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Abstract

Background: Although well recognized for its scientific value, data sharing from clinical trials remains limited. Steps toward
harmonization and standardization are increasing in various pockets of the global scientific community. This issue has gained
salience during the COVID-19 pandemic. Even for agencies willing to share data, data exclusivity practices complicate matters;
strict regulations by funders affect this even further. Finally, many low- and middle-income countries (LMICs) have weaker
institutional mechanisms. This complex of factors hampers research and rapid response during public health emergencies. This
drew our attention to the need for a review of the regulatory landscape governing clinical trial data sharing.

Objective: This review seeks to identify regulatory frameworks and policies that govern clinical trial data sharing and explore
key elements of data-sharing mechanisms as outlined in existing regulatory documents. Following from, and based on, this
empirical analysis of gaps in existing policy frameworks, we aimed to suggest focal areas for policy interventions on a systematic
basis to facilitate clinical trial data sharing.

Methods: We followed the JBI scoping review approach. Our review covered electronic databases and relevant gray literature
through a targeted web search. We included records (all publication types, except for conference abstracts) available in English
that describe clinical trial data–sharing policies, guidelines, or standard operating procedures. Data extraction was performed
independently by 2 authors, and findings were summarized using a narrative synthesis approach.

Results: We identified 4 articles and 13 policy documents; none originated from LMICs. Most (11/17, 65%) of the clinical trial
agencies mandated a data-sharing agreement; 47% (8/17) of these policies required informed consent by trial participants; and
71% (12/17) outlined requirements for a data-sharing proposal review committee. Data-sharing policies have, a priori,
milestone-based timelines when clinical trial data can be shared. We classify clinical trial agencies as following either controlled-
or open-access data-sharing models. Incentives to promote data sharing and distinctions between mandated requirements and
supportive requirements for informed consent during the data-sharing process remain gray areas, needing explication. To augment
participant privacy and confidentiality, a neutral institutional mechanism to oversee dissemination of information from the
appropriate data sets and more policy interventions led by LMICs to facilitate data sharing are strongly recommended.

Conclusions: Our review outlines the immediate need for developing a pragmatic data-sharing mechanism that aims to improve
research and innovations as well as facilitate cross-border collaborations. Although a one-policy-fits-all approach would not
account for regional and subnational legislation, we suggest that a focus on key elements of data-sharing mechanisms can be used
to inform the development of flexible yet comprehensive data-sharing policies so that institutional mechanisms rather than
disparate efforts guide data generation, which is the foundation of all scientific endeavor.
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Introduction

Background
Data sharing from clinical trials is a contested space; it has
gained salience particularly during the COVID-19 pandemic.
Clinical data are defined as “the data, results, information,
discoveries, inventions, processes and methods (whether
patentable or not) resulting from or developed by investigator
or study personnel in the performance of the clinical trial, but
excludes all personal information and medical records” [1].
Clinical trial data sharing is defined as “sharing of anonymized,
patient-level clinical trial data through established platforms
thereby enhancing transparency, thus maximizing value of
research and creating opportunities for external researchers to
reanalyze, synthesize, replicate, and build upon previous
evidence” [2,3]. Sharing anonymized individual participant
data (IPD) along with other trial-generated data can often pave
ways for informed clinical decisions. In particular, the secondary
analysis of such clinical trial data helps in building on the body
of existing evidence by consolidating data across smaller,
underpowered studies. It is one of several cost-effective
measures for augmenting a body of evidence in
resource-constrained settings and in health emergencies [4].
The COVID-19 pandemic is considered a booster for clinical
data sharing because many researchers and working groups
have strongly advocated it [5-8]. Ideally, clinical trial data
sharing needs to be harmonized and standardized for the global
scientific community. However, to align with the purpose of
research, data from human participants should benefit others,
and data sharing is one of the best ways to achieve this.

Clinical trial agencies have provided guidelines for regulating
data sharing in clinical research. In particular, the International
Committee of Medical Journal Editors [9], the UK-based
Pragmatic Clinical Trials Unit [10], and the US-based National
Institutes of Health (NIH) StrokeNet [11] have developed
guidelines for efficiently sharing and accessing data. Clinical
trial registries and scholarly publications expect biomedical
researchers to provide statements on sharing data during various
stages of clinical trials (eg, at the time of trial registration, after
the planned interim analysis, at the midterm, and at the end of
the clinical trial), as applicable according to the respective
data-sharing guidelines. These data-sharing guidelines aim to
safeguard the privacy of study participants when data are used
by a researcher to build on existing evidence (secondary
research) and thereby maximize benefits for the public [12].
According to the clinical trial registration policy of the
International Committee of Medical Journal Editors, there are
prerequisites for data oversight or the presence of an institutional
ethics committee to abide by the Good Clinical Practice
guideline as outlined by the International Council for
Harmonisation [13]. These prerequisites need to be
operationalized through gaining the informed consent of study
participants to ensure the safety of the study participants,

investigators [13,14], and those involved in clinical trials.
Furthermore, data sharing from clinical research is generally
governed by national regulatory agencies in their respective
locations [14,15].

