing
in the chart are the results of an algorithm, which was
previously tested during the development phase [20]. In
addition, a more comprehensive test, considering Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition,
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criteria for manic and depressive episodes, including suicide
thoughts, was prompted weekly.

2. Self-reported usability: The app was evaluated by users
who made it through to complete follow-up assessment.
The users’ perception of the usability of the app was
measured through the System Usability Scale (SUS) [29],
a 10-item questionnaire with 5 response options (from
strongly agree to strongly disagree) that allows evaluation
of products and services. Interpretation of the raw scores
was achieved by converting them into percentile ranks [30]
and associating them with adjectives [31].

3. Satisfaction and perceived helpfulness: Satisfaction and
perceived helpfulness of each subcomponent of the app
were assessed in the follow-up questionnaire through Likert
scales after 6 months of program initiation. Suggestions
and comments regarding the app were also registered.

Mobile Terminal–Mined Information

User retention, app use, and engagement data were constantly
recorded at the servers over the study duration, reflecting
continuously and in detail app use and engagement. User
retention was defined as the proportion of participants who used
the app for the entire duration of the study and completed the
6-month follow-up assessment. The SIMPLe app has multiple
components, three of which we consider the core active
ingredients: the daily and weekly tests and the
psychoeducational messages. To determine retention, we
considered the user to be active if we registered data in the
servers from these 3 interactions, and we considered the user
to have discontinued participation if there was a lack of data
from these variables in the server for >1 month.

Engagement with mobile apps is considered a multidimensional
construct, and different definitions can be used or combined to
measure it. In this study, engagement was understood as the
ability of an app to engage users and sustain user interactions
and it was assessed through indicators such as usability,
acceptability, and feasibility [32]. In this case, engagement was
calculated based on the weekly percentage of completed tasks
(ie, answering daily and weekly tests and reading the daily
psychoeducational messages).

Design
This is an observational ecological study in which we pooled
available data from a real-world implementation of the SIMPLe
app.

The rationale for the OpenSIMPLe study and detailed methods
have been published elsewhere [22]; the methods are briefly
outlined here.

Statistical Analysis
Smartphone app data (ie, participants’ mood ratings, manic or
hypomanic and depressive symptoms, and details of their use
of the app) were downloaded directly from the servers. Likewise,
the users’ baseline and follow-up responses at both baseline
and follow-up web-based questionnaires were retrieved from
the servers. All analyses were run using SPSS software (version
26.0; IBM Corp) and R statistical package for Windows (version
4.0.2; The R Foundation for Statistical Computing).

Initially, basic descriptive statistics of sociodemographic and
clinical variables were run, including age, sex, marital status,
family psychiatric history, follow-up time, number of episodes,
substance abuse, and comorbid medical and psychiatric
diagnoses. Continuous variables have been described based on
the mean and SD; the median and the 25th and 75th percentiles
have also been used in comparative analyses of the time spent
using the SIMPLe 1.5 app. We defined categorical variables in
terms of the number and percentage of users per response
category. In addition, statistical techniques were used to confirm
assumptions of the statistical tests before carrying out parametric
tests to compare means and proportions. When the assumptions
of parametric tests were violated, nonparametric tests were used.

We performed a comparative analysis of the variables among
groups using a 2-tailed t test or analysis of variance on
continuous variables or their nonparametric equivalent; the
Wilcoxon test or the Kruskal–Wallis test was performed
depending on the inherent characteristics of the variables
analyzed; the Mann–Whitney U test was carried out when
dependent variables were ordinal; and the chi-square test was
performed when analyzing categorical variables.

The Spearman correlation coefficient (ρ) was used to examine
correlations between SIMPLe 1.5 app time use and the different
continuous variables.

A subsample of users with engagement ≥12% was selected for
the analysis of the use time of the SIMPLe 1.5 app to determine
a minimum frequency of use and avoid overestimating the use
time. A homogeneity analysis was performed between the
selected subsample and the rest of the participants using the
chi-square test for categorical variables and the
Kolmogorov–Smirnov Z test for continuous variables.

Survival analysis was used on the selected subsample to examine
the time spent using the SIMPLe 1.5 app because the length of
the follow-up period was variable and there were participants
who did not experience the event quit using the app during the
6-month follow-up. Estimates of survival and risk functions of
the time use of the app were calculated by applying the
Kaplan–Meier method. We used the log-rank test to compare
various survival distributions and the Cox proportional-hazards
model validated by Schoenfeld residual analysis to assess risks
related to the survival of the app users. A sensitivity analysis
was performed by repeating the survival analysis with all users
to evaluate the effect of the selection of the subsample in the
study of the use time. Results were considered significant with
2-sided P values <.05.

Results

Descriptive Analysis
Figure 1 depicts the number of participants registered on the
OpenSIMPLe website who were initially interested in using the
app alongside those included in the statistical analysis. The
reasons reported by users who did not want to participate in the
study are also listed. Finally, potential participants who were
excluded are described, as well as the number of participants
who actually used the app and those who responded to the
6-month follow-up assessment.
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Figure 1. Flowchart of participants included in the statistical analysis. MDQ: Mood Disorder Questionnaire.

Sociodemographic and Clinical Characteristics
The mean age of users was 34.74 (SD 10.48) years, and most
(264/390, 67.7%) of them were women. The most frequent
ethnicity was Latin American (266/390, 68.2%), with high
education levels (241/390, 61.8%). A high percentage of the
sample was employed at the time of study entry (156/390, 40%),
whereas only 17.7% (69/390) were either on temporary or
permanent disability leave. Regarding housing conditions, 33.8%
(132/390) of the participants lived in the parental household
and more than half of the sample reported living independently,
either owning (117/390, 30%) or renting their current house or
flat (90/390, 23.1%). Sociodemographic variables of the
SIMPLe app users are described in Table 1.

Regarding the clinical variables, a mean disorder duration of
13.23 (SD 9.97) years was identified; 49.7% (194/390) of the
users stated that they had experienced ≥10 depressive episodes;
and 33.3% (130/390) reported ≥10 manic or hypomanic
episodes. Most of the participants who used the app were
receiving treatment with at least one mood stabilizer (353/390,
90.5%) and at least one antipsychotic (252/390, 64.6%), whereas
almost half (193/390, 49.5%) of the participants were receiving
at least one antidepressant. Furthermore, 71.5% (279/390) of
the participants were receiving some kind of psychological
treatment. The clinical variables collected at baseline are
described in Table 2.
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Table 1. Baseline sociodemographic characteristics of participants (N=390).

ValueCharacteristic

264 (67.7)Gender, female, n (%)

Ethnicity, n (%)

2 (0.5)African

119 (30.5)White

266 (68.2)Latin American

2 (0.5)Asian

1 (0.3)Other

34.74 (10.48)Age (years), mean (SD)

Marital status, n (%)

192 (49.2)Single

81 (20.8)Married

50 (12.8)Cohabitation

54 (13.8)Divorced or separated

1 (0.3)Widowed

12 (3.1)Other

Housing status, n (%)

43 (11)Shared home

90 (23.1)Tenant

117 (30)Homeowner

132 (33.8)Parental home

8 (2.1)Residence or institution

Completed studies, n (%)

1 (0.3)None

8 (2.1)Primary education

67 (17.2)Secondary education

73 (18.7)A-level or general certificate of education

95 (24.4)Vocational education and training or certificate of higher education or higher national
diploma

101 (25.9)Bachelor’s degree

45 (11.5)Graduate certificate or postgraduate diploma or master’s degree

Employment status, n (%)

78 (20)Unemployed

81 (20.8)Student

156 (40)Employed

10 (2.6)Retired

35 (9)Temporary disability leave

30 (7.7)Permanent disability leave

Country, n (%)

130 (33.3)Spain

76 (19.5)Chile

66 (16.9)Argentina

25 (6.4)Mexico
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ValueCharacteristic

23 (5.9)Colombia

12 (3.1)Guatemala

9 (2.3)Brazil

49 (12.6)Other
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Table 2. Baseline clinical variables of app users (N=390).

ValueIllness course

13.23 (9.97)Years since onset, mean (SD)

6.4 (6.55)Years since diagnosis of bipolar disorder, mean (SD)

Depressive episodes, n (%)

110 (28.2)0-4

86 (22.1)5-9

194 (49.7)≥10

Manic or hypomanic episodes, n (%)

143 (36.7)0-4

117 (30)5-9

130 (33.3)≥10

Previous hospital admissions because of an episode, n (%)

185 (47.4)None

135 (34.6)1-2

70 (17.9)≥2

Suicide attempts, n (%)

156 (40)None

142 (36.4)1-2

92 (23.6)≥2

Treatment setting, n (%)

145 (37.2)Public health network

184 (47.2)Private health network

61 (15.6)Both

Past psychological treatment, n (%)

39 (10)None

260 (66.7)Yes, individual psychotherapy

9 (2.3)Yes, group psychotherapy

82 (21)Yes, individual and group psychotherapy

Current psychological treatment, n (%)

111 (28.5)None

230 (59)Individual psychotherapy

15 (3.8)Group psychotherapy

34 (8.7)Individual and group psychotherapy

Current pharmacological treatment, n (%)

353 (90.5)Mood stabilizer

252 (64.6)Antipsychotic

193 (49.5)Antidepressant

183 (46.9)Anxiolytic

Engagement
The 503 participants included in the study can be divided into
three broad categories based on their app use: no users (never
used the app), occasional users (engagement <12%), and regular
users (engagement ≥12%). Of the 503 participants, 113 (22.5%)

were no users, 357 (70.9%) were regular users, and 33 (6.6%)
were occasional users. In addition, among the participants who
used the app, 44.4% (173/390) completed the follow-up
assessment too.
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We analyzed the number of days containing any kind of record
in the app from users over the 6-month follow-up period.
Monthly progress of regular users’ engagement declined
gradually over the first 6 months. The highest engagement was
observed in the first month (mean 0.74, SD 0.20); in the second
month, it dropped sharply. At 6 months, the users had a mean
engagement of 0.39 (SD 0.34).

Occasional users used the app a mean of 139.06 (SD 56.80)
days, with a use frequency of 2.05 (SD 0.87) days per month,
whereas regular users used the app 83.98 (SD 69.95) days, with
a use frequency of 19.42 (SD 7.76) days per month. The group
of occasional users rarely used the app over long periods of
time, which could overestimate use time rates, for example, a
participant who used the app at the 3-month follow-up for the
last time but only used the app 4 times overall. The estimate
that this participant used the app for 3 months may lead us to a
use bias. As the SIMPLe app was developed for daily use, we
could consider that the interaction of this kind of user with the
app is low enough to overestimate the time of use in the
statistical analysis. To avoid this bias, we used the variable
overall engagement—the percentage of tasks completed
compared with those expected to be completed during the time
in which they used the app—to identify users who may make
us enhance the time-of-use overestimation. Occasional users
were ruled out in the survival analysis.

Sensitivity and homogeneity analyses show homogeneous
baseline variables across subsets of participants defined by
retention duration, with the exception of the cocaine use
variable, which was significantly greater among the group of
no users than among the occasional and regular users. In
addition, we performed survival analysis again with all users

to assess the effect of the selection of regular users in the
estimations of retention duration. The results showed a 7-day
increase in the median survival time when we included
occasional users in the analysis, whereas the probability of
survival only increased by a score of 0.027 (SD 0.007) on
average. Therefore, we are confident that selection bias did not
occur and that the subsets were representative of the data of the
sample.

Use and Retention Duration
We analyzed the number of days with records in the app from
users over the 6-month follow-up period. It turned out that only
13.8% (54/390) of the users used the SIMPLe app for >100
days. The mean survival time of regular app users was 87.95
(SD 72.08; 95% CI 80.48-95.43) days.

The probability of survival for the 357 participants under
consideration for these analyses after 1 month of app use was
67.4% (95% CI 62.7%-72.4%); at 3 months, the probability of
survival was 43% (95% CI 38.1%-48.5%); and at the 6-month
follow-up assessment, the probability of survival was 28% (95%
CI 23.6%-33.2%). The risk of discontinuing app use increased
as the days passed: at 3 months, the cumulative risk of
discontinuing app use was 83.7%; however, at 6 months, this
rose to a cumulative risk of 126.3%.

The correlations between retention duration and the
sociodemographic and clinical variables of users at baseline
were analyzed. A direct correlation between age and engagement
was observed (ρ=0.168; P=.002); older users (aged ≥46 years)
had higher total app use (mean 109.78, SD 71.42; P=.005) than
younger users (aged 18-23 years; mean 63.12, SD
63.94; P=.005; Figure 2).

Figure 2. Plot of Kaplan–Meier age estimates of survival of participants using the SIMPLe app. The horizontal axis represents the survival time (in
days) with records in the app (6 months maximum).
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Time passed since illness onset was strongly associated with
time of use (ρ=0.194; P<.001) and years since diagnosis of BD
(ρ=0.106; P=.048). In addition, participants who had been
diagnosed with BD for longer (>17 years) used the app for more
days (mean 97.73, SD 69.15; P=.002) than those who had had
a more recent onset (mean 66.49, SD 66.18; P=.002) or those
who had been diagnosed <6.5 years ago (mean 73.45, SD 66;
P=.01).

We performed log-rank (Mantel–Cox) test analysis to compare
survival curves and detect potential factors contributing to the

risk of discontinuing app use (Table 3). Variables with a

significant contribution were years since onset (χ2
2=11.7;

P=.003), years with BD diagnosis (χ2
1=8.9; P=.003), opiate use

(χ2
1=7.9; P=.005), age (χ2

3=12.3; P=.006), housing status

(χ2
4=12.3; P=.006), employment status (χ2

5=13.5; P=.02), and

antipsychotic use (χ2
1=4.9; P=.03).

Survival-curve plots for the variables of interest were produced
over the 6-month-long follow-up period and are described in
the following paragraphs (Table 4).

Table 3. Log-rank test for overall survivala.

Log rank (Mantel–Cox)Variables

P valueChi-square (df)

Clinical variables

.112.5 (1)Comorbid psychiatric disorder

.043.9 (1)Anxiety disorder

.122.4 (1)Personality disorder

.460.5 (1)Substance abuse disorder

.152.0 (1)Eating disorder

.301.1 (1)PTSDb

.132.2 (1)Other comorbid psychiatric disorders

.232.9 (2)WHO-5c

Illness course

.00311.7 (2)Years since onset of first episode

.0038.9 (1)Years diagnosed with bipolar disorder

.124.2 (2)Depressive episodes

.104.5 (2)Manic or hypomanic episodes

.352.1 (2)Hospitalizations because of an episode

.361.9 (2)Suicide attempts

Treatment

.771.1 (3)Psychotherapy

.650.2 (1)Mood stabilizer

.024.9 (1)Antipsychotic

.840.0 (1)Antidepressant

.730.1 (1)Anxiolytic

.171.8 (1)Electroconvulsive therapy

aUsers with engagement ≥12%.
bPTSD: posttraumatic stress disorder.
cWHO-5: 5-item World Health Organization Well-being Index.
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Table 4. Comparing survival curves.

Regular usersaCharacteristic

Median, estimate (SE; 95% CI)Mean, estimate (SE; 95% CI)

Age (years)

41.00 (9.90; 21.59-60.40)65.72 (8.60; 48.85-82.58)18-23

70.00 (23.12; 24.67-115.32)87.11 (8.69; 70.06-104.16)24-29

65.00 (7.28; 50.72-79.27)86.26 (5.54; 75.40-97.12)30-45

134.00 (22.24; 90.39-177.60)114.83 (9.17; 96.85-132.80)≥46

Housing status

50.00 (8.51; 33.31-66.68)62.65 (9.91; 43.21-82.08)Shared home

83.00 (16.02; 51.58-114.41)98.03 (7.71; 82.91-113.15)Tenant

109.00 (26.39; 57.26-160.73)99.95 (7.34; 85.56-114.34)Homeowner

56.00 (10.86; 34.70-77.29)77.52 (6.35; 65.05-89.98)Parental house

62.00 (60.81; 0.00-181.19)96.62 (20.35; 56.72-136.52)Residence or institution

Employment status

55.00 (12.96; 29.58-80.41)72.87 (7.74; 57.69-88.05)Unemployed

57.00 (14.14; 29.28-84.71)75.02 (7.85; 59.62-90.42)Student

80.00 (12.27; 55.9-104.06)97.40 (6.09; 85.45-109.36)Employed

84.00b109.40 (24.72; 60.93-157.86)Retired

104.00 (61.23; 0.00-224.01)101.96 (13.21; 76.06-127.86)Temporary disability leave

69.00 (24.71; 20.55-117.44)85.14 (14.47; 56.77-113.52)Permanent disability leave

Diagnostic time (years)

61.00 (7.45; 46.38-75.61)81.14 (4.79; 71.74-90.54)0-6.5

94.00 (15.98; 62.67-125.32)98.15 (6.36; 85.67-110.63)>6.5

Anxiety disorder

83.00 (9.17; 65.01-100.98)95.07 (4.91; 85.43-104.71)No

46.00 (7.96; 30.39-61.61)78.19 (5.93; 66.56-89.83)Yes

aUsers with engagement ≥12%.
bSE and 95% CI are not available.

The app use survivorship of the oldest participants (aged ≥46
years) seems greater than that of the youngest group of users
(aged 18-23 years) because the estimated mean was 114.83
(95% CI 96.85-132.80) days for users in the former age range,
whereas the use mean was 65.72 (95% CI 48.85-82.58) days
for users in the latter group. At 60 days, the probability of
survival of the youngest users was 38.9% (95% CI 28%-53.9%);
this likelihood increased to 69.4% for the oldest group of
participants, with a cumulative risk of 0.923 and 0.36,
respectively.

Regarding housing status, we observed that the mean estimation
of app use survival of people sharing a house or flat was 62.65
(95% CI 43.21-82.08) days, that is, between 15 and 37 days
fewer than users with other housing statuses, suggesting a
survival disadvantage. At 60 days, the cumulative incidence
risk estimates among users who shared a house were 0.880,
whereas they were 0.435 for individuals who lived in residences,
0.488 for tenants, 0.509 for homeowners, and 0.734 for those
who lived in the parental home.

Being unemployed seemed to worsen app use survivorship
pretty much at all time points because the survival likelihood
mean estimation of unemployed participants was 72.87 (95%
CI 57.69-88.05) days, that is, lower than any other employment
status. At 60 days, the highest survival cumulative risk was that
of unemployed participants (0.737), followed by students
(0.734), individuals on permanent (0.596) and temporary
disability leave (0.573), employers (0.523), and retired people
(0.336).

In addition, app use declined faster among participants who had
been recently diagnosed (<6.5 years) compared with users who
had been diagnosed for a longer period of time; at 60 days, the
cumulative risk of app use discontinuation among people who
had a recent diagnosis was 0.681, whereas this risk was lower
for those who had been diagnosed earlier (0.518). The mean
app use estimation of individuals with a more recent diagnosis
of BD was 8.14 (95% CI 71.74-90.54) days, whereas it increased
to 98.15 (95% CI 85.67-110.63) days for people with an earlier
diagnosis.
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The survival time of patients with comorbid anxiety disorder
diverged from those who did not have symptoms of it over time,
with a cumulative risk of use discontinuation of 0.789 and 0.500
at 60 days, respectively. Relatively few patients continued to
use the app after the very first month overall, but among those
who were still using it, participants with anxiety disorder
continued to show a survival disadvantage over those who did
not experience it. The mean estimation of app use of the latter
group was 95.07 (95% CI 85.43-104.71) days, whereas that of
participants with an anxiety disorder was 78.19 (95% CI
66.56-89.83) days; therefore, having an anxiety disorder
significantly influenced app use. Nevertheless, anxiety disorder
was self-reported based on what users consider anxiety; hence,
we tried to see if there was homogeneity between self-reports
and treatment prescriptions at study initiation. Analysis showed
that there is a statistically significant relationship between

anxiolytics use and self-reported anxiety disorder (P<.001), and
59.6% (99/166) of the users who reported having an anxiety
disorder did use them, whereas anxiolytics use decreased to
37.5% (84/224) among the participants who did not report an
anxiety disorder. As antidepressant drugs can also be used to
treat a number of other conditions, including anxiety disorders,
we also analyzed association of self-reported anxiety disorder
with anxiolytics, along with the most widely prescribed
antidepressants for anxiety. It turned out that 74.7% (124/166)
of the users who reported having an anxiety disorder did use
these medications, despite the guideline recommendations to
avoid antidepressants in BD.

Furthermore, we performed a Cox (proportional hazards)
regression analysis to estimate the hazard of discontinuing app
use for regular users, given their prognostic variables. The
results of the Cox model analysis are presented in Table 5.

Table 5. Cox regression model analysis of user survival using the SIMPLe app 1.5a.

Concordance, mean (SE)P valueExp (coefficient; 95% CI)CoefficientCharacteristics

0.589 (–0.019).020.984 (0.971-0.998)–0.016Age

N/AbCountry

———cSpain

.470.867 (0.588-1.278)–0.143Chile

.631.096 (0.748-1.605)0.091Argentina

.680.886 (0.495-1.585)–0.121Mexico

.251.375 (0.797-2.37)0.318Colombia

.471.152 (0.779-1.703)0.141Other

.071.262 (0.975-1.634)0.233YesAnxiety disorder

.021.396 (1.058-1.843)0.334YesAntipsychotic

aSchoenfeld residuals to check the proportional-hazards assumption: age (χ2
1=0.006; P=.94), anxiety disorder (χ2

1=2.7; P=.10), and antipsychotic

(χ2
1=0.1; P=.72).

bN/A: not applicable.
cOur Cox model analyzed the risk of discontinuing the app use that participants from different nationalities had in comparison with Spanish participants.
This row was maintained in the table to make clear that Spain was not included in the category Other.

The variables age, anxiety disorder, antipsychotic, and country
were explored (Table 5). In this model, age is suggested as a
protective factor for app use discontinuation, that is, the older
the individual, the lower the risk of discontinuing app use. The
regression coefficient for age was –0.016 (P=.02), which would
imply a better engagement for older individuals. We calculated
the percentage change in hazard rate for years’ increase in age

using the formula 100 × (e(–0.016×10) – 1) = –14.8, which allows
us to estimate that a user older by 10 years would have a 14.8%
reduction in their hazard compared with a user younger by 10
years.

We did not observe statistically significant differences among
countries. Participants from the countries analyzed did not have
a significantly different risk of discontinuing app use compared
with Spanish users.

The regression coefficient for taking antipsychotics is
statistically significant (coefficient=0.334, 95% CI 1.058-1.843;

P=.02), which suggests that this variable is a risk factor and that
users who take antipsychotics have a 33% hazard for
discontinuing app use.

Usability, Satisfaction, and Perceived Usefulness
The analysis of user evaluation of the SIMPLe app contained
in this section was exclusively performed with data of the 173
participants who used the app and completed the follow-up
assessment too.

The mean raw SUS score was 77.05 (SD 17.21), which is above
average at the 75th percentile. As shown in Figure 3, 74%
(128/173) of the users were highly or completely satisfied with
the speed and discretion of the app and 75.7% (131/173) of the
users were satisfied with the ease of daily use. A high or
complete level of overall satisfaction was rated by 65.3%
(113/173) of the users.

J Med Internet Res 2022 | vol. 24 | iss. 2 | e31565 | p.835https://www.jmir.org/2022/2/e31565
(page number not for citation purposes)

García-Estela et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 3. Satisfaction with the SIMPLe app. The bars denote the percentage of satisfaction of users who responded to the follow-up questionnaire
(n=173) after having experienced using the app.

With regard to usefulness, most users found somewhat useful
or very useful the following features and functions: daily test
(125/173, 72.3%), mood chart (127/173, 73.4%), personalized
psychoeducational messages (117/173, 67.6%), weekly test
(117/173, 67.6%), stressful events record (108/173, 62.4%),
emergency alert notifications (103/173, 59.6%), the enabled
option to share the mood chart (94/173, 54.3%), and the
prodromes module (87/173, 50.3%).

Among the users who registered the reason for discontinuing
using the app (91/173, 52.6%) by answering a multiple-choice
question, 28.6% (26/91) found it very repetitive, 23.1% (21/91)
had technical issues, 17.6% (16/91) did not find it useful, 16.5%
(15/91) stated that it was an undesired daily reminder of their
condition, 14.3% (13/91) stated that it affected smartphone
performance, 13.2% (12/91) gave other reasons, 7.7% (7/91)
were concerned about the stigma attached to having it installed
on their smartphone, 4.4% (4/91) relapsed, and 3.3% (3/91)
found it difficult to use.

Users suggested app improvements by responding to a
multiple-choice question. The improvements more frequently
suggested were enabling a personalized plan to follow when
potential relapse symptoms appear (122/173, 70.5%),
personalization of stressful events (103/173, 59.5%), and a wider
variety of psychoeducational messages (99/173, 57.2%).

Discussion

After proving positive outcomes regarding satisfaction, usability,
and helpfulness in previous research, the SIMPLe app was
launched to the real world to make it available worldwide within
the context of BD treatment.

Principal Findings
The outcomes of this real-world study represent the first attempt
to evaluate, by means of survival analysis, use, retention
patterns, and engagement of a large-scale wide-reaching
app-based intervention providing psychoeducational content to
patients with BD.

One of the most important advantages of the data collected
through smartphone apps in clinical studies is the continuous
and granular characteristics of the data registered at servers.
Using detailed log and use data to examine predictive factors
allows an understanding of the engagement and its underlying
mechanisms. It will also aid optimization of smartphone-based

interventions and improvement in the real-world uptake of
self-management apps for BD, as well as in clinical benefits
and associated outcomes [33].

Comparison With Prior Work
Survival analysis is not a new idea in statistics, and it is
frequently used in several medical fields; in fact, it was
considered the main outcome measure in the seminal works by
Colom [34], who first showed the efficacy of group
psychoeducation of patients in participants with BD. However,
this method is a novel approach to quantify user retention and
engagement of mobile apps that few studies have previously
applied in nonpsychiatric populations [35,36]. Interestingly,
Chien et al [37] used machine learning techniques to identify
heterogeneity in patient engagement with internet-based
cognitive behavioral therapy (CBT) for symptoms of depression
and anxiety and found that patterns of patient behavior may
reveal different modalities of engagement.

The aforementioned results are in line with one of the largest
data sets on engagement in remote digital health compiled to
date [38] (there is significant attrition in remote research). In
addition, Pratap et al [38] observed indicators of retention in
remote digital health studies through survival analysis, which
revealed the factors associated with an increase in participant
retention time, including older age (an increase of 4 days). In
contrast, our study revealed that years since onset and years
since diagnosis of BD (2 variables highly related to age) had a
significant impact on app use; mobile app median use of
participants with earlier disease onset and diagnosis increased
by 32 days and 29 days compared with individuals with a more
recent onset and more recent diagnosis, respectively. Similarly,
when comparing potential predictors of traditional group
psychoeducation in BD in a digital format, Reinares et al [39]
identified that receiving an early diagnosis of BD may indicate
a better response to face-to-face group psychoeducation. Other
factors with a significant contribution to the risk of discontinuing
app use (that are also highly associated with age) were housing
and employment status. Retention duration of unemployed
participants and those who shared a house was lower than that
of users with other housing statuses. It is obvious that having a
recent onset and diagnosis, sharing a house, and unemployment
are more common in younger populations, suggesting a
disadvantage regarding app use.
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Our findings are consistent with previously collected preliminary
use data on the SIMPLe app [22]. We previously observed that
older age was a predictor significantly associated with higher
odds of retention. In addition, the attrition rate of the program
was still high, but this time our research focused on retention
factors. Furthermore, overall satisfaction of the participants was
quite positive because 65.3% (113/173) were highly or
completely satisfied with SIMPLe in the context of low
retention. The satisfaction, usability, and helpfulness outcomes
are in line with our previous results deriving from an
implementation feasibility study of SIMPLe. In terms of
usefulness, the best-rated features and functions of the app were
daily and weekly tests, mood charts, and personalized
psychoeducational messages. The last-named is a unique and
differentiating feature that other mobile-based platforms for BD
do not offer [40]. On the basis of the information collected
through screening tests on mood, energy, sleep time, medication
adherence, and irritability, the SIMPLe app pushes daily pop-up
notifications with a short psychoeducational message containing
brief information (usually fewer than 50 words) on how to deal
with specific situations to avoid relapses. Psychoeducational
short messages carefully provided to cover detected specific
user needs are the closest way to feature the human touch, and
they fulfill quite convincingly our initial intention to partly
replicate the successful Barcelona Bipolar Psychoeducation
model [18] in an app so that it could de-escalate treatment costs
and make combined therapy (psychoeducation and
psychopharmacology) available to the greatest number of
affected individuals.

In contrast, Faurholt-Jepsen et al [41] investigated the effect of
smartphone-based patient-reported and objective monitoring,
including a mood prediction system. The collected objective
smartphone data included phone use, social activity, and
mobility. Patients with BD were randomized to the Monsenso
monitoring system (Monsenso A/S) or to standard treatment.
Clinical feedback was established for patients in the intervention
group in the case of signs of impairment (eg, lack of
self-monitoring data). Overall, there was no effect of
smartphone-based monitoring on symptoms compared with the
control group. The intervention group adhered to the daily
self-monitoring 72.6% (196/270) of the days over the 9-month
study period.

Yet another project [42] evaluated 2 mobile phone–augmented
interventions: an in-person session of CBT combined with
automated thought-challenging and adaptive behavior delivered
through mobile devices and an in-person session of
psychoeducation with mobile interaction involving
self-monitoring of symptoms. The retention rates were 77% for
the self-monitoring group and 91% for the CBT condition at 6
months. Follow-up in both active conditions consisted of
telephone calls by the study therapist to remind participants of
assessment appointments and encourage adherence. However,
these outcomes are difficult to extrapolate and compare because
the cited Californian study included patients with schizophrenia
as well as patients with BD. Previously, Depp et al [43] had
explored a similar approach integrating a mobile
device–delivered intervention linking patient-reported mood
states with self-management strategies, preceded by face-to-face

brief psychoeducation in BD. At 12 weeks, the retention reported
was 93%; however, it was only operationalized based on the
percentage of participants who returned the borrowed mobile
devices of the study.

At odds with the aforementioned studies, the SIMPLe app was
designed as an independent self-management method targeting
relapse prevention. For research purposes, the study team helped
(remotely) participants to install the app and log into the system,
as well as provided a brief explanation. Users were provided
with a telephone number to contact the research team for further
assistance in case they experienced technical issues. The
retention rate of the original SIMPLe study was 74% (36/51)
after 3 months of app use [21].

The OpenSIMPLe study differs from the others in that it is the
only modality that does not involve some contact with a person
providing support or human interaction. It is reasonable to
assume that the lower retention rates of the OpenSIMPLe study
may have been influenced by the absence of human support in
comparison with the other studies assessing smartphone-based
platforms; the latter were more demanding in terms of time and
staff resources. Besides the notifications systems recalling
adherence in the aforementioned studies, the fact that
participants established an alliance with clinical study staff and
received previous face-to-face intervention or continuous
telephone-delivered psychoeducation has influenced retention
for certain [44].

It has been suggested that a positive relationship between app
engagement and improvements in therapeutic outcomes in
mental health and well-being may indicate the effectiveness of
internet-based interventions [45]. Moreover, the type of
engagement in terms of intervention use has demonstrated
different relationships with outcomes [46]. However, there is a
general tendency among mental health apps toward low retention
and engagement rates [32,47]. At the same time, detailed
engagement and retention rates are rarely reported in
smartphone-based clinical trials but are of crucial importance
to understand the underpinning of their effects. Those studies
reporting and analyzing them frequently do so with
heterogeneous and nonstandardized methodologies.

It is worth mentioning that we are comparing our retention, app
use, and engagement data with other studies that used different
parameters to measure these indicators for mental health apps
and even used different criteria to assess them. Results from a
systematic review conducted by Ng et al [32] indicated high
variability across studies regarding the operationalization of the
indicators of engagement, as well as highlighted the need to
using objective criteria when assessing them. To date, the lack
of clear consensus on the definition and standardization of these
parameters represents a big obstacle to understanding feasibility
and comparing results in the field of mobile-based apps and
digital therapeutics. The real effectiveness of every intervention
can be hardly estimated without quantifying the exact dosage
of intervention that individuals receive, and engagement is not
usually considered or it is evaluated erratically through effect
size estimation in randomized controlled trials.
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Limitations
Some limitations of this study should be noted, and caution
should be exercised in generalizing results. First, our analyses
relied on a rather heterogeneous sample, where participants
differed in terms of sociodemographic, clinical, and
psychological characteristics. This can be explained by the fact
that we opened the platform to a real-world setting without
considering inclusion and exclusion criteria that were too
restrictive. However, the participants were a good representation
of an unselected real-world population.

All measures were administered using exclusively self-reported
web-based methods that did not allow us to get back in touch
with participants who dropped out to collect feedback on the
reasons for attrition. In addition, we did not have access to either
medical records or passive data to validate the accuracy and
reliability of the information provided, which may have
influenced our sample and outcomes. As shown in Figure 1,
there were only 2 participants excluded by the MDQ at
screening. The MDQ is a popular, simple, and sensible screening
instrument for the detection of BD. However, this tool is far
from perfect [48]; it has low specificity, and it is likely that it
did not discriminate among participants with a range of disorders
such as borderline personality disorder. This is a common
disadvantage in studies that screen participants through
web-based methods exclusively.

A weakness of this study is that we limited use and retention
analysis to the regular users of the SIMPLe 1.5 app and did not
analyze other data from the occasional users, who did not use
the app consistently. However, the aim of limiting these analyses
to data provided by regular users was to avoid overestimation
of use time and retention. In addition, sensitivity and
homogeneity analysis confirmed that the data were coherent
when we repeated the survival analysis with the whole sample
of users; this showed that the selection of regular users in the
study of app use prevented an overestimation of it, whereas the
effect of the selection on survival probability is small.

Furthermore, only 44.4% (173/390) of the users completed the
follow-up assessment, which implies some bias in the data
collected regarding evaluation of the app because the variables
measured at follow-up (including SUS, perceived usefulness,
and satisfaction) were exclusively assessed by these users. An
example that indicates this bias is that we found differences in

the time range of app use between patients who used the
SIMPLe app (n=390) and those who used it and completed the
follow-up assessment (n=173); the former group used it a mean
of 88.64 (SD 70.56) days, whereas this mean increased to 119.64
(SD 69.9) days in the latter group. However, the former group
used the app slightly more every day on average (mean 0.92,
SD 0.73) than the latter group (mean 0.83, SD 0.51). Therefore,
these differences in terms of app use between the groups suggest
that the users may have different profiles.

As this work was an exploratory study (ie, a flexible rather than
structured approach to data collection was considered useful),
there was no control group or alternative intervention for
comparison of effects because the study was not designed to
test the efficacy of the SIMPLe app. For the same reason and
to avoid unlimited assessments that would probably result in
the attrition rate soaring to unacceptable levels, we decided to
keep control and covariate data to a minimum, which obviously
represents at the same time something gained and something
lost.

All the participants included came from Latin American or
Spanish populations. The cultural characteristics of these origins
may be difficult to generalize, but little is known about app
adherence (or even drug or psychotherapy adherence) across
cultures. This may become an exciting topic awaiting proper
exploration.

Finally, it should be considered that the outcomes of this study
deal with a high level of missing data derived from highly
variable retention rates and lack of adherence after a few weeks
of use among users of mental health apps, which is a common
hindrance in internet-based research [12,49] that we tried to
handle in an honest and rigorous manner.

Conclusions
The user retention rate of the app decreased at a rapid rate after
each month until reaching only one-third of the users at 6
months. There exists a strong association between age and app
engagement of individuals with BD. Other variables such as
years lived with BD, diagnosis of an anxiety disorder, and taking
antipsychotics seem to play a relevant role as well. We believe
that an understanding of these associations will help clinicians
in the definition of the most suitable user profiles for predicting
trends of engagement, optimization of app prescription, and
management.
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Abstract

Background: Electronic communication (e-communication), referring to communication through electronic platforms such as
the web, patient portal, or mobile phone, has become increasingly important, as it extends traditional in-person communication
with fewer limitations of timing and locations. However, little is known about the current status of patients’use of e-communication
with clinicians and whether the use is related to the better patient-perceived quality of care at the population level.

Objective: The aim of this study was to explore the prevalence of and the factors associated with e-communication use and the
association of e-communication use with patient-perceived quality of care by using the nationally representative sample of the
2019 Health Information National Trends Survey 5 (HINTS 5)-Cycle 3.

Methods: Data from 5438 adult responders (mean age 49.04 years, range 18-98 years) were included in this analysis. Multiple
logistic and linear regressions were conducted to explore responders’personal characteristics related to their use of e-communication
with clinicians in the past 12 months and how their use was related to perceived quality of care. Descriptive analyses for
e-communication use according to age groups were also performed. All analyses considered the complex survey design using
the jackknife replication method.

Results: The overall prevalence of e-communication use was 60.3%, with a significantly lower prevalence in older adults
(16.6%) than that in <45-year-old adults (41%) and 45-65-year-old adults (42.4%). All percentages are weighted; therefore,
absolute values are not shown. American adults who used e-communication were more likely to be high school graduates (odds
ratio [OR] 1.95, 95% CI 1.14-3.34; P=.02), some college degree holders (OR 3.34, 95% CI 1.84-6.05; P<.001), and college
graduates or more (OR 4.89, 95% CI 2.67-8.95; P<.001). Further, people who were females (OR 1.47, 95% CI 1.18-1.82; P=.001),
with a household income ≥US $50,000 (OR 1.63, 95% CI 1.23-2.16; P=.001), with more comorbidities (OR 1.22, 95% CI
1.07-1.40; P=.004), or having a regular health care provider (OR 2.62, 95% CI 1.98-3.47; P<.001), were more likely to use
e-communication. In contrast, those who resided in rural areas (OR 0.61, 95% CI 0.43-0.88; P=.009) were less likely to use
e-communication. After controlling for the sociodemographics, the number of comorbidities, and relationship factors (ie, having
a regular provider and trusting a doctor), e-communication use was found to be significantly associated with better perceived
quality of care (β=.12, 95% CI 0.02-0.22; P=.02).

Conclusions: This study confirmed the positive association between e-communication use and patient-perceived quality of care
and suggested that policy-level attention should be raised to engage the socially disadvantaged (ie, those with lower levels of
education and income, without a regular health care provider, and living in rural areas) to maximize e-communication use and
to support better patient-perceived quality of care among American adults.
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Introduction

Effective patient-clinician communication is a critical
component of high-quality patient-centered care. With the rapid
diffusion of advanced technology, the use of electronic services
such as email, text messaging, and patient portals as a platform
of communication (ie, electronic communication
[e-communication]) between patients and clinicians has become
increasingly popular [1]. Evidence shows that patients are
enthusiastic about e-communication with clinicians regarding
a wide variety of clinical contexts such as chronic condition
self-management and follow-up examinations [2-4].
e-Communication has become a valuable supplement to
traditional in-person communication through office visits [5,6].
It has fundamentally improved patients’ interactions with the
health care system and their engagement in shared
decision-making with clinicians [7,8].

Despite the increasing popularity and potential impacts of
e-communication on health care services, the actual use of
e-communication among various patient populations still
remains relatively low [9-12]. A review of patient portals for
adults with diabetes found that 29%-46% of adults registered
an account, but only 27%-76% of them actually accessed the
portal [12]. A study of an encrypted message system in a
pediatric clinic showed that only 4.3% of parents of chronically
ill children made use of the system [11]. Similarly, a study of
Health Information National Trends Survey 5 (HINTS 5)-Cycle
3 data in 2003-2005 indicated that only 10% of adult internet
users communicated with the clinicians through web-based
communication services [9]. Age can be a potential factor
affecting the use of e-communication [13,14]. Clarke et al’s
[14] study showed that young adults preferred text messaging,
middle-aged adults preferred phone calls, and older adults
preferred paper-based and in-person interactions with clinicians.
These findings imply that the prevalence of e-communication
use might be lower among older adults as compared to that
among young and middle-aged adults. Considering older adults’
needs for technology-enabled health care support can help them
become the major users of e-communication. In recent years,
older adults’ adoption of information and communication
technology has been increasing, and they are likely to
increasingly incorporate digital technology into their daily life
[15]. Given the ever evolving technology and various
populations’ needs for support, it is important to understand
how e-communication use varies across different age groups.
Another commonly reported factor associated with patients’
use of e-communication is patient-clinician relationships
[16-20], for example, how much one trusts information from a
doctor can influence the person’s decision-making for using
e-communication [19].

All these barriers can presumably affect both patients’ use of
e-communication [20] and their perceptions of quality of care
[21]. However, there lacks empirical evidence to quantify the

association between e-communication use and patient-perceived
quality of care [22,23]. Patient-perceived quality of care refers
to patients’ perception of health care services received based
on their experiences of what actually happened during the care
process [24]. As one of the essential indicators of care quality,
patients’ perception of quality of care is an important driver of
patient satisfaction, reflecting their desire for individualized
high-quality care, which is also the main goal for those providing
the care [25]. Factors that affect patient-perceived quality of
care mainly include person-related conditions such as the
patients’ age, sex, education level, and self-reported health
status, and external objective care conditions such as the
organizational structure of care, competence of health care
personnel, the size of the hospital, inpatient stay and occupancy,
and comfortable environment [26]. Patient-clinician
communication has been reported as one of the major factors
driving patient perception of quality care in addition to hospital
staff responsiveness, the care transition process, and hospital
environment [27]. In the era of digital health, particularly with
the increased popularity of e-communication between patients
and clinicians and extended health care efficiency, the use of
e-communication may increase the patient-perceived quality of
care as opposed to no use of any e-communication [21].
However, the lack of empirical evidence to quantify the
effectiveness of e-communication on patient-perceived quality
of care may delay the promotion of e-communication adoption
and the development of new models of patient-clinician
interaction to satisfy patients’needs for high-quality health care
services [21].

The purposes of this study were to examine the prevalence of
patients’ use of e-communication with clinicians and the
potential factors (in particular, person-related factors such as
age) associated with their use of e-communication and to explore
the potential association between e-communication use and
patient-perceived quality of care. Based on previous literature
reports [21,24,25,27], we hypothesized that patients’ use of
e-communication was related to better patient-perceived quality
of care.

Methods

Data Source
Data used in this study were from the HINTS 5-Cycle 3 [28].
HINTS is a nationally representative survey designed to
understand American adults’ knowledge of, attitudes toward,
and use of cancer- and health-related information [29]. HINTS
5-Cycle 3 used a single-mode mail survey, with a 2-stage sample
design, including a stratified sample of addresses and a selected
adult within each sampled household [28]. The data were
collected from 5438 respondents from January to May 2019
(English version only), with an overall 30.3% response rate
[28]. Comprehensive reports on the sampling design for the
HINTS survey have been published elsewhere [28-30]. The
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survey data were deidentified and are publicly available;
institutional review board approval was not applicable.

Variables

Perceived Quality of Care
The outcome variable patient-perceived quality of care was
assessed via self-report on a single question asking “overall,

how would you rate the quality of health care you received in
the past 12 months?” with a 5-point Likert scale from 1=poor
to 5=excellent, with a high score indicating better perceived
quality of care (see Table 1).

Table 1. Variables and survey measurements.

Survey measurementVariable

Overall, how would you rate the quality of health care you received in the past 12 months? (1=poor to 5=excellent)Patient-perceived

quality of care

Use of electronic communication

In the past 12 months, have you used a computer, smartphone, or other electronic means to communicate with a doctor or a
doctor’s office? (1=yes, 0=no)

1

Have you sent a text message to or received a text message from a doctor or other health care professional within the last 12
months? (1=yes, 0=no)

2

In the past 12 months, have you used your online medical record to securely message health care provider and staff (eg, email)?
(1=yes, 0=no)

3

In the past 12 months, have you used your online medical record to add health information to share with your health care
provider, such as health concerns, symptoms, and side effects? (1=yes, 0=no)

4

Have you shared health information from either an electronic monitoring device or smartphone with a health professional
within the last 12 months? (1=yes, 0=no)

5

Have you electronically sent your medical information to another health care clinician? (1=yes, 0=no).6

Sociodemographics

Age (young: ≥18 and <45 years, middle-aged: ≥45 and <65 years, and older adults ≥65 years)1

Sex (0=male, 1=female)2

Education level (0=less than high school, 1=high school graduate, 2=some college, 3=college graduate or more)3

Marital status (0=not married, 1=married or partnered)4

Race/ethnicity (0=White, 1=African American, 2=Hispanic, 3=other)5

Household income (0=<US $50,000; 1=≥US $50,000)6

Living status (0=living with others, 1=living alone)7

Residency (0=nonrural, 1=rural)8

The number of comorbidities: Has a doctor or other health professional ever told you that you had any of the following medical
conditions? Choices for this question included cancer, hypertension, diabetes, heart condition, chronic lung disease, and depres-
sion, and a sum score was used.

Comorbidities

Patient-clinician relationship

Having a regular health care provider: Not including psychiatrists and other mental health professionals, is there a particular
doctor, nurse, or other health professional that you see most often? (0=no, 1=yes)

1

Trusting a doctor: In general, how much would you trust information about health or medical topics from a doctor? (1=not at
all to 4=a lot)

2

Use of e-Communication
Patients’ use of e-communication with clinicians in the past 12
months, such as using the computer, smartphone, text
messaging, web-based messaging, web-based medical records,
or any other electronic means to share medical information,
were assessed through 6 survey questions (see Table 1). Survey
responders who answered “yes” to either of the 6 questions were
considered having e-communication with their clinicians,
defined as users, while responders who answered “no” to all 6
questions were considered as nonusers.

Sociodemographics and Comorbidities
Age was measured as a continuous variable in the HINTS
5-Cycle 3 and was categorized into 3 groups: young adults (≥18
and <45 years of age, 38.4%), middle-aged adults (≥45 and <65
years of age, 39.7%), and older adults (≥65 years of age, 19.7%).
All percentages are weighted; therefore, absolute values are not
shown. Other sociodemographic covariates included sex,
education level, marital status, race/ethnicity, household income,
living status, and residency. The number of comorbidities was
a sum score of 6 doctor-diagnosed chronic conditions, namely,
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cancer, diabetes, hypertension, heart disease, lung disease, and
depression (see Table 1).

Patient-Clinician Relationship
Patient-clinician relationship variables included (1) having a
regular health care provider (yes/no) and (2) trusting a doctor
(rating from 1=not at all to 4=a lot) (see Table 1).

Statistical Analysis
All analyses considered the complex survey design of the
HINTS 5-Cycle 3 sample by using the HINTS-supplied final
weights to estimate population estimates and 50 replicate
weights to compute the standard errors with the jackknife
replication approach [29]. Specifically, descriptive statistics
were used to describe the prevalence and the characteristics of
e-communication users and nonusers. Multiple logistic
regression analyses were used to assess the association of
sociodemographics and comorbidities (Model 1) and
sociodemographics, comorbidities, plus patient-clinician
relationship factors (Model 2) with e-communication use.
Multiple linear regression analyses were used to examine the
association between e-communication use and patient-perceived
quality of care with the control of sociodemographics and
comorbidities (Model 3) and the control of sociodemographics,
comorbidities, plus patient-clinician relationship factors (Model
4). Missing data pattern analysis indicated that most variables
had missing data <5% (see Table S1 in Multimedia Appendix

1). Multiple imputation was performed, and the pooled results
of model 3 and model 4 were based on 50 imputed data sets
using multiple imputation by chained equations. All analyses
were conducted using Stata software (version 14; StataCorp).
Results were reported as weighted point estimates and 95% CIs.
The level of significance was .05.

Results

Prevalence and Characteristics of e-Communication
Users
The overall prevalence of the use of e-communication was
60.3%. Most American adults who used e-communication with
clinicians in the past 12 months were younger than 65 years, as
older adults only accounted for 16.6% of e-communication users
but 25.7% of nonusers (see Table 2). Table 2 also displays that
most e-communication users were females (53.9%), had at least
some college (41.7%), and 36.4% college graduates or more,
were White people (65%), currently married (59.9%), with a
household income ≥US $50,000 (63.9%), and did not live alone
(85%) or in rural areas (89.5%). e-Communication users and
nonusers were significantly different in all person-related
characteristics. In addition, significantly more e-communication
users had a regular health care provider than e-communication
nonusers (72.9% vs 51.4%, respectively; P<.001) (see Table
2). All percentages are weighted; therefore, absolute values are
not shown.
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Table 2. Sociodemographic characteristics and comorbidities of electronic communication users versus nonusers.a

P valueUsers (n=3337)Nonusers (n=2092)All users (N=5438)Characteristics

.00548.06 (16.36)50.52 (19.06)49.58 (17.58)Age (years), mean (SD)

.141.08 (1.13)0.99 (1.14)1.12 (1.15)Comorbidities, mean (SD)

.0013.66 (0.59)3.56 (0.66)3.67 (0.58)Trusting a doctor, mean (SD)

.0024.01 (0.93)3.84 (0.92)3.96 (0.93)Patient-perceived quality of care, mean
(SD)

<.001Age categories (% weighted)b

41.036.538.4Young adults (<45 years)

42.437.939.7Middle-aged adults (45-64 years)

16.625.719.7Older adults (≥65 years)

.00353.947.250.1Gender (female) (% weighted)c

<.001Education level (% weighted)d

3.612.26.8Less than high school

18.331.322.8High school graduate

41.737.739.1Some college

36.418.728.7College graduate or more

<.00159.949.154Marital status (married or partnered, %

weighted)e

.002Race/ethnicity (% weighted)f

6560.958White

10.213.110.3African American

14.92015.4Hispanic

9.967.7Other

<.00163.942.254.5Household income (≥US $50,000) (%

weighted)g

<.0011521.916.9Living alone (% weighted)h

.00110.517.413.3Residency (rural) (% weighted)i

<.00172.951.463.3Having a regular health care provider (yes)

(% weighted)j

———l60.3Use of electronic communication (yes) (%

weighted)k

aAbsolute values are not provided in this table because the percentages are weighted. The absolute values are summarized in the Multimedia Appendix
2. Significant P values are italicized.
bAge categories (0=young adults, 1=middle-aged adults, 2=older adults).
cGender (0=male, 1=female).
dEducation (0=less than high school, 1=high school graduate, 2=some college, 3=college graduate or more).
eMarital status (0=not married, 1=married or partnered).
fRace/ethnicity (0= White, 1=African American, 2=Hispanic, 3=other).
gHousehold income (0=less than US $50,000, 1=≥US $50,000).
hLiving alone (0=living with others, 1=living alone).
iResidency (0=nonrural, 1=rural).
jHaving a regular health care provider (0=no, 1=yes).
kUse of electronic communication with a clinician (0=no, 1=yes).
lNot available.
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Factors Associated With e-Communication
Table 3 presents the results of multiple logistic regression
analyses on the sociodemographics, comorbidities, and
patient-clinician relationship factors for e-communication use.
In model 1, where only sociodemographic factors and
comorbidities were considered, age (odds ratio [OR] 0.87, 95%
CI 0.66-1.14), female (OR 1.44, 95% CI 1.17-1.77), education
level (eg, for college graduates or more, OR 4.78, 95% CI
2.63-8.68), household income (OR 1.77, 95% CI 1.34-2.34),
rural residency (OR 0.62, 95% CI 0.44-0.87), and number of
comorbidities (OR 1.33, 95% CI 1.16-1.52) were associated

with e-communication use (see Table 3). In model 2, after
adding the relationship factors to the model, people who were
females (OR 1.47, 95% CI 1.18-1.82), high school graduates
(OR 1.95, 95% CI 1.14-3.34), having some college (OR 3.34,
95% CI 1.84-6.05), and college graduates or more (OR 4.89,
95% CI 2.67-8.95), with a household income at or greater than
US $50,000 (OR 1.63, 95% CI 1.23-2.16), with more
comorbidities (OR 1.22, 95% CI 1.07-1.40), or having a regular
health care provider (OR 2.62, 95% CI 1.98-3.47) were more
likely to use e-communication, whereas those who were older
adults (OR 0.42, 95% CI 0.31-0.57) or rural residents (OR 0.61,
95% CI 0.43-0.88) were less likely to use e-communication.

Table 3. Factors associated with electronic communication.

Model 2bModel 1aVariables

P valuecOdds ratio (95% CI)P valuecOdds ratio (95% CI)

Age

RefRefRefRefdYoung adults (<45 years)

.300.86 (0.65-1.15).310.87 (0.66-1.14)Middle-aged adults (45-64 years)

<.0010.42 (0.31-0.57)<.0010.51 (0.39-0.68)Older adults (≥65 years)

.0011.47 (1.18-1.82).0011.44 (1.17-1.77)Female

Education level

RefRefRefRefLess than high school

.021.95 (1.14-3.34).031.92 (1.09-3.39)High school graduate

<.0013.34 (1.84-6.05)<.0013.32 (1.82-6.07)Some college

<.0014.89 (2.67-8.95)<.0014.78 (2.63-8.68)College graduate or more

.121.26 (0.94-1.68).081.28 (0.97-1.69)Married or partnered

Race/ethnicity

RefRefRefRefWhite

.891.03 (0.68-1.57).700.93 (0.62-1.38)African American

.811.04 (0.76-1.41).320.86 (0.63-1.17)Hispanic

.051.55 (1.01-2.39).101.44 (0.93-2.21)Other

.0011.63 (1.23-2.16)<.0011.77 (1.34-2.34)Household income (≥US $50,000)

.740.95 (0.68-1.31).700.94 (0.69-1.29)Living alone

.0090.61 (0.43-0.88).0080.62 (0.44-0.87)Rural residency

.0041.22 (1.07-1.40)<.0011.33 (1.16-1.52)Number of comorbidities

<.0012.62 (1.98-3.47)——eHaving a regular health care provider (yes)

.141.14 (0.96-1.37)——Trusting a doctor

aModel 1 adjusted for sociodemographic factors (eg, age categories, gender, education, marital status, race/ethnicity) and comorbidities.
bModel 2 adjusted for sociodemographics, comorbidities, plus relationship factors (eg, having a regular health care provider, trust a doctor).
cSignificant P values are italicized.
dRef: reference value.
eNot available.

Associations Between e-Communication Use and
Patient-Perceived Quality of Care
Table 4 displays the results of the association between
e-communication use and patient-perceived quality of care
among American adults. After controlling for sociodemographic

factors (age, gender, education, income), comorbidities, and
patient-clinician relationship factors (having a regular health
care provider, trust a doctor), the use of e-communication was
statistically associated with better quality of care (β=.12, 95%
CI 0.02-0.22; see Model 4 in Table 4).
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Table 4. Association between electronic communication and patient-perceived quality of care based on 50 imputed data sets using chained equations.

Model 4bModel 3aVariables

P valuec95% CIβP valuec95% CIβ

.020.02 to 0.22.12<.0010.09 to 0.30.20Use of electronic communication

Aged

RefRefRefRefRefRefeYoung adults

.27–0.05 to 0.17.06.36–0.06 to 0.17.06Middle-aged adults

.0050.05 to 0.28.17<.0010.12 to 0.36.24Older adults

.84–0.10 to 0.08–.01.92–0.10 to 0.09.00Female

Education level

RefRefRefRefRefRefLess than high school

.45–0.26 to 0.12–.07.39–0.30 to 0.12.09High school graduate

.32–0.28 to 0.10–.09.51–0.27 to 0.14–.07Some college

.62–0.24 to 0.14–.05.90–0.20 to 0.22.01College graduate or more

.53–0.09 to 0.17.04.65–0.11 to 0.17.03Married or partnered

Race/ethnicity

RefRefRefRefRefRefWhite

.86–0.17 to 0.14–.01.39–0.24 to 0.09–.07African American

.40–0.08 to 0.20.06.96–0.15 to 0.15.00Hispanic

.02–0.44 to –0.03–.23.02–0.46 to –0.04–.25Other

.19–0.04 to 0.19.08.08–0.01 to 0.23.11Household income (≥US $50,000)

.38–0.08 to 0.22.07.55–0.11 to 0.21.05Living alone

.70–0.20 to 0.13–.03.82–0.18 to 0.15–.02Rural residency

.001–0.12 to –0.03–.08.03–0.11 to –0.00–.06Number of comorbidities

<.0010.39 to 0.55.47———fHaving a regular health care provider

<.0010.10 to 0.31.20———Trusting a doctor

aModel 3 adjusted for sociodemographic factors (eg, age categories, gender, education, marital status, race/ethnicity) and comorbidities.
bModel 4 adjusted for sociodemographics, comorbidities, plus relationship factors (eg, having a regular health care provider, trusting a doctor).
cSignificant P values are italicized.
dAge categories: young adults (<45 years), middle-aged adults (45-64 years), older adults (≥65 years).
eRef: reference value.
fNot available.

Discussion

Principal Findings
This study examined the prevalence of and factors associated
with e-communication use and the potential association between
e-communication use and patient-perceived quality of care in
a nationally representative sample of American adults. To the
best of our knowledge, this study is the first to explore the
association of e-communication use with patient-perceived
quality of care at the population level. Several important findings
emerged in this study.

First, the majority of American adults (60.3%) used some forms
of e-communication with clinicians throughout 2019, which
was significantly higher than the reported 7% in 2003, 10% in

2005 [9], and 31.5% in 2014 from the previous HINTS [31].
This finding indicates that e-communication use has become
increasingly popular for adults to interact with their clinicians.
The increased prevalence rate can be attributed to the increased
availability and popularity of electronic health devices [32,33]
and supportive policies (eg, promoting patient access to their
electronic medical records) [34]. Although our data showed an
overall growing trend in the use of e-communication, it is
important to note that older adults’use of e-communication still
remained relatively low, and this rate was not much improved
from that in 2003 and 2005 [12]. Literature indicates that older
adults usually prefer direct in-person interactions with their
clinicians [12], while there are increasing reports about older
adults’ positive attitude toward e-communication and their
preference for email and messaging communication with
clinicians that is similar to that for younger adults [35,36]. Our
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finding suggests that there is still a gap in the actual use of
e-communication between older adults and young adults
[31,37,38]. More studies are needed to explore the practical
challenges that older adults may encounter in the use of
e-communication. Older adults are potentially the major users
of e-communication, considering their high level of health care
needs. It is important to develop appropriate e-communication
support for this population for their better health outcomes.

In addition to age, we also found that the use of
e-communication varied by gender, education, income, and
residency, indicating that individuals who are females, with
higher education, higher income, and more comorbidities, or
who reside in nonrural areas were more like to use
e-communication with their clinicians. This finding is congruent
with reports of the general adoption of eHealth in literature
[39-42]. Consistent with our finding, the positive association
between education and e-communication usage was reported
in previous studies [31,39], which can be interpreted as
individuals who have higher education might have more eHealth
literacy skills and technological capabilities [43] to help them
better use electronic forms of information [31,39]. However,
Senft and Everson’s recent study [44] reported that individuals
who had lower levels of education and had negative care
coordination experiences are more likely to use eHealth
activities to communicate with clinicians [44], indicating that
personal health care experiences can possibly interplay with
education and thus influence the use of e-communication.
However, it is unclear whether the limited use of
e-communication among rural residents is related to lack of
internet connectivity or awareness of e-communication services
[45]. Additional studies can be conducted for further exploration.

Compared to those who did not use e-communication in the
past year, in this study, e-communication users were more likely
to have a regular health care provider and reported better trust
in information from a doctor. However, trusting a doctor was
not an independent predictor of e-communication use when
having a regular health care provider was controlled for in the
model. A previous qualitative study has indicated that a trusting
relationship between patient-clinician is a significant contributor
to better online patient-clinician interactions [20,46]. Even those
who tend to frequently seek web-based health information are
more willing to use the information provided by their trusted
clinicians for their health decision-making [17,47]. Our findings
suggested that patients with a regular health care provider had
the greatest association with their use of e-communication. It
is possible that patients who have a regular health care provider
have already built a trusting relationship with their clinicians.
Given the importance of trust in a provider in the
patient-centered care process, future research directly examining
possible confounding of this factor using longitudinal data is
recommended.

Finally, it is not surprising that this study found that the use of
e-communication was an independent predictor of
patient-perceived quality of care. In 2001, the Institute of
Medicine suggested that e-communication could improve the
quality of care [48]. The previous literature review demonstrates
that e-communication provides a convenient way of
patient-clinician interaction, has a positive impact on patient

satisfaction while saving time for patients and clinicians, and
has the potential to extend health care efficiency [21,49]. The
benefits and challenges of e-communication have been well
addressed in the literature, while its benefits for the quality of
care may not have been clearly quantified previously. The
measures of quality of care can vary by the dimensions of care
and care processes [50]. However, this study focused on the
measure of the patient-perceived quality of care, which solely
reflected patients’ perceptions of health care services received
based on their experiences of care [24]. It did not mean to
measure any technical clinical quality, for example, cholesterol
screening [51]. There is increasing interest in patient-reported
measures, as experiences with care are more easily understood
by patients. In addition, previous literature demonstrated that
the measure of patient experiences of care was related to
measures of the technical quality of care, which can serve as
valid summary measures of hospital quality [52]. These study
findings were based on the analysis of nationally representative
survey data, which should be generalizable to all American
adults. The positive association between the use of
e-communication and perceived quality of care confirms that
e-communication can serve as an important tool to improve
patient satisfaction and their perceptions of quality of care. This
finding is particularly significant and applicable in the current
COVID-19 pandemic when traditional in-person communication
is less feasible. It is expected that e-communication will
continuously replace an adequate portion of traditional
face-to-face encounters and has the potential to transform the
health care system [21]. Future research can be conducted to
explore the sustainable long-term effects of e-communication
on patient-centered care outcomes.

Limitations
This study has a few limitations. First, data were mainly based
on self-reports, which might have introduced recall bias. Second,
the survey questions regarding the use of e-communication did
not specify the frequency of use; therefore, they did not
accurately reflect responders’ experiences of using
e-communication and might affect their perceptions of quality
of care. Third, a binary measure of e-communication use
(yes/no) was used, which might result in the loss of information
or power. However, considering the conceptual overlaps across
6 questions about e-communication behaviors in the survey, a
combined continuous assessment for the number of
e-communication behaviors would be conceptually inaccurate.
Fourth, the e-communication was between patients and
clinicians. However, the survey only focused on the patient side
and thus, it was not possible to know clinicians’ perceptions of
e-communication use. Finally, the results could be
underestimated by potential reverse causality owing to the nature
of the study design. The prevalence of e-communication use
was higher in our study than that that reported in previous
studies. The difference may also be due to varying measurement
methods across studies. In our study, we used 6 questions to
measure e-communication, which are more than that used in
other studies. Different measures might affect comparisons of
the prevalence of e-communication use across studies.

J Med Internet Res 2022 | vol. 24 | iss. 2 | e27167 | p.850https://www.jmir.org/2022/2/e27167
(page number not for citation purposes)

Yang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Conclusions
American adults’ use of e-communication with clinicians has
been significantly increased in the past decade, which may be
due to increased patient needs and advanced support from
technologies and policies. As a convenient way of
patient-clinician interaction, the use of e-communication is
significantly associated with patient-perceived quality of care.
The findings of multiple factors associated with

e-communication use and the positive association between
e-communication use and patient-perceived quality of care
suggest that policy-level attention is needed to engage the
socially disadvantaged (ie, those with lower levels of education
and income, without a regular health care provider, and living
in rural areas) to maximize the use of e-communication and to
support better patient-perceived quality of care among American
adults.
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Abstract

Background: The care of pediatric trauma patients is delivered by multidisciplinary care teams with high fluidity that may vary
in composition and organization depending on the time of day.

Objective: This study aims to identify and describe diurnal variations in multidisciplinary care teams taking care of pediatric
trauma patients using social network analysis on electronic health record (EHR) data.

Methods: Metadata of clinical activities were extracted from the EHR and processed into an event log, which was divided into
6 different event logs based on shift (day or night) and location (emergency department, pediatric intensive care unit, and floor).
Social networks were constructed from each event log by creating an edge among the functional roles captured within a similar
time interval during a shift. Overlapping communities were identified from the social networks. Day and night network structures
for each care location were compared and validated via comparison with secondary analysis of qualitatively derived care team
data, obtained through semistructured interviews; and member-checking interviews with clinicians.

Results: There were 413 encounters in the 1-year study period, with 65.9% (272/413) and 34.1% (141/413) beginning during
day and night shifts, respectively. A single community was identified at all locations during the day and in the pediatric intensive
care unit at night, whereas multiple communities corresponding to individual specialty services were identified in the emergency
department and on the floor at night. Members of the trauma service belonged to all communities, suggesting that they were
responsible for care coordination. Health care professionals found the networks to be largely accurate representations of the
composition of the care teams and the interactions among them.

Conclusions: Social network analysis was successfully used on EHR data to identify and describe diurnal differences in the
composition and organization of multidisciplinary care teams at a pediatric trauma center.

(J Med Internet Res 2022;24(2):e30351)   doi:10.2196/30351
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pediatric trauma; multidisciplinary health team; multi-team systems; social network analysis; electronic health record; process
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Introduction

Background
Multidisciplinary care teams in health care are increasingly
being seen as a multi-team system (MTS) [1,2], where 2 or more
teams communicate and coordinate to achieve overarching goals
[3], such as providing optimal care. MTSs are different from
traditional teams in that MTS constituent teams are
interdependent, work across boundaries, share accountability,
and function through a hierarchy of goals that determine how
lower goals are accomplished to realize higher goals [3]. MTSs
have three attributes as follows: (1) compositional attributes
(eg, number of teams, size of teams, and changes in team
composition), (2) linkage attributes (eg, interdependence,
hierarchical structure, and communication structure), and (3)
developmental attributes (eg, changes in team membership over
time) [4], which support the specialization and flexibility that
allow constituent teams to pursue lower goals while trying to
achieve higher goals [5].

MTS are often seen in environments where tasks are ambiguous,
multifaceted, dynamic, and urgent [5]. In health care, trauma
teams that take care of patients with trauma are examples of
MTS. The care of patients with trauma is complex,
multidimensional, and time sensitive, requiring multidisciplinary
collaboration among a variety of health care professionals
(HCPs) with complementary expertise, [6] with high fluidity
of team membership (ie, members join and others leave based
on the needs of patients) [7]. In addition, staffing levels at
trauma centers vary with the time of day and the day of week,
such that services of HCPs deemed nonessential may not be
available during off hours (nights and weekends) [8-11],
necessitating changes and adaptation in MTS structures.

Assessment of MTS, as they perform their work in actual
settings, is important to gain a better understanding of work as
done (as opposed to work as imagined) [12] and to identify how
to improve their performance given the realities and variations
of work [1]. Social network analysis can enable the
understanding and assessment of MTS at the compositional (ie,
membership) and organizational (eg, subteam) levels [1,13].
Typically, such assessment is done through observation, which
can be highly resource intensive and may not be practical to
capture all the cognitive work of team members involved in the
trauma. Moreover, a self-reported surveys [5], which relies
exclusively on perceptions of care professionals may also be
limited in its ability to provide rich details [3]. The ability to
exploit digital traces [14], which may provide opportunities
over survey data [15,16] or observational data, is desirable.
Electronic health record (EHR) systems offer the opportunity
to study the composition and organization of care teams working
as part of an MTS [17]. EHRs capture many clinical activities
that are performed by HCPs in the process of care delivery
[17,18], and previous studies have shown the feasibility of
obtaining plausible information about care teams from EHR
data [17].

Objective
This study aims to identify MTS and demonstrate the dynamic
nature of the compositional and organizational structures of the

MTS by describing diurnal differences at various locations in
a pediatric trauma center using EHR data.

Methods

Research Setting
This study was conducted as part of a larger research project
(AHRQ R01HS023837) [19-21] aimed at redesigning pediatric
trauma work systems based on health information to improve
care transitions and patient safety. This study builds on a core
methodology that has been previously described and validated
[22,23]. The core methodology is reproduced here from data
set subsection to “generation of master event log” subsection
with necessary modifications for this paper.

Study Setting
This study was conducted at a large academic children’s medical
hospital with a level I pediatric trauma center in the Eastern
United States, which receives approximately 1000 pediatric
patients with trauma per year. The participating hospital triages
incoming patients into one of four trauma activation levels as
follows: alpha (level I or highest severity), bravo (level II),
critical trauma transfers (includes interfacility, but patients who
are stable but critically injured, and is also known as a consult)
and emergency department (ED) response, that are ordered by
decreasing acuity and need for multidisciplinary care with ED
response activations exclusively handled by the ED staff.

Trauma activation levels determine the composition of the
trauma team, as specified by state [24] and institutional policy.
The trauma team is derived from the ED staff, the general
pediatric surgery service, pediatric intensive care unit (PICU),
and the ancillary support staff (eg, child life specialists,
chaplains, and social workers). Following resuscitation, if
inpatient admission is required, patients with single-system
injuries are admitted under the appropriate specialty service,
whereas patients with multisystem injuries are admitted under
the general pediatric surgery service, which is responsible for
coordinating care among managing specialty services (eg,
neurosurgery or orthopedic surgery).

The Johns Hopkins Medicine Institutional Review Board
approved the study (IRB00076900).

Data Set
Data were extracted from the pediatric trauma registry and the
EHR data warehouse (ie, the Clarity database of Epic). We
limited EHR data to encounters with trauma activation levels
of alpha, bravo, and critical trauma transfers that were managed
between January 1 and December 31, 2017. Demographic and
encounter data including age, sex, origin of patient, trauma
activation level, injury severity score, and Glasgow Coma Scale
score were collected from the registry. Admission, discharge,
and transfer (ADT) data and metadata of 5 clinical activities
(ie, notes, procedure orders, medication orders, flow sheet
entries, and medication administration entries) captured in the
EHR were collected from the EHR data warehouse. For each
EHR activity type, we obtained the encounter ID (visit ID),
activity timestamp, unique ID, and generic clinical roles (eg,
attending or resident) of the HCP that performed the activity.
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The note metadata included the service of the authors, whereas
the procedure orders, medication orders, and medication
administration entries included the care location (eg, ED or
PICU) where the activity was performed.

Data Preparation
Each encounter was assigned a randomly generated, unique
study ID. Timestamps of EHR metadata were normalized by
replacing them with time (in minutes) from ED arrival, which
ensured that the temporal sequence of events was maintained
for each encounter. Activities without a full complement of data
were excluded. Activities that were initiated by the EHR system
and initiated by student roles (eg, nursing and medical students)
were also excluded as they bore no accountability for patient
care. As notes were typically signed off much later from when
they were started, we considered the note creation time as the
note completion time. As flow sheet and note data lacked care
location data, we inferred the care location for each activity
from the ADT data as follows: First, a location timeline was
generated from the ADT data (ie, sequence of admissions to
various hospital locations from ED arrival to hospital discharge).
The normalized timestamps of each activity in the flow sheet
and note metadata were then subsequently related to the location
timeline, and the corresponding care location was taken as the
care location where the flow sheet and note activities were
performed.

Identification of Functional Roles
We considered collaboration at the level of functional roles (eg,
ED nurse, neurosurgery resident, PICU fellow, and surgery
attending) rather than individuals, as past studies have shown
that mirrors the reality of clinical practice [25]. To determine
functional roles, we identified the service (eg, orthopedic or
ophthalmology service) to which each identified HCP belonged
and prefixed it to their generic role (eg, resident or attending).
This service could be a service that is bound to a care location
(eg, ED, PICU, or general care floor) or a service that operates
across care locations (eg, general pediatric surgery service or
physical therapy).

We assumed that the services of certain functional roles (eg,
attending, fellows, physician assistants, and nurse practitioners
working on specialty services) were fixed as determined from
their notes. Chart reviews and directory lookups were conducted
to identify the services of individuals whose services could not
be determined from the extracted metadata. The services of
medical residents, which frequently change as they rotate
through various services for their training, were determined on
an encounter basis derived from the service of the attending that
cosigned the notes. The services of registered nurses, unit-based
nurse practitioners, and allied HCPs (excluding radiology
technicians) were determined by taking the mode of the
frequency distribution of the location of the activities they
performed. The services of radiology technicians were
determined on an encounter basis similar to that of residents.

Activities by individuals whose services could not be determined
were excluded. Since the location of flow sheet and note
activities were inferred, the records were excluded if the inferred
location did not correspond to the base unit of HCPs.

Methodologic Approach
We used a process mining approach, which is a field of data
science that aims to discover, monitor, and improve real
processes by extracting knowledge from event logs [26]. The
starting point for process mining is an event log, which contains
a collection of events. Each event represents a discrete activity
(eg, note writing) in a given process (eg, clinical care),
performed by an actor (eg, ED resident), and relates to a case
(eg, patient encounter). Each event is time-stamped (eg, order
placed on January 22, 2000, at 10:45 AM), allowing all events
for a patient encounter to be ordered chronologically [27]. By
applying a metric described below, social network interactions
and collaboration between different functional roles were
obtained [28].

Working together is a commonly used metric for representing
collaboration in unstructured processes with frequent ad hoc
behavior such as in health care [29]. The working together
metric counts how frequently 2 actors work together on same
cases [28]. In its regular form, the working together metric does
not accommodate for temporal distance between actors, which
is important in health care where different HCPs are involved
in patient care at different stages of care. Consequently, we
defined a variant of the working together metric, referred to as
working closely together, to account for temporal distance
among actors. The working closely together metric counts the
number of times 2 actors worked closely together with respect
to time for a given patient relative to the number of times the 2
actors had the opportunity to work together. To operationalize
this metric, we considered the shift rotation as the unit of clinical
work and collaboration, and assumed that functional roles that
were involved in the care of a patient during a shift had the
opportunity to work together, whereas functional roles that were
captured in the EHR within a similar time interval were working
closely together. Therefore, this metric translates to functional
roles that are jointly involved in completing the same tasks or
completing disparate tasks within the same time interval.

Generation of Master Event Log
EHR metadata were processed into an event log consisting of
the study ID, normalized time, EHR activity type, unique ID,
and functional role of the HCP, and care location. Multiple
same-time events were generated from notes, procedures, and
medication orders that involved multiple HCPs. The encounter
timeline was divided into shift rotations (day: 7 AM-6:59 PM
and night: 7 PM-6:59 AM) numbered 0 to N, and each event in
the event log was labeled with the corresponding shift number
and shift type (day or night). Events within each shift were
partitioned into segments based on natural breaks in the
continuity of events. We assumed a natural break to be a
minimum of 30 minutes between adjacent events in the event
log to accommodate the lag between the occurrence of activities
in real life and registration in the EHR. The Jenks Natural Break
Optimization algorithm [30] was used to determine the optimal
break interval between 30 and 120 minutes in 5-minute
increments.
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Generation of Sublogs
The master event log was divided based on shift type (day or
night) and care location (ED, floor, or PICU) to obtain six
individual event logs: ED morning, ED night, floor morning,
floor night, PICU morning, and PICU night.

Network Representation
For each individual sublog, an undirected edge (ie, the
relationship among nodes) was created for all pairwise
combinations of identified functional roles within each event
segment. Unique edges across all segments across all shifts
across all encounters were obtained as the collaboration network.
The weight of the edges was obtained by dividing the number
of shifts an edge was present between 2 functional roles by the
number of shifts in which both functional roles were involved,
which effectively normalized the weights and accommodated
for variation in care team composition across encounters.

Threshold Selection
To prevent the capture of spurious edges (ie, edges that do not
really exist or edges with spurious weights) in network analysis,
a threshold number of shared encounters among nodes (ie,
functional roles) is usually applied to constructed networks.
The eventual network structure is sensitive to the selected
threshold. Various approaches that have been used to determine
this threshold are subjective [31], including arbitrary selection
[32], clinician informed [33], and retaining only a fixed top
percentage of the strongest edges [34]. In this study, we
attempted to take a more objective approach to threshold
determination by introducing a heuristic method akin to the
elbow method [35], which is used to determine the optimal
number of clusters in k-means clustering. For each event log,
we obtained and plotted the rate of change of the total number
of edges removed as the threshold value (ie, representing the
number of shared shifts) was incrementally increased from 2 to
20 and obtained a LOWESS (Locally Weighted Scatterplot
Smoothing)-smoothed curve of the plot. The elbow point—the
smallest threshold value at which the rate of change becomes
insignificant or constant, was taken as the optimal threshold.
The underlying assumption of this method is that as the
threshold of the shared number of encounters is increased, trivial
and spurious edges are removed, and the network structure
changes up to a point where further increases in threshold value
result in minimal removal of edges with little or no change in
the network structure. At this threshold point, we assume that
the network structure is relatively stable and only significant
edges and nodes remain.

Network Visualization and Analysis
We used the igraph 1.1.1 package [36] in R (version 3.4.0; R
Foundation for Statistical Computing) [37] to create and
visualize the networks. From each network, we obtained the
node count (ie, number of functional roles) and edge count (ie,
number of relationships among functional roles). We used the
linkcomm package 1.0.11 [38] to identify the overlapping
communities in the networks. A community is a subnetwork
that contains a high density of edges among members but fewer
edges with members of the larger network, thus represents a
tightly knit subgroup [39]. The linkcomm package is an R

implementation of the algorithm by Ahn et al [40] that, as
opposed to other community detection algorithms that cluster
nodes—clusters edges assuming a node can belong to multiple
communities, thus enabling the discovery of overlapping and
nested communities. The algorithm by Ahn et al [40] is the most
commonly used overlapping community detection algorithm
and tends to produce superior performance if multiple ad hoc
behaviors result in a high degree of overlap in derived networks,
as is commonly seen in health care settings [41,42]. The
algorithm uses a hierarchical clustering method to produce a
dendrogram that, in the default setting, is cut at a level that
maximizes the partition density [40]. The linkcomm package
offers a unique visualization that uses different colors to depict
edges and nodes that belong to different communities. Nodes
are sized to reflect the number of communities the node belongs
to, with larger nodes belonging to more communities. Nodes
belonging to more than one community are also presented as
pies with the pies divided and colored based on the proportion
of the edges for that node in various communities that the node
belongs. We parameterized the algorithm with the McQuitty
hierarchical clustering method, also known as the Weighted
Pair Group Method with Arithmetic Mean [43], so that edge
weights can be considered in community determination. We
subsequently obtained community-depicted networks produced
at maximum modularity that were visualized with easily
understandable network layout algorithms.

Statistical Analysis
We obtained and compared descriptive statistics of demographic,
injury, and outcome characteristics of day and night shift
encounters. We also compared composition of days and night
shift event logs for each care location. Differences among
interval and categorical variables were examined using
Wilcoxon rank-sum and Pearson chi-square tests, respectively.
Differences were considered statistically significant at an α<.05.
The analysis was performed using Stata 13 [44].

Validation
Two forms of validation were conducted. In the first validation
step, we compared the results of this study with the secondary
analysis of data from and results of a previous study [45] in
which we developed a role-location matrix, which is a 2×2 table
of functional roles and the inpatient locations in which they
typically worked via semistructured interviews with clinicians
(n=21) and subject matter experts (n=22), and a review of the
institutional and trauma registry protocol. We compared the
functional roles and the locations in which the functional roles
were found in this study to the role-location matrix. In the
second validation step, we validated the collaboration patterns
of pediatric trauma MTS via member-checking interviews (n=6)
with care professionals (ie, pediatric trauma program director,
PICU attending, and pediatric trauma nurses) that were involved
in pediatric trauma care. The interviews were conducted by AD,
KW, and GSD and APG as a group. During each session, the
collaboration patterns of care teams were individually presented
to the HCP, who were asked to comment on (1) the accuracy
and completeness of the roles that were captured by location
and shift; (2) whether the collaborative patterns mirrored reality
or not; and (3) whether the differences between day and night
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patterns for a given care location (ie, ED, PICU, or floor) were
suggestive of reality.

Results

Overview
There were 413 encounters in the cohort, of which 65.9%
(272/413) and 34.1% (141/413) began during day and night

shifts, respectively. Compared with patients who arrived during
day shifts, those who arrived during night shifts were
significantly older (median age 7 vs 10 years; P=.04), had a
higher proportion of critical trauma transfers (8.8% vs 26.2%;
P<.001), and had a higher proportion of penetrating injuries
(5/272, 1.8% vs 11/141, 7.8%; P<.001; Table 1). There were
no significant differences in sex, injury severity score, Glasgow
Coma Scale, operating room and PICU admissions, ED, PICU,
hospital length of stay, and mortality.

Table 1. Comparison of demographic and encounter characteristics by shift typea.

P valueNight (n=141)Day (n=272)Variables

.0410 (3-13)7 (3-11)Age (years), median (IQR)

.0883 (58.9)184 (67.7)Male sex, n (%)

<.001Trauma activation, n (%)

5 (3.6)26 (9.6)Alpha

99 (70.2)222 (81.6)Bravo

37 (26.2)24 (8.8)Critical trauma transfer

<.001Origin, n (%)

102 (72.3)245 (90.1)Scene of injury

38 (27)2 (0.7)Transfer

1 (0.7)2 (0.7)Others

.01Injury type, n (%)

126 (89.4)259 (95.2)Blunt

11 (7.8)5 (1.8)Penetrating

4 (2.8)8 (2.9)Others

.765 (2-9)5 (2-10)ISSb, median (IQR)

.4815 (15-15)15 (15-15)GCSc, median (IQR)

.52254 (146-374)253.5 (187-361)EDd LOSe (minutes), median (IQR)

.8922 (15.6)41 (15.1)ORf admission, n (%)

.3927 (19.2)43 (15.8)PICUg admission, n (%)

.481 (1-2)1 (1-3)PICU LOS (days), median (IQR)

.2114 (4-41)7 (4-32)Hospital LOS (hours), median (IQR)

.722 (1.4)7 (2.6)Mortality, n (%)

aDay shift is defined as 7 AM to 6:59 PM, whereas night shift is defined as 7 PM to 6:59 AM.
bISS: injury severity score.
cGCS: Glasgow Coma Scale.
dED: emergency department.
eLOS: length of stay.
fOR: operating room.
gPICU: pediatric intensive care unit.

Master Event Log Characteristics
There were 837,318 events in the initial event log, respectively.
Only 0.19% (1564/837,318) of the events were excluded owing
to the inability to resolve the functional role of the actor.
Consequently, 835,754 events remained in the master event log.
Flow sheet entries accounted for 89.45% (749,000/837,318) of
all events in the log. A total of 1647 unique HCPs occupying

110 functional roles were identified, of which 58 functional
roles were recorded in at least 4.8% (20/413) of encounters.
The ED registered nurses were recorded in all 413 encounters,
whereas the ED attending, ED resident, and ED radiology
technician were recorded in 98.5% (407/413), 93.2% (385/413),
and 80.6% (333/413) encounters, respectively.
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Comparison of Sublogs Obtained Based on Shift Type
and Care Location
Figure 1 depicts the composition of the individual sublogs for
each care location and shift duty. The proportions of various
activities in the day and night logs for each care location were
similar, with some notable differences. The ED night log

contained more medication administration orders than the ED
day log, which contained more flow sheet events. The floor day
log contained more medication administration than the floor
night, which contained more procedure-order events. The PICU
day contained more notes events that the PICU night, which
contained more flow sheet events.

Figure 1. Comparison of the composition of various activity types by care location and shift type. ED: emergency department; PICU: pediatric intensive
care unit.

Threshold Selection
Figure 2 shows the plots of the rate of change of total edges
removed against increasing threshold values. The gray line and
point plot show the difference in edges removed as the threshold
is increased, whereas the smooth black line is the LOWESS
curve. Some LOWESS curves, such as the ED morning and

PICU night, have sharply defined elbows, whereas others have
subtle elbows. The red vertical lines indicate the selected
threshold number of shared encounters by HCPs for each event
log. For both ED day and night, the threshold was determined
to be 9. For the floor, 11 and 10 were selected as the thresholds
for day and night, respectively, whereas for the PICU, 15 and
9 were selected as the day and night thresholds, respectively.
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Figure 2. Determination of encounter threshold for each event log. ED: emergency department; PICU: pediatric intensive care unit.

Collaborative Care Teams in the Pediatric ED
Figure 3 shows the collaborative care team pattern in the ED
during the day and at night visualized using the Kamada Kawai
layout algorithm [46], which is a force-directed algorithm. Table
2 contains the meaning of the abbreviations used in Figure 3
and in all other network diagrams in this paper. The day pattern
contained 18 nodes and 87 edges, whereas the night pattern
contained 28 nodes and 160 edges. The night pattern was
distinctively star-shaped and had 5 overlapping communities
with the ED attending, residents, nurses, radiology technicians,
and the general pediatric surgery attending and resident forming

the core and belonging to all 5 communities. The day pattern
had a less distinctively defined star pattern and had only 1
community. Attending-resident pairs from neurosurgery and
orthopedic surgery services, and allied HCPs, including social
workers, chaplains, and child life specialists, were at the
periphery in both patterns. Attending-resident pairs from
otolaryngology and plastic surgery were seen only in the night
pattern and belonged to separate communities, whereas only
the resident from the ophthalmology service was seen in the
night pattern. The PICU nurse, resident, and the imaging data
coordinator (IDC) were also seen in the night pattern.

Figure 3. Collaborative care team patterns in the emergency department. Left: day shift; right: night shift.
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Table 2. Abbreviations used in the network diagrams.

MeaningAbbreviation

AnesthesiaAnes

AttendingAT

Child life specialistCLS

Case managerCM

DietitianDT

Emergency departmentED

FellowF

General pediatric surgeryGPS

Home care coordinatorHCC

Imaging data coordinatorIDC

NeurologyNeuro

NeurosurgeryNeurosurg

Nurse PractitionerNP

OphthalmologyOph

Orthopedic surgeryOrtho

Occupational therapyOT

Physician assistantPA

PediatricsPeds

PharmacistPharm

Pediatric intensive care unitPICU

Physical medicine and rehabilitationPMR

Pediatric pain servicePPS

Physical therapistPT

ResidentR

Radiology technicianRad_Tech

Registered nurseRN

Nurse technicianRN_Tech

Social workSW

Collaboration Patterns of Care Teams in the Floor
Figure 4 shows the collaboration pattern on the floor during the
day and at night visualized using the large graph layout [47].
The day pattern contained 24 nodes and 135 edges, whereas the
night pattern contained 19 nodes and 55 edges. The bedside
nurse was at the center of both patterns. Functional roles present
in the day pattern but absent in the night pattern were home care
coordinators, case managers, social workers, child life

specialists, occupational therapy, and dietitians. The ED resident
was present in the night pattern but not in the day pattern. One
community was identified in the day pattern, whereas 5
overlapping communities were identified in the night pattern
with the neurosurgery, orthopedic surgery, and pediatric services
having separate communities and the general pediatric
surgery-resident and general pediatric surgery attending
belonging to all 5 communities.
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Figure 4. Collaborative care team pattern on the floor. Left: day; right: night. Only one community was identified in the day pattern while 5 communities
(different colors) were identified in the night pattern.

Collaboration Patterns of Care Teams in the PICU
Figure 5 shows the day and night collaborative care team pattern
in the PICU visualized using the Frutchterman–Reingold layout
algorithm [48]. The day pattern contained 30 nodes and 283
edges, whereas the night pattern contained 24 nodes and 175
edges. Both collaboration patterns had a large spherical core
made up of functional roles from the PICU, general pediatric
surgery, neurosurgery, and neurology services (day pattern

only), and few appendages that include functional roles from
the orthopedic surgery, ophthalmology and pediatric pain
service. One community was identified in both the patterns.
Functional roles present in the day pattern but absent in the
night pattern were unit case managers, social workers,
occupational therapists, and dietitians. Functional roles present
in the night pattern but absent in the day pattern include the ED
resident, ED nurse, orthopedic surgery team, and anesthesiology
attending.

Figure 5. Collaborative care team patterns in the pediatric intensive care unit. Left: day; right: night.

Validation
In a previous study that used semistructured interviews with
care professionals [45], we identified 56 roles involved in
pediatric trauma care across all care locations. In this study, we
identified a total of 110 functional roles and 58 frequent
functional roles across all locations. Eight functional roles were
identified in a previous study but not in this study. These roles
were ED documenting nurses, charge nurses, emergency medical
services personnel, security, family or caregiver, pediatric
trauma manager, perfusionist, and in-hospital transport team.
A total of 54 functional roles were identified in this study but
not in a previous study. Most of these roles belonged to specialty
service roles that were not frequently involved in patient care.

Of the 58 frequent roles identified in this study, 15 (26%) were
not identified in the prior study. These roles included dietitians,
IDCs, home care coordinators, ophthalmology service,
otolaryngology service, neurology service, pediatric pain service,
and plastic surgery services.

A comparison between this study and the prior study showed
that the locations of the functional roles they had in common
mostly matched. For example, both studies confirmed that ED
nurses, ED residents, and PICU nurses go to the floor, usually
during patient transport. However, few differences exist. For
example, in a previous study, it was revealed that the PICU
attending, PICU fellow, and respiratory therapist responded to
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alpha traumas in the ED both during the day and at night, but
this was not captured in this study.

The 6 HCPs who were interviewed for this study found the
composition of the derived care teams to be largely accurate.
However, they pointed out that some functional roles were not
accurately captured. For example, PICU attendance, PICU
fellows, and respiratory therapists were not identified in the ED
collaborative care teams (Figure 3). This was attributed to the
fact that PICU team members who responded to traumas rarely
did any documentation while in the ED. They also pointed out
that the team pattern for the PICU night did not capture the ED
social worker who usually covers the PICU at night, and the
floor care team patterns were missing functional roles from
anesthesiology.

Regarding interactions among roles and communities that were
identified, clinicians confirmed the general pediatric surgery
coordinated care among specialist services and understood why
they belonged to multiple communities. Clinicians explained
why only 1 community was identified in the PICU, as concerted
efforts have been made to improve coordination of care between
the PICU and surgical services, and the PICU characteristically
performed multidisciplinary rounds with other nonsurgical
services and allied HCPs. However, clinicians acknowledged
that collaboration with the orthopedic service, particularly in
the PICU, can be further improved. Clinicians confirmed that
the neurosurgery service was well integrated into the trauma
team in the ED.

Discussion

Principal Findings
We compared diurnal differences in the composition and
organization of collaborative care teams at 3 care locations in
a level I pediatric trauma center using EHR data. Our study is
unique in several ways. First, we introduced a heuristic for
determining the threshold number of shared patient encounters
for interaction between HCPs. The heuristic method allows a
more objective approach to threshold selection. In 67% (4/6)
of the scenarios, we obtained distinct elbow points, whereas in
the other 33% (2/6) of the scenarios, we easily identified the
appropriate threshold on closer examination. Second, we used
an overlapping community detection algorithm that allowed a
functional role to be part of multiple communities to reflect ad
hoc clinical collaborations that clinicians form to address the
unique needs of patients. In 33% (2/6; ED night and floor night)
of the scenarios, we identified multiple overlapping communities
suggestive of MTS, whereas in the other 67% (4/6), only a single
community was identified. Third, we confirmed the presence
of MTS using the EHR data. We also showed that the EHR data
complemented interview data for identifying functional roles.
Although interview data were especially helpful in identifying
team members or roles who rarely document in the EHR, the
EHR data enabled a more comprehensive and systematic
analysis and identification of functional roles (56 functional
roles identified with interviews vs 110 with EHR data).

There were 3 significant differences among patients who arrived
during night shift compared with those who arrived during the

day time. The patients who arrive at night tend to be older
(median age 10 vs 7 years) and have penetrating injuries
(11/141, 7.8% vs 5/272, 1.8%). This is likely related to
prevailing epidemiological conditions and is consistent with
what has been reported in the literature [49,50]. These patients
also tended to arrive as transfers from other facilities (38/141,
27% vs 2/272, 0.7%). A higher percentage of transfers received
at night reflects operational circumstances. Our pediatric trauma
center is a level I trauma center that serves as a referral center
for a large area. The decision to transfer patients is made by the
originating facility, but several factors determine when patients
physically arrive at our facility. First, the patients must be
stabilized (to some extent) at the originating facility to ensure
that they will survive transportation before departing the
originating facility. Second, the level of staffing at the
originating facility may influence transfer decisions such that
patients who would be unsafe to manage at night when staffing
is low are transferred to us after stabilization. Third, the distance
of the originating facility and logistics of transportation can
influence when transfer patients physically arrive at our facility.

There were some notable differences in the composition of event
logs at various locations. The lower proportion of flow sheet
activities in the ED is likely because of the relatively short time
(usually <60 minutes) spent in the ED as compared with the
entire hospital stay (usually days). The higher proportion of
flow sheets and medication activities in the PICU compared
with the ED and the floor reflects the intensive care provided
in the PICU. The higher proportion of procedure orders in the
ED compared with both the floor and PICU suggests the
initiation and delivery of immediately necessary and likely
lifesaving interventions.

Important differences were observed between the collaborative
care teams in the ED during the day and at night. Compared
with the day pattern, the night pattern had a better-defined core
team made up of ED and general pediatric surgery personnel
and involved more specialty services, which was reflective of
the nature and severity of injury of patients presenting at night
[8,51,52]. In addition, the neurosurgery team was part of both
day and night patterns. However, in the night pattern, the
neurosurgery team was part of the main community that included
the core team and allied HCPs. This suggests that the
neurosurgery team has a close relationship with the trauma team
in the ED, which was confirmed by the interviewed clinicians.
In addition, the collaborative care team in the ED at night
included roles that did not exist in the day pattern. These roles
include the IDC, a role that is responsible for uploading imaging
data from transferring hospitals that do not use an interoperable
EHR (which can be explained by the significantly higher number
of trauma transfers arriving at night), and the PICU resident
and PICU nurse, which suggested greater involvement at night,
possibly to facilitate faster admission to the PICU). The
orthopedic surgery attending and resident, and the ED resident
and ED nurse were captured by the night pattern in the PICU
but not during the day, which suggested greater involvement in
PICU-related activities of trauma patients at night.

Compared with the day pattern, multi-team structures were more
pronounced at night. Constituent specialty teams usually
consisted of attending-resident pairs, except for the
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ophthalmology service, which consisted only of residents.
Validation with clinicians confirmed that ophthalmology
attending physicians do not take in-house night duty calls, given
the seldom emergent nature of many ophthalmologic problems.
Conspicuous multi-team structures reflected the presence of
fewer ancillary support services that often serve as coordinators
of care. In the ED, as ancillary support services were present at
night, this may be reflective of the greater need of the patients
received at night and the difficulty in coordination of care among
the various services. On the floor, where ancillary support
services are not present at night, this suggests that ancillary
support staff play important roles in coordinating care and
ensuring that various teams function as a unit. However, this
was not the case in the PICU, where the night collaboration
pattern was essentially similar to the day pattern despite the
absence of ancillary support staff at night.

There are a number of reasons for the observed variations
between day and night networks. As described, the level of
staffing during the day was higher than that at night. During the
day, more functional roles and support staff (care coordination,
social work, etc) are present, and they participate in
collaboration between teams. At night, some functional roles
and nonessential staff are not available, which changes the
dynamics of work and collaboration. In addition, more care
activities (patient rounds, elective procedures, discharge
planning, etc) occur during the day as opposed to nighttime.
These activities create the need and opportunity for close
collaboration compared with nighttime. Finally, there are likely
differences in the manner of collaboration, for example, the use
of non-EHR–based communications such as telephone and
paging is more common during the night when team members
tend to be more geographically dispersed, as opposed to during
the day when they are geographically closer or physically
working together.

In addition to organizational factors, methodological issues may
also account for the variations. Only a single community was
identified at all locations during the day. Although it is probable
that the specialty teams actually do work very closely together
during the day, it is likely that they do in a multi-team setup,
which we did not identify by overlapping community detection.
This may be owing to several reasons. The data may lack
adequate power to detect overlapping communities during
daytime. Certainly, smaller teams could be identified using
cliques, which are unique subnetworks containing at least three
nodes that are all connected to one another by edges. However,
given the number of nodes involved, hundreds of overlapping
cliques would be identified, which would be difficult to interpret.
Another factor could be threshold selection. It is possible that
by selecting different thresholds for day networks, we could
identify overlapping communities. However, because the
weights of the edges are considered by the community detection
algorithm, such a sensitivity analysis was not required.
Nevertheless, a narrow sensitivity analysis of the day networks
using +/−1 the selected threshold did not show any major
difference in terms of communities (Multimedia Appendices
1-3).

This study has several implications: the methodology can be
adapted and used in other settings to identify and study MTS
structures in an efficient manner. The methodology can also be
adapted to study how MTS evolves over the care timeline of
patients and identify areas in need of improvement. In-depth
analysis of MTS across time, location, and team members using
EHR metadata can provide insights to support management and
operational decisions. For example, it can be used to derive
insights into how HCPs and care teams organize themselves
given the realities of actual work, rather than how they are
supposed to organize according to protocols. Such insights can
be used to inform staffing and team composition decisions, team
training and development efforts, and complement efforts to
improve collaboration and coordination to improve team-based
health care delivery. In addition, the ability to compare temporal
patterns in MTS dynamics based on EHR metadata enables
assessment and evaluation of the impact of any quality
improvement and intervention efforts aimed at improving MTS
performance.

This study had several notable limitations. First, by only EHR
data, we did not capture other important teamwork-related
activities such as face-to-face and telephone conversations,
which are a major part of clinical activities [53]. Second, we
were less likely to capture functional roles that documented
infrequently in the EHR. For example, we were unable to
capture the PICU attending and PICU fellows in the ED patterns
for both day and night, as these 2 roles rarely used the EHR for
documentation while in the ED. We were also unable to capture
several other HCPs, such as emergency medical services
personnel, security, family and/or caregiver, pediatric trauma
manager, perfusionist, and in-hospital transport team who rarely
or never use the EHR for a trauma case, but are an integral part
of the care team, as revealed by interview data. Other methods,
such as in-depth interviews or direct observations, can be used
to overcome these limitations. Third, our method for determining
the functional roles was based on heuristics. Consequently, it
is possible that not all possible roles were identified, and that
some of the assigned functional roles were inaccurate.
Nevertheless, as demonstrated, the methodology performs quite
well; future EHR systems should be designed to support
functional roles, which are the appropriate unit of clinical
collaboration, rather than individuals; for example, clinical
documentation could be primarily based on functional roles,
but signed as individuals. Such systems have the potential to
optimize collaborative work to deliver improved care and enable
robust research using EHR data.

Conclusions
We identified and described diurnal variations in MTS and
collaborative care teams at various locations and stages of care,
as well as various shift types in a pediatric trauma center using
EHR data. We validated our results using qualitative data and
showed that the derived structures can accurately represent
reality. The methodology described can be adapted to study
how MTSs evolve over time and across locations, and the
insights can be used to support management and operational
decisions.
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Multimedia Appendix 1
Sensitivity analysis of the collaborative care team patterns for the emergency department day shift using +/−1 the selected
threshold. At a lower threshold of 8, a minor overlapping community that included the orthopedic resident (Ortho_R) and imaging
data coordinator (IDC) as additional members was identified.
[PNG File , 772 KB - jmir_v24i2e30351_app1.png ]

Multimedia Appendix 2
Sensitivity analysis of the collaborative care team patterns for the floor day shift using +/−1 the selected threshold. At a threshold
of 10, functional roles with single connection to the floor nurse were identified. However, these functional roles were removed
as the threshold is increased with no functional role having a single connection at a threshold of 12.
[PNG File , 712 KB - jmir_v24i2e30351_app2.png ]

Multimedia Appendix 3
Sensitivity analysis of the collaborative care team patterns for the pediatric intensive care unit day shift using +/−1 the selected
threshold. At a higher threshold of 16, a minor community including the neurology resident as the only additional member was
identified.
[PNG File , 855 KB - jmir_v24i2e30351_app3.png ]
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Abstract

Background: Alcohol moderation (AM) interventions may contribute to better treatment outcomes and the general well-being
of cancer survivors.

Objective: This study evaluates the effectiveness, cost-effectiveness, and cost-utility of MyCourse, a digital AM intervention,
compared with a noninteractive digital information brochure for cancer survivors.

Methods: A health economic evaluation alongside a pragmatic 2-arm parallel-group randomized controlled trial was conducted
with follow-ups at 3, 6, and 12 months after randomization. The study was conducted on the web in the Netherlands from 2016
to 2019. Participants were adult 10-year cancer survivors drinking over the Dutch-recommended drinking guidelines (≤7 standard
units [10 g of alcohol] per week) with the intention to moderate or quit drinking. Overall, 103 participants were randomized and
analyzed: 53 (51.5%) in the MyCourse group and 50 (48.5%) in the control group. In the MyCourse group, participants had access
to a newly developed, digital, minimally guided AM intervention, MyCourse–Moderate Drinking. The primary outcome was the
self-reported number of standard drinks (10 g of ethanol) consumed in the past 7 days at the 6-month follow-up. The secondary
outcome measures were alcohol-related problems as measured by the Alcohol Use Disorders Identification Test (AUDIT) and
treatment satisfaction. For the health economic evaluation, health care costs, costs because of productivity losses, and intervention
costs were assessed over a 12-month horizon.
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Results: Alcohol use at the 6-month follow-up decreased by 38% in the MyCourse group and by 33% in the control group. No
difference in 7-day alcohol use was found between the groups (B=2.1, 95% CI −7.6 to 3.1; P=.22) at any of the follow-ups.
AUDIT scores for alcohol-related problems decreased over time in both groups, showing no significant difference between the
groups (Cohen d=0.3, 95% CI −0.1 to 0.6; P=.21). Intervention costs per participant were estimated at US $279 for the MyCourse
group and US $74 for the control group. The mean societal costs were US $18,092 (SD 25,662) and US $23,496 (SD 34,327),
respectively. The MyCourse group led to fewer gained quality-adjusted life years at lower societal costs in the cost-utility analysis.
In the cost-effectiveness analysis, the MyCourse group led to a larger reduction in drinking units over time at lower societal costs
(incremental cost-effectiveness ratio per reduced drink: US $ −1158, 95% CI −1609 to −781).

Conclusions: At 6 months, alcohol use was reduced by approximately one-third in both groups, with no significant differences
between the digital intervention MyCourse and a noninteractive web-based brochure. At 12 months, cost-effectiveness analyses
showed that MyCourse led to a larger reduction in drinking units over time, at lower societal costs. The MyCourse group led to
marginally fewer gained quality-adjusted life years, also at lower societal costs.

Trial Registration: Netherlands Trial Register NTR6010; https://www.trialregister.nl/trial/5433

International Registered Report Identifier (IRRID): RR2-10.1186/s12885-018-4206-z

(J Med Internet Res 2022;24(2):e30095)   doi:10.2196/30095
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Introduction

Alcohol use is one of the main lifestyle factors influencing
cancer development, and there is also evidence that it negatively
affects the development of new malignancies [1], cancer
treatment success [2], and mortality rates [3]. Therefore, it is
recommended that cancer survivors quit or minimize alcohol
use [4]. Currently, drinking rates among cancer survivors are
comparable with drinking rates among the general population,
with estimates that 5.1% of cancer survivors are heavy drinkers
(>2 drinks per day for men; >1 drink per day for women) versus
6% of the general population [5].

Studies evaluating alcohol moderation (AM) interventions in
cancer survivors are scarce. AM interventions offer support in
reducing or quitting alcohol use and can range from brief
face-to-face interventions by health care providers to smartphone
app–based interventions. A 2018 review on smoking and alcohol
cessation interventions in patients with head and neck cancer
and oral dysplasia [6] found no randomized controlled trials
(RCTs) evaluating AM interventions for head and neck cancer
survivors, and neither did a recent meta-analysis on AM
distance–based interventions for cancer survivors of all cancer
types [7]. The latter review identified a few studies that
incorporated AM as a module in a broader lifestyle program
and found insufficient evidence of the interventions’
effectiveness on AM. A qualitative study assessed patients’
experiences with a face-to-face alcohol cessation program in
bladder cancer survivors undergoing surgery; results indicated
that major bladder surgery was a useful cue for motivating
patients with cancer to reconsider the consequences of risky
drinking, and the alcohol intervention was seen as a relevant
offer around the time of surgery [8]. Facilitating access to AM
interventions for cancer survivors via distance-based
interventions, particularly digital ones, might be an effective
and highly accessible means to provide the growing population
of cancer survivors with AM support [9].

Studies among the general population have shown that brief
face-to-face and digital interventions can be effective in reducing
alcohol consumption. An individual patient data meta-analysis
comparing guided and unguided low‐intensity internet
interventions for AM found that participants in both types of
interventions used on average 50 g less ethanol per week than
the controls (5.02 standard units of 10 g of ethanol, 95% CI
−7.57 to −2.48) [10]. A conventional meta-analysis evaluating
brief AM interventions delivered in a primary care setting found
that participants used on average 20 g (95% CI −28 to −12) less
ethanol per week than the controls [11]. A meta-analysis of
personalized digital interventions found similar results when
comparing the interventions to nonintervention control groups
(23 g less ethanol per week in participants receiving a digital
intervention compared with no or minimal interventions, 95%
CI 15-30 based on 41 studies) and found no difference in
reduction of alcohol consumption in personalized digital
interventions compared with face-to-face interventions, based
on 5 studies [12].

Brief alcohol interventions in primary care settings have been
found to be cost-effective for the general population [13].
Referral to a digital AM intervention was a cost-effective
strategy in 3 European countries [14]. A game with tailored
feedback on alcohol awareness was found to be cost-effective
from the societal perspective in reducing the number of drinks
in subgroups (older age and lower educational level) of
adolescents [15]. We found no studies on the cost-effectiveness
of digital AM interventions for cancer survivors, but
cost-effectiveness is a key element in the knowledge base needed
for policy decisions regarding implementation and financing of
digital interventions [16,17]. It is unknown what results in
effectiveness and cost-effectiveness are to be obtained from a
digital AM intervention that is tailored to cancer survivors, as
cancer survivors have increased feelings of distress and
symptoms of anxiety and depression [18,19], and they could
have additional benefits of AM (eg, in terms of treatment
outcomes) [2].
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Therefore, it was deemed necessary to evaluate both the
effectiveness and cost-effectiveness of a minimally-guided
digital intervention aimed at supporting cancer survivors to
moderate their alcohol use: MyCourse–Moderate Drinking (in
Dutch: MijnKoers–Minderen met Drinken). The development
process and a detailed intervention description are provided
elsewhere [20]. In this study, we aim to answer the following
research questions: (1) Is the digital, minimally guided AM
intervention MyCourse–Moderate Drinking more effective than
a digital AM brochure to moderate alcohol use? (2) From a
societal perspective, is the digital, minimally-guided AM
intervention MyCourse–Moderate Drinking more cost-effective
than a web-based AM brochure in terms of incremental costs
per reduced weekly drink and incremental costs per
quality-adjusted life year (QALY) gained?

We expect the MyCourse intervention to be both more effective
and more cost-effective than a web-based brochure on AM.

Methods

Design
In a 2-arm, individually randomized RCT conducted in the
Netherlands between 2016 and 2019, the effectiveness and
cost-effectiveness of the MyCourse–Moderate Drinking
intervention for cancer survivors was evaluated. The first
inclusion was on November 28, 2016, and the last inclusion
was on September 3, 2018. The last follow-up measurement
was collected on September 30, 2019. The study was
prospectively registered in the Netherlands Trial Register
(NTR6010). The planned inclusion period was extended by

several months to recruit as many participants as possible. An
extensive description of the study protocol has been provided
in the study by Mujcic et al [20]. This study was part of a set
of 2 separate RCTs on digital interventions for AM and smoking
cessation in cancer survivors. The results of the RCT on the
smoking cessation intervention (MyCourse–Quit Smoking) will
be published separately. Ethical approval was obtained from an
accredited medical research and ethics committee in the
Netherlands (Toetsingscommissie Wetenschappelijk Onderzoek
Rotterdam NL55921.101.16).

Participants and Recruitment
Participants could find out about the study and apply for
participation via a web-based screening questionnaire on a
dedicated website that was created for the study. Participants
were eligible if they were aged ≥18 years, had been diagnosed
with any form of cancer in the past 10 years, had a PC or laptop
and internet connection at home, had the ability and intention
to participate in the study for 12 months, used alcohol more
than recommended by Dutch guidelines (operationalized as
drinking >7 European standard units of alcohol [70 g of ethanol]
per week), and had the intention to reduce their alcohol use.
The exclusion criteria were insufficient mastery of the Dutch
language, pregnancy or self-reported suicidal ideation, acute
psychosis, severe alcohol dependence, dementia, or severe
depression at the time of screening. The same screening
questionnaire procedure was used for both this trial and the
similar parallel trial evaluating a smoking cessation intervention
[20]. Some people were eligible for both trials; if so, they were
allowed to participate in only one of the trials, based on their
own choice (Figure 1 [20]).

Figure 1. Intervention flowchart (adapted from Mujcic et al [20]).

Both web-based and offline strategies were used for the
recruitment of participants. Targeted web-based advertisements
on social and other media, and on search engines referred those
interested to the website and the web-based screening
questionnaire. Patient organizations, oncology departments in
hospitals, and meeting centers for cancer survivors were
contacted and offered promotional material (flyers and posters)
to help refer cancer survivors to the website.

Procedure
After filling out the screening questionnaire on the study
website, applicants were informed by a computer-generated
email about their eligibility for study participation. Those
eligible were sent an invitation email containing all relevant
patient information, the informed consent form, and a link to
register. Eligible cancer survivors had up to 30 days to decide
about their participation, and during this period, they could

contact the research team or an independent physician with
questions. After they had digitally signed the informed consent
form, they were sent the baseline questionnaire. Immediately
after completion of the baseline measurement, participants were
automatically allocated to either the MyCourse or the control
group arm in a 1:1 ratio through adaptive randomization
(minimization of baseline imbalances with regard to age, sex,
and education level) through a server-sided hypertext
preprocessor script using a Mersenne twister random number
generator. Participants received an email confirming their
allocation and containing their username and instructions on
how to log on. They were not blinded to study condition
allocation (the participants were not explicitly informed about
their allocation, but recruitment material included a video
showing interactive elements of MyCourse, making it plausible
that the participants knew they were not allocated to the
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experimental condition. Thus, we cannot consider the
participants blinded). At 3, 6, and 12 months after
randomization, the participants received a link to the web-based
questionnaire via email. The nonresponders received up to 3
reminder emails, and in case of continued nonresponse they
were contacted by telephone. For each completed follow-up
assessment, they were reimbursed with €25 (approximately US
$30). As this was a pragmatic RCT, patients in both groups
were not asked to refrain from using additional support if they
wanted to.

MyCourse Group
MyCourse–Moderate Drinking is a newly developed,
minimally-guided, digital intervention aimed at supporting AM
in cancer survivors. It is based on well-established therapeutic
approaches: motivational interviewing, cognitive behavioral
therapy, and acceptance and commitment therapy, as well as a
Dutch digital AM intervention previously found to be effective
in the general population [21]. Throughout the development
process, cancer survivors and professional experts in eHealth,
oncology, and substance use disorders were involved through
a series of interviews and focus groups. The intervention was
accessible through PC, tablet, and smartphone. At first log-in,
the participants were guided by website prompts in either setting
up a quit plan or a moderation plan, including a quit date or
moderation date, after which they would gain access to several
exercises, a web-based diary for self-monitoring of alcohol use
and contextual cues, and a peer support platform (See Figure 1
adapted from Mujcic et al [20] and Multimedia Appendix 1
[22]). MyCourse could be used by the participants whenever
they chose to, but they were encouraged to log in daily for at
least 4 weeks. The intervention and its development process
have been extensively described elsewhere [20].

Control Group
The control group consisted of a noninteractive web-based static
information brochure on the risks of (increased) alcohol use and
tips on how to moderate or quit drinking. It was accessible to
the participants at any time by logging into the website. The
brochure contained both general information on AM and
information specifically relevant to cancer survivors. However,
no interactive elements of the MyCourse condition were present,
and the participants did not receive reminders.

Additional Support
Both groups were provided with the contact details of the
national AM information line (in Dutch: Alcoholinfo-lijn), which
could help refer participants to additional support if they deemed
the received intervention to be insufficient. At the end of the
study, at 12 months after randomization, the participants in the
control group received access to the digital intervention,
MyCourse–Moderate Drinking, which was offered to the
MyCourse group.

Measures

Baseline
At baseline, we assessed the sociodemographic characteristics
and type of cancer. Alcohol use was assessed using Timeline
Followback (TLFB) self-reports [23] (number of standard drinks

consumed in the past 7 days, ie, 7-day alcohol use). Problematic
alcohol use was assessed using the 10-item Alcohol Use
Disorders Identification Test (AUDIT) questionnaire. In
participants reporting smoking, we assessed tobacco use with
TLFB self-reports and nicotine dependence using the 6-item
Fagerstrom Nicotine Dependence Test questionnaire [24].
Socially desirable answering tendencies, which may have
affected the reliability of the self-reported questionnaire data,
were assessed using the Marlowe-Crowne Social Desirability
Scale (MCSDS) [25]. We used the 5-level EuroQol 5 Dimension
(EQ-5D-5L) [26] measure to assess QALYs. The Medical
Outcomes Study Short Form [27] was used to calculate the
Short Form 6-dimension (SF-6D) quality of life measure using
the Brazier algorithm [28].

Follow-up Measurements
At all follow-up measurements, we assessed alcohol use with
TLFB self-reports, quality of life using the EQ-5D-5L and the
Medical Outcomes Study Short Form, productivity and health
care costs, and use of other AM support. Intervention use
variables (eg, number of log-ins and use of major content
elements) were collected automatically. The AUDIT
questionnaire was administered at the 6- and 12-month
follow-ups. At the 3-month follow-up, treatment satisfaction
was assessed using a Dutch translation of the German adapted
Client Satisfaction Questionnaire (Fragebogen zur Messung der
Patientenzufriedenheit; Patient Satisfaction Questionnaire
[ZUF-8]) [29]. The use of additional support for AM was
retrospectively assessed at follow-up.

Primary and Secondary Outcome Measures
The primary outcome measure was 7-day alcohol use (number
of standard drinks; 1 standard drink=10 g of ethanol) at the
6-month follow-up measured by TLFB self-reports. The 6-month
assessment was the primary end point, as the studies that formed
the basis of our power analysis were based on outcomes at the
6-month follow-up and it is a common end point in alcohol
trials [30]. Those who reported no drinking at all in the past 7
days were considered abstinent (score: 0/1). Secondary outcome
measures were AUDIT problematic alcohol use (score: 0-40),
ZUF-8 treatment satisfaction (score: 8-32), EQ-5D-5L quality
of life (score: 0-1), health care costs, and productivity loss.

Costs
Costs were calculated from a societal perspective for the index
year 2019. Intervention costs included intervention depreciation
costs, costs for hosting the website, technical support, and
recruitment costs (which consisted of both advertising costs in
web-based and offline media as well as printing costs of
promotional material). Recruitment costs were included as they
were considered an essential part of the MyCourse and control
groups. Health care costs were calculated by multiplying the
number of reported contacts with a health care professional with
the standard unit cost prices for the Netherlands [31]. Health
service costs stemmed from contacts with specialized somatic
and mental health care, plus the patients’ out-of-pocket costs
for home care, but travel costs were not included because, in
both groups, the interventions were delivered over the internet.
Other health care costs included appointments for physiotherapy,
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alternative medicine, and social work. Medication costs were
calculated by multiplying the reported dose of a drug with its
unit cost price [32].

Productivity loss included costs from absenteeism and
presenteeism, calculated according to the friction cost method,
meaning productivity losses were limited to a maximum of 85
days, after which production losses cease to exist because the
sick employee has been replaced by another and calculated
using an elasticity factor of 0.8 as there is not a strict 1:1 relation
between days not worked and productivity losses. Cost data
related to health care use and productivity loss were assessed
using the Trimbos/Institute for Medical Technology Assessment
questionnaire for costs associated with psychiatric illness [33]
at all follow-up assessments. Cumulative societal costs over the
entire follow-up period of 12 months were calculated from the
sum of health care costs and productivity losses. Costs were
converted from euros to US dollars using purchasing power
parities for the reference year 2019. No discount rate was applied
as the follow-up period was 12 months.

Sample Size
The sample size was based on conventional levels of statistical
significance (α≤.05). On the basis of the average of 2 previous
RCTs on very similar self-help interventions in the Netherlands
versus a control group [21,30,34], a Cohen d effect size of 0.40
was expected. Using the power calculation package pwr for R
3.0.1 (R Foundation for Statistical Computing) [35], we
calculated that a sample size of 2 × 57 participants in the case
of 1-sided testing led to a power of 0.77 or a power of 0.66 in
the case of 2-sided testing. The choice for 1-sided testing was
discussed in the previously published protocol paper [20].

Statistical Analyses

Imputation of Missing Data
Except for the ZUF-8 (treatment satisfaction) questionnaire, all
primary and secondary outcome measures were analyzed in
accordance with the intention-to-treat principle. To that end,
missing data for primary and secondary outcome measures, and
costs, were multiple-imputed using the predictive mean
matching method from the mice package in R [36]. For each
missing observation, 50 imputations were created. The responses
to the ZUF-8 questionnaire were not imputed.

Effect Evaluation
Alcohol use in the past 7 days (count data 0, 1...,N) was analyzed
using robust estimation of generalized linear mixed models
from the robustlmm package in R [37], as the data did not fit
well into any of the commonly supported distributions.
Imputation of missing values before running a generalized linear
mixed model allowed us to consider all variables that could
have affected the dropout. Covariates in the model were the
minimized variables (gender, age, and education) and the
MCSDS (to statistically account for any social desirability of
responses). Model estimates, Cohen d, 95% CIs, and P values
were reported. Differences over time and between the groups
on AUDIT problematic alcohol use and ZUF-8 patient
satisfaction scores were analyzed using a linear mixed model

in the lme4 package in R [38]. We used 1-sided testing and an
α of .05 as described in the study protocol [20].

Cost-effectiveness Analyses
An economic evaluation was conducted alongside the RCT in
concordance with the Consolidated Health Economic Evaluation
Reporting Standards Statement [39] and following the approach
by Drummond et al [40]. QALYs over the entire follow-up
period were computed using the Dutch tariff (utility weights)
[41] and the area under the curve method. The incremental
cost-effectiveness ratio (ICER) was calculated as follows:

ICER = (C1 − C0) / (E1 − E0) (1)

where C refers to costs, E refers to effects, and the subscripts 0
and 1 refer to the MyCourse and control arms, respectively. We
generated 2500 nonparametric bootstrapped samples and plotted
the corresponding incremental costs and incremental effects on
a cost-effectiveness plane. Both ICER per QALY and ICER per
reduced weekly drink were calculated from the following 4
perspectives: societal, health care, productivity loss, and
intervention cost only. Cost-effectiveness acceptability curves
(CEACs) were also drawn to assess the likelihood that the
experimental intervention will be deemed cost-effective given
a series of willingness-to-pay ceilings.

Sensitivity Analyses
The robust regression on the mice-imputed data was the main
analysis. We conducted several sensitivity analyses to assess
effectiveness and cost-effectiveness using QALYs based on the
SF-6D (instead of the EQ-5D-5L), imputation using the Amelia
II package instead of the mice package, Winsorization of costs,
and different statistical models (Multimedia Appendix 1).

Results

Sample Characteristics
The participant flow and retention rates are shown in Figure 2.
Of the 2346 ineligible people, 1684 (71.78%) had had no
diagnosis of cancer in the past 10 years. A total of 321 cancer
survivors were eligible for participation in the study, of whom
206 (64.2%) declined to participate, and 34 (10.6%) participated
in the study on smoking cessation instead. Of 115, 10 (8.7%)
cancer survivors did not complete the baseline questionnaire
and were therefore not randomized, and 2 (1.7%) cancer
survivors withdrew during the course of the study. This resulted
in a study sample of 103 participants; of whom, 53 (51.5%)
were randomized into the experimental MyCourse group and
50 (48.5%) were randomized into the control group. Table 1
presents the sociodemographic and other characteristics of the
sample. In summary, the mean age of the participants was 54.6
(SD 11) years, 16.5% (17/103) were men, most were married
or living with a significant other (70/103, 68%), and 31.3%
(32/103) had a middle or low educational level. Breast cancer
was the most frequently reported type of cancer (65/103, 63.1%).
Problematic alcohol use as measured by the AUDIT was
significantly higher in the MyCourse group than in the control
group as calculated using the Welch 2-sample t test (2-tailed)
for continuous variables (t100.9=2.03; P=.02). No difference was
found in the proportion of missing data between the groups
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(χ2
1=2.5 P=.11; see Multimedia Appendix 2 for details). Data were missing because of loss to follow-up (participants who

did not respond after several reminders by email and telephone).

Figure 2. CONSORT (Consolidated Standards of Reporting Trials) flowchart. RCT: randomized controlled trial.
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Table 1. Baseline characteristicsa.

Total (N=103)Control (n=50)MyCourse (n=53)Characteristic

Gender, n (%)

86 (83)40 (80)46 (87)Women

17 (17)10 (20)7 (13)Men

54.6 (11)54.6 (9.9)54.5 (12.1)Age (years), mean (SD)

Education, n (%)

71 (69)37 (74)34 (64)Higher level

22 (21)11 (22)11 (21)Midlevel

10 (10)2 (4)8 (15)Lower level

Marital status, n (%)

70 (68)36 (72)34 (64)Married or living together

14 (14)8 (16)6 (11)Unmarried or living alone

14 (14)4 (8)10 (19)Divorced

5 (5)2 (4)3 (6)Widowed

Drinking behavior, mean (SD)

23.8 (17.2)20.7 (14.7)26.8 (19.0)Number of drinks in past 7 days

13.3 (5.8)12.2 (5.4)14.5 (6.0)AUDITb

Smoking behavior

16 (16)6 (12)10 (19)Smoked in last month, n (%)

85.3 (56.8)81.6 (68.5)87.9 (52.6)Number of cigarettes in past 7 days among smokers, mean (SD)

0.5 (1.5)0.3 (1.3)0.6 (1.7)Nicotine dependence, mean (SD)

Cancer diagnosis, n (%)

65 (63)27 (54)38 (72)Breast

6 (6)2 (4)4 (8)Uterus

5 (5)4 (8)1 (2)Head and neck

5 (5)3 (6)2 (4)Colon

3 (3)2 (4)1 (2)Lung

19 (18)12 (24)7 (13)Other (including bladder, lymphatic, melanoma, skin, and prostate)

aPercentages may not add up to 100 because of rounding.
bAUDIT: Alcohol Use Disorders Identification Test.

Treatment Uptake and Satisfaction
Overall, patients were most satisfied in the MyCourse group
(Cohen d=0.81; t61.5=3.42; P<.001; see Multimedia Appendix
2 for the mean scores). Most participants logged in at least once
(46/53, 87%). The average number of times the participants
logged in was 31.4 (SD 50.5), with a median of 8 (range 0-254).
For those who logged in at least once, the period between the
first and last log-in was on average 105.6 (SD 125.6) days with
a median of 45 days. There was little use of AM support besides
MyCourse; no support was reported most often (control group:
26/50, 52%; MyCourse group: 26/53, 49%) and some connected
with others who were also moderating their drinking (control
group: 4/50, 8%; MyCourse group: 5/53, 9%). Of 103
participants, only 1 (0.9%) reported having had contact with a
health care professional about AM.

Incremental Effects

Primary Outcome
Despite the randomization, there was an apparent, although
nonsignificant, difference between the groups in baseline alcohol
use (Table 1). The number of drinks consumed in the past week
at the 6-month follow-up decreased by 38% in the MyCourse
group and by 33% in the control group and even more at the
12-month follow-up—by 48% in the MyCourse group and 38%
in the control group (Table 2). No difference in 7-day alcohol
use was found between the groups (unstandardized regression
coefficient, B=−2.1, 95% CI −7.6 to 3.1; P=.22; Table 3) at 6
months—or at any of the other follow-up assessments—when
controlling for MCSDS score, baseline alcohol use, gender, age,
and education.
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Table 2. Drinking behavior outcomes at the 3-, 6-, and 12-month follow-ups (N=103)a.

Control (n=50)MyCourse (n=53)Variable

Number of drinks in past 7 days, mean (SD)b

20.7 (14.7)26.8 (19.0)Baseline

15.1 (11.9)17.3 (15.8)3-month follow-up

13.8 (11.4)16.6 (15.2)6-month follow-up

12.9 (10.7)13.9 (11.0)12-month follow-up

Change in number of drinks in past 7 days, mean (SD)c

−5.2 (13.5)−8.5 (12.0)3-month follow-up

−6.4 (16.4)−9.4 (15.0)6-month follow-up

−7.4 (13.3)−12.1 (16.3)12-month follow-up

AUDITd, mean (SD)

12.2 (5.4)14.5 (6.0)Baseline

9.9 (5.1)11.3 (6.2)6-month follow-up

9.3 (5.1)10.0 (6.0)12-month follow-up

Abstinence, n (%)

7 (14)6 (11)3-month follow-up

8 (16)6 (11)6-month follow-up

7 (14)5 (10)12-month follow-up

aMissing data were imputed.
bThe number of drinks per day was maximized at 11 units in the follow-up measurements for the imputation of missing data, meaning that 77 was the
maximum number of drinks in the past 7 days.
cMean number of drinks at follow-up minus the mean number of drinks at baseline.
dAUDIT: Alcohol Use Disorders Identification Test.

Table 3. Treatment effects on drinking behavior at the 3-, 6-, and 12-month follow-upsa.

Treatment effectOutcome measure

Cohen d (95% CI)P valueBadjusted (SE; 95% CI)

Number of drinks in past 7 daysb

N/Ac.11−3.2 (2.6; −8.5 to 1.9)3-month follow-up

N/A.22−2.1 (2.7; −7.6 to 3.1)6-month follow-up

N/A.09−3.7 (2.7; −8.9 to 1.6)12-month follow-up

AUDITd

0.3 (−0.1 to 0.6).21−0.9 (1.0)e6-month follow-up

0.1 (−0.2 to 0.5).06−1.6 (1.0)e12-month follow-up

aMissing data were imputed.
bAdjusted coefficients are based on a robust regression mixed model with random intercept and fixed slope in which the outcome measure at follow-up
is regressed upon baseline number of drinks, covariates, and group.
cN/A: not applicable.
dAUDIT: Alcohol Use Disorders Identification Test (adjusted coefficients are based on a linear mixed model with random intercept and fixed slope in
which the outcome measure at follow-up is regressed upon baseline number of drinks, covariates, and group).
e95% CI value is not available.
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Secondary Outcomes
AUDIT scores decreased over time in both groups (Table 2 and
Figure 3), but there was no difference between the groups
(Cohen d=0.3, 95% CI −0.1 to 0.6; P=.21; Table 3) at 6 months.

The mean EQ-5D-5L QALYs score in the MyCourse group was
0.82 (SD 0.12) and in the control group 0.84 (SD 0.10). There
was no significant effect of the treatment on the quality of life
based on EQ-5D-5L scores (Badjusted=0.003, SE 0.01; P=.39).

Figure 3. Mean number of drinks in the past 7 days in both groups at baseline and during the course of the study, including SEs.

Incremental Costs
Table 4 presents the costs per group and the incremental costs
(cost difference between the MyCourse and control groups) per
cost item. The intervention was costed at US $279 per
participant in the MyCourse group and US $74 per participant
in the control group. The average health care costs accumulated
over the full 12-month follow-up time were US $7840 (SD
11,767) per participant in the MyCourse group and US $8233

(SD 15,077) per participant in the control group, and the
incremental health care costs were US $−393. Costs owing to
productivity losses were mainly driven by absenteeism: US
$9532 (SD 19,389) per participant in the MyCourse group and
US $14,799 (SD 23,364) per participant in the control group,
with high within-group variance. Incremental productivity costs
per participant were on average US $−5217 (SD 26,378). The
average cumulative societal costs were US $5404 (SD 42,859)
lower in the MyCourse group compared with the control group.

Table 4. Mean cumulative costs (in US $) by group and incremental costs (N=103).

Incremental costsa (n=53), mean (SD)Control (n=50), mean (SD)MyCourse (n=53), mean (SD)Cost item

−393 (19,125)8233 (15,077)7840 (11,767)Health care costs

192 (8665)3627 (6463)3819 (5772)Specialized somatic

521 (4321)688 (1906)1209 (3878)Specialized psychiatric

775 (5807)178 (1811)953 (5517)Patient and family costs

−219 (1833)1126 (1434)907 (1142)Other

−1660 (11,862)2613 (10,521)953 (5479)Medication

−5217 (26,378)15,189 (26,307)9972 (1934)Productivity loss

−57 (518)210 (408)153 (319)Presenteeism

−5267 (32,726)14,799 (26,364)9532 (19,389)Absenteeism

−22 (1454)474 (1007)452 (1049)Unpaid work

205 (0)74 (0)279 (0)Intervention costs

−5404 (42,859)23,496 (34,327)18,092 (25,662)Total societal costs

aCosts in the MyCourse group minus costs in the control group.

Cost-Utility
With QALY as the outcome, the ICER was US $314,606 (95%
CI 186,201-553,552). The cost-effectiveness plane (Figure 4)

shows that there is a 63% chance that the MyCourse intervention
will lead to fewer QALYs gained at lower societal costs and a
15% chance that it will lead to more QALYs gained at lower
societal costs. The relatively high ICERs are mostly a result of
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a difference in productivity costs (Table 4) and a very small
differential effect on QALYs.

Assuming an intervention-cost-only perspective, the ICER per
QALY gained became negative (US $−11,930; 95% CI −18,440

to −8912), indicating that intervention costs were higher and
the QALY gains were lower in the MyCourse group compared
with the control group.

Figure 4. Cost-effectiveness planes and cost-effectiveness acceptability curves in US $. QALY: quality-adjusted life year; WTP: willingness to pay.

Cost-effectiveness
The MyCourse group reduced their number of weekly drinks
more on average (mean 12.1, SD 16.3 drinks) than the control
group (mean 7.4, SD 13.3 drinks) over a 12-month period and
at lower societal costs. ICER per reduced drink was calculated
at US $−1158 (95% CI −1609 to −781), indicating that
compared with the control group each additional reduced drink
in the MyCourse group was associated with a societal cost
reduction. There is a 78% chance that the MyCourse intervention

will lead to more weekly reduced drinks at lower societal costs
and a 16% chance that it will lead to more weekly reduced
drinks at higher costs (Figure 4). MyCourse will be preferred
over the control group at any willingness-to-pay level (see
Figure 4 for the CEAC curve). Assuming an
intervention-cost-only perspective, a reduction of 1 additional
weekly drink would cost an additional US $44 (95% CI 38-53)
in the MyCourse group compared with the control group. Table
5 shows a breakdown by perspective.
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Table 5. Incremental cost-effectiveness ratios between baseline and the 12-month follow-upa.

Incremental costs per reduced drink (US $)Incremental costs per QALYb (US $)Perspective

Value, mean (95% CI)Value, mean (95% CI)

−84 (−242 to 74)22,859 (−18,584 to 78,705)Health care

−1118 (−1497 to −823)303,677 (198,917 to 516,624)Productivity loss

44 (38 to 53)−11,930 (−18,440 to −8912)Intervention cost only

−1158 (−1609 to −781)314,606 (186,201 to 553,552)Societal

aThe incremental cost-effectiveness ratios were calculated as follows: (C1–C0) / (E1–E0), where C refers to costs, E refers to effects, and the subscripts
0 and 1 refer to the experimental and control arms, respectively.
bQALY: quality-adjusted life year (as measured by the 5-level EuroQol 5 Dimension).

Sensitivity Analyses
Sensitivity analyses of the Amelia II-imputed data (Badjusted=2.1,
SE 1.8; P=.12) and completers-only data (Badjusted=1.7, SE 1.4;
P=.12) as well as a negative binomial mixed model on the
mice-imputed data (incidence rate ratio=1.05, 95% CI 0.79-1.4;
P=.38) corroborated the main findings and showed no effect of
treatment on the number of drinks in the past week. All
sensitivity analyses showed a decrease in alcohol use in both
groups. Because of the apparent, although nonsignificant
difference, between the groups in baseline alcohol use, we also
modeled the individual change scores in alcohol use in a robust
regression. Although the average reduction in alcohol use at 6
and 12 months was larger in the MyCourse group, the difference
was not statistically significant, yielding the same results
(Badjusted=−2.1, SE 1.8; P=.12; Table 2). When QALYs were
based on SF-6D scores, results of the economic evaluation
remained similar. When Winsorization of extreme costs was
applied at the 95th percentile, the cost-effectiveness planes and
CEAC curves remained similar (Multimedia Appendix 3);
however, ICER per EQ-5D-5L QALY was US $118,287 (95%
CI 51,324-235,817), and ICER per reduced drink became less
extreme (US $−435, 95% CI −680 to −219). Overall, the
sensitivity analyses attested to the robustness of the findings in
the main analysis.

Discussion

Principal Findings
We evaluated the effectiveness and cost-effectiveness of
MyCourse–Moderate Drinking, a digital AM intervention for
cancer survivors versus a web-based noninteractive information
brochure. At the 6-month follow-up, the number of drinks in
the past 7 days was reduced by 38% in the MyCourse group
(mean −9.4, SD 15.0 standard units) and by 33% in the control
group (mean −6.4, SD 16.4 standard units) and even further at
the 12-month follow-up (MyCourse group: mean −12.1, SD
16.3 standard units; control group: mean −7.4, SD 13.3 standard
units). No significant difference in 7-day alcohol use was found
between the groups at any of the follow-up points. AUDIT
scores decreased over time in both groups, but there was no
statistically significant difference between the MyCourse group
and the control group. Importantly, the participants were more
satisfied in the MyCourse group.

In the cost-effectiveness analyses, the MyCourse group led to
fewer QALYs and more reduced drinks, both at lower societal
costs. Thus, MyCourse has shown to be more effective and
cost-saving for number of reduced drinks.

From a societal perspective, the MyCourse group gained fewer
QALYs at lower societal costs. The MyCourse intervention
itself was associated with higher intervention costs than the
noninteractive information brochure. Both ICERs reflected only
marginally higher QALY gains in the control group. This study
did not find any effect of MyCourse on QALYs. It could be
hypothesized that a longer follow-up period would have been
necessary for improvements in quality of life to take place in a
population of cancer survivors, as their quality of life may be
more directly influenced by factors pertaining to the cancer
diagnosis (eg, invasiveness of cancer treatment, disease stage,
cancer-related physical symptoms, and comorbidities) [42].
Therefore, we conclude that the MyCourse intervention seems
more economically sustainable from a societal perspective than
the noninteractive information brochure in reducing the number
of drinks over a 12-month time horizon, whereas, to find
evidence of possible cost-utility of a digital AM intervention,
a longer follow-up period might be needed.

The difference in baseline alcohol use might be a possible
explanation for the seemingly different conclusions between
the incremental effect analysis and the cost-effectiveness
analysis on the greater reduction of 7-day alcohol use in the
MyCourse group. Even though the participants were
randomized, at baseline, the participants in the MyCourse group
had higher AUDIT scores and consumed more drinks on average
than the participants in the control group (although the difference
between the groups was not significant). At the 3-, 6-, and
12-month follow-ups, there was no significant difference in the
number of drinks consumed in the past week or the AUDIT
scores between the 2 groups. Thus, the larger nominal reduction
in the number of drinks in the MyCourse group does not reflect
a difference in the number of drinks at any of the follow-up
assessments but rather a difference at baseline. This baseline
difference translates differently in the incremental effect
analysis, assessing differences at discrete time points, compared
with the cost-effectiveness analysis, assessing differences over
a period (12 months). It is also possible that, because of
insufficient power, no significant difference was found in the
incremental effect analysis, whereas, in the cost-effectiveness
analysis, this was of lesser influence.
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Wider Context
Meta-analyses of brief AM interventions [11] and AM internet
interventions [10] among the general population have found
that alcohol use in the past 7 days in the intervention group was
reduced by approximately 20-50 g more than in the control
group. Although this study did not find a significant effect on
the AM rates of the MyCourse intervention over the control
condition, we did find considerable reductions of approximately
70 g of ethanol at the 12-month follow-up in the control group
and 120 g in the MyCourse group. These increasing reductions
at longer follow-up assessments were also found in a previous
digital AM intervention study [43]. In line with limited previous
studies on brief and digital AM interventions [13-15], this study
showed that a digital AM intervention can be cost-effective
among cancer survivors. Unfortunately, because of a lack of
literature, no comparisons could be made to other dedicated
AM interventions for cancer survivors. A study on a
telephone-counseling, combined alcohol, smoking, and
depression intervention for head and neck cancer survivors also
found a decrease in AUDIT scores after 6 months in both groups
and no differential effect between the experimental intervention
and the control group receiving only the nurse-delivered,
face-to-face, 45-minute assessment, including a handout with
referrals for further care (which the experimental group received
as well) [44].

The lack of difference in alcohol use in the past 7 days between
the MyCourse group and the control group might be due to
several study aspects. It is also possible that because of the
inclusion criterion of having the intention to reduce one’s
alcohol use, participants in both groups were highly motivated
to change their alcohol use and that this obscured any effect of
the MyCourse group. In addition, during this study, great efforts
were made to recruit participants. At the time of recruitment in
2016-2018, AM discussion and support for cancer survivors
was not well-implemented in many oncology settings; therefore,
the researchers invested in informing oncology department staff
on the importance and benefits of addressing AM in cancer
survivors. Recruitment efforts were not only aimed at
professionals; a dedicated website and a social media campaign
were also in place, aiming to inform cancer survivors about the
short-term benefits of AM after a cancer diagnosis while
emphasizing an accepting tone to reduce possible feelings of
guilt and ultimately guiding survivors to participate in the study.
These recruitment efforts alone might have served as an
intervention by focusing attention on AM. For cancer survivors
not yet considering AM, the first step would be to address the
knowledge gap on the adverse health effects of alcohol [45,46].

Second, the assessment load in this study was substantial, and
the participants received multiple reminder emails and telephone
calls from the researchers to fill out the survey at the respective
follow-up measurement waves. Although these calls were kept
as short as possible, some participants might have experienced

them as part of the intervention; thus, possibly contributing to
an intervention effect and making participants think regularly
about their drinking behavior and feel supported [47,48]. This
minimal guidance could thus have increased the AM rates in
the control group. Future research should evaluate whether
addressing AM in an accepting manner and with multiple
repeated short reminders can encourage AM in cancer survivors.

It is possible that a true effect was not found in this study
because the sample size was smaller than intended (103 instead
of 114 participants). It is unlikely that the use of additional
support explains the reduction of alcohol use in the control
group, as very few people used any additional support. Low use
of additional support was also found in a previous Dutch study
on digital AM support [49]. Although the control group was as
effective as the MyCourse group in reducing alcohol use in the
incremental effect analyses, considering the significantly higher
satisfaction rates and better economic sustainability in the
MyCourse group, it would be preferable to offer the MyCourse
group.

Strengths and Limitations
An important strength of this study is that the evaluation was
conducted in a real-world setting; recruitment was done through
both offline and web-based channels, which could plausibly be
used in case of future implementation. This study succeeded in
recruiting cancer survivors from a range of cancer types. The
median number of times participants logged into MyCourse
was high (8 times). Several sensitivity analyses have attested
to the robustness of the findings. The long-term follow-up of
this study showed that AM is sustained over a long period. The
results should be interpreted in light of the limitations of the
study. Most of this study’s sample were women (86/103,
83.4%); thus, cautioning the generalization of the results to men.
The participants were not blinded to their intervention allocation.
Not all participants complied with the advised daily use of
MyCourse for 4 weeks, and this might have influenced effects
in the MyCourse group. A follow-up period of >12 months
might be needed to find evidence of possible cost-utility of a
digital AM intervention in cancer survivors.

Conclusions
To the best of our knowledge, this is the first study on a digital
AM intervention for cancer survivors, and it showed that alcohol
use was reduced by one-third in both the MyCourse and control
groups and that this effect was sustained over 12 months. No
significant differential effect on alcohol use between the
MyCourse group and the control group was observed at the
follow-ups, although cancer survivors were more satisfied in
the MyCourse group. From a societal perspective, the MyCourse
group seems economically more sustainable for reducing the
number of drinks, as a greater reduction in the number of drinks
over time was observed against lower societal costs.
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Abstract

Background: One in eight women is diagnosed with breast cancer in the course of their life. As systematic palliative treatment
has only a limited effect on survival rates, the concept of health-related quality of life (HRQoL) was developed for measurement
of patient-centered outcomes. Various studies have already demonstrated the reliability of paper-based patient-reported outcome
(pPRO) and electronic patient-reported outcome (ePRO) surveys and that the 2 means of assessment are equally valid.

Objective: The aim of this study was to analyze the acceptance and evaluation of a tablet-based ePRO app for breast cancer
patients and to examine its suitability, effort, and difficulty in the context of HRQoL and sociodemographic factors.

Methods: Overall, 106 women with adjuvant or advanced breast cancer were included in a 2-center study at 2 major university
hospitals in Germany. Patients were asked to answer HRQoL and PRO questionnaires both on a tablet on-site using a specific
eHealth assessment website and on paper. The suitability, effort, and difficulty of the app and self-reported technical skills were
also assessed. Only the results of the electronically acquired data are presented here. The results of the reliability of the pPRO
data have already been published elsewhere.

Results: Patients regarded the ePRO assessment as more suitable (80/106, 75.5%), less stressful (73/106, 68.9%), and less
difficult (69/106, 65.1%) than pPRO. The majority of patients stated that ePRO assessment improves health care in hospitals
(87/106, 82.1%). However, evaluation of ePROs depended on the level of education (P=.003) in the dimensions of effort and
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difficulty (regression analysis). The app was rated highly in all categories. HRQoL data and therapy setting did not show significant
correlations with the app’s evaluation parameters.

Conclusions: The results indicate that ePRO surveys are feasible for measuring HRQoL in breast cancer patients and that those
patients prefer ePRO assessment to pPRO assessment. It can also be seen that patients consider ePRO assessment to improve
hospital health care. However, studies with larger numbers of patients are needed to develop apps that address the needs of patients
with lower levels of education and technical skills.

(J Med Internet Res 2022;24(2):e16128)   doi:10.2196/16128

KEYWORDS

eHealth; electronic patient-reported outcomes; evaluation; acceptability; breast cancer

Introduction

Breast Cancer: Epidemiological Relevance
With about 70,000 new cases each year, breast cancer is the
most common cancer in Germany. One in eight women is
diagnosed with breast cancer in the course of their life [1]. Due
to great advances in cancer therapy options, the relative 5-year
survival rate after initial diagnosis has increased to 88% [2].
While patients in adjuvant situations have an improved
prognosis, patients with metastatic disease remain incurable
and are hence treated with palliative care. Since currently
systemic palliative treatment has a limited effect on survival
rates, the concept of health-related quality of life (HRQoL) and
measurement of patient-reported outcomes (PROs) are gaining
increasing importance in the therapy of progressive diseases,
such as breast cancer, especially in the metastatic setting [3-7].
Under this directive, the issue of how HRQoL data can be
collected as efficiently and accurately as possible in real-world
settings is gaining importance [8].

PROs as a Holistic Addition to Clinic-Reported
Outcomes
Drug evaluation studies have focused on clinical endpoints
(clinic-reported outcomes), such as overall survival and
progression-free survival, for years. Yet, PROs are becoming
increasingly important to verify and compare the efficacy of
different chemotherapeutic interventions in drug evaluation
studies, not least owing to legal regulations [9]. This fact is
confirmed by the enormous increase in studies publishing PRO
data over the last few decades [10]. A PRO is widely defined
as “any report of the status of a patient’s health condition that
comes directly from the patient, without interpretation of the
patient’s response by a clinician or anyone else” [11]. The
concept of PRO takes into account the patient’s point of view
concerning health status, therapy intervention, negative side
effects, mental and functional components, satisfaction with
care, drug adherence, and impact of progressive disease [9-14].

Potential of Electronic PROs
Strong willingness to use technology within the population and
existing infrastructure represents the rationale for digitalization
in many sectors, including health [15]. While PROs are still
routinely captured via paper-based methods, technical progress
is gradually allowing more PRO data to be collected in the form
of electronic PROs (ePROs), that is, via tablet computers or
smartphones [16]. To ensure that patients are able to deal with

ePRO data capture, studies that prove reliability and acceptance
are needed. Various studies have already demonstrated that both
paper-based PRO (pPRO) and ePRO surveys are reliable and
equally valid means of assessment [4,17-21]. Nevertheless,
knowledge about the detailed evaluation of ePRO apps and
information regarding patient acceptance, feasibility, and
barriers are still limited [22], especially in relation to
sociodemographic aspects, health status, and technical skills
[7,23-26]. It also remains unclear how ePRO questionnaires are
accepted and evaluated in breast cancer patients, in whom high
patient satisfaction with use and usability are important
implementation prerequisites for capturing real-world evidence
in routine clinical care.

Aims and Objectives
The aim of this study was to analyze the acceptance and
evaluation of a tablet-based ePRO app for breast cancer patients.
More specifically, we investigated how suitable patients
maintain an app that is used to collect HRQoL data, whether
they find it diffuse or difficult to use, and how to evaluate
individual aspects of the questionnaire. To determine whether
the HRQoL survey app can be used in all breast cancer patients,
we also examined whether the app’s suitability, effort, and
difficulty ratings were dependent on HRQoL and
sociodemographic factors (age, educational status, and computer
skills).

Methods

Study Design and Sample
The methodology has already been described in detail elsewhere
[19,21]. Here, it was shown that HRQoL can be validly assessed
by the related tool, since no significant differences in response
behavior between pPROs and ePROs were found with regard
to reliability in both the European Organization for the Research
and Treatment of Cancer core quality of life questionnaire
(EORTC QLQ-C30) and the Functional Assessment of Cancer
Therapy-Breast Cancer (FACT-B) questionnaires. In this study,
the feasibility and acceptability will be evaluated. For digital
assessment, we used a web-based solution PiiA (patient
interactively informs doctor), allowing patients to answer the
HRQoL assessment on a tablet after receiving anonymized user
credentials [19,21]. Patients were recruited as a part of the
ePROCOM (electronic Patient-Reported Outcomes and
Compliance Analysis) and the PEPPER (Patient Engagement
Breast Cancer) study. While the ePROCOM study aims to
evaluate general patient acceptance and practicability of a
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web-based app for a PRO questionnaire for patients with
adjuvant or metastatic breast cancer, the PEPPER study aims
to evaluate the impact of web-based PROs and pPROs for health
care services. The inclusion criteria were female gender, full
legal age, proven diagnosis of breast cancer in an adjuvant or
metastatic setting, sufficient language skills in German, and
signed declaration of consent. The exclusion criterion was
participation in other studies to minimize the burden of
questionnaires. Patients were asked to complete the
questionnaire during an outpatient visit at the hospital under
the supervision of an attending physician. From July 2015 to
May 2016, questionnaires were completed by a total of 106
female adjuvant and metastatic breast cancer patients treated
consecutively at the Department of Women’s Health in
Tubingen, Germany, and the National Center for Tumor
Diseases (NCT) in Heidelberg, Germany. The study was
designed as a 2-center prospective trial (Tübingen and
Heidelberg). Ethical approval was granted by the Ethics
Committee of the University of Heidelberg (S-569/2015) and
the Ethics Committee of the University of Tübingen (project
number 089/2015B01).

Questionnaires
All patients were required to complete both the ePRO and pPRO
versions of the EORTC QLQ-C30 and FACT-B HRQoL
questionnaires. The reliability of a tablet-based ePRO app of
both questionnaires has already been analyzed (the results of
the reliability analysis have been published previously [19,21]).
Furthermore, patients were questioned about pre-existing
technical skills, their willingness to use ePROs, potential barriers
in relation to their health status, and socioeconomic variables
[7,26]. Thereafter, patients were asked to evaluate the app and
its handling, which is reported in the current paper. The
questionnaires for measuring socioeconomic status and
evaluating the app were developed by our own research group.
Regarding the evaluation of the app, patients assessed the ePRO
questionnaires in terms of suitability, effort, and difficulty
compared with the pPRO questionnaires. They also mentioned
whether the introduction of ePROs was thought to have a
positive impact on the quality of health care and how they
considered the app in terms of usability, graphic design, and
applicability. Patients were informed about the aims of the study
and were asked for their consent ex ante.

Statistical Analyses
All statistical analyses were conducted using IBM SPSS
Statistics (Version 24). First, a frequency analysis was
performed to determine the descriptive sociodemographic
characteristics of the patients. Subsequently, the mean values
and dispersion parameters of the variable age were calculated,
and then, the frequencies of the individual dimensions of the
variable educational attainment were determined. Thereafter,
HRQoL from the EORTC QLQ-C30 questionnaire [21] and
computer skills of the patients were assessed before the
evaluation sheets were analyzed descriptively. Thereby,
stratification was done by treatment setting, using the
Mann-Whitney U test to test the significance of the identified
frequency differences. Subsequently, multivariable regression
analyses were conducted on the 3 aforementioned target
outcomes. The aim of regression analysis was to determine
whether the regression models showed statistically significant
relationships between the evaluation dimensions of suitability,
effort, and difficulty and between socioeconomic variables (age
and educational attainment), computer skills, the treatment
regimen (metastatic vs adjuvant), and HRQoL. For each level
of ordinal variables, dummy variables were created in
multivariable regression analyses. In all analyses, P values <.05
(2-tailed) were considered indicative of statistically significant
differences (α=.05).

Results

Sociodemographic Variables
Table 1 shows the sociodemographic characteristics of the study
group stratified by therapy setting with 76 (72%) patients in
adjuvant therapy and 30 (28%) with metastatic disease, as well
as their HRQoL, their self-related computer skills, and their
computer use experience in years. There were no significant
differences between adjuvant and metastatic patients. The mean
age was 49.4 years in the adjuvant group and 53.9 years in the
metastatic group. Nearly half of the patients (adjuvant patients:
38/76, 50%; metastatic patients: 14/30, 47%) had a higher level
of education (advanced technical graduation or high school
diploma). The mean HRQoL score was approximately 60 points
in both groups (where 0 represents the worst value and 100 the
highest value). Among all patients, more than three-quarters
rated their computer skills as advanced or professional (adjuvant
patients: 54/76, 71%; metastatic patients: 20/30, 67%), while
the mean time of computer use was more than 10 years in both
groups.
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Table 1. Sociodemographic characteristics of the patients.

P valueMetastatic situation group (n=30, 28%)Adjuvant therapy group (n=76, 72%)Sociodemographic variables

.18Age (years)

53.93 (13.94)49.39 (10.28)Mean value (SD)

52.0 (33-84)50.0 (27-73)Median value (minimum-maximum)

.37Level of education, n (%)

1 (3)0 (0)No qualification

11 (37)30 (39)Main/secondary school graduation

8 (27)11 (14)Advanced technical graduation

6 (20)27 (36)High school diploma (“Abitur”)

4 (13)8 (11)Not specified

.16HRQoLa (overall HRQoL from EORTC QLQ-

C30b)

57.77 (19.27)63.51 (23.26)Mean value (SD)

62.5 (17-100)67 (17-100)Median value (minimum-maximum)

.61Computer skills (self-perception by the patients)

2.69 (0.62)2.82 (0.64)Mean value (SD)

Computer skills level, n (%)

2 (7)2 (3)Beginner (1)

4 (13)16 (21)Basic (2)

20 (67)47 (62)Advanced (3)

0 (0)7 (9)Professional (4)

4 (13)4 (5)Not specified

.18Computer use (years)

14.22 (9.59)17.50 (7.09)Mean value (SD)

15 (0-35)18 (0-35)Median value (minimum-maximum)

aHRQoL: health-related quality of life.
bEORTC QLQ-C30: European Organization for the Research and Treatment of Cancer core quality of life questionnaire.

Evaluation of Suitability, Effort, and Difficulty:
Comparison Between ePRO and pPRO Surveys
Figure 1 shows how the patients evaluated the app in comparison
to the paper version. We examined how the platform was rated
in terms of suitability compared to the pPRO survey on a 5-point
Likert scale. A rating of 3 was considered as comparable
suitability between the 2 assessment strategies, whereas a rating
of 1 or 2 was regarded as low suitability and a rating of 4 or 5
was regarded as high suitability. Three-quarters of the patients
(80/106, 75.5%) reported that the ePRO survey on the EORTC
QLQ-C30 and the FACT-B questionnaire was more appropriate
than the pPRO survey.

Similar results were obtained in the dimensions effort and
difficulty. One-quarter of the patients stated that completing

the ePRO sheets was as stressful (27/106, 25.5%) and as difficult
(29/106, 27.4%) as completing the HRQoL questionnaires on
paper, whereas 68.9% (73/106) of the patients rated the ePRO
survey as less stressful and 65.1% (69/106) as less difficult than
the pPRO survey. The proportion of patients who rated the
ePRO survey worse than the pPRO survey was negligible
(Figure 2).

Overall, 82.1% (87/106) of patients said that the introduction
of the ePRO survey improved health care in hospitals, 16.0%
(17/106) of patients said that the introduction of the ePRO
survey was associated with deterioration in health care, and
1.9% (2/106) of patients said that the introduction of the ePRO
survey had no impact on health care in hospitals.
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Figure 1. Suitability of the electronic patient-reported outcome survey in relation to the paper-based patient-reported outcome (pPRO) survey.

Figure 2. Effort and difficulty of the electronic patient-reported outcome survey in relation to the paper-based patient-reported outcome (pPRO) survey.

Influential Factors in ePRO Evaluation
For the suitability, effort, and difficulty of the ePRO survey,
we examined whether the respective evaluation was influenced
by socioeconomic factors, HRQoL, therapeutic setting,
self-assessed computer knowledge, or experience in using
computer technology. In the suitability dimension, no
statistically significant correlations were found in the
multivariable regression analysis. Statistically significant
regression correlations were found between evaluation in the
effort and difficulty dimensions and the educational level, as
well as the time span of computer technology use. With higher

levels of education and increasing time of using computer
technology, completing the ePRO survey was more often
reported as requiring less effort and being less difficult than
completing paper questionnaires. By contrast, age, HRQoL,
therapy setting (metastasized vs adjuvant therapy), and computer
skills did not influence the response behavior in the evaluation.
A total of 10.5% of the assessments could be attributed to the
level of education in the effort dimension assessment, and a
total of 14.5% in the dimension of difficulty, while time span
of computer use only influenced the evaluation with 0.2% in
both dimensions (Table 2).
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Table 2. Multivariable regression analyses on suitability, effort, and difficulty of the electronic patient-reported outcome assessment app.

95% CIP valueR 2RVariable

Dependent variable: Suitability of

the ePROa assessment

−0.356 to 0.659.550.02310.152Therapy setting

−0.014 to 0.029.51<0.00010.007Age

−0.353 to 0.090.240.0174−0.132Education

−0.001 to 0.069.060.00120.034Time of computer use

−0.519 to 0.323.640.0096−0.098Computer skills

−0.010 to 0.010.97<0.00010.005HRQoLb

Dependent variable: Effort of the
ePRO assessment app

−0.353 to 0.624.580.01850.136Therapy setting

−0.006 to 0.034.160.00020.014Age

−0.536 to −0.113.003c0.1050−0.324Education

0.009 to 0.076.01c0.00180.043Time of computer use

−0.396 to 0.404.98<0.00010.004Computer skills

−0.002 to 0.017.12<0.00010.008HRQoL

Dependent variable: Difficulty of the
ePRO assessment app

−0.492 to 0.633.800.00500.071Therapy setting

−0.017 to 0.028.62<0.00010.006Age

−0.626 to −0.136.003c0.1451−0.381Education

0.002 to 0.079.04c0.00160.040Time of computer use

−0.365 to 0.551.690.00860.093Computer skills

−0.007 to 0.015.50<0.00010.004HRQoL

aePRO: electronic patient-reported outcome.
bHRQoL: health-related quality of life.
cStatistically significant difference.

Evaluation of the App’s Usability
Figure 3 shows the mean values of the usability evaluation. All
5 dimensions had high to very high ratings. The dimensions

operator convenience, contrast, font size, and design were scored
between 7.4 and 8.1, while handling was scored at 8.6 on
average.
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Figure 3. Application usability in different aspects of user experience.

Discussion

Principal Findings
The results indicated that ePRO surveys are also applicable for
measuring HRQoL in breast cancer patients with metastatic
disease or under adjuvant therapy. The app was rated as more
suitable, as requiring an equal or lesser degree of effort, and as
being equally or less difficult than the pPRO survey. The
evaluation of usability and applicability showed high to very
high ratings. Thus, it could be shown that the ePRO survey can
be used even in patients with a high burden of disease as well
as in older patients, as HRQoL and age did not affect the
evaluation. This is a significant finding, which extends the
previous state of research, as it previously appeared unclear
whether there were barriers to using ePROs in elderly and
metastatic patients [7]. The influence of educational level on
the evaluation was significant but rather small.

Comparison With Prior Work
Although ePRO apps are being adopted more frequently,
paper-based surveys of PROs still predominate in clinical
research because reliable electronically validated questionnaires
are lacking. This is why knowledge about the detailed evaluation
of ePRO apps and information regarding patient acceptance,
feasibility, and barriers are still limited [22], although the
potential of ePROs is high and the experience is very satisfactory
so far [27]. The results of this study basically confirm the results
of few existing studies [4,24,28,29]. Wintner et al likewise
showed that cancer patients preferred ePRO questionnaires over
pPRO questionnaires [28]. A high rating could also be found
for electronic psycho-oncological screening instruments in
breast cancer patients; here, the acceptance was greater than
that of the paper-pencil screening [24]. However, only results
from very small patient populations are available for breast
cancer patients with metastatic disease or under adjuvant
therapy. Both a Japanese and a German research group were
able to demonstrate positive effects in this area. However, the
number of patients included was less than 20 [4,29]. The current
results therefore represent a unique characteristic, as we were
able to demonstrate for the first time that ePRO surveys are also

well received and better evaluated than paper-based surveys by
patients with a high burden of disease in a larger collective.
Other studies have not yet focused on the factors that influence
app evaluation (and thus the response behavior of patients [22]).
The fact that the level of education and the time span of using
computer technology influence the evaluation of ePROs
confirms the findings of our team, as the willingness to use such
an app is also influenced by socioeconomic factors and computer
skills [7,26].

Limitations
Despite positive results, some limitations of the study design
and methodological implementation should be mentioned, which
could possibly reduce the representativeness of the data. Patients
were required to complete questionnaires during an outpatient
hospital visit. The phenomenon of socially desirable response
behavior might have influenced the evaluation results, such that
the app might have been rated differently by patients in their
home environment. It also needs to be noted that there might
have been selection bias, as we did not examine whether the
HRQoL was lower and the psychological distress was higher
in those patients who could not be motivated to participate in
the study. Only patients who were already technically inclined
might have been willing to participate. Therefore, it remains
unclear how acceptance differs from that in patients who only
display a low level of use willingness [7,26].

Conclusions
Although digital assessment of HRQoL is constantly being
adopted in clinical research and clinical routine, knowledge
about the evaluation and acceptance of ePRO apps in breast
cancer patients with a high burden of disease is insufficient.
The results of this study indicate that breast cancer patients with
metastatic disease and those under adjuvant therapy prefer ePRO
surveys to pPRO surveys. However, the evaluation of ePROs
depends on the level of education and the patient’s computer
skills and experience. Here, studies with larger collectives are
needed to develop low-threshold offers that make ePRO surveys
usable for all patient groups in both clinical and home settings
and to better understand the needs of patients with a higher
disease burden.
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Abstract

Background: Type 2 diabetes mellitus (T2DM) is a leading cause of morbidity and mortality globally, with adverse health
consequences largely related to hyperglycemia. Despite clinical practice guideline recommendations, effective pharmacotherapy,
and interventions to support patients and providers, up to 60% of patients diagnosed with T2DM are estimated to have hemoglobin
A1c (HbA1c) levels above the recommended targets owing to multilevel barriers hindering optimal glycemic control.

Objective: The aim of this study is to compare changes in HbA1c levels among patients with suboptimally controlled T2DM
who were offered the opportunity to use an intermittently viewed continuous glucose monitor and receive personalized
low-carbohydrate nutrition counseling (<100 g/day) versus those who received usual care (UC).

Methods: This was a 12-month, pragmatic, randomized quality improvement program. All adult patients with T2DM who
received primary care at a university-affiliated primary care clinic (N=1584) were randomized to either the UC or the enhanced
care (EC) group. Within each program arm, we identified individuals with HbA1c >7.5% (58 mmol/mol) who were medically
eligible for tighter glycemic control, and we defined these subgroups as UC–high risk (UC-HR) or EC-HR. UC-HR participants
(n=197) received routine primary care. EC-HR participants (n=185) were invited to use an intermittently viewed continuous
glucose monitor and receive low-carbohydrate nutrition counseling. The primary outcome was mean change in HbA1c levels
from baseline to 12 months using an intention-to-treat difference-in-differences analysis comparing EC-HR with UC-HR groups.
We conducted follow-up semistructured interviews to understand EC-HR participant experiences with the intervention.

Results: HbA1c decreased by 0.41% (4.5 mmol/mol; P=.04) more from baseline to 12 months among participants in the EC-HR
group than among those in UC-HR; however, only 61 (32.9%) of 185 EC-HR participants engaged in the program. Among the
EC-HR participants who wore continuous glucose monitors (61/185, 32.9%), HbA1c was 1.1% lower at 12 months compared
with baseline (P<.001). Interviews revealed themes related to EC-HR participants’ program engagement and continuous glucose
monitor use.
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Conclusions: Among patients with suboptimally controlled T2DM, a combined approach that includes continuous glucose
monitoring and low-carbohydrate nutrition counseling can improve glycemic control compared with the standard of care.

(J Med Internet Res 2022;24(2):e31184)   doi:10.2196/31184

KEYWORDS

type 2 diabetes mellitus; continuous glucose monitoring; low-carbohydrate counseling

Introduction

Background
Type 2 diabetes mellitus (T2DM) is a leading cause of morbidity
and mortality globally, with adverse health consequences largely
related to hyperglycemia [1]. Unfortunately, despite clinical
practice guideline recommendations [2], effective
pharmacotherapy [3], and interventions to support patients and
providers [4-6], up to 60% of patients with diagnosed T2DM
are estimated to have hemoglobin A1c (HbA1c) levels above
recommended targets [2,7]. Multilevel barriers hinder optimal
glycemic control, including those at the level of patients (eg,
medication nonadherence [8]), providers (eg, clinical inertia
[9,10]), and health systems (eg, lack of support resources [11]).
Such barriers may be exacerbated by the high costs of many
T2DM medications, including insulin [12].

Novel strategies that can be sustained and scaled in diverse
clinical settings are needed to help more patients with T2DM
to achieve the dual goals of glycemic control and reduced
medication burden. Growing evidence suggests that these goals
are achievable through dietary carbohydrate restriction. Very
low–carbohydrate and low-carbohydrate diets (defined as <10%
and 10%-26% of total daily energy from carbohydrates,
respectively) have been successfully used in clinical trial settings
to manage and reverse T2DM [13,14]. Accordingly, clinical
practice guidelines for T2DM now support the use of
carbohydrate-restricted meal plans among patients with T2DM
who (1) are not meeting glycemic targets, (2) wish to reduce
the use of antihyperglycemic agent, or (3) prefer such a dietary
approach [15,16]. However, to date, few strategies exist to
support the use of carbohydrate-restricted meal plans in general
practice settings, as such diets often require intensive
personalized instruction and close monitoring with medication
adjustments to mitigate the risk of hypoglycemia among patients
treated with agents other than metformin [17-19].

A promising strategy to effectively, efficiently, and safely
support the use of carbohydrate-restricted meal plans among
patients with suboptimally controlled T2DM may be through
continuous glucose monitoring (CGM). CGM can support
patients’ self-education and self-management by providing
real-time information on individuals’ glycemic responses to
specific foods. CGM technology—historically used in the
management of type 1 diabetes mellitus—is now less expensive,
user-friendly, and increasingly used to guide medication
treatment decisions among patients with T2DM [20,21].
However, little is known about the potential role of CGM
technology as a tool to help patients initiate and sustain behavior
changes. In a previously published pilot study of 15 patients
with prediabetes, we showed that CGM plus low-carbohydrate

coaching is an acceptable and feasible approach to support
dietary behavior change [22].

Objectives
We hypothesized that an intervention combining the use of
CGM technology with dietitian-delivered education focused on
dietary carbohydrate restriction would be effective in altering
patients’ eating behaviors and improving glycemic control
among patients with suboptimally controlled T2DM. The
primary objective of this pragmatic randomized quality
improvement (QI) program is to compare mean change in HbA1c

levels among patients with suboptimally controlled T2DM
(defined as HbA1c ≥7.5%) who were offered the opportunity to
use a CGM and receive nutritional counseling versus those who
received usual care (UC).

Methods

Study Design
We conducted a 12-month, pragmatic, randomized controlled
population level QI program evaluation. Although we could
have conducted a more traditional, simple 2-arm randomized
controlled trial, we wanted to be able to understand the potential
reach of the QI program in a typical primary care office setting.
Thus, rather than randomizing participants after obtaining
consent as done in a usual research study, we first identified
and randomized the entire population of adult patients with
T2DM seen in the clinic to either a UC or an enhanced care
(EC) arm. We then attempted to contact every patient who was
randomized to the EC arm who had an HbA1c level >7.5% (58
mmol/mol) and for whom tighter glycemic control was
medically appropriate and invited them to engage in the
program. This allowed us to estimate the potential reach of the
program outside of a consented research setting. All patients
who engaged in the study provided clinical consent, but only a
subset of those who engaged consented to allow detailed data
to be used for subsequent research or education. After 1 year,
those who were eligible and randomized to the UC arm were
also offered the opportunity to engage in the intervention, but
the data presented here do not include the waitlist control results.

The evaluation was pragmatic in that the recruitment and
intervention procedures were integrated into usual clinical
workflows and were conducted by clinic staff rather than by
research staff. We used the Pragmatic Explanatory Continuum
Indicator Summary [23] to design the study and select strategies
that were more pragmatic (rather than explanatory), thus
increasing the likelihood that the program could be scaled and
sustained in real-world clinical settings.

Owing to the complex evaluation design, the program was
reviewed under 2 separate institutional review board (IRB)
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applications by the University of Michigan’s IRB. The QI
program was deemed exempt and not regulated and was granted
a waiver of informed consent for cohort identification and
participant tracking (HUM00147295). This component included
the quantitative evaluation of the primary outcomes assessed
through deidentified cohort summary data. The second IRB
application was applied only to the data repository subcohort.
All individuals who engaged in the program were invited to
participate in a data repository, which allowed study team
members to review their complete electronic health record
(EHR) for current and subsequent research and education.
Participation in the data repository was voluntary and required
written informed consent (HUM00148100). The program
evaluation was conducted from November 2018 to November
2019.

Participants and Setting
This QI program took place at a university-affiliated family
medicine clinic staffed by family medicine physicians, residents,
and advanced practice providers. Although detailed patient-level
sociodemographic data were limited owing to the QI nature of
this program, most patients served by the clinic are White and
have private insurance or Medicare.

Using Data Direct [24]—the Michigan Medicine web-based
tool for accessing data from >4 million patients within the health

system—we identified patients aged ≥21 years with T2DM, as
determined by EHR-based problem list diagnosis; with HbA1c

≥6.5%; or active prescription for any antihyperglycemic
medication other than metformin (N=1584).

Randomization
All individuals were randomized to one of the two program
groups using 1:1 randomization with stratification based on age,
gender, and BMI: UC or EC. The allocation sequence was
generated using STATA 16.0 (StataCorp LLC).

As shown in Figure 1, individuals within each study group were
classified as UC-high risk (UC-HR) or EC-HR if they had a
baseline HbA1c level ≥7.5% and were medically eligible for
improved glycemic control as determined by clinical review of
the patients’ EHR data and discussion with a primary care
physician (PCP), if necessary. Specifically, those individuals
for whom tighter glycemic control (ie, HbA1c <7.5%) was not
recommended by the American Diabetes Association guidelines
[25], older frail individuals at high risk of hypoglycemia and
falls, those with a life expectancy of <6 months owing to a
comorbid condition, or those with severe or untreated mental
health conditions including eating disorders; women who were
pregnant or breastfeeding; and those who had previous weight
loss surgery were excluded from the high-risk cohorts.

Figure 1. Patients with type 2 diabetes mellitus diagnosis (T2DM) in the electronic medical record (EMR). EC: enhanced care; HbA1c: hemoglobin
A1c; HR: high risk; UC: usual care.
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Recruitment
Several recruitment strategies were used to engage EC-HR
individuals in the program. These included invitation by postal
letters, EHR-based electronic messages, and phone calls by a
program team member. In addition, for patients who did not
respond to this outreach, an attempt was made to engage them
face-to-face when they visited the clinic with their PCP or
another health care provider.

Program

UC Arm
Individuals within the UC arm received routine care during the
12-month study period. Routine care included PCP follow-up
and the opportunity to receive nutrition counseling with a
primary care–based dietitian who counseled patients to follow
the standard calorie-restricted American Diabetes Association
diet without a specific emphasis on dietary carbohydrate
restriction [26].

EC Arm
All EC-HR individuals were invited to participate in the program
(n=185). Of the 185 individuals, 61 (32.9%) of individuals
engaged in the program and 80% (49/61) of individuals provided
informed consent to participate in the data repository. Program
participants used an intermittently viewed CGM (Abbott
Freestyle Libre) and received personalized, low-carbohydrate
dietary counseling from the program dietitian. In contrast to
other CGM technologies including newer models of Freestyle
Libre, the intermittently viewed CGM requires the user to scan
the sensor to obtain results and does not have alarms for
hypoglycemia or hyperglycemia. We use the term CGM rather
than intermittently viewed CGM, as this is the overarching
terminology used in consensus guidelines [1].

The sensor was placed by a dietitian and individuals had the
opportunity to wear up to 7 CGMs during the 12-month program
period. The program participants met one-on-one with the
program dietitian. Although the dietitian was hired for program
purposes, she did not have any advanced training that would
preclude delivery of the intervention by dietitians in other
primary care settings. During the first visit, the dietitian
conducted a basic nutrition assessment (eg, diet recall) and
instructed individuals on how to maintain an accurate food log
that was used in conjunction with CGM data to facilitate
nutrition coaching and tailored education.

After at least 10 days, the participants returned for a one-on-one
visit with the dietitian who reviewed the CGM data and food
logs and helped them understand how their dietary carbohydrate
intake influenced their blood glucose levels. All the individuals
were initially instructed to limit total daily dietary carbohydrate
to ≤100 g per day, as this is a clinically relevant, pragmatic, and
achievable target for many individuals [13,14]. The participants
were subsequently advised to adjust their carbohydrate intake
to optimize time in range, defined as blood glucose of 70-180
mg/dL (3.9-10 mmol/L). Specifically, the dietitian met with the
patients to review the glucose monitoring data and food logs
with the goal of discerning specific foods (eg, bread and
bananas) that triggered glucose excursions. She then helped the

participants to identify low-carbohydrate alternatives that met
their dietary preferences and budget constraints and a lower
carbohydrate target was specified (eg, a total of 50 carbohydrates
per day) if the patients desired to count carbohydrates. When a
lower carbohydrate goal was specified, the participants were
instructed on how to count net carbohydrates (ie, total grams
of carbohydrates–grams of fiber) to encourage intake of leafy
greens and nonstarchy vegetables. In this way, nutrition
counseling was tailored to the individual’s needs and aimed to
accommodate differences in the degree to which individuals
may need to restrict dietary carbohydrates to achieve glycemic
control.

Although the dietary recommendations were drawn from many
publicly available resources, the guiding principles of the
program were based on the Always Hungry diet developed by
Ludwig [27]. The dietitian also educated the patients regarding
the potential risks and side effects of carbohydrate restriction,
including hypoglycemia; hypotension; and physical symptoms
of headache, fatigue, nausea, and constipation. Moreover, the
dietitian communicated via the EHR with primary care clinical
pharmacists or medical providers to facilitate timely changes
in participants’ medications to avoid episodes of severe
hypoglycemia and hypotension.

Multimedia Appendix 1 shows an example of the handouts used
to teach the participants how to count carbohydrates. Multimedia
Appendix 2 shows an example of the type of information
reviewed during the visit with the dietitian.

Primary Outcome Measure
Baseline and follow-up HbA1c levels were abstracted from the
EHR. All the individuals had a baseline HbA1c level obtained
as part of routine clinical care before randomization. Follow-up
HbA1c data were obtained by the individuals’ PCPs as part of
routine clinical care. To facilitate complete data availability,
the program’s dietitian placed orders for HbA1c levels for EC
patients on PCPs’ behalf; PCPs could approve or cancel, as
clinically indicated. The change in HbA1c level was calculated
by subtracting participants’ baseline HbA1c level from the
follow-up HbA1c level.

Secondary Outcome Measure
Baseline and 12-month BMI were abstracted from the EHR.
All the individuals had a baseline measurement of weight and
height and calculated the BMI as part of routine clinical care
before randomization. Follow-up BMI data were obtained by
individuals’ PCPs as part of routine clinical care; we abstracted
the follow-up BMI nearest to the end of the 12-month study
period. Change in BMI was calculated by subtracting
participants’ baseline BMI from follow-up values.

Exploratory and Process Outcomes

Program Engagement
We evaluated the rate of program engagement among the
HR-EC cohort. We defined program engagement as the use of
at least one CGM and having at least one meeting with the
dietitian.

J Med Internet Res 2022 | vol. 24 | iss. 2 | e31184 | p.899https://www.jmir.org/2022/2/e31184
(page number not for citation purposes)

Griauzde et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Change in Monthly Cost of Antihyperglycemic
Medications
Change in the cost of antihyperglycemic medications was
determined by subtracting the total cost of antihyperglycemic
medications at baseline from the total cost of antihyperglycemic
medications during follow-ups. Among the 61 individuals who
engaged in the program, 49 (80%) consented to allow the study
team members to review their complete EHR. Of the 49
participants, 1 (2%) participant left the practice, so 48 charts
were reviewed for medication cost change data. A study team
member reviewed the participants’ EHRs and documented the
prescribed antihyperglycemic medications and dosages at the
start and end of the study period. The cost of individual
antihyperglycemic medications was determined using 2017 data
from a private insurance claims database, Clinformatics
DataMart Database (OptumInsight). Clinformatics DataMart
Database contains deidentified claims capturing health care
encounters (ie, office visits, outpatient visits, and inpatient visits)
for >80 million privately insured adults and children. All the
cost data in Clinformatics DataMart Database are standardized
to enable comparisons of costs across patients, data sources,
and geographic areas in a consistent manner. We also examined
the change in monthly cost of antihyperglycemic medications
for the subset of patients who were on insulin at baseline.

Change in CGM Metrics
CGM sensor metrics automatically calculated in the CGM report
included average blood glucose level, percentage of time above
range, percentage of time in range, percentage of time below
range, and the number of low glucose events. In the subset of
45 patients in the EC-HR group who engaged in the program,
consented data repository participation, and wore at least two
sensors during the 12-month program period, we compared
CGM sensor metrics using simple bivariate linear regressions
with each CGM metric as the dependent variable and a
dichotomous time variable to indicate first or last sensor.

Participant Experiences in the EC-HR Group
We conducted semistructured interviews by phone with
participants from the EC-HR arm to explore their experiences
with participating in the intervention [1]. A semistructured
interview guide was selected so that consistent questions were
asked across interviews and interviewers, while still allowing
each interviewer to ask follow-up questions that were specific
to each participant [28]. Phone interviews were selected to
enhance participation among individuals who may have
difficulty attending in-person. Interviews were conducted by
team members trained in semistructured interviewing techniques,
with regular feedback from a qualitative methodologist.

Those who agreed to share their data (49/61, 80% of participants
in the EC-HR arm) were contacted by phone by the research
coordinator and invited to participate. All participants were
given up to 2 phone calls for recruitment and voicemails were
left when available. Recruitment ended when sufficient
interviews were completed to reach thematic saturation. The
participants provided verbal consent. The phone interview was
audio-recorded and then professionally transcribed.

Statistical Analysis
Measures of central tendency (eg, proportions, means, and SDs)
were used for all descriptive analyses. We compared changes
in HbA1c levels and BMI using an intention-to-treat
difference-in-differences analytic approach using a linear mixed
model. The difference-in-differences is the interaction term
between a categorical variable denoting the period (eg, before
vs after program period) and the study group (eg, UC-HR vs
EC-HR). As a sensitivity analysis, we adjusted the models for
age and gender. This had little effect on the parameter
estimations for the difference-in-differences analysis. Therefore,
we present only unadjusted results.

We estimated pre-post changes in HbA1c levels and BMI among
the 61 individuals who engaged in the program using a linear
mixed model. We estimated pre-post changes in the cost of
antihyperglycemic medications among the 79% (48/61) of
individuals who consented to data repository participation. We
calculated the mean pre-post costs and used paired t tests to
determine the significance of difference. All analyses were
conducted using STATA 16.0.

Qualitative Data Analysis
A total of 3 team members (MD, TN, and CB) trained in
qualitative analysis conducted an inductive thematic analysis
[29,30]. First, we reviewed and organized all the transcripts
using MaxQDA software. MD, TN, and CB independently
coded the same transcript and discussed emerging ideas. We
created a list of descriptive codes to represent meaningful
segments of text; descriptive codes were then applied to the
next transcript. We discussed the application of the codes to
ensure that codes were being consistently applied by all team
members. At this time, additional codes were added, and other
codes were revised as needed to clarify the definitions. This
process was repeated for the first 3 transcripts. Next, TN and
CB independently coded the remaining transcripts. Application
of the codes, relationships between the codes, and their meanings
were discussed during regular team meetings. After coding,
related codes were grouped into themes and summarized using
structured summaries, including a narrative description of the
theme and all the quotes associated with the theme.

Results

Baseline Characteristics
Demographic characteristics of the complete population
(N=1584) were assessed at baseline (Table 1). Slightly less than
half of the cohort was female (740/1584, 46.71%), and the mean
age was 63.3 (SD 13.1) years. The UC and EC groups were
similar at baseline. Among 185 EC-HR participants, 61 (32.9%)
were engaged in the program. As shown in Figure 1, among the
124 individuals who did not engage in the study, the most
common reasons for nonengagement included inability to
contact individuals (47/124, 37.9%) and decline to participate
(36/124, 29%).
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Table 1. Baseline characteristics of all patients stratified by study group assignment.

Engaged in programEC-HRd

group
UC-HRc

group
ECb groupUCa groupAll patientsCharacteristic

611851977867981584Population, n

59 (11.9)60 (12.2)60.2 (11)63.7 (13.4)62.9 (12.8)63.3 (13.1)Age (years), mean (SD)

28 (46)70 (37.8)75 (38.1)370 (47.1)370 (46.4)740 (46.71)Women, n (%)

9 (1.4)9 (1.6)8.9 (1.4)7.2 (1.6)7.2 (1.5)7.2 (1.5)Baseline HbA1c
e level (%), mean

(SD)

74.9 (15.3)74.9 (17.5)73.8 (15.3)55.2 (17.5)55.2 (16.4)55.2 (16.4)Baseline HbA1c level (mmol/mol),
mean (SD)

37.3 (8.5)35.8 (7.2)35.5 (6.7)34.3 (7.1)34.8 (7.1)34.6 (7.1)Baseline BMI (kg/m2), mean (SD)

aUC: usual care.
bEC: enhanced care.
cUC-HR: UC-high risk.
dEC-HR: EC-high risk.
eHbA1c: hemoglobin A1c.

Primary Outcome
Baseline data were collected from all the patients. Of the 61
patients, 50 (82%) patients underwent at least one additional
HbA1c evaluation as part of routine clinical care during the
12-month study period. The mean time to follow-up HbA1c level
was 262 (SD 83) days. The HbA1c level decreased by 0.41%

(4.5 mmol/mol; P=.04) more from baseline to 12 months among
EC-HR participants than among UC-HR participants. Adjusting
for age and gender had little impact on the difference. In the
pre–post comparison among the EC-HR participants who wore
CGMs (n=61), HbA1c level was 1.1% (12 mmol/mol) lower at
12 months compared with baseline (P<.001). The pre–post
change in BMI in these participants was not statistically
significant (within-group difference −0.6, P=.06; Table 2).

Table 2. Pre-post analysisa for HbA1c
b and BMI of program participants at 12 months compared with baseline (N=61).

P value (2-tailed test)Difference within group at
12 months

12-month, mean (SEM)Baseline, mean (SEMc)Characteristic

<.01−1.17.9 (0.12)9 (0.11)HbA1c (%)

<.01−12.162.8 (1.3)74.9 (1.2)HbA1c (mmol/mol)

.06−0.636.7 (0.51)37.3 (0.5)BMI

aValues predicted from the mixed model not adjusting for age or gender.
bHbA1c: hemoglobin A1c.
cSEM: SE of the mean.

Secondary Outcome
Baseline BMI was calculated for all the patients included in the
cohort. Of the 61 patients, 53 (87%) patients had at least one
additional BMI calculated as part of routine clinical care during
the 12-month study period. The mean change in time to
follow-up BMI was 287 (SD 81) days. There was no significant

difference in BMI change from baseline to 12 months between
the EC-HR and UC-HR participants (Table 3). Adjusting for
age and gender had little impact on the difference. There was
a trend toward modest weight loss among the EC-HR
participants who wore CGMs (n=61) from baseline to 12
months, but this change was not statistically significant (−0.6

kg/m2; P=.06).
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Table 3. Difference-in-differences analysisa for HbA1c
b and BMI at 12 months compared with baseline [1].

P valueDifference-in-differ-
ences

P value (2-tailed test)Difference within
group at 12 months

12-month, mean
(SEM)

Baseline, mean

(SEMc)

Characteristic and
group

.04−0.41HbA1c (%)

.001−0.478.43 (0.12)8.9 (0.11)UC-HRd

<.001−0.888.12 (0.12)9.01 (0.11)EC-HRe

.04−4.5HbA1c (mmol/mol)

.001−5.268.6 (1.3)73.8 (1.2)UC-HR

.001−9.665.2 (0.12)75 (1.2)EC-HR

.63−0.11BMI

.001−0.5634.89 (0.49)35.45 (0.49)UC-HR

<.001−0.6735.17 (0.51)35.84 (0.5)EC-HR

aValues predicted from mixed model not adjusting for age or gender.
bHbA1c: hemoglobin A1c.
cSEM: SE of the mean.
dUC-HR: UC-high risk.
eEC-HR: EC-high risk.

Exploratory and Process Outcomes

Change in Monthly Cost of Antihyperglycemic
Medication
The average change in cost of antihyperglycemic medications
from baseline to 12 months was –US $107 (SE of the mean
129.7; P=.41) among the 79% (48/61) of individuals who wore
sensors and consented to data repository participation. Among
the 52% (25/48) of individuals who used insulin, the average
change in monthly cost of antihyperglycemic medications from
baseline to 12 months was −$363 (SE of the mean 227.1; P=.12).

Change in CGM Sensor Metrics
Participants in the EC-HR group who engaged in the program
and consented to data repository participation wore an average
of 4.3 (SD 1.8) sensors during the 12-month program period.
Of the 48 individuals, 4 (8%) individuals wore only 1 sensor.
Of the 94% (45/48) of participants who wore at least two
sensors, the average glucose decreased (−29.1 mg/dL, SD 9.4
mg/dL; P=.003), the average percentage of time above range
decreased (−19%, SD 5.8%; P=.002), and the average
percentage of time in range increased (17.7%, SD 5.4%;
P=.002). The average percentage of time below range (+0.3%,
SD 1%; P=.86) and the average number of low glucose events
(+0.2 events, SD 1 event; P=.84) did not change significantly.

Adverse Events
There were no major adverse events. Among the 61 participants,
the most commonly reported events included skin irritation
(6/61, 10%) or pain at the sensor site (3/61, 5%). Most endorsed
transient symptoms did not preclude subsequent CGM use.
Patients on oral anticoagulants noted bruising at the sensor site.
Of the 61 participants, 1 (2%) patient reported an episode of
sensor-detected hypoglycemia, which was determined to be

owing to sensor error when she presented to the emergency
department.

Qualitative Results

Overview
Of the 61 participants in the EC-HR arm, 21 (34%) participated
in semistructured interviews. Thematic analysis resulted in three
themes related to EC-HR participants’ program engagement
and CGM use: (1) ability to understand how specific foods
impact blood glucose trends, (2) ease of following a
low-carbohydrate diet, and (3) ease of blood glucose monitoring.

Ability to Understand How Specific Foods Impact Blood
Glucose Trends
Participants in the EC-HR arm expressed that by using the CGM
for blood glucose monitoring and reviewing their CGM data
with the dietitian, they learned and better understood how
different foods affected their blood glucose levels. Of the 21
participants, 1 (5%) participant explained:

The CGM was really good because it, it helped me
just focus on, to see it in real time. I could watch my
blood sugar rise, and then, see how high it rise, rose,
after I ate somethin’ like that. So, it was really cool,
I liked it. [Participant 010]

Participants could easily relate the fluctuations in their glucose
levels by looking at the spikes and dips in the graphs generated
by the CGM. Many participants observed their glucose levels
after eating food to understand how certain food items affect
their glucose levels in real time. For example:

I really reflected on portion control with that study,
because, I noticed—and you know like the types of
food I was eating, because, it would jack my sugar
my sugar way up or down based on what I was eating.
Like a protein shake, even though it was, said it was
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low carb and all that, my sugar levels would raise
and stay up for quite a while. Versus eatin’ like a
boiled egg, you know, and a piece of toast. It would
be more even. So, I learned like some foods are better
for me than other foods are. [Participant 021]

When reviewing the data independently and in collaboration
with the dietitian, the participants could relate their mood,
energy levels, concentration, and sleep cycles to the dietary
choices they had made. Of the 21 participants, 1 (5%) participant
summarized the helpful aspects of the intervention for them:

Workin’ with [the dietitian], and I think knowing,
being able to see the spikes and stuff with what I ate.
Oatmeal, I love oatmeal, but it spiked it [glucose
level]. [Participant 015]

Finally, owing to their observations, participants described
making different dietary choices in anticipation of the impact
on their blood glucose. For example, participants reported
exchanging foods with higher carbohydrates for those with more
protein when their blood glucose levels were high. As 1 (5%)
of the 21 participants explained:

I mean if it was too high, I would change what I was
planning to eat next. So, if I checked it on my way
home, and I was gonna pick up dinner, I might
change, you know. I was gonna get pizza, but my
sugar’s high, so instead I’m gonna get chicken.
[Participant 008]

When reviewing their CGM data in real time, the participants
were able to respond and prevent subsequent spikes in their
glucose levels.

Ease of Following a Low-Carbohydrate Diet
Most EC-HR participants reported that they were able to
implement a low-carbohydrate diet as part of the study. They
commented that they “do well on it,” “no problem,” or “it went
pretty good.” However, some participants reported challenges
in implementing and maintaining the diet during the intervention
period, including preferences for high-carbohydrate foods,
dealing with cravings, and the convenience of highly processed
foods. Of the 21 participants, 1 (5%) participant who was able
to reduce the number of carbohydrates consumed during the
intervention still described the challenges:

[The diet was] not a lot of fun. Everything I love
happens to be a carbohydrate... [Participant 013]

Another participant described how difficult it was to find and
prepare low-carbohydrate foods when busy or away from home,
for example, while traveling for work:

I travel for work, so...being able to consistently find
something to eat when I’m...getting, when it’s easier
to go through fast food, than to find something lower
carb, higher protein. Right. So that, you know,
especially when my schedule’s, it’s halfway through
my day and I end up being someplace I wasn’t
expecting to be. [Participant 008]

Though an uncommon experience, 5% (1/21) of the participants
noted that feeling “different” or high-maintenance was a barrier

to the low-carbohydrate diet during the intervention. They
explained:

I’m tryin’ to hide [the diet]. You know there’s, uh, I,
I don’t tell the whole family. My wife knows, my
children know, my boys know, and...I basically don’t
just pass it around because everybody’ll start treatin’
you different...“Oh can you eat this though? Can you
eat this though?” You know, all that...they’ll make
somethin’ for me that nobody else will eat. So, you
know, I’d really rather not be treated like that.
[Participant 002]

As participants continued with the low-carbohydrate diet, many
of them reported improvements in mood, concentration, energy,
and sleep, and fewer cravings for carbohydrates. Participants
described having “more energy when I’m not eatin’ carbs or
drinkin’ caffeinated pop and all that” (Participant 001).
However, these improvements were not universal. Some
reported difficulty in concentrating and less energy, particularly
in the first few days after starting the diet.

When asked about their intentions to maintain the
low-carbohydrate diet in the future, more than half of the
participants indicated that they would stick to the diet, whereas
another 29% (6/21) of participants described making slight
modifications. These participants often indicated that they had
experienced improvements in their health and well-being while
participating in the intervention. For example:

I actually am on a low carb diet [still], and I feel more
energy ‘cause of the low carb diet. [Participant 003]

Those who made modifications described being less strict with
carbohydrate intake. Modifications included consuming more
carbohydrates “in moderation” while still trying to “eat healthy”
and “cut out junk.”

In contrast, 14% (3/21) of the participants reported not
continuing to eat a low-carbohydrate diet after experiencing
difficulty during the intervention. For example, 5% (1/21) of
the participants, who described not reducing carbohydrates
intake during the intervention, explained that they found it very
restrictive to reduce carbohydrates:

That was hard because everything on it is stuff that I
eat. I’m not a big fish eater, um...so it was hard,
‘cause I know with the carbs, you know, breads and
pasta and...that’s the kind a stuff I like to eat...[During
the intervention] I really didn’t change my diet out
too much. I just ate less. [Participant 004]

Ease of Blood Glucose Monitoring
The use of CGM influenced the lifestyle of the participants in
many ways. First, participants described how using the CGM
eliminated the need for a blood glucose monitor to check their
blood glucose levels. For many participants, the CGM was more
convenient:

It’s good for anybody to use anywhere at any time.
[Participant 007]

Furthermore, participants overwhelmingly preferred using the
CGM to “poking my fingers all the time.” Participants were
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frequently irritated with pricking their finger for blood glucose
checks because it was not only inconvenient but also painful:

The pain with the sticks. And I have short little fat
fingers, and it’s really hard to grab those sticks and
you know so much easier to put the monitor up there
and...see my numbers. [Participant 006]

Similarly, another participant commented that the CGM gives
“instant results” instead of having to prick and squeeze the
finger to measure the blood glucose.

Second, using the CGM resulted in more frequent blood glucose
monitoring among EC-HR participants during the intervention.
To illustrate, 5% (1/21) of the participants explained the
frequency of their monitoring before the intervention:

I occasionally tested my blood sugar...It could go
for...one every 3 months, to 2 months. Or was a hit
and miss kind of a deal... [Participant 003]

The participant went on to describe how this behavior changed
during the intervention:

The changes that I noticed is that I checked my sugar
more often. [Before the study] it could have been once
every 3 months, once a week. So, there wasn’t a
scheduled time, just whenever I...thought maybe I
should. I would track it. And with the monitor it was
right there, handy...It didn’t interfere with my life to
check the blood sugars. [Participant 003]

As described earlier, the convenience of the monitor made it
easier for participants to incorporate blood glucose monitoring
into their lifestyle. Another participant similarly described the
laborious process when using the glucometer, rather than the
“instant” and “handy” CGM system:

[With finger pricking] you got you know, the sensor,
or the other thing you gotta, alcohol your finger, poke
yourself, get the blood out of there. You know, check
it. Alcohol your finger again, you know put everything
away, throw away the strip. Uh, you know rather than
just puttin’ the phone up to your arm, boom it’s done.
[Participant 020]

Third, using the CGM provided a more comprehensive picture
of their blood glucose levels and blood glucose trends. For
example, some participants described the benefit of being able
to monitor trends in their blood glucose levels overnight and
over time. Of the 21 participants, 1 (5%) participant explained
how the additional knowledge about blood glucose trends
influenced their diabetes management:

We found out also that the, uh...the blood glucose
drops during the night, sometimes down in the 40s,
which was [when I was] asleep. So, which is, you
know, something you wouldn’t normally pick up. You
can track it more, as to what’s been going on. It just
gives lots more numbers. [Participant 017]

Despite these benefits, several participants experienced barriers
in using the CGM, including the challenges with the adhesive,
skin infection, and the cost of CGM sensors postintervention.
Most commonly, the adhesive on the CGM was insufficient,
causing the sensor to fall off and then it has to be replaced during

a subsequent visit. Although not a common experience, 5%
(1/21) of the participants complained of skin infections at the
site of the sensor insertion. Finally, some participants expressed
that they would like to continue using the CGMs to monitor
their blood glucose following the intervention, but were limited
by the cost and their insurance:

Rather than poking my finger, I totally would go for
that [the CGM] in place of the other [glucometer].
But my insurance won’t cover it, so I can’t continue
on. [Participant 004]

Discussion

Principal Findings
This 12-month pragmatic QI program evaluation examined
whether CGM technology—in conjunction with
low-carbohydrate nutrition counseling—could reduce HbA1c

among patients with suboptimally controlled T2DM. The results
show a significantly greater reduction in HbA1c (–0.41%; –4.5
mmol/mol; P=.04) among individuals randomized to EC (n=185)
compared with individuals randomized to UC (n=197). The
improvement in HbA1c level was not accompanied by an
increase in the cost of antihyperglycemic medications and was
associated with improved CGM metrics. Qualitative results
indicated that EC-HR participants positively viewed engagement
with the intervention and use of the CGM; however, experiences
with the low-carbohydrate diet were more variable.

A recent systematic review and meta-analysis revealed
significant improvements in glycemic control at 3 and 6 months
among low-carbohydrate diet group participants, but these
improvements diminished by 12 months [1]. In contrast, other
studies testing the effectiveness of very low-carbohydrate
ketogenic diets demonstrate significant and durable
improvements in HbA1c levels up to 24 months [2,3]. In this
study, although only 32.9% (61/185) of EC participants engaged
in the program, we observed a significant reduction in HbA1c

at 12 months. Given that this program used low-intensity diet
counseling, our results suggest that CGM technology may
facilitate adherence to a low-carbohydrate diet.

CGM technology is rapidly advancing and is increasingly
recognized as a novel tool to support personalized T2DM
management [21]. However, to date, few strategies have
examined the role of CGM technology in supporting T2DM
management among patients in general practice settings [4].
Among existing interventions targeting individuals with
suboptimal glycemic control, many aim to promote medication
intensification and adherence to prescribed regimens [4,31]. In
contrast to these existing strategies, CGM technology coupled
with personalized nutrition counseling may facilitate improved
glycemic control through behavior change without medication
intensification. A small, nonrandomized study used CGM
technology and personalized nutrition counseling to promote a
low glycemic index breakfast and demonstrated a reduction in
glycemic variability at 2-week follow-up [32]. In this study, we
similarly observed improved glycemic control without an
increase in antihyperglycemic medication use.
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Previous studies have demonstrated the efficacy of
low-carbohydrate diets for T2DM management [13,33].
However, few previous studies have demonstrated the
effectiveness of low-carbohydrate diets among individuals in
real-world settings [34,35]. A primary care–based intervention
offered an in-person low-carbohydrate program to a
nonrandomized group of patients and demonstrated significant
improvements in weight and HbA1c levels over the 13-month
study period [34]. A web-based intervention available to the
general public similarly demonstrated reductions in HbA1c levels
and body weight among a nonrandomized cohort of program
completers [35]. We augment these previous findings by
demonstrating a significant reduction in HbA1c levels among a
randomized cohort of patients using an intention-to-treat analytic
approach. Our data suggest that personalized nutrition
counseling focused on dietary carbohydrate restriction and
guided by individuals’CGM data are more effective than routine
PCP and dietitian follow-up among patients with suboptimally
controlled T2DM. Intervention participants positively engaged
in the intervention, noting the benefits of knowledge and support
provided by the dietitian. Although not all participants
maintained a low-carbohydrate diet after the intervention, they
were able to successfully reduce carbohydrate intake during the
intervention and noted improvements in their physical health
and well-being.

Among the 185 EC-HR individuals eligible for tight glycemic
control, 61 (32.9%) engaged in the program. This is considered
a high rate of participation, given that individuals were
randomized before the program invitation and all eligible
individuals were included in the denominator. Among the 124
individuals who did not engage in the study, the most common
reason for nonengagement was the inability to contact eligible
individuals (47/124, 37.9%), whereas 29% (36/124) declined
to participate in the program and 16.1% (20/124) were uncertain
about participation and did not engage during the study period.
We did not explore reasons why individuals declined to
participate and this is something that could be investigated in
future work. To our knowledge, few previous studies have
explored barriers to and facilitators of CGM technology as a
diabetes self-management tool among patients with T2DM
[36,37]. Although CGM technology can empower and motivate
patients with type 1 diabetes mellitus who are accustomed to
routine self-monitoring of blood glucose to guide insulin dosing
[36], CGM technology may enhance diabetes-related distress,
which is a known barrier to T2DM self-management [38].
Moreover, carbohydrate-restricted diets may not appeal to some
patients’ preferred eating patterns, thus underscoring the need
for additional personalized nutrition approaches [39,40].

Over the 12-month study period, we observed statistically
significant within-group changes in HbA1c levels and BMI
among UC-HR and EC-HR individuals. This may reflect
contemporaneous changes in clinical practice with a shift away
from using obesogenic antihyperglycemic medications (eg,
insulin and sulfonylureas) and toward newer agents that may
facilitate weight loss and patient compliance (eg,

sodium-glucose cotransporter-2 inhibitors and glucagon-like
peptide 1 receptor agonists). Consistent with results of previous
literature on primary care–based interventions to improve
glycemic control among patients with suboptimally controlled
T2DM [4], we did not observe a significant between-group
change in BMI.

Limitations
First, we recruited individuals from a primary care clinic within
a US academic medical center and the program content was
delivered by a single dietician; therefore, our results may not
be generalizable to other clinics or populations. Second, we did
not evaluate outcomes beyond 12 months and were therefore
unable to assess long-term changes in glycemic control. Third,
as this was a pragmatic QI study that did not require consent
for randomization, we used HbA1c levels and BMI data that
were obtained for clinical purposes. Therefore, there was
variability in the time between the baseline and follow-up
assessments. Moreover, we were limited in the type of data we
could abstract from the EHR and we did not have the ability to
review changes in antihyperglycemic medication use for the
complete cohort. Among the EC-HR subset of individuals who
provided written informed consent for EHR review, medication
intensification did not drive between-group change in HbA1c

levels. Follow-up interviews were limited to the EC-HR data
repository participants and the experiences of participants in
the UC arm were not explored. Finally, we cannot discern the
comparative effectiveness of dietary carbohydrate restriction
plus CGM versus dietary carbohydrate restriction or CGM alone.
However, our results suggest that CGM may facilitate the
translation of low-carbohydrate diets into routine clinical
practice. This contrasts with previous efficacy and effectiveness
studies of dietary carbohydrate restriction, which are often
intensive or require study-specific personnel, which may limit
their generalizability to routine practice settings.

Conclusions
Many patients with T2DM do not achieve optimal glycemic
control [7] despite clinical practice guideline recommendations
[15,16] and interventions to support the intensification of
patients’antihyperglycemic regimens [4]. There is now growing
evidence to support the use of carbohydrate-restricted diets to
help patients reduce blood glucose levels and medication use
[16,18,41]. However, the degree to which individual patients
need to restrict dietary carbohydrates to achieve benefits is
unknown [19]. Our findings demonstrate that the use of CGM
technology and personalized nutrition counseling focused on
dietary carbohydrate restriction can help patients with
suboptimally controlled T2DM to improve HbA1c levels without
increasing antihyperglycemic medication use. As CGM
technology evolves [21] and carbohydrate restriction is
increasingly accepted as a powerful tool to support T2DM
self-management, this program may be a scalable and
sustainable strategy to help and empower patients with T2DM
to achieve glycemic control.
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Abstract

Background: Digital health interventions may offer a scalable way to prevent type 2 diabetes (T2D) with minimal burden on
health care systems by providing early support for healthy behaviors among adults at increased risk for T2D. However, ensuring
continued engagement with digital solutions is a challenge impacting the expected effectiveness.

Objective: We aimed to investigate the longitudinal usage patterns of a digital healthy habit formation intervention, BitHabit,
and the associations with changes in T2D risk factors.

Methods: This is a secondary analysis of the StopDia (Stop Diabetes) study, an unblinded parallel 1-year randomized controlled
trial evaluating the effectiveness of the BitHabit app alone or together with face-to-face group coaching in comparison with
routine care in Finland in 2017-2019 among community-dwelling adults (aged 18 to 74 years) at an increased risk of T2D. We
used longitudinal data on usage from 1926 participants randomized to the digital intervention arms. Latent class growth models
were applied to identify user engagement trajectories with the app during the study. Predictors for trajectory membership were
examined with multinomial logistic regression models. Analysis of covariance was used to investigate the association between
trajectories and 12-month changes in T2D risk factors.

Results: More than half (1022/1926, 53.1%) of the participants continued to use the app throughout the 12-month intervention.
The following 4 user engagement trajectories were identified: terminated usage (904/1926, 46.9%), weekly usage (731/1926,
38.0%), twice weekly usage (208/1926, 10.8%), and daily usage (83/1926, 4.3%). Active app use during the first month, higher
net promoter score after the first 1 to 2 months of use, older age, and better quality of diet at baseline increased the odds of

J Med Internet Res 2022 | vol. 24 | iss. 2 | e31530 | p.909https://www.jmir.org/2022/2/e31530
(page number not for citation purposes)

Lavikainen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:piia.lavikainen@uef.fi
http://www.w3.org/Style/XSL
http://www.renderx.com/


belonging to the continued usage trajectories. Compared with other trajectories, daily usage was associated with a higher increase
in diet quality and a more pronounced decrease in BMI and waist circumference at 12 months.

Conclusions: Distinct long-term usage trajectories of the BitHabit app were identified, and individual predictors for belonging
to different trajectory groups were found. These findings highlight the need for being able to identify individuals likely to disengage
from interventions early on, and could be used to inform the development of future adaptive interventions.

Trial Registration: ClinicalTrials.gov NCT03156478; https://clinicaltrials.gov/ct2/show/NCT03156478

International Registered Report Identifier (IRRID): RR2-10.1186/s12889-019-6574-y

(J Med Internet Res 2022;24(2):e31530)   doi:10.2196/31530
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Introduction

Type 2 diabetes (T2D) is currently one of the most prevalent
noncommunicable diseases burdening public health globally
[1]. It is a progressing disease that compromises health-related
quality of life [2,3], introduces severe comorbidities, and
increases premature mortality [4,5]. It also has a significant
economic impact on individuals, health systems, and societies
[6]. However, research shows that T2D could be prevented
efficiently by lifestyle improvement [7-9]. This highlights the
need for early diabetes prevention. In addition, plausible effects
of lifestyle changes are reported to sustain for several years
[10,11]. Still, after 20 years of evidence of effectiveness, health
care systems struggle to find and implement scalable
individual-level lifestyle change support in routine practice.

Digital health interventions may offer a scalable way to prevent
T2D by providing early support for healthy behavior
improvement among individuals at increased risk of T2D with
minimal burden to health systems. A recent review supported
findings on the effectiveness of technology-driven T2D
prevention interventions in producing short-term (≤6 months)
and long-term (≥12 months) weight loss, with the number of
behavior change techniques applied positively associated with
effectiveness [12]. However, continuous user engagement in
digital solutions remains a challenge [13-15], impacting the
expected effectiveness. For this, finding out who will actively
use and potentially benefit from digital solutions is essential for
providing the right care to the right person at the right time,
which, in turn, will potentially improve the personalization and
optimization of the care.

The BitHabit app was developed in the Finnish Stop Diabetes
(StopDia) project to provide adults at increased risk of T2D an
easy way to form healthy lifestyle habits [16]. The applicability
of the BitHabit app was further evaluated in the Finnish health
care system in a 12-month randomized controlled trial (RCT)
[16]. The aims of this study were to (1) identify long-term user
engagement trajectories of the BitHabit app among the
participants, (2) examine predictors of the trajectories, and (3)
investigate associations between the trajectories and changes
in T2D risk factors during the trial.

Methods

Study Design and Participants
This study is a secondary analysis of the StopDia trial, which
was an unblinded parallel RCT (ClinicalTrials, NCT03156478).
The participants of the trial were randomly allocated to a digital
intervention group (DIGI; n=967), a group combining the digital
intervention and face-to-face group coaching (DIGI+GROUP;
n=971), or a control group (n=969). Randomization was done
using a computerized randomization system with 1:1:1 allocation
after baseline examinations. In this study, only data from the
digital intervention arms (ie, DIGI and DIGI+GROUP) were
used. The RCT study protocol, including the intervention
lifestyle objectives and outcome measures, has been described
in more detail in earlier work [16].

The participants were recruited from several communication
channels, such as social media, newspapers, radio, television,
websites, health care and social service units, and community
pharmacies, by encouraging people to visit the website of the
project to fill in the StopDia Digital Screening Tool [17]. The
participants were adults aged 18 to 74 years living in 3 provinces
of Finland and being at increased risk of T2D as identified with
the StopDia Digital Screening Tool including the Finnish
Diabetes Risk Score (FINDRISC) developed to estimate the
10-year risk of developing drug-treated T2D [18]. Adults at
increased risk of T2D, who scored at least 12 points in the
FINDRISC, had repeatedly measured impaired fasting glucose
or glucose tolerance, or had a history of gestational diabetes,
were invited to participate in the study. Other inclusion criteria
were a possibility to use a computer, smartphone, or tablet with
internet access; having a mobile phone number; and having
adequate Finnish language skills. The exclusion criteria were
current type 1 or 2 diabetes, current pregnancy or breastfeeding,
having an active cancer, and being less than 6 months from
active cancer treatment.

Intervention
Participants in the DIGI and DIGI+GROUP received access to
the BitHabit app for the 1-year intervention period in 2017-2019.
The BitHabit app was designed in the StopDia project based on
principles derived from habit formation theories [19,20] and
the Self-Determination Theory [21]. The BitHabit app has been
described in more detail earlier [22]. Briefly, the main goal of
the app was to help the participants form lifestyle habits that
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would help prevent T2D. The app provided the user with a broad
selection of behaviors in 13 different categories related to diet,
physical activity, sleep, positive mood, stress management,
smoking, and alcohol consumption. App use included browsing
and selecting context-specific minimum-effort behaviors,
reporting performances, and monitoring progress.
Automatization of the behaviors into frequently repeated habits
was facilitated by the nature of the behaviors (simple, with
contextual triggers) as well as reminders for reporting
performances.

In addition to using the BitHabit app, DIGI+GROUP members
also participated in group coaching consisting of 6 meetings
organized in local health care centers, as explained in detail
previously [22].

Study Visits
At the first examination visit, after the participants had signed
informed consent, clinical measurements, including body weight
and height, and waist circumference, were taken by a study
nurse in a local health care center. Thereafter, participants
received a link to a StopDia Digital Questionnaire with
standardized and validated questions in 3 sets to assess diet
quality, eating behavior, physical activity, sedentary time,
smoking, quality of life, stress, sleep, and several other factors
related to T2D risk. The second examination consisted of
laboratory measures, including blood glucose, taken in the local
health care center. All baseline assessments were repeated at
the 12-month follow-up.

After using the app for 1 to 2 months, the DIGI and
DIGI+GROUP members were also asked to answer questions
on app user experience. They were also asked if they would
recommend the BitHabit app to their friends, with possible
responses ranging from 0 (not at all likely to recommend) to 10
(very likely to recommend).

Assessments

Baseline Characteristics
At baseline, the participants reported on the following clinical
factors: age (categorized as <50, 50-59, and ≥60 years), sex,

BMI (kg/m2), waist circumference (cm), glycated hemoglobin
A1c (HbA1c; mmol/mol), FINDRISC, diet quality, and physical

activity. Obesity was defined as BMI ≥30 kg/m2, and abdominal
obesity was defined as a waist circumference ≥88 cm for women
and ≥102 cm for men [23]. Diet quality was assessed using the
Healthy Diet Index that ranges between 0 and 100, and is
calculated as the sum of scores for 7 main domains, including
meal pattern (0-10 points), grains (0-20 points), fruits and
vegetables (0-20 points), fats (0-15 points), fish and meat (0-10
points), dairy (0-10 points), and snacks and treats (0-15 points),
with higher scores indicating a healthier diet [24]. Perceived
self-efficacy related to nutrition was measured with the Nutrition
Emotional Barriers Self-Efficacy Score, with higher scores
indicating better emotional barrier self-efficacy [25]. Perceived
stress was assessed with the Perceived Stress Scale consisting
of 10 questions, with higher scores indicating a higher level of
experienced stress [26]. Total physical activity (hours/week)
was measured as the sum of leisure time total physical activity,

combined total physical activity during work trips, and total
conditioning and functional physical activity.

Socioeconomic factors considered were education (categorized
as elementary school, high or vocational school, and college or
academic degree), household size (categorized as single, and
two or more members), and household gross income
(categorized as <€25,000/year, €25,000-64,999/year, and
≥€65,000/year). A currency exchange rate of €1=US $1.14 is
applicable.

Factors describing digital abilities were prior use of healthy
lifestyle digital apps and internet use several times per day. The
factor describing the intervention was the use of the BitHabit
app together with face-to-face group coaching.

Early User Experience and Use Engagement
User experience was measured after using the app for 1 to 2
months as the rating of the likelihood to recommend the app to
others (0-10), which was categorized according to the net
promoter score definition [27] into detractors (0-6), passives
(7-8), and promoters (9-10).

Furthermore, short-term user engagement was measured as the
number of app usage days during the first month of use.

User Engagement
Automatically collected log files of BitHabit app use included
time-stamped user interactions from which usage metrics, such
as usage days, usage sessions and their durations, selected habits,
and habit performances, were derived.

Outcomes
In this study, 12-month changes in selected T2D risk factors
(ie, diet quality measured with the Healthy Diet Index, waist
circumference, BMI, and HbA1c) were used as outcome
measures, which were measured as differences (in absolute scale
or in percentage) between baseline and the end of the
intervention at 12 months.

Statistical Analyses
Latent class growth models can be utilized to identify
homogeneous subpopulations when studying developmental
trajectories from a heterogeneous population [28-30]. This
data-driven modeling technique was applied to cluster
participants into distinct trajectories of app user engagement.
App user engagement was measured as monthly usage days
during 2 to 12 months after initiation of app use. This provided
11 repeated measurements on the number of app usage days
within 1 month (0-31 days/month). First month usage days were
not included in the trajectory analyses but were used as a
predictor for trajectory membership in later analyses, as early
use is a known predictor of sustained use [31-33]. The number
of classes (ie, trajectories) is a priori unknown and must be
estimated from the data by iteratively fitting alternative models.
Models with 1 to 5 classes and varying shapes for the trajectories
(linear, quadratic, and cubic) were fitted. Models were estimated
with full-information maximum likelihood, and missing data
were not imputed, but all available data were used. The method
assumes no variation within the trajectories. Unadjusted analyses
were conducted. To find the best model, we utilized information
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from fit indices and the classification performance of the model,
as well as clinical interpretation of the trajectories. The Bayesian
information criterion was used as a measure of model adequacy,
with a lower value indicating a better model with optimal
balance between complexity and good fit. The
Low-Mendel-Rubin likelihood ratio test with a P value <.05
was considered to indicate better fit for an n-class model than
for an n−1 class model. Entropy was used to guide in the
classification accuracy of the model, with higher values
indicating better classification. Small classes with less than 4%
of the total population were not accepted, and to ensure at least
70 participants per group, latent class growth modeling was
performed using Mplus Version 8 [34].

Differences in baseline characteristics between the participant
groups defined by the identified trajectories were examined
with the chi-square test for categorical variables and the
Kruskal-Wallis test for continuous variables. Thereafter, a
multivariable multinomial logistic regression model was applied
to examine the factors associated with the trajectory
membership. In a sensitivity analysis, the model was also
adjusted for belonging to the DIGI+GROUP. User experience
was introduced in the main analysis by conducting a subgroup
analysis among the participants who responded to the user

experience questionnaire after the first 1 to 2 months of use.
Finally, analysis of covariance was used to study associations
between the trajectories and short-term changes in T2D risk
factors. Models were adjusted for age, sex, and the baseline
value of the specific T2D risk factor to account for possible
differences in baseline values. Analyses were conducted with
IBM SPSS Version 25.0 (IBM Corp) and R Version 4.0.4 (R
Core Team). Statistical significance was set at P<.05.

Ethics Statement
The StopDia study was approved by the Research Ethics
Committee of the Hospital District of Northern Savo (number:
467/2016). Written informed consent for participation in the
study and the use of data from national health care registers was
obtained from all study participants.

Results

Population Characteristics
The study cohort included 1926 participants in the intervention
arms with at least one login to the BitHabit app during the study
period (Figure 1). Among them, the mean age was 55.2 (SD
10.0) years, and 79.7% (1535/1926) of the participants were
women (Multimedia Appendix 1).

Figure 1. Flow chart of the study population. DIGI, digital intervention group; DIGI+GROUP, group combining the digital intervention and face-to-face
group coaching.

User Engagement Trajectories
Based on the Low-Mendel-Rubin likelihood ratio test and the
clinical interpretation, a 4-class cubic latent class growth model
was identified as the best fitting model with good interpretability

(Figure 2; Multimedia Appendix 2). Almost half of the
participants (904/1926, 46.9%) had very few usage days in the
first months of the study, and they dropped close to zero after
6 to 7 months. Another large group (731/1926, 38.0%) started
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with approximately 6 usage days per month, which decreased
gradually to 3 days per month by the 12th month. A further
10.8% (208/1926) of participants had approximately 14 usage
days during the second month with a decrease to 8 days during
the 12th month. The remaining 4.3% (83/1926) of participants
had almost 23 days of use during the second month, and the

usage was sustained with a gradual decrease to 18 days of use
during the 12th month.

The identified trajectories were differentiated well when
examined with other usage activity metrics (Table 1). Based on
the trajectories and all usage metrics, the groups were named
as (1) terminated usage, (2) weekly usage, (3) twice weekly
usage, and (4) daily usage (Multimedia Appendix 1).

Figure 2. Estimated BitHabit app user engagement trajectories with their 95% CIs.

Table 1. Distribution of other use activity metrics by trajectories.

Daily usage (n=83), medi-
an (IQR)

Twice weekly usage
(n=208), median (IQR)

Weekly usage (n=731),
median (IQR)

Terminated usage (n=904),
median (IQR)

Variable

262 (228.25-310)131 (113-157)54 (44-69)12 (5-23)Number of usage days

310 (257.25-367.25)153 (128-183.50)60 (48-77.75)14 (6-27)Number of sessions

431.15 (288.45-705.86)302.32 (196.24-509.12)153.63 (89.45-263.72)42.73 (19.55-87.18)Total duration of use (min)

1.32 (0.96-2.02)1.97 (1.21-3.44)2.50 (1.42-4.18)3.23 (1.98-5.23)Average session duration (min)

362 (355.25-364)360 (354-363)356 (343-360)124 (51.50-245)Usage period from the first day to
the last

51 (50-52)50 (47.5-51)40 (35-45)9 (4-17)Weeks in use

12 (12-12)12 (12-12)12 (12-12)4 (2-7)Months in use

50 (33.5-73)43.5 (24-61)32 (20-53)15 (7-26)Number of selected habits

23 (13-46)26 (13-43)15 (8-28.75)7 (2-15)Number of new habits

4516 (2405.5-6281)1433 (804-2562.5)720 (352-1470.5)72 (15-269.5)Total number of performances

49 (31.5-71.75)39 (22-56.5)28 (17-46)13 (6-23.5)Number of habits tracked
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Predictors of User Engagement Trajectories
Active app use during the first month increased the odds of
belonging to the more engaged trajectories (odds ratio [OR]
1.65, 95% CI 1.57-1.75 for daily usage; OR 1.45, 95% CI
1.40-1.51 for twice weekly usage; and OR 1.19, 95% CI
1.15-1.22 for weekly usage) than the terminated usage trajectory
(Table 2). In addition, older age was associated with increased
user engagement compared with the terminated usage category
(OR 0.07, 95% CI 0.02-0.19 in those aged <50 years and OR
0.44, 95% CI 0.22-0.87 in those aged 50-59 years for daily
usage; OR 0.19, 95% CI 0.11-0.33 in those aged <50 years and
OR 0.40, 95% 0.26-0.64 in those aged 50-59 years for twice
weekly usage; and OR 0.45, 95% CI 0.34-0.61 in those aged
<50 years and OR 0.61, 95% CI 0.47-0.79 in those aged 50-59
years for weekly usage compared with those aged ≥60 years).
Women were less likely to be daily users (OR 0.43, 95% CI
0.19-0.98) than terminated users. Better diet quality at baseline,
measured with the Healthy Diet Index, increased the odds of
belonging to the more engaged trajectories (OR 1.04, 95% CI
1.01-1.08 for daily usage and OR 1.03, 95% CI 1.01-1.05 for
twice weekly usage) than the terminated usage trajectory. Prior
internet use of several times per day (OR 0.41, 95% CI 0.21-0.79
for daily usage and OR 0.73, 95% CI 0.57-0.95 for weekly

usage) decreased the odds of belonging to the more engaged
trajectories than the terminated usage trajectory. According to
the sensitivity analysis, face-to-face group coaching decreased
the odds of belonging to the more engaged trajectories (OR
0.28, 95% CI 0.15-0.52 for daily usage; OR 0.49, 95% CI
0.34-0.73 for twice weekly usage; and OR 0.64, 95% CI
0.52-0.80 for weekly usage) than the terminated usage trajectory
(Multimedia Appendix 3). However, there were no more
differences between the sexes in trajectory membership.

In a subgroup analysis among 1314 participants who responded
to the questionnaire after the first 1 to 2 months of use and had
complete data on predictors, app usage days during the first
month remained a predictor for trajectory membership (OR
1.56, 95% CI 1.47-1.66 for daily usage; OR 1.37, 95% CI
1.31-1.43 for twice weekly usage; and OR 1.13, 95% CI
1.10-1.17 for weekly usage compared with terminated usage;
Multimedia Appendix 4). Furthermore, the detractors classified
by the net promoter score had significantly lower odds of
belonging to the more engaged trajectories than the terminated
usage trajectory (OR 0.23, 95% CI 0.10-0.55 for daily usage;
OR 0.19, 95% CI 0.11-0.35 for twice weekly usage; and OR
0.37, 95% CI 0.25-0.55 for weekly usage) compared with
promoters of the app.
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Table 2. Results of multinomial logistic regression analysis.

Daily usagea (n=82), aOR (95%
CI)

Twice weekly usagea (n=204),
aOR (95% CI)

Weekly usagea (n=715), aORb

(95% CI)

Variable

Age

0.07 (0.02-0.19)c0.19 (0.11-0.33)c0.45 (0.34-0.61)c<50 years

0.44 (0.22-0.87)c0.40 (0.26-0.64)c0.61 (0.47-0.79)c50-59 years

111≥60 years (reference)

0.43 (0.19-0.98)c0.73 (0.44-1.21)0.94 (0.72-1.24)Women

0.59 (0.32-1.07)0.63 (0.43-0.92)c0.87 (0.70-1.08)Obesity

1.04 (1.01-1.08)c1.03 (1.01-1.05)c1.01 (1.00-1.02)cHealthy Diet Index

Education

0.68 (0.22-2.07)0.96 (0.48-1.95)0.77 (0.50-1.18)Elementary school

1.33 (0.67-2.63)1.32 (0.85-2.06)1.02 (0.79-1.31)High or vocational school

111College or academic degree (refer-
ence)

Household size

1.53 (0.69-3.42)0.98 (0.57-1.68)0.92 (0.69-1.23)Single

111≥2 members (reference)

Household income per year

2.79 (0.86-9.03)1.03 (0.48-2.22)1.45 (0.97-2.16)≤€24,999

2.87 (1.31-6.32)c1.66 (1.05-2.63)c1.57 (1.21-2.03)c€25,000-64,999

111≥€65,000 (reference)

0.95 (0.50-1.80)1.18 (0.79-1.75)1.04 (0.83-1.30)Prior use of health lifestyle digital apps

0.41 (0.21-0.79)c0.69 (0.44-1.08)0.73 (0.57-0.95)cInternet use several times per day

1.65 (1.57-1.75)c1.45 (1.40-1.51)c1.19 (1.15-1.22)cApp usage days during the first month

aTerminated usage (n=895) as a reference.
baOR: adjusted odds ratio.
cP<.05.

Trajectories and Changes in T2D Risk Factors Over
12 Months
High user engagement was associated with 12-month changes
in T2D risk factor levels (Figure 3; Multimedia Appendix 5).

Compared with the other trajectories, daily usage was associated
with a higher increase in the Healthy Diet Index (P=.02) and a
more pronounced decrease in BMI (P=.01) and waist
circumference (P=.02) at 12 months.
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Figure 3. Changes (%) in risk factor levels over 12 months by user engagement trajectories. The error bars represent 95% CIs for means. P values are
obtained from the analysis of covariance for the main effect of the user engagement trajectory on the change score adjusted for age, sex, and baseline
value. HbA1c: glycated hemoglobin A1c.

Discussion

Principal Findings
Four different trajectories of digital app use were identified with
a data-driven technique. We observed that initial user
engagement during the first month of the intervention, the net
promoter score after the first 1 to 2 months of use, older age,
and better diet quality at baseline predicted long-term user
engagement. While those who had sustained use once to a couple
of times per week showed small beneficial changes in risk factor
levels in comparison to those who terminated use, those who
used the app almost on a daily basis throughout the study
showed the most beneficial changes.

Comparison With Prior Research
According to our previously reported results, 99% of participants
who were allocated to use the BitHabit app logged into the app
at least once and selected at least one habit, and 95% reported
at least one habit performance during a 6-month follow-up [22].
No significant differences were observed in cumulative usage
metrics between the DIGI and DIGI+GROUP, and more than
50% of the participants in both intervention groups continued
to use the app at least on a weekly basis in the first 6 months
[22]. This study showed that these active users continued to use
the app for the entire 12-month intervention. However,
according to the sensitivity analysis, receiving face-to-face

group coaching in addition to the digital intervention slightly
decreased engagement with the app. Participating in the
face-to-face coaching may have decreased the need for later
digital support. It should be noted that membership in the
DIGI+GROUP arm may have mediated the effects in the
sensitivity analysis, and therefore, it was omitted from the main
analysis.

Overall, BitHabit app use remained remarkably high in
comparison with the use of other digital health apps [22]. For
example, Goh et al identified 3 short-term 8-week trajectories
of weekly use activity for a caloric-monitoring mobile app
among T2D patients [35]. A large proportion of the “minimal
user” participants (79%) stopped use within the first 2 weeks.
Although women seemed to be more active users, we found no
gender differences in app use. Older participants were more
likely to show frequent use. These background characteristics
have been previously reported to be associated with more active
use by others as well [36-38]. This result is promising as it
demonstrates that digital interventions can be provided to people
of all ages. One can only speculate on the reasons for this
finding, but a plausible explanation is higher relevance of T2D
prevention. Another explanation could be having less work-
and family-related daily activities and hence more time for app
use. Other than age and household income, no background
factors were found to be associated with app use trajectories.
However, prior internet use several times per day predicted
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lower user engagement with the app. Intensive internet use has
been associated with lower physical activity in adults [39],
which may partly explain the observed association in this study.

App use during the first month and the net promoter score were
predictors for user engagement trajectories. Previous studies
have shown that short-term treatment adherence predicts future
adherence outcomes better than baseline characteristics alone,
for example, in the case of adherence to self-management for
chronic diseases [31,32]. In a recent study, usage during the
first 24 hours after login predicted long-term engagement with
a weight loss app [33]. We tested the early adherence hypothesis
with a 4-week period, considering it a sufficiently long window
of opportunity for monitoring and supporting user engagement
in real-world prevention programs.

Theoretically, terminating app use does not necessarily imply
disengagement from using the behavior change techniques of
the intervention [40]. For example, the habit formation approach
in the BitHabit app could have led to termination of app use if
participants felt that they had already formed sufficiently strong
habits or had learnt to follow the habit formation process without
the app. Based on the literature, habit formation takes 10 weeks
on average, so even for forming multiple habits, 12 months is
a rather long usage time [41]. However, our empirical findings
suggest that this was not the case in our study, as those who
terminated app use had selected less habits than the other user
groups and showed no benefits of the intervention in terms of
risk factor levels. Moreover, the benefits increased significantly
when the frequency of use increased from weekly to daily. Our
results are in line with the findings of previous studies reporting
that the effectiveness of digital interventions is dependent on
user engagement with the intervention [42-44]. Future studies
are needed on whether plausible effects of lifestyle interventions
sustain the longest among those with the most active engagement
during the intervention or whether effective engagement should
be determined through other metrics, such as the content of use
(eg, type and quality of habits selected and tracked by the users).

The results indicated that only a minor proportion of the
participants, belonging to the trajectory of most active users,
achieved marked lifestyle changes. Furthermore, the most active
users had better well-being at baseline (ie, better diet, more
physical activity, and lower stress levels), which is consistent
with previous studies [37,38]. Reaching and engaging those
with the highest risks and needs are known challenges in most
interventions. Adaptive interventions, that is, monitoring for
the early indicators of nonresponse and adapting interventions
(eg, augmenting or switching interventions), have been proposed
as a solution [45]. This seems especially promising in digital

interventions, which inherently enable real-time monitoring of
user engagement and detection of waning usage as an early
indicator of nonresponse. As this study showed, use activity
and user experience after the first month of use predicted
long-term user engagement. Thus, early use may be regarded
as a window of opportunity where user engagement should be
monitored and supported especially in real-world prevention
programs. If strategies, such as personalized messages and
reminders, fail to re-engage participants with the app, they
should be offered alternative interventions, such as face-to-face
interventions, or other types of digital solutions for weight
management and lifestyle changes [46]. Especially in health
care that faces cost containment pressures, this kind of approach
would help in providing appropriate types of interventions to
different individuals.

Strengths and Limitations
The strengths of our study include a real-life setting together
with a larger sample size and a longer follow-up than in previous
studies on the use of digital health apps in persons with
prediabetes or T2D [31,43,47]. Additionally, the studied app
could be accessed easily with any device as indicated by an
almost 100% first login rate, which reduced selection bias and
further strengthened our sample.

However, our study also has some limitations. Women were
overrepresented in the sample. The proportion of participants
who dropped out during the study and, therefore, the proportion
of missing data in outcome variables differed between the
identified trajectories. We utilized monthly usage days as a
measure for user engagement. However, the sensitivity of this
measure in detecting changes in risk factors compared with
other user activity metrics remains unknown. The composition
of selected habits may also be an important factor for risk factor
changes and should be examined in future studies.

Conclusions
Data-driven analysis of digital app user activity is necessary
because it reveals true usage patterns. In this study, short-term
user engagement, defined as user activity during the first month
after the initiation of app use, was found to predict long-term
user engagement. Metrics of user experience, based on the net
promoter score and measured after early use, was another
predictor of long-term user engagement and is a measure that
can be easily implemented. These findings could be used in
further developments aimed at predicting responses to digital
interventions, adapting digital interventions for persons at risk
of disengagement, and identifying persons who would benefit
the most from using the app.
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Abstract

Background: There is much public debate regarding the high cost of insulin. With 1-in-4 patients in the United States with
type 1 diabetes reporting difficulties affording insulin, there is concern that some of these patients might look for cost savings on
the internet, unaware that 96% of internet pharmacies are illegitimate. Patients who purchase insulin from illegitimate internet
pharmacies remove themselves from traditional health care systems that ensure safe, quality-assured, and effective medication
use.

Objective: This study aims to determine the accessibility of Humalog and NovoLog insulin from internet pharmacies and
characterize how these sites approached patient safety, and priced as well as marketed their products.

Methods: From September to December 2019, we queried the phrases buy insulin online, buy Humalog online, and buy NovoLog
online in common search engines. The first 100 search results from Google and Bing, and the first 50 search results from Yahoo!
and DuckDuckGo were screened. Websites were included if they claimed to sell Humalog or NovoLog insulin, were active, free
access, in the English language, and had a unique URL. The legitimacy of websites was classified using LegitScript. Safety and
marketing characteristics were compared across the legitimacy of internet pharmacies. Internet pharmacy prices were compared
with the prices offered through brick-and-mortar pharmacies using GoodRx.

Results: We found that 59% (n=29) of the 49 internet pharmacies in our analysis were illegitimate, whereas only 14% (n=7)
were legitimate and 27% (n=13) were unclassified. Across illegitimate internet pharmacies, Humalog and NovoLog insulin were
2 to 5 times cheaper as compared with both legitimate internet pharmacies and brick-and-mortar stores. Risks associated with
the use of illegitimate internet pharmacies by American consumers were evident: 57% (8/14) did not require a prescription, 43%
(6/14) did not display medication information or warnings, and only 21% (3/14) offered access to purported pharmacists. This
included 9 rogue internet pharmacies that sold Humalog and NovoLog insulin within the United States, where 11% (1/9) required
a prescription, 11% (1/9) placed quantity limits per purchase, and none offered pharmacist services. Rogue internet pharmacies
often offered bulk discounts (11/18, 61%), assured privacy (14/18, 78%), and promoted other products alongside insulin (13/18,
72%). The marketing language of illegitimate internet pharmacies appealed more to quality, safety, and customer service as
compared with legitimate sites.

Conclusions: The ease of access to low-cost insulin through illegitimate internet pharmacies calls for urgent attention. Illegitimate
internet pharmacies place patients at risk of poor-quality medications and subpar pharmacy services, resulting in adverse events
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and poor diabetes control. A multifaceted approach is needed to close illegitimate internet pharmacies through legal and regulatory
measures, develop better search engine filters, raise public awareness of the dangers of illegitimate internet pharmacies, and
address the high costs of insulin.

(J Med Internet Res 2022;24(2):e25855)   doi:10.2196/25855

KEYWORDS

insulin; diabetes; internet; online; pharmacy; medication; cost

Introduction

Access to Insulin
For patients with type 1 or type 2 advanced diabetes, insulin is
the cornerstone of therapy. Furthermore, 1 in 10 Americans
(around 34.2 million people) have diabetes, with nearly 1.6
million living with type 1 diabetes [1]. Patients with type 1
diabetes cannot produce endogenous insulin and thus require
treatment with exogenous insulin. For patients living with type
2 diabetes, insulin is often required if adequate glycemic control
is not maintained with lifestyle modifications and noninsulin
medications. In patients who require insulin, regulation of blood
glucose is tantamount to disease control; if uncontrolled, it can
result in acute, life-threatening conditions of diabetic
ketoacidosis or severe hypoglycemia, as well as chronic but
still life-threatening complications such as cardiovascular
disease, nephropathies, retinopathies, and neuropathies [2].
These complications can result in—among other
outcomes—dialysis-dependence, blindness, amputations, serious
quality-of-life reductions, and death [2].

Increasingly, rising costs unique to the US market have hindered
access to insulin for patients [3]. Despite legislative initiatives
to control prescription drug costs, high insulin costs in the
United States persist, with list prices of insulin tripling between
2003 and 2013 [3]. Although insulin was first used as a
medication in 1922, the insulin market remains dominated by
branded products, with no actual generic drug approved. This
is important as generic competition has been shown to decrease
medicine prices by 60% on average, when 3 or more
manufacturers that are generic are in the market [4]. High costs
are associated with all insulin types, but rapid-acting insulin
analogs such as Humalog (insulin lispro) and NovoLog (insulin
aspart) are among the highest priced [3]. Humalog’s list price,
for example, continued to increase after 2014 from US $391 to
nearly US $600 in 2017—a list price increase similar to that of
its competitor NovoLog. It is worth noting that net prices
remained relatively stable for Humalog and NovoLog during
that time frame, meaning that an increase in costs was primarily
offset by discounts made available [5]. Regardless, high list
prices have a direct impact on patients; in 2019, 1 in 4 patients
in the United States with type 1 diabetes reported difficulties
affording their medication [6]. Patients such as these are often
led to make difficult decisions. More than 1 in 4 patients in the
United States with type 1 diabetes reported rationing their insulin
in 2019 [7]. Patients who struggle to access insulin from
traditional methods, namely brick-and-mortar pharmacies, might
look for alternative, lower-cost methods, such as purchasing
insulin from friends, across borders, or from illegitimate internet
pharmacies [8,9].

Growth of Internet Pharmacies
Internet pharmacies are a popular destination for the purchase
of prescription drugs, with 30,000 to 35,000 internet pharmacies
accessible in 2016 [10]. Internet pharmacies are defined by
whether they operate as legitimate pharmacies or whether they
are illegitimate and in violation of US pharmacy laws and
practice standards [11]. It has been reported that 96% of all
accessible internet pharmacies are illegitimate [10]. According
to the World Health Organization, more than 50% of
medications acquired from internet pharmacies that do not
advertise their physical location (a common characteristic of
illegitimate internet pharmacies) are counterfeit or substandard
[12]. The dangers associated with illegitimate internet
pharmacies have led to the implementation of rules and
regulations to ensure safe internet pharmacy use. For example,
several states in the United States require internet pharmacies
to be accredited with the National Association of Boards of
Pharmacy (NABP) to receive licensure [13]. However, the
enforcement of such rules and regulations is complicated by an
intricate e-commerce environment composed of numerous, often
international, stakeholders [11]. The complexity and anonymity
of e-commerce allows illegitimate internet pharmacies to avoid
detection, and even when detected, reopen operations under
new web addresses [14]. Given the evasiveness and high
prevalence of illegitimate internet pharmacies, there is concern
that patients purchasing medications on the internet might be
subject to low-quality products, which could result in the
development of dangerous adverse effects, especially for
high-risk medications such as insulin.

Beyond concerns related to medication quality, there is also
concern regarding the lack of services offered by illegitimate
internet pharmacies [15]. In choosing illegitimate internet
pharmacies, patients opt out of medication counseling,
monitoring, and drug-drug interactions checking that
pharmacists and other health care professionals provide to ensure
proper medication use [16]. The use of these resources is well
documented to improve patient outcomes [17]. Insufficient
safety measures could also be further exacerbated by marketing
methods that illegitimate internet pharmacies use to attract
consumers. Although it has been shown that patients using
illegitimate internet pharmacies are at greater risk of developing
adverse effects from treatment, there is a lack of current data
on how illegitimate internet pharmacies approach patient safety
and the marketing methods they use, particularly for high-risk
medications [18].

Objective
The accessibility of rapid-acting insulins from illegitimate
internet pharmacies could pose a threat to patient safety. We
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investigated the availability of Humalog and NovoLog insulin
from internet pharmacies through common search engines and
documented the website’s safety and marketing characteristics,
as well as the costs of Humalog and NovoLog insulin.

Methods

Overview
Humalog and NovoLog were chosen for our analysis because
of their relatively recent approval by the US Food and Drug
Administration (FDA), high list prices, and their outsized role
in the discussion of medication pricing in the United States [3].
Website screening was conducted from September to December
2019 using 4 search engines (Google, Bing, Yahoo!, and
DuckDuckGo) with the phrases buy insulin online, buy Humalog
online, and buy NovoLog online. For each search phrase, the
first 100 results from Google and Bing and the first 50 of Yahoo!
and DuckDuckGo were screened. Google, Bing, and Yahoo!
were chosen for their widespread use in the United States. In
addition, DuckDuckGo was searched because of its emphasis
on user privacy. Websites were included if they claimed to sell
Humalog or NovoLog insulin, were active, free access, in the
English language, and had a unique URL. Websites selling
Humalog or NovoLog insulin that were accessed from search
engine results through a landing page were included. Screenshots
were taken of each website for records.

The legitimacy of websites was assessed using LegitScript,
which classifies pharmacies according to licensure or registration
in affiliated jurisdictions, sale of controlled substances, previous
discipline, requirement of valid prescription, protection of
privacy, patient services offered, transparency, and domain
name registration [19]. LegitScript was chosen to assess internet
pharmacy legitimacy because of the breadth of internet
pharmacies that it monitors (81,000+) and its partnerships with
private (eg, Google, Amazon, Facebook) and governmental
agencies (eg, FDA). The websites in this analysis were classified
as (1) illegitimate, subclassified as (1a) rogue—these merchants
engage in illegal, unsafe, or misleading activities such as selling
prescription drugs without a prescription and (1b)
unapproved—there is some problem with regulatory compliance
or risk, but it is typically less egregious than rogue or (2)
legitimate—these merchants are registered with a LegitScript
certification program and have passed LegitScript certification
criteria or (3) unclassified—no information was available from
LegitScript.

The average monthly traffic to website domains defined as
unique visits from any country was obtained from SimilarWeb
[20]. This website aggregates information on website traffic
from a variety of sources. We compared website traffic with
the legitimacy of internet pharmacies. The IP addresses of
internet pharmacies were examined using IP2location, which
retrieves geographic information based on IP addresses [21].
IP address locations were compared with their listed locations.

Costs
Costs of Humalog and NovoLog 100 IU/mL insulin at the most
frequently sold dosage forms (ie, 1×10-mL vials, 5×3-mL pens,
5×3-mL cartridges) were collected from a subset of internet

pharmacies offering to ship within the United States. Prices per
mL of 100 IU/mL Humalog and NovoLog insulin for vials,
pens, and cartridges were calculated. The shipping costs and
bulk discounts were not considered in the cost calculations.
Internet pharmacy prices were compared with prices offered
through GoodRx, a drug coupon website. GoodRx prices are
representative of out-of-pocket prices that uninsured US patients
might pay at brick-and-mortar stores. Average prices at
brick-and-mortar stores were obtained from GoodRx on April
30, 2020. Costs were averaged by legitimacy of internet
pharmacies among websites selling Humalog and NovoLog
pens that offered US shipping.

Marketing
Marketing characteristics were selected based on previous
literature, and the analysis focused on internet pharmacies
classified by LegitScript [11,16,22,23]. Marketing characteristics
were compared across the legitimacy of internet pharmacies.
Cost-related marketing characteristics included whether internet
pharmacies offered bulk discounts or promo codes. Promotional
marketing characteristics included whether internet pharmacies
displayed specific medication advertisements pertaining to any
form of insulin, advertisements for other products on the page
advertising Humalog or NovoLog insulin, or customer
testimonies. Marketing characteristics appealing to customer
service and general reputability included whether internet
pharmacies displayed a phone number, offered the assistance
of an associate, or claimed pharmacy registration in some form
(eg, Canadian International Pharmacy Association, International
Pharmacy Association of British Columbia, or PharmacyChecker
[24]). Additional marketing characteristics included whether
internet pharmacies offered privacy assurances (eg, discrete
packaging or protection of health- or billing-related information)
or offered shipping within the United States.

We qualitatively analyzed the website marketing language by
collecting texts from the homepages of all included internet
pharmacies. After initially reading through the texts to identify
the most common marketing language, we selected and defined
6 characteristics. Texts were then screened to assess whether
these six characteristics were discussed: (1) quality, (2) safety,
(3) customer service, (4) reputability, (5) affordability, and (6)
convenience. Quotes representative of each characteristic were
collected by legitimacy of internet pharmacies.

Safety
Safety characteristics were selected based on previous literature
and focused on internet pharmacies classified by LegitScript
[11,16,22,23]. To allow a specific focus on US pharmacies, or
those that should be compliant with US laws and regulations,
safety characteristics were analyzed only for internet pharmacies
that offered shipping within the United States. Safety
characteristics were compared across the legitimacy of internet
pharmacies. Basic pharmacy-related characteristics included
the requirement of a prescription and controls on the amount
of Humalog or NovoLog insulin that could be ordered (eg,
restricting patients to a 90-day supply or the quantity listed on
their prescription). Characteristics related to pharmacy services
included whether there was an offer to speak with a pharmacist
and whether medication information and drug-related warnings
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and precautions were displayed on the product page.
Characteristics related to location included whether the
pharmacy listed a physical location and the website location
listed matched the country of the IP address.

Results

Overview
We screened 300 websites and identified a total of 49 internet
pharmacies that claimed to sell Humalog or NovoLog insulin.
Of the internet pharmacies, LegitScript classified 59% (29/49)
as illegitimate, including 37% (18/49) as rogue and 22% (11/49)
as unapproved, whereas 14% (7/49) were legitimate and 27%
(13/49) were unclassified. The listed locations of these internet
pharmacies differed, with 41% (12/29, all rogue sites) of
illegitimate internet pharmacies advertising no location. Of the
29 illegitimate internet pharmacies, 52% (15, 4 rogue and 11
unapproved sites) advertised a Canadian location. The remaining
illegitimate internet pharmacies claimed to be located in Great
Britain (1/29, 3%) or in Europe (1/29, 3%). No illegitimate
internet pharmacies advertised a US location. For legitimate
internet pharmacies, 43% (3/7) advertised locations in the United
States, 29% (2/7) in Australia, 14% (1/7) in Canada, and 14%
(1/7) in India. The majority (4/7, 57%) of legitimate internet
pharmacies’physical locations listed on their websites matched
those of their server locations. In contrast, physical and server
locations matched only 27% (3/11) of the time among
unapproved internet pharmacies. None of the physical and server
locations matched among the 18 rogue internet pharmacies.

Traffic to internet pharmacies, as determined by SimilarWeb
[20], differed depending on the legitimacy of internet
pharmacies. Although illegitimate internet pharmacies were the
most abundant in the search results, unique monthly visits to
each site were comparatively lower for illegitimate internet
pharmacies (0-250,000) than to legitimate internet pharmacies
(5000-63.6 million). The 3 US-based legitimate internet
pharmacies received the highest volumes of unique monthly

traffic reported at 63.6 million (Costco), 40.35 million (CVS),
and 1.17 million (Healthwarehouse) visits per month [25-27].

Costs
The costs of Humalog and NovoLog insulin vials, pens, and
cartridges were recorded only for internet pharmacies shipping
within the United States (n=22). The most commonly sold
volume and strength of the insulin vials were 10 mL at 100
IU/mL. Humalog and NovoLog insulin 3 mL pens and 3 mL
cartridges were most often sold in packages containing a
quantity of 5, which is in alignment with product packaging
available from brick-and-mortar pharmacies. The cost per mL
of 100 IU/mL insulin varied depending on the legitimacy of the
internet pharmacies. For rogue internet pharmacies, the average
costs of insulin varied depending on dosage forms: Humalog
vials cost US $11.30 (n=1), Humalog pens cost US $7.84 (n=4),
and Humalog cartridges cost US $10.04 (n=4), whereas
NovoLog vials cost US $5.90 (n=2), NovoLog pens cost US
$8.47 (n=7), and NovoLog cartridges cost US $8.00 (n=3).
Costs were similarly low in unapproved and unclassified internet
pharmacies.

For legitimate internet pharmacies, the average costs of insulin
(without insurance) were two- to five-fold higher: Humalog
vials cost US $31.51 (n=2) and Humalog pens cost US $38.89
(n=2), whereas Humalog cartridges were not available;
meanwhile NovoLog vials cost US $32.77 (n=2), NovoLog
pens cost US $40.77 (n=2), and NovoLog cartridges cost US
$38.47 (n=2). Compared with illegitimate pharmacies, GoodRx
costs—representative of average costs at brick-and-mortar
pharmacies—were also approximately 2 to 5 times more
expensive. However, compared with the cost of legitimate
internet pharmacies for uninsured patients excluding shipping
costs, GoodRx prices were marginally cheaper: Humalog vials
cost US $17.22, Humalog pens cost US $21.83, and Humalog
cartridges cost US $34.13, whereas NovoLog vials cost US
$29.38, NovoLog pens cost US $37.31, and NovoLog cartridges
cost US $35.90. The difference in costs per mL of Humalog
and NovoLog insulin pens (the most common dosage form in
our analysis) depending on the source is depicted in Figure 1.

Figure 1. Costs of Humalog and NovoLog insulin pens available in the United States on the internet and at brick-and-mortar stores.
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Marketing
The marketing characteristics of internet pharmacies selling
Humalog and NovoLog insulin and classified by LegitScript
(N=36) are described in Table 1. Rogue internet pharmacies
differed from unapproved and legitimate internet pharmacies
across several characteristics. More often, rogue internet
pharmacies offered bulk discounts (11/18, 61%), assured privacy
(14/18, 78%), and promoted other products on the Humalog or

NovoLog insulin product pages (13/18, 72%). Although rogue
internet pharmacies offered some form of contact through email
or chat functions, most sites did not offer a phone number
(11/18, 61%). Both legitimate (n=7) and unapproved (n=11)
internet pharmacies shared similar characteristics, where few
offered bulk discounts (2/7, 29% legitimate; 2/11, 18%
unapproved), all displayed a phone number (18/18, 100%), and
most touted registration or made accreditation claims (6/7, 86%
legitimate; 10/11, 91% unapproved).

Table 1. Marketing characteristics of internet pharmacies selling Humalog or NovoLoga.

Legitimate (n=7), n (%)Unapproved (n=11), n (%)Rogue (n=18), n (%)Characteristics

Not reportedNoYesNot reportedNoYesNot reportedNoYes

0 (0)4 (57)3 (43)0 (0)6 (55)5 (45)0 (0)9 (50)9 (50)US shipping of insulin

0 (0)5 (71)2 (29)1 (9)8 (73)2 (18)2 (11)5 (28)11 (61)Bulk discounts

0 (0)3 (43)4 (57)0 (0)9 (82)2 (18)1 (6)8 (44)9 (50)Coupons

0 (0)1 (14)6 (86)0 (0)1 (9)10 (91)0 (0)10 (56)8 (44)Registration claims

0 (0)6 (86)1 (14)0 (0)3 (27)8 (73)0 (0)4 (22)14 (78)Privacy assurances

0 (0)4 (57)3 (43)0 (0)4 (36)7 (64)0 (0)8 (44)10 (56)Customer testimonies

0 (0)1 (14)6 (86)0 (0)2 (18)9 (82)0 (0)0 (0)18 (100)Offer to speak with associate

0 (0)0 (0)7 (100)0 (0)0 (0)11 (100)0 (0)11 (61)7 (39)Phone number

0 (0)7 (100)0 (0)0 (0)8 (73)3 (27)0 (0)18 (100)0 (0)Insulin-specific advertisements

2 (29)1 (14)4 (57)0 (0)10 (91)1 (9)0 (0)5 (28)13 (72)Advertisements for other products on
page selling insulin

aIllustrates marketing characteristics of 36 websites selling Humalog or NovoLog. This table does not include 13 internet pharmacies selling Humalog
or NovoLog insulin that were not classified by LegitScript.

Marketing language from website homepages differed according
to the legitimacy of internet pharmacies, particularly for quality,
safety, and customer service. Although 83% (24/29) of
illegitimate internet pharmacies appealed to quality, only 29%
(2/7) of legitimate internet pharmacies used language that
suggest the quality of medication or services. Marketing
language appealing to safety (19/29, 66% illegitimate vs 1/7,
14% legitimate) and customer service (24/29, 83% vs 4/7, 57%)
were also more common among illegitimate internet pharmacies.
The frequency of use of marketing language was similar among
reputability (16/29, 55% vs 4/7, 57%), affordability (24/29,
83% vs 5/7, 71%), and convenience (22/29, 76% vs 5/7, 71%).

Differences in marketing language are also demonstrated
through the selection of quotes in Table 2. The marketing
language of illegitimate internet pharmacies tended to
communicate a sense of urgency to purchase products and
strongly emphasized the merits of the pharmacy. For example,
one quote from an illegitimate internet pharmacy appealed to
reputation, affordability, and safety:

If you are looking to buy your prescription drugs in
Canada, through a reputable international or online
Canadian pharmacy, [our online pharmacy] provides
you access to a trusted source of affordable and safe
prescription drugs. [Illegitimate pharmacy]
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Table 2. Types of marketing language used on the home pages of internet pharmacies.

Legitimate (n=7)Illegitimate (n=29)DescriptionCharacteristics

Selected quoteValues, n
(%)

Selected quoteaValues, n
(%)

“[We] offer you quality care...”2 (29)“We guarantee that all [medications]
for sale on this site are 100% gen-
uine and extremely powerful.”

24 (83)Language suggesting quality of
medication or services

Quality

“Besides delivering medicines
at your doorstep, we...help
people use their medicines ef-
fectively and safely.”

1 (14)“When it comes to your health, we
know that safety is your number one
concern. It’s ours too.”

19 (66)Language explicitly referring to
the safety of medication products,
internet ordering platform, or other
services

Safety

“Customer service: get answers
to your questions.”

4 (57)“24/7 customer support (we are al-
ways at your disposal!).”

24 (83)Language suggesting availability
of staff to answer questions or
remedy problems

Customer service

“Accredited and Certified in all
50 states.”

4 (57)“[Our pharmacy] has a great reputa-
tion serving the community for 47
years and counting.”

16 (55)Language suggesting renown in
selling or accreditation to sell pre-
scription drugs

Reputability

“At [our pharmacy], you can
buy health products and
medicines online at best dis-
counts.”

5 (71)“[We] provide the same insulin
that’s available in the US except our
prices are much lower, and we pass
on the savings to you.”

24 (83)Language suggesting discounts or
cheap prescription drugs

Affordability

“You get the convenience of
online shopping combined with
the support and guidance of our
dedicated team.”

5 (71)“The process of payment through
Bitcoin is simple. You need to go
through only a few steps to quickly
confirm and complete your order.”

22 (76)Language suggesting ease of inter-
net pharmacy use or prescription
drug purchase; fast delivery or
services that allow for time savings

Convenience

aQuotes were taken directly from internet pharmacy websites.

Safety
The safety characteristics of internet pharmacies selling
Humalog and NovoLog insulin within the United States and
classified by LegitScript (N=17) are described in Table 3.
Overall, illegitimate internet pharmacies revealed poor patient
safety records: 57% (8/14) did not require a prescription, 43%
(6/14) did not display medication information or warnings, and
only 21% (3/14) offered access to pharmacists. Rogue internet
pharmacies differed from legitimate internet pharmacies more
substantially than unapproved internet pharmacies in terms of
patient safety. Rogue internet pharmacies seldom required a
prescription (1/9, 11%) or placed quantity limits on the amount
of medication that could be ordered (1/9, 11%), and none offered

pharmacist services (0/9, 0%). Unapproved internet pharmacies
uniformly claimed to require a prescription (5/5, 100%) and
placed quantity limits (5/5, 100%), and some sites offered
pharmacist services (3/5, 60%). Drug-related information and
warnings were not uniformly displayed for both rogue and
unapproved internet pharmacies.

Data were unavailable for one legitimate internet pharmacy
regarding whether pharmacist services were offered (where
member registration was required). Not all legitimate internet
pharmacies were accredited through the NABP because of
geography. However, legitimate internet pharmacies required
or displayed characteristics consistent with best internet
pharmacy communication practices, such as requiring
pharmacists to offer individual, meaningful consultations [13].

Table 3. Safety characteristics of internet pharmacies selling Humalog or NovoLog insulin in the United States.

Legitimate (n=3), n (%)Unapproved (n=5), n (%)Rogue (n=9), n (%)Safety characteristics

Not reportedNoYesNot reportedNoYesNot reportedNoYes

0 (0)0 (0)3 (100)0 (0)0 (0)5 (100)0 (0)8 (89)1 (11)Prescription required

1 (33)a0 (0)2 (67)0 (0)2 (40)3 (60)0 (0)9 (100)0 (0)Offer to speak with pharmacist

0 (0)0 (0)3 (100)0 (0)3 (60)2 (40)0 (0)3 (33)6 (67)Medication precautions on product page

0 (0)0 (0)3 (100)0 (0)3 (60)2 (40)0 (0)3 (33)6 (67)Medication information on product page

0 (0)0 (0)3 (100)0 (0)0 (0)5 (100)0 (0)8 (89)1 (11)Quantity control

0 (0)0 (0)3 (100)0 (0)0 (0)5 (100)0 (0)5 (56)4 (44)Lists a physical location

0 (0)0 (0)3 (100)0 (0)3 (60)2 (40)0 (0)9 (100)0 (0)Location listed on website and location of
server match

aOne legitimate pharmacy required an account to gain access to services. Overall, 5 internet pharmacies selling Humalog or NovoLog insulin in the
United States were not classified using LegitScript.
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Discussion

Principal Findings
Our analysis demonstrates that both Humalog and NovoLog
insulin are readily available from internet pharmacies that
engage in illegal sales of prescription drugs. Illegitimate internet
pharmacies were found to be abundant using common search
engines, outnumbering legitimate internet pharmacies. Of the
internet pharmacies included in our analysis, nearly 60% (29/49)
were illegitimate, whereas only 14% (7/49) were legitimate
(with the remainder unclassified). The widespread availability
of illegitimate internet pharmacies poses a threat to unsuspecting
consumers and provides easy access to those seeking insulin
without a prescription [9]. Incentives to purchase insulin from
illegitimate internet pharmacies go beyond ease of access, as
our analysis reveals that these internet pharmacies offer
substantial price reductions as compared with brick-and-mortar
stores and legitimate internet pharmacies.

Rising Insulin Costs
In the United States, rising list prices on rapid-acting insulin
analogs such as Humalog and NovoLog insulin have resulted
in a substantial cost burden for patients with diabetes.
Legislative initiatives to curb insulin costs include, among
others, setting out-of-pocket maximums and allowing personal
drug importation. However, these reforms have only been trialed
in some states, and the legality of the personal importation of
insulin remains contentious [28,29]. In 2018, in the midst of
public outcry at high insulin costs, the manufacturer Eli Lilly
introduced Lispro, an authorized generic to Humalog, at a 50%
discount on the Humalog list price [30]. Unfortunately,
according to a Senate report, the uptake of Lispro has been
meager at best, with 83% of 386 surveyed national pharmacies
not having Lispro in stock and 69% unable to order the
medication [31]. In 2020, the Trump Administration announced
that Medicare would begin offering 1750 different insurance
plans that capped out-of-pocket spending to US $35 for insulin
[32]. However, this out-of-pocket maximum is limited only to
Medicare beneficiaries. Given the relatively limited action from
the federal government, manufacturers, and other key players
in the United States pharmaceutical supply chain, high insulin
list prices and out-of-pocket costs for many persist. Many
patients continue to face insulin access problems, particularly
those who are uninsured, which in 2018 accounted for 8.5% of
the US population [3,33].

With financial pressure, some patients who need insulin to
manage their diabetes have resorted to illegal activities such as
borrowing insulin, importing insulin from lower-cost countries,
or purchasing insulin from illegitimate internet pharmacies [8].
Our analysis, which focuses on the internet pharmacy
marketplace, demonstrates that among pharmacies that ship
within the United States, the per mL cost of Humalog and
NovoLog insulin from illegitimate internet pharmacies was
approximately 2 to 5 times cheaper than that offered by
legitimate internet pharmacies or GoodRx. Such substantial
price differences raise concerns that illegitimate internet
pharmacies may appeal to patients priced out of traditional
means of acquiring insulin. Beyond offering lower prices, rogue

internet pharmacies do not require prescriptions and also use
marketing methods that appeal to cost-conscious consumers,
such as offering bulk discounts or coupons. In addition,
illegitimate pharmacies appeal to affordability through language
on their homepages.

Although costs are lower for Humalog and NovoLog insulin
from illegitimate internet pharmacies, they remain illegal
because of the serious risks associated with their use. Humalog
and NovoLog insulin are high-risk medications that require both
therapeutic monitoring to ensure optimal short- and long-term
outcomes and sufficient counseling for the prevention of adverse
events such as hypoglycemia. Between 2007 and 2009, nearly
20% of emergency hospitalizations for the treatment of emergent
adverse events were because of insulin [34]. The costs of these
visits are not trivial; in 2016, the total average cost per person
per visit for hypoglycemia was US $1965 for an emergency
department visit and US $11,632 for inpatient hospitalization
in the United States [35]. The American Diabetes Association
recommends that patients treated with insulin who are unaware
of hypoglycemia should be counseled on signs and methods to
treat it [36].

Threat of Illegitimate Internet Pharmacies
Our analysis demonstrates that illegitimate internet pharmacies,
particularly rogue internet pharmacies, do not offer pharmacy
services that are on-par with those offered through legitimate
internet pharmacies. The majority (8/9, 89%) of rogue internet
pharmacies allowed the purchase of Humalog or NovoLog
insulin in the United States without a prescription, precluding
the involvement of health care professionals in patient care.
Further preventing communication with health care
professionals, no rogue internet pharmacies made the offer to
speak with pharmacists. On illegitimate internet pharmacy
websites, patients were often left without medication information
and drug-related warnings and precautions. Illegitimate internet
pharmacies, with rogue internet pharmacies being the worst
offenders, allow patients to access Humalog and NovoLog
insulin with minimal information, predisposing these patients
to poor diabetes control and potential development of adverse
events.

There is also concern as to whether the quality of insulin
obtained from illegitimate internet pharmacies is comparable
with that obtained from legitimate internet pharmacies. Low
costs offered through illegitimate internet pharmacies could
suggest less stringent cold chain shipping methods or
lower-quality medications. Although our analysis did not collect
information on the quality of Humalog and NovoLog insulin
obtained from illegitimate internet pharmacies, substandard and
falsified medicines are globally prevalent [12,37]. Studies have
suggested that poor medication quality from illegitimate
pharmacies could further increase patient safety at risk [38].
Illegitimate internet pharmacies, as evinced in our analysis of
marketing language, often make claims touting the quality of
their products. Ironically, this could amplify the risk of
consumers inadvertently purchasing low-quality medications.
To address these risks, a multifaceted approach is needed to
close illegitimate internet pharmacies, develop better search
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engine filters, raise public awareness of the dangers of
illegitimate internet pharmacies, and address high insulin costs.

National organizations are combating the proliferation of
illegitimate internet pharmacies. The FDA’s BeSafeRx campaign
and the Alliance for Safe Online Pharmacies’ Buy Safe Rx
campaign help consumers identify illegitimate internet
pharmacies and recognize their risks [39,40]. The NABP helps
consumers identify legitimate internet pharmacies through their
list of accredited digital pharmacies, as well as with a
verification service through which legitimate internet pharmacies
receive a dot-pharmacy domain [13]. The Center for Safe
Internet Pharmacies also offers a verification service through
its initiative Verify Before You Buy (powdered by LegitScript),
wherein consumers can search the URL of an internet pharmacy
to check its legitimacy [41]. In May 2020, North Carolina’s
Secretary of State announced a partnership with the Center for
Safe Internet Pharmacies to raise consumer awareness [42].

Regulatory and legal actions are ongoing against illegitimate
internet pharmacies. Operation Pangea, an effort led by Interpol
in conjunction with the FDA and US Department of Justice,
has resulted in the removal of thousands of illegitimate internet
pharmacies [43]. LegitScript has also collaborated with the FDA
to identify and close illegitimate internet pharmacies [44].
However, illegitimate internet pharmacies persist by closing
and reopening under new web addresses, requiring continued
vigilance by regulatory authorities.

Given that patients with diabetes are frequently counseled on
the management of their disease, health care providers such as
physicians and pharmacists are uniquely positioned to lead the
charge in making consumers aware of the risks of acquiring
insulin from illegitimate internet pharmacies.

Limitations
The limitations of our study include the small sample size and
the cross-sectional design. However, our screening methods
were consistent with what US consumers purchasing insulin on

the internet might experience. An additional limitation is that
we did not analyze the quality of products available from
internet pharmacies, precluding conclusions pertaining to
medication quality. We did not purchase medications from these
websites because we questioned the ethical implications of
financially supporting the operations of illegitimate internet
pharmacies. Our analysis was conducted before the COVID-19
pandemic. We believe our results are even more relevant now
as internet purchases have become commonplace in the United
States [45]. Finally, we were unable to quantify the purchase
volume of Humalog or NovoLog insulin from these internet
pharmacies. The nonspecific, surrogate measure of unique
monthly visits is representative of the overall traffic to these
websites and is not necessarily indicative of interest in or
purchases of Humalog or NovoLog insulin. Despite these
limitations, we contend that our analysis reflects the internet
pharmacy marketplace for insulin in the United States as
accessed through common search engines.

Conclusions
The relatively low costs of Humalog and NovoLog insulin from
easily accessible illegitimate internet pharmacies place patients
at risk. Although the elimination of illegitimate internet
pharmacies would be the gold standard way to reduce their risk
to patients, illegitimate internet pharmacies are elusive.
Governmental agencies should continue to pursue legal and
regulatory measures with the intent of closing illegitimate
internet pharmacies. Search engines should work to filter their
results better, decreasing the visibility of illegitimate internet
pharmacies. Finally, although public awareness campaigns and
provider-to-patient efforts can bring attention to the dangers of
illegitimate internet pharmacies, they do not address the reasons
that patients may visit these sites. With patient safety in mind,
US legislators and members of the pharmaceutical supply chain
should work to lower the costs of insulin, thereby diminishing
patients’ incentive to purchase from illegitimate internet
pharmacies.
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Abstract

Background: The COVID-19 pandemic has increased online purchases and heightened interest in existing treatments.
Dexamethasone, hydroxychloroquine, and lopinavir-ritonavir have been touted as potential COVID-19 treatments.

Objective: This study assessed the availability of 3 potential COVID-19 treatments online and evaluated the safety and marketing
characteristics of websites selling these products during the pandemic.

Methods: A cross-sectional study was conducted in the months of June 2020 to August 2020, by searching the first 100 results
on Google, Bing, and Yahoo! mimicking a US consumer. Unique websites were included if they sold targeted medicines, were
in English, offered US shipping, and were free to access. Identified online pharmacies were categorized as rogue, unclassified,
or legitimate based on LegitScript classifications. Patient safety characteristics, marketing techniques, price, legitimacy, IP
addresses, and COVID-19 mentions were recorded.

Results: We found 117 websites: 30 selling dexamethasone (19/30, 63% rogue), 39 selling hydroxychloroquine (22/39, 56%
rogue), and 48 selling lopinavir-ritonavir (33/48, 69% rogue). This included 89 unique online pharmacies: 70% were rogue (n=62),
22% were unapproved (n=20), and 8% were considered legitimate (n=7). Prescriptions were not required among 100% (19/19),
61% (20/33), and 50% (11/22) of rogue websites selling dexamethasone, lopinavir-ritonavir, and hydroxychloroquine, respectively.
Overall, only 32% (24/74) of rogue websites required prescriptions to buy these medications compared with 94% (31/33) of
unapproved and 100% (10/10) of legitimate websites (P<.001). Rogue sites rarely offered pharmacist counseling (1/33, 3% for
lopinavir-ritonavir to 2/22, 9% for hydroxychloroquine). Drug warnings were unavailable in 86% (6/7) of unapproved
dexamethasone sites. It was difficult to distinguish between rogue, unapproved, and legitimate online pharmacies solely based
on website marketing characteristics. Illegitimate pharmacies were more likely to offer bulk discounts and claim price discounts,
yet dexamethasone and hydroxychloroquine were more expensive online. An inexpensive generic version of lopinavir-ritonavir
that is not authorized for use in the United States was available online offering US shipping. Some websites claimed
hydroxychloroquine and lopinavir-ritonavir were effective COVID-19 treatments despite lack of scientific evidence. In comparing
IP addresses to locations claimed on the websites, only 8.5% (7/82) matched their claimed locations.

Conclusions: The lack of safety measures by illegitimate online pharmacies endanger patients, facilitating access to medications
without appropriate oversight by health care providers to monitor clinical response, drug interactions, and adverse effects. We
demonstrated how easy it is to go online to buy medications that are touted to treat COVID-19 even when current clinical evidence
does not support their use for self-treatment. We documented that illegitimate online pharmacies sidestep prescription requirements,
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skirt pharmacist counseling, and make false claims regarding efficacy for COVID-19 treatment. Health care professionals must
urgently educate the public of the dangers of purchasing drugs from illegitimate websites and highlight the importance of seeking
treatment through authentic avenues of care.

(J Med Internet Res 2022;24(2):e27704)   doi:10.2196/27704

KEYWORDS

COVID-19; medication; internet; online pharmacy; drug

Introduction

The coronavirus disease 2019 (COVID-19) pandemic has
intensified the demand for effective medications and made
online purchases commonplace. According to a recent global
study of 5000 consumers, over one-third (36%) of consumers
reported shopping online weekly since the pandemic, which is
up from 28% pre-COVID-19 [1]. As online shopping becomes
more common, the rate of online purchase of medications is
also increasing [2]. Online pharmacies have grown from US
$29.35 billion in 2014 to a projected global market size of US
$128 billion by 2023 [3].

Yet, consumers may not be aware of how prevalent illicit
pharmacies are online. In 2016, there were 30,000-35,000 online
pharmacies accessible to US customers on the internet [4]. Of
these pharmacies, 96% were found to be illegitimate and in
violation of US pharmacy laws and practice standards [5].
Illegitimate online pharmacies pose a significant safety threat
to consumers, as their products cannot be guaranteed; the
manufacturing, storage, and shipping conditions of the drugs
may not be regulated; and they bypass pharmacists who can
ensure proper dosages and use of medications [6].

As the pandemic continues to claim many lives [7], there has
been heightened interest in finding potential treatments for
COVID-19 among existing medications. Several existing
medications have been touted as potential treatments for
COVID-19, including dexamethasone, hydroxychloroquine,
and lopinavir-ritonavir [8]. Dexamethasone is a glucocorticoid
agent used for several disease states for its anti-inflammatory
and immunosuppressive properties. It has been trialed in patients
with COVID-19 to see if it may reduce disease progression to
respiratory failure and death [9]. A controlled, open-label trial
among patients who were hospitalized with COVID-19 found
that the use of dexamethasone resulted in lower 28-day mortality
among those who were receiving either invasive mechanical
ventilation or oxygen alone [9,10]. This trial, along with others,
supports the idea that dexamethasone can prevent mortality in
hospitalized patients with COVID-19 [11]. Such supportive
evidence behind the effectiveness of dexamethasone has caused
an increase in its use [12]. It is important to note though that
corticosteroids such as dexamethasone are not benign drugs and
should only be taken under the direct supervision of a medical
provider. If misused, dexamethasone can cause side effects such
as hypertension, endocrine abnormalities, vision problems,
pancreatitis, and osteoporosis [13]. Monitoring the use of
dexamethasone is therefore required to assess side effects and
response to therapy.

Hydroxychloroquine has also been considered a potential
COVID-19 treatment and prophylaxis [14]. Hydroxychloroquine
is an aminoquinoline anti-infective agent indicated for the
treatment of malaria. Despite promising mechanistic properties,
several randomized clinical trials found that hydroxychloroquine
did not prevent illness or confirmed infection when used as
postexposure prophylaxis within 4 days after moderate or
high-risk exposure to COVID-19 [14,15]. However,
endorsement of the medication by high-profile figures including
former US President Donald Trump during early phases of the
pandemic drew public attention to the medication. It was
reported that Google search volume for purchasing
hydroxychloroquine increased by 14-fold in March 2020, when
the clinical efficacy for the medication was still inconclusive
[16]. The use of hydroxychloroquine for COVID-19 can be
problematic especially without a health care prescription, putting
patients at risk for insufficient laboratory monitoring and side
effects such as nausea, low blood sugar, movement disorders,
eye problems, and cardiac problems [10].

Another medication that has been touted for COVID-19
treatment is lopinavir-ritonavir. Lopinavir-ritonavir is an
antiretroviral agent that is used for HIV infection suppression.
Since lopinavir had in vitro inhibitory activity against the
SARS-CoV virus in 2003 and the SARS-CoV-2 (COVID-19)
virus is genetically similar, clinical trials were conducted in
patients with COVID-19 [17]. However, a randomized,
controlled, open-label trial involving hospitalized adult patients
with severe COVID-19 found no benefit of lopinavir-ritonavir
treatment beyond standard care [14]. Further studies and case
reports have reinforced these findings, and lopinavir-ritonavir
is generally not recommended for treatment of COVID-19
[18,19]. If consumers use lopinavir-ritonavir in efforts to combat
a COVID-19 infection, they would not only be using an
ineffective treatment but would also be exposing themselves to
unnecessary side effects.

We sought to assess the accessibility of dexamethasone,
hydroxychloroquine, and lopinavir-ritonavir online during the
COVID-19 pandemic and to analyze their implications for
medication safety. In doing so, we recorded medication prices,
marketing practices, and statements related to COVID-19 from
websites selling these medications. Our aim was to assess what
US consumers would find if they utilized online pharmacies
looking for medications to treat COVID-19 amid the pressures
of a global pandemic.

Methods

We searched for online pharmacy websites selling
dexamethasone, hydroxychloroquine, or lopinavir-ritonavir
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using 3 search engines (Google, Bing, and Yahoo!) between
June 2020 and August 2020. Two searches were conducted on
each search engine using the brand and generic names of each
medication. We used the search terms “buy [drug name] online”
(eg, “buy lopinavir-ritonavir online” and “buy Kaletra online”)
to simulate patients seeking to buy these treatments online. We
screened the first 100 search results for every search term and
recorded the results of our searches. Websites were included in
this analysis if they were published in the English language,
were free to access, were active, claimed to sell the drugs of
interest, had a unique URL, and were classified by LegitScript.
Websites were excluded if they did not sell the medications of
interest or did not ship to the United States. Screenshots of the
web pages were taken at the time the pages were accessed.

The legitimacy of included websites was assessed by
LegitScript, an online service that monitors online pharmacies
for compliance with applicable laws and regulations. LegitScript
classifies online pharmacies based on licensure or registration
in appropriate jurisdictions, sales of controlled substances,
history of disciplinary sanctions, requirement of valid
prescription, compliance with applicable laws, protection of
privacy, patient services offered, transparency, and domain
name registration [4]. This analysis utilized LegitScript’s
classification, where rogue pharmacies “engage in illegal,
unsafe, or misleading activities like selling prescription drugs
without a prescription,” unapproved pharmacies face “some
problem with regulatory compliance or risk, such as operating
legally in one jurisdiction but not in others,” and legitimate
pharmacies “passed LegitScript’s certification criteria” [4].
Rogue and unapproved pharmacies were considered illegitimate
pharmacies in this analysis.

In order to understand how online pharmacies attend to patient
safety, we assessed whether prescriptions were required to
purchase these medications or if patients needed to fill out a
health-related questionnaire prior to ordering medications. We
assessed whether pharmacist counseling was available,
appropriate drug information was on the drug product page,
warnings in using the medications were noted, and there was a
quantity limit on purchases. Quantity control was defined as
the website setting a maximum allowable quantity (or day
supply) of medication that was available for purchase on the
checkout page. Claims made related to the efficacy of these
medications in treating COVID-19 were also abstracted from
the websites. Patient safety analyses were conducted for each
drug individually. Chi-squared tests were conducted to examine
differences in patient safety characteristics by pharmacy
legitimacy and across medications.

We recorded some marketing characteristics of websites,
including whether the website claimed a price discount
compared with brick-and-mortar pharmacies, availability of
bulk product price discounts, and offers of coupons or promotion
codes. Marketing characteristics of rogue, unapproved, and
legitimate sites were compared using chi-squared tests. We
tracked whether online pharmacies offered phone numbers or
WhatsApp accounts and whether consumers could speak with
sales associates. Websites that claimed to be registered with
pharmacy-governing organizations were recorded, as well as

customer testimonies and privacy assurances. Marketing of
COVID-19–related products such as ads for masks, sanitizing
wipes, and hand sanitizers, as well as explicit mentions of
COVID-19 on websites, were also recorded. Quotes about
COVID-19 from these websites were classified by website
legitimacy and were analyzed qualitatively, examining themes
that emerged from texts. Unique websites were defined as those
with unique URLs, and marketing analyses were conducted
once per unique website (ie, if a website sold 2 of our
medications of interest, we reported the website’s marketing
characteristic once).

Prices and shipping costs for obtaining 60 dexamethasone 0.5
mg tablets, hydroxychloroquine 200 mg capsules, and
lopinavir-ritonavir 200 mg-50 mg tablets were collected from
each website. These quantity and strengths were chosen as they
were the most commonly available for patients to select and
purchase presented on the web pages. Online pharmacy prices
at checkout were compared with prices offered through GoodRx,
which tracks prescription drug prices in the United States. Where
possible, we compared prices of generic versions of the
medications. However, the GoodRx price for lopinavir-ritonavir
reflected the price for the brand name drug Kaletra in the United
States, as a generic version had not been approved for use in
the United States. Country locations reported on pharmacy
websites were also recorded and compared with registered
locations of the IP addresses identified via IP2location [20].
Where available, we assessed the monthly traffic volume of
pharmacy sites using SimilarWeb, a site that specializes in web
analytics and reports traffic volumes from open exchanges of
first-party data, and by surveying public data sources [21].

Results

Across 3 search engines, we identified a total of 117 websites
that claimed to sell dexamethasone, hydroxychloroquine, or
lopinavir-ritonavir online. This included 30 websites selling
dexamethasone, 39 sites selling hydroxychloroquine, and 48
sites selling lopinavir-ritonavir. The majority of websites were
illegitimate—we only found 4 (4/30, 13%), 5 (5/39, 13%), and
1 (1/48, 2%) legitimate websites selling dexamethasone,
hydroxychloroquine, and lopinavir-ritonavir, respectively. We
found that 63% (19/30) of websites selling dexamethasone, 56%
(22/39) of sites selling hydroxychloroquine, and 69% (33/48)
of sites selling lopinavir-ritonavir were rogue based on
LegitScript classifications. An additional 26 websites that were
not classified by LegitScript were excluded from our analysis.

Rogue websites tended to be distinct from unapproved (31/33,
94%) and legitimate sites (10/10, 100%), with only 32% (24/74)
of sites requiring prescriptions to buy these medications (P<.001;
Table 1). Health-related questionnaires were seldom used across
all websites (utilized by 1 rogue and 7 unapproved websites).
Overall, few (15/117, 12.8%) websites made overt offers for
consumers to speak with a pharmacist, including legitimate sites
(1/10, 10%). Medication warnings were often missing from
unapproved websites (13/33, 39%; P<.001). Quantity control
was rarely seen in legitimate sites, as prescriptions were meant
to limit purchasable quantity.
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Table 1. Patient safety characteristics stratified by rogue, unapproved, and legitimate online pharmacies.

P valueLegitimate (n=10), n (%)Unapproved (n=33), n (%)Rogue (n=74), n (%)Patient safety characteristics

<.00110 (100)31 (94)24 (32)Prescription required

<.0010 (0)7 (21)1 (1)Health-related questionnaire

.0021 (10)10 (30)4 (5)Offer to speak with pharmacist

.129 (90)18 (55)44 (59)Drug information on product page

<.0018 (80)13 (39)60 (81)Drug related warnings on product page

.0012 (20)27 (82)45 (61)Quantity control

Across medications, many illegitimate websites did not require
prescriptions to obtain dexamethasone (21/26, 81%), compared
with hydroxychloroquine (11/34, 32%) and lopinavir-ritonavir
(20/47, 43%; P=.02; Table 2). Rogue websites by far had the
most lenient prescription requirements, with none (0/19, 0%)
of the rogue websites selling dexamethasone requiring
prescriptions, while 50% (11/22) and 39% (13/33) of rogue
websites selling hydroxychloroquine and lopinavir/ritonavir,
respectively, required prescriptions. Medication information

and warnings were particularly lacking for illegitimate websites
selling hydroxychloroquine and lopinavir-ritonavir, with only
65% (22/34) and 36% (17/47) of websites, respectively,
providing accurate drug information. Among illegitimate
websites, 53% (18/34) selling hydroxychloroquine and 77%
(36/47) selling lopinavir-ritonavir provided medication-related
warnings. Across all websites selling dexamethasone, 87%
(26/30) included medicine information, and 73% (22/30)
provided medication-related warnings on their web pages.

Table 2. Patient safety characteristics stratified by online pharmacy legitimacy and medication.

P valueLegitimate, n (%)Unapproved, n (%)Rogue, n (%)Patient safety characteristics

L-R
(n=1)

HCQ
(n=5)

DEX
(n=4)

L-R
(n=14)

HCQ
(n=12)

DEX
(n=7)

L-Rc

(n=33)
HCQb

(n=22)
DEXa

(n=19)

.021 (100)5 (100)4 (100)14 (100)12 (100)5 (71)13 (39)11 (50)0 (0)Prescription required(yes)

.290 (0)0 (0)0 (0)4 (29)3 (25)0 (0)0 (0)1 (5)0 (0)Health-related questionnaire
(yes)

.870 (0)1 (20)0 (0)3 (21)6 (50)1 (14)1 (3)2 (9)1 (5)Offer to speak with pharma-
cist(yes)

.591 (100)5 (100)3 (75)5 (36)8 (67)5 (71)12 (36)14 (64)18 (95)Drug information on product
page(yes)

.061 (100)4 (80)3 (75)6 (43)6 (50)1 (14)30 (91)12 (54)18 (95)Drug-related warnings on
product page (yes)

.370 (0)1 (20)1 (25)8 (57)12 (100)7 (100)19 (58)11 (50)15 (79)Quantity control (yes)

aDEX: dexamethasone.
bHCQ: hydroxychloroquine.
cL-R: lopinavir-ritonavir.

Marketing characteristics were examined across unique websites.
We identified 89 unique websites that were classified by
LegitScript, as 28 websites sold more than one product of
interest. Among the 89 websites, 62 (70%) were identified as
rogue, 20 (22%) were unapproved, and only 7 (8%) websites
were legitimate.

When examining marketing characteristics of websites, it was
more difficult to distinguish between rogue, unapproved, and
legitimate online pharmacies (Table 3). Privacy assurances were
most frequently offered by unapproved pharmacies (17/20,
85%), compared with 52% (32/62) for rogue and 57% (4/7) for
legitimate pharmacies (P=.03). Rogue and unapproved websites
appeared to be more likely to claim price discounts (58/62, 94%

and 18/20, 90% respectively), while 71% (5/7) of legitimate
websites made a similar claim (P=.12). Rogue and unapproved
websites tended to offer more bulk discounts (41/62, 66% and
13/20, 65%, respectively) compared with legitimate websites
(2/7, 29%; P=.15). It is notable that 32% (20/62) of rogue
websites and 60% (12/20) of unapproved websites claimed to
be registered by pharmacy-governing organizations. The most
common registration claims made by illegitimate websites
included the Canadian International Pharmacy Association
(CIPARx; 33/82, 40%) and PharmacyChecker (25/82, 30%).
Legitimate websites mostly claimed registration with the
National Association of Boards of Pharmacy (2/7, 29%), the
Better Business Bureau (4/7, 57%), or LegitScript (5/7, 71%).
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Table 3. Marketing characteristics stratified by rogue, unapproved, and legitimate online pharmacies (n=89).

P valueaLegitimate (n=7), n (%)Unapproved (n=20), n (%)Rogue (n=62), n (%)Marketing characteristics

.125 (71)18 (90)58 (94)Claims price discount (yes)

.152 (29)13 (65)41 (66)Bulk discounts (yes)

.294 (57)8 (40)37 (60)Coupon or promo code (yes)

.567 (100)19 (95)56 (90)Phone # or WhatsApp (yes)

.606 (86)16 (80)45 (72)Offer to speak with an associate (yes)

.083 (43)12 (60)20 (32)Registration claims (yes)

.155 (71)8 (40)39 (63)Customer testimonials (yes)

.034 (57)17 (85)32 (52)Privacy claims (yes)

aAnalysis was conducted across websites selling dexamethasone, hydroxychloroquine, and/or lopinavir-ritonavir, which were classified by LegitScript
for legitimacy.

A total of 7 illegitimate websites made unsubstantiated claims
regarding the efficacy of hydroxychloroquine (n=4) or
lopinavir-ritonavir (n=3) in treating COVID-19 (Table 4).
Illegitimate pharmacies made a wide variety of uncorroborated
medication efficacy claims from “hydroxychloroquine has
shown positive results when being used to treat patients with
COVID-19” to “[lopinavir-ritonavir] has been tested and
included in the protocols of treatment of the novel coronavirus
COVID-19.” One illegitimate website quoted former US
President Donald Trump’s Twitter account to note that
hydroxychloroquine should be used to treat COVID-19. Four
illegitimate websites created a COVID-19 medication category
and tagged hydroxychloroquine or lopinavir-ritonavir.
Illegitimate websites also noted supply limitations:
“[Hydroxychloroquine is] not available at this time due to
COVID-19 shipping disruptions.” COVID-19–related supplies
such as gloves, masks, or test kits were advertised by 4
illegitimate websites.

On the other hand, legitimate pharmacy websites rarely
mentioned COVID-19 on their web pages, neither claiming nor
denying the efficacy of these medications related to COVID-19.
Two legitimate websites mentioned limitations in dispensing
hydroxychloroquine due to COVID-19, limiting supplies to
existing hydroxychloroquine patients or restricting

hydroxychloroquine to only patients with a positive COVID-19
test. One legitimate website advertised hand sanitizers and masks
alongside these medications.

Prices, with and without standard shipping, for 60 tablets of
each medication bought online (0.5 mg tablets of
dexamethasone, 200 mg capsules of hydroxychloroquine, and
200 mg lopinavir and 50 mg ritonavir tablets) were compared
with the equivalent quantity price at brick-and-mortar
pharmacies listed on GoodRx (Figure 1). Dexamethasone and
hydroxychloroquine were both more expensive online, with or
without shipping, compared with listed average GoodRx prices.
Average prices were lower at brick-and-mortar stores for 0.5
mg tablets of dexamethasone at US $10.74, compared with US
$38.07 for the medication online and US $50.54 with shipping.
Similarly, 200 mg capsules of hydroxychloroquine were cheaper
at brick-and-mortar stores at US $39.64 on average, compared
with US $83.22 online and US $96.04 with shipping. A generic
version of lopinavir-ritonavir was available online for US
consumers and sold on average at US $211.77 (US $229.52
with shipping), even though this generic drug has not been
approved for use in the United States. This unapproved generic
lopinavir-ritonavir was much cheaper online than average
GoodRx prices for brand-name drug Kaletra at US $532.40.
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Table 4. COVID-19 mentions on illegitimate and legitimate online pharmacy websites.

MentionsaQuotesType of COVID-19 mentions

Quotes from illegitimate pharmacies

7Direct claims that medication may
be effective for COVID-19

• “drug [hydroxychloroquine] confirmed effective on COVID-19”
• “It was announced by American president that Hydroxychlorquine should be used to

treat coronavirus, Donald Trump said this in his Twitter on March 21 2020.”
• “[study] proved that Hydroxychloroquine… can cut the death rate significantly in sick,

hospitalized COVID patients without heart-related side effects... The analysis of the
study shows hydroxychloroquine helped save lives.”

• “Hydroxychloroquinine has shown positive results when being used to treat patients with
Covid-19 (coronavirus).”

• “it was found out that Kaletra shows positive results in a blockage of a COVID-19 viral
replication”

• “This HIV medication [lopinavir-ritonavir] is one of the few drugs effective for COVID-
19 treatment)”

• “It [lopinavir-ritanovir] has been tested and included in the protocols of treatment of the
novel coronavirus COVID-19”

2Claims medication may be effec-
tive for COVID-19

• “Reports have shown that this medicine [hydroxychloroquine] might be effective against
Coronavirus, but it has not been proven”

• “Reports have shown that this medicine [lopinavir-ritonavir] might be effective against
Coronavirus, but it has not been proven.”

3Supply/shipping limitation due to
COVID-19

• “…New Zealand, in an effort to preserve adequate stocks of this medicine for their own
people during the Covid-19 pandemic have halted all exports until further notice”

• “Limited supply. Currently being dispensed to existing Plaquenil patients only”
• “Not available at this time due to COVID-19 shipping disruptions.”

1Precaution regarding efficacy in
COVID-19

• “Taking this medication will not prevent you from passing HIV or COVID-19 to other
people”

4Medication included in COVID-
19 medication category

• Tagb: COVID-19 [hydroxychloroquine]
• Tagb: coronavirus [lopinavir-ritanovir] [hydroxychloroquine]
• Tagb: covid19 treatment, covid19 medications uk [lopinavir-ritanovir]

4Ads for products related to
COVID-19

• Gloves
• COVID test kits
• Masks

Quotes from legitimate pharmacies

2Indication limitation or dispense
restriction due to COVID-19

• “we are ONLY dispensing Hydroxychloroquine to patients with history of use for an
autoimmune disorder … prior to 3/1/2020 or a positive diagnosis of COVID-19… Doctors
prescribing outside of their scope of practice will be DENIED”

• “Due to the national shortage, we can only dispense this drug [hydroxychloroquine] if
you have tested positive for coronavirus/COVID-19.”

1Ads for products related to
COVID-19

• Sanitizer and masks

aDenotes the number of online pharmacy websites per type of COVID-19 mention.
bThese websites created COVID-19 medication categories or categorized the medication under a specific tag on the product pages.
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Figure 1. Prices to purchase 60 tablets/capsules of dexamethasone (DEX), hydroxychloroquine (HCQ), and lopinavir-ritonavir (L-R) online versus
GoodRx.

Large numbers of countries were involved in hosting online
pharmacies, either where online pharmacies claimed to be or
where their servers were located (Figure 2). Most of the
illegitimate websites (75/82, 92%) hosted their servers in a
country different from that listed on their website. The majority
of illegitimate websites (58/82, 71%) either claimed to be a
Canadian pharmacy (31/82, 38%) or did not list any country
location (27/82, 33%) on their websites. Of the websites
claiming to be located in Canada or India (38/82, 46%), the

majority actually had IP addresses with a registered server in
the United States (29/38, 76%). All legitimate websites (n=7)
claimed to be in the United States and had IP addresses that
indicated US servers. Website traffic data were available on
SimilarWeb for 9 websites (3 rogue and 6 legitimate sites).
Average website traffic for legitimate websites ranged from
10,200 to 10,900,000 monthly views, while rogue websites
ranged from 10,000 to 20,000 monthly views.
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Figure 2. Reported versus server locations of illegitimate online pharmacies (n=82).

Discussion

Principal Findings
We found that illegitimate pharmacy websites claiming to sell
dexamethasone, hydroxychloroquine, and lopinavir-ritonavir
endanger patient safety by bypassing prescription requirements,
denying pharmacist counseling, and making false claims
regarding efficacy in treating COVID-19 infections. We
demonstrated that these websites are easy to find using common
search engines and that they attempt to garner attention from
potential consumers by claiming discounted prices and offering
bulk discounts. We discuss in the following sections the reasons
why these websites are harmful (lack of prescriptions, no
pharmacist contact, and use of these medications for COVID-19
treatment) and how they try to lure consumers (medicine prices,
online pharmacy marketing, and global transactions) [22].

Lack of Prescriptions
Many illegitimate websites we found selling dexamethasone
(21/26, 81%), hydroxychloroquine (11/34, 32%), and
lopinavir-ritonavir (20/47, 43%) did not require prescriptions.

This is a recipe for tragedy as prescriptions ensure that health
care providers have reviewed patients’ medical histories and
that selected medications are safe and appropriate. The lack of
prescriptions needed to access these medications through online
pharmacies is an immense patient safety concern, as these
medications require intensive monitoring for side effects and
therapeutic effects when they are initiated.

For example, dexamethasone requires a physician-guided dosing
taper for safe and effective use. If dexamethasone is stopped
abruptly after long-term use, it can cause hypothalamic-pituitary
adrenal axis suppression, which can lead to a decreased immune
response against infection or trauma [13]. Moreover, side effects
of taking dexamethasone include hypertension, endocrine
abnormalities, vision problems, pancreatitis, and osteoporosis
[13]. For hydroxychloroquine, there have been reports of fatal
cardiomyopathy and arrythmias with its use, which have led to
recommendations for intensive cardiac monitoring during
therapy initiation [23]. Hydroxychloroquine also has the
potential to cause adverse effects to the liver, kidney, cerebellar
cortex, pancreas, and eyes [23,24]. Lopinavir-ritonavir requires
provider guidance for safe dosing and administration. An
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overdose of lopinavir-ritonavir can result in cardiac toxicity,
renal failure, and central nervous system depression [25].

No Pharmacist Contact
We also found that very few websites (15/117, 12.8%) offered
pharmacist counseling before consumers purchase these
medications, including even legitimate sites (1/10, 10%).
Pharmacists ensure medication appropriateness and safety by
ensuring that patients have the opportunity to clarify any dosing
instructions, interactions, or side effects before they take
medications [26]. With no pharmacist oversight, patients are
more likely to experience drug interactions, incorrect dosing,
or side effects that could have been avoided with counseling.
For example, previous studies have examined the association
between online pharmacy use, medication use, and health
outcomes, where patients who obtained medications online were
more likely to use medications at higher doses and more
frequently and experience adverse events compared with patients
obtaining medications from brick-and-mortar stores [27].
Additionally, most states in the United States have regulations
in place where an offer to counsel with a pharmacist must be
made at the time of medication dispensing [28]. Buying
medications through online pharmacies bypasses these important
patient safety measures and regulations.

Some adverse events specific to these medications could be
avoided if pharmacists are able to review patients’ profiles to
analyze for interacting medications and counsel patients on
potential side effects. For example, patients taking
dexamethasone should not take nonsteroidal anti-inflammatory
drugs as using both increases the risk of gastrointestinal side
effects [13]. Since dexamethasone is metabolized in the liver,
other medications that affect hepatic enzymes can also affect
the metabolism of dexamethasone [13]. Likewise,
hydroxychloroquine should also be used with caution in patients
taking hepatotoxic medications or with hepatic disease [23].
Since hydroxychloroquine and lopinavir-ritonavir can increase
the risk for cardiac arrythmia, it is important to avoid other
medications that have a similar cardiac effect where possible
[23,25]. Moreover, lopinavir-ritonavir interacts with any
medications that induce, inhibit, or are metabolized by CYP3A,
a very common metabolic liver enzyme [25]. If taken with a
medication that is primarily cleared by CYP3A,
lopinavir-ritonavir can cause buildup of the medication, which
can lead to life-threatening side effects [25]. These examples
demonstrate the importance for all online pharmacies to facilitate
consumer interactions with pharmacists.

Use of These Medications for COVID-19 Treatment
Although some online pharmacy sites have touted the efficacy
of these medications in treating COVID-19, current clinical
evidence does not support their use for self-treatment of
COVID-19 infections. Dexamethasone was found to be effective
in reducing mortality in patients with COVID-19 in the
RECOVERY trial; however, the benefit was only seen among
patients with severe disease requiring supplemental oxygen or
invasive mechanical ventilation [9]. Online purchasing of
dexamethasone for self-treatment of COVID-19 is therefore not
appropriate.

One of the most common references to medicine efficacy for
COVID-19 treatment on pharmacy websites was related to
hydroxychloroquine (n=14). Four illegitimate websites claimed
hydroxychloroquine as an effective treatment for COVID-19,
with 1 site citing former US President Trump’s Twitter account
as the source for this claim rather than scientific sources. Other
sites created a COVID-19 medication category and deceptively
included hydroxychloroquine in the category page.
Hydroxychloroquine was one of the most studied medications
during the early phase of the pandemic, with more than 50
registered clinical trials by May 2020 [29,30]. On April 27,
2020, the Food and Drug Administration (FDA) issued an
emergency use authorization (EUA) for the use of
hydroxychloroquine to treat adults and adolescents hospitalized
with COVID-19 who are not able to participate in clinical trials.
However, this EUA was revoked on June 15, 2020 after the
FDA reviewed clinical evidence [31]. The FDA concluded that
hydroxychloroquine is unlikely to be effective and the potential
benefit of using the treatment no longer outweighs the risks of
serious cardiac adverse events and other side effects associated
with the medication [31]. The RECOVERY trial in the United
Kingdom found no mortality benefit with hydroxychloroquine,
while the Solidarity Trial coordinated by the World Health
Organization terminated the hydroxychloroquine arm early
based on interim analysis results that showed little or no
reduction of mortality in hospitalized patients with COVID-19
[18,32].

We found one illegitimate website falsely claiming that
lopinavir-ritonavir showed positive results in blocking
COVID-19 viral replication. Such false statements can be
hazardous for patients seeking reliable information. Similar to
hydroxychloroquine, lopinavir-ritonavir was a popular
explorative treatment at first, as a systematic review in 2020
including 9152 hospitalized patients found that it was the most
frequently administered treatment, received by 21.9% of patients
[33]. However, the RECOVERY trial also found the medication
to not be effective, and the Solidarity Trial discontinued its
lopinavir-ritonavir arm based on an interim analysis showing
similar results [18,19].

Medicine Prices
Prior studies have suggested that the cost of medications online
vis-à-vis brick-and-mortar stores differs depending on the
product [34-37]. Here, we report similar findings. While the
majority (76/82, 93%) of illegitimate online pharmacies claimed
price discounts on their products, it was cheaper on average to
purchase dexamethasone and hydroxychloroquine at
brick-and-mortar pharmacies. We found that average online
prices (excluding shipping) for dexamethasone and
hydroxychloroquine were 285% and 110% more expensive,
respectively, than GoodRx.

On the other hand, prices for lopinavir-ritonavir were cheaper
on online pharmacies. In the United States, lopinavir-ritonavir
200 mg-50 mg tablets are only available as a brand name
product, Kaletra, at an average GoodRx price of US $532.40.
Meanwhile, illegitimate online pharmacies advertised a generic
lopinavir-ritonavir that has not been approved in the United
States at an average price of US $211.77. The availability of an
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unapproved and cheaper “generic” lopinavir-ritonavir through
online pharmacies means US consumers could in fact obtain a
different medicine, a generic drug not approved in the United
States, with significant safety concerns.

Online Pharmacy Marketing
Illegitimate websites were more likely to claim price discounts
(76/82, 93%) than legitimate websites (5/7, 71%). They were
also more likely to offer bulk discounts if the customer placed
larger orders. Many illegitimate websites also made claims to
be registered by pharmacy-governing organizations, claiming
to be approved by various sites as a legitimate business practice.
These registration claims often cited CIPARx or
PharmacyChecker. It is important to note that LegitScript has
found that CIPARx and PharmacyChecker have previously
given approval to websites legally found to be illegitimate [17].
The lack of reliability of such accreditation sites are problematic
and need to be corrected as less savvy customers may see a
symbol of accreditation and believe the website to be legitimate.

Global Transactions
Most of the illegitimate online pharmacy websites analyzed in
this study (75/82, 92%) hosted their servers in a country different
from that listed on their website. This is in line with other studies
that have reported similar differences in server and listed
locations [35]. Although this difference does not verify that
online pharmacies’ physical locations are different from what
are reported, it does raise the concern that many of these
pharmacies are misleading patients by reporting to be located
in one country but are actually dispensing from another country.
The discrepancies also increase barriers to enforcement
agencies’ regulations. In addition, the pharmacies may be
obtaining their medications from international manufacturers
and suppliers that do not comply with US FDA regulations and
good manufacturing practices. Worse yet, the medications
dispensed by these illegitimate online pharmacies may be
substandard or falsified and could cause harm to patients [38].
As 1 in 10 essential medications sold in low- and middle-income
countries have been found to be substandard or falsified, some
medications sold through online pharmacies could be
substandard or falsified [39,40]. Global transactions facilitated
by online pharmacies can be an especially opportunistic market
during pandemics, when demand for COVID-19 treatments is
high and regulatory actions may be inadequate [41].
Interventions are needed globally to ensure access to safe,
quality-assured, and effective medications during the COVID-19
pandemic and beyond, with protections to minimize medication
harm.

There is a number of limitations of our study to note. First, we
did not attempt to capture the entirety of the online pharmacy
landscape and were only able to present a snapshot of results
at a point in time. We utilized 3 most commonly used search

engines, conducted searches from the United States, conducted
searches from the United States, and included unique sites from
the first 10 pages of search results, imitating the behavior of a
typical US consumer who may try to find online pharmacy
websites selling these medications. We present a cross-sectional
study where our data collection occurred in the summer of 2020.
There may have been temporal changes to the availability of
these medications and alterations in marketing tactics employed
by online pharmacies since then. Second, this study focused
solely on dexamethasone, hydroxychloroquine, and
lopinavir-ritonavir, when the demand and supply for other
medications to treat COVID-19 may have also been affected
during this pandemic. Our medications of study were chosen
based on their high publicity as a potential COVID-19 treatment
during the first half of 2020.

We were also unable to uncover the actual purchasing frequency
on these sites. We note that the web traffic to illegitimate online
pharmacies may not be reflective of actual transaction volume,
as many sites regularly close and open with new URLs or
redirect links to avoid detection and regulation. However, the
results we found demonstrate a snapshot of what an average US
consumer may view while purchasing. Moreover, due to ethical
concerns regarding providing fake prescriptions to these
websites, we did not actually purchase medications from these
online pharmacies. Therefore, we were unable to investigate
the actual dispensing locations or test the quality of medications.
Without following through with the full purchasing process, we
could not confirm if pharmacist counseling is indeed offered
after checkout. However, despite these limitations, we followed
the systemic approach outlined in the methodology to assess
the availability of high-profile medications during the
COVID-19 pandemic from online pharmacies.

Conclusion
This analysis illustrates how easy it is to go online to buy
medications that are touted to treat COVID-19 even when
current clinical evidence does not support their use for
self-treatment. Illegitimate online pharmacies endanger patient
safety by sidestepping prescription requirements, skirting
pharmacist counseling, and making false claims regarding
efficacy in treating COVID-19 infections. It is important for
health care providers to recognize the ease of access to these
medications and raise awareness about current clinical evidence
especially during the pandemic. Health care providers should
also educate the public about the risks of purchasing medications
from illegitimate websites, highlighting the importance of
prescriptions and appropriate monitoring of therapeutic response,
drug interactions, and adverse effects by pharmacists [42]. The
amount of illegitimate online pharmacies that surfaced with our
search also suggests a need for better search algorithms and
stricter monitoring and regulations to prevent illegitimate
pharmacies from being easily accessible online.
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Abstract

Background: Multimorbidity represents a global health challenge, which requires a more global understanding of multimorbidity
patterns and trends. However, the majority of studies completed to date have often relied on self-reported conditions, and a
simultaneous assessment of the entire spectrum of chronic disease co-occurrence, especially in developing regions, has not yet
been performed.

Objective: We attempted to provide a multidimensional approach to understand the full spectrum of chronic disease co-occurrence
among general inpatients in southwest China, in order to investigate multimorbidity patterns and temporal trends, and assess their
age and sex differences.

Methods: We conducted a retrospective cohort analysis based on 8.8 million hospital discharge records of about 5.0 million
individuals of all ages from 2015 to 2019 in a megacity in southwest China. We examined all chronic diagnoses using the ICD-10
(International Classification of Diseases, 10th revision) codes at 3 digits and focused on chronic diseases with ≥1% prevalence
for each of the age and sex strata, which resulted in a total of 149 and 145 chronic diseases in males and females, respectively.
We constructed multimorbidity networks in the general population based on sex and age, and used the cosine index to measure
the co-occurrence of chronic diseases. Then, we divided the networks into communities and assessed their temporal trends.

Results: The results showed complex interactions among chronic diseases, with more intensive connections among males and
inpatients ≥40 years old. A total of 9 chronic diseases were simultaneously classified as central diseases, hubs, and bursts in the
multimorbidity networks. Among them, 5 diseases were common to both males and females, including hypertension, chronic
ischemic heart disease, cerebral infarction, other cerebrovascular diseases, and atherosclerosis. The earliest leaps (degree leaps
≥6) appeared at a disorder of glycoprotein metabolism that happened at 25-29 years in males, about 15 years earlier than in
females. The number of chronic diseases in the community increased over time, but the new entrants did not replace the root of
the community.

Conclusions: Our multimorbidity network analysis identified specific differences in the co-occurrence of chronic diagnoses by
sex and age, which could help in the design of clinical interventions for inpatient multimorbidity.

(J Med Internet Res 2022;24(2):e27146)   doi:10.2196/27146
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Introduction

With the recent improvements in clinical interventions, advances
in public health, lifestyle changes, and environmental exposures,
multimorbidity has been a growing global health challenge
[1-3]. Although multimorbidity is widely considered as the
norm, not the exception, it still has an inconsistent definition
and heterogeneity in methodology, which makes it difficult to
gauge its prevalence and pattern in the general population [4-6].
In light of the increased mortality, lower quality of life, and
higher utilization of health care services associated with
multimorbidity [7-11], a global understanding of the
multimorbidity pattern and trend is needed. Although a variety
of studies have investigated the patterns of multimorbidity
[12-16], most of them were conducted using cross-sectional
surveys, which were generally limited either by their small
number of self-reported conditions or by a small sample size.
Therefore, a multidimensional approach is still needed to
understand the full spectrum of multimorbidity networks, time
trends, and patterns in age and sex, particularly in developing
countries or regions [17].

With the enhancement of the storage capacity and accessibility
of electronic information systems, digitized clinical record
keeping has made routinely collected administrative data of
unprecedented depth and variability available to researchers.
This provides an opportunity for the application of network
analysis to extract conceptual insights from large and messy
data sets [18-20]. Although notable studies are few and mostly
carried out in developed countries, they have provided promising
findings in human phenotypic multimorbidity networks. For
instance, based on the disease history of more than 30 million
patients collected from hospital claims, correlations for more
than 10,000 comorbid disease pairs were calculated and

visualized in a phenotypic disease network [19]. Differences in
identified multimorbidity across sex and racial groups were
identified through macro analyses at the organ level [21,22].
Additionally, a study in Taiwan constructed an epidemiological
disease network and examined its temporal pattern [23].
However, it is difficult to investigate the true extent of
multimorbidity associations from these studies because of the
differential definition of multimorbidity at the cross-sectional
level or over a lifetime period, the difference in the measurement
of associations, and the study settings that were mainly
dominated by developed countries or regions.

To address these gaps, we performed a retrospective study based
on all inpatients living in a megacity in southwest China. We
applied the standardized definition and classification system of
multimorbidity [24]. Our major aim is to provide a
multidimensional approach to understand the complex comorbid
relationships among the full spectrum of chronic diseases in
general multimorbidity inpatients in southwest China.
Furthermore, this study aimed to assess age and sex differences
in the multimorbidity pattern and investigate highly correlated
communities and their temporal trends.

Methods

Overview
The workflow of this study is shown in Figure 1. First, we
assessed the quality of the data set and confirmed the study
population. Then, the cosine index was selected to construct
sex- and age-specific multimorbidity networks. Next, we
identified central diseases and bursts, and examined their
differences across sex and age. Finally, we divided the networks
into communities and assessed their temporal trends. Below,
we provide more details on each step of the analysis.

Figure 1. Study workflow. SCI: Salton cosine index. Dis: chronic disease.

Ethics Approval
This study was approved by the Ethics Committee of the Health
Information Center of Sichuan Province. The data were analyzed
anonymously to maintain the privacy of inpatient data. As a
study of previously collected administrative data, this work was
exempt from informed consent requirements.

Data Source and Study Design
In this retrospective cohort analysis, we used the regional
database of longitudinal clinical data for inpatients, which was
provided by the Health Information Center of Sichuan Province.
This regional database includes the anonymized hospital
discharge reports (HDRs) collected from all of the 534
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secondary hospitals and 144 tertiary hospitals in Sichuan
Province; therefore, each inpatient’s longitudinal clinical data
were available. Each HDR contained information on the
anonymized identity, age, sex, residential address, visit and
discharge dates, principal discharge diagnosis, and up to 15
secondary diagnoses. All diseases were specified according to
the ICD-10 (International Classification of Diseases, 10th
revision) codes at 3 digits.

The eligibility criteria included inpatients who were residents
of Chengdu and alive for the entire study period. A total of 5.2
million individuals (about 31.5% of Chengdu’s population) with
9.2 million HDRs from 2015 to 2019 were included. As we
were interested in diseases (ICD-10: A00-R99), hospitalizations
in which the patients were marked only for general symptoms
[24] (226,193 cases in total) were removed. According to the
sex-specific diagnoses [21,24], 2329 male inpatients and 31
female inpatients were further removed due to conflicts between
diagnoses and sex. Finally, the data preprocessing resulted in
a total of 8.8 million hospitalizations corresponding to about
5.0 million individuals of all ages, and the sample was large
enough to estimate age- and sex-specific multimorbidity
patterns.

Network-Based Analysis

Chronic Diseases and Multimorbidity Definition
In 2018, the Academy of Medical Sciences recommended the
adoption of a uniform definition and reporting system for
multimorbidity [25], which identified multimorbidity as the
co-existence of two or more chronic conditions (a physical
noncommunicable disease, a mental health condition, or an
infectious disease of long duration). Since chronic conditions
would not be expected to go away in a single hospitalization
period, we considered a 5-year period [13] rather than a single
hospitalization for the definition of multimorbidity. The Chronic
Condition Indicator [26], developed as part of the Healthcare
Cost and Utilization Project, was used to differentiate between
acute and chronic ICD-10 codes at 3 digits [24]. A total of 489
and 505 chronic disease codes were separately retained in males
and females, respectively.

In order to generate more consistent and reliable estimates, we
focused on chronic diseases with ≥1% prevalence for each of
the following age strata: <7, 7-14, 15-19, 20-24, 25-29, 30-34,
35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79,
and 80+ years, and for both males and females [20], resulting
in a total of 149 and 145 chronic diseases, respectively, which
were further used in downstream analyses (Multimedia
Appendix 1).

Multimorbidity Network Generation and Network
Properties Calculation
A multimorbidity network developed from inpatients contains
a set of nodes that are connected through edges. The node
represents a chronic disease (ICD-10 codes at 3 digits), such
that the node size is proportional to the disease prevalence and
its color identifies the ICD-10 category.

The edge in the multimorbidity network denotes the comorbid
strength between co-existence diseases. Typically, the higher

the comorbid strength of a disease pair, the lower the probability
of co-existence by chance alone [19,20,27]. The relative risk
(RR; calculated in Equation 1) or Pearson correlation coefficient
(ϕ, calculated in Equation 2) was often used to quantify the
comorbid strengths of disease pairs [19,20,27]. These 2 measures
are not entirely independent of each other, as they are both
affected by the sample size and have intrinsic bias [19]. As we
were interested in tightly interconnected disease pairs, mutually
exclusive disease pairs with negative comorbid strengths (RR
< 1 or ϕ < 0) were excluded. Since the Salton cosine index (SCI;
calculated in Equation 4) is immune to the sample size and only
considers the co-occurrences and the prevalence of
multimorbidity [28], we selected it to construct and compare
the multimorbidity networks with a widely varied sample size
in each of the sex- and age-specific groups.

where nab denotes the number of co-occurrences of diseases a
and b, na and nb represent the number of occurrences of diseases
a and b, respectively, and Ntotal is the total number of inpatients
in the sex/age-specific group.

Generally, a cutoff for the SCI is defined by assessing the
relationship between the Pearson correlation and SCI, where
the number of significantly correlated diseases is equal in both
networks [29]. For each sex- and age-specific stratum, the steps
to find a cutoff for the SCI are as follows: Step 1, Calculate the
Pearson correlation coefficient (ϕ, calculated in Equation 2)
and select the statistically significant correlations at α=.01
(calculated in Equation 3); Step 2, Find the minimum number

of disease pairs , where p, the maximum number of edges
possible among n nodes detected in step 1, is equal to n(n-1)/2;
Step 3, Find the number of pairs (q), where nab ≥ nab_minimum;
Step 4, Find the SCI cutoff (Figure 2B), where the number of
pairs is equal to q, detected in step 3. The above steps were used
to create networks for males and females in each of the 16 age
groups and then merge the same edges in different age groups
into the general networks for males and females.

The Kolmogorov-Smirnov test was applied to investigate
whether the degree distribution follows a power law. The
structural properties can be measured using several network
indices, such as the density, diameter, average path length,
degree, weighted degree, closeness centrality, and betweenness
centrality [30]. The closeness centrality measures the shortest
distance of the disease away from other chronic diseases. Hence,
the higher the closeness centrality of a disease, the higher the
risk of co-occurrence with different diseases in fewer number
of steps. The betweenness centrality denotes the number of
shortest paths through a disease. Then, the higher the
betweenness centrality of a disease, the higher the likelihood
to form bridges between other diseases.
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Figure 2. Characteristics of the study population. (A) Selection flow of the study population with multimorbidity. (B) Age and sex distribution for 1.8
million unique inpatients with multimorbidity. (C) Age- and sex-specific percentages of inpatients with multimorbidity among 5.0 million unique
inpatients. (D) Age- and sex-specific mean numbers of chronic diseases among 1.8 million unique inpatients with multimorbidity.

The Central Diseases, Hubs, and Bursts
In order to distinguish the node centrality in the network, the
PageRank algorithm [31] was applied, which considers the edge
weights. The higher the PageRank value, the more “central” the
disease [32]. The parameters were set as commonly assumed,
where epsilon = 0.001 and probability = 0.85. Since no
established guideline exists for how many nodes are central and
since the number of nodes hugely differed among all the age
groups in our study, we defined the central diseases as the nodes
with the top 10 percentile of the PageRank value across the 16
age strata of males and females.

The connectivity of disease a is defined as the sum of all weights
of all edges attached to it, which quantifies how strongly a
disease is connected to the others. Diseases with larger
connectivity are more likely to have a “system-wide” impact
on the network. In the study, diseases with the top 10 percentile
connectivity values for each of the 16 age strata of males and
females have been referred to as the corresponding hubs.

In order to find the nodes with a vastly increased number of
edges across age groups (defined as bursts) and to explore the
sex difference in the age where the first large leaps occurred,
we separately constructed male and female age-based trajectories
of degree (k) for each node. The nodes with degree leaps ≥6 in
the consecutive age groups with such leaps appearing at least
one time in the subsequent stratum were defined as bursts. These
bursts play essential roles in increasing the multimorbidity

burden. Therefore, detecting the age of the first large leaps can
help to understand the progression of multimorbidity.

Community Detection and Temporal Trends of
Communities
Community detection separates the nodes of a generic undirected
network into communities, such that connections within
communities are stronger than those between them [33,34]. In
order to identify distinct clusters of co-occurring diseases, we
applied the Louvain method, a heuristic method based on
modularity optimization [35]. Modularity Q is widely used to
compare the partition quality and as an objective function to be
optimized [35]. Furthermore, the community detection algorithm
used in our analysis considers the weight of the links.
Eigenvector centrality measures the influence of a node in a
network [36]. The node with the largest eigenvector centrality
in the community was therefore considered as the community
root.

Observing how communities change over time can also provide
valuable information about the network [23]. We applied the
same methodology year by year and compared the results across
time. As a result, we obtained the temporal trends of the
multimorbidity networks. The Pearson correlation coefficient
was used to measure the correlation for communities received
in consecutive years.
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All statistical analyses, network constructions, and visualizations
were conducted in R software (version 3.5.1; R Development
Core Team).

Results

Chronic Diseases and the Prevalence of Multimorbidity
About 5.0 million unique inpatients (representing about 30.3%
of the overall Chengdu population) were enrolled in the study,
among which 36.8% (a total of 1,843,050 unique inpatients,
about 11.2% of the Chengdu population) had two or more
chronic diseases (Figure 2). Demographically, the 1.8 million
unique inpatients with multimorbidity consisted of inpatients
of all ages with a higher percentage of females (52.1%).
Generally, males had a statistically higher percentage of
multimorbidity compared with females, except for the age group
of 70-79 years (as shown in Multimedia Appendix 2). In
addition, males in the middle-age (30-34 years and 45-64 years)
and older elderly (80+ years) age groups had a large number of
chronic diseases compared with females.

Properties of Age- and Sex-Specific Multimorbidity
Networks
The phenotypic multimorbidity network analysis identified the
network’s global structure and uncovered chronic diseases with
a closer co-occurrence (Figure 3). The RR and Pearson

correlation coefficient used to measure disease co-occurrence
are not entirely independent of each other (Figure 3A).
Therefore, the SCI was used to measure the strength of comorbid
diseases, and the cutoff of the SCI was determined by assessing
the relationship between the Pearson correlation coefficient and
SCI (Figure 3B). The cumulative distribution of the number of
edges by nodes (degree (k) distribution) presented exponential
decays (Figure 3C). Both the multimorbidity networks of males
and females were scale-free as the distribution followed a power
law (Kolmogorov-Smirnov test, P=.18 in the male network and
P=.09 in the female network). The number of nodes and edges
for the multimorbidity networks across age strata and by sex
ranged from 22 to 74 and 18 to 579, respectively (Figure 3D
and 3E). For patients above the age of 30 years, the number of
edges we found was more significant in the male multimorbidity
network. The number of edges became smaller in the lower age
groups, but stronger disease connections were identified (Figure
3F). Table 1 lists the topological properties of each network.
Generally, the multimorbidity networks in the younger age
groups (≤40 years old) were sparser, except for females <7 years
old. The maximum diameter and average path length of the
female multimorbidity network were 10 and 4, respectively,
which were larger than those of the male network (8 and 2.8,
respectively). The average closeness centrality in the
multimorbidity network of middle-aged (30-54 years) males
was significantly higher than that for females (Wilcoxon test,
both P<.05).

Figure 3. The properties of sex-specific phenotypic multimorbidity networks. (A) Scatter plot between the relative risk (RR) and the Pearson correlation
coefficient of disease pairs; due to the interest of tightly interconnected diseases, we excluded mutually exclusive disease pairs with RR <1 or correlation
<0. (B) The cutoff of the Sclton cosine index (SCI) where the numbers of significant disease pairs are equal in networks using the Pearson correlation
coefficient and SCI. (C) Degree (k) distributions for sex-specific multimorbidity networks using the SCI. (D) and (E) The numbers of connected nodes
and edges in each multimorbidity network across age strata and by sex. (F) Box plot of the SCI across age strata and by sex. The width of the box is
proportion to the number of edges in each strata’s network.
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Table 1. Sex- and age-specific multimorbidity network properties.

Avg.bet cen-

tralityc
Avg.clos cen-

tralityb
Avg.w de-

greea
Average
degree

Average path lengthDiameterDensityNetwork in each age group
(years)

Male multimorbidity network

4.40.740.582.31.640.077<7

2.40.820.501.51.540.0457-14

3.00.860.621.61.540.07115-19

7.30.670.712.21.940.06420-24

16.50.570.752.82.450.06725-29

23.40.52d0.733.02.580.06430-34

20.40.51d0.783.42.460.06435-39

57.80.40d1.025.22.860.09140-44

63.50.38d1.30d7.5d2.760.12945-49

73.60.39d1.478.6d2.650.13750-54

64.50.411.619.32.550.14455-59

62.10.431.8411.12.450.16560-64

64.00.452.1312.62.360.18565-69

58.60.482.4013.52.150.18770-74

61.80.492.6314.42.150.19775-79

50.20.533.0015.61.940.21480+

Female multimorbidity net-
work

4.00.830.742.81.320.134<7

2.30.820.581.61.430.0547-14

1.70.910.501.31.220.04715-19

4.60.720.591.81.840.05020-24

8.70.610.642.32.150.05725-29

45.50.420.702.73.480.06930-34

69.20.360.702.84.0100.06735-39

88.70.340.824.13.790.08540-44

94.30.340.935.63.160.09845-49

82.20.361.086.92.970.11350-54

68.70.391.307.82.760.13155-59

59.40.431.6510.02.450.16760-64

50.20.451.9611.32.350.18665-69

58.50.482.2812.62.250.18770-74

57.20.502.5713.82.150.19475-79

47.30.532.8014.62.040.22780+

aAvg.w degree: average weighted degree.
bAvg.clos centrality: average closeness centrality.
cAvg.bet centrality: average betweenness centrality.
dThe values in the multimorbidity network in males were statistically higher than those in females (P<.05).
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Age- and Sex-Specific Differences in Central Diseases,
Hubs, and Bursts
The female and male multimorbidity networks are visualized
in Figure 4A and 4B, respectively. According to the frequency
and comorbidity strength, the top 20 comorbid disease pairs
involved 13 diseases, among which 11 diseases (E11, E78, I10,
I11, I25, I27, I50, I63, I67, I70, and J44) were common to both
males and females, and 2 diseases were sex specific (hyperplasia
of the prostate [N40] in males and spondylosis [M47] in
females). The most comorbid disease pair was essential
hypertension (I10) with cerebral infarction (I63), which occurred
in males older than 30 years and females older than 40 years.
Notably, there existed a few disease pairs that exhibited strong
comorbid strengths but only occurred in a typical age group,
for instance, congenital malformation co-existence in children
<7 years old. Based on the PageRank algorithm, 23 and 26
chronic diseases were identified as central diseases in the female
and male multimorbidity networks. Among these diseases, 14
chronic diseases were common to both males and females, and
comprised critical diseases across different ages, such as heart
failure (I50), essential hypertension (I10), glycoprotein
metabolism disorders (E77), and lipoprotein metabolism
disorders (E78) (Figure 4C). Interestingly, depressive episodes
(F32) and other anxiety disorders (F41) represented the central
diseases among females aged 7-14 years and 25-29 years,
respectively. A total of 26 unique diseases were hubs in the
multimorbidity networks, including 19 hubs common to both
males and females, 1 female-specific hub (spondylosis at 50-59
years), and 6 male-specific hubs (Figure 4D). Furthermore, for
each burst, which had at least 2 degree leaps ≥6 through
consecutive age groups, connectivity trajectories across age

groups are presented in Figure 4E and 4F. A total of 7 burst
nodes were common to both males and females, among which
essential hypertension (I10) first occurred in men aged 30 to 34
years. Among the 4 male-specific burst nodes, the earliest leaps
were glycoprotein metabolism disorders (E77), which happened
at 25-29 years. Remarkably, 9 diseases were classified as not
only central diseases, but also hubs and bursts. Among them, 5
were common to both males and females, including essential
hypertension (I10), chronic ischemic heart disease (I25), cerebral
infarction (I63), other cerebrovascular diseases (I67), and
atherosclerosis (I70). Therefore, particular diseases act as both
bursts for increasing the network complex and as hubs for
having a “system-wide” impact on the network, and some of
these act as central diseases for playing the most important role
in the network.

Disease progression by age was evaluated by analyzing the
connectivity trajectories of each disease (Figure 5). Males had
a higher connectivity, except for the youngest age groups (≤14
years old). In contrast, females had a steeper slope, particularly
those aged 55+ years. The central diseases in both males and
females showed a higher connectivity compared with noncentral
diseases, and the connectivity difference between central
diseases and noncentral diseases increased with age among
males and females older than 35 years. A similar pattern also
appeared in the hubs, but its connectivity difference was more
conspicuous at a younger age compared with that in central
diseases, which is consistent with the network topology.
Subsequently, the bursts in males and females had a higher
connectivity after the initial degree leaps ≥6 occurred (males
older than 35 years and females older than 40 years).

J Med Internet Res 2022 | vol. 24 | iss. 2 | e27146 | p.952https://www.jmir.org/2022/2/e27146
(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 4. Multimorbidity networks, central diseases, hubs, and connectivity trajectories. Age-adjusted multimorbidity network in females (A) and
males (B). Nodes represent chronic diseases (ICD-10 [International Classification of Diseases, 10th revision] codes at 3 digits), such that the node size
is proportional to the disease prevalence among multimorbidity patients and its color identifies the ICD-10 category. Link weights are proportional to
the magnitudes of the cosine index. (C) The central diseases in each age strata by sex. Diseases with the top 10 percentiles for PageRank in each strata
were identified as central diseases. (D) The hubs in each age strata and by sex. Nodes with the top 10 percentiles for hubs in each strata were identified
as hubs. The age-based trajectories of the degree (k) of bursts in females (E) and males (F). The triangles indicate degree leaps ≥6 through the consecutive
age groups. The disease with at least two such degree leaps was defined as a burst, which means the bursts of disease associations leading to multimorbidity.
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Figure 5. Sex-specific connectivity (cumulative of the node-average Sclton cosine index [SCI]) across age groups. All nodes (A), central diseases vs
noncentral diseases (B), hubs vs nonhubs (C), and bursts vs nonbursts (D).

Temporal Trends of Communities
The community structures showed little variation across time,
while the community root tended to be stable throughout time
(Figure 6). The number of chronic diseases in the community
increased over time, consistently in both males and females,
and the new entrants did not replace the community root. For
instance, the number of diseases in the community, among
which the disorder of glycoprotein metabolism (E77) or other
aplastic anemias (D61) was identified as the root, increased
from 8 to 23 in the female community and from 13 to 25 in the
male community. In addition, the community common to both
males and females was defined as having the same root within
the community, where many diseases were common to both sex
groups and few diseases were sex specific. For instance, in the
community with chronic renal failure (N18) as the root, both
the female and male communities included the same diseases,

such as secondary hypertension (I15), chronic nephritic
syndrome (N03), nephrotic syndrome (N04), and disorders
resulting from impaired renal tubular function (N25), while the
male community also included vitamin D deficiency (E55) and
the female community also included gout (M10) and systemic
lupus erythematosus (M32). The clustering of mental health
disorders, including depressive episode (F32), other anxiety
disorders (F41), and somatoform disorders (F45), differed by
sex. For example, the male community included only mental
health disorders, while the female community included mental
health disorders and various physical diseases. As for
sex-specific diseases, the majority of female-specific diseases
were in a separate community, with female infertility (N97) or
endometriosis (N80) as the root. As for male-specific diseases,
hyperplasia of the prostate (N40) was consistent throughout
time, and its eigenvector centrality was even higher than that
of atherosclerosis, heart failure, or cerebral infarction.
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Figure 6. Temporal trends of communities in the female (A) and male (B) multimorbidity networks. By conducting networks year by year and comparing
across time, we were able to obtain the temporal trends of the communities. The root, defined as the node with the highest eigenvector centrality within
the community, is labeled using ICD-10 (International Classification of Diseases, 10th revision) at 3 digits. Similarity over time is assessed using the
Pearson correlation coefficient for communities obtained in consecutive years, and unsignificant (P>.05) similarities are excluded. The “n” value is the
number of chronic diseases consistent in the consecutive years.

Discussion

Principal Findings
We constructed multimorbidity networks among multimorbidity
inpatients (about 11.2% of the Chengdu population) consisting

of all ages, which established the connections between chronic
diseases in the general hospitalized population from a megacity
with 16.5 million residents in southwest China. Multimorbidity
affected people of all ages, and their complex interactions were
more intensive among males and inpatients ≥40 years old.
Notably, in the female multimorbidity network, mental health
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disorders co-occurred with various mental and physical diseases
(eg, metabolic disorders, cardiovascular diseases, and
neurodegeneration diseases), among which the co-existence of
a depressive episode with other anxiety disorders was detected
in 14 age groups of 7-79 years. Moreover, disease connectivity
leaps, central diseases, and highly interlinked communities were
detected. To the best of our knowledge, this is the first regional
study within a developing country that applied regional hospital
discharge records rather than self-reported survey data to provide
an overview of the prevalence of multimorbidity, obtain
multimorbidity patterns, and assess the sex and age differences.
Our results demonstrate that the application of network-based
algorithms to routinely collected health care data might provide
a way to better screen and identify the complex interactions
among chronic diseases.

Multimorbidity Affects People of All Ages
Multimorbidity affects people of all ages, even children who
are inpatients (≤14 years old), where 5% of these children have
at least two chronic diseases. The findings were in accordance
with what was reported in previous studies based on the general
population because the prevalence differed by age range, sex,
ethnicity, socioeconomic status, and lifestyle, cultural, and
health-seeking behaviors [6,13,37-39]. Our results showed that
36.8% of the inpatients living in Chengdu during the 2015-2019
time period had at least two chronic diseases, which is lower
than that in the Netherlands (multimorbidity prevalence of 57%)
[39], Spain (multimorbidity prevalence of 43.2%) [40], and
Canada (multimorbidity prevalence of 53.3%) [6], but higher
than that in the United Kingdom (multimorbidity prevalence of
19%) [14], Scotland (multimorbidity prevalence of 31.1%) [41],
Singapore (multimorbidity prevalence of 26.2%) [42], Italy
(multimorbidity prevalence of 15.3%) [43], and Denmark
(multimorbidity prevalence of 21.6%) [44]. A scoping review
found a wide range in multimorbidity prevalence in the general
population as reported in studies using a large data set, from
15.3% to 68.4% [45]. The reported multimorbidity prevalence
is still highly varied due to inconsistent measurements of chronic
conditions and multimorbidity [45,46]. Additionally, a study
using claims data in Beijing reported that the prevalence of
multimorbidity was 51.6% and 81.3% for middle-aged adults
(45-59 years) and older adults (≥60 years), respectively [47],
which were higher than the respective prevalences of 41.7%
and 75.2% in our study. One explanation might be related to
the differential study design, since the study in Beijing used
both outpatient and inpatient clinical diagnoses for the
measurement of multimorbidity. However, the study in Beijing
only used 13 most frequently mentioned diseases to measure
multimorbidity and the study population was restricted to people
who had been employed, which would limit its generalizability
to a general population. Therefore, estimating the prevalence
of multimorbidity based on a regional database is essential for
the design of health care strategies. To the best of our
knowledge, this is the first regional study within a developing
country to provide an overview of the prevalence of
multimorbidity using regional hospital discharge records rather
than self-reported survey data. The prevalence of multimorbidity
increased with age, which is in line with the findings of previous
epidemiological studies that the prevalence of multimorbidity

may be increasing, at least in part, because of population aging
[5,6,8,41].

Age and Sex Differences in Multimorbidity Patterns
We identified the multimorbidity patterns in age- and
sex-specific inpatient groups, which were comparable with
previous studies in developed countries or regions [6,16,20,21].
For instance, Ioakeim-Skoufa et al [16] found associations of
respiratory disorders with circulatory diseases, and depression
and anxiety with chronic musculoskeletal diseases. In our study,
we identified the most frequent and strongest comorbid disease
pairs, such as the associations of circulatory diseases with
endocrine diseases, diseases of the musculoskeletal system, and
respiratory disorders, which co-occurred more frequently than
expected by random chance. Our data set consisted of
hospitalizations of all ages, and thus contained information
about the diseases that are common and specific among age and
sex groups. For example, we identified some disease pairs that
occurred throughout life (eg, heart failure co-occurring with
complications of heart disease and lipoprotein metabolism
disorders co-occurring with diabetes mellitus) and some pairs
with a stronger comorbid strength but only occurrence among
a typical age group (eg, congenital malformation co-existence
in children <7 years old). Intuitively, chronic diseases would
be expected to co-occur in an individual if their resilience or
vulnerability was altered or if they shared a common pattern of
influence [48-50]. Thus, as in previous studies assessing the
disease trajectory in patients with depression [51] and type 2
diabetes [52], and the general population [24], regional databases
collecting HDRs spanning a sufficient time period (generally
10+ years as in the above mentioned studies) will support further
studies to explore the potential causal directions among complex
correlations. In accordance with previous studies [21,53], we
identified a difference in the associations of mental disorders
with physical diseases among different sex groups, and generally
stronger associations were found in females than in males. This
sex difference within mental health multimorbidity may be
related to differences in the patient care–seeking behaviors
between males and females, as indicated in a previous study
that reported on how social factors can discourage males from
seeking mental health care [54]. Our findings support the
development of interdisciplinary and multidisciplinary treatment
strategies for patients with depression or anxiety [53,55,56],
since they frequently had physical diseases, such as metabolic
disorders, Alzheimer disease, epilepsy, hypertension, chronic
ischemic heart disease, heart failure, cerebral infraction,
atherosclerosis, gastroesophageal reflux disease, decubitus ulcer,
and spondylosis. The data-driven discovery of diseases
co-occurring might be useful to generate potential hypotheses
for coexisting diseases (eg, sharing the same gene, having
common risk factors, and displaying a consistent temporal
progression trend [57,58]) and their differences in age and sex
(eg, physical, hormonal, and even genetic differences by sex
[59,60] and disease progression with age [24]). Additionally,
the data-driven discovery of diseases co-occurring, especially
based on a complete population with a high-quality health care
database, might have impacts on disease management [50].

We found lifelong comorbid disease pairs among multimorbidity
inpatients, for example, lipoprotein metabolism disorders (E78)
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co-occurring with diabetes mellitus (E11) in both males and
females ≥15 years old, heart failure (I50) co-occurring with
complications of heart disease (I51) in females ≥15 years old,
and a depressive episode (F32) co-occurring with other anxiety
disorders (F41) in females aged 7-79 years. Congenital
malformations, generally the earliest diagnosed diseases in life
(ie, pre- or perinatally), had a higher prevalence in multimorbid
girls (<7 years) than in boys (<7 years) in our study, especially
congenital malformations of the circulatory system (including
congenital malformations of the cardiac septa, Q21; congenital
malformations of the pulmonary and tricuspid valves, Q22;
congenital malformations of the aortic and mitral valves, Q23;
other congenital malformations of the heart, Q24; and congenital
malformations of the great arteries, Q25). The prevalence of
congenital heart disease in girls was higher than in boys [61],
and treatment or progression of congenital heart disease could
cause complications of heart disease and heart failure [62,63],
which may support the finding in our study that heart failure
co-occurring with complications of heart disease was earlier in
females than in males. Chronic diseases with the earliest
connectivity leaps begin at 25-29 years in males, about 15 years
earlier than in females. These findings indicate the need to
appropriately handle multimorbidity among youth or
middle-aged patients [2,64]. Attention and activities are required
to prevent such people from entering the multimorbidity
category, especially for lipoprotein metabolism disorders,
diabetes mellitus, hypertension, heart failure, spondylosis,
chronic renal failure, fibrosis and cirrhosis of the liver, and gout.
In addition, appropriate guidelines and flexible care management
support systems are required across a broader age range.

Within each multimorbidity network, we identified the central
disease, which played the most important role in the network
(eg, having a large number of comorbid diseases and thus
increasing the scale of network, having a relatively smaller
number of comorbid diseases but exhibiting stronger comorbid
strengths, and playing the role of connectivity to connect those
unconnected diseases). In the biomedical scenario, central
diseases may be interpreted as those that are more likely to
appear in patients with multimorbidity or lead to multimorbidity.
Therefore, common causal genes and molecular processes or
signaling pathways may be shared among central diseases and
their neighbors [27,65]. We found that circulatory diseases and
metabolic diseases were the most important diseases among
almost all age groups; thus, clinical studies of the identified
central diseases may be helpful to improve prevention strategies
and health care policies [2]. Notably, younger females should
receive more attention on 2 mental health disorders, depressive
episodes and other anxiety disorders, which significantly
increased the scale of their multimorbidity network. The
observations of central diseases could have important
implications on the design of health care prevention, such that
measurements targeting a specific factor may benefit many
related diseases.

Furthermore, we observed that some communities remained
stable across time, while others became more extensive due to
the occurrence of more diseases. Few studies have observed the
temporal trends of networks or communities [23,37]. Jiang et
al found that the network structure, connectivity, and module

structure varied across time [23]. The work of van Oostrom et
al [66] showed that the prevalence of chronic diseases in the
general practice registration over the period between 2004 and
2011 increased from 34.9% to 41.8%, and this increase could
be only partially explained by the aging of the population. In
our study, the community of mental health disorders in the male
multimorbidity network consisted of depressive episodes, other
anxiety disorders, and somatoform disorders, which seemed
independent with physical diseases, while the community
involving females additionally included various physical
diseases, such as disorders of lipoprotein metabolism and other
lipidemias (E78), essential hypertension (I10), hypertensive
heart disease (I11), cerebral infarction (I63), atherosclerosis
(I70), gastroesophageal reflux disease (K21), and spondylosis
(M47). The clustering difference in mental health disorders
according to sex might be related with the higher underdiagnosis
rate of mental health disorders in males [67] and provide
evidence for differential strategies in diagnosis and treatment
for males and females. For instance, when 2 diseases are
discordant in terms of their pathogenesis (eg, depression
co-occurring with cerebrovascular disease in females), they may
require separate time-intensive treatment plans [56,68-70].
Additionally, within the community, both concordant and
discordant diseases in terms of their pathogenesis were included
(eg, a female community with atherosclerosis as the root and
including diabetes mellitus, hypertension, cerebrovascular
diseases, mental health disorders, and spondylosis), which might
lead to very different management needs and treatment strategies
[56,68-71]. Communities can describe the interconnections
among chronic diseases, with more tight connections between
those in the same community. In a further study, it will be of
interest to examine the direction of these interconnections or to
explore their common risk factors for priority management.

Strengths and Limitations
The main strengths of this study can be summarized as follows.
First, this is the first regional study in developing countries
based on a large-scale data set (8.8 million hospital discharge
records) to examine multimorbidity patterns and trends, and
their differences across age and sex. Additionally, a
network-based approach is applied to extract conceptual insights
from routinely collected hospital discharge records. The use of
this method can be extended to other health care data sets.
Lastly, the use of routinely collected administrative data at a
regional level is advantageous because the data are uniformity
distributed and unbiased, which provides an opportunity to
identify the co-occurrence of rare clinical diseases.

This study has some limitations. First, the main limitation of
this study is the unavailability of individual-level socioeconomic
status, lifestyle, and clinical variables. These factors would play
essential roles in understanding the differences among
multimorbidity patterns [23]. This limitation is common among
studies that use routinely collected health care data sets. Second,
the data set that was used did not contain information on the
outpatients who were seeking solely outpatient care. Hence, it
is vital to interpret our findings in the context of the inpatient
population in a developing country. Third, we excluded
individuals who were not alive during the study period to obtain
a more homogenous study population, which may underestimate
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the diseases that have high mortality rates. However, it was
demonstrated by a previous study that this exclusion criterion
did not drastically impact the results [37].

Conclusions
In this paper, we performed a network-based analysis of 8.8
million hospital discharge records and identified age and sex
differences in multimorbidity patterns and the evolution of
multimorbidity over time. This longitudinal study provides the
first evidence from a developing country that multimorbidity
affects people of all ages and their complex interactions are

more intensive among males and inpatients ≥40 years old.
Mental health disorders were comorbid with more various
mental and physical diseases in females than in males. The
lifelong comorbid disease pairs, disease connectivity leaps,
central diseases, highly interlinked communities, and age- and
sex-specific comorbidity patterns detected in the study might
provide suggestions for enhancing integrated management in
multimorbidity patients. Meanwhile, the network-based
approach applied in our study could investigate all the
multimorbidity connections at the population level, which could
be used within health care data sets in other settings.
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Abstract

Background: Digital pills are pills combined with a sensor, which sends a signal to a patch connected to a smartphone when
the pills are ingested. Health care professionals can access patient data from digital pills online via their own interface, thus
allowing them to check whether a patient took the drug. Digital pills were developed for the stated goal of improving treatment
adherence. The US Food and Drug Administration approved the first digital pills in November 2017, but the manufacturer
withdrew its application to the European Medicines Agency in July 2020 because of insufficient evaluation.

Objective: As recommended for the evaluation of health technologies, this study assesses the prospective acceptability of and
willingness to take digital pills among patients, the public, and health care professionals.

Methods: Participants were patients who were receiving long-term treatment for a chronic condition, public participants (both
groups recruited from a representative sample), and health care professionals. Participants answered 5 open-ended questions
regarding the acceptability of digital pills and 1 close-ended question regarding the willingness to take digital pills, which were
developed in a preliminary qualitative study. We explored the 5 theoretical dimensions of acceptability by performing an abductive
qualitative content analysis of all free-text responses. We assessed data saturation with mathematical models. We fitted a
multivariate logistic regression model to identify the sociodemographic and health characteristics associated with the willingness
to take digital pills.

Results: Between January 29, 2020, and April 18, 2020, 767 patients, 1238 public participants, and 246 health care professionals
provided 11,451 free-text responses. We identified 98 codes related to the acceptability of digital pills: 29 codes on perceived
clinical effectiveness (eg, sensor safety cited by 66/2251 participants, 29.5%), 6 on perceived burden (eg, increased doctors’
workload, 164/2251 participants, 7.3%), 25 on perceived ethicality (eg, policing, 345/2251 participants, 15.3%), 30 codes on
perceived opportunity (eg, exclusively negative perception, 690/2251 participants, 30.7%), and 8 on affective attitude (eg, anger,
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541/2251, 24%). Overall, 271/767 (35.3%) patients, 376/1238 (30.4%) public participants, and 39/246 (15.8%) health care
professionals reported willingness to take digital pills. This willingness was associated with male sex (odds ratio 1.98, 95% CI
1.62-2.43) and current use of a connected device to record health settings (with a dose–response relationship).

Conclusions: The prospective acceptability of and willingness to take digital pills were limited by clinical and ethical concerns
both at the individual and societal level. Our results suggest that digital pills should not be considered a mere change in the form
of drug administration but a complex intervention requiring specific evaluation before extended use in clinical routine practice
as well as an ethical and legal framework to ensure safe and ethical collection and use of health data through a patient-centered
approach.

(J Med Internet Res 2022;24(2):e25597)   doi:10.2196/25597

KEYWORDS

acceptability; health technology assessment; clinical effectiveness research; ethics; digital pill; digital health; digital therapeutics;
ingestible sensor; adherence

Introduction

More than one-third of people worldwide live with at least 2
chronic conditions; hence, an increasing number of people are
receiving long-term treatment [1]. Control of many of these
conditions depends on adherence to treatment, which can be
defined as the degree to which the use of medication by the
patient corresponds with the prescribed regimen [2]. However,
about half of patients with chronic conditions do not take their
medications as prescribed. Poor treatment adherence leads to a
range of negative consequences such as poor control of disease,
life-threatening events, treatment resistance, and increasing
costs [3-8]. In 2003, the World Health Organization suggested
that improving treatment adherence would have a greater impact
than any improvement in specific medical treatments, and this
has led to a continuous search for effective interventions to
monitor and improve medication adherence (eg, blood drug
dosage, self-reported patient diaries, smart pill dispensers)
[2,9,10].

The most recent monitoring tool, approved in 2017 by the US
Food and Drug Administration, is called a “digital pill.” Digital
pills are pills combined with a sensor, which sends a signal to
a patch connected to the smartphone of the patient when the
pill is ingested. Health care professionals and caregivers can
access patient data (eg, adherence, activity, heart rate) from
digital pills online via their own interface, thus allowing them
to check whether a patient took the drug. The sensor is an
ingestible event marker made from a copper–magnesium pair
of electrodes within a silicon insulating skirt disk 5 mm in
diameter and 0.3 mm thick. On contact with gastric fluid, the
sensor sends a unique digital code to allow identification and
timestamping of the medication and dose form [11]. The first
digital pill was an antipsychotic (aripiprazole) used for
schizophrenia or bipolar disorder treatment, which was rapidly
followed by a range of other digital pills for multiple medical
conditions (eg, antihypertension, diabetes, viral diseases) [12].

Digital pills have been developed for the stated goal of
improving medication adherence and optimizing treatment
management; these are used to identify nonadherence to
first-line therapies before more expensive second-line therapies
can be considered [10,13]. The European Medicines Agency
declared that the evaluation for the digital pill submitted was
inadequate and withdrew the application on July 26, 2020; the

quality of the available studies (observational studies or small
trials) and the lack of clinical relevance of the outcomes
(short-term outcomes related to adherence to digital pills, safety
outcomes restricted to tolerance of the patch) were points of
criticism that led to this withdrawal [12,14-17].

Moreover, guidelines for the evaluation of health technologies
recommend taking into account patient and public perspectives,
which has not been done yet for digital pills [18]. Acceptability
is a multifaceted construct that reflects the extent to which
people delivering or receiving a health care intervention consider
it appropriate based on anticipated, present, or retrospective
responses to the intervention [19]. It includes the extent to which
the intervention is perceived likely to achieve its purpose
(perceived clinical effectiveness), the amount of effort required
to participate in the intervention (perceived burden), the extent
to which the intervention aligns with individual values
(perceived ethicality), the extent to which benefits/values must
be compromised to engage in the intervention (perceived
opportunity), and how people feel about the intervention
(affective attitude) [19].

As part of new health technology assessment, this study aims
at evaluating the prospective acceptability of and willingness
to take digital pills by 3 subpopulations (patients, public
participants, and health care professionals).

Methods

We conducted an online survey by recruiting a representative
sample of the French general population, dichotomized into
patients and public participants, and an additional convenience
sample of health care professionals. The survey included 5
open-ended questions related to the acceptability of digital pills
and 1 close-ended question regarding the willingness to take
digital pills (Multimedia Appendices 1 and 2).

Participants and Recruitment
Patients were adults (≥18 years old) with at least one
self-reported chronic condition for >6 months and who were
prescribed long-term treatment for >1 month. Public participants
included adults (≥18 years old) who did not meet the eligibility
criteria to be classified as patients. Health care professionals
were professionals prescribing, delivering, or monitoring
pharmaceutical treatments (physicians, nurses, pharmacists, and
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midwives). All participants were living in France, spoke French,
and had access to the internet.

We used the 2 distinct methods to recruit participants:

• The representative sample was recruited using a quota
sampling method in the IPSOS Access Panel [20]. Quotas
were based on the known profile of the French population
in terms of sex, age, socioprofessional category, and
population density of the residential area. This sample was
secondarily classified into patients and public participants
according to the eligibility criteria. We calculated weights
with the rim weighting method—raking (Multimedia
Appendices 3) [21].

• The additional convenience sample of health care
professionals was recruited via an online campaign by
sending emails to professional associations and posting
advertisements on social networks (Multimedia Appendices
4).

All participants provided informed electronic consent before
enrollment. The Institutional Review Board CERAPHP.5, Paris,
France, gave ethical approval (IRB0001198).

To recruit patients with various combinations of chronic
conditions and socioeconomic status, perform quantitative
analysis using logistic regression, and ensure that data saturation
was reached based on previous experience with an online survey
and considering the fact that 34.5% of the French population
lives with a chronic condition, we targeted a representative
sample of 2000 participants [22,23]. Regarding the convenience
sample of health care professionals, we decided to stop
recruitment after reaching 95% data saturation [22].

Survey Development and Data Collection
We conducted a preliminary qualitative study to draft the
questions (wording, formatting, and content) of the survey and
provide the investigators with a contextual framework for
analyzing and interpreting textual data. A researcher trained in
qualitative methods (AC) conducted face-to-face collaborative
interviews with 5 patients, 5 public participants, and 3 health
care professionals (Multimedia Appendix 5). From the results
of this preliminary study, we developed an illustrated
explanation of digital pills, 5 open-ended questions on the
acceptability (Textbox 1) and 1 close-ended question on the
willingness to take digital pills (“Would you agree to use this
device for yourself?”) (Multimedia Appendices 1 and 2).

Textbox 1. Open-ended questions to all participants on the acceptability of digital pills.

• What do you think of this device (transmitter + Bluetooth patch + smartphone app + access to data)? We want to know your immediate reaction:
try to write down all the ideas that came to you when you first saw this device.

• What do you envisage are the positive aspects of this device (transmitter + Bluetooth patch + smartphone app + access to data)? For example,
in what situation(s)/for whom could it be useful, what kind of benefit could it bring?

• What do you envisage are the negative aspects of this device (transmitter + Bluetooth patch + smartphone app + access to data)? For example,
what drawbacks or risks do you foresee?

• If your doctor suggested a treatment using this device (transmitter + Bluetooth patch + smartphone app + access to data), what would your reaction
be? What would you think of his/her approach?

• The manufacturer says that this device will allow for greater consistency between the prescription and the actual taking of medications. In your
opinion, why would a person take their treatment more consistently if they were equipped with this device?

In addition, we collected sociodemographic data (eg, sex, age,
level of education) for patients and public participants,
professional status data (profession and duration of professional
experience) for health care professionals, and health
characteristics for all participants (eg, chronic condition, current
use of a connected device to collect health data) (Multimedia
Appendices 1 and 2).

The survey for patients and public participants was available
online in a dedicated IPSOS platform. The survey for health
care professionals was available in a LimeSurvey form. Both
surveys were tested online for usability, clarity, and wording
in a convenience sample of 10 patients, 20 public participants,
and 5 health care professionals, whose feedback helped improve
the final version.

Analyses

Acceptability of Digital Pills
We conducted a multiple-round qualitative content analysis of
each free-text response by following a 3-step approach:
inductive open coding of all units of meaning related to the
acceptability of digital pills, inductive condensation of the codes,

and inductive development of the themes and deductive
classification of the themes in the 5 dimensions of acceptability
[19,24].

In the first step, the team of coders (AC, AF, AJ, FD) read and
reread the responses at the individual level (all responses to all
questions individual by individual) and at the question level (all
responses for all individuals question by question). The process
of coding identified in each response units of meaning and
assigned a code. A unit of meaning was defined as any
expression in the text related to the acceptability of digital pills,
as explained by Sekhon et al [19]. The coding was limited to
the manifest content of the responses, except for the first
open-ended question on the emotional reaction to the digital
pill, for which the latent emotional content was interpreted when
possible [25]. During a face-to-face meeting, all researchers
coded together all responses for 100/2005 (5%) individuals of
the representative sample and 50/246 (20%) individuals in the
sample of health care professionals. Then, 1 researcher coded
all responses (AC) and 3 others double-checked the codes (AF,
AJ, FD). In case of discrepancies, consensus was reached by
discussion with another researcher (SS). To reduce interpretation
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bias, coders had different backgrounds and training (psychiatry,
family medicine, training in clinical research, social science,
cognitive psychology, and medical ethics).

The second and third steps occurred in a meeting in which the
4 coders and SS inductively condensed all the codes using
semantic, psychological, and anthropological considerations.
Then, they categorized the codes inductively into themes and
classified them deductively into the 5 theoretical dimensions
of acceptability [19].

We then calculated the number of citations for each code
identified with the qualitative content analysis in each group
using the weighted data for patients and public participants.

Data saturation was assessed for patients, public participants,
and health care professionals with a mathematical model [22].

Willingness to Take Digital Pills
We calculated the number and proportion of participants who
agreed to take digital pills. We estimated odds ratios (ORs) and
95% CIs using the weighted data of the representative sample
to calculate the association of the willingness to take digital
pills with all socioeconomic and health characteristics. We used
the same data for a multivariate logistic regression model,

including sex, age, socioprofessional status, residential area,
chronic condition, current use of a connected device to collect
health data, and ease to talk about treatment with the doctor.
For the regression, we considered the response “I do not wish
to answer” to be a refusal to take digital pills. The significance
threshold for P values was calculated with Bonferroni correction
to correct for multiple testing.

All quantitative analyses involved using the free software R
v3.3 (R Foundation for Statistical Computing), and the package
“survey.”

Data Sharing Statement
The deidentified quantitative data set will be shared on request
(astrid.chevance@gmail.com).The textual data set will not be
shared because of ethical restrictions.

Results

Between January 29, 2020, and February 5, 2020, IPSOS
recruited a representative sample of 2005 participants (767
patients, 38.3%; 1238 public participants, 61.7%) (Figure 1).
We recruited a convenience sample of 246 health care
professionals between February 4, 2020, and April 18, 2020.

Figure 1. Flowchart. HCP: health care professional. †Unweighted numbers and proportions of patients and public representatives. *Participants answered
5 open-ended questions (panel 1). We added the number of open-ended questions answered for each type of participant. **Results presented in Figure
3 and Multimedia Appendix 10.

Participants
Among patients, 396/767 (51.6%) were women and the mean
age was 54.6 (SD 15.6) years (Table 1). Hypertension was the

most reported chronic condition (169/767, 22%), followed by
diabetes (135/767, 17.6%) and chronic pain (81/767, 10.6%)
(Multimedia Appendix 6).
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Table 1. Sociodemographic and health characteristics of the representative sample and subgroups of patients and public participants.

Public participants

(n=1238), n (%)
Patientsa

(n=767), n (%)

Total

(N=2005), n (%)

Sociodemographic and health characteristics

Sex

654 (52.8)396 (51.6)1050 (52.4)Female

584 (47.2)371 (48.4)955 (47.6)Male

Age (years)

403 (32.6)116 (15.1)519 (25.9)18-34

342 (27.6)128 (16.7)470 (23.4)35-49

316 (25.5)285 (37.2)601 (30)50-64

177 (14.3)238 (31)415 (20.7)>65

Highest level of education

52 (4.2)43 (5.6)75 (4.7)Secondary school or under

210 (16.9)175(22.9)386 (19.3)Youth training

299 (24.1)172 (22.3)471 (23.5)High school graduate

284 (22.9)174 (22.7)458 (22.8)Two-year university degree

219 (17.7)122 (15.9)341 (17)Bachelor’s degree (BA, BS)

174 (14.1)80 (10.4)254 (12.7)Master’s degree or beyond

Socioprofessional category

12 (1)6 (0.8)18 (0.9)Farmers

46 (3.7)28 (3.6)74 (3.7)Self-employed professional workers

141 (11.4)58 (7.6)198 (9.9)Senior managers

236 (19.1)68 (8.9)305 (15.2)Technicians and associate professionals

260 (21)89 (11.6)349 (17.4)Employees

188 (15.2)76 (9.9)265 (13.2)Manual workers

237 (19.1)322 (42)559 (27.9)Retired people

61 (4.9)103 (13.4)163 (8.1)Unemployed

57 (4.6)17 (2.2)74 (3.7)Student

Population density of the residential area (inhabitants)

280 (22.6)171 (22.3)451 (22.5)Rural city (<2000)

211 (17)138 (18)360 (18)2000-19,999

161 (13)109 (14.2)276 (13.8)20,000-99,999

377 (30.5)229 (29.9)605 (30.2)≥100,000

209 (16.9)120 (15.6)329 (16.4)Paris agglomeration

Number of visits to a doctor in the past year

68 (5.5)140 (18.3)208 (10.4)>10 times

254 (20.5)336 (43.8)590 (29.4)5-10 times

759 (61.3)286 (37.3)1046 (52.2)<5 times

148 (12)5 (0.6)152 (7.6)Have not seen a doctor this year

9 (0.7)0 (0)9 (0.4)Do not wish to answer

Ease to talk about the treatment with the doctor (eg, adherence, adverse events)

1071 (86.5)696 (90.8)1767 (88.1)Easy

144 (11.6)70 (9.1)214 (10.7)Difficult

23 (1.9)1 (0.1)24 (1.2)Do not wish to answer
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Public participants

(n=1238), n (%)
Patientsa

(n=767), n (%)

Total

(N=2005), n (%)

Sociodemographic and health characteristics

Skipped the long-term treatment during the past month

N/A496 (64.7)N/AbNever

N/A198 (25.8)N/AOnce a week

N/A54 (7)N/ASeveral times a week

N/A15 (1.9)N/AAlmost every day

N/A3 (0.4)N/ANever started the prescribed treatment

N/A2 (0.2)N/ADo not wish to answer

Checking health settings recorded by connected devices

120 (9.7)99 (12.9)220 (11)Daily

128 (10.3)85 (11.1)213 (10.6)Weekly

84 (6.8)59 (7.7)143 (7.2)Monthly

159 (12.8)99 (12.9)257 (12.8)Rarely

743 (60)425 (55.4)1168 (58.2)Never

4 (0.3)0 (0)4 (0.2)Do not wish to answer

Agree to take a digital pill

376 (30.4)271 (35.3)647 (32.3)Yes

800 (64.6)461 (60.1)1261 (62.9)No

62 (5)35 (4.6)97 (4.8)Do not wish to answer

aChronic condition was defined as at least 1 long-term treatment and 1 self-reported condition. The most common chronic conditions were hypertension,
diabetes, chronic pain, thyroid disease, heart disease, asthma, and dyslipidemia. All chronic conditions are presented in Multimedia Appendix 6.
bN/A: not applicable.

A total of 99/767 (12.9%) patients and 120/1238 (9.7%) public
participants reported checking health data recorded by a
connected device daily, and 524/767 (68.3%) patients and
902/1238 (72.9%) public participants reported rarely checking
or never checking data (Table 1).

Among health care professionals, there were 86/246 (35%)
general practitioners, 50/246 (20.3%) psychiatrists, and 40/246
(16.3%) nurses (Table 2; Multimedia Appendix 7).
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Table 2. Sociodemographic and health characteristics of the health care professionals (N=246).

Health care professionals, n (%)Sociodemographic characteristics

35.5 (10.3)Age (years), mean (SD)

Sex

155 (63)Female

90 (36.6)Male

1 (0.4)Other

Occupation

183 (74.4)Medical doctor

40 (16.3)Nurse

8 (3.2)Pharmacist

9 (3.7)Midwife

6 (2.4)Other

Medical specialistsa

86 (47)General practitioner

50 (27.3)Psychiatrist

7 (3.8)Cardiologist

40 (21.2)Other medical specialistsb

10.5 (10)Professional experience (years), mean (SD)

Has a chronic conditionc

28 (15.4)Yes

218 (88.6)No

Checking health settings recorded by the connected devices

11 (4.5)Every day

25 (10.2)Several times per week

16 (6.5)Several times per month

60 (24.4)Rarely

133 (54)Never

1 (0.4)Do not wish to answer

Assessment of patient medication adherence

21 (8.5)Rarely

113 (46)Depending on the patient and the medical situation

112 (45.5)Systematically for each patient with long-term treatment and at each consultation

Agree to take a digital pill

39 (15.8)Yes

166 (67.5)No

11 (4.5)Do not wish to answer

30 (12.2)Missing data

an=183.
bFor clarity, we report the results for only the 3 most prevalent medical specialties. The other medical specialists were anesthetists, intensive care unit
physicians, emergency physicians, child psychiatrists, surgeons, obstetricians-gynecologists, hematologists, neurologist, gastroenterologists, dermatologists,
endocrinologists, oncologists, pneumologists, infectious diseases specialists, rheumatologists, nephrologists, pediatric care specialists, palliative care
specialists.
cChronic condition was defined as at least 1 long-term treatment and 1 self-reported condition.
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Acceptability of Digital Pills
The qualitative content analysis of the 11,451 open-text
responses identified 98 codes related to acceptability. Data
saturation was reached for patients (99.4%), public participants
(100%), and health care professionals (97.7%) (Multimedia
Appendix 8). We classified the 98 codes into the 5 theoretical

dimensions of acceptability: perceived clinical effectiveness
(29 codes, 29%), perceived burden (6 codes, 6%), perceived
ethicality (25 codes, 25%), perceived opportunity (30 codes,
30%), and affective attitude (8 codes, 8%) [19]. We report the
most-cited codes for each dimension with the proportion of
citation and participants’ quotes in Table 3. Figure 2 and
Multimedia Appendix 9 report all 98 codes.
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Table 3. Quotes of patients, public participants, and health care professionals that illustrate some of the codes regarding acceptability of digital pills.

Examples of quotesHCPsa (n=246)Public participants
(n=1238)

Patients (n=767)Code

29 (11.8)131 (10.6)59 (7.7)Congruent with val-
ue of progress

• “I will try it because I have the culture of new tech-
nologies.” (Public participant, man, 34 years old)

• “I am for, because I believe in modernity and artificial
intelligence.” (Public participant, man, 43 years old)

• “Only by accepting certain methods can one advance
in medicine.” (Nurse, woman, 46 years old)

9 (3.7)30 (2.4)12 (1.6)Congruent with val-
ue of credibility

• “It's interesting, it's as close to reality as possible and
probably the truth.” (Public participant, man, 31 years
old)

• “There will no longer be any doubt about taking or
forgetting to take medication, and the monitoring by
the doctor that imposes honesty on the patient.”
(Public participant, man, 39 years old)

• “This helps to avoid the medical errors that often occur
when a patient lies about taking their medication.”
(Public participant, man, 29 years old)

62 (25.2)150 (12.1)66 (8.6)Intrusiveness (con-
flict of value with
privacy)

• “This is spying from inside my body. I would be
worried about the side effects too.” (Patient, woman,
64 years old)

• “There is far too much indiscretion and invasion of
privacy.” (Public participant, woman, 55 years old)

• “It’s horrible! It feels as if it’s really touching on inti-
macy. Ethically, it is frightening. That we use applica-
tions is one thing because we can limit its use in, in
time, but a pill that we ingest is really to futuristic and
too invasive.” (Public participant, woman, 33 years
old)

• “It is a categorical refusal, I still prefer to take a drug
that has less effect but I will never consciously swal-
low a capsule that allows other people to follow me
or my lifestyle, even if already in society we are
monitored in many areas without knowing it, my
doctor has the right to suggest it after it is up to the
person to accept it or not” (Patient, woman, 44 years
old)

41 (16.7)46 (3.7)32 (4.2)Dehumanization of
patients

• “We're already guinea pigs and we're becoming
robots... “(Patient, man, 64 years old)

• “When you're sick, you're already dispossessed of
your 'medical' life, especially in a hospital environ-
ment, so with that on top of it, no thanks.” (Patient,
woman, 53 years old)

• “No thanks, I won't take any connected medication, I
don't want to be kept under surveillance that much. It
contributes to the dehumanisation of our society.”
(Neurologist, woman, 29 years old)

30 (12.2)21 (1.7)25 (3.3)Inconsiderate to pa-
tient’s perspective

• “Very bad idea, we're not in a dictatorship. People are
free to take care of themselves or not. Even the sick
are free.” (Patient, man, 75 years old)

• “Policing, (no) more freedom for the patient to stop
a treatment that seems to be harming him without be-
ing observed.” (Public participant, woman, 40 years
old)

• “A medication such as you're presenting it to me
makes me think of forced treatment. If we refuse to
take the medication or forget about it will our doctor
contact us to explain ourselves?” (Patient, woman, 25
years old)
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Examples of quotesHCPsa (n=246)Public participants
(n=1238)

Patients (n=767)Code

• “It allows us to monitor the effectiveness, which is
already good! And also, that the doctor cares a little
bit about his patient through closer monitoring.” (Pa-
tient, man, 57 years old)

• “The family doctor or specialist may monitor the ill-
ness on a day-to-day basis, whether good or bad, and
may modify treatment or dosage if there are any
problems, undesirable side effects or worsening of the
patient's health. In addition, this device could also
alert to new complications or illnesses that were not
previously detected and that could be managed more
quickly.” (Public participant, man, 74 years old)

9 (3.7)170 (13.7)105 (13.7)Improves overall
follow-up

• “That's the problem: if a person doesn't follow a pre-
scription, why would they want it to be known that
they're doing whatever.” (Patient, woman, 59 years
old)

• “In psychiatry, this process can be complicated for
patients who are very often suspicious and persecuted,
and all the more so if ‘something enters their body’
to keep them under surveillance... For the elderly,
connected tools are not news except for the next gen-
eration.” (Nurse, woman, 51 years old)

• “I don't really see the point of such a complex system,
when most of the information can be gathered through
interrogation. The patients who are going to accept
this device will probably be compliant patients and
not the most problematic ones. Compliance is also a
matter of education and not ‘policing’. I don't see how
being constantly kept under surveillance is going to
get the patient to take their medication, other than by
telling them they're going to get shouted at by their
doctor, which is not our role.” (Dermatologist, woman,
26 years old)

42 (17)22 (1.8)24 (3.1)Poor acceptability

• “Unless I'm losing my mind, I wouldn't want to be
kept under surveillance all the time.” (Patient, woman,
77 years old)

• “It might perhaps be useful for animals, but for hu-
mans, I don't see it. Unless, the person is not au-
tonomous (e.g., senile dementia).” (Public participant,
woman, 31 years old)

• “For the elderly or people with amnesia: allows for
better remote monitoring (and less cost for nurses to
travel to the home).” (Patient, woman, 62 years old)

• “I don't see the point in it for me, but for people who
are out of their minds, why not? It's not very moral,
but why not put it on for people without asking their
opinion...“ (Public participant, woman, 36 years old)

29 (11.8)87 (7)87 (11.3)Useful for people
with cognitive disor-
der

aHCPs: health care professionals.
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Figure 2. Acceptability of connected drugs. Dots represent codes regarding acceptability of treatments identified by the qualitative content analysis of
the responses for 767 patients, 1238 public participants, and 246 health care professionals. The width of the line is proportional to the number of
spontaneous citations of the codes by the representative sample of patients and public participants (N=2005). The overarching categories in bold
correspond to the 5 dimensions of the theoretical model of acceptability by Sekhon et al.

In Figure 2, which shows the acceptability of connected drugs,
the dots represent codes regarding acceptability of treatments
identified by the qualitative content analysis of the responses
for 767 patients, 1238 public participants, and 246 health care
professionals. The width of the line is proportional to the number
of spontaneous citations of the codes by the representative
sample of patients and public participants (N=2005). The
overarching categories in bold correspond to the 5 dimensions
of the theoretical model of acceptability by Sekhon et al [19].
Perceived clinical effectiveness is the extent to which the
intervention is likely to achieve its purpose. Perceived burden
is the amount of effort required to participate in the intervention.
Perceived ethicality is the extent to which the intervention fits
well with individual values. Perceived opportunity is the extent
to which benefits/values must be given up to engage in the

intervention. Affective attitude indicates how people feel about
the intervention.

Perceived Clinical Effectiveness
Participants reported perceived benefits (11/98 codes, 11%) and
harms (8/98 codes, 8%) and proposed further developments to
the device to improve benefits (3/98 codes, 3%). Finally, they
determined the underlying mechanisms of digital pills to
improve medication adherence (7/98 codes, 7%).

Patients (105/767, 13.7%) and public participants (170/1238,
13.7%) believed that digital pills could improve follow-up.
Potential harms cited were adverse events due to sensor
ingestion (190/767 patients, 24.8%; 415/1238 public
participants, 33.5%) or radiation from wireless technology
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(102/767 patients, 13.3%; 212/1238 public participants, 17.1%).
The underlying mechanisms cited to lead to a potential
improvement in adherence included behavioral mechanisms
such as a smartphone schedule reminder (96/767 patients,
12.5%; 122/1238 public participants, 9.9%) and the pressure of
surveillance (77/767 patients, 10%; 141/1238 public participants,
11.4%).

Out of the 246 health care professionals, 64 (26%) considered
digital pills to be useless gadgets, and 60 (24.4%) doubted the
safety of the sensor. The mechanisms most cited to lead to
improved adherence were the pressure of surveillance (73/246,
29.7%) and fear of arguing with the doctor (44/246, 17.9%).

Participants described the pressure of surveillance as a
disciplinary mechanism based on social desirability, fear of
being reprimanded, fear of social disqualification as a “bad
patient,” and fear of shame or guilt. Therefore, participants
raised concerns about a policing patient–doctor relationship and
the meaning of care in the future.

The fear of being kept under surveillance; it is being
treated like a child, I find it, and even degrading.
[Patient, woman, 71 years old]

The person would take their treatment because they
would know that the doctor has access to the actual
taking. It is a social pressure: the doctor has
particular expectations that the patient will want to
respect. [Patient, woman, 19 years old]

Perceived Burden
Participants distinguished doctors’ burden (2/98 codes, 2%)
from patients’ burden (4/98 codes, 4%).

Patients and public participants mostly cited the complexity of
the device (32/767, 4.2% and 46/ 1238, 3.7%, respectively) and
the wearing of a cumbersome device (34/767, 4.4% and 41/1238,
3.3%, respectively) to be burdensome. Participants (62/767
patients, 8.1%; 65/1238 public participants, 5.3%) also reported
the increased workload due to the processing of a large amount
of data to be a problem.

Participants (12/767 patients, 1.6%; 14/1238 public participants,
1.1%; 15/246 health care professionals, 6.1%) identified
contradictions in digital pills and found it unconvincing.
Participants reported that taking medication seemed easier than
applying a patch, activating the Bluetooth function, and
ingesting the medication, especially for people who needed
assistance with taking medication (eg, older people, individuals
with cognitive impairment).

There will be better monitoring if the sick person is
a mobile phone enthusiast: true for the young, less
obvious for the elderly. [Patient, man, 71 years old]

I find it hard to imagine someone who needs
monitoring of their medication intake (dependent
person, elderly, etc...) having such a patch device /
smartphone. [Patient, man, 36 years old]

Perceived Ethicality
Participants described whether taking a digital pill aligned with
their values related to technology (7/98 codes, 7%), human

rights (4/98 codes, 4%), and medical practice (8/98 codes).
Participants also suggested precautions to limit the unethical
use of digital pills (6/98 codes).

Regarding ethicality of the technology, patients and public
participants mentioned that digital pills align with their values
related to progress (59/767, 7.7% and 131/ 1238, 10.6%,
respectively) and contradicted their values related to ecology
(23/ 767, 3% and 44/1238, 3.5%, respectively). With respect to
human rights, patients and public participants considered digital
pills to be a policing tool (112/767, 14.6% and 143/1238, 11.6%,
respectively) and worried about the associated intrusiveness
(66/767, 8.6% and 150/1238, 12.1%, respectively). Regarding
medical care, patients and public participants mostly reported
concerns with confidentiality (44/767, 5.7% and 95/1238, 7.7%,
respectively) and disempowerment of patients (44/767, 5.7%
and 44/1238, 3.6%, respectively). To prevent the unethical use
of digital pills, they requested further investigation of the
associated harms and benefits (50/ 767 patients, 6.5%; 96/ 1238
public participants, 7.8%) and that the use of these pills be
restricted to clinical research (9/767 patients, 1.2%; 11/1238
public participants, 0.9%).

In total, 29/246 (11.8%) health care professionals considered
digital pills to be part of technological progress that aligned
with their values; they mostly worried about policing (90/246,
36.6%) and intrusiveness (62/246, 25.2%).

Participants were afraid that digital pills might cause a
breakdown in trust between patients and doctors (36/767
patients, 4.7%; 39/1238 public participants, 3.1%; 147/246
health care professionals, 59.8%), which is seen as the
cornerstone of the patient–doctor relationship.

I don't like being kept under surveillance. There is a
relationship of trust between my GP, my psychiatrist
and me. This would undermine that trust because I
would be policed. [Patient, woman, 51 years old]

Ethically it's very questionable, it makes it look like
we're ‘spying on’/‘policing’ the patient. What about
the patient's freedom? Could such a device really
improve patient compliance? A good motivational
interview seems more relevant. (It is better to act
upstream = prevention and health promotion,
therapeutic education, rather than downstream = bad
compliance to be ‘reprimanded’) Not to mention that
this would put the patient at odds vis-à-vis the doctor
in case of poor compliance... And in this case, what
about the doctor-patient trust relationship? [General
practitioner, woman, 29 years old]

Perceived Opportunity
Participants identified advantages (6/98 codes, 6%),
disadvantages (8/98 codes, 8%), and specific target populations
for whom they considered digital pills would be beneficial
(16/98 codes, 16%).

A total of 135/767 (17.6%) patients and 200/1238 (16.2%)
public participants had an overall positive perception of digital
pills, and 213/767 (27.8%) patients and 408/1238 (33%) public
participants had an overall negative perception of digital pills.
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Patients and public participants mostly reported real-time data
(70/767, 9.1% and 181/1238, 14.6%, respectively) as an
advantage and the addition of another connected device in an
already saturated environment (74/767, 9.6% and 86/1238,
6.9%, respectively) as a disadvantage. Regarding potential target
populations, some highlighted that digital pills were not suitable
for themselves (107/767 patients, 14%; 106/1238 public
participants, 8.6%) and reported mostly people with cognitive
impairment (87/767 patients, 11.3%; 87/1238 public participants,
7%) or older people (48/767 patients, 6.3%; 81/1238 public
participants, 6.5%) to be suitable candidates.

Health care professionals pointed out the precision of digital
pills (15/246, 6.1%) and the ease to discuss treatment (eg,
tolerance, benefits, adherence) (11/246, 4.5%) as advantages
and the cost (41/246, 16.7%) as a disadvantage. They identified
people with cognitive impairment (29/246, 11.8%) and chronic
conditions (19/246, 7.8%) as the main target population.

Participants identified people living under judicial constraint
as a potential target population for digital pills (1/767 patients,
0.9%; 6/1238 public participants, 0.5%; 2/246 health care
professionals, 4.6%); these people were depicted as dangerous,
unwilling to undergo treatment, and already under surveillance
and deprived of liberty, which—according to
participants—would make the ethical regimen more flexible
for them:

The person will take his treatment because he is
compelled to do so by a court order. He is either a
delinquent or a criminal. For someone who has not
broken the law, there is no reason to proceed in this
way. [Public participant, man, 39 years old]

I think it can be a good idea for people who are sick
(Alzheimer's for example) and forget to take their
medication. Or for more complex cases such as people
who are dangerous to society and the doctor needs
to be sure that the person's treatment has been taken.
[Public participant, woman, 43 years old]

Affective Attitude
We identified 8 affective attitudes toward digital pills:
enthusiasm (100/767 patients, 13%; 146/1238 public
participants, 11.8%; 20/246 health care professionals, 8.1%),
curiosity (141/767 patients, 18.4%; 170/1238 public participants,
13.7%; 31/246 health care professionals, 12.6%), balanced
attitude (70/767 patients, 9.1%; 111/1238 public participants,

9%; 41/246 health care professionals, 16.7%), unease (32/767
patients, 4.2%; 70/1238 public participants, 5.7%; 7/246 health
care professionals, 2.9%), skepticism (114/767 patients, 14.9%;
168/1238 public participants, 13.6%; 31/246 health care
professionals, 5.3%); fear (56/767 patients, 7.3%; 175/1238
public participants, 14.1%; 13/246 health care professionals,
5.3%), anger (178/767 patients, 23.2%; 255/1238 public
participants, 20.6%; 108/246 health care professionals, 43.9%),
and disgust (7/767 patients, 0.9%; 4/1238 public participants,
0.3%; 1/246 health care professional, 0.4%). Because of lack
of clarity and risk of overinterpretation, we could not code the
affective attitude of 69/767 (9%) patients, 139/1238 (11.2%)
public participants, and 12/246 health care professionals (4.9%).
Compared to public participants, patients had more positive
reactions (316/1238, 25.5% vs 241/767, 31.4%) and less
negative reactions (672/1238, 54.3% vs 387/ 767, 50.5%).
Compared to patients and public participants, health care
professionals expressed more negative attitudes (142/246,
57.7%) and less positive attitudes (51/246, 20.7%).

Willingness to Take Digital Pills
In the representative sample, 647/2005 (32.3%) participants
declared that they would use a digital pill: 271/767 (35.3%)
patients, 376/1238 (30.4%) public participants, and 39/246
(15.8%) health care professionals. After adjustment, willingness
to take digital pills by patients and public participants was
significantly associated with male sex (OR 1.98, 95% CI
1.62-2.43) and integration of currently used connected devices
to monitor health daily (OR 3.42, 95% CI 2.43-4.79) or rarely
(OR 1.76, 95% CI 1.30-2.40), with a dose–response relationship
(Figure 3). Complete analysis of other characteristics associated
with the willingness to take a digital pill is presented with crude
and adjusted ORs and 95% CIs in Multimedia Appendix 10.
The forest plot (Figure 3) presents the ORs with their 95% CIs
and the P value obtained with the logistic regression analysis
of the association of the willingness to take connected drugs by
sex, age, profession, population density of the residential area
(“residential area”), chronic condition, frequency of health data
recording with a connected device, and ease to talk about
treatments with the doctor. The plot shows the number of
participants per category (n) willing to take a connected drug
among the total number of participants in the given category
(N). The corrected threshold for statistical significance is
P=.003. For the continuous variable “age,” we present the mean
age of the whole sample and the standard deviation.
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Figure 3. Determinants of the willingness to take connected drugs among the representative sample of patients and public participants (N=2005). The
second column present the number of people willing to take connected drugs (n) over the total number in the patient and public sample (N), except fot
the variable "Age", presenting the mean and standard deviation (sd) of people willing to take connected drugs. inh.: inhabitants.

Discussion

Principal Findings
Overall, two-third of patients and public participants in this
study refused to take digital pills. Their arguments were
grounded in the fear of possible serious clinical and ethical
harms. Health care professionals largely refused (177/246, 72%)

to take digital pills citing disagreement with their professional
deontology and ethics. Participants who accepted digital pills
had positive a priori for technology considered as progress:
people agreed to take it in the framework of research for a
limited investigation time to help medical progress.

Participants who refused to take connected drugs, reported that
these would be useful for other people, such as individuals with
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cognitive impairment, individuals with chronic conditions or
mental disorders, and those incarcerated, highlighting the view
that potential clinical or ethical harms would be acceptable for
these already vulnerable people. Given the condition of the
designated populations, the intervention may be stigmatizing
and may increase vulnerability.

To our knowledge, this study is the first to explore the
acceptability of connected drugs in line with the
recommendation that health technology assessment take into
account patient and public perspectives [18]. We used a
representative sample of the French population, thus allowing
for generalizable results in the subsamples of patients and the
public. In France, medication for chronic conditions is fully
reimbursed, so when participants answered the questionnaire,
they were not prematurely restricted by individual economic
concerns but could detail their preferences. To limit the risk of
capturing only a “hot reaction” and to mimic the process of a
rational and balanced deliberation, we used 5 open-ended
questions and asked the close-ended question about willingness
to use connected drugs at the end of the survey. Only 16.7% of
patients and public participants found no cons and 31% found
no pros.

Limitations
The first limitation is the restriction to only 1 country as a
consequence of the choice to recruit a representative sample.
Because culture and health care system may affect the
acceptability of digital pills, further studies are required in
different settings.

A common limitation of using an online survey is the risk of
selection bias because of the need for internet access. However,
the target population for the digital pill must have access to
smartphones and the internet. While the use of an online survey
may have overestimated the acceptability of digital pills in the
general population, it may not have done so in the target
population. Moreover, to limit potential selection bias due to
reading level, we created the questionnaire during a qualitative
preliminary study and tested it for clarity.

We could have increased the reliability of the results by
verifying the final codes and themes with the participants, but
we minimized the risk of misinterpretation by limiting the
condensation of codes to synonyms only, halting the inductive
interpretation at a very basic level—which led to 98 codes in
the final results—and using the participants’ wording.

Another limitation is that the sample of health care professionals
was not representative of the larger population of health care
professionals.

Finally, we only investigated the prospective acceptability
because digital pills were not available in France at the time of
our study. Studies about concurrent acceptability (while taking
connected drugs) and retrospective acceptability (after taking
connected drugs) may be complementary and lead to different
results.

Comparison With Prior Work
Our results are consistent with the concurrent and retrospective
acceptability discussed in 18 observational studies and trials of
digital pills, which involved small samples of 5 to 129 patients
[26]. Moreover, some participants who refused digital pills for
themselves found them useful for other people considered
vulnerable (eg, people with cognitive or mental disorders or
those incarcerated), which would lead to a risk of stigmatizing
the use of digital pills.

This study added further ethical concerns to the well-known
topics raised in the scientific literature (eg, consent,
confidentiality, privacy) [12,26-30]. This shows the substantial
importance of including patient and public perspectives in health
technology assessment, as is already recommended but
marginally done, with the risk of neglecting social, ethical, and
political aspects of these technologies that are critical
determinants of treatment effectiveness in real life settings [18].
A further strength is the use of a representative sample, which
allows for generalizable results.

This survey contributes to advanced scientific and clinical
reflections about medication adherence. As underlined by
participants, digital pills seem to be a naïve solution considering
the complexity of what determines medication adherence and
nonadherence [12,31,32]. Digital pills appear to be burdensome
and expensive reminders with an apparent
contradiction—whether unintentional or intentional—between
their complexity and the ability of those needing support for
adherence. Particularly in the case of intentional nonadherence,
digital pills would be either useless or efficient at the cost of
intrusiveness, policing, and negative effects on the
patient–doctor relationship.

Finally, digital pills could be useful to assess treatment efficacy
in explanatory trials, but there are 2 prerequisites for extending
their use in clinical practice. First, digital pills should be
evaluated as a complex intervention according to specific
standards and not as if they are a mere change in the form of
drug administration [17,33]. Second, there is urgent need to
develop an ethical and legal framework to ensure the safe and
ethical collection and use of health data through a
patient-centered approach [12,27,28].

Conclusion
Our results suggest that patients, the public, and health care
professionals view connected drugs not as a promising new
medical device to better monitor medication adherence but as
a complex intervention with a possible impact on patient–doctor
relationship and patient autonomy. The participants also raised
additional concerns about burden of treatment,
cost-effectiveness, and privacy, which need to be addressed in
further investigations. Future studies should take into account
the views of all stakeholders, ie, patients, potential prescribers,
as well as health regulatory authorities and researchers, to ensure
the safe and ethical collection and use of health data through a
patient-centered approach.
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Abstract

Background: Stress management in the workplace is essential for a healthy mental and physical state. Due to technological
advancements, individually tailored therapy and online cognitive behavioral therapy (CBT) are on the rise.

Objective: This study analyzed the efficacy of a smartphone app based on third-wave CBT tailored to an individual.

Methods: A randomized controlled trial was conducted with 126 participants who were divided into 2 groups. The intervention
group used the smartphone app BetterLife for 10 weeks, while the control group was placed on a waiting list for the same duration.
The Perceived Stress Scale–10 (PSS), Korean Utrecht Work Engagement Scale–9 (UWES), World Health Organization Quality
of Life Assessment (WHOQOL), Beck Depression Inventory–II (BDI), and Beck Anxiety Inventory (BAI) were administered
at baseline and after 10 weeks to both groups.

Results: Of the 126 participants, 11 dropped out during the trial. A 2-way repeated measure analysis of covariance was conducted,

controlling for baseline BDI. There were greater improvements in PSS (F=24.33, P<.001, η2=0.17) and UWESK scores (F=8.32,

P=.0046, η2=0.06) in the intervention group than in the control group. WHOQOL scores exhibited statistically significant

improvement in the intervention group in the overall quality of life (F=8.19, P=.0049, η2=0.06), physical health (F=8.87, P=.003,

η2=0.07), psychological health (F=13.32, P<.001, η2=0.10), social relationships (F=19.43, P<.001, η2=0.14), and environmental

domains (F=10.14, P=.002, η2=0.08) but not overall health (F=1.68, P=.20). BDI (F=7.17, P=.008, η2=0.06) and BAI (F=6.00,

P=.02, η2=0.05) showed a statistically significant improvement in the intervention group, but this significance did not survive
the Bonferroni correction (P<.005).

Conclusions: These results provide evidence that smartphone-based CBT is a viable option for reducing stress in the workplace.

Trial Registration: Clinical Research Information Service KCT0003231; https://cris.nih.go.kr/cris/search/detailSearch.do/15137

(J Med Internet Res 2022;24(2):e28703)   doi:10.2196/28703

KEYWORDS

stress reduction; third-wave cognitive behavioral therapy; individual tailored treatment; randomized controlled trial; digital
therapeutics

Introduction

Stress management is undoubtedly crucial to the mental health
as well as physical health of individuals. Chronic and high stress

have been linked to depression [1], anxiety [2], coronary heart
disease [3], and increased mortality [4]. Stress can be acquired
from all aspects of life. Nevertheless, work-related stress has
been of interest to researchers, especially in South Korea, which
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has one of the longest working hours within the Organization
for Economic Cooperation and Development countries [5]. High
stress within the workplace has also been associated with
calculable economic burdens [6] and various long-term
complications [7]. Therefore, stress management within the
workplace is vital for both employees and employers.

Of the known methods for stress management, cognitive
behavioral therapy (CBT) has been identified as effective [8,9].
Traditional CBT is performed by trained professionals such as
psychiatrists or psychologists. It is usually conducted face to
face or in a group setting. However, advancements in technology
have allowed CBT to be computerized and administered via the
internet, allowing it to be administered automatically with
minimal guidance [8,10,11]. Such online CBTs have
demonstrated efficacy in several areas, including the reduction
of stress [12], depression, anxiety [13], and insomnia [14].

Although online CBT has advantages over traditional CBT in
terms of anonymity and accessibility [15], in traditional CBT,
the therapist can tailor the structured CBT to suit the client. This
contrasts with most online CBTs, in which participants usually
receive the same program that cannot be changed. Tailored
online CBT has been implemented in treating depression and
is effective, as shown in a meta-analysis [16]. However,
Johansson et al [17] argued that tailored treatment is essential
in addressing comorbidity, showing that tailored CBT may be
more effective than ordinary internet CBT in treating depression.
Stress is also associated with various disorders [1,2]. Thus, we
developed an individualized CBT for stress management and
performed a randomized controlled trial (RCT) to demonstrate
its efficacy.

We hypothesized that using an online CBT-based app designed
to help manage work stress for 10 weeks would result in a
statistically significant improvement in stress-related scales
compared to a waiting group.

Methods

Sample Size
The sample size was calculated using G*Power
(Heinrich-Heine-Universität Düsseldorf), based on a statistical
test on repeated measure analysis of variance (ANOVA), since
the covariance number was not determined. A type I error of
.05 and statistical power of 0.8 were used. The correlation
among repeated measures was set conservatively at 0, and based

on previous similar studies [8], a mild to moderate effect size
was estimated (effect size f=0.20). Based on these calculations,
51 participants were needed in each group, and after calculating
a 20% dropout rate, the required total sample size was set at
128 participants.

Participants
Participants were recruited through billboard advertisements
between November 2019 and January 2020. The inclusion
criteria for the trial were as follows: (1) elevated perceived stress
defined by a score of 14 or higher on the Perceived Stress
Scale–10 (PSS); (2) indication that the reason for stress was
mainly work-related (the reason for stress was considered to be
work-related if the participant could identify one or more
stress-related factors that they experienced in the work
environment and stress in other areas such as family were minor
in comparison to work-related stress); (3) employment of at
least 20 hours per week and not self-employed; (4) aged 18 to
60 years; and (5) ability to provide informed consent to
participate after being given information about the trial and
other information that the participant must know to participate.
The exclusion criteria were as follows: (1) inability to provide
informed consent; (2) education level below the 9th grade; (3)
history of congenital brain disorder, cerebral palsy, or other
acquired brain injuries; (4) history of neurological disorders;
(5) severe anxiety, depression, or psychotic disorder as assessed
by the Korean Symptom Checklist–95; or (6) history of drug
or alcohol abuse.

In total, 131 individuals who had work-related stress expressed
interest in the trial. Of these, 3 withdrew participation after
being informed of the detailed trial protocol; written consent
was received from the remaining 128 participants. Two patients
were excluded because of clinically relevant scores in the
Korean Symptom Checklist–95. A total of 126 participants were
included in the trial and randomized into 2 parallel groups with
equal allocation ratios (Figure 1). Randomization was performed
by an external researcher from a separate institute, and simple
randomization via a random number generator using Excel
(Microsoft Corp) was used. Each participant was assigned a
random trial number at enrollment, and the external researcher
was only provided with the individual trial number to ensure
blinded randomization. The researcher performing data analysis
(DHH) was also provided only with the individual trial number
to blind the outcome assessment.
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Figure 1. CONSORT 2010 flow diagram of enrollment.

The intervention group was given a random individual
application ID to access the app, a link for downloading the
app, and a manual of the program. Further, they were instructed
to use the BetterLife program for 50 minutes per week for 10
weeks. They had the option to contact a designated person to
ask for help in operating the app. Participants were sent a text
message as a prompt to notify them of their app use every week
during the trial. Members of the control group were placed on
a waiting list for 10 weeks after which they were given access
to the BetterLife program for the next 10 weeks. This was
primarily done for ethical reasons, and data collected from the
control group after using the BetterLife program were not used
in this analysis. These data are being considered for use in
secondary analyses, which can strengthen our research. This
trial was approved by the institutional review board of
Chung-Ang University Hospital (1712-008-304) and registered
in the Clinical Research Information Service of Republic of
Korea (KCT0003231), a member of the WHO International
Clinical Trials Registry Platform. All participants enrolled in
the trial provided written informed consent.

Of the 126 participants, 11 dropped out of the trial: 9 from the
intervention group (14.3%) and 2 from the control group (3.2%).
Of the 9 participants who were excluded from the intervention

group, 2 left the trial due to personal reasons and 7 wished to
leave due to lack of interest. Of the 2 participants who were
excluded from the control group, 1 wished to leave the trial due
to lack of interest and 1 was excluded because they were starting
psychiatric treatment. Finally, 115 participants—54 in the
intervention group and 61 in the control group—completed the
10-week trial and post-10-week data were collected. The 11
excluded participants’ post-10-week data were produced by the
baseline observation carried forward method, and data were
analyzed using an intention-to-treat method. The average use
time of the program was 56.40 (SD 8.42) minutes per week;
this was calculated by using the program time of the 54
participants who finished the 10-week program only. No
substantial harm or unintended effects were observed.

Data Collection
Participant demographic data were collected including age, sex,
education level, marital status, alcohol consumption, and
smoking habits. Information on employment was also collected,
including company size, work field, type of employment, job
grade, whether they handle direct customer complaints, income,
workdays per week, work hours per day, work experience in
the current work field, and job. Information regarding the
number of late days, early leave days, and absent days of the
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past month was also collected. The participants were asked to
complete the PSS, Korean Utrecht Work Engagement Scale–9
(UWES), abbreviated version of the World Health Organization
Quality of Life Assessment (WHOQOL), Beck Depression
Inventory–II (BDI), and Beck Anxiety Inventory (BAI) to assess
psychological and work stress-related status at baseline and
after the 10-week intervention. PSS and the overall quality of
life score of the WHOQOL at 10 weeks were set as the primary
outcomes. Data were collected in a face-to-face setting by the
researchers of Chung-Ang University Hospital at a separate
location preferred by the participant. Participants received
100,000 Won (US $83) as compensation for their travel fees.

Perceived Stress Scale–10
The PSS was developed by Cohen et al [18] and validated in
Korea by Park et al [19]. It is a widely used scale consisting of
10 items on a 5-point scale and is designed to measure the
degree of stress experienced by individuals, with a high score
indicating high perceived stress. Although the scale authors did
not develop the scale with a cutoff value, the scores are often
divided into 3 parts for clinical use: 0 to 13, low stress; 14 to
26, moderate stress; and >27, severe stress [20].

Korean Utrecht Work Engagement Scale–9
UWES is one of the most frequently used scales related to work
engagement. It calculates work engagement by measuring vigor,
dedication, and work absorption through a 7-point frequency
rating scale ranging from 0 (never) to 6 (always). It was
developed by Schaufeli et al [21] and has been validated in
Korea by Kim et al [22].

World Health Organization Quality of Life Assessment,
Abbreviated
WHOQOL was developed by the WHO as a measure to assess
the quality of life (QoL) in individuals across different cultures
[23]. It has been validated in Korea by Min et al [24]. The
WHOQOL consists of 26 questions and uses a 5-point scale
from 1 to 5, with a higher score indicating better QoL. One
question pertains to overall perception of QoL (overall QoL);
another pertains to overall perception of health (overall health).
The remaining 24 questions were calculated to measure an
individual’s QoL in each of 4 domains: physical health,
psychological health, social relationships, and environment.
The raw scores were converted into transformed scores (0 to
100) using the developers’ suggested method for easier
comparison.

Beck Depression Inventory–II
The BDI was initially developed by Beck in 1961 and revised
in 1979 to BDI-IA and finally to BDI-II in 1996 to accommodate
the changes in the Diagnostic and Statistical Manual of Mental
Disorders, fourth edition diagnosis for depressive disorders
[25]. It is a self-report questionnaire with 21 items, and each
item is rated on a 4-point scale from 0 to 3. It has been validated
in many countries across the world, including Korea [26]. The
BDI was designed to measure the depressive symptoms of an
individual during the past 2 weeks.

Beck Anxiety Inventory
The BAI was developed by Beck in 1988 [27]. It is a self-report
questionnaire with 21 items. Similar to the previous BDI, it
rates each item from 0 to 3 on a 4-point scale. The BAI is
designed to measure anxiety independent of depressive
symptoms and was validated in Korea by Yook et al [28] in
1997.

Intervention
BetterLife is a smartphone-based program for the treatment of
stress, depression, anxiety, and sleep disorders used for guided
self-help therapy; it can be used for both prevention and
treatment. It is designed for anonymous treatment, targeting
individuals with mild or moderate symptoms. BetterLife uses
recognized manuals for CBT and problem-solving therapy and
consists of approximately 600 modules of 7 types: test modules,
psychoeducational modules, cognitive exercises, practical
exercises, diary modules, notification modules, and comment
modules. The test modules included the World Health
Organization Well-Being Index (WHO-5) [29], the Major
Depression Inventory (MDI) [30,31], the General Anxiety
Test–7 (GAD-7) [32], and a short version of the Copenhagen
Psychosocial Questionnaire [33]; the latter is used for
assessment of work-related stressors. Psychoeducational
modules are e-learning modules that provide knowledge about
illnesses, treatment methods, and background information. They
have talking-head videos with an overlay of animated graphical
visuals. Cognitive exercises are interactive exercises
programmed in HTML5, providing opportunities for users to
work with their thoughts and feelings. The interactivity makes
it possible for the user to work with their data registered in a
database on a server. Practical exercises include physical
exercises, relaxation exercises such as meditation, and exercises
away from home. Diary modules are used to map activities and
the development of mental conditions over time. Data from the
registrations in the diary modules are saved so the user can see
them. Notification modules ensure the user’s adherence to the
treatment flows, and comment modules provide feedback to the
user’s treatment progression. Comment modules follow tests
and exercises.

All treatment components in the program are based on
evidence-based methods documented in scientific studies
[11,34]. BetterLife is powered by an advanced treatment flow
engine that enables individualized transdiagnostic treatment
and continuous follow-up of treatment results carried out in a
dialog form with the user. This dialog also includes an online
dialog with an attached therapist and a chosen friend (helper)
who can help the user understand the psychoeducational parts
and conduct cognitive and practical exercises. The tests in the
program are used both for reference to the individual treatment
interventions in the program and for the continuous monitoring
of treatment progression. If severe symptoms are detected, the
user is referred for external psychological help in a clinic or
hospital—in case of suicidal thoughts by call function directly
to an acute clinic. The user sees graphical charts of the test result
history to experience treatment progression. BetterLife has a
toolbox with all tests and exercises in the program from where
the user can choose to redo a test or exercise at any time. The
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primary test and exercise results are always visible on the main
page of the BetterLife program.

The chance to use the WHO-5 questionnaire was provided every
week to tailor to each user. Thus, the user could follow the
improvement over time, even in a graph. If the test value is low
(meaning low well-being), the user is referred to the depression
(MDI) and anxiety (GAD-7) modules. When acceptable values
of these tests are obtained (showing a low degree of depression
and anxiety symptoms), the user automatically returns to the
other parts of the program. Another feature to personalize the
program to the user is the user’s own estimation of stressors in
work and daily life. The user is guided to modules specifically
concerning the problems pinpointed by the user. An overview
of the program can be found in the supplements (Multimedia
Appendices 1 and 2).

Statistical Analysis
All data were analyzed using SPSS (version 19.0, IBM Corp).
The data presented here concern the intervention group
compared to the waiting list group (controls) at baseline and
follow-up. Data on the controls after using the BetterLife
program and those on the program’s long-term effects are not
presented. Baseline information, including demographic and
psychological scales, was compared using the chi-square test,
Fisher exact test, and independent t test. Intervention outcomes
were measured using work-related scales and psychological
scores. Changes in late days, early leave days, and absent days
in the past month were also collected to determine whether the
app could have a tangible effect on work life.

For all participant data, univariate logistic regression analyses
were conducted to determine whether variables of independent
factors—such as age, gender ratio, education level, marital
status, alcohol consumption, smoking, BDI scores, BAI scores,

type of work field, workdays, work hours, and work
experience—could explain a significant amount of variance in
the dependent variable (high perceived stress) after considering
all other variables. Statistically significant independent factors
were evaluated using a multivariate logistic regression analysis
using a stepwise forward conditional method. High perceived
stress was defined as a PSS score of 27 or higher.

Using 2-way repeated-measures analysis of covariance
(ANCOVA; split-plot ANCOVA) with time as a within-factor
and group as a between-factor, controlling covariates determined
from the logistic regression and the changes in PSS, UWES,
WHOQOL, BDI, and BAI scores were calculated. Bonferroni
correction was used to compensate for multiple comparisons,
and α=.05/10=.005. P<.005 was considered statistically
significant. The number of late days, early leave days, and absent
days were analyzed separately by 2-way repeated measure
ANOVA with time as a within-factor and group as a
between-factor since they were not collected as part of the initial
intervention outcome.

Results

Comparison of Demographic Characteristics and
Psychological Scale Scores between the Intervention
and Control Groups
There were no significant differences in age, gender ratio,
education level, marital status, alcohol consumption, smoking,
company size, work field, type of employment, job grade, direct
customer complaint handling, workdays, work hours, work
experience, and late days, early leave days, and absent days in
the past month between the intervention and control groups
(Table 1). At baseline, there were no significant differences in
PSS, UWES, WHOQOL, BDI, and BAI scores (Table 2).
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Table 1. Comparison of demographic characteristics of participants between intervention and control groups.

P valueTest statisticControl (n=63)Intervention (n=63)

Demographic information

.460.75a37.3 (8.8)38.6 (9.8)Age (years), mean (SD)

.122.45c——bGender, n (%)

——16 (25)9 (14)Male

——47 (75)54 (86)Female

.640.89c——Education, n (%)

——10 (16)12 (19)High school

——45 (71)46 (73)Undergraduate

——8 (13)5 (8)Graduate

.211.56c——Marital state, n (%)

——33 (52)26 (41)Single

——30 (48)37 (59)Married

.820.05c——Alcohol, n (%)

——52 (83)51 (81)Yes

——11 (18)12 (19)No

.122.49c——Smoking, n (%)

——8 (13)3 (5)Yes

——55 (87)60 (95)No

Workplace information

.722.24d——Company size (employee), n (%)

——5 (8)5 (8)<10

——6 (10)2 (3)10-29

——11 (18)11 (18)30-99

——4 (6)5 (8)100-299

——37 (59)40 (64)≥300

.852.23d——Type of work field, n (%)

——1 (2)3 (5)Sales and services

——3 (5)2 (3)Technical

——21 (33)16 (25)Office

——22 (35)23 (37)Professional

——4 (6)5 (8)Civil servant/teacher

——12 (19)14 (22)Othere

.330.95c——Type of employment, n (%)

——55 (87)51 (81)Regular position

——8 (13)12 (19)Temporary position

.663.27c——Job grade, n (%)

——1 (2)2 (3)Staff

——12 (19)12 (19)Administrative manager

——14 (22)10 (16)Assistant manager

——17 (27)12 (19)General manager
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P valueTest statisticControl (n=63)Intervention (n=63)

——13 (21)18 (29)Director and higher

——6 (10)9 (14)No job grade

.340.93c——Customer complaints, n (%)

——46 (73)41 (65)Yes

——17 (27)22 (35)No

.533.23d——Income (KRWf), n (%)

——10 (16)15 (24)<₩2 million

——34 (54)30 (48)₩2-3 million

——9 (14)8 (13)₩3-4 million

——8 (13)5 (8)₩4-5 million

——2 (3)5 (8)>₩5 million

.47–0.72a5.1 (0.2)5.0 (0.3)Work days/weekg, mean (SD)

.25–1.16a8.3 (0.7)8.2 (0.9)Work hours/dayg, mean (SD)

.770.30a128.0 (91.8)133.2 (103.6)Work experience in current work field (months)g, mean (SD)

.360.92a91.2 (90.7)107.3 (103.4)Work experience in current job (months)h, mean (SD)

.77–0.29a0.8 (1.9)0.7 (1.8)Number of late days in past month, mean (SD)

.73–0.34a0.3 (0.9)0.3 (0.6)Number of early leave days in past month, mean (SD)

.311.01a<0.1 (0.1)0.1 (0.2)Number of absent days in past month, mean (SD)

a2-tailed t test.
bNot applicable.
cChi-square test.
dFisher exact test.
eOther includes miscellaneous positions in the company <9 employees, company management position >10 employees, etc.
fKRW: South Korean Won. 1198 Won=$1 USD.
gOne value missing.
hFour values missing.
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Table 2. Comparison of baseline work stress-related scale scores.

P valueTest statisticaControl (n=63)Intervention (n=63)

.101.6720.1 (3.8)21.6 (5.9)PSSb

.16–1.412.8 (0.8)2.6 (0.8)UWESc

WHOQOLd

.25–1.153.1 (0.7)3.0 (0.8)Overall QoLe

.840.212.9 (0.8)2.9 (0.9)Overall health

.33–0.9958.4 (12.3)56.1 (13.8)Physical health

.06–1.9257.3 (12.9)52.5 (15.1)Psychological

.06–1.9461.0 (15.8)55.1 (18.1)Social relationship

.38–0.8860.4 (12.6)58.2 (14.6)Environmental

.131.5315.3 (7.7)17.7 (9.5)BDIf

.061.8911.0 (7.3)13.8 (9.3)BAIg

a2-tailed t test.
bPSS: Perceived Stress Scale.
cUWES: Utrecht Work Engagement Scale.
dWHOQOL: World Health Organization Quality of Life Scale.
eQoL: quality of life.
fBDI: Beck Depression Inventory.
gBAI: Beck Anxiety Inventory.

Comparison of Symptom Improvement Between the
Intervention and Control Groups
In logistic regression analysis, only baseline BDI scores in all
participants were positively correlated with high perceived stress

(B=0.20, Exp(B)=1.22, P<.001; Table 3). A separate paired t
test of the repeated measures of the control group showed no
significant differences after the Bonferroni correction
(Multimedia Appendix 3).
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Table 3. Results of univariate and multivariate logistic regression analysis for high perceived stress.a

Exp(B)cP valueBb

Univariate

1.00.910.03Age

0.80.72–0.22Gender

—.68—dEducation

0.76.59–0.28Marital state

1.40.590.34Alcohol

1.58.670.46Smoking

—.89—Company size

—.87—Types of work field

2.67.100.98Type of employment

—.86—Job grade

0.94.92–0.06Customer complaints

—.61—Income

0>.99–21.03Work days/week

0.67.27–0.40Work hours/day

1.00.53<0.01Work experience in current work field

1.00.61<0.01Work experience in current job

1.22<.0010.20BDIe

1.15<.0010.14BAIf

Multivariate

1.22<.0010.20BDI

aMultivariate logistic regression analysis was conducted with BDI and BAI as independent variables.
bB: logistic regression coefficient.
cExp(B): e to the power of B (odds ratio).
dNot applicable.
eBDI: Beck Depression Inventory–II.
fBAI: Beck Anxiety Inventory.

In the split-plot ANCOVA, there was homogeneity of variances
(P>.05) and covariances (P>.001), as assessed by the Levene
test of homogeneity of variances and Box M test, respectively,
in all categories except for the number of late days, early leave
days, and absent days in the past month. The Mauchly test of
sphericity was ignored because there were only two groups for
each factor. Controlling baseline BDI scores, the intervention
group showed greater improvement in the changes in PSS

(F=24.33, P<.001, η2=0.17) and UWESK scores (F=8.32,

P=.0046, η2=0.06) compared to the control group (Figure 2).
WHOQOL scores also demonstrated a statistically significant
interaction between treatment groups and pretests/posttests in

overall QoL (F=8.19, P=.0049, η2=0.06) and physical health

(F=8.87, P=.003, η2=0.07), psychological (F=13.32, P<.001,

η2=0.10), social relationships (F=19.43, P<.001, η2=0.14), and

environmental domains (F=10.14, P=.002, η2=0.08) but not
overall health (F=1.68, P=.20; Table 4). Although BDI (F=7.17,
P=.008) and BAI (F=6.00, P=.02) showed traditionally low P
values, they did not survive the Bonferroni correction.
Unadjusted ANOVA yielded similar results except for BDI

(F=9.67, P=.002, η2=0.07), which showed a significant
interaction between treatment groups and pretests/posttests
(Multimedia Appendix 4).
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Figure 2. Repeated measure analysis of covariance controlling baseline Beck depressive inventory scores. Left: comparison of changes in Perceived
Stress Scale (PSS) scores between intervention group and control group (F=24.33, P<.001). Right: comparison of changes in the Utrecht Work Engagement
Scale–Korean Version (UWES) scores between intervention group and control group (F=8.32, P=.0046).

Table 4. Results of split-plot analysis of covariance for stress-related factors.

P valuebTest statisticsaControl (n=63)Intervention (n=63)

η2F testcFollow-upBaselineFollow-upBaseline

<.0010.1724.3319.6 (4.4)20.1 (3.8)15.4 (4.7)21.6 (5.9)PSSd

.00460.068.322.9 (0.7)2.8 (0.8)3.1 (0.9)2.6 (0.8)UWESKe total

WHOQOLf

.00490.068.193.3 (0.8)3.1 (0.7)3.6 (0.7)3.0 (0.8)Overall QoLg

.20—h1.683.0 (0.9)2.9 (0.8)3.3 (0.8)2.9 (0.9)Overall health

.0030.078.8760.7 (11.8)58.4 (12.3)65.8 (14.1)56.1 (13.8)Physical health

<.0010.1013.3259.5 (12.3)57.3 (12.9)63.6 (16.7)52.5 (15.1)Psychological

<.0010.1419.4359.1 (16.3)61.0 (15.8)66.6 (14.6)55.1 (18.1)Social relationship

.0020.0810.1461.9 (10.9)60.4 (12.6)68.6 (12.5)58.2 (14.6)Environmental

.0080.067.1713.1 (7.6)15.3 (7.7)11.5 (9.2)17.7 (9.5)BDIi

.020.056.009.0 (7.0)11.0 (7.3)8.0 (8.7)13.8 (9.3)BAIj

aStatistics reported are for the interaction between intervention and time of each variable.
bP<.005 is considered significant.
cdegree of freedom: 1123.
dPSS: Perceived Stress Scale.
eUWESK: Utrecht Work Engagement Scale.
fWHOQOL: World Health Organization Quality of Life Scale.
gQoL: quality of life.
hNot applicable.
iBDI: Beck Depression Inventory–II.
jBAI: Beck Anxiety Inventory.

Similarly, in the repeated measures ANOVA, homogeneity of
variances (P>.05) and covariances (P>.001) were assessed by
the Levene test of homogeneity of variances and Box M test,
and the Mauchly test of sphericity was ignored. There were no

significant interactions in the number of late days, early leave
days, and absent days in the past month between the treatment
groups and pretests/posttests (Table 5).
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Table 5. Results of split-plot analysis of variance for the additional outcome.

P valueTest statistica,bControl (n=63)Intervention (n=63)

Follow-upBaselineFollow-upBaseline

.490.480.7 (1.7)0.8 (1.9)0.4 (1.1)0.7 (1.8)Number of late days in past month

.390.740.3 (0.9)0.3 (0.9)0.1 (0.4)0.3 (0.6)Number of early leave days in past month

.480.49<0.1 (0.3)<0.1 (0.1)<0.1 (0.2)0.1 (0.2)Number of absent days in past month

aStatistics (F test) reported are for the interaction between intervention and time of each variable.
bdegree of freedom: 1124.

Sensitivity and Dropout Analyses
A sensitivity analysis was performed with the 54 intervention
group and 61 control group participants who completed the trial.
These data were evaluated separately using per-protocol
analysis. Results showed a significant interaction between
treatment groups and pretests/posttests in all scales except for
the overall health of WHOQOL. Compared to the
intention-to-treat analysis, the per-protocol analysis showed
overall more significant (lower) P values and higher effect sizes
(Multimedia Appendix 5). Little difference was found between
the 2 analyses on the number of late days, early leave days, and
absent days (Multimedia Appendix 6).

Dropout analysis was also performed, comparing the baseline
values of the 11 participants who dropped out and the 115
participants who completed the trial. In the demographic data,
work hours per day were significantly lower in the dropout
group (t=3.63, P<.001; Multimedia Appendix 7). When
comparing the baseline work-related stress and psychological
scales, the dropout group showed significantly lower PSS scores
(t=3.63, P<.001) and social relationship scores in the WHOQOL
(t=–2.19, P=.03; Multimedia Appendix 8). The number of early
leave days was also significantly lower in the dropout group
(t=4.25, P<.001).

Discussion

Principal Findings
The BetterLife app, a program developed for the management
of stress, effectively improved the degree of stress in people
with work-related stress measured by PSS compared with
control groups on a waiting list. It also improved work
engagement as determined by the UWES. Furthermore, QoL
improved in all domains except for overall health, according to
the WHOQOL. However, the total number of late days, early
leave days, and absent days showed no improvement in the 2
groups.

Intervention Effectiveness on Stress Reduction and
Work Engagement
The effects of CBT on stress management in online settings
have been well documented in previous studies [8,35]. A
meta-analysis of web- and computer-based stress management
interventions showed that these interventions effectively reduced
stress and, on average, had a moderate effect size (Cohen
d=0.43) on stress reduction [8]. However, recent studies have
shown larger effect sizes. Asplund et al [36] identified a

significant reduction in stress with a moderate to large effect
size through an RCT with a guided internet-based stress
management intervention. Ebert et al [10] also observed a large
effect size in stress reduction using an internet- and
mobile-based stress management program [10]. Our study
showed that the intervention group had a significantly higher
reduction in the PSS score from baseline to posttreatment when
compared to the control group with a large effect size (F=24.83,

P<.001, η2=0.17). We estimate this large effect size to be
because of meditation, emotional acceptance, and other
third-wave CBT qualities incorporated in the program. Asplund
et al [36] and Ebert et al [10] also used parts of third-wave CBT
interventions, which could explain the large effect sizes of the
results. Third-wave CBT helps participants to be more aware
and accepting of their thoughts through ways such as meditation
or behavior activation [37]. It has demonstrated strong efficacy
in stress reduction [38].

The intervention group also showed improved work engagement,
represented by improvements in the UWES. Work engagement,
often considered the opposite of burnout, is a positive
work-associated mindset with characteristics such as vigor,
dedication, and absorption [39]. Extensive literature supports
the positive benefits of work engagement. Halbesleben et al
[40] demonstrated, through a study conducted on 587 employees
in various occupations, that work engagement shared variance
with job performance, implying that developing work
engagement leads to positive outcomes in job performance and
job retention. A meta-analysis of 7939 business units concluded
that work engagement is related to meaningful business
outcomes [41]. The authors of this study also implied that this
improvement in employee work engagement and satisfaction
could increase profits for businesses. Work engagement has
also been known to affect absenteeism [42] and overall sickness
absence [43]. However, our data did not show a significant
difference in the number of sick days, early leave days, and
absent days between baseline and postintervention. We estimate
this to be because of the small number of sick, early leave, and
absent days at baseline, subsequently requiring more statistical
power than the trial’s original design. However, several similar
studies failed to demonstrate a significant improvement in sick
leave days even with symptom improvement [44], which could
imply that symptom improvement through CBT alone might
not be enough for a tangible improvement in sick leave.

Intervention Effectiveness on Quality of Life
Improvement of QoL in all domains, including overall QoL,
was seen in the intervention group. However, the perception of

J Med Internet Res 2022 | vol. 24 | iss. 2 | e28703 | p.991https://www.jmir.org/2022/2/e28703
(page number not for citation purposes)

Hwang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


overall health did not differ between the control and intervention
groups. QoL improvement by CBT has been observed in
literature: Hofmann et al [45] used a meta-analysis to observe
the effect of CBT on QoL in anxiety disorders and found it to
be effective. An RCT conducted using an internet-based
self-guided stress management intervention for employees,
similar to that in this study, also exhibited improvements in
QoL [10], but only the mental health component of QoL
improved (not the physical health component), which was
similar to our findings. Although the physical domain of
WHOQOL in our trial showed significant improvements, the
effect size was the smallest among the 4 domains, and overall
perception of health showed no significant improvement. This
may be because improving physical health and related QoL is
significantly more complex than improving mental health and
related QoL, although possible. Therapies with a meditative
component, such as yoga and mindfulness-based cognitive
therapy, have been shown to improve health-related QoL [46].
CBT that improves sleep disturbance also induces an
improvement in health-related QoL [47]. Furthermore, our
program had separate modules dedicated to sleep improvement
and meditation. A few participants gave positive feedback on
the meditation module, which could have resulted in the mixed
health-related QoL improvements. Future programs should
emphasize this in CBT for further improvement in physical
health.

The social relationship domain of QoL had the most significant

effect size (η2=0.14), in addition to our primary result, perceived
stress. We attribute this improvement to the helper system that
asked participants to find a helper, someone who can talk to
and confide in about work. Participants also provided feedback
that using this app with a helper allowed them to be more
engaged in using the program and made the work environment
more enjoyable. Improved social relationships within the
workplace are estimated to increase employee well-being and
company efficiency [48], constituting one reason for including
CBT.

Changes in Depression and Anxiety Levels and Other
Characteristics of the Program
Although our initial analysis showed that the BetterLife program
significantly improved BDI and BAI levels, this significance
did not survive the Bonferroni correction. We assume that this
is because of the baseline observation carried forward method
used to create the missing data of the participants who dropped
out, which is one of the most conservative ways to estimate
missing data. Notably, the per-protocol analysis showed that
BDI and BAI scores were significantly improved using the
BetterLife program with moderate effect size (F=10.15, P=.002,

η2=0.08 and F=8.21, P=.0049, η2=0.07, respectively). The
program incorporated modules that directly help deal with
depression and anxiety, as controlling psychological symptoms
is essential in reducing perceived stress. The efficacy of
web-based CBTs has been proven in patients with major
depressive disorder and anxiety disorder with mild and moderate
symptoms [13]. Although the current intervention was aimed

at employees with work stress, future trials could be performed
on clinical groups to explore the program’s effects.

The dropout rate of the intervention was 14.3%, slightly lower
than the average dropout rate of internet-based CBTs according
to a recent meta-analysis [49]. This, along with improved stress
reduction, work engagement, and QoL, could result from the
way the program was tailored for each participant, as described
in the intervention section. The use of a helper combined with
personalization as the user was guided through the program is
a unique feature that makes BetterLife different from other
internet-based programs dealing with stress. The feedback from
the tests that participants took during the trial might also be a
reason for the low degree of dropouts.

Although our study design did not include a direct comparison
with face-to-face CBT, recent research comparing internet-based
and face-to-face CBT showed similar results. Peter et al [14]
showed similar efficacy in treating insomnia when comparing
an online CBT with face-to-face CBT. A recent randomized
noninferiority clinical trial showed online CBT to be noninferior
to face-to-face CBT for health anxiety [50]. A systemic review
and meta-analysis comparing online CBT and face-to-face CBT
in psychiatric and somatic disorders reported that most disorders
showed equivalent effects between the two groups [49]. These
results emphasize the opinion that online CBT has become a
viable and cost-effective option for face-to-face CBT, possibly
because of advancements in technology and our familiarity with
it. Unfortunately, we could not find any studies comparing
online CBT with face-to-face CBT for stress reduction. Future
studies are needed for stress management in this context.

Limitations
Our study has several limitations. First, only psychological
scales were used in the trial. Although using objective
measurements such as heart rate variance or blood cortisol levels
would have complemented the results, we avoided this so that
the participants would not have to visit a psychiatric clinic.
Stigma regarding psychiatric interventions remains widespread
in Korea, and having participants with work stress visit a
psychiatric ward could negatively impact the trial [51]. Second,
the average perceived stress was relatively high in both groups.
Generalizing this result to a population with low perceived stress
would be difficult with the current data. Third, most participants
were female, and most had an education level of college diploma
or higher. Although there are similar findings regarding
demographics [12,46], this should be accounted for when
applying the results to a broader population. Finally, only pre-
and postintervention data were collected. Additional data from
months after the intervention are needed to examine if the effects
of the intervention persist over time.

Conclusions
BetterLife, a smartphone-based individually tailored CBT,
effectively reduced stress and increased work engagement and
QoL in people with work-related stress. This is a viable option
for reducing workplace stress.
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We congratulate Neely and colleagues on their recent work [1]
describing the utilization of social media platforms as a source
of information regarding the COVID-19 pandemic. The authors
suggested that the majority of health information disseminated
on social media was not fact-checked with a health care
professional [1]. Furthermore, their results demonstrated that
subjects following more credible scientific sources on social
media were more likely to receive the COVID-19 vaccine [1].
These findings are corroborated by a recent study that concluded
that there is a statistically significant relationship between
disinformation regarding COVID-19 and lower vaccination
rates [2]. However, both studies primarily focused on individual
consumers of social media. While these studies are
representative samples of the US population, they are unlikely
to adequately describe the >200 million Twitter users and are
likely subject to selection and recall bias from participants.
While analysis of the consumer is revealing, understanding the
publishers of information is of equal intrigue and utility.

An alternative methodology for addressing the investigative
question proposed by Neely and associates would be to quantify
content related to the COVID-19 vaccine and vaccination efforts
and further classify this content as informed or misinformed.
Data points could include the number of views and the frequency
these posts receive subsequent dissemination. This approach
would transition the focus from the consumers to the producers
of this information. Studies of the aforementioned design come
with their own set of limitations; however, we feel it is better
suited to address the questions of the authors. Regardless of the
study or methodology, social media platforms continue to grow,
and health care professionals must recognize the potential effect
they can have on social media.

Across social media platforms, it has been previously
demonstrated that pro-vaccine individuals are more likely to
reference credible sources than those from “antivaccine” groups
[3]. Major social media platforms such as Facebook, Twitter,
and Instagram have partnered with the World Health
Organization in an attempt to target and flag misinformation
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[3,4]. This served to counter misinformed COVID-19 and other
health information on social media. Given social media’s high
availability and massive user base, there is a tremendous
opportunity for physicians and health care organizations to
interact with the American public through these virtual
platforms. Establishing a stronger social media presence at both
the systems (hospital, national governing medical body,
academic center) and individual level is an underutilized
opportunity for disseminating health information in an accurate
manner. Most physicians (90%) have a presence on social

media; however, it is unclear what advocacy impact these
accounts have [5]. The introduction of a verification process
for posts containing health information may have merit.
Implementation of such a policy may increase consumer faith
in factual health information, potentially enhancing public health
advocacy in campaigns such as COVID-19 vaccinations. It
appears that social media has a role to play in health care; an
enhanced understanding of social media’s scope of influence
and increased physician representation may have a far-reaching
impact.
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This insightful paper by Wherton et al [1] suggests groundwork
before the pandemic allowed health care services to rapidly
extend the use of video consultations across Scotland. As a
general practitioner and digital champion, working in a deprived
area in a city in Scotland, I agree but strongly believe that
front-line staff is fundamental to further increase use. The
“asymmetric development, driven in some places by particular
local enthusiasts” noted before the pandemic certainly continues,
and additional local “champions” are key to further increased
use.

The finding relating to the “focus on region-by-region” quality
improvement approach noted can be explained by how the
National Health Service is set up across Scotland, with 14
different health boards [2]. Although it is pertinent to point out
the challenges of providing rural care, most citizens in Scotland
live in nonrural areas [3].

My urban general practice embraced the opportunity to perform
video consultations. We implemented these by deciding to
“convert” telephone consultations to video consultations, when
clinically appropriate. This occurred if the patient agreed and
had the appropriate technology. We welcomed the improvement

allowing the Near Me video service to send direct links to the
virtual waiting room.

However, despite this improvement, when discussing video
consultations with colleagues, we perceived that many patients
then faced technical and accessibility issues. Patients frequently
could not enter the virtual waiting room due to low levels of
digital literacy.

A recent internal practice audit performed in August 2021
showed that only around half of the patients opted for a video
consultation (n=67, 46%) if offered instead of a telephone
consultation. Furthermore, of those who requested a video
consultation, a large proportion was unsuccessful (n=31, 45%).

If a patient was unable to connect to the video consultation,
they would not have the opportunity to complete the patient
satisfaction survey, which is given out after the video
consultation. Therefore, the patient survey, which reported that
the majority of video consultations had no technical problems
(n=18,817, 78%), is potentially an underestimate as it does not
include some consultations in which patients were unable to
access the service at all.
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I am pleased to report that the Near Me video service has just
been upgraded to include a Consult Now feature. This enables
a one-time-only link to be sent, bringing the patient directly to
the video call, without having to enter their details and access
the virtual waiting room.

In an attempt to offer patients choice, I believe patients should
be offered a video consultation instead of a telephone
consultation, if they prefer. A video consultation may not

objectively aid the consultation; however, it can assist with the
clinical relationship.

To do this while addressing digital inclusion, including digital
access support is fundamental. We must be mindful to continue
to strive to reduce health inequalities and address the “digital
inverse care law.” I am personally very supportive of Scotland’s
digital health and care strategy, which aims to achieve
world-leading levels of digital inclusion [4].
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We appreciate Boudreau and colleagues’ [1] thoughtful
consideration of our recent survey study [2], which examined
American people’s use of social networking sites (SNS) to learn
and stay informed about the COVID-19 pandemic. As they
point out, we surveyed a representative sample of American
adults (N=1003) and found that most SNS users had not
fact-checked COVID-19–related information with a medical
professional, and those who had opted to follow credible,
scientific sources on social media were significantly more likely
to undergo vaccination [2]. In reply, Boudreau and colleagues
noted that our study—and others like it—has focused primarily
on consumers rather than the producers and publishers of
medical content on social media [1]. They propose that
researchers should shift their focus “from the consumers to the
producers of this information,” and, in particular, they emphasize
the possibility of developing tools to assess and classify
health-related posts on social media in order to help consumers

distinguish medically valid guidance from potential
misinformation.

We understand and affirm the underlying spirit of Boudreau et
al’s [1] recommendation, and building on that, we would endorse
an “all of the above” approach to the study of social media
moving forward. A comprehensive research agenda—drawing
on a diverse range of perspectives and methodological
techniques—will be needed in order to understand and keep
pace with social media’s growing and evolving role in health
information seeking. This includes greater attention to issues
of content and publisher credibility, as the authors suggest,
though it should be noted that social media often obscures the
distinction between publishers and consumers [3]. It also means
that health professionals will need to gain awareness of and
interpret emerging techniques in data mining, natural language
processing, and network analysis. These are essential to
identifying influential network nodes and understanding how
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health information spreads in complex social networks. For
reference, we conducted a similar analysis during the 2015-2016
Zika virus outbreak [4].

However, in pursuing a comprehensive research agenda around
social media, it is critical that researchers not lose sight of the
consumer perspective. We agree that promoting and affirming
accuracy “at the source” is critical, but so too is understanding
which sources of health information consumers encounter, trust,
and rely on. Unfortunately, recent studies have noted declining
trust in science among many Americans, including the Institution
of Medicine [5,6]. This is especially salient in the case of

politicized public health emergencies, such as the COVID-19
pandemic. Add to this the politicization and fragmentation of
social media platforms themselves, and we find ourselves
immersed in an information environment where even quality
markers are often interpreted as political statements. While
health professionals are not to blame for these trends, it is
nonetheless important that they be aware of and responsive to
them. This means that it is critical for research and scholars to
stay focused on understanding consumer-level preferences,
behaviors, and outcomes while also working to improve health
messaging at its source.
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Lyu et al [1] used natural language processing techniques to
analyze the topics and sentiment of Twitter conversations related
to the COVID-19 vaccine using the Twitter chatter data set
created by Georgia State University’s Panacea Lab. Tweets that
contained any of the following keywords “vaccination,”
“vaccinations,” “vaccine,” “vaccines,” “immunization,”
“vaccinate,” and “vaccinated” were selected for further analysis
(eg, topic modeling and sentiment analysis).

I would suggest that the study might be enhanced by including
additional keyword searches for vaccination synonyms identified
by a method such as the Continuous Bag of Words (CBOW)
word2vec model [2]. While the study focused on formal
language such as “vaccination” and “vaccine,” other colloquial
terms are commonly used on Twitter and other social media
platforms to describe the vaccination process.

I identified synonyms for “vaccination” commonly used on
Twitter by using the gensim implementation of the CBOW
word2vec model [3]. This model predicts synonyms and related
words by creating vector representations of words. Words with
similar vector representations are more likely to be synonyms
than words with dissimilar vector representations. I trained the
CBOW word2vec model on 503,862 tweets containing the
keyword “covid” or “corona” from June 24-27, 2021, collected
through the rtweet package [4]. The keyword pattern search
results included tweets using words related to COVID-19 such
as “covid-19” or “coronavirus.”

Out of the 503,862 COVID-19–related tweets downloaded with
rtweet, 94,768 contained at least one of the words searched for
in the study by Lyu et al [1]. In addition, a total of 22,587 tweets
used the terms “shot,” “shots,” “jab,” “jabs,” “jabbed,” “vax,”
or “vaxxed.” The words “shot” or “shots” were used in 9017
tweets. The words “jab,” “jabs,” or “jabbed” were used in 7021
tweets. The words “vax” or “vaxxed” were used in 4081 tweets.
Out of the 22,587 tweets that contained these alternative terms,
15,855 (70.2%) were tweeted by users who self-disclosed their
location on their user profile. Using the Nominatim application
programming interface, it was possible to identify geocoded
location, including country, for 13,101 of the 15,855
user-disclosed locations [5]. Of these 13,101 geocoded tweets,
3111 were from the United Kingdom, of which 2261 used “jab,”
“jabbed,” or “jabs.” Among the geocoded tweets, 4910 were
from the United States; of these, 2704 included “shot” or “shots”
and 1130 used “vax” and “vaxxed.”

I would propose that researchers performing keyword searches
on social media chatter consider using the CBOW word2vec
model to enhance their studies by expanding the number of
comments they capture and to reduce geographic or population
bias that may occur from the preselection of terminology. The
CBOW word2vec model can help capture more completely the
full range of word choices used by social media users.
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Abstract

In the Czech Republic, the strategic data-based and organizational support for individual regions and for providers of acute care
at the nationwide level is coordinated by the Ministry of Health. At the beginning of the COVID-19 pandemic, the country needed
to very quickly implement a system for the monitoring, reporting, and overall management of hospital capacities. The aim of this
viewpoint is to describe the purpose and basic functions of a web-based application named “Control Centre for Intensive Care,”
which was developed and made available to meet the needs of systematic online technical support for the management of intensive
inpatient care across the Czech Republic during the first wave of the pandemic in spring 2020. Two tools of key importance are
described in the context of national methodology: one module for regular online updates and overall monitoring of currently free
capacities of intensive care in real time, and a second module for online entering and overall record-keeping of requirements on
medications for COVID-19 patients. A total of 134 intensive care providers and 927 users from hospitals across all 14 regions
of the Czech Republic were registered in the central Control Centre for Intensive Care database as of March 31, 2021. This
web-based application enabled continuous monitoring and decision-making during the mass surge of critical care from autumn
2020 to spring 2021. The Control Center for Intensive Care has become an indispensable part of a set of online tools that are
employed on a regular basis for crisis management at the time of the COVID-19 pandemic.

(J Med Internet Res 2022;24(2):e33149)   doi:10.2196/33149
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Introduction

The COVID-19 pandemic has placed an urgent burden on health
care systems, communication among their components, and
health care management. Although the majority of patients have
a mild or even asymptomatic course of the disease,
approximately 8% to 15% of patients require hospitalization
during the infection or afterward [1]. Approximately 21% to
36% of patients hospitalized due to COVID-19 are admitted to
the intensive care unit (ICU) [2-4], and the average mortality
of those admitted to the ICU is approximately 30% [5,6].

In the majority of developed countries, ICU beds are often close
to their full capacity even under normal circumstances, let alone
during the COVID-19 pandemic. Modeling studies suggest that
a pandemic of severe influenza or another similar disease would
require ICU and mechanic ventilation capacity that is
significantly greater than what is available and that many
patients who would require a ventilator might not have access
to one [7,8].

By definition, epidemics and disasters will result in many
patients arriving in a continuous stream, with shortages of
necessary technology, beds, oxygen support, ventilators,
medications, as well as trained health care personnel. The high
likelihood of such conditions emphasizes the importance of
having a framework that is suitably constructed to allow users
to anticipate and adapt to these inevitable complexities and
challenges [8]. Beds, equipment, and medications should be
monitored ideally in “real time” and electronically, with
knowledge of both their absolute numbers and whereabouts
immediately available to system leaders [9]. For example,
ventilatory support is an absolute necessity for the survival of
critically ill patients and may be the single most important
therapy that dictates the outcomes. Moreover, ventilators are
highly demanding for staff qualification; they are therefore
likely to be the limiting factor in any hospital’s ability to
accommodate a large surge of mass critical care [10]. The
COVID-19 pandemic has generated a sense of urgency that will
allow the adoption of innovation without the logistical barriers
and path dependencies that we have become accustomed to.
Web-based solutions can fill a critical gap for the allocation of
health care resources [11].

The Czech National Control Centre for Acute Inpatient Care
(CNCC-AIC) was established under the auspices of the Ministry
of Health of the Czech Republic in May 2020 to provide
strategic data-based and organizational support for individual
regions and for providers of acute care at the nationwide level.
Its main purpose is to monitor hospital capacities, to provide
analytical reporting on these capacities, and to enable the overall
management of health care facilities run by all inpatient care
providers in the Czech Republic.

The operative online tools of key importance employed by the
CNCC-AIC involve the Control Centre for Intensive Care
(CC-IC) [12], an online database updated on a daily basis, which
provides an overview of capacities of inpatient care (classified
into categories of acute, long-term, and supportive care) and a
dedicated “Clinic” module, which is part of the Information

System of Infectious Diseases (a database of people with
laboratory-confirmed COVID-19).

In accordance with the defined methodology, the CC-IC was
brought into operation in April 2020 to enable the continuous
monitoring as well as daily reporting of available data on the
occupancy rate of inpatient beds. The aim of this viewpoint
paper is to present the methodology of managing capacities in
Czech hospitals during the ongoing COVID-19 pandemic. A
newly developed and robust technical solution, namely the
CC-IC, is also introduced. The methodological background of
the design and implementation of this unique practical operative
tool, which is built on the long-term experience of experts across
the Czech health care system, and experience with its practical
use are presented.

Structure of the CC-IC

Overview
The CC-IC is an entirely new platform that has been developed
since the start of the COVID-19 pandemic. This has been
achieved in mutual cooperation among the following groups of
involved stakeholders and experts to assess recent progress of
the epidemic and recommend measures for crisis situations
caused by the COVID-19 epidemic in the Czech Republic: (1)
a team of regional coordinators of intensive care; (2) the
Integrated Central Management Team, which includes
representatives from the Ministry of Health, Czech Armed
Forces, National Institute of Public Health, National Agency
for Communication and Information Technologies, and Institute
of Health Information and Statistics of the Czech Republic; and
(3) a team of developers from a joint workplace of the Institute
of Health Information and Statistics of the Czech Republic and
the Institute of Biostatistics and Analyses at the Faculty of
Medicine of Masaryk University.

The CC-IC provides two tools of key importance to offer
effective support for the CNCC-AIC: (1) a module for regular
online updates and overall monitoring of currently free
capacities in hospitals (health care technology/medical devices,
beds, staff) in real time, and (2) a module for online entering
and overall record-keeping of requirements on medications for
COVID-19 patients. No patient personal data or medical records
are stored in the CC-IC application; thus, no anonymization or
pseudonymization algorithms are used.

The CC-IC also specifically monitors the reprofiled capacity
(ie, beds that had previously, under normal circumstances, in a
given health care facility) been intended for the provision of
care of another type or another specialty.

The CC-IC is a web application that has been continuously
developed and run by the Institute of Health Information and
Statistics of the Czech Republic, which cooperates closely with
the Ministry of Health of the Czech Republic. Since the very
beginning, the development has been based on requirements
and needs for the coordination of intensive care, as required by
health care facilities in the Czech Republic (Figure 1).

Use of the application (available in the Czech language only)
relies on several basic principles: (1) user authentication and
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authorization, (2) definition of user roles and rights to edit and
read, (3) each new user registration is approved by the
CNCC-AIC, and (4) private and free email addresses are not
allowed. CC-IC users include representatives of individual
health care facilities (management, coordinators of intensive
care, physicians, and nurses), emergency medical service
workers, pharmacy workers, and members of the Integrated
Central Management Team.

The use case diagram in Figure 2 provides an overview of the
entire CC-IC system, including key functions assigned to users
in specific roles. The main objective of this diagram is to depict

the various actors as well as interactions that are available to
these actors.

Use cases provide insight into the basic structure of CC-IC
functional requirements. Based on modeling of individual use
cases, which are associated with the primary actors, we can see
individual parts of the system so that we can decompose and
divide the whole system into separate submodules. Moreover,
the CC-IC provides an authenticated application programming
interface (API) for secure sharing of selected data sets, which
consists of access to a list of requirements on medications and
an export of currently free capacities in hospitals, including
their history.

Figure 1. Schematic diagram of the Control Centre for Intensive Care (CC-IC).

Figure 2. Use case diagram for the Control Centre for Intensive Care system. API: application programming interface.
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Regular Monitoring of Health Care Providers and the
ICU Network
On April 9, 2020, the Ministry of Health of the Czech Republic
adopted an exceptional measure, ordering all acute care
providers to use the CC-IC to immediately report any changes
in capacities of intensive care related to COVID-19 patients.
Since the launch of the CC-IC, the availability of free capacity
of machines, beds, and staff has been monitored on a regular
basis (Textbox 1). Hospitals have been requested to report their
intensive care capacities on a daily basis, usually at the end of
the day. The system allows for continuous updates at any time;
more frequent entering of the latest data would nevertheless
bring an unnecessary burden to hospital staff at the time of a
significant shortage of capacities in terms of personnel, time,
and equipment.

Based on data in the CC-IC, it is possible to coordinate the
provision of inpatient care centrally, on a nationwide level. In
each individual region, hospitalizations of patients who need
admission to an intensive care facility (ICU and/or emergency
department) are managed and coordinated by the so-called
regional coordinator of intensive care, who is a physician
specialized in anesthesiology and intensive care medicine. These
physicians cooperate closely with regional emergency medical
services and with representatives of regional authorities. Apart
from that, each health care facility has prepared emergency beds
(ie, inpatient beds that could be used to provide care for
COVID-19 patients if all existing capacities are occupied).

The system reacts to immediate needs by individual regions,
depending on the current occupancy rate of machines and beds,
combined with the number of COVID-19 patients. If an increase
in the number of new patients is detected within the CC-IC, it
is necessary to prepare health care facilities for a crisis situation.
This involves limiting capacities for patient admissions (ie, only

admit patients who require intensive and emergency care, and
suspend the provision of nonemergency care); discharging as
many patients as possible to home care; plan an increased bed
supply in health care facilities for an increase in COVID-19
patients; and provide a sufficient number of competent health
care professionals.

The module for regular online updates and overall monitoring
of the currently free capacities of intensive care in real time is
predominantly used by coordinators of intensive care in
individual health care facilities. A total of 134 intensive care
providers from all 14 regions of the Czech Republic are
registered in the central CC-IC database. As of March 31, 2021,
a total of 927 users were registered who used this module to
update data on intensive care capacities in predefined intervals
(ie, at least once a day during critical periods of the COVID-19
pandemic), who made 86,565 sessions in total.

A user-friendly and simple interface (Figure 3) is available to
users, who can therefore update occupancy rates of available
capacities (in terms of machines, beds, and staff) very easily.
The entire application is fully responsive and therefore entirely
compatible with all types of devices, namely smartphones,
tablets, laptops, and desktops. Free capacities for
COVID-19–positive versus COVID-19–negative patients are
distinguished only for beds. Entering a free bed into the system
means that this bed is fully functional (ie, all required equipment
and corresponding health care professionals are available).
Monitoring of staff and equipment in and out of service has
turned out to be ineffective and unsustainable on a long-term
basis; this function was therefore removed from the system
upon the decision of the Central Integrated Management Team.
Across the entire module, each individual card has one of three
background colors to provide a quick overview of free
capacities: white, <30% to 100%> free capacity; yellow, <10%
to 30% free capacity; and red, <0% to 10% of free capacity.

Textbox 1. Overview of monitored information on capacities of health care facilities providing inpatient care in the Czech Republic.

Health care technology/medical devices

• Extracorporeal membrane oxygenation

• Mechanical ventilation in accident and emergency (A&E) departments and in intensive care units (ICUs) for adults

• Continuous renal replacement therapy

• Intermittent renal replacement therapy

• Transport ventilators

• Anesthesia machine with mechanical ventilator

Hospital beds

• A&E and ICU beds for adults; a distinction is made between beds for COVID-19–positive and COVID-19–negative patients

• Standard beds with oxygen; a distinction is made between beds for COVID-19–positive and COVID-19–negative patients

• Reprofiled capacity: beds with or without the option of ventilatory support devices

Staff

• Physicians (A&E and ICU for adults)

• Nurses (A&E and ICU for adults)
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Figure 3. Interface for updates of free capacities. Overview of intensive care capacities for the capital, Prague, as of December 30, 2020. A&E: accident
and emergency; ICU: intensive care unit.

Two different reports are available to provide a quick overview
of the latest data. These reports are primarily used by regional
coordinators of intensive care, members of the operational team
of the CNCC-AIC, members of management of individual health
care facilities, and top officials of the Ministry of Health of the
Czech Republic. The first report is a summary data table
providing a clearly arranged view of all health care facilities,
including real-time absolute and relative occupancy numbers
as regard to available capacities. The second is an aggregated
visualization in the form of context cards, which also show
real-time absolute and relative occupancy numbers in regard to
available capacities, but users can further choose among the
nationwide view, views for individual regions, or those for
individual health care facilities.

The example screenshot from the CC-IC application in Figure
3 also demonstrates an aggregated visualization of key
parameters monitored in real time for the capital, Prague. Four
cards have a yellow background because the available capacity
of corresponding parameters was reported to be below 30% at
the time.

Owing to the timely and strict measures at the national level,
the first COVID-19 wave in the spring of 2020 did not bring
significant pressure to hospital-based care, with a maximum
daily prevalence of around 4500 active cases and less than 100
ICU beds being occupied with COVID-19 patients among the
Czech population of over 10 million people. The situation

changed in the autumn of 2020; the number of active cases
peaked twice to approximately 120,000, first in early November
2020 and then in early January 2021 (Figure 4, top). The number
of patients requiring intensive care at the ICU fluctuated at
around 1200 in these periods. Requirements for intensive care
increased to an even more critical level in the second half of
February 2021, with 1574 ICU beds occupied by COVID-19
patients on March 1, 2021 (Figure 4, middle).

The increasing numbers of hospitalized patients with COVID-19
during October 2020, as steadily monitored by the CC-IC,
required increased capacities of standard beds and ICU beds.
The total numbers of both types of beds were increased by
repurposing the existing beds and adding new beds, according
to the capabilities of individual hospitals. The availability of
mechanical ventilators as an essential equipment of intensive
care followed the overall trends: it decreased from nearly 1200
machines on September 1, 2020, to less than 700 at the end of
February 2021 (Figure 4, bottom). If a temporary depletion of
ICU capacities occurred in some regions, patients were
transferred to hospitals in other regions in which free capacities
were available according to the CC-IC report. Over 100 patients
were transferred between hospitals during autumn 2020 and
winter 2021, usually from small local hospitals to large hospitals
in regional capitals or in Prague. All of these decisions were
taken by the national and regional intensive care coordinators
in cooperation with the Central Integrated Management Team.
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Figure 4. Time trends of COVID-19 cases and related intensive care, from top to bottom: number of active cases (prevalence), occupied and free
intensive care unit (ICU) beds for COVID-19 patients and other patients, and availability of mechanical ventilators.

Prescription of COVID-19 Medications
With an increasing number of hospital admissions of COVID-19
patients who need medication to manage the disease, it was
necessary to secure the systematic record-keeping and
distribution of these medications to individual health care
facilities. For this reason, a dedicated module was developed
within the CC-IC, making it possible to request any of three
therapies against COVID-19: remdesivir, convalescent plasma,
and favipiravir. The tool has been intentionally designed in a
rather flexible manner so that it can be easily adapted and
employed after the end of the pandemic, thus providing a
generally applicable ordering system for any medication.

The CC-IC enables physicians from any involved health care
facility to request a certain medication for a specific patient.
The module has three basic user roles: (1) applicant for

medication (physician), which has been assigned to an approved
group of registered users from individual health care facilities
who are thus entitled to enter new requests from their respective
health care facility; (2) regional coordinator of intensive care,
who is entitled to enter new requests from health care facilities
from across the entire region and can also see an overview of
requests not only from the region but from the Czech Republic
as a whole; (3) virtual indication group, with members entitled
to approve requests for medications from the respective region
and they can also see an overview of requests from across the
Czech Republic; and (4) contact persons from pharmacies linked
to specific health care facilities, who are entitled to supply the
approved medications.

Mutual cooperation among representatives of the Ministry of
Health of the Czech Republic, regional coordinators of intensive
care, members of the virtual indication group, and
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representatives of pharmacies led to the development of a
structured form that is employed to send a request for a specific
medication. The form consists of three parts: (1) health care
facility, containing information on the physician and hospital
requesting the medication; (2) specification of therapy,
containing information on the requested medication and the
date of supply; and (3) patient description, which is an
anonymized description of the patient’s condition and their risk
factors (without mentioning any personal data in conformity
with personal data protection according to General Data
Protection Regulation).

After the form is filled out and sent, validation of individual
items is performed within the CC-IC, the request is stored in
the central database, and a notification is sent to all users
involved (physician, member of the virtual indication group in
the respective region, pharmacy). The medication must be
explicitly approved before being supplied by a respective
pharmacy that secures supplies for a given health care facility.
In the final step, the request is closed for the purpose of
archiving and subsequent statement of charges for the respective
health insurance company. In exceptional cases, request for
follow-up treatment can occur after the administration of
remdesivir; such requests can also be processed by the CC-IC.
The life cycle of a request for a medication within the CC-IC
is shown in Figure 5.

All health care facilities providing acute care began to report,
by means of the CC-IC, the current use of these capacities on
April 9, 2020, when the first version of the system was launched.
The first version only contained one module, which enabled
regular online updates and overall monitoring of currently free
capacities of intensive care in real time. On June 10, 2020, the
second module was launched for the online entering and overall
record-keeping of requirements on medications for COVID-19
patients.

A major added value of the entire CC-IC system is the fact that
it was designed to meet the current needs of acute medicine in
response to the unexpected burden on inpatient care capacity
caused by the COVID-19 pandemic. The data that the CC-IC
allows to collect provide a key support for data-oriented
decision-making processes within ICU occupancy crisis
management. Thanks to the CNCC-AIC and a proper
methodological setup, it is possible to effectively coordinate,
for example, elective care, which can have a negative effect on
patients’health when being moved or postponed. The following
paragraphs briefly describe the functions of both of the
above-mentioned modules as well as analytical reports and open
data sets that have been provided as an outcome of the CC-IC
database.

As of December 30, 2020, a total of 4759 requests for
medication were registered in the CC-IC, out of which 4666
(98.05%) were requests for remdesivir. The remaining 93
(1.95%) requests were for convalescent plasma. On that date,
a total of 496 users entitled to work with requests for
medications were registered in the system; these users included
physicians in individual health care facilities, regional
coordinators of intensive care, pharmacy workers, and members
of the virtual indication group. Between the first wave and the
second wave of the COVID-19 pandemic, there was a major
change in the functioning of the module for the sending and
record-keeping of requests for medications. A new version was
implemented in September 2020, fully supporting the entire
process of requests for medications (entering, validation of
entered data, sending, approval/rejection, supply, conclusion),
including email notifications. The form itself for sending a
request contains a list of key information necessary for
subsequent approval and the supply of a specific medicine (see
Multimedia Appendix 1).

Figure 5. Description of the life cycle of a request for a medication in the Control Centre for Intensive Care (CC-IC).

Practical Use of Open Data

Data on free capacities are available as records in the National
Catalogue of Open Data [13,14] in a regularly updated data set
that describes two waves of the COVID-19 pandemic in the
Czech Republic.

The data set contains overviews of machine equipment
(extracorporeal membrane oxygenation, mechanical ventilation,
continuous renal replacement therapy, intermittent hemodialysis,
ventilators—portable and those in operating theaters) and

occupancy rate of inpatient beds (only beds in the emergency
department and ICU for adults and standard beds with oxygen
in the entire hospital). Data are regularly updated for beds
suitable for the provision of the requested type of care (ie,
necessary staff as well as corresponding material and technical
equipment must also be available). The definition of the
necessary number of staff for a given type of bed can be
different among individual hospitals. These data have been
available since September 1, 2020, when the obligation for
hospitals to update free capacity was reset to a 1-day interval.
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On top of that, for the purpose of the transfer of record-based
(nonaggregated) data directly from the CC-IC to the Institute
of Health Information and Statistics of the Czech Republic
analytical team and to external authorized systems (run by the
leadership of the Capital of Prague, for example), an API was
developed to provide a machine-readable alternative to user
access. For a secure transfer of data, each user must be
authenticated and authorized, and the following conditions must
be met: (1) each new user of the API must first register in the
CC-IC system and must be explicitly approved for a given user
role; (2) each request must contain the so-called API key
(api_key), which is an integral part of the query (query string);
(3) other parameters can also be part of the query string
parameter, which are listed at specific endpoints; and (4) for
each user, there is a defined list of allowed endpoints, IP
addresses, and parameter values. If the user’s request does not
pass through the authorization process, the user will obtain the
response “401 Unauthorized.”

Data from the CC-IC, along with information from other
registries (eg, the Information System of Infectious Diseases),
are regularly processed for the purpose of daily reporting, which
is provided to the team of the CNCC-AIC. Among dozens of
analytical outputs (as of December 23, 2020), one of them
monitors—on a daily basis—the situation in the Czech Republic
from the points of view of currently hospitalized patients, new
admissions to hospitals, new discharges from hospitals, as well
as the utilization of health care facilities in individual regions,
expressed by their free capacity [15].

Discussion

The Czech Republic was one of the most affected countries
during the COVID-19 pandemic waves in autumn 2020 and
winter 2021 in terms of incidence, hospitalizations, and deaths.
The CC-IC was one of the key tools developed to manage the
capacities of standard and ICU beds in the entire country, and
to ensure that appropriate care was provided not only to patients
with COVID-19 but also to other patients.

The Czech Republic has by far the highest density of ICU beds
(43.2 beds per 100,000 population) and one of the longest
average hospital stays (9.5 days) among the Organization for
Economic Cooperation and Development countries [16]. There
is also a high level of centralization of hospital-based care,
because all large hospitals are under the control of either the
Ministry of Health or regional authorities. These factors enabled
a very quick response and management of intensive care,
including the compulsory reporting of current capacities into
the central system.

The spread of COVID-19 has usually not been uniform, and
there have been different ICU demands within the affected
countries and their regions. Central reporting systems for the
monitoring of ICU capacities were therefore established in some
countries [17]. The absence of such a platform, often combined
with a fragmented health care system and small ICU facilities,
may slow down the response and hold back the provision of
appropriate care to critically ill patients, both with and without
COVID-19 [18].

The systems for ICU capacities monitoring employed in various
countries are usually operated under the auspices of national
authorities (ie, government, ministries, and armed forces). They
have been designed to provide near real-time data for crisis
management and decision-making [19-21]. Short- and long-term
estimates of ICU bed occupancy in the upcoming days and
weeks using statistical models are another important output
[21,22].

The CC-IC platform has been designed and developed in a
tailor-made manner, responding to needs of the leadership of
the Ministry of Health of the Czech Republic and crisis teams
that are actively involved in the management of the COVID-19
epidemic in the Czech Republic. Based on the need to quickly
and effectively resolve various crisis situations related to the
capacity of ICUs, the CC-IC system was incorporated into the
Czech legislation. Experience with the COVID-19 pandemic
has clearly shown the requirement for long-term monitoring of
ICU bed occupancy. This is the main reason why the obligation
to update the occupancy on a daily basis for all health care
facilities providing inpatient care in the Czech Republic is now
enshrined in the Czech legislation. As part of international
cooperation, the possibility of transfer of this online tool to other
countries is being discussed. With respect to the general concept
of the CC-IC design, the transferability of this tool to other
countries should be trouble-free provided that the basic
methodology for capacity monitoring in health care facilities is
adhered to. It is of key importance that new requirements are
collected from health care professionals themselves, even in the
future. Intensivists should be part of strategic planning
committees before, during, and after pandemics to coordinate
ICU responses with hospital and regional efforts for triage,
clinical care, and infection control [7]. Regular evaluation
includes the analysis of user behavior and further optimization
of the whole platform, so that it can continue to function as the
primary support tool for all involved stakeholders.

Conclusions
The web platform CC-IC has been developed as a reaction to
the urgent need of strategic data-based and organizational
support for individual regions and providers of acute care on a
nationwide level. The platform is intended for online real-time
reporting of changes of free capacity of hospitals, real-time
reporting of occupancy rate and availability of beds, a clearly
arranged reporting of health care facilities, and the basis for
quick decision-making of crisis management during the
COVID-19 pandemic. Delegated representatives of health care
facilities (coordinators of intensive care) are tasked with
reporting the remaining free capacity of machines and beds that
are available for patients hospitalized with COVID-19.
Information on newly reported current capacity is immediately
available to the Integrated Central Management Team, which
continuously monitors the situation across the Czech Republic.
Online entering and nationwide record-keeping of requests for
medications intended for COVID-19 patients are processed by
a standalone module. This system can be accessed by users from
individual health care facilities providing acute care; the users
typically involve several physicians and management
representatives from the same health care facility, so that they
can stand in for each other and share the latest information.
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Development of the CC-IC is far from complete; the system
has been further improved, partly based on requirements by

members of the team of the CNCC-AIC and partly in response
to suggestions by users themselves.
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Abstract

Background: COVID-19 forced the implementation of restrictive measures in Spain, such as lockdown, home confinement,
social distancing, and isolation. It is necessary to study whether limited access to basic services and decreased family and social
support could have deleterious effects on cognition, quality of life, and mental health in vulnerable older people.

Objective: This study aims to explore the impact of the COVID-19 outbreak on cognition in older adults with mild cognitive
impairment or dementia as the main outcome and the quality of life, perceived health status, and depression as secondary outcomes
and to analyze the association of living alone and a change in living arrangements with those outcomes and other variables related
with the use of technology and health services. Likewise, this study aims to analyze the association of high and low technophilia
with those variables, to explore the access and use of health care and social support services, and, finally, to explore the informative-,
cognitive-, entertainment-, and socialization-related uses of information and communications technologies (ICTs) during the
COVID-19 outbreak.

Methods: This cohort study was conducted in Málaga (Spain). In total, 151 participants with mild cognitive impairment or mild
dementia, from the SMART4MD (n=75, 49.7%) and TV-AssistDem (n=76, 50.3%) randomized clinical trials, were interviewed
by telephone between May 11 and June 26, 2020. All participants had undergone 1-3 assessments (in 6-month intervals) on
cognition, quality of life, and mood prior to the COVID-19 breakout.

Results: The outbreak did not significantly impact the cognition, quality of life, and mood of our study population when making
comparisons with baseline assessments prior to the outbreak. Perceived stress was reported as moderate during the outbreak.
After correction for multiple comparisons, living alone, a change in living arrangements, and technophilia were not associated
with negative mental health outcomes. However, being alone was nominally associated with self-perceived fear and depression,
and higher technophilia with better quality of life, less boredom, perceived stress and depression, and also less calmness. Overall,
health care and social support service access and utilization were high. The most used ICTs during the COVID-19 outbreak were
the television for informative, cognitive, and entertainment-related uses and the smartphone for socialization.
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Conclusions: Our findings show that the first months of the outbreak did not significantly impact the cognition, quality of life,
perceived health status, and depression of our study population when making comparisons with baseline assessments prior to the
outbreak. Living alone and low technophilia require further research to establish whether they are risk factors of mental health
problems during lockdowns in vulnerable populations. Moreover, although ICTs have proven to be useful for informative-,
cognitive-, entertainment-, and socialization-related uses during the pandemic, more evidence is needed to support these
interventions.

Trial Registration: ClinicalTrials.gov NCT04385797; https://clinicaltrials.gov/ct2/show/NCT04385797

International Registered Report Identifier (IRRID): RR2-10.2196/26431

(J Med Internet Res 2022;24(2):e30598)   doi:10.2196/30598

KEYWORDS

COVID-19; cognition; quality of life; social isolation; mental health; social support; technology; physical distancing; leisure
activities; nursing

Introduction

COVID-19 was declared a worldwide pandemic by the World
Health Organization on March 11, 2020 [1]. To avoid the serious
collapse of health systems in response to the rising number of
cases and deaths, European countries, as in other continents,
decided to implement different measures to control the
pandemic.

In Spain, the government decided to declare a national state of
alarm, implementing restrictive measures from March 15 until
June 21, 2020. The measures included lockdown, home
confinement, social distancing, and isolation (activities were
limited to basic needs, such as buying food or medication,
attending health care centers and financial institutions); closure
of schools and nonessential activities; ban of all internal travels
except for essential ones; and border closure [2]. These measures
also led to a change in health care access: Only critical attention
was guaranteed, patient care changed from on-site interviews
to telephonic attention, visits with medical specialists were
suspended, and there was a lack of monitoring of chronic
pathologies.

The elderly population is 1 of the groups most socially
vulnerable to this disease. Age alone is by far the most
significant factor for death due to COVID-19 [3]. Although
COVID-19 infects people of all ages, the risk of becoming
seriously ill increases in adults aged over 40 years, and
especially in those aged over 60 years. In Spain, 68% of all
hospitalizations due to coronavirus and 95% of all deaths
correspond to the population over the age of 60 years, with a
notable increase after the age of 80 years [4].

Recent data suggest that in addition to old age and medical
comorbidities (eg, hypertension, diabetes, obesity), dementia
is associated with an increased risk of having severe
COVID‐19 and related mortality [5-8]. In addition, restrictive
measures, such as confinement, may pose a risk for people with
mild cognitive impairment (MCI) or mild dementia (MD).
COVID-19 confinement has resulted in an increase in known
risk factors for dementia, such as inactivity [9], limited access
to basic services [10], isolation [11], and decreased family and
social support [12]. These factors could have deleterious effects
on cognition, quality of life, and overall health [13]. Therefore,

the pandemic has not only a health impact on people with
MCI/MD but also a social impact.

Loneliness and social isolation often coexist and are all too
common in older adults. Loneliness refers to the subjective state
of feeling alone, separated, or apart from others. Social isolation,
in contrast, is defined as the objective physical separation from
other people, such as living alone, in which one has few social
relationships or there is a low frequency of interaction with
others [14].

Considering the latter definition, we can understand that the
COVID-19 pandemic has increased the social isolation of older
adults as restrictive measures have enforced staying at home,
distancing, and shutting down all nonessential activities. This
has meant that people have been forced to minimize their social
interactions to avoid the spread of the virus, leaving those who
live alone completely isolated. Social isolation has been
identified as a health risk factor as it reduces well-being and is
associated with higher prevalence of depression [15] and
cognitive impairment [16]. In older adults, it has a greater impact
due to decreased social resources, functional and mobility
limitations, death of family members, and changes in family
structures [17].

During quarantine, factors such as boredom and a lack of
activities play an important role. They can contribute to
depression [18] and have an impact on the quality of life and
functional dependence [19]. Mental activity, in contrast, may
improve cognitive function and reduce overall dementia risk
[20].

In the “information age,” information and communications
technologies (ICTs) have emerged for combating loneliness
and social isolation [21]. Although the age-related digital divide
and health-related conditions (cognitive, visual, motor, etc) may
compromise the use of technologies in the elderly, the extensive
home penetration of ICTs has facilitated remote, home-based
interventions. These interventions reduce the risk of viral
exposure and prevent health-related negative outcomes of social
isolation through health care delivery, cognitive stimulation,
social connection, information sharing, and leisure entertainment
[22].

The aims of this study were (1) to explore the impact of the
COVID-19 outbreak on cognition in community-dwelling older
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adults with MCI/MD as the main outcome and the quality of
life, perceived health status, and depression as secondary
outcomes; (2) to analyze the differences between individuals
living alone and living with others regarding mental health, and
other variables related with the use of technology and health
services during the COVID-19 outbreak and, likewise, to explore
the effect of a change in living arrangements on cognition,
quality of life, perceived health status, and depression; (3) to
analyze the differences between individuals with high and low
technophilia regarding mental health and other variables related
with use of technology and health services during the COVID-19
outbreak; (4) to explore the access and use of health care and
social support services during the COVID-19 outbreak; and
finally (5) to explore the informative-, cognitive-,
entertainment-, and socialization-related uses of ICTs during
the COVID-19 outbreak.

Methods

Study Design
This cohort study was conducted in the Spanish region of
Málaga (Andalucía) and approved by the North-East Malaga
Ethics Committee (1078-N-20). Interviews were
telephone-administered to guarantee the safest means to
communicate during the COVID-19 pandemic. Researchers
contacted participants by telephone, explained the study in
detail, answered any questions that arose, and obtained consent
from those willing to participate in the study [23].

Ethics Approval and Consent to Participate
The study was approved by the North-East Malaga Ethics
Committee (1078-N-20). Participants provided written consent
before taking part.

Trial Registration
This study was registered in ClinicalTrials.gov (NCT04385797).

Setting
Participants were identified from the Support, Monitoring and
Reminder Technology for Mild Dementia (SMART4MD;
NCT03325699) [24] and TV-Based Assistive Integrated Service
to Support European Adults Living with Dementia
(TV-AssistDem; NCT03653234) [25] randomized clinical trials
(RCTs), which aimed to assess the effects of ICTs to support
MCI/MD using a tablet-based health application and a
television-based assistive integrated service, respectively. In
both RCTs, a broad definition of MCI, a subjective memory
deterioration sustained over time, was considered. All
participants had undergone 1-3 previous assessments (in
6-month intervals) in the RCTs on cognition, quality of life,
and depression prior to the COVID-19 breakout.

Participants
Researchers from the Biomedical Research Institute of Malaga
contacted 210 potential respondents from the SMART4MD
(n=111, 52.9%) and TV-AssistDem (n=99, 47.1%) RCTs by
telephone. In total, 151 participants, SMART4MD (n=75,
49.7%) and TV-AssistDem (n=76, 50.3%), agreed to participate.
However, for 8 (5.3%) of them, it was not possible to assess

the main variable (cognition) and the secondaries variables
(quality of life, perceived health status, and depression), because
their abilities to answer the questionnaires were compromised
during the time of assessment.

Participants were eligible for inclusion when the following
criteria applied: participating in the SMART4MD and
TV-AssistDem RCTs and agreeing to participate by giving
consent. Eligibility criteria of the aforementioned RCTs were
age>55 years or >60 years, perception of memory problems for
at least 6 months, score of 20-28 or 23-27 points in the
Mini-Mental State Exam (MMSE), independently living, having
an informal caregiver, and taking care of their medical
prescription. Patients with a score above 11 on the Geriatric
Depression Scale (GDS), a terminal illness, or specific cognitive
or physical conditions that would reduce their ability to use a
tablet or a television were excluded.

Interview Process
Participants were contacted by telephone by 5 health care
professionals (2 neuropsychologists, 1 clinical psychologist, 1
psychologist, and 1 psychiatric and mental health clinical nurse
specialist). Researchers had previously established relationships
with participants during both RCTs. Quantitative and qualitative
strategies were used to create an unstandardized ad hoc
telephone-based survey in order to gather as much information
as soon as possible. The exceptional situation did not allow us
to test the instrument prior to its implementation by phone. To
minimize the interference of this situation in the results,
validated phone versions tests were used.

The survey was a useful tool for guiding the interviewers and
gathering information simultaneously in a homogenous way.
A model of the questionnaire used is attached in Annex 1 in
Multimedia Appendix 1.

Researchers interviewed the participants between May 11 and
June 26, 2020. The variables of sociodemographic data (age,
sex, and living arrangements), health perception-management
(change in living arrangements due to lockdown, presence of
COVID-19 symptoms, frequency of access to COVID-19
information), sleep-rest patterns, types of ICTs (smartphone,
tablet, television, laptop), and their uses (informative, cognitive,
entertainment, and socialization) were collected from the
participants unless their abilities to answer such a long interview
were compromised, in which case the caregivers were
interviewed on their behalf. The questionnaires that evaluated
the main variables (cognition, quality of life, depression,
perceived stress, and technophilia) were answered by the
participants.

The mean time from the start of the lockdown and home
confinement measures to the interview was 70.36 days (SD
12.40, range 52-102).

Instruments Used Before and After the Lockdown

Cognition
The primary outcome variable was cognition. During the
assessment prior to the COVID-19 outbreak (T0), the MMSE
[26] was used to assess the cognitive function of the participants
with MCI/MD. We decided to use as eligibility criteria a broad
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spectrum, because although the common cut-off score for
cognitive impairment is 24, it has been shown that an MMSE
cut-off score of 28 provides high sensitivity and specificity for
detecting MD in a well-educated population with self-reported
memory complaints [27].

During the COVID-19 outbreak (T1), the validated telephone
version of the MMSE had to be used to maintain health and
safety measures. This phone version has a maximum score of
22 because it cannot cover all sections [28]. For example, on
the spatial orientation section, researchers were not able to check
on which floor the patient was. Motor skills or some language
skills could not be measured either. In the telephone version,
the subject is asked only to repeat a phrase and name 1 item.
The items of the original version, such as naming a second word,
asking to follow a 3-stage command, reading and obeying a
sentence, writing a sentence, or copying an intersecting
pentagon, could not be measured.

Although the full version of the MMSE was used in the T0
assessment, for data analysis, the scoring was based on the 22
items of the phone version.

Quality of Life and Perceived Health Status
The health-related quality of life (HRQoL) of the participants
was measured in both assessments using the total score of the
Quality of Life-Alzheimer’s Disease Scale (QoL-AD) [29]. The
QoL-AD is a 13-item measure, in which responses are 4-point
multiple-choice options (1=poor, 2=fair, 3=good, 4=excellent).
It includes questions related to the interpersonal, environmental,
functional, physical, and psychological status of a person with
dementia, and thus, it is a global measure for the quality of
life. Scale scores range from 13 to 52, with higher scores
indicating a greater quality of life. In cases where patients had
compromised cognitive function, informal caregivers completed
the QoL-AD in parallel and on behalf of the people with
MCI/MD.

The European Quality of Life 5 Dimensions 3 Levels
(EuroQoL-5D-3L) [30] was also administered in both
assessments. Currently, the EuroQoL-5D-3L is 1 of the most
widely used generic preference-based measures in the world.
It assesses an individual’s HRQoL [31]. It has been shown to
be valid in different patient groups and settings [32], including
patients with cognitive impairment and dementia [33].

The EuroQoL-5D-3L consists of 5 questions along with a visual
analog scale (VAS). The VAS records the patient’s self-rated
health on a vertical scale, where the endpoints are “the best
health you can imagine” and “the worst health you can imagine.”
Due to the impossibility of the patients to see the VAS during
the T1 assessment, they were asked to rate their health status.
Only the VAS-perceived health status assessment was used for
this study, combined with the Qol-AD.

Depression
The short form of the GDS was used during the T0 assessment
[34]. It is a scale with 15 items and a range of scores, where 0-4
is considered normal, 5-8 indicates mild depression, 9-11
indicates moderate depression, and 12-15 indicates severe
depression.

During the COVID-19 lockdown (T1), the telephone version
of the GDS [35] was used. This version has high internal
consistency and is highly correlated with the validated
face-to-face administration of the scale, indicating that it is a
valid instrument for screening depression among elderly people
in special situations, such as the COVID-19 outbreak.

Instruments Used Only After the Lockdown

Technophilia
To measure older people’s attitudes and enthusiasm toward
technologies, the Instrument for Measuring Older People’s
Attitudes Toward Technology (TechPH) was used during the
T1 assessment [36]. This questionnaire is designed to
specifically assess technophilia in the older population and
includes 6 items assessed on a 5-point Likert scale from 1 (fully
disagree) to 5 (fully agree). The scale has 2 factors to define
technophilia: technology enthusiasm and technology anxiety.
It refers to a person’s enthusiasm and positive feelings toward
their technology use and the absence of fears and doubts about
their ability to manage it.

Perceived Stress
The Perceived Stress Scale (PSS) [37] measures the degree to
which situations in one’s life are appraised as stressful. The
scale has 14 questions regarding feelings and thoughts during
the past month and are rated according to frequency (0=never,
1=almost never, 2=sometimes, 3=fairly often, 4=very often).
PSS scores are obtained by reversing responses (eg, 0=4, 1=3,
2=2, 3=1, 4=0) to the 7 positively stated items (items 4, 5, 6, 7,
9, 10, and 13) and then summing across the entire 14-scale item.
A higher score indicates a higher level of perceived stress. This
questionnaire was used only during the T1 assessment. Studies
report that the reduced version, PSS-10, has optimal
psychometric properties in the general population and people
exposed to confinement to assess perceived stress [38,39].

Other Variables
Other variables were sociodemographic data, including age,
sex, and living arrangements; health perception-management
(ie, change in living arrangements due to lockdown, presence
of COVID-19 symptoms, frequency of access to COVID-19
information); coping-stress tolerance (ie, self-perceived mental
health and well-being and mood); sleep-rest patterns (ie,
self-perceived alterations in usual sleep patterns); and types of
ICTs (smartphone, tablet, television, laptop) and their uses
(informative, cognitive, entertainment, and socialization).

The survey data followed Gordon’s Functional Health Patterns
(Multimedia Appendix 1) [40]. To collect data on health
perception, health management, and sleep-rest patterns,
questions with numerically rated items were used. Open
questions were included for the qualitative assessment of the
patterns of coping-stress tolerance, activity-exercise, and
role-relationship.

Data Analysis
The flow of participants is shown schematically with counts in
a participant flow diagram (Figure 1). Statistics considered for
presentation for continuous measures were the mean and SD,
and if the criterion of normality was not met, the median and

J Med Internet Res 2022 | vol. 24 | iss. 2 | e30598 | p.1019https://www.jmir.org/2022/2/e30598
(page number not for citation purposes)

Dura-Perez et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


the first and third quartiles. Categorical variables were summarized using counts and percentages.

Figure 1. Participant flow diagram. SMART4MD: Support, Monitoring and Reminder Technology for Mild Dementia; TV-AssistDem: TV-based
ASSistive Integrated Service to supporT European adults living with mild DEMentia or mild cognitive impairment.

The change in means in the main outcome (cognition) and in
the secondary outcomes (quality of life, perceived health status,
and depression) were analyzed with respect to the last
assessment of the RCTs (SMART4MD and TV-AssistDem)
using the repeated measure t test or the nonparametric Wilcoxon
test, if appropriate (considering significant values of α<.05). In
the secondary outcomes, we applied Bonferroni correction for
3 comparisons (considering significant values of α<.017).

For the analysis of groups based on living arrangements (living
alone vs living with others), the t test was used for continuous
variables and the chi-square test for categorical variables. To
evaluate the association of this variable with mental health
outcomes, multivariate logistic regression for binary variables
or linear regression for continuous variables was performed to
adjust for confounders: age, sex, and technophilia. In addition,
we explored the association between a change in living
arrangements during the pandemic and cognition, depression,
quality of life, and perceived health status with univariate and
multivariate linear regression (adjusting for the following
confounders: sex, age, and current living arrangements). For
this comparison, we applied Bonferroni correction for 4
comparisons (considering significant values of α<.013).

For the analysis using groups based on the score in technophilia
(based on the median of the TechPH index as the cut-off point),
the t test or nonparametric Wilcoxon test was used for
continuous variables and the chi-square test for categorical
variables. To evaluate the association of this variable with
mental health outcomes, multivariate logistic regression for
binary variables or linear regression for continuous variables
was performed to adjust for confounders: age, sex, and living
arrangements.

To establish the Bonferroni correction for multiple comparisons
(regarding living arrangements and technophilia groups), the
number of independent tests was estimated with principal
component analysis. Of the 37 variables analyzed, the first 35
components explained >99% (99.3%) of the variance. Thus, we
considered the values significant with α<.0014.

To analyze the assumptions of all linear regression models, the
Ramsey RESET linearity test, the Breusch-Pagan
homoscedasticity test, and the Shapiro-Wilk normality test of
the model residuals were used (see Annex 2 in Multimedia
Appendix 1). When cognition, quality of life, health status, and
depression were used as dependent variables, the assumption
of the normality of the residuals of the model was not fulfilled,
and transformation did not solve the problem, robust linear
regression models were used (using the robustbase package and
the lmrob function in R).

The R version 4.0.4 program was used for all statistical analysis
[41].

Results

Participants
Of the 210 potential respondents (n=111 [52.9%] from
SMART4MD and n=99 [47.1%] from TV-AssistDem), a total
of 165 (78.6%) of 210 respondents was successfully reached,
of which 151 (91.5%) agreed to participate (Figure 1). In
addition, 150 (99.3%) participants completed the full interview
without assistance, and 15 informal caregivers were interviewed
on behalf of participants whose abilities to answer such a long
interview were compromised. Of these 15 participants, 11 (73%)
answered the main variables questionnaires and 4 (27%) were
unable to do so. Given the complexity of MCI/MD, to not skew
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the results of patients with a greater decline, all data were
considered.

The mean time between the last assessment of the RCTs (T0)
and the interview during the lockdown (T1) was 199.33 days
(SD 52.43, range 67-395), and the mean duration of the calls
was 50.14 minutes (SD 16.40).

Sociodemographics
The mean age of the sample was 74.31 years (SD 6.48), 97
(64.2%) of 151 participants were women, 36 (23.8%) lived
alone, and 80 (53.3%) had high attraction to technology (high
technophilia). The COVID-19 outbreak forced 22 (14.6%) of
151 participants to change their living arrangements (Table 1).

Table 1. Sample sociodemographic characteristics and differences between living alone and living with others, and high technophilia and low technophilia.

P valueStatisticsLow
technophilia
(n=65)

High
technophilia
(n=80)

P valueStatisticsLiving with
others
(n=115)

Living alone
(n=36)

Total partici-
pants
(N=151)

Characteristics

.34t93=0.9774.74 (6.63)73.69 (6.33).03t93=–2.1473.69 (6.69)76.31 (5.38)74.31 (6.48)Age (years), mean
(SD)

Sex, n (%)

.16χ2
1=1.9618 (36.7)31 (63.3)<.001χ2

1=12.5050 (43.5)4 (11.1)54 (35.8)Male

.16χ2
1=1.9647 (49.0)49 (51.0)<.001χ2

1=12.5065 (56.5)32 (88.9)97 (64.2)Female

Change in living arrangements, n (%)

.78χ2
1=0.0810 (15.4)11 (13.8).68χ2

1=0.1716 (13.9)6 (16.7)22 (14.6)Yes

.78χ2
1=0.0855 (84.6)69 (86.3).68χ2

1=0.1799 (86.9)30 (83.3)129 (85.4)No

Differences in Cognition, Quality of Life, Perceived
Health Status, and Depression Prior to and During the
COVID-19 Outbreak
Regarding the differences between the period before and during
the outbreak, there were no differences in the main outcome:

cognition. After correction for multiple comparisons, there were
no statistically significant differences in the quality of life,
perceived health status, or depression between the 2 periods
(Table 2).

Table 2. Differences in cognition, quality of life, perceived health status, and depression prior to and during the COVID-19 outbreak.

P valueStatisticsDuring the COVID-19
outbreak

Before the COVID-19
outbreak

Outcomes

Main outcome

.43Z=–0.79819 (17-21)19 (17-20)Cognition (MMSEa), median (IQR)

Secondary outcomesb

.43t144=–0.8036.25 (5.44)35.97 (4.74)QoL-ADc, mean (SD)

.05Z=–1.9470 (60-85)70 (50-80)Perceived health status (EuroQoL-5D-3Ld thermometer),
median (IQR)

.99Z=–0.012 (1-4)3 (1-5)Depression (GDSe), median (IQR)

aMMSE: Mini-Mental State Exam.
bSignificant results with P<.02.
cQoL-AD: Quality of Life-Alzheimer's Disease Scale.
dEuroQoL-5D-3L: European Quality of Life 5 Dimensions 3 Levels.
eGDS: Geriatric Depression Scale.

Differences Between Individuals Living Alone and
Living With Others, and With Change in Living
Arrangements
Regarding social isolation (living alone and living with others),
after Bonferroni correction, there was no significant association
between the variables of the study (Table 3). Some factors
reached nominally significance: self-perceived fear (being alone

36.1% vs 18.4%; χ2=4.27; P=.04) and depression (being alone
3 vs 2; Z=–2.10; P=.04). In the multivariate models, depression
did not reach nominally statistically significance (B=0.83;
P=.06); see Table 3 (note: significant results with P<0.001).
After Bonferroni correction, there were statistically significant
differences regarding home visits, with those living alone (being

alone 82.9% vs 51.3%; χ2=10.97; P<.001) receiving more visits
than those living with others. There was no significant
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association regarding other variables (only a nominal significant
association regarding the more frequent use of the newspaper
in those living with others).

The change in living arrangements was not associated with
cognition (unadjusted model: B=–0.21, P=.65; adjusted model:
B=0.36, P=.44), quality of life (unadjusted model: B=–0.74,
P=.40; adjusted model: B=1.05, P=.21), perceived health status

(unadjusted model: B=3.34, P=.41; adjusted model: B=3.34,
P=.41), or depression (unadjusted model: B=–0.15, P=.74;
adjusted model: B=–0.25, P=.56). After correction for multiple
comparisons, there was no association with less perceived stress
(unadjusted model: B=–4.72, P=.01; adjusted model: B=–0.26,
P=.02) but the results reached nominal significance. Annex 2
in Multimedia Appendix 1 shows more detailed information
about linear regression models.
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Table 3. Health perception-management, coping-stress tolerance, and sleep-rest functional health patterns during the COVID-19 outbreak and differences
between living alone and with others.

P valueOdds ratio

(OR)/Ba
P valueStatisticsLiving with others

(n=115)
Living alone
(n=36)

Total participants
(N=151)

Overall health status

Health status (COVID-19), n (%)

——b.13χ2
4=4.13112 (97.4)35 (97.2)147 (97.4)No symptoms

——.13χ2
4=4.133 (2.6)03 (2.0)Symptoms without test

——.13χ2
4=4.1301 (2.8)1 (0.7)Symptoms and positive test

——.13χ2
4=4.13000Hospitalized

——.13χ2
4=4.13000Intensive care unit (ICU) inpatient

——.13χ2
4=4.13000Deceased

Self-perceived mental health and well-being, n (%)

.271.64.26W1=1.2785 (73.9)23 (63.9)108 (71.5)Well

.371.47.27W1=1.2050 (43.9)14 (38.9)64 (42.7)Calm

.83.91.83W1=0.0534 (29.8)15 (41.7)49 (32.7)Sad

.31.65.41W1=0.6849 (43.0)20 (55.6)69 (46.0)Worried

.04.37.04W1=4.2721 (18.4)13 (36.1)34 (22.7)Afraid

.49.71.58W1=0.3124 (21.1)9 (25.0)33 (22.0)Anxious

.14.46.18W1=1.8419 (16.7)9 (25.0)28 (18.7)Bored

Self-perceived sleep quality, n (%)

.90OR=1.07.73W1=0.1288 (76.5)29 (80.6)117 (77.5)Maintained

.90OR=1.07.73W1=0.1227 (23.5)7 (19.3)34 (22.5)Altered

.52Bd=0.30.57Z=–0.5719 (17-20.75)19 (17-21)19 (17-21)Cognition (MMSEc), median (IQR)

.02Bd=–1.88.13t143=1.5336.66 (5.70)35.03 (4.39)36.25 (5.44)Quality of life (QoL-ADe, mean (SD)

.12Bd=6.67.13Z=–1.5170 (60-80)75 (60-100)70 (60-85)Perceived health status (EuroQoL-5D-

3Lf thermometer), median (IQR)

.06Bd=0.83.04Z=–2.102 (1-4)3 (2-5)2(1-4)Depression (GDSg), median (IQR)

.43Bi=0.08.45t149=–0.7519.19 (8.87)20.44 (7.96)19.5 (8.64)Perceived stress (PSSh), mean (SD)

aMultivariate models (logistic or lineal) with living arrangements (living alone and living with others ) as the independent variable and gender, age, and
technophilia (high technophilia and low technophilia) as covariates. More information about linear regression models is shown in Annex 2 in Multimedia
Appendix 1.
bNot applicable.
cMMSE: Mini-Mental State Exam.
dRobust linear regression.
eQoL-AD: Quality of Life-Alzheimer's Disease Scale.
fEuroQoL-5D-3L: European Quality of Life 5 Dimensions 3 Levels.
gGDS: Geriatric Depression Scale.
hPSS: Perceived Stress Scale.
iAs the residuals of the model were not normal, we transformed the dependent variable in its logarithmic form.

Differences Between High- and Low-Technophilia
Groups
After correction for multiple comparisons, there was no
significant association between technophilia and the variables
of the study. Only some variables reached nominal significant

associations: self-perceived boredom (high technophilia 10.1%

vs 27.7%; χ2=7.44; P=.01), calmness (high technophilia 31.6%

vs 52.3%; χ2=6.30; P=.01), perceived stress (high technophilia
18.1 vs 21.23; t=2.19; P=.03), depression (high technophilia 2
vs 3; Z=2.16; P=.03), and quality of life (high technophilia 37.3
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vs 35.3; t=2.24; P=.03). In the multivariate models, after
controlling for possible confounders, the associations only
maintained nominally statistical significance and the perceived

health status reached nominal significance (B=6.44, P=.04);
see Table 4 (note: significant results with P<.001).

Table 4. Health perception-management, coping-stress tolerance, and sleep-rest functional health patterns during the COVID-19 outbreak and differences
between the high- and low-technophilia groups.

P valueOdds ratio

(OR)/Ba
P valueStatisticsLow technophilia

(n=65)
High
technophilia
(n=80)

Total participants
(N=151)

Overall health status

Health status (COVID-19), n (%)

——b.50χ2
2=1.3963 (96.9)78 (97.5)147 (97.4)No symptoms

——.50χ2
2=1.391 (1.5)2 (2.5)3 (2.0)Symptoms without test

——.50χ2
2=1.391 (1.5)01 (0.7)Symptoms and positive test

——.50χ2
2=1.39000Hospitalized

——.50χ2
2=1.39000Intensive care unit (ICU) inpatient

——.50χ2
2=1.39000Deceased

Self-perceived mental health and well-being, n (%)

.201.64.21χ2
1=1.5750 (67.5)54 (76.9)108 (71.5)Well

.022.23.01χ2
1=6.3034 (52.3)25 (31.6)64 (42.7)Calm

.361.41.18χ2
1=1.8325 (38.5)22 (27.8)49 (32.7)Sad

.111.75.08χ2
1=3.0635 (53.8)31 (39.2)69 (46.0)Worried

.651.21.66χ2
1=0.19416 (24.6)17 (21.5)34 (22.7)Afraid

.102.01.10χ2
1=2.6718 (27.7)13 (16.5)33 (22.0)Anxious

.013.69.01χ2
1=7.4418 (27.7)8 (10.1)28 (18.7)Bored

Self-perceived sleep quality, n (%)

.111.92.14χ2
1=2.1747 (72.3)66 (82.5)117 (77.5)Maintained

.111.92.14χ2
1=2.1718 (27.7)14 (17.5)34 (22.5)Altered

.52Bd=0.30.26Z=–1.1318 (16.25-21)19 (17-21)19 (17-21)Cognition (MMSEc), median (IQR)

.03Bd=1.64.03t139=2.2435.33 (4.90)37.33 (5.48)36.25 (5.44)Quality of life (QoL-ADe), mean (SD)

.04Bd=6.44.10t142=–1.6570 (60-80)80 (60-90)70 (60-85)Perceived health status (EuroQoL-5D-

3Lf thermometer), median (IQR)

.03Bd=–0.83.03Z=–2.163 (1-5)2 (1-4)2(1-4)Depression (GDSg), median (IQR)

.02Bi=–0.19.03t141=2.1921.23 (8.21)18.1 (8.77)19.5 (8.64)Perceived stress (PSSh), mean (SD)

aMultivariate models (logistic or lineal) with technophilia (high and low) as the independent variable and gender, age, and living arrangements (living
alone and living with others) as covariates. More information about linear regression models is shown in Annex 2 in Multimedia Appendix 1.
bNot applicable.
cMMSE: Mini-Mental State Exam.
dRobust linear regression.
eQoL-AD: Quality of Life-Alzheimer's Disease Scale.
fEuroQoL-5D-3L: European Quality of Life 5 Dimensions 3 Levels.
gGDS: Geriatric Depression Scale.
hPSS: Perceived Stress Scale.
iAs the residuals of the model were not normal, we transformed the dependent variable in its logarithmic form.
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Health Care and Social Support Services Access and
Utilization and Informative-Related Uses of ICTs
During the COVID-19 Outbreak
Of 148 participants, 39 (26.4%) reported accessing extreme and
32 (21.6%) reported accessing too much COVID-19 information.

The most frequent ICT used to access COVID-19 information
was mainly the television (134/147, 91.2%), and most
participants were also informed through family and friends
(120/148, 81.1%). Furthermore, only 46 (30.7%) of 150
participants did not contact health or social services (Table 5;
note: significant results with P<.001).

Table 5. Health care and social support service access and utilization and informative-related uses of ICTsa during the COVID-19 outbreak and
differences between living alone and with others, and high and low technophilia.

P valueChi-
square
(df)

Low
technophilia
(n=65)

High
technophilia
(n=80)

P valueChi-square
(df)

Living with
others (n=115)

Living
alone
(n=36)

Total partici-
pants (N=151)

Characteristic

COVID-19 information access, n (%)

.384.21 (4)1 (1.6)0.662.42 (4)2 (1.8)1 (2.9)3 (2.0)None

.384.21 (4)10 (15.9)22 (27.5).662.42 (4)25 (21.9)8 (23.5)33 (22.3)Too little

.384.21 (4)19 (30.2)20 (25.0).662.42 (4)29 (25.4)12 (35.3)41 (27.7)Moderate

.384.21 (4)16 (25.4)16 (20.0).662.42 (4)25 (21.9)7 (20.6)32 (21.6)Too much

.384.21 (4)17 (27.0)22 (27.5).662.42 (4)33 (28.9)6 (17.6)39 (26.4)Extreme

COVID-19 information source, n (%)

.251.35 (1)55 (87.3)64 (80.0).480.51 (1)91 (79.8)29 (85.3)120 (81.1)Family and friends

.073.31 (1)61 (96.8)70 (88.6).490.48 (1)102 (90.3)32 (94.1)134 (91.2)Television

.400.72 (1)22 (35.5)34 (42.5).890.02 (1)43 (38.4)13 (37.1)56 (38.1)Smartphone

.044.08 (1)2 (3.2)10 (12.7).191.73 (1)11 (9.8)1 (2.9)12 (8.2)Tablet

.760.10 (1)4 (6.3)6 (7.7).301.06 (1)9 (8.0)1 (2.9)10 (6.8)Laptop

.840.04 (1)5 (7.9)7 (8.9).053.93 (1)12 (10.6)012 (8.2)Newspaper

.620.24 (1)30 (48.4)41 (52.6).800.07 (1)55 (49.5)16 (47.1)71 (49.0)Digital media

.291.11 (1)19 (30.6)18 (22.8).530.39 (1)27 (24.1)10 (29.4)37 (24.5)Radio

Resources contacted, n (%)

.390.74 (1)21 (32.8)21 (26.3).670.19(1)36 (31.6)10 (27.8)46 (30.7)None

.910.01 (1)38 (58.5)46 (57.5).122.38 (1)71 (61.7)17 (47.2)88 (58.3)Health services

.261.29 (1)1 (1.5)4 (5.0).840.42 (1)4 (3.5)1 (2.8)5 (3.3)COVID-19 services

.730.12 (1)5 (7.7)5 (6.3).640.22 (1)7 (6.1)3 (8.3)10 (6.6)Emergency services

.261.25 (1)1 (1.6)4 (5.0).063.68 (1)2 (1.8)3 (8.3)5 (3.3)Social service non-
government organiza-
tion (NGO)

aICT: information and communications technology.

Cognitive-, Entertainment-, and Socialization-related
Uses of ICTs During the COVID-19 Outbreak
Although most of the participants (46/151, 30.7%) preferred
paper-based memory exercises, the most frequent ICT used for

cognition was the television (16/151, 10.7%). The most used
ICTs for entertainment were the television (138/151, 92%),
followed by the smartphone (60/151, 40%), and for socialization,
the smartphone (75/151, 50.3%). Detailed information is given
in Table 6 (note: significant results with P<.001).
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Table 6. Cognitive-, entertainment-, and socialization-related uses of ICTsa during the COVID-19 outbreak and differences between living alone and
living with others, and high and low technophilia.

P valueChi-square
(df)

Low
technophil-
ia (n=65)

High
technophil-
ia (n=80)

P valueChi-square
(df)

Living with
others (n=115)

Living
alone
(n=36)

Total partici-
pants
(N=151)

Activity category

Cognitive, n (%)

.365.44 (5)21 (32.8)23 (28.7).197.52 (5)32 (27.8)14 (40.0)46 (30.7)Paper

.365.44 (5)03 (3.8).197.52 (5)3 (2.6)03 (2.0)Smartphone

.365.44 (5)4 (6.3)3 (3.8).197.52 (5)6 (5.2)1 (2.9)7 (4.7)Tablet

.365.44 (5)1 (1.6)0.197.52 (5)01 (2.9)1 (0.7)Laptop

.365.44 (5)5 (7.8)11 (13.8).197.52 (5)11 (9.6)5 (14.3)16 (10.7)Television

Entertainment, n (%)

.211.56 (1)23 (35.9)37 (46.3).690.16 (1)47 (40.9)13 (37.1)60 (40.0)Smartphone

.610.26 (1)7 (10.9)11 (13.8).073.61 (1)17 (14.8)1 (2.9)18 (12.0)Tablet

.670.19 (1)8 (12.5)12 (15.0).410.90 (1)17 (14.8)3 (8.6)20 (13.3)Laptop

.940.01 (1)59 (92.2)74 (92.5).390.73 (1)107 (93.0)31 (88.6)138 (92.0)Television

Socialization, n (%)

.470.53 (1)40 (63.5)46 (57.5)<.00110.97 (1)58 (51.3)29 (82.9)87 (58.8)Home visits

.053.90 (1)27 (42.2)47 (58.8).530.39 (1)59 (51.8)16 (45.7)75 (50.3)Smartphone

.330.95 (1)3 (4.7)7 (8.9).123.32 (1)10 (8.8)010 (6.8)Tablet

.840.04 (1)2 (3.1)3 (3.8).591.59 (1)5 (4.4)05 (3.4)Laptop

.231.96 (1)1 (1.6)5 (6.3).341.91 (1)6 (5.3)06 (4.0)Television

aICT: information and communications technology.

Discussion

Principal Findings
This cohort study was conducted to understand the impact of
restrictive measures in community-dwelling older adults with
MCI and MD during the first COVID-19 outbreak.

Our findings show that the first months of the outbreak did not
significantly impact the cognition, quality of life, perceived
health status, and depression of our study population when
making comparisons with baseline assessments prior to the
outbreak. Change in living arrangements had no influence on
these variables either. Living alone and technophilia were not
associated with mental health–related variables after correction
for multiple comparisons. However, being alone was nominally
associated with self-perceived fear and depression, and higher
technophilia with better quality of life, less boredom, perceived
stress, and depression but also less calmness. Overall, health
care and social support service access and utilization were high.
The most used ICTs during the COVID-19 outbreak were the
television for informative-, cognitive-, and entertainment-related
uses and the smartphone for socialization.

Comparison With Prior Work
To the best of our knowledge, few studies have addressed the
consequences of the COVID-19 outbreak on the cognition of
the elderly, and the use of technologies during this ongoing
societal change.

Several studies have shown that quarantine measures have
changed the behaviors and lifestyle of older people with
cognitive decline [42], although in some cases, these changes
have been less important than expected [43]. Lifestyle changes
can increase the risk of dementia and cause cognitive
impairment. However, our study showed that in our sample, the
first stages of the COVID-19 outbreak did not cause significant
cognitive decline in comparison with a previous assessment.
This result could be explained by 2 reasons. On the one hand,
the evaluation was carried out on an average of 70 days after
the start of the home confinement restrictions and, likely, this
time was not enough to influence cognitive decline. On the other
hand, the data of our study show that most of the participants
maintained an active lifestyle and used new technologies for
cognitive stimulation, information access, leisure, and social
connectedness. This combination of healthy lifestyle factors
and opportunities for cognitive and social stimulation has proved
to be important in reducing the risk of cognitive decline [44].

Regarding the lack of differences in the quality of life and
perceived health status before and during the outbreak in people
with MCI/MD, a similar conclusion was reached by another
cohort study in a similar population in Spain using the
EuroQoL-5D-3L [45]. Other studies on quality of life in
different population groups during the pandemic have also not
found a perception of poor quality of life in the elderly [46].
Our results could be explained because our sample has continued
to carry out cognitive, entertainment, and social activities, which
are associated with the definition of a good quality of life by

J Med Internet Res 2022 | vol. 24 | iss. 2 | e30598 | p.1026https://www.jmir.org/2022/2/e30598
(page number not for citation purposes)

Dura-Perez et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


the elderly [47]. Another factor that can lead to a good quality
of life is maintaining well-being and good sleep quality. Poor
sleep quality is known to have a significant impact on lower
levels of life satisfaction and mood [48].

Regarding mental health, longitudinal studies have established
that it is has been affected by the pandemic [49-51], but
frequently, the impact has been higher in the younger population
and those more economically vulnerable [51,52]. Likewise,
another longitudinal study in Spain with a sample of older adults
with dementia or cognitive impairment found an increase in
depressive and anxious symptoms after the confinement [53].
Furthermore, attention has been drawn to the possible harmful
effects of the excessively dramatic presentation of the
consequences of the restrictions due to the pandemic, which are
based mainly on survey studies, in many cases carried out
without the required rigor [54]. However, the results are mixed,
and, for example, some longitudinal studies in Spain [55] and
Greece [56] did not find differences regarding depression when
comparing the period before and after confinement, and another
Dutch community study did not find an increase in depressive
symptoms in the general population [57]. In a cross-sectional
study comparing populations over and under the age of 60 years
during the peak of the COVID-19 pandemic in Spain, the elderly
did not demonstrate special vulnerability to acute stress and no
sex differences were found. This study hypothesized a greater
resilience in the elderly due to the economic and social
difficulties experienced throughout their lives during the Spanish
post–Civil War period (1939-1960), increasing their ability to
cope with stress and face the pandemic resiliently [52]. The
results of this study in which no differences were found in
depressive symptoms could also be explained by the specific
characteristics of the study sample, which present MCI and
mainly maintain autonomy to live independently. In addition,
the evaluations were conducted when the stricter measures of
the first lockdown in Spain were being brought down. Moreover,
the small incidence of the COVID-19 virus at the time of
assessment could have influenced the results (infections less
than 1%). These results show the complexity of the effects of
the pandemic, highlighting the need for more longitudinal
studies in different populations to evaluate the effects of the
social restrictions and the pandemic.

Another factor to consider was whether living alone during
COVID-19 confinement was associated with a higher prevalence
of depression. Although several studies have found a significant
association between depression and living alone during the
pandemic [42,58], others have shown otherwise [59,60]. Our
results are in line with the second ones, showing no significant
differences in GDS scores. However, more studies are necessary
to determine whether living alone is a risk factor for depression
during the pandemic. The results are in line with our previous
findings [61] that associated living alone with worse mental
health at the beginning of the outbreak (without correcting for
multiple comparisons). The way our sample used the ICTs,
through online communication, remote social interactions, or
video calls, could have been useful to address social isolation
during the pandemic [62].

Regarding technophilia, our study did not find an association
between a better attitude toward technology and better mental

health. In line with these results, a multicenter study conducted
in Norway, the United Kingdom, the United States, and
Australia also found no change in loneliness and the quality of
life in adults over 70 years who used ICTs to maintain social
contact during the COVID outbreak [63]. However, we showed
in a previous study based on the TV-AssistDem RCT how
technology could be useful to maintain cognitive activities [61],
and more studies need to clarify whether the evidence supports
the recommendations on interventions that may improve the
knowledge of ICTs and are related with the use of technology
to maintain social connections and cognitive activities [64].

Limitations
A main limitation of this study was changing the interview
administration from face-to-face before the outbreak to
telephonic during the outbreak. Interviews were performed by
the same professionals in both cases to reduce this possible bias,
the measures were rescaled accordingly, and the validated phone
versions of the tests were used. In addition, the interview had
a mean duration of 50.14 minutes, which could cause fatigue
in this population and alter their performance.

Another limitation is that the sample came from 2 RCTs and
the participants who agreed to participate in the RCTs may have
special characteristics that make them not representative of the
general population. Furthermore, the sample was from only 1
center in Andalusia. However, it is a larger sample than in other
studies carried out in Spain to date with this type of population.

Moreover, 15 caregivers answered on behalf of patients whose
ability to answer for themselves was compromised. Although
they did not respond to the questionnaires that evaluated the
main variables, their answers may have interfered with the
results.

The Bonferroni correction for multiple comparisons is
conservative and could have increased type II errors.

Some studies have pointed out that the effects of changes during
the lockdown may be temporary compared to long-lasting ones.
Therefore, future effects will need to be explored as it is possible
that once the lockdown is over, many people may not return to
their “normal routine” as before the pandemic and will continue
to avoid face-to-face activities, especially those regarding social
and physical activity due to the fear of the contagion [42].

Conclusions
During the COVID-19 outbreak, governments’ restrictive
measures demonstrated being effective in viral spread
prevention. Although these restrictions have had negative effects
on health and well-being and have changed lifestyles worldwide,
our study showed how a presumably vulnerable population has
shown more resilience to restrictive measures than expected.
The people with MCI/MD did not experience a significant
decline in cognition, quality of life, perceived health status, or
depression during the period of the COVID-19 outbreak. The
study also showed that being alone and a negative attitude
toward technology are not associated with worse mental health
after correcting for multiple comparisons. In addition, the data
were collected over a short period, and further research is needed
to explore whether maintaining restrictive measures for longer
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influences a worsening of cognitive abilities, quality of life,
perceived health status, or depression and which factors increase
the risk of poor mental health in this population. They reported
overall well-being, maintained sleep quality, and presented
moderate perceived stress. This could be related to the fact that
our sample continued participating in daily activities, which

plays a crucial role in enhancing and maintaining cognition
[65,66], just like keeping social interaction. The use of ICTs
was essential to carry out these activities during the restrictions.
Television was the most widely used ICT for informational-,
cognitive-, and entertainment-related uses, and the smartphone
for socialization.
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Abstract

Background: The COVID-19 pandemic and the lockdowns for controlling the spread of infection have led to a surge in telehealth
adoption by many health care organizations. It is unclear how this pandemic has impacted health professionals’ view about
telehealth. The analysis of textual data, such as comments posted on a discussion forum, can uncover information that may not
be captured by a structured survey.

Objective: This study aims to examine the opinions of health care workers about telehealth services during the time frame of
March 2013-December 2020.

Methods: Comments about telehealth posted by health care workers from at least 46 countries were collected from an online
discussion forum dedicated to health professionals. The analysis included the computation of sentiment scores from the textual
data and the use of structural topic modeling to identify the topics of discussions as well as the factors that may be associated
with the prevalence of these topics.

Results: The analysis of the comments revealed positive opinions about the perceived benefits of telehealth services before and
during the pandemic, especially the ability to reach patients who cannot come to the health facility for diverse reasons. However,
opinions about these benefits were less positive during the pandemic compared to the prepandemic period. Specific issues raised
during the pandemic included technical difficulties encountered during telehealth sessions and the inability to perform certain
care routines through telehealth platforms. Although comments on the quality of care provided through telehealth were associated
with a negative sentiment score overall, the average score was less negative during the pandemic compared to the prepandemic
period, signaling a shift in opinion about the quality of telehealth services. In addition, the analysis uncovered obstacles to the
adoption of telehealth, including the absence of adequate legal dispositions for telehealth services and issues regarding the payment
of these services by health insurance organizations.

Conclusions: Enhancing the adoption of telehealth services beyond the pandemic requires addressing issues related to the
quality of care, payment of services, and legal dispositions for delivering these services.

(J Med Internet Res 2022;24(2):e29519)   doi:10.2196/29519

KEYWORDS

telehealth; telemedicine; COVID-19; pandemic; physical examination; sentiment score; structural topic modeling; opinion; health
care worker; social media; discussion

Introduction

Telehealth services have been described by the World Health
Organization as having a “great potential to address some of

the challenges faced by both developed and developing countries
in providing accessible, cost-effective, high-quality health care
services” [1]. Multiple efforts have been undertaken across
countries to increase the scope and reach of these services.
Although the rate of adoption of telehealth by health care
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organizations in the United States has been steadily increasing,
the percentage of hospitals using telehealth services is still
relatively low [2,3]. Only 15% of physicians in the United States
worked in health practices that used telehealth services in 2016
[3].

The COVID-19 pandemic and the lockdowns mandated by
public authorities to reduce the spread of infection have led to
a renewed interest from health care organizations in adopting
telehealth platforms for some of their routine patient care
operations. Event system theory posits that organizations are
dynamic entities that can respond to events that are novel,
critical (ie, the extent to which the event is deemed significant
for the organization), and disruptive by altering their routine
practices so that they can adapt to these events [4]. These
unexpected events, because of their novel nature, usually find
the organizations ill-prepared, causing the interruption of
day-to-day operations and requiring changes to existing practices
or the adoption of new ones [5]. Hence, it is not surprising that
health care organizations have turned to telehealth services to
accommodate the disruptions in patient care operations that
were caused by the pandemic. Telehealth services allow
long-distance patient care through telecommunication channels
and thus do not require that patients and health care workers
involved in the care process be physically in the same room.
This feature made telehealth useful for adapting to the mandated
lockdowns and the safe physical distancing measures advocated
during the pandemic.

However, the successful implementation of changes in processes
requires the adherence of organizational members. An
unexpected event disrupts not only the routines of organizations
but also the automatic cognitive processing employees use to
perform their tasks [6]. Automatic cognitive processing, also
called automatic information processing, is built through
“repetitive training on the same task” and allows performing
job-related tasks relatively swiftly and efficiently with reduced
cognitive effort [7]. For instance, clinicians who have conducted
physical examinations of hundreds or thousands of patients have
developed heuristics and routinized practices for arriving at a
diagnosis after detecting specific lung or heart sounds during
auscultation. The disruption in automatic cognitive processing
and the need to acquire new skills proper for the new
circumstances created by a disruptive event impose undue
burden on the employees and can lead to occupational stress
and job dissatisfaction. However, the adoption of new practices
can also be positively perceived and considered the rightful way
for navigating the challenges created by the disruptive event.

The objective of this research is to examine the opinions of
health care workers about telehealth services expressed before
and during the COVID-19 pandemic. Comparing comments
posted during the 2 time frames will illustrate the influence of
the pandemic on the viewpoints of these health care workers
on telehealth. The analysis of these opinions can shed light on
the obstacles encountered by health care professionals using
these services and help identify solutions to promote the
adoption of these services.

Methods

Definition of Telehealth
The definitions of telehealth and telemedicine often vary across
authors. In this manuscript, telehealth is defined as the umbrella
term for a set of activities and services performed by health care
professionals through telecommunication technologies to
“support and promote long-distance clinical health care, patient
and professional health-related education, public health and
health administration” [8]. Hence, telehealth includes
collaboration among health care workers discussing and sharing
patients’ information through telecommunication channels, data
collection and remote monitoring of patients’ health outcomes
through digital wearables, and electronic transmission of
prescriptions to pharmacists (e-prescribing). Telemedicine, a
subset of telehealth, is strictly defined as the diagnosis and
treatment of patients through telecommunication technologies.
Nevertheless, the term telehealth will be used throughout the
manuscript, except when analyzing or quoting health care
workers’ comments, to encompass all health care operations
performed through telecommunication technologies.

Data Collection
The comments were collected from Medscape, an online
platform that provides health care–related news to health
professionals and hosts forums on health-related issues.
According to the web analytics company similarweb, the online
platform Medscape had more than 21 million visits per month
during the summer and fall seasons of the year 2020. Most of
the visits were from the United States (53%). The list of
countries of the platform visitors included the United Kingdom
(4%), Australia (4%), Canada (4%), India (3%), the Philippines
(2%), and Brazil (2%). The keywords used to search for the
comments were telemedicine, telehealth, televisit, virtual visit,
online visit, and video visit. Available data on the characteristics
of the commenters were collected as well, including the country
of residence, occupation, and medical specialty when the
commenter was a physician. Since the comments posted on the
platform are publicly available and can be accessed by anyone,
the institutional review board of the University of Oklahoma,
USA, determined that this investigation did not require ethics
committee approval.

Data Analysis
The sentiment scores of the collected comments were computed
using the R package sentiment, which considers valence shifters
(eg, happy vs not happy) and (de-)amplifying words (eg, very
worried vs slightly worried) [9]. A mixed-effect model with
random intercepts was fitted to assess the association between
sentiment scores and the following independent variables:
residence of the commenter (US vs non-US), occupation
(physician, nurse, health administrator, other) of the commenter,
and the year in which the comment was made. The restricted
maximum likelihood method was used to estimate the model
parameters, and the covariance pattern of the model was set to
unstructured.

Examining the prevalence of discussion topics across time
frames and commenters’ characteristics can shed light on the
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opinions or concerns about telehealth that are specific to these
time frames and these individual characteristics. Structural topic
modeling (STM) was used to identify the topics discussed in
the comments. STM allows the analyst to incorporate
information about the characteristics (metadata) and content of
the documents into the modeling process [10]. The following
metadata were used as independent variables to estimate the
topic prevalence in the comments: the residence (US vs non-US)
and occupation (physician, nurse, health administrator, other)
of the commenter, the time frame in which the comment was
posted (before vs during the pandemic), and the average
sentiment score of the comment. The date of March 11, 2020,
the day the World Health Organization declared the COVID-19
outbreak a pandemic, was used as the cut-off date for defining
the time period [11]. First, the texts of the comments were
processed by removing stop words using the System for the
Mechanical Analysis and Retrieval of Text (SMART) stop word
list. Then, nouns in plural were converted to their singular forms.
No stemming was performed. The appropriate number of topics

for the corpus of comments was determined to be between 10
and 25 by examining the values for the held-out likelihood,
semantic coherence, residuals, and lower bound [12]. See Figure
1. The appropriate number of topics to extract was determined
by selecting the model that yielded both the highest semantic
coherence and the highest exclusivity values. The number of
topics found to have optimal exclusivity was 13, and thus, 13
topics were selected for modeling. Spectral initialization was
used for the topic modeling, which converged after 500
iterations, and 4 single-word comments were dropped during
the modeling process. The final model consisted of 13 topics,
910 documents, and a 3252-word dictionary. The correlations
among the identified topics were computed with the maximum
a posteriori estimates of the topic proportions. A threshold of
r=0.15 for the correlation was set to determine whether 2 topics
were correlated; that is, 2 topics were considered uncorrelated
if their pairwise correlation was less than 0.15. STM was
performed using the R package stm [12].

Figure 1. Diagnostic values by number of topics.

Results

Characteristics of Health Care Workers
A total of 914 comments made by 705 health care workers were
collected from the forums. The dates of the comments spanned
from the year 2013 through 2020, and the commenters were
from at least 46 countries in 6 continents (Africa, Asia,
Australia, Europe, North America, and South America). The

majority of commenters were physicians (n=468, 66.4%) and
lived in the United States (n=561, 79.6%). The characteristics
of the 705 health care workers are presented in Table 1. Of the
914 comments, 583 (63.8%) were posted from the year 2013
up to the day the COVID-19 outbreak was declared a pandemic
by the World Health Organization on March 11, 2020, and 331
(36.2%) were posted during the pandemic (ie, mid-March
2020-December 2020). The lengths of the comments ranged
from 1 word to 630 words (mean=81.9, median=60.5, SD 80.4).
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Table 1. Characteristics of health care workers who commented on telehealth.

Individuals’ frequency, n (%)Characteristics

Region (N=705)

561 (79.6)Northern America

37 (5.2)Asia

23 (3.3)Europe

19 (2.7)Africa

12 (1.7)Central or South America

10 (1.4)Australia or New Zealand

43 (6.1)Unknown

Occupation/position (N=705)

468 (66.4)Physicians

89 (12.6)Nurses

42 (6.0)Health administration professionals

105 (14.9)Other health occupation

1 (0.1)Unknown

Physicians’ medical specialties (N=468)

106 (22.7)Family medicine/general practice

254 (54.3)Clinical medicine specialties

45 (9.6)Surgery and surgical specialties

45 (9.6)Mental health

5 (1.1)Other specialty

Sentiment Scores of Comments
The mixed-effect model with the comment sentiment score as
the dependent variable showed that, in general, comments made
by health care workers living in the United States were less
positive compared to their counterparts residing outside the
United States. There were no statistically significant differences

in average sentiment scores among occupations (physician,
nurse, health administration professional, other) or across years
in which comments were posted (2013-2020). Hence, overall,
the sentiment scores of comments posted during the pandemic
were comparable to those of comments made before the
pandemic. See Table 2, Textbox 1, and Figure 2.

Table 2. Fixed-effect estimates of independent variables on sentiment scores of comments about telehealth services.

P valueCoefficient estimate (95% CI)Independent variable

.003a0.06 (0.02-0.10)Residence: non-US vs US

.230.03 (–0.02-0.08)Occupation: nurse vs physician

.380.03 (–0.04-0.10)Occupation: health administration vs physician

.850 (–0.05-0.04)Occupation: other vs physician

.31–0.06 (–0.18-0.06)Year 2013 vs 2020

.210.03 (–0.01-0.07)Year 2014 vs 2020

.62–0.01 (–0.06-0.04)Year 2015 vs 2020

.580.01 (–0.03-0.06)Year 2016 vs 2020

.810.01 (–0.06-0.08)Year 2017 vs 2020

.630.04 (–0.13-0.21)Year 2018 vs 2020

.28–0.03 (–0.09-0.02)Year 2019 vs 2020

aP<.01.
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Textbox 1. Model statistics.

Null model likelihood ratio:

χ2=9.80, df=1, P=.002

Random effects:

z=2.83, P=.002a

Figure 2. Average sentiment score per sentence of comments about telehealth by occupation and by residence.

Topics of Discussions
STM identified 13 topics presented in Table 3. The relationships
between the prevalence of the identified topics and the
characteristics of the comments or commenters are presented
in Table 4. There was no correlation among the 13 identified
topics, that is, all pairwise correlations among topics were less

than 0.15. The 3 most discussed topics were virtual visits (topic
1; 10.2% of comments), which are live encounters between a
patient and a health care worker through a telecommunication
channel (video, telephone, etc); the potential benefits of
telehealth (topic 2; 10%); and criticisms of telehealth (topic 3;
9.4%).
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Table 3. Identified topics from comments (N=914) about telehealth made by health care workers.

QuotesTop 10 highest-probability

words

Percentage of
Topic in Corpus

Topic

visit, patient, virtual, of-
fice, time, doctor, video,
work

10.2Topic 1: virtual visits • My physician's office is seeing patients using virtual visits, when pos-
sible, through May.

• Anyone who thinks a virtual office visit provides the same quality of
care as an in-person office visit is seriously deluded. Yet, there clearly
is a benefit from this technology in terms of accessibility, and I have
used it myself to help people who are unable to visit my office because
of debility.

care, patient, technology,
good, provider, great,
telemedicine, service

10.0Topic 2: benefits of tele-
health

• Telemedicine is good if a patient unable to go to their doctors because
of many reasons.

• You are missing the point of telemedicine. It is designed to provide
quicker service, [lessen the] burden of travel expenses for the patient,
and increase the point of access of care to allow observation and im-
proved treatment plan adherence. Overall, if this is done responsibly,
more patients are provided better service, [and] compliance recidivism
decreases.

telemedicine, patient, ex-
am, physical, care, antibiot-
ic, medicine, physician

9.4Topic 3: criticisms of
telehealth

• I would opt for physical examination of the physical body, rather than
virtual examination via telemedicine, every time.

• There are already studies that show that clinicians using telemedicine
are more likely to (over)prescribe antibiotics.

patient, phone, care, time,
pay, make, insurance,
practice

8.8Topic 4: insurance pay-
ment for telehealth ser-
vices

• I've found 90% of cases can be managed over [the] phone or videocon-
ference. If they offer similar reimbursement from insurance, this may
be the way to practice in the future.

• The government allows doctors to practice telemedicine across state
lines but won't allow insurance companies to bid and provide across
state lines?

telehealth, physician,
health, work, patient, call,
medicine, clinic

8.0Topic 5: telehealth over
the phone

• Vomiting and diarrhea on Saturday morning. Call primary care
physician (35-year history as doctor/patient) for prescription. Answer-
ing service: “Sorry, can't prescribe by phone. Go to convenient care.”
“Can't. Too sick.” (Silence.) “Hello, telehealth.”

• We do a follow-up telehealth call to reach out to review labs, etc, with
the patients about 2 weeks later. Great for our shut-in patients. They
are willing to pay the extra fees associated for the convenience of this
service.

state, medicine, license,
practice, board, health
care, patient, telemedicine

7.6Topic 6: legal disposi-
tions for telehealth

• The current system requires that doctors who practice telemedicine
need a license in each state where potential telemedicine patients are.
Consequently, a telemedicine doctor in Utah [who] treats patients in
Wyoming needs both state licenses.

• Can a physician licensed in a foreign country provide telehealth ser-
vices to patients in said country while being on US soil?

medicine, patient, doctor,
clinical, care, practice,
physician, service

7.4Topic 7: practice of
medicine in the era of
telehealth

• Let the primary physician do the family practice and refer the cases
to the respective specialties. Otherwise, patients will become “Amish.”

• The inhibition of the nonavailability of direct physical assessments is
the major legal hurdle for legalizing the authority of prescribing
medicines to telemedicine physicians. But dear, this needs to be seen
as follows: To overcome these inhibitions, a doctor who is competent
in subject could assess the complaints, in the absence of physical
findings, by virtue of [their] experience in assessing the clinical value
of complaints of telepatients, who currently use teleservices for [a]
second opinion.

people, patient, health
care, work, year, home,
telemedicine, health

7.4Topic 8: moving consul-
tations to the patients’
home

• Allowing the patient to be seen in the familiar comfort of their home
seems to provide a more optimal environment for cooperation.

• Huge opportunity for technology to improve health care delivery. The
fact that 90% of people have a smartphone opens up endless possibil-
ities to improve how we interact with and support patients. Despite
the long-standing emphasis on traditional office visits, the effectiveness
of these encounters is not reassuring.
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QuotesTop 10 highest-probability

words

Percentage of
Topic in Corpus

Topic

• This certainly creates distance between the patient and physician, de-
creasing the interpersonal relationship and the comfort of human
touch, which is tremendously important in [a] bedside manner.

• Believe it or not, there is no perfect technology that will replace the
personal relationship of a doctor with the patient.

physician, patient, primary
care, relationship,
medicine, system, health
care, doctor

7.1Topic 9: impact on pa-
tient-physician relation-
ship

• The basic tenet of medicine is laying your hands on the patient and
examining what's wrong. Telemedicine is junk medicine except for
maybe psychiatric consultations. It will drive up costs gradually, with
doctors ordering unnecessary diagnostic tests and reviewing results
online and treating results instead of the patient. Instead of unifying
care and the concept of a medical home, it will splinter care.

• In-office visits will soon become archaic remnants of a past rooted in
blindly following the old ways. Why would a patient be subject to the
time, inconvenience, and danger by subjecting themselves to an in-office
visit? And likewise, why would the health care system subject itself to
the expense of maintaining staff and facilities necessary for in-office
visits? Use of facilities should be restricted to hands-on procedures
and assessments only or those requiring specialized equipment.

patient, exam, care, hand,
medicine, system, test,
doctor

6.4Topic 10: physical exam-
ination in the era of tele-
health

• The issue of bad medicine is rampant; a consumer requests something,
and the prescribing doctor writes for it to make them happy.
Telemedicine just makes this problem worse.

• Medical boards will become involved in it at some point when a bad
outcome occurs and family members get upset over that bad outcome.
There will have to be some sort of informed consent that the patient
will have to accept the risks of no physical assessment and perhaps an
incorrect diagnosis.

doctor, patient, time,
medicine, bad, family, day,
registered nurse (RN)

6.2Topic 11: impact of tele-
health on care quality

• It is also burdensome to contact any health care provider via a tele-
phone call. So, what are patients and health care providers without
access to the necessary technology supposed to do regarding annual
follow-up appointments and other medical visits requiring actual
physical re-examinations.

• Physicians should certainly be reimbursed for patient care, including
videoconferencing, and follow-up phone calls.

patient, phone, call, ap-
pointment, follow, issue,
physician, telemedicine

5.9Topic 12: issues related
to telehealth patient ap-
pointment and follow-up

• Definitely virtual doctors are a boon to remote, rural areas where [a]
doctor is a rare commodity.

• This works great for people living in rural areas, with limited access
to health care services.

telemedicine, patient, rural,
clinic, medicine, hospital,
care, remote

5.6Topic 13: advantages of
telehealth for remote and
rural areas
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Table 4. Coefficient estimates of independent variables across the 13 identified topics.

Topic
13: tele-
health
for re-
mote
and ru-
ral ar-
eas, β;
P value

Topic
12: pa-
tient ap-
point-
ment
and fol-
low-up,
β; P val-
ue

Topic
11: im-
pact on
quality
of care,
β; P val-
ue

Topic
10: im-
pact on
physical
examina-
tion, β;
P value

Topic 9:
impact
on pa-
tient-
physi-
cian rela-
tion-
ship, β;
P value

Topic 8:
Moving
consulta-
tions in-
to pa-
tients’
home,
β; P val-
ue

Topic 7:
practice
of
medicine,
β; P val-
ue

Topic 6:
legal
disposi-
tions for
tele-
health,
β; P val-
ue

Topic 5:
tele-
health
over the
phone,
β; P val-
ue

Topic 4:
pay-
ment of
ser-
vices, β;
P value

Topic 3:
criti-
cisms of
tele-
health,
β; P val-
ue

Topic 2:
benefits
of tele-
health,
β; P val-
ue

Topic 1:
virtual
visits,
β; P val-
ue

Indepen-
dent vari-
ables

0.08;

<.001a

0.01;

.48

–0.04;

.01a

–0.04;

.02b

–0.02;

.09

0.07;

<.001a

–0.06;

<.001a

–0.01;

.45

0.04;

.01a

0.02;

.31

0.10;

.04b

–0.03;

.04b

0.05;

.002a

During vs
before
pandemic

–0.02;

.56

–0.03;

.19

–0.12;

<.001a

–0.06;

.12

–0.08;

.03b

0.04;

.25

0.05;

.25

0;

.98

–0.03;

.38

0;

.97

–0.14;

<.001a

0.35;

<.001a

0.04;

.32

Senti-
ment
score

0;

.98

–0.01;

.89

0.12;

.04b

–0.03;

.61

–0.02;

.80

0.02;

.79

0;

.99

0;

.97

–0.05;

.43

0.05;

.48

0.05;
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The frequently mentioned benefits (topic 2) included the
possibility telehealth offers to reach patients who cannot come
to the health care facility for some reasons (living with a
disability, residing in a remote area, etc), the decrease in the
transportation time and cost for the patient, and the improvement
in patients’ access to care and to medical specialists. Some of
these benefits were emphasized during the pandemic:

[The] majority of my patients have been so glad that
we were able to continue with therapy during the
pandemic. Some will be happy to get back to
face-to-face therapy, but most have seen no change
in the sessions.

Although the topic on the benefits of telehealth (topic 2) was
associated with a positive sentiment score overall, the sentiment
score for that topic was less positive during the pandemic
compared to its prepandemic value. A deeper examination of
the comments revealed that this decrease in the sentiment score
may have stemmed from the changes in routine care processes
due to pandemic lockdowns and from the technical difficulties
encountered by health care workers who had acknowledged the
value of telehealth services:

Change is difficult, but telehealth works great for the
provider as well as the patient.

Virtual visits for pediatrics will be quite difficult.
Limited virtual consultation may be possible,
particularly with visually obvious abnormalities that
can be followed visually. I cannot visualize
evaluations of children with epilepsy, asthma, autism
spectrum, cerebral palsy . . . being done by virtual
video visits.

Sure, telemedicine during a global pandemic to enable
social distancing is to be expected, but it is far from
a panacea . . . No one also talks about technological
limitations . . . I didn't go into health care to
troubleshoot people's internet connections. I'd say
50% of my telemedicine encounters have some sort
of technical issue that we spend easily the first 10
minutes dealing with.

Criticisms of telehealth (topic 3) included the impracticality to
perform a physical examination of the patient, which may lead
to misdiagnoses, and the overprescription of certain medications
by health care providers who used telemedicine (eg, antibiotics).
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Health care workers who raised these criticisms opined that
telehealth devalues “the art and science” of medicine:

Telemedicine makes a mockery of the art of medicine.

Say goodbye to the thorough, hands-on assessment
and the art of medicine.

Some commenters argued that the resistance to telehealth from
some health care professionals may be due the noninclusion of
telehealth services into the curricula of training institutions:

The problem with telemedicine is that it flies in the
face of how many of us were trained. We were
constantly told to examine the patient and pay less
attention to labs and radiology.

Worst of all, very few have really been trained on
telemedicine, and how to handle its limitations and
pitfalls.

Other workers stated that adequate training may help decrease
the observed resistance to telehealth services and lead to
improved quality of these services:

With proper training and some careful forethought,
telehealth can be done well for those with serious
illness.

With appropriate training regarding the manner in
which this kind of therapeutic contact is to be carried
out, videoconferencing can be a valuable conduit for
the delivery of clinical treatment or educational
services.

Other topics raised by commenters included the payment of
telehealth services by insurance companies (topic 4; 8.8%) and
the legal dispositions necessary for the practice of telehealth
(topic 6; 7.6%), especially an interstate medical licence for
physicians who practice in the United States. Comments on the
lack of proper legal dispositions for telehealth were not specific
to health care workers from the United States, however. For
instance, a physician from Brazil noted that

Here where I am (Brazil), there are a series of legal
requirements that still discourage (or scare) a
professional using video calls. Psychologists are more
advanced on this topic, but doctors are not yet. The
COVID-19 pandemic is accelerating the discussion,
but there are still many barriers and doubts.

Virtual visits (topic 1), criticisms of telehealth (topic 3),
telehealth services (topic 5), moving consultations to patients’
homes (topic 8), and the advantages of telehealth for remote
areas (topic 13) were more frequently discussed during the
COVID-19 pandemic compared to the prepandemic period. In
contrast, the benefits of telehealth (topic 2), the practice of
medicine (topic 7), physical examination in the era of telehealth
(topic 10), and the impact of telehealth on care quality (topic
11) were less frequently discussed during the pandemic
compared to before the pandemic. Compared to their
counterparts living in other countries, health care workers in
the United States discussed insurance payment of telehealth
services (topic 4), the legal dispositions for telehealth (topic 6),
and physical examination in the era of telehealth (topic 10) more
frequently. Non-US health care workers, instead, discussed the

practice of medicine in the era of telehealth (topic 7) more
frequently than their US counterparts. In general, criticisms of
telehealth (topic 2) were less frequently discussed by nurses
and health administrators compared to physicians. However,
nurses and health administrators discussed issues related to
telehealth patient appointments and follow-ups (topic 12) more
than physicians.

Although the topic of the impact of telehealth on care quality
(topic 11) was associated with a negative sentiment score
overall, the score was less negative during the pandemic
compared to the prepandemic period, signaling a shift in opinion.
Such shift can be seen in comments such as the following posted
during the pandemic:

Having previously been against telemedicine, now I
see a lot of its positive qualities, specifically for the
elderly and for the young, however, too.

The telemedicine services were underutilized. The
new pandemic shows the importance of telemedicine.
The wider use of smartphones is also helpful in this
direction.

However, the adoption of telehealth services by some health
care workers may not outlast the pandemic, as illustrated by
this statement posted by a physician:

The telemedicine visit was important for the first 3
months of the pandemic. However, as soon as we were
able to see patients in the office, then that became my
preferred method to evaluate patients. I agree that
[a] lack of the physical exam was the major reason
to encourage in-office visits, even with stable, chronic
disease patients.

Discussion

Principal Findings
The objective of this research was to examine the opinions of
health care workers about telehealth services and to explore the
impact the COVID-19 pandemic may have had on these
opinions. The analysis showed that the COVID-19 pandemic
did not significantly alter the opinions about telehealth services
expressed by health care workers on the discussion forum of
the study. Although some topics were more (eg, topic 1: virtual
visits) or less (eg, topic 7: practice of medicine) frequently
discussed during the pandemic compared to the prepandemic
period, the same issues about telehealth services were raised
during both time frames. Furthermore, the topic of telehealth
benefits (topic 2) was associated with a less positive sentiment
during the pandemic compared to before the pandemic.
However, the topic of the quality of care of telehealth services
(topic 11) had a higher positive sentiment score during the
pandemic compared to the prepandemic time frame. This finding
may be reflecting the opinion among some health care workers
that telehealth can enhance the quality of care only in unusual
situations when an in-person encounter between patient and
clinician is not feasible, as was the case during the pandemic.
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Differences in Comment Sentiment Scores
The sentiment scores of comments posted by health care
professionals living in the United States were less positive than
those of opinions expressed by their counterparts living in other
countries. The lack of additional information about the
characteristics of the commenters (eg, sociodemographics,
computer knowledge) did not allow the assessment of whether
this association between location of residence and sentiment
scores was due to differences in sociodemographics or in the
knowledge of information technology (IT) between commenters
from the United States and their counterparts from other
countries. Indeed, previous studies have reported that the attitude
toward technology may differ by age, occupational seniority,
and level of training in IT [13,14]. It is worth emphasizing that
the general trends in sentiment scores do not necessary reflect
sentiments about telehealth per se, as demonstrated by the
multiple topics and the associated sentiment scores uncovered
by the analysis. Rather, these general trends show the aggregate
sentiment of the concerns or expectations elicited by discussions
of telehealth.

Discussion Topics Associated With Negative Sentiment
Scores
Although the pandemic may have offered the opportunity to
some health care workers to change their opinions about
telehealth services, criticisms of these services were still
relatively prevalent among the commenters during the pandemic.
Reports on the drawbacks of telehealth, such as the
overprescription of antibiotics in direct-to-consumer (DTC)
telehealth visits, were frequently mentioned by health care
workers who had an unfavorable opinion of telehealth services
[15]. DTC telehealth providers offer virtual consultations with
health care workers to customers or patients through applications
installed on the IT devices of these patients. Patients enter their
symptoms or motives of consultation in the application and are
then assigned to a health care worker in the network of the DTC
telehealth company. The interaction between the patient and
the health professional is entirely virtual, and the latter may
prescribe a treatment at the end of the encounter. DTC telehealth
has often been associated with reduced care quality [16]. It
should be mentioned that other types of telehealth services that
involve some degree of clinical or paraclinical examination
have yielded good quality care [17-19]. Another disadvantage
of telehealth that was frequently mentioned before and during
the pandemic was the inability to perform a physical
examination. Conducting physical examinations has been
reported to be perceived by health care workers as part of their
identity [20]. Hence, telehealth platforms that do not offer the
possibility to perform a physical examination are perceived to
threaten that identity. Statements such as “telemedicine makes
a mockery of the art of medicine” can be interpreted through
the lens of the perceived threat to this occupational identity. It
is worth noting that some solutions exist to address the issue of
physical exam during telehealth sessions. These solutions
include facilitated virtual visits, which require the patient to be
examined in a designated facility (originating site), usually by
a health care professional (facilitator), during the virtual visit.
Information about the physical exam is then transmitted by the
facilitator to the patient health provider participating in this

telehealth session. Another solution for addressing the issue of
physical examination is the use of diagnostic tools (eg, digital
stethoscope) that can transmit data from the physical
examination remotely [21].

Promoting the Adoption of Telehealth Services
Researchers have shown that the technology acceptance model
[22], which posits that the individuals’ perceptions of the
technology’s usefulness and ease of use influence their
acceptance of that technology, was an adequate framework for
predicting health care professionals’ intention to use telehealth
services [23,24]. Hence, promoting the usefulness of telehealth
services and implementing systems that are perceived as easy
to use can boost the adoption of telehealth by health
professionals. In this study, topics related to the ease of use of
telehealth included not only its limitation for conducting a
physical examination (topic 10) but also the lack of appropriate
legal and service reimbursement dispositions for its adoption
(topics 4 and 6). Hence, enhancing telehealth adoption requires
addressing these barriers to its usage. Topics related to the
perceived usefulness of telehealth included discussions of its
benefits (topic 2) and the advantages it offers for the care of
patients living in remote or rural areas (topic 13). However, the
promotion of the usefulness of telehealth will need to address
the perceived drawbacks of its adoption, namely its reported or
perceived negative impact on the quality of care (topic 11) and
the practice of medicine (topic 3).

Serrano and Karahanna [25] proposed that a successful session
of a telehealth visit requires 3 ingredients: the ability of the
patient to relay the relevant information through the technology,
the competence of the clinician in eliciting from the patient the
appropriate information needed to perform the clinical service,
and the capacity of the technology to transmit and present the
relevant information to both the clinician and the patient. Health
professionals’ frustrations from telehealth may come from the
patients’ lack of knowledge on how to use the technology to
convey information relevant to their condition. A physician
wrote,

I put myself in the place of a patient who only knows
Skype and who, from one moment to the next, to talk
to his doctor, will need to use a platform he has never
seen . . . it must be very embarrassing.

Hence, educating patients on how to use a telehealth platform
should be among the measures implemented to improve the
quality of telehealth services. Health care professionals
providing telehealth services should be trained as well, not only
on how to navigate the technological features of the platform,
but also on how to foster a virtual environment that promotes
a good patient-clinician relationship that can help obtain relevant
clinical information from the patient. As demonstrated by
Serrano and Karahanna [25], a clinician task-specific capability
(eg, competency in patient history enquiry) can compensate for
the limitations of technology in performing certain tasks. In
addition, the technology should fit the clinical task to be
performed. Many of the criticisms against telehealth from
clinicians included the difficulty or impossibility to obtain
certain information through the platform. Under the
task-technology-fit framework, the platform used for the
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telehealth should include features that enhance image or sound
quality so that the virtual patient-clinician encounter can be as
close as possible to an in-person interaction [25]. Additional
technological requirements include a secure and adequate
internet connection and easy-to-use software [21]. There are
platforms that allow performing a certain number of physical
examinations (called provider access software), but their
capabilities are still limited [21]. Finally, a technological support
team should be available when the system malfunctions.

Factors that may improve health care workers’perceptions about
telehealth include involving them in the design and
implementation of the organization’s telehealth platforms [26],
having opinion leaders express their support for these services
and making resources and technical support available [27], and
training adequately workers in utilizing these services [28].

The absence of adequate legal dispositions and the differences
in telehealth service payment policies by health insurance
companies, as noted by some commenters, can hamper the
adoption of telehealth [29]. Adler-Milstein et al [30] reported
that in the United States, the promotion of private payer
reimbursement policies for telehealth services enhances
telehealth adoption, while the requirement of an out-of-state
licensure for telehealth decreases its adoption. Hence, wider
structural changes beyond individual health care organizations
are needed as well to foster the adoption of telehealth services.

Limitations
The study had some limitations. First, the sample of health care
workers who posted their comments on telehealth are not
necessarily representative of the population of health care

professionals working in the United States or in other countries.
In addition, the relatively small number of comments collected
may not have been exhaustive enough to identify other prevalent
viewpoints about telehealth. Finally, there is no available method
for determining the exact number of topics to be extracted from
a corpus. Methods available are all approximate and use
different criteria for selecting the number of topics to extract.
Thus, it is possible that methods different from the ones used
in this paper (semantic coherence, held-out likelihood, and
exclusivity) may have yielded a different value for the number
of topics to be extracted. Despite these limitations, the analysis
of the collected comments provided a valuable insight into the
opinions of health care workers about telehealth services over
a period of 8 years (2013-2020).

Conclusion
The COVID-19 pandemic and the lockdowns mandated by
public officials to control the spread of infection have fostered
an interest in expanding telehealth services among health care
organizations. However, hurdles to the widespread adoption of
these services still remain, including some health care workers’
resistance to telehealth, insufficient or inadequate legal
dispositions for providing these services, and a lack of coverage
of these services by insurance companies. Promoting changes
in the unfavorable attitude toward telehealth among health care
professionals may require the promotion of evidence-based
literature that demonstrates high satisfaction of both patients
and clinicians about telehealth. Furthermore, including telehealth
service training into the curricula of health care professional
training institutions can help prepare these workers perform
these services.
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Abstract

Background: The COVID-19 pandemic has created a pressing need for integrating information from disparate sources in order
to assist decision makers. Social media is important in this respect; however, to make sense of the textual information it provides
and be able to automate the processing of large amounts of data, natural language processing methods are needed. Social media
posts are often noisy, yet they may provide valuable insights regarding the severity and prevalence of the disease in the population.
Here, we adopt a triage and diagnosis approach to analyzing social media posts using machine learning techniques for the purpose
of disease detection and surveillance. We thus obtain useful prevalence and incidence statistics to identify disease symptoms and
their severities, motivated by public health concerns.

Objective: This study aims to develop an end-to-end natural language processing pipeline for triage and diagnosis of COVID-19
from patient-authored social media posts in order to provide researchers and public health practitioners with additional information
on the symptoms, severity, and prevalence of the disease rather than to provide an actionable decision at the individual level.

Methods: The text processing pipeline first extracted COVID-19 symptoms and related concepts, such as severity, duration,
negations, and body parts, from patients’ posts using conditional random fields. An unsupervised rule-based algorithm was then
applied to establish relations between concepts in the next step of the pipeline. The extracted concepts and relations were
subsequently used to construct 2 different vector representations of each post. These vectors were separately applied to build
support vector machine learning models to triage patients into 3 categories and diagnose them for COVID-19.

Results: We reported macro- and microaveraged F1 scores in the range of 71%-96% and 61%-87%, respectively, for the triage
and diagnosis of COVID-19 when the models were trained on human-labeled data. Our experimental results indicated that similar
performance can be achieved when the models are trained using predicted labels from concept extraction and rule-based classifiers,
thus yielding end-to-end machine learning. In addition, we highlighted important features uncovered by our diagnostic machine
learning models and compared them with the most frequent symptoms revealed in another COVID-19 data set. In particular, we
found that the most important features are not always the most frequent ones.

Conclusions: Our preliminary results show that it is possible to automatically triage and diagnose patients for COVID-19 from
social media natural language narratives, using a machine learning pipeline in order to provide information on the severity and
prevalence of the disease for use within health surveillance systems.

(J Med Internet Res 2022;24(2):e30397)   doi:10.2196/30397
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Introduction

Overview
During the ongoing coronavirus pandemic, hospitals have been
continuously at risk of being overwhelmed by the number of
people developing serious illness. People in the United Kingdom
were advised to stay at home if they had coronavirus symptoms
and to seek assistance through the National Health Service
(NHS) helpline if they needed to [1]. Consequently, there is an
urgent need to develop novel, practical approaches to assist
medical staff. A variety of methods have been recently
developed that involve natural language processing (NLP)
techniques; the concerns of these methods range from the level
of the individual (see, for example, [2,3]) up to the population
level [4,5].

Herein, we take a diagnostic approach and propose an
end-to-end NLP pipeline to automatically triage and diagnose
COVID-19 cases from patient-authored medical social media
posts. The triage may inform decision makers about the severity
of COVID-19, and diagnosis could help in gauging the
prevalence of infections in the population. Attempting a clinical
diagnosis of influenza, or in our case a diagnosis of COVID-19,
purely based on the information provided in a social media post
is unlikely to be sufficiently accurate to be actionable at an
individual level, since the quality of this information will be
typically noisy and incomplete. However, it is not necessary to
have actionable diagnoses at the individual level in order to
identify interesting patterns at the population level, which may
be useful within public health surveillance systems. For
example, text messages from the microblogging site Twitter
were used to identify influenza outbreaks [6]. In addition,
Twitter data in conjunction with a US Centers for Disease
Control and Prevention (CDC) data set were used to predict the
percentage of influenza-like illness in the US population [7].

One of our key concerns is in the production of a high-quality
human-labeled data set on which to build our pipeline. Here,
we give a brief overview of our pipeline and how we developed
our data set. The first step in the pipeline was attained by
developing an annotation application that detects and highlights
COVID-19-related symptoms with their severity and duration
in a social media post, henceforth collectively termed as
concepts. During the second step, relations between symptoms
and other relevant concepts were also automatically identified
and annotated. For example, breathing hurts is a symptom,
which is related to a body part, the upper chest area.

One author manually annotated our data with concepts and
relations, allowing us to present posts highlighted with identified
concepts and relations to 3 experts, along with several questions,
as shown in Figure 1. The first question asked the experts to
triage a patient into 1 of the following 3 categories: Stay at
home, Send to a GP (where GP stands for general physician),
or Send to a hospital. The second question asked to diagnose
the likelihood of COVID-19 on a Likert scale of 1-5 [8].

The 3 experts are junior doctors working in the United Kingdom
who were redeployed to work on COVID-19 wards during the
first wave of the pandemic, between March and July 2020. Their
roles involved the diagnosis and management of patients with
COVID-19, including patients who were particularly unwell
and required either noninvasive or invasive ventilation. There
were some training sessions organized for doctors working in
COVID-19 wards. However, these were only provided toward
the end of the first wave, as there was initially little knowledge
of the virus and how to treat it. In the hospital, the doctors
followed local protocols, which were adjusted as more
experience was gained about the virus.

We also asked the doctors to indicate whether the highlighted
text presented is sufficient in reaching their decision in order
to understand its usefulness when we incorporate it in the
annotation interface. The annotations were found to be sufficient
in as many as 85% of the posts, on average, as indicated by the
doctors’ answers to question 3 in Figure 1.

The posts labeled by the doctors were then used to construct 2
types of predictive machine learning model using support vector
machines (SVMs) [9,10]; see the Step 4: Triage and Diagnosis
subsection in the Methods section. The triage models use
hierarchical binary classifiers, which consider the risk averseness
or tolerance of the doctors when making the diagnosis [11]. The
diagnostic models first calculate the probability of a patient
having COVID-19 from doctors’ ratings. The probabilities are
then used to construct 3 different decision functions for
classifying COVID and NO_COVID classes; these are detailed
in the Problem Setting subsection in the Methods section.

We trained the SVM models in 2 different ways: first with
ground-truth annotations and second using predictions from the
concept and relation extraction step described before. Predictions
obtained from the concept extraction step make use of
conditional random fields (CRFs) [12]; see the Step 1: Concept
Extraction subsection in the Methods section for implementation
details. Relations are obtained from these predicted concepts
using an unsupervised rule-based (RB) classifier [13]; see the
Step 2: Relation Extraction subsection in the Methods section.

We also discussed the feature importance obtained from the
constructed COVID-19 diagnostic models and compared it with
the most frequent symptoms from Sarker et al [4] and our data
set. We found that symptoms such as anosmia/ageusia (loss of
smell/taste) rank in the top 5 most important features, whereas
they do not rank in the top 5 most frequent symptoms; see the
Discussion section. Overall, we made several contributions as
follows:

• We showed that it is possible to take an approach that aims
at disease detection to augment public health surveillance
systems, by constructing machine learning models to triage
and diagnose COVID-19 from patients' natural language
narratives. To the best of our knowledge, no other previous
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work has attempted to triage or diagnose COVID-19 from
social media posts.

• We also built an end-to-end NLP pipeline by making use
of automated concept and relation extraction. Our

experiments showed that the models built using predictions
from concept and relation extraction produce similar results
to those built using ground-truth human concept annotation.

Figure 1. A patient-authored social media post is annotated with symptoms (light green), affected body parts (pale blue), duration (light yellow), and
severities (pink). The phrases in square brackets show relations between a symptom and a body part/duration/severity when the distance is greater than
1. This annotated post was presented to 3 doctors to triage and diagnose the author of the post by answering questions 1 and 2, respectively. GP: general
physician.

Related Work
Data derived from social media have been successfully used to
facilitate the detection of influenza epidemics [6,7]. In addition,
Edo-Osagie et al [14] provide a thorough review of the use of
Twitter in public health surveillance for the purpose of
monitoring, detecting, and forecasting influenza-like illnesses.
Since the start of the COVID-19 pandemic, a number of mobile
application–based, self-reported symptom tools have emerged
to track novel symptoms [15]. The mobile application in Menni
et al [16] applied logistic regression (LR) to predict the
percentage of probable infected cases among the total
application users in the United States and United Kingdom
combined. Mizrahi et al [17] performed a statistical analysis on
primary care electronic health record (EHR) data to find
longitudinal dynamics of symptoms prior to and throughout the
infection.

At an individual diagnostic level, Zimmerman et al [18] applied
classification and regression trees to determine the likelihood
of symptom severity of influenza in clinical settings. Moreover,

machine learning algorithms, such as decision trees, have shown
promising results in detecting COVID-19 from blood test
analyses [19]. Here, we focus on features extracted from a
textual source to triage and diagnose COVID-19 for the purpose
of providing population-level statistics in the context of public
health surveillance. Studies related to our work deploy features
obtained from online portals, telehealth visits, and structured
and unstructured patient/doctor notes from EHRs. In general,
COVID-19 clinical prediction models can broadly be categorized
into risk, diagnosis, and prognosis models [20].

In Judson et al [21], a portal-based COVID-19 self-triage and
self-scheduling tool was used to segment patients into 4 risk
categories: emergent, urgent, nonurgent, and self-care, whereas
the online telemedicine system in Liu et al [22] used LR to
predict low-, moderate-, and high-risk patients by utilizing
demographic information, clinical symptoms, blood tests, and
computed tomography (CT) scan results.

In Schwab et al [3], various machine learning models were
developed to predict patient outcomes from clinical, laboratory,
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and demographic features found in EHRs [23]. The authors
reported that gradient boosting (XGB), random forests, and
SVMs are the best-performing models for predicting COVID-19
test results, hospital admissions, and intensive care unit
admissions for positive patients, respectively. A detailed list of
clinical and laboratory features can be found in Wang et al [24],
where the authors developed predictive models for the inpatient
mortality in Wuhan using an ensemble of XGB models.
Similarly, in Vaid et al [25], mortality and critical events for
patients using XGB classifiers were predicted. Finally, a critical
review on various diagnostic and prognostic models of
COVID-19 used in clinical settings can be found in Wynants
et al [20].

In Wagner et al [26], COVID-19 symptoms from unstructured
clinical notes in the EHRs of patients subjected to COVID-19
polymerase chain reaction (PCR) testing were extracted. In
addition, COVID-19 SignSym [27] was designed to
automatically extract symptoms and related attributes from free
text. Furthermore, the study by López-Úbeda et al [28] utilized
radiological text reports from lung CT scans to diagnose
COVID-19. Similar to our approach, López-Úbeda et al [28]
first extracted concepts using a popular medical ontology [29]
and then constructed a document representation using word
embeddings [30] and concept vectors [28]. However, our
methodology differs from theirs with respect to the extraction
of relations between concepts, and moreover, our data set,
comprising posts obtained from medical social media, is more
challenging to work with, since social media posts exhibit
greater heterogeneity in language than radiological text reports.

Finally, Sarker et al [4] published a COVID-19 symptom lexicon
extracted from Twitter, which we compared our work to in the
Discussion section.

Methods

Data
We collected social media posts discussing COVID-19 medical
conditions from a forum called Patient [31]. This a public forum
that was created at the onset of the coronavirus outbreak in the
United Kingdom. We obtained permission from the site
administrator to scrape publicly available posts dated between
April and June 2020. In addition, all user IDs and metadata were
removed from the posts for the purpose of the study. After the
posts were anonymized, and duplicates were removed, we
randomly selected 500 distinct posts. The first author annotated
these posts with the classes shown in Figure 2. The class labels
represent symptoms and the related concepts: (1) duration; (2)
intensifier, which increases the level of symptom severity; (3)
severity; (4) negation, which denotes the presence or absence
of the symptom or severity; and (5) affected body parts. We
also annotated relations between a symptom and other concepts
that exist at the sentence level. For example, the relation between
a symptom and a severity concept is denoted as (SYM,
SEVERITY). The posts were then marked with concepts in
different colors, and the relations were placed right after the
symptom in square brackets, as shown in Figure 1. Each marked
post was presented to the doctors using a web application, and
they were asked 3 questions independently; see Figure 1. We
called the doctors’ answers to questions 1 and 2 as the
COVID-19 symptom triage and diagnosis, respectively. Thus,
for each post, we had 3 independent answers from 3 doctors,
which we denoted as A, B, and C, respectively; these
corresponded to the last 3 authors of the paper and were assigned
randomly.

Figure 2. Frequency distribution of annotated classes/concepts from the text are shown. We have also shown the percentage of each class after discounting
the OTHER labels. The average number of tokens per post was 130.17 (SD 97.83). BPOC: body part, organ, or organ component; SYM: symptoms.

Measurement of Agreement
To measure the agreement between the answers
(recommendations and ratings) of the 3 doctors to questions 1

and 2 of Figure 1, we first calculated the proportion of observed
agreement (ρo), as suggested by de Vet et al [32], who stipulated
that Cohen κ is actually a measure of reliability rather than
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agreement; we observed that ρo was high in all cases, as can be
seen in Table 1. We noted that the paradoxical behavior of
Cohen κ can arise when the absolute agreement (ρo) is high
[33]. This may occur when there is a substantial imbalance in
the marginal totals of the answers, which we observed in the
answers to question 1. Consequently, in addition to Cohen κ,
we deployed a common solution to this problem, called the AC1
statistic devised by Gwet and coworkers [34,35].

We found that for question 1, the AC1 measure showed
moderate agreement (in the middle of the moderate range)
between A and B (0.55) and substantial agreement between A
and C (0.72); see Landis and Koch [36] for the benchmark scale
for the strength of agreement. For question 2, it turned out that

said paradox did not occur, resulting in similar values for κ and
AC1. The agreement between A and B (κ=0.64, AC1=0.67)
and between B and C (κ=0.64, AC1=0.67) was substantial,
while the agreement between A and C (κ=0.40, AC1=0.40) was
on the boundary of fair and moderate; see Table 1.

It is important to note that COVID-19 is a novel virus disease,
for which the doctors did not have prior experience or training
before the first wave of the pandemic, and thus one would expect
some difference of opinion. (We bear in mind that in our setting,
the doctors can only see the posts and thus cannot interact with
the patients as they would in a normal scenario.) Moreover,
there are probable differences in risk tolerances between the
doctors, which would lead to potentially different decisions and
diagnoses.

Table 1. Pairwise agreement between pairs of doctors’ answers to questions 1 and 2; see Figure 1 for an example.

Question 2Question 1Pair

AC1κρ oAC1κρ o

0.670.640.730.550.260.65AB

0.670.640.730.530.140.63BC

0.400.400.510.720.280.77AC

Problem Setting

Triage Classification for Question 1
We mapped the doctors’ recommendations from question 1 to
ordinal values; the options Stay at home, Send to a GP, or Send
to a hospital were transformed to the values 1, 2, and 3,
respectively. To combine recommendations from 2 or more
doctors, we first took their average. This result was rounded to
an integer in 1 of 2 ways: either by taking the floor or by taking
the ceiling. Considering the risk attitude prevalent among
medical practitioners [11], we categorized the ceiling of the
average to be risk averse, denoted by, for example, AB(R-a),
and the floor to be risk tolerant, denoted by, for example,
AB(R-t). Thus, for each patient’s post, we had in total 11
recommendations from 3 doctors for question 1. We constructed
a hierarchical classification model for each of these
recommendations, where the goal was to classify a post into 1
of the 3 options.

Diagnosis Classification for Question 2
To diagnose whether a patient has COVID-19 from their post,
we first estimated the probability of having the disease by
normalizing the rating (ie, given a rating, r, the probability of
COVID-19, Pr(COVID|r), which we termed the ground-truth
probability (GTP), was simply Pr(COVID|r) = (r – 1)/4.

Given our GTP estimates were discrete, we investigated 3
decision boundaries, denoted by LE, LT, and NEQ, based on a
threshold value of 0.5 to classify a post as follows:

• LE: If Pr(COVID|r)≤0.5, then NO_COVID, else COVID.
• LT: If Pr(COVID|r)<0.5, then NO_COVID, else COVID.
• NEQ: If Pr(COVID|r)<0.5, then NO_COVID, elseif

Pr(COVID|r)>0.5, then COVID.

Note that NEQ ignores cases on the 0.5 boundary.

Methodology
A schematic of our methodology to triage and diagnose patients
based on their social posts is shown in Figure 3. Here, the circles
denote the steps followed in the pipeline. We now detail each
of these steps.

Figure 3. A block diagram of the COVID-19 triage-and-diagnosis text processing pipeline. CRF: conditional random field; RB: rule based; SVM:
support vector machine.

J Med Internet Res 2022 | vol. 24 | iss. 2 | e30397 | p.1050https://www.jmir.org/2022/2/e30397
(page number not for citation purposes)

Hasan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Step 1: Concept Extraction
In the first step, we preprocessed each patient’s post by splitting
it into sentences and tokens using General Architecture for Text
Engineering (GATE) software’s (University of Sheffield) [37]
built-in NLP pipeline. For each token in a sentence, we built
discrete features that signal whether the token is a member of
1 of the following dictionaries: (1) Symptom, (2) Severity, (3)
Duration, (4) Intensifier, and (5) Negation. The dictionaries
were built by analyzing the posts while annotating them. We
also utilized the MetaMap system [29], assuming that it contains
all the necessary technical terms, to map tokens to 3 useful
semantic categories: Sign or Symptom; Disease or Syndrome;
and Body Part, Organ, or Organ Component. Due to the
assumption regarding medical terms, the system does not expect
any new additional terms, and thus we were justified in
extracting concepts and relations in preprocessing steps. The
preprocessed text was then used to build a concept extraction
module to recognize the classes, shown in Figure 2, by applying
a CRF [12]. A detailed description of our CRF training
methodology can be found in Hasan et al [38]. The extracted
concepts were then used for our next step to recognize the
relations between concepts.

Step 2: Relation Extraction
The semantic relation between a symptom and other concepts,
which we formally termed modifiers, was resolved using an
unsupervised RB classifier algorithm. We first filtered all
symptom and modifier pairs from a sentence within a predefined
distance and then selected the closest modifier to a symptom to
construct a relation. In total, we extracted 5 kinds of relations
as follows: (SYM, SEVERITY), (SYM, DURATION), (SYM,
BPOC), (SYM, NEGATION), and (SYM, ?)—here, SYM and
BPOC refer to symptoms, and body part, organ, or organ
component, respectively.

The severity modifiers were mapped to a scale of 1-5; the
semantic meaning of the scale was very mild, mild, moderate,
severe, and very severe, respectively. The duration modifiers
were also mapped to real values in chunks of weeks. So, for
example, 10 days was mapped to the value 1.43.

Step 3: Vector Representation
Fixed-length vector representations suitable as input for SVM
classifiers were built as follows:

• Symptom-only vector representation: Let <S0, S1, . . . , Sn>
be a vector of symptoms constructed from the symptom
vocabulary; for our data set, the number of unique symptom
words/phrases was n=871. To construct the vector
representation for a post, we extracted the concept, SYM,
and the relation (SYM, NEGATION) and set Si to 1, 0, or

–1 according to whether the symptom was present, not
present, or negated, respectively.

• Symptom-modifier relation vector representation: The
symptom-modifier relation vector is a much larger vector
than the symptom-only vector and comprises 3 appended
vectors containing (1) the absence or presence of 110 unique
body parts, (2) the absence or value of a symptom duration,
and (3) the absence, negation, or value or a symptom
severity.

Step 4: Triage and Diagnosis
We utilized SVM classification and regression models to triage
and diagnose patients’ posts, respectively, from the vector
representations described earlier. For question 1, the
recommendation from a doctor or a combination of doctors was
the class label of the post; see the Problem setting subsection
in the Methods section for a description. To build a binary
classifier, we first combined the Send to a GP and Send to a
hospital recommendations to represent a single class, Send. The
SVM was trained to distinguish between the Stay at home and
the Send options; we called this SVM classifier 1. Next, the
posts labeled as Stay at home were discarded and SVM classifier
2 was built utilizing the remaining posts to classify the Send to
a GP and Send to a hospital recommendations. This resulted
in a hierarchical classifier for COVID-19 triage.

For diagnosing COVID-19 cases, we deployed a variant of the
SVM, called support vector regression (SVR) [9], to estimate
the probability of COVID-19. We used the GTP that was derived
from answers to question 2 as the dependent variable. SVR
takes as input a high-dimensional feature vector, such as a
symptom-only or a symptom-modifier relation vector
representation, as described earlier. Classification was performed
using the 3 decision functions, LE, LT, and NEQ, described
previously.

Results

Evaluation
We evaluated the performance of the CRF and SVM
classification algorithms using the standard measures of
precision, recall, and macro- and microaveraged F1 scores [39].
Macroaveraged scores were computed by considering the score
independently for each class and then taking the average, while
microaveraged scores were computed by considering all the
classes together. As our data set was not balanced with COVID
and NO_COVID classes, as can be seen in Figure 4, and we
wished to give equal weight to all instances, we reported
microaveraged scores for the SVR classification. In contrast,
in the case of concept extraction, the Other class dominated.
So, in this case, we reported the macroaveraged scores for the
CRF classification results.
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Figure 4. Support ratio of triage classes across models for question 1 classification tasks. Absolute numbers for the "Send to a hospital" class in test
sets were as follows: A=10, B=12, AB(R-a)=14, AB(R-t)=5, BC(R-a)=6, AC(R-a)=5, and ABC(R-a)=9; the value for the remaining models was 0. GP:
general physician.

Experimental Setup
For the CRF, we reported 3-fold cross-validated macroaveraged
results. Specifically, we trained each fold by a Python wrapper
[40] for CRFsuite; see Okazaki [41]. For relation extraction,
we ran our unsupervised RB algorithm on the 500 posts and
calculated the F1 scores by varying distances considering the 2
cases with and without stop words.

We constructed SVM binary classifiers, SVM classifier 1 and
SVM classifier 2, using the Python wrapper for LIBSVM [42]
implemented in Sklearn [43] with both linear and Gaussian
radial basis function (RBF) kernels [10]. Similarly, SVR [44]
was implemented using LIBSVM and was built with both linear
and RBF kernels. The hyperparameters (C=10 for the penalty,
γ=0.01 for the RBF kernel, and ε=0.5 for the threshold) were
discovered using a grid search [43].

We simulated 2 cases for COVID-19 triage and diagnosis. First
SVM and SVR models were trained with the ground truth to
examine the predictive performance when they are deployed as
stand-alone applications. Second, when trained with the
predictions from the CRF and RB classifier, they resembled an
end-to-end NLP application. To obtain a comparable result, the
models were always tested with the ground truth. As a measure
of performance, we reported macro- and microaveraged F1

scores for SVM classifiers and SVR, respectively.

Evaluation Outcomes
The concept and relation extraction phases produced excellent
and good predictive performances, respectively; see Tables 2
and 3. The triage classification results from question 1 are shown
in Tables 4 and 5; the full enumeration can be seen in the first
column. When we trained the models with the
symptom-modifier vector representations from the ground truth,
the results of SVM classifier 1 and SVM classifier 2 were in
the range of 72%-93% and 83%-96%, respectively. The
symptom-only vector representations produced results in the
range of 71%-94% and 79%-95%. These results suggested that
we can achieve good predictive performance for classifying
Stay at home and Send and for Send to a GP and Send to a

hospital. In general, risk-tolerant models achieved better
performance than risk-averse models. However, since in the
test set, posts with the label Send to a hospital were missing for
some models (as can be seen from Figure 5), we could not report
them. We reported macroaveraged F1 score results since question
1 was framed as a decision problem, where weights for the
classes are a priori equal. The results obtained after training
with CRF predictions were in similar ranges for both
representations and classifiers. This is important, because it
indicated that an end-to-end NLP application is likely to produce
similar predictive performance.

Regarding question 2, when we trained the models with the
symptom-modifier vector representation from the ground truth,
the results of COVID-19 diagnosis were in the range of
72%-87%, 61%-76%, and 74%-87% for the LE, LT, and NEQ
decision functions, respectively; see Table 6. The symptom-only
vector representation produced results in the range of 70%-88%,
59%-79%, and 74%-87% for the LE, LT, and NEQ decision
functions, respectively.

In general, NEQ models perform better due to the omission of
borderline cases where the GTPs are exactly 0.5. The support
ratios for each model for different decision functions are shown
in Figure 4. When we trained the models with the
symptom-modifier vector representation from the CRF
predictions, the results were in the range of 68%-86%,
64%-76%, and 73%-87% for the LE, LT, and NEQ decision
functions, respectively. This indicated that for diagnosis as well
as triage, an end-to-end NLP application is likely to perform
similarly to stand-alone applications. Here, we reported
microaveraged F1 scores since, in our data set, NO_COVID
cases dominated; this largely resembled the natural distribution
in the population, where people who tested positive for
coronavirus are a relatively low percentage in the whole
population, even when the prevalence of the virus is high.

Finally, we trained our models using a linear kernel but found
that the RBF dominates in most of the cases; however, linear
kernels are useful in finding feature importance [45].
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Table 2. Concept extraction using CRFa on 3-fold cross-validation.

SupportF1 scoreRecallPrecisionLabel

13000.950.970.94SYMb

4370.790.790.80SEVERITY

3560.870.830.92BPOCc

6670.890.910.87DURATION

4940.920.970.88INTENSIFIER

3380.860.890.83NEGATION

168920.980.980.99OTHER

—d0.890.890.89Macroaverage

aCRF: conditional random field.
bSYM: symptoms.
cBPOC: body part, organ, or organ component.
dNot applicable.

Table 3. Relation extraction using RBa classifier results on 3-fold cross-validation.

Without stop wordsWith stop wordsDistance

F1 scoreRecallPrecisionF1 scoreRecallPrecision

0.690.640.740.680.630.742

0.710.670.750.710.670.753

0.720.690.750.720.690.754

0.730.710.740.730.710.755

0.730.720.740.730.720.746

0.730.730.730.730.730.737

aRB: rule based.
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Table 4. Question 1: hierarchical classification results for the RBFa kernel using the symptom-modifier relation vector.

SVM classifier 2SVMb classifier 1Model

F1 scoreRecallPrecisionF1 scoreRecallPrecision

Trained on the ground truth

0.830.950.730.860.910.82A

0.890.990.810.750.770.73B

———c0.910.980.85C

0.880.960.800.720.750.70AB(R-a)

0.921.000.850.890.960.84AB(R-t)

0.961.000.920.730.750.72BC(R-a)

———0.920.990.86BC(R-t)

0.941.000.890.830.870.79AC(R-a)

———0.930.980.88AC(R-t)

0.930.990.890.730.760.70ABC(R-a)

———0.930.990.88ABC(R-t)

Trained on the CRFd predictions

0.800.910.720.850.890.81A

0.890.990.810.740.740.74B

———0.900.960.85C

0.880.960.810.710.710.73AB(R-a)

0.921.000.840.880.940.84AB(R-t)

0.961.000.920.720.710.74BC(R-a)

———0.930.980.88BC(R-t)

0.941.000.890.830.850.81AC(R-a)

———0.930.980.88AC(R-t)

0.941.000.890.720.720.72ABC(R-a)

———0.930.980.89ABC(R-t)

aRBF: radial basis function.
bSVM: support vector machine.
cNot applicable.
dCRF: conditional random field.
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Table 5. Question 1: hierarchical classification results for the RBFa kernel using the symptom-only vector.

SVM classifier 2SVMb classifier 1Model

F1 scoreRecallPrecisionF1 scoreRecallPrecision

Trained on the ground truth

0.790.850.740.870.910.83A

0.890.980.810.760.810.71B

———c0.920.970.87C

0.890.960.830.720.750.69AB(R-a)

0.921.000.850.890.940.85AB(R-t)

0.950.990.920.750.790.71BC(R-a)

———0.930.980.88BC(R-t)

0.941.000.890.830.860.80AC(R-a)

———0.940.980.90AC(R-t)

0.951.000.900.710.740.68ABC(R-a)

———0.940.980.90ABC(R-t)

Trained on the CRFd predictions

0.780.820.740.870.890.84A

0.890.980.820.770.790.74B

———0.900.950.86C

0.870.920.830.730.760.72AB(R-a)

0.900.980.840.900.930.87AB(R-t)

0.950.990.920.750.780.72BC(R-a)

———0.920.970.87BC(R-t)

0.941.000.890.830.860.80AC(R-a)

———0.920.950.89AC(R-t)

0.930.990.890.730.760.71ABC(R-a)

———0.920.950.90ABC(R-t)

aRBF: radial basis function.
bSVM: support vector machine.
cNot applicable.
dCRF: conditional random field.

Figure 5. Support ratio of diagnosis classes across models and 3 decision functions for question 2 classification tasks.
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Table 6. Question 2: microaveraged F1 score results for different models and decision functions. Here, A, B, and C are 3 medical doctors (abbreviated
as Dr) who took part in the experiment.

Symptom-only vectorSymptom-modifier vectorModel

NEQLTLENEQLTLE

Trained on the ground truth

0.740.590.700.780.610.72A

0.770.620.780.760.610.78B

0.870.750.880.870.750.87C

0.750.650.740.740.660.72AB

0.860.790.850.840.760.84BC

0.830.740.830.810.730.81AC

0.770.670.750.760.670.74ABC

Trained on the CRFa predictions

0.740.790.500.760.640.68A

0.740.570.780.770.640.76B

0.860.740.870.870.750.86C

0.740.660.710.730.650.70AB

0.860.780.850.830.760.83BC

0.810.730.800.820.740.80AC

0.770.690.740.760.690.72ABC

aCRF: conditional random field.

Discussion

Principal Findings
This study demonstrates the potential to triage and diagnose
COVID-19 patients from their social media posts. We presented
a proof-of-concept system to predict a patient’s health state by
building machine learning models from their narrative. The
models were trained in 2 ways: using (1) ground-truth labels
and (2) predictions obtained from the NLP pipeline. Trained
models are always tested on ground-truth labels. We obtained
good performances in both cases, which indicates that an
automated NLP pipeline could be used to triage and diagnose
patients from their narrative; see the Evaluation Outcomes
subsection in the Results section. In general, health professionals
and researchers could deploys triage models to determine the
severity of COVID-19 cases in the population and diagnostic
models to gauge the prevalence of the pandemic.

Comparison With Prior Work
To quantify the important predictive features in the training set,
we experimented with COVID-19 diagnosis using linear kernel
SVR regression. More specifically, we used the symptom-only
vector representation constructed from the ground truth. We
summed feature weights for each Si in <S0, S1, . . . , Sn> from
the 7 models and the 3 decision functions; see the Methods
section. The features were then mapped to the categories found
in the Twitter COVID-19 lexicon complied by Sarker et al [4].
The top 5 important features in our data set were cough,
anosmia/agusia, dyspnea, pyrexia, and fatigue. Mizrahi et al

[17] quoted 4 of these symptoms as the most prevalent
coronavirus symptoms, strongly correlating with our findings.

To compare our importance ranking with that of Sarker et al’s
[4] frequent categories, we compiled the corresponding
frequencies of our 5 most important symptoms. Normalized
weights and frequencies were then plotted in Figure 6. The
top-left stacked bar chart compares our 5 most important features
with Sarker et al’s [4] frequencies. Cough was the most
important symptom from our data set, where it was the
second-most frequent. Anosmia/ageusia ranked second in our
importance list, while it was seventh in the most frequent list.
Pyrexia came first and fourth in both the frequent and
importance lists, respectively.

The top-right chart in Figure 6 shows a comparison between
Sarker et al’s [4] frequency ranking and our importance ranking.
Here, we selected the top 5 most frequent symptoms from Sarker
et al’s [4] frequency list and normalized them. These are pyrexia,
cough, body ache, fatigue, and headache. We took the
corresponding importance weights of these symptoms and

plotted them in a stacked bar chart. Here, headache ranked 22nd

in our importance ranking, while it was 5th in the frequency
ranking. We found a large difference between the 2 rankings,
implying that the top-most frequent symptoms are not
necessarily the most important ones.

Next, we compared our most important feature weights with
our data set’s frequency ranking using the methods described
earlier. From the bottom-left stacked bar chart of Figure 6, we
observed that anosmia/ageusia were relatively low in order in
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the frequency ranking (ie, 11th). As in Sarker et al’s [4] ranking,
cough came second in our data set’s frequency ranking.

Finally, the bottom-right chart in Figure 6 refers to the
comparison between our data set’s frequency and importance

rankings for the corresponding symptoms. We observed that

anxiety ranked 4th in the frequency list, while it was low (ie,

23rd) in the importance ranking.

Figure 6. Feature comparison between our most important features and Sarker et al’s [4] most frequent symptoms (top row) and between our most
important features and our most frequent symptoms (bottom row). The feature importance rankings are obtained from an SVM linear kernel using the
symptom-only vector representation. SVM: support vector machine.

Limitations
It is worth reiterating that social media posts, which are known
to be noisy, are not on a par with the consultation that a patient
would have with a doctor. We stress that the aim of this study
is to extract useful information at a population level, rather than
to provide an actionable decision for an individual via social
media posts. Our manually annotated data set has 2 main
limitations. First, having only 3 experts limited the quality of
our labeling, although we deem this study to be a proof of
concept. A larger number of experts, including more senior
doctors, would be beneficial in a follow-up study. The
robustness of our results could be further improved by both
increasing the size of our data set and introducing posts from
several alternate sources. Given that the posts come from social
media, it is not clear whether the results could be used as such
in a diagnostic system, without combining them with actual

consultations. However, it is worth noting that medical social
media, such as the posts we used herein, may uncover novel
information regarding COVID-19.

Conclusion
The coronavirus pandemic has drawn a spotlight on the need
to develop automated processes to provide additional
information to researchers, health professionals, and decision
makers. Medical social media comprises a rich resource of
timely information that could fit this purpose. We have
demonstrated that it is possible to take an approach that aims
at the detection of COVID-19 using an automated triage and
diagnosis system in order to augment public health surveillance
systems, despite the heterogeneous nature of typical social media
posts. The outputs from such an approach could be used to
indicate the severity and estimate the prevalence of the disease
in the population.
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CRF: conditional random field
CT: computed tomography
EHR: electronic health record
GP: general physician
GTP: ground-truth probability
LR: logistic regression
NLP: natural language processing
RB: rule based
RBF: radial basis function
SVM: support vector machine
SVR: support vector regression
SYM: symptoms
XGB: gradient boosting
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Abstract

Background: COVID-19 vaccines are one of the most effective preventive strategies for containing the pandemic. Having a
better understanding of the public’s conceptions of COVID-19 vaccines may aid in the effort to promptly and thoroughly vaccinate
the community. However, because no empirical research has yet fully explored the public’s vaccine awareness through
sentiment–based topic modeling, little is known about the evolution of public attitude since the rollout of COVID-19 vaccines.

Objective: In this study, we specifically focused on tweets about COVID-19 vaccines (Pfizer, Moderna, AstraZeneca, and
Johnson & Johnson) after vaccines became publicly available. We aimed to explore the overall sentiments and topics of tweets
about COVID-19 vaccines, as well as how such sentiments and main concerns evolved.

Methods: We collected 1,122,139 tweets related to COVID-19 vaccines from December 14, 2020, to April 30, 2021, using
Twitter’s application programming interface. We removed retweets and duplicate tweets to avoid data redundancy, which resulted
in 857,128 tweets. We then applied sentiment–based topic modeling by using the compound score to determine sentiment polarity
and the coherence score to determine the optimal topic number for different sentiment polarity categories. Finally, we calculated
the topic distribution to illustrate the topic evolution of main concerns.

Results: Overall, 398,661 (46.51%) were positive, 204,084 (23.81%) were negative, 245,976 (28.70%) were neutral, 6899
(0.80%) were highly positive, and 1508 (0.18%) were highly negative sentiments. The main topics of positive and highly positive
tweets were planning for getting vaccination (251,979/405,560, 62.13%), getting vaccination (76,029/405,560, 18.75%), and
vaccine information and knowledge (21,127/405,560, 5.21%). The main concerns in negative and highly negative tweets were
vaccine hesitancy (115,206/205,592, 56.04%), extreme side effects of the vaccines (19,690/205,592, 9.58%), and vaccine supply
and rollout (17,154/205,592, 8.34%). During the study period, negative sentiment trends were stable, while positive sentiments
could be easily influenced. Topic heatmap visualization demonstrated how main concerns changed during the current widespread
vaccination campaign.

Conclusions: To the best of our knowledge, this is the first study to evaluate public COVID-19 vaccine awareness and awareness
trends on social media with automated sentiment–based topic modeling after vaccine rollout. Our results can help policymakers
and research communities track public attitudes toward COVID-19 vaccines and help them make decisions to promote the
vaccination campaign.

(J Med Internet Res 2022;24(2):e31726)   doi:10.2196/31726
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Introduction

Background
COVID-19 vaccines are one of the most effective preventive
strategies for containing the pandemic and restoring normal life
[1]. The outcomes of this strategy highly depend on vaccination
coverage, wherein herd immunity requires at least 70% of the
population to be immune, depending on how contagious the
COVID-19 variant in question is and how effective the vaccine
is [2]. However, such a high rate of vaccination cannot be
reached without the cooperation of the general public [3-5]. In
general, there are a variety of factors that may negatively impact
how the public perceives and reacts to these vaccines. Such
barriers may stem from conspiracy theories [6], general
hesitancy toward vaccines [4], and doubts regarding new mRNA
vaccine technologies [7]. Infodemic management, that is,
managing information overload, including false or misleading
information [8], should be used during the COVID-19 pandemic,
by listening to community concerns, preventing the spread of
misleading information [9], and examining the human factors
contributing to COVID-19 transmission [10]. Thus, to promote
vaccine awareness and facilitate vaccine rollout, it is imperative
to gain a timely understanding of the public’s attitude toward
vaccination and develop tailored communication strategies to
address their concerns.

Generally, characterizing public vaccine attitudes as part of
public health surveillance can be achieved via social
media–based text mining or other traditional methodologies,
such as conducting surveys or experiments. Social media–based
text mining has become increasingly popular because of its
effectiveness and efficiency; the major merit of this big data
analysis is that it addresses several of the limitations of
traditional methodologies, such as the inability to track real-time
trends [4,11]. Public health monitoring on social media has
proven to be a powerful tool for analyzing public health
discussions on a variety of topics, such as pandemics and

vaccination [12-24]. Such work has been conducted for the
COVID-19 pandemic (Multimedia Appendix 1). However,
because of the rapid COVID-19 vaccine rollout, dedicated social
media–based sentiment analysis studies on vaccine awareness
have just started to emerge [3,22-24]. Some of these studies
[3,22] relied on natural language processing techniques to
conduct large-scale sentiment analysis about vaccines, while
others [23,24] investigated vaccination hesitancy using manual
content analysis, but overall, these studies lacked either the
capability to automatically track public attitudes (in manual
content analysis) or a comprehensive view of both topics and
associated sentiments. Furthermore, exploring the public
sentiment and concern evolution throughout the current
vaccination campaign may allow policymakers to make timely
and informed decisions to encourage vaccination.

Study Objectives
We aimed to combine sentiment analysis and topic modeling
in order to address the following research questions: What are
the general sentiments on COVID-19 vaccines? What are the
topics that shape the sentiments? How do concerns (ie, topics
with negative sentiments) evolve over time?

Methods

Data Collection
We collected COVID-19 vaccine–related tweets containing a
variety of predefined hashtags, including #CovidVaccine,
#GetVaccinated, #covid19vaccine, #vaccination, #AstraZeneca,
#Johnson & Johnson, #Pfizer and #Moderna, from December
14, 2020 (after the first COVID-19 vaccine in the world was
approved) to April 30, 2021. We collected 1,122,139 tweets
(Table 1). To avoid data redundancy, we removed retweets and
duplicate tweets, and we focused on tweets in English (Figure
1). After data preprocessing, the data set contained 857,128
tweets.

Table 1. Tweet hashtags.

Tweets (N=1,122,139), nHashtag

345,537#CovidVaccine

73,817#GetVaccinated

130,043#covid19vaccine

132,327#vaccination

126,954#AstraZeneca

211,731#Johnson & Johnson

61,979#Pfizer

39,751#Moderna

J Med Internet Res 2022 | vol. 24 | iss. 2 | e31726 | p.1062https://www.jmir.org/2022/2/e31726
(page number not for citation purposes)

Huangfu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 1. Data processing workflow. LDA: latent Dirichlet allocation; VADER: Valence Aware Dictionary for Sentiment Reasoning.

Sentiment Analysis
We used the Valence Aware Dictionary for Sentiment Reasoning
(VADER) lexicon for analysis. During preprocessing, we did
not remove the hashtag content because it often contained
meaningful information such as the brand of the vaccine.
VADER is a rule–based sentiment analysis tool that has been
proven to perform as well as or even better than other sentiment
analysis tools on social media texts in most cases, since it is
specifically attuned to sentiments expressed on social media
[25]. Generally, VADER produces 4 scores: positive, neutral,
negative, and compound scores. Positive, neutral, and negative
scores each represent the proportion of words that fall into the
given category. The compound score is calculated by summing

the valence scores of each word in the lexicon, adjusting the
value according to heuristic rules, and normalizing between −1
and +1 [25]. The compound score is a useful metric for
measuring the sentiment of each given text in a single
dimension.

We classified each tweet into 1 of 5 groups (Table 2), based on
compound, positive, and negative score distributions—highly
positive (compound score >0.001 and positive sentiment score
>0.5), positive (compound score >0.001 and positive sentiment
score <0.5), highly negative (compound score <0.001 and
negative sentiment score >0.5), and negative (compound score
<0.001 and negative sentiment score <0.5), and neutral (if none
of the conditions was satisfied).

Table 2. Sentiment polarity examples.

ExampleSentiment polarity

“thank god vaccination vaccinessavelives vaccineswork”Highly positive

“it s an exciting day with the arrival of the first coronavirusvaccine it gives me great hope for 2021 covid19vaccine”Positive

“it s fake you re all stupid covidvaccine”Highly negative

“how do we know that after 6 9 months there are no adverse effects of the vaccine or that it s ineffective and what s the response
if in the event these emergency approvals have larger ramifications any mechanism being put together covid_19 covid19vaccine”

Negative

“help is on the way 1st doses of covid19vaccine arrived in north carolina initial vaccine supply is limited and will go to a small
number of public health and hospital workers at high risk of exposure more doses are on the way but until then practice your
3ws”

Neutral

Topic Modeling
Latent Dirichlet allocation (LDA), as a popular and
well-established approach for topic analysis [26], is a three-level
hierarchical Bayesian model that relies on the bag-of-words
model [27]. LDA generates a probability distribution for the
text corpus; it assumes that each topic can be characterized by
a distribution of words. The number of topics is a key parameter
of the LDA model. To prevent the misclassification of other
topics into vaccine and nonvaccine topics, we removed some
vaccine-related keywords, including “vaccine,” “vaccines,”
“vaccination,” “covidvaccine,” and “covid.” This data
preprocessing decision is also well supported by experimental
results, which suggested that up to 96% of tweets were classified
into one main topic with less meaningful information without
removal of specific words.

To determine the optimal number of topics with favorable model
performance, we used a coherence score; however, because the
number of samples for highly positive and negative groups were
small, we combined positive and highly positive groups (into
a positive group) and negative and highly negative groups (into
a negative group). Then, we applied topic modeling algorithms
on 3 groups: positive, neutral, and negative. We used the topic
coherence value to measure the modeling performance. Since
the data set was very large, the experiments were run under the
server environment with C5 computing type series IV 64-core
CPU and 128 GB RAM. Then, based on the performance, we
selected the optimal number of topics for each polarity group.
The optimal topic numbers for positive, neutral, and negative
were 12, 10, and 10, respectively (Figure 2).
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Figure 2. Model performance for topic numbers for (a) positive, (b) neutral, and (c) negative tweets.

Results

Sentiment Analysis
Overall, positive sentiment was stronger than negative sentiment
(Figure 3 and Figure 4). Notably, there was a sharp decline in
the positive score around April 13, 2020 (Figure 3), which
appeared to coincide with news released on that date: The US
Federal Drug Administration (FDA) and Centers for Disease

Control (CDC) called for a pause on the use of the Johnson &
Johnson vaccine after discovering “extremely rare” cases of
blood clots [28], and the number of tweets about the Johnson
& Johnson vaccine peaked, reaching 23,729 tweets, which affect
the average sentiment.

There were 6899 highly positive tweets, 398,661 positive tweets,
245,976 neutral tweets, 204,084 negative tweets, and 1508
highly negative tweets (Figure 5).

Figure 3. Overall daily average sentiment score.

Figure 4. Overall sentiment trend.
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Figure 5. Sentiment polarity category distribution.

The percentage of negative sentiments was stable (Figure 6),
but the percentage of positive sentiments decreased by month,
and the percentage of neutral sentiments increased by month.
Positive sentiment likely decreased due to the pause in the use

of the Johnson & Johnson and AstraZeneca vaccinations in late
March and April 2021 [28]. The neutral sentiment trend moved
opposite to the positive sentiment trend.

Figure 6. Sentiment polarity distribution by month.

Figure 7 shows word clouds with profanities removed for highly
positive, highly negative, positive, and negative tweets. Except
for “vaccine” and “COVID,” which exhibited the highest
frequency, the most common positive words in the highly
positive group were “great,” “happy,” and “love”; the most

common negative words in the highly negative group were
“kill,” “bad,” and “death”; the most common positive words in
the positive group were “thank,” “like,” and “health”; and the
most common negative words in the negative group were
“death,” “clot,” and “risk.”
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Figure 7. Common words for (a) highly positive, (b) highly negative, (c) positive, and (d) negative tweets.

Additionally, the names of COVID-19 vaccine manufacturers
Johnson & Johnson and AstraZeneca exhibited a high frequency
in the negative groups.

Figure 8 shows that positive sentiment and negative sentiment
scores changed daily for each vaccine and positive sentiment
was stronger than negative sentiment; however, for Johnson &
Johnson and AstraZeneca vaccines, the average positive and
negative curves were found to intersect frequently, and the
differences were small. From March 11 to March 16, 2021,
distribution of the AstraZeneca vaccine was suspended in
Europe [29]; however, on March 18, 2021, use of the
AstraZeneca vaccine resumed in Europe after a review was

conducted by the European Medicines Agency [30], which may
be why positive and negative sentiment curves intersect in
March 2021 and positive sentiment increased soon afterward.
On April 13, 2021, FDA and CDC paused the use of the Johnson
& Johnson vaccine due to several reports claimed that Johnson
& Johnson might be linked to a very rare serious type of blood
clotting in the vaccinated individuals. This explains why the
negative sentiment trend increased and positive sentiment trend
decreased in April 2021, even surpassing that of positive
sentiments. On April 23, 2021, the FDA and CDC lifted the
pause, but the positive trend was stable and remained low, which
reflected the public’s concerns about the Johnson & Johnson
and AstraZeneca vaccines.
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Figure 8. Daily average positive and negative sentiment scores for (a) Johnson & Johnson, (b) AstraZeneca, (c) Pfizer, and (d) Moderna vaccines and
sentiment trends for (e) Johnson & Johnson, (f) AstraZeneca, (g) Pfizer, and (h) Moderna vaccines.

For Pfizer and Moderna vaccines, positive and negative
sentiment curves were found to intersect only in December 2020
and January 2021, and the sentiment trends were stable, which
reflected public concerns in the beginning, when the vaccines
were first approved, followed by increasing levels of confidence
in the vaccines as more and more people became vaccinated.

Figure 9 shows the standard deviation of sentiments for each
vaccine. For the Pfizer and Moderna vaccines, the standard
deviation lines are flat, which means that the sentiments for
these vaccines were very stable and did not exhibit much
fluctuation. However, for Johnson & Johnson and AstraZeneca

vaccines, the standard deviation of sentiments changed
drastically over time. For instance, the standard deviation of
the Johnson & Johnson vaccine decreased, implying a higher
degree of consensus regarding this specific vaccine. However,
the opposite was true for the AstraZeneca vaccine, and the
increased sentiment variation indicated the attitudes toward it
were found to be more divided over time.

Figure 10 shows the percentages of tweets for each vaccine in
each sentiment polarity; the percentages in each sentiment group
are very close to each other.
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Figure 9. Daily standard deviation of sentiments for (a) Johnson & Johnson, (b) AstraZeneca, (c) Pfizer, and (d) Moderna vaccines.

Figure 10. Sentiment polarity distributions for Pfizer, AstraZeneca, Johnson & Johnson, and Moderna vaccines.

Topic Modeling

Positive Topics
Topics suggested that people felt happy and grateful that a
vaccine had been approved (Table 3), that it is important to get

vaccinated, that they were thankful to the health care staff for
their efforts, and that they were waiting to be eligible for
vaccination.
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Table 3. Top 5 positive (including highly positive) topics.

TopicKeywordsTweets, n (%)Topic ID

Planning for getting vaccinationpeople, take, say, make, go, good, need, help, well, give251,979 (62.13)POS_05

Getting vaccinatedget, today, dose, first, feel, shoot, day, second, shot, be76,029 (18.75)POS_07

Vaccine information and knowledgeshare, read, important, health, join, question, public, information, community,
concern

21,127 (5.21)POS_09

Thanks for healthcare workerthank, clinic, staff, support, team, volunteer, work, process, amazing, effort14,286 (3.52)POS_11

Side effectseffective, risk, variant, pause, blood_clot, virus, benefit, less, rare, infection6,963 (1.72)POS_01

Neutral Topics
The main neutral topics were vaccination appointment
(79,710/245,976, 32.41%) and getting vaccinated
(40,532/245,976, 16.48%) (Table 4). Even though the topics

were neutral, they revealed favorable attitudes toward
COVID-19 vaccines. In addition, 12.77% (31,409/245,976) of
neutral tweets demonstrated that people felt some hesitancy
toward receiving the vaccine or that they need more time to
think and make a decision.

Table 4. Top 5 neutral topics.

TopicKeywordsTweets, n (%)Topic ID

Vaccination appointmentget, today, appointment, shoot, available, be, call, wait, come, schedule79,710 (32.41)NEU_05

Getting vaccinateddose, first, receive, second, shot, pfizer, day, week, administer, fully40,532 (16.48)NEU_02

Vaccine hesitancysay, take, go, people, time, still, need, rare, would, think31,409 (12.77)NEU_09

Vaccine newsupdate, read, find, late, live, news, check, watch, question, link17,156 (6.97)NEU_03

Vaccine eligibilitymay, start, age, year, week, open, next, eligible, site, begin17,129 (6.96)NEU_06

Negative Topics
Negative topics (Table 5) demonstrated the public’s main
concerns regarding COVID-19 vaccines. In general, the public
mainly cared about the side effects of vaccines, including
common side effects, such as soreness after receiving a vaccine,
and serious adverse reactions, such as death. However, given

the strict storage requirement, the vaccines’ supply chain and
rollout were the second most important issue that concerned
the public. Other negative topics involved the vaccination
appointment, coronavirus variants, vaccination for women and
patients with cancer (people who are at high risk), fake news,
and misinformation.

Table 5. Negative (including highly negative) topics.

TopicsKeywordsTweets, n (%)Topic ID

Vaccine hesitancyget, people, take, go, say, make, know, stop, need, still115,206 (56.04)NEG_05

Extreme side effectsrisk, death, case, report, blood_clot, rare, severe, low, receive, blood19,690 (9.58)NEG_00

Vaccine supply and rolloutgovernment, country, pay, company, rollout, state, plan, fail, stock, supply17,154 (8.34)NEG_06

Common side effectsget, shoot, feel, arm, day, hour, today, shot, sore, second14,125 (6.87)NEG_04

Vaccination appointmentappointment, wait, available, age, site, open, today, hospital, group, offer10,248 (4.98)NEG_07

AstraZeneca suspensionuse, emergency, say, suspend, break, astrazeneca, official, country, shortage,
pause

8080 (3.93)NEG_03

Vaccine administrationdose, week, first, second, receive, next, day, ruin, delay, administer7100 (3.45)NEG_02

Vaccine information and communityread, question, health, public, story, information, hesitancy, register, com-
munity, explain

6151 (2.99)NEG_09

Spread avoidancepandemic, virus, new, fight, variant, lockdown, avoid, coronavirus, spread,
restriction

4471 (2.17)NEG_01

Extreme side effects on vulnerable
groups

cause, cancer, clot, woman, trust, product, doctor, body, choice, damage3367 (1.64)NEG_08

We found that 47.32% of the tweets (405,560/857,128),
demonstrated positive (including highly positive) attitudes
toward COVID-19 vaccines. The main topics included
encouraging people to get vaccinated and conveying hope and

gratitude for future life as a result of vaccine approval. Overall,
23.99% of the tweets (205,592/857,128) expressed negative
(including highly negative) attitudes and concerns. The main
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concerns regarding COVID-19 vaccines were side effects of
vaccination, serious adverse reactions, and vaccine supply.

Topic Evolution
Side effects, such as pain at the injection site (ie, NEG_05) were
discussed the most (of all negative topics) throughout the period

(Figure 11). Moreover, with the increase in the number of people
who received the vaccine, the discussion on side effects
increased. Topics such as vaccine supply (ie, NEG_00) and
extreme side effects (ie, NEG_06) were discussed less but a
consistent amount throughout the period.

Figure 11. Heatmap of negative topic evolution. The x-axis represents the week in the year. Lighter colors correspond to topics that are discussed more.

Discussion

General Sentiments
Most sentiments toward COVID-19 vaccines were neutral and
positive. Positive sentiment was stronger than negative sentiment
throughout the period. Previous results from research conducted
from March 1 to November 22, 2020 (before vaccines were
available) [3] were similar—the dominant sentiments were
positive and neutral; however, in this study, negative sentiment
(205,592/857,128, 23.99%) was lower than that in [3] (30.57%).
This suggests that after the COVID-19 vaccines became
available, their effectiveness in reducing the risk of infection
started to manifest in the real world, and people started having
fewer doubts on social media toward vaccines. Vaccine trials,
social media, and government interventions may contribute to
alleviating public concerns [31].

Concerns and Topics That Shape Attitudes
By applying topic modeling to our data set, we found that the
main topic in the positive and neutral domain was encouraging
people to get vaccinated. In general, we discovered that vaccines
are becoming widely accepted by the public as time passes. The
main topic of our negative data set was the severe side effects
of vaccination. When some social media outlets reported
possible vaccination side effects, the concerns were discussed
frequently on different social media platforms, such as Twitter,
and possibly impacted individual decisions. Before vaccines
were available, discussions on vaccines were centered around
clinical trials and vaccine availability [12]. However, upon
vaccine rollout, the concerns shifted dramatically to common
side effects, which dominated the discussion throughout the
study period (from December 14, 2020 to April 30, 2021).
Hence, timely monitoring of the public attitude can help guide
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public health officials to communicate more effectively with
the public.

We also found that among the negative tweets, other than
vaccine hesitancy, the main concerns regarding side effects
(NEG_00 and NEG_04) were vaccine supply and rollout
(NEG_06). This finding is consistent with those from previous
studies [24,32,33]. For example, in a study on vaccination
hesitancy in Canada [24], it was found that vaccination hesitancy
stemmed from mistrust toward vaccine development, lack of
knowledge about COVID-19 vaccines, and suspicion about
political and authority figures who were not taking the vaccine.
In another study [32] employing a questionnaire for the Israeli
population, the results showed that the top 3 concerns regarding
COVID-19 vaccines were quality control, side effects, and
doubtful efficiency. Another survey conducted in the United
States and Canada showed that vaccine rejection is very strongly
related to vaccine benefits, vaccine safety, and unforeseen future
effects [33]. Overall, our findings were similar—the top
concerns were vaccine safety, side effects, vaccine supply, and
government policy.

Changes by Month
Overall, it was observed that positive sentiment distribution
decreased, neutral sentiment distribution increased, and negative
sentiment distribution was stable. However, positive sentiment
was dominant throughout the study period (December 14, 2020
to April 30, 2021). Positive sentiment decreased in March and
April 2021, likely because of the extreme side effects (blood
clotting) reported in the news for Johnson & Johnson and
AstraZeneca vaccines. Use of the AstraZeneca vaccine was
even stopped in Europe briefly [29], and the FDA and CDC
called for a pause on the use of the Johnson & Johnson vaccine
in the United States [28]. This may have caused positive
sentiment to decrease, while neutral sentiment rather than
negative sentiment increased, because people tended to feel
neutral rather than very negative, toward such a pause.

In the very beginning, such side effects were extensively
discussed. Some news outlets reported severe side effects, such
as Bell palsy and even death [34], after receiving the vaccine,
which seemed to coincide with more negative sentiments. Both
Pfizer and Moderna vaccines are mRNA vaccines, which is a
new type of vaccine that has not been used before [35]. This
caused the general public to have concerns regarding the
long-term side effects of these novel vaccines [7]. In the
beginning, the lack of knowledge about COVID-19 and mRNA
vaccines shaped the public’s concerns. However, as more people
were vaccinated over time, more people were able to observe

how these vaccines helped steadily decrease the number of new
cases and deaths per day as well as the hospitalization rates,
implying that the pandemic is under control thanks to these
vaccines. This in turn resulted in an increasing number of people
seeking to become vaccinated, because extreme side effects are
very rare and might be associated with misinformation and
because the common side effects are regarded as tolerable.

Sentiment trend findings were consistent with those from a
previous study [22] in which a vaccine acceptance experiment
using Weibo Sina (a popular social media platform in China)
demonstrated that positive attitudes were dominant, that the
Chinese population were inclined to be positive about the side
effects over time, and that one of the concerns that affects
vaccine acceptance are misunderstandings about vaccination.

Limitations and Future Work
In this study, we mainly focused on textual information from
the Twitter platform. However, users may be distributed among
different social media platforms and different locations
according to their usage, language, and preferences. Therefore,
the methods used in our study can be extended to different social
media platforms. It is also possible to use geographical filters
on location information or to work on other languages to
precisely differentiate between the significant issues and
concerns among the different cultures or demographics.

Furthermore, our model can be extended to other research
problems. For example, future studies should focus on negative
tweets to determine whether misinformation exists or to identify
misinformation on social media and propose suggestions for
how to minimize the spread of such misinformation. Moreover,
it may be plausible in the future to train a topic model with LDA
and deep learning to forecast event topics and trends.

Conclusions
Our work profiles the spectrum of public sentiments toward
vaccination and the main concerns underlying these views since
the rollout of vaccines. These findings demonstrate the
effectiveness of sentiment–based topic modeling in identifying
topics and trends in polarity groups and in revealing the dynamic
nature of public attitudes toward vaccination in the midst of
evolving situations and changing public measures during the
pandemic. Adding sentiment analysis and topic modeling when
monitoring COVID-19 vaccine awareness can help researchers
uncover time–based viewpoints underlying the dynamic public
attitude toward vaccination on a large scale and devise tailored
communication strategies to promote vaccination.
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Abstract

Background: The COVID-19 pandemic continues to challenge the world’s population, with approximately 266 million cases
and 5 million deaths to date. COVID-19 misinformation and disinformation led to vaccine hesitancy among the public, particularly
in vulnerable communities, which persists today. Social media companies are attempting to curb the ongoing spread of an
overwhelming amount of COVID-19 misinformation on their platforms. In response to this problem, the authors hosted
INFODEMIC: A Stanford Conference on Social Media and COVID-19 Misinformation (INFODEMIC) to develop best practices
for social media companies to mitigate online misinformation and disinformation.

Objective: The primary aim of this study was to develop recommendations for social media companies to address the COVID-19
infodemic. We report the methods used to execute the INFODEMIC conference, conference attendee engagement and analytics,
and a qualitative thematic analysis of the conference presentations. The primary study outcomes were the identified themes and
corresponding recommendations.

Methods: Using a constructivist paradigm, we conducted a thematic analysis of the 6-hour conference transcript to develop
best practice recommendations. The INFODEMIC conference was the study intervention, the conference speakers were the study
participants, and transcripts of their presentations were the data for this study. We followed the 6-step framework for thematic
analysis described by Braun and Clarke. We also used descriptive statistics to report measures of conference engagement including
registrations, viewership, post-conference asynchronous participation, and conference evaluations.

Results: A total of 26 participants spoke at the virtual conference and represented a wide array of occupations, expertise, and
countries of origin. From their remarks, we identified 18 response categories and 4 themes: trust, equity, social media practices,
and interorganizational partnerships. From these, a total of 16 best practice recommendations were formulated for social media
companies, health care organizations, and the general public. These recommendations focused on rebuilding trust in science and
medicine among certain communities, redesigning social media platforms and algorithms to reduce the spread of misinformation,
improving partnerships between key stakeholders, and educating the public to critically analyze online information. Of the 1090
conference registrants, 587 (53.9%) attended the live conference, and another 9996 individuals viewed or listened to the conference
recordings asynchronously. Conference evaluations averaged 8.9 (best=10).

Conclusions: Social media companies play a significant role in the COVID-19 infodemic and should adopt evidence-based
measures to mitigate misinformation on their platforms.

(J Med Internet Res 2022;24(2):e35707)   doi:10.2196/35707
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Introduction

The COVID-19 pandemic has taken a huge toll on the world.
COVID-19 is currently the third leading cause of death after
heart disease and cancer, with approximately 266 million cases
and 5 million deaths to date [1,2]. More than 780,000 Americans
have died from COVID-19, and new variants of the virus
continue to emerge. However, after an initial year of staggering
case numbers, we finally have observed a decrease in the number
of new infections requiring hospitalization as more people get
vaccinated against the virus [1]. As of December 2021, 60% of
the US adult population had received 2 doses of the COVID-19
vaccine [3,4]. Still, this fell short of the US Centers for Disease
Control and Prevention (CDC) goal of 70% vaccination of the
US population by July 4, 2021 [5]. This disparity persists despite
widespread vaccine access [3].

Throughout the COVID-19 pandemic, there has been a
proliferation of both misinformation and disinformation about

the virus, its origin, the vaccines, and potential treatments.
Misinformation refers to inaccurate information disseminated
without malice, while disinformation is the purposeful spread
of inaccurate information with malicious intent (Table 1). Taken
together, the escalation of inaccurate information surrounding
the pandemic can be accurately described as the COVID-19
infodemic. According to the World Health Organization, an
infodemic is “too much information including false or
misleading information in digital and physical environments
during a disease outbreak” [6]. The COVID-19 infodemic has
significantly contributed to vaccine hesitancy, which is the
refusal of vaccines when access is not a limiting factor [7],
across the United States. In the case of COVID-19, this
hesitancy occurs despite an excellent vaccine safety profile.
COVID-19 vaccine hesitancy is higher in some demographic
groups who have even lower vaccination rates than the general
population, demonstrating that the infodemic may
disproportionately affect some communities [8,9].

Table 1. List of key terms and definitions.

DefinitionsKey terms

False or incorrect information that is spread without maliceMisinformation

Inaccurate information that is spread deliberately with a deceitful or harmful intentDisinformation

Excess amount of information on a topic that usually spreads rapidly and is confusing or unreliableInfodemic

Belief that vaccines are effective and safeVaccine confidence

Delay in acceptance or refusal of vaccinations despite vaccine availabilityVaccine hesitancy

Refusal of all vaccines including childhood vaccinesVaccine refusal

Social media platforms accelerated the dissemination of
inaccurate information about the pandemic, contributing greatly
to the COVID-19 infodemic and its health effects [10]. Social
media has been shown to be more effective at promoting vaccine
hesitancy than uptake, leading to a reduced effectiveness of
public health measures and to decreased public engagement in
disease prevention activities [7]. This was made worse by
influential political representatives and cultural figures who
spread misinformation and disinformation across all major social
media platforms, which is referred to as top-down
misinformation [11]. Although the connection between
vaccination rates and the presence of misinformation online is
known, best practices for mitigating the COVID-19 infodemic
are yet to be determined. Thus far, there are no uniform efforts
and policies by social media companies to combat harmful
misinformation and disinformation present on their platforms.
Additionally, the effect of a coordinated effort by social media
companies to act against the COVID-19 infodemic is untested.

In August 2021, we hosted INFODEMIC: A Stanford
Conference on Social Media and COVID-19 Misinformation
to address issues related to the ongoing COVID-19 infodemic.
Our primary aim for the conference was to develop best
practices for social media companies to mitigate the COVID-19
infodemic online. In this paper, we report (1) the methods used
to execute the virtual conference, (2) conference attendee

engagement and analytics, (3) our qualitative analysis of the
conference presentations, and (4) best practice
recommendations.

Methods

Study Design, Setting, and Population
We conducted a thematic analysis of the transcript of a 6-hour,
virtual conference about the COVID-19 infodemic. Our study
aim was to identify best practices for social media companies
to combat COVID-19 misinformation online; results of our
thematic analysis represent the primary outcomes of the study.
The transcript of the conference presentations formed the data
for this study.

The conference was called INFODEMIC: A Stanford Conference
on Social Media and COVID-19 Misinformation, and it was
sponsored by Stanford University (Stanford, CA) [12]. It
occurred on August 26, 2021, and data analysis was completed
between October 2021 and November 2021. The study
participants each consented to have their presentations recorded.
These videos are now in the public domain; thus, no further
consent was sought for this analysis. The Institutional Review
Board (IRB) of Stanford University (IRB# 63151) deemed this
study exempt.
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The complete video recording of “INFODEMIC: A Stanford
Conference on Social Media and COVID-19 Misinformation”
is provided in Multimedia Appendix 1. This represents the raw
data used for our qualitative thematic analysis.

Study Intervention
To meet our study aim, deliberate design and optimal execution
of the conference were pivotal to the collection of meaningful
data. We (RAB, MAG) convened 2 committees to assist with
the project, one advisory and one for conference planning. First,
we recruited a steering committee to oversee the project and
provide strategic direction. The steering committee consisted
of individuals from the following entities at Stanford University:
the School of Medicine, the Internet Observatory, the Social
Media Lab, the Digital Civil Society Lab, and the Health
Communication Initiative. Members of the steering committee
helped select and recruit some of the conference speakers, chose
a date for the conference, and addressed day-of-conference
logistics. Additionally, we recruited a planning committee (DC,
TML, AR, AS, AX) that met weekly in the months leading up
to the conference. The planning committee was comprised of
Stanford students who successfully completed a course on the
use of social media for knowledge translation in medicine.
Students planned the conference under the direction of the
steering committee and principal investigators.

We organized a conference agenda consisting of panel
discussions and brief didactic presentations on a broad range
of topics related to the COVID-19 infodemic and our study aim.
We recruited expert speakers based on these topics from a
variety of geographical, cultural, and academic backgrounds
with special consideration of individuals who have power to
influence vaccine-hesitant individuals. We used a diversity and
inclusion lens to ensure a racial, ethnic, and gender balance of
the participants in an attempt to mirror the general population
who use social media platforms.

We created a conference website using Squarespace
(Squarespace Inc, New York, NY) that served as the conference
program, registration portal, and a platform to host 2 public
calls for scholarly works [12]. The website and conference
information were open-access, and conference registration was
free. In addition to registration and advertising, the website
promoted a call for research abstracts to be presented at the
conference and a call for papers for a special theme issue of the
Journal of Medical Internet Research (JMIR): “Social Media,
Ethics, and COVID-19 Misinformation.” We scored submitted
abstracts using Google Form (Google, Mountain View, CA)
and selected the best submissions for presentation during a
research symposium that immediately followed the conference.
The research symposium served as a means of crowdsourcing
additional information that might inform our study aim and
allowed for presentation of relevant new research in the field.
JMIR guest editors reviewed manuscript submissions to the
theme issue separate from our study team.

We advertised the conference to potential attendees through
social media and email outreach. We created Twitter (Twitter,
San Francisco, CA) and Instagram (Meta Platforms Inc, Menlo
Park, CA) accounts 4 months prior to the conference. We posted
educational content, speaker spotlights, and promotional

information to these accounts biweekly, increasing in frequency
as the conference date approached. These accounts were also
used for same-day conference backchanneling. We encouraged
the participants to publicize the conference on their social media
accounts, and we promoted the conference through Stanford
Healthcare email distribution lists and newsletters.

Given COVID-19 travel restrictions, we held the conference
virtually and opened registration to the public. We selected
Hopin (Hopin Ltd, London, England) as our virtual conference
platform because it provided important features necessary for
moderated panel discussions: multiple speakers on the screen
at the same time, audience interaction through chat or
microphone, polling, and question and answer functions. We
selected August 26, 2021 for the conference date based on our
steering committee’s accurate prediction of a COVID-19 vaccine
surplus in the United States and the peak of news media attention
about vaccine hesitancy. This date also minimized speaker
conflicts and allowed enough time to plan the conference.
INFODEMIC occurred 4 days after the US Food and Drug
Administration formally approved the Pfizer (Pfizer Inc, New
York, NY) COVID-19 vaccine, at a time of great public
discourse over COVID-19 vaccine hesitancy.

On the day of the conference, we (RAB, MAG) met in person
to manage conference logistics such as speaker login, backstage
preparation, and online platform management. Virtually, other
planning committee members (DC, TML, AR, AS, AX) oversaw
the audience chat, monitored the questions and answers, took
notes on key proceedings, and shared updates from the
conference on social media. Abstract presentations followed
the main conference program, as did a Stanford University
student panel discussion on vaccine hesitancy led by the
planning committee.

Participant Sampling and Data Collection and Analysis
We used a combination of purposive and snowball sampling to
identify a diverse participant cohort [13,14]. We first determined
the topics of the participant panel discussions based on the study
aim, desired flow of the conference agenda, and format (eg,
number of sessions, topics, length). We then identified expert
participants for each panel via internet searches, past
publications, the organizations they represented, social media
platform searches, word-of-mouth recommendations, and
steering committee recommendations. Our a priori search criteria
identified participants for 7 of the 10 scheduled presentations.
The remaining 3 presentations had participants who were
referred to us by these experts (these included panels of social
media representatives, government or religious leaders, and
ethicists). We digitally recorded the conference and used Zoom
(Zoom Video Communications Inc, San Jose, CA) to transcribe
the 10 individual presentations.

Using a constructivist paradigm, we performed a thematic
analysis of these transcripts to identify best practice
recommendations for addressing COVID-19 misinformation
and disinformation online [15-17]. We followed the 6-step
framework for thematic analysis described by Braun and Clarke
[17]. We inductively coded the transcript data for the existence
of concepts related to COVID-19 misinformation, not the
frequency they appeared in the transcript [17,18]. We analyzed
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the transcripts to the level of sentences, grouped these responses
into loose categories or concepts that were not predefined, and
ignored irrelevant words [19]. Six study team members agreed
on this preliminary coding approach and crafted rules before
independently coding the content. We then met frequently to
discuss code generation and meaning. Two study investigators
were assigned to code each of the 10 transcripts separately, and
these pairings were different for each transcript. Our final
codebook consisted of codes agreed upon between the rater
pairs. Using a consensus approach, we then conducted a
team-based thematic analysis of the codes in a series of
discussions among all of our investigators [15-17].

We used descriptive statistics to report measures of conference
participation, engagement, and other analytics.

Reflexivity
We acknowledge that the experiences and opinions of our study
investigators may have influenced our data analysis in this
constructivist paradigm. Our senior investigator (MAG) is an
emergency physician and medical education researcher who
teaches a course on social media in medicine called, “Does
Social Media Make Better Physicians?” Our study team includes
6 Stanford University undergraduate students (RAB, DC, TML,
AR, AS, AX) who each completed that social media course and
a subsequent research course that facilitated this study. Because
of their common experiences in these 2 courses, all of our study

investigators may have shared a preconceived perspective and
understanding of the COVID-19 infodemic; we explicitly
examined this bias throughout the generation of codes and
themes. The students were novices to qualitative research;
however, the senior investigator has ample experience with the
analytic approach used and oversaw each methodological step.
All coding was done in pairs of undergraduate students to
balance prior experiences and assumptions. We designated our
senior investigator as a potential third reviewer for the few
coding disagreements that required adjudication. We maintained
a research diary during the study that recorded all coding
sessions, group discussions, and decisions during analysis of
the transcripts. We reflected on the experience of engaging in
this study at each team meeting.

Results

Conference Participation, Engagement, and Analytics

Participants
We recruited 26 conference participants with diverse expertise
and occupations (Table 2). The participants were assigned to
speak individually or in panels based on their areas of expertise
(Table 3). We selected 9 abstracts for presentation in the
research symposium. The authors represented 8 different
countries.

Table 2. Demographic characteristics of the conference participants (age, gender, and race were not collected from participants).

Results, n (%)aOccupation (n=26)

10 (38)Physician

4 (15)Ethicist

4 (15)Social media influencer

3 (12)Social media company representative

3 (12)Public health expert

1 (4)Politician

1 (4)Religious leader

aColumn does not total 100% because some participants had 2 occupations.

J Med Internet Res 2022 | vol. 24 | iss. 2 | e35707 | p.1078https://www.jmir.org/2022/2/e35707
(page number not for citation purposes)

Gisondi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 3. Summary of the INFODEMIC conference presentations and participants.

Presentation summaryAffiliation(s)Speaker(s)Presentation title

As the COVID-19 pandemic continues through its
second year, the need for a strong public health infras-

Stanford UniversitySeema Yasmin, MDWelcome Address

tructure remains critical to mitigating the spread of
misinformation. Partnerships with public health insti-
tutions are more effective than dissociating from them.

Five billion vaccines have been administered world-
wide, with 350 million administered in the United

Stanford UniversityYvonne Maldonado, MDCOVID-19 Update

States alone. However, reaching marginalized popula-
tions remains a challenge, and access through commu-
nity organizations must be a priority.

Much attention has been given to the sheer amount of
misinformation flooding the public, but more important

London School of Hygiene &
Tropical Health

Heidi Larson, PhDVaccine Confidence

is the dynamic, fast-moving nature of misinformation
that undermines credible science. Trust, rumors, and
receptivity have played a large role in the disparate
impacts and levels of confidence in misinformation
observed between different countries.

More than vaccine hesitancy, issues about vaccine
equity and access must be addressed, especially be-

University of Global Health Equity
(AB); Latino Health Access (GG);

Agnes Binagwaho, MD,
PhD, MA; Gloria Giraldo,

Vaccine Hesitancy

cause global pandemic inequities have been so appar-Pfizer Inc (AH); Stanford University
(AH, SY)

PhD, MPH; Aida Habtezion,
MD, MSc; Seema Yasmin,
MD (moderator)

ent. Trust is the best way to minimize vaccine hesitan-
cy––trust in government officials, trust in physicians,
and trust in the local community. This trust cannot be
built overnight but must be built in a grassroots, day-
to-day manner. Global vaccine access disparities are
alarming because of mismanaged vaccine distribution
in high-income countries, leaving low-income, at-risk
nations vulnerable.

There are significant racial disparities in vaccine ac-
ceptance, especially among the Black and Latinx

Stanford UniversityItalo Brown, MD, MPHCOVID-19 and Distrust
of Healthcare

communities. Combating these disparities means
“fighting the misinformation Olympics,” which refers
to some communities having access to adequate infor-
mation versus those who do not have credible informa-
tion and trusted messengers. The embedded distrust
of the health care system is an important etiology of
vaccine hesitancy, and it must be contextualized in the
history of communities of color, such as the devalua-
tion of Black lives. There needs to be more communi-
cation of accurate information to communities of color,
especially since information can often change and be
distorted as it spreads. There also needs to be focus on
restorative justice and validating mistrust; activating
trusted messengers to enact change within communities
and combat misinformation is essential.

A global approach to COVID-19 vaccinations is criti-
cal to ensure vaccine equity around the world. Thus

Council on Foreign Relations (TB);
ACCESS Health International

Tom Bollyky, JD; William
A. Haseltine, PhD (modera-

Achieving COVID-19
Vaccine Equity

far, vaccines have not been distributed to countries at(WAH); World Health Organization
(LM); The Hastings Center (DP)

tor); Lisa Menning; Danielle
Pacia, MBE highest risk, but instead 10 of the wealthiest countries

are overrepresented in vaccine doses received. This is
due to hoarding within wealthier countries, a lack of
global cooperation and distribution, and a vaccine
shortage worldwide. Knowledge sharing and infrastruc-
ture sharing are part of an important, related global
disparity. In order to combat these issues, there needs
to be greater transparency, more international cooper-
ation, and delay of vaccine boosters until there is more
universal coverage.
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Presentation summaryAffiliation(s)Speaker(s)Presentation title

Twitter, Facebook, and Google each have policies for
removing misleading content, adding warning labels,
and deactivating accounts that promote misinformation.
A major challenge for these companies is the removal
of a huge influx of disinformation while promoting
quickly evolving, high-quality, and medically accurate
content. Collaborative efforts between social media
companies and public health experts help fact-check
and spread accurate information online. In the process
of regulating online content, it is important for social
media companies to balance free speech, censorship,
and safety.

Facebook (AB); Twitter (BC);
Stanford Internet Observatory (RD);
Google Search (AM); Stanford
University (AM)

Aaron Berman; Brian
Clarke; Renee DiResta
(moderator); Anne Merritt,
MD

The Role of Social Media
Companies

Social media platforms can be used effectively to tell
stories and powerfully amplify accurate information,
especially through visual media like videos and
graphics. These platforms generate useful ideas, dis-
tribute actionable advice, build trust, and hold sources
of misinformation accountable. Impactful, accurate
medical information can be communicated online by
leveraging multiple forms of media to engage different
audience constituencies.

University of Washington; MSNBC
Contributor

Vin Gupta, MD, MPALeveraging Physician In-
fluencers: The New Pub-
lic Health Educators

Social media influencers can affect vaccination rates
through effective science communication. Their mes-
saging can make people confident about the vaccine,
allow them to make choices out of a place of knowl-
edge, and teach them to be discerners of truth. Empa-
thy, respect, and relatability are crucial to empowering
listeners to seek information, rather than antagonizing
and shaming. Mitigating misinformation can come
from debunking myths and anticipating logical fallacy
traps people may espouse.

Baton Rouge General (SJ); Infec-
tious Disease Expert at the COVID
Tracking Project (JMR); West Lung
(CR); Vice President of Association
for Healthcare Social Media (CR)

Sanjay Juneja, MD; Jessica
Malaty Rivera, MS; Cedric
“Jamie” Rutland, MD

Do Social Media Influ-
encers Affect Vaccina-
tion Rates?

Combating COVID-19 disinformation relies heavily
on collaborative partnerships. The partnership between
public health and religious figures inspires trust and
increases receptivity for the public, especially as trust
in government officials declines. The politicization of
the pandemic has contributed to distrust between op-
posing parties and threatened the mission of the faith
community. Thus, spreading verified information and
amplifying trusted voices within religious spaces are
crucial to ensure that messages are communicated
safely and reliably.

Mayor of Shreveport, Louisiana
(AP); Reverend of the Gathering
Place (GS); President of the Nation-
al Latino Evangelical Coalition
(GS); Stanford University (MS)

Adrian Perkins; Gabriel
Salguero, PhD; Matthew
Strehlow, MD (moderator)

Role of Government and
Religious Leaders in
Mitigation Disinforma-
tion

Both effective science communication and ethical
communication must be prioritized throughout the
pandemic. The ethical imperatives of social media
companies should include stricter self-regulation and
refined presentations of information for the public.
Social media companies are information disseminators,
not journalists or reputable news people.

The Hastings Center (NB); New
York University (AC); Johns Hop-
kins University (TR); Berman Insti-
tute of Bioethics (TR)

Nancy Berlinger, PhD
(moderator); Arthur Caplan,
PhD; Travis Rieder, PhD

Ethical Imperatives for
Social Media Companies
and Influencers to Act

Same-Day Engagement
A total of 1090 conference registrants came from 71 different
countries, and 587 registrants (587/1090, 53.9%) viewed the
meeting live. Most registrations occurred during the days leading
up to the conference (Figure 1). Peak attendance was 312

viewers (312/587, 53.2%) at any one time, and the average
viewing time was 2 hours 44 minutes (164/360 contiguous
minutes, 45.6%; Figure 2). The mean rating by attendees of the
conference quality was 8.9 (lowest: 0 to highest: 10). Table 4
summarizes the complete conference analytics.
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Figure 1. Most registrations occurred in the same week as the conference.

Figure 2. Peak active conference attendees by time.

J Med Internet Res 2022 | vol. 24 | iss. 2 | e35707 | p.1081https://www.jmir.org/2022/2/e35707
(page number not for citation purposes)

Gisondi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 4. Conference analytics as of December 1, 2021.

ResultsAnalytics

Registration analytics

FreeRegistration fee

1090Total registrations, n

486Final week registrations, n

219Same-day registrations, n

340International registrations, n

71Countries with registrations, n

Top countries by registrations (n=1090), n (%)

747 (68.53)United States

39 (3.57)Canada

35 (3.21)Turkey

23 (2.11)Philippines

18 (1.65)United Kingdom

228 (20.93)Other

Attendance analytics

587 (53.9)Total live attendees, n (% turnout)

8.9Average attendee evaluation (out of 10; 10=high)

312Peak attendance, n

6Conference length (hours)

164Average viewing time (minutes)

Asynchronous engagement, n

929Total YouTube viewers

9067Total Podbean listeners

338Instagram [20] followers

183Twitter [21] followers

5905Unique website [12] views

Conference links

[22]YouTube

[23]Podbean

Asynchronous Engagement
We distributed a complete recording of the conference to all
registrants for asynchronous viewing, including the 503
registrants who did not view the live broadcast. Additionally,
a recording of the conference and its individual presentations
is available via YouTube, and each presentation was recorded
as individual podcast episodes hosted by the Academic Life in

Emergency Medicine Podcast via Podbean (New York, NY)
[22-24]. This adds asynchronous INFODEMIC “attendees”
totaling 929 viewers and 9067 listeners as of December 1, 2021.
Our conference Twitter and Instagram accounts had a combined
following of 521 users and reached tens of thousands of others
(Figure 3). Our website had approximately 5900 unique visitors
and 12,000 page views (Figure 4).
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Figure 3. Engagement with our social media accounts by date: (A) unique Instagram accounts reached and (B) Twitter impressions.
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Figure 4. Website analytics showing a peak in visits during the week of the conference, August 22, 2021.

Thematic Analysis

Overview
The digital recordings of the 10 individual presentations resulted
in 297 pages of transcribed text. Our analysis of this complete
transcript resulted in 18 loosely associated categories of
participant responses. These led to the identification of 4 major
themes: trust, equity, social media practices, and

interorganizational partnerships (Figure 5). These categories
and themes broadly reflected the lack of access to both
information and vaccines within marginalized populations, the
global impact of COVID-19, and actions to minimize the spread
of online misinformation (Table 5). Participants affirmed the
ethical imperative on social media companies to use their
platforms to curb the spread of COVID-19 misinformation
because it continues to drive vaccine hesitancy and inequity.

Figure 5. Overview of our data analysis.
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Table 5. The 4 themes and 18 response categories identified in the data analysis.

CategoriesTheme

Trust 1. Historical mistreatment of marginalized populations contributes to their present-day distrust of health care.
2. Rumors, infodemics, and mistrust contribute to the spread of misinformation.
3. Community-based outreach is important for building trust.
4. Individual, collective, and commercial accountability is needed to reduce COVID-19 misinformation.

Equity 1. Inequitable access to accurate COVID-19 information fuels vaccine hesitancy and the disparate vaccination rates
observed in some communities.

2. Inequitable access to accurate information results from the lack of representation of persons of color in communi-
cations and media.

3. COVID-19 vaccine access is more important than vaccine hesitancy globally.
4. Health disparities are directly related to social determinants of health.

Social media practices 1. Strategic design of social media platforms can reduce misinformation.
2. Empathy and respect are critical when communicating online with people who disagree with you.
3. Social media involves managing the different values and interests of users.
4. A balanced approach to free speech, censorship, and psychological safety is needed.
5. Social media companies can educate users by flagging and removing misinformation and promoting correct infor-

mation.
6. Social media users can be taught how to critically analyze online information.

Interorganizational partner-
ships

1. Public health institutions should partner to combat the global impact of COVID-19.
2. Community health initiatives can fight COVID-19 misinformation.
3. Partnerships between social media companies and public health organizations can disseminate credible health in-

formation and fact-check online information.
4. Social media platforms can connect the science community with governmental agencies, commercial brands, and

local health organizations.

Trust
Trust was the fundamental issue in discussions of COVID-19
vaccine hesitancy throughout the conference. Our participants
described how disparities in COVID-19 vaccine acceptance
disproportionately affected marginalized populations due to the
“historical lack of trust by some communities because they have
been mistreated by science, mistreated by politicians, mistreated
by the judiciary system, and are still mistreated by [law
enforcement]...so they don’t trust.” One participant recounted
numerous instances where members of the Black community
were mistreated, emphasizing how “the abuse of Black bodies
creates the bedrock for this [modern] distrust” and “[currently]
we still see elements of mistreatment in the medical system. So,
it would make complete sense to know that Black communities
have a lasting and lingering distrust of health care.” Participants
described how marginalized communities also suffer from a
lack of “access to adequate information” because “having trusted
messengers, people who can interpret messaging [and] can
deliver adequate truthful information, is a commodity, [but] it
is a rarity and it’s scarce in [marginalized] communities.”

One participant noted that “credible information and trusted
voices have a viral nature, which [is] important in the context
of the rampant mis- and disinformation” and that “a crucial
factor that determines the spread of information is trust.” The
influence of rumors that threaten trust within different countries
was emphasized, as in “one country, [rumors] fizzle out and
die, [while] in another country, it disrupts a program and [shuts]
down a vaccination initiative. It all depends on the receptivity
and fertile ground [within each country that] either amplifies
or mitigates the spread.” Participants described “the process of
building trust” through community-based organizations, which

may not be an issue of “restoring trust but building trust with
the public for the first time given long histories of exploitation.”
Several participants underscored the importance of ensuring
individual, collective, and commercial accountability when
dealing with COVID-19 misinformation on social media.

Equity
Our participants described how the COVID-19 pandemic
highlighted countless global inequities in health care
infrastructure and access to information and care. One
participant said, “nothing to do with this pandemic is equal,
from mortality and morbidity rate[s], from who’s most
susceptible to infection, [to] the inequitable access to vaccine.”
Participants said that social determinants of health such as
poverty, frontline jobs, crowded living spaces, crowded public
transit, food deserts, and inadequate insurance coverage can
“lead to higher risk for COVID disease but also serve to alienate
and isolate people from good information and leave them
vulnerable to local pockets of misinformation.” Another
participant offered the example that, for pediatric deaths from
COVID-19 around the world, “low- and middle-income
countries have two and a half times the risk of deaths than
high-income countries.” The participants discussed how the
pandemic has revealed this “uneven playing field,” especially
in denying equitable access to the vaccine among poorer
countries. A participant cited a study done by the Africa CDC
showing that 80% of people in African countries, 65% in the
United States, and 60% in France are willing to get vaccinated,
but “as of May 2021...only 2% of the African population has
got access to the vaccine.” Our participants agreed that vaccine
access is more important than vaccine hesitancy in much of the
world. These inequities not only are global but also plague
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people within small communities, as one participant noted,
“[sometimes] it’s only a 15-mile difference” between having
and not having access to a continuous medical system.

In the same way that inequities cause access challenges to
vaccines and health care services, one participant explained that
there are also some communities that are “more vulnerable to
being targeted by disinformation campaigns and are more
susceptible to believing misinformation.” Our participants
discussed how Pfizer focused on equitable access to vaccine
information and clinical trials while developing their vaccine,
describing that Pfizer put in the effort to “involve and ensure
diverse populations are included.” In addition to including
minority groups in clinical trials, one participant described how
the Pfizer vaccine development process involved partnering
with “trusted civil societies and NGO [nongovernmental
organizations] like the NAACP [National Association for the
Advancement of Colored People], the National Black Nurses
Association, the National Hispanic Medical Association” to
approach vaccine development in an equitable and “culturally
sensitive way,” considering factors such as “removing barriers
in enrollment like language.”

Social Media and Best Practices
Social media companies and influencers both play important
roles in limiting misinformation online, as well as spreading
accurate and credible content. Participants acknowledged that
online platforms including Twitter, Facebook, and Google all
have policies for removing inaccurate information, flagging
misleading content, and deactivating accounts that promote
misinformation. For example, one participant shared that Twitter
“remove[s] content with the highest propensity of harm and
content that may invoke deliberate conspiracy theories relating
to COVID-19 and COVID-19 vaccines,” mitigating its spread.
Social media companies have also been able to promote and
amplify high-quality, medically accurate information via
COVID-19 information pages and links labeling relevant posts.
Through these efforts, Facebook has been able to “direct more
than 2 billion people worldwide to expert health resources
through [their] virus information center,” and Google developed
search features to “provide direct access to information from
health authorities.” Participants said that artificial intelligence
systems can help “scale the impact” of misinformation and send
it to “fact-checking partners around the world [that can] rate
[the] content and reduce the distribution of it” if deemed
harmful. Continual monitoring and tracking of online
discussions allow companies to “have a better sense from a
policy perspective where to start shifting [their] resources and
where to start really understanding the patterns associated with
it.” The companies are working to navigate the challenge of
regulating their platforms by finding a balance between
“enabling people to express themselves freely while protecting
the safety of [their] user community.”

Health care influencers on social media can also impact
vaccination rates by communicating information responsibly
and effectively on their platforms. One way is by storytelling
and giving actionable advice through a variety of media, whether
that be “threads on Twitter, videos, [or] graphics”—all powerful
ways of “leveraging the impact of multiple forms of media to

their greatest extent” and increasing audience engagement.
Influencers can use their platforms to build trust and generate
ideas as ways to “transform people’s minds, to bring them out
of fear and into confidence about the vaccine—everything from
flu to even COVID-19 and HPV [human papillomavirus].”
Participants agreed that influencers can also help increase
science literacy and teach viewers to make choices “out of a
place of knowledge” and “increase people’s ability to discern
what is good data, what is bad data, and even how to read
charts.” Although educating viewers, it is crucial for health
influencers to express empathy as an “undertone of the way in
which [they] communicate...and empower people to seek this
information out.” Antagonizing and “shame-based motivation
to seek information sends [people] to the darkest places of the
internet” and is not as effective as coming from a place of
understanding and respect.

Interorganizational Partnerships
The final theme that emerged from our conference was the dire
need for interorganizational partnerships. From the first panel
to the last, our participants emphasized the importance of
partnering with like-minded organizations to improve public
health and the information disseminated on social media. One
participant advocated that health experts “should partner with
public health and not dissociate ourselves from them because
we need to build [the] public health infrastructure...[to] not only
get through the pandemic, but all public health issues.” They
asserted the need to utilize “existing community engagement
structures, local community leaders, faith-based organizations,
community groups, and health centers” to “disseminate
transparent and comprehensive information” for public good.
These sentiments were echoed throughout the conference. As
one participant stated, “partnerships are essential [and National
Latino Evangelical Coalition] partners with the CDC and the
Office of Health and Human Services to have webinars in the
target language” to eliminate distrust in the health care system
among the Latino community.

Lastly, participants agreed that social media companies have a
responsibility to partner with health organizations to ensure that
their platforms are “[addressing] a wide range of misinformation
and the associated harms...[while] amplifying authoritative
health information.” One participant noted that Facebook is
“partnering with other organizations to reach low vaccination
rate communities such as campaigns featuring Black doctors
or nurses or Spanish language campaigns” and “using that data
that [they’re] collecting in partnerships with academic
institutions to judge the impact [on the pandemic] over time.”
Participants also discussed partnerships that Facebook maintains
with health experts to “remove content that has been debunked
as false and leading to physical harm” as well as partnerships
with “the global network of more than 80 fact-checking
organizations around the world in more than 60 languages” to
identify misinformation about COVID-19 or the vaccine.
Similarly, it was noted that Google has similar partnerships with
“national public health authorities” to “display their content
front and center” so users have “direct access” to it.
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Discussion

Principal Findings
Health misinformation on social media poses a threat to public
safety, especially in the midst of the COVID-19 pandemic. Our
participants described how the increased use of social media
during the pandemic paved the way for misinformation,
conspiracy theories, and rumors to flourish, thus increasing fear
and reluctance around the vaccine. With the emergence of new
COVID-19 variants, it is especially vital that we combat vaccine
hesitancy and vaccine inequity around the world. In particular,
many of our participants acknowledged that social media
companies have an ethical obligation to act against the spread
of harmful misinformation on their platforms. Presently, social
media companies are making efforts to mitigate
misinformation—however, more could be done.

After analyzing transcripts from the INFODEMIC conference,
we recommend 9 ways in which social media companies can
better combat COVID-19 misinformation online (Table 6).
While our intended goal was to make recommendations about
COVID-19 misinformation to social media companies alone,
our data were so rich that our analysis led to recommendations
for health care professionals and the general public as well.
During our analysis, we also identified several response
categories specific to health care professionals and the general
public, so we generated additional recommendations for each
of these respective groups. Our findings are especially timely
and important, as the literature has relatively few evidence-based
guidelines for how social media companies should effectively
manage the COVID-19 infodemic [25-27]. In addition, many
health care professionals and social media users are unaware
of the potential benefits of social media for the dissemination
of factual scientific information and the promotion of COVID-19
vaccines [25,28,29].

Table 6. List of recommendations for social media companies, health care professionals, and the general public to mitigate COVID-19 misinformation.

RecommendationsTarget

Social media companies 1. Increase representation by people of color as messengers of factual information to build trust in medicine and
science within marginalized communities.

2. Promote posts from trusted sources of credible information.
3. Fact-check, flag, and remove posts that propagate the spread of misinformation.
4. Adjust search engines and other algorithms that push misinformation.
5. Use easily understandable information, infographics, and messaging.
6. Remind users to be critical of information they read online.
7. Partner with public health organizations to spread credible information.
8. Partner with one another in a coordinated effort to combat COVID-19 misinformation.
9. Encourage vaccinations and equitable access to vaccines.

Health care professionals 1. Engage in public health education online.
2. Use social media platforms to connect scientists, government officials, and health care organizations with the

general public.
3. Be mindful of global health disparities when messaging about the vaccines.

General public 1. Critically analyze social media content related to COVID-19.
2. Disseminate scientific facts and evidence-based information.
3. Search for information rather than rely on social media algorithms to push content to you.
4. Be patient and empathetic in conversations with vaccine-hesitant individuals.

Some pre-COVID literature addressed health misinformation
on social media platforms. Although these papers predate the
current COVID-19 infodemic, our data support their overarching
themes and recommendations. Chou et al [29] recommended a
strong clinician-patient relationship for optimal health
communication, and our findings underscore this importance
of building patient trust in science, medicine, and health
information messengers. Similarly, we found that individual
and commercial accountability is needed to reduce COVID-19
misinformation. Chou et al [29] also recommended that social
media companies implement mechanisms to validate information
on their platforms. Our analysis yielded more detailed
recommendations for social media companies to (1) flag and
remove posts that propagate the spread of misinformation, (2)
promote posts from trusted sources such as easily understood
information and infographics, and (3) promote reminders to the
public to be critical of what they see online [29]. Finally, Walter
et al [25] performed a meta-analysis of pre-COVID studies that
found that the most effective messenger of health information

is a recognized expert in a given field, which aligns with the
findings in our study as well.

Several unique aspects of the INFODEMIC conference planning
and this subsequent study are noteworthy. The INFODEMIC
planning committee and this author team were comprised
primarily of undergraduate students (DC, TML, AR, AS, AX)
who executed the event and this analysis as class projects. The
students learned how to effectively work as a team,
communicate with professional speakers, plan the logistics of
a conference, operate the digital conference platform, and
perform a qualitative analysis of conference transcripts. Second,
our speaker selection was carefully planned so that a diverse
group of fields was represented. For instance, we thought it was
important to include religious leaders and physicians in
discussions of social media regulations, a space normally
dominated by social media companies and the government. The
broad diversity of expert speakers was intentional, and this
qualitative analysis was meant to discover commonalities among
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their approaches to health misinformation. Finally, we believe
that our thematic analysis of a full conference transcript is
uncommon in the literature and represents a rigorous method
of summarizing knowledge generated at a scientific meeting.

Lastly, our experiences hosting an online conference are
instructive. The virtual platform allowed us to convene a panel
of experts from locations in North America, Africa, and Europe
simultaneously. It is unlikely that we could have recruited the
same panel to a live conference due to costs, travel during a
pandemic, and schedule availability. Conference registrants
similarly represented an international audience. We also
purposefully recorded the conference and made it freely
accessible online through YouTube videos and Podbean
podcasts. This ensures that the conference has continued impact,
as evidenced by the 10-fold increase in asynchronous,
on-demand viewers to date compared with live conference
attendees. Additionally, registrations peaked in the final 48
hours prior to the conference, an unanticipated finding that is
anecdotally common for virtual conferences. This may have
been due to simultaneously higher social media activity about
the conference in the days prior, both from the INFODEMIC
planning committee and the invited speakers. These experiences
are consistent with expert guidelines for planning virtual
meetings [30,31].

Limitations
We acknowledge several important limitations of our qualitative
study design. Most notably, our sampling technique is subject
to selection bias, and thus, our data were contingent on the
specific participants or panel discussion topics chosen. However,
it is unclear if similarly selected content experts would have
offered substantively divergent perspectives. We tried to address
this issue by creating a diverse conference agenda, recruiting
participants with content expertise, and performing a thematic
analysis across all 10 of the conference presentations to increase
the variety of participants’ responses in the data set. Two notably
absent participant types were vaccine-hesitant individuals and
“antivaccine” individuals. Though we initially intended to
include a vaccine-hesitant participant, we eventually chose not
to recruit any because of the difficulty of ensuring their
psychological safety during the conference. Additionally, we

were concerned that an “antivax” (vaccine-refusing rather than
vaccine-hesitant) participant might have led the conference
astray from its primary objective. Such individuals may have
interacted with our participants during their presentations
anyway, using the virtual conference platform chat function;
this is not clearly reflected in our data set as the transcripts
captured audio-only content, not chat room discussions.

Additionally, several biases reflective of participant comfort
during the live, internationally broadcast conference may have
affected the results; these include social desirability bias,
acquiescence bias, and sponsor bias. Each of these response
biases were partially mitigated by the use of open-ended
questions and panel moderation by participants rather than
sponsors. Similarly, status quo bias may have affected the
responses of participants representing social media companies.
Some responses may have been further biased by the use of a
virtual conference platform to host the conference. Although
this format allows for a global audience, technology itself can
be a barrier for participants and alter their engagement and
responses. Moreover, the conference was held in English without
closed captioning or translation services, which may have
affected attendee interaction with the participants via the chat
function. Finally, our results may be subject to confirmation
bias and to the experiential bias of the co-investigators who
planned the conference and wanted to ensure its success. These
were addressed by the use of paired investigators to code data
and through direct supervision and instruction by the first author
who has expertise in this methodology.

Conclusions
The Stanford INFODEMIC conference brought together experts
from various fields and backgrounds to discuss the etiologies
of vaccine hesitancy and the power of social media to increase
COVID-19 vaccination rates. There were common themes to
the participant remarks: improving trust in science and medicine,
promoting equity in vaccine access and health care, identifying
social media best practices, and creating interorganizational
partnerships. As the future course of the pandemic continues to
be uncertain, we offered specific recommendations that social
media companies, health care professionals, and the general
public can adopt to better mitigate online health misinformation.
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