Where such guidance exists, regulatory policy documents
provide guidance on data sharing and access to data by ensuring
participant safety and ethical compliance [16]. The emerging
conflicts between data-sharing practices and potential threats
to the privacy and confidentiality of trial participants are
significant challenges faced by investigators in complying with
data-sharing principles. The review of data-sharing guidelines
by Blasimme et al [17] and a stakeholder consultation of 1329
scientists [18] demonstrated that the importance of data sharing
in medical science is not sufficiently recognized. Technical,
legal, and ethical barriers hinder data sharing from clinical trials.
Technical barriers include lack of standardization, limited
researcher capacity to build high-quality data, and a lack of
financial incentives for data sharing. Legal barriers such as
intellectual property rights (IPR), data ownership, concerns of
data provider and data user regarding mutual benefits, and
explicit informed consent for data sharing are threats to data
sharing [3,5,17,18]. Similar concerns were shared by the public
in a high-income setting where widely shared data could be a
risk for patient privacy and could give rise to discrimination
and exploitation [19].

A Complicated Issue
The competing interests of stakeholders involved in clinical
trials make data sharing a complicated issue owing to factors
relating to investments and existing legal frameworks
surrounding IPR. The resistance from for-profit pharmaceutical
corporations is also understandable when they advocate data
exclusivity, given their financial investments in conducting
clinical trials. Most large multicenter clinical trials are funded
by for-profit pharmaceutical corporations. Besides being data
generators, these corporations are investors and risk takers, as
well as intellectual conceptualizers of complex scientific
information. Not surprisingly, such corporations have the
incentive, control, and power to restrict data sharing. The
agreement on Trade-Related Aspects of Intellectual Property
Rights at the World Trade Organization (WTO) identifies
transparency and availability of the latest information as being
pivotal to trade and policy [20-22]. An updated list of IPR
measures specific to a region and country limits the control
exercised by multinational corporations [23]. Concerns over
clinical trial data sharing follow IPR-related issues that arise
with the sharing of undisclosed trial information—a practice
often referred to as “secret trial data” [24,25]. For-profit
pharmaceutical corporations often resist, or lack interest in,
data-sharing efforts through their data-exclusivity practices
[26,27]. This can have, and has had, a negative impact on access
to medicines and biologicals, including vaccines in low- and
middle-income countries (LMICs) [28].
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Institutional frameworks based on jurisdictions vary
considerably. Data sharing from cross-border or multicountry
and multisite randomized controlled clinical trials are generally
not governed by a single (or even comparable) national
legislation [29,30]. Although international regulations on data
sharing are lacking, there are a few guidelines. In a multicenter
and multicountry trial, there are context-specific issues such as
the cost of trial completion and data sharing, subcontracting,
and the use of third parties to complete the trial. Nuances in
subcontracting the conduct of the trial to for-profit and
not-for-profit organizations further make data sharing difficult.
There are ethical complexities as well: large sample sizes are
often possible only by recruiting participants from low-income
countries owing to their larger populations and (often) poor
clinical trial oversight and regulatory mechanisms [19,31]. Not
surprisingly, therefore, the wider acceptance of data-sharing
practices in the absence of a mandate to share clinical trial data
has created uncertainties among clinical trial investigators
[32,33]. With the paucity of surveys or academic syntheses to
offer guidance on data sharing, it is necessary to collate evidence
and classify this information to facilitate syntheses and
comparability with regard to data-sharing practices.

Given the limitations in the existing landscape of clinical trials
regarding data sharing, it must be noted that at the institutional
level, systematic steps are being taken to shift data sharing in
more institutionalized directions, which is laudable. This is
based on disclosures by funders; nevertheless, such disclosures
vary in degrees. For ease of comprehension, we view these in
the binary categories of open- or controlled-access models of
sharing data. Pursuant to this, trial investigators are
implementing data sharing according to varied milestones,
depending on the progress of the clinical trial. Thus, at the
aggregate level, timelines for disclosures also vary. In brief,
such principal investigators connect the level of data disclosure
to the completion of varied milestones. Our review appropriately
classifies this information.

Considering the aforementioned gaps, this review attempts to
synthesize the existing state of practices around clinical trial
data sharing. Our viewpoint is decidedly from a public health
perspective because we believe that data sharing needs to be
promoted for the public good. With this intention, we conducted
a scoping review of the literature with the following objectives:
to identify regulatory documents that have guided clinical trial
investigators in trial data sharing and to explore the key elements
of data-sharing mechanisms in these regulatory documents.

Methods

Overview
A scoping review approach facilitates an understanding of
emerging evidence and is often considered the first step in
research evidence development [34]. We followed the JBI
methodology, as proposed in the methodological framework of
Arksey and O’Malley [35] for scoping studies and the work on
advancing this methodology by Levac et al [36]. The review
protocol was developed a priori; however, because of the
time-bound nature of this review, we could neither register nor
publish the protocol. The JBI methodology has outlined six

steps for the conduct of a scoping review: (1) identifying the
research question; (2) identifying relevant studies; (3) study
selection; (4) charting the data, (5) collating, summarizing, and
reporting the results; and (6) stakeholder consultations [34-36].
These steps are further described in the following sections. The
scoping review is reported according to the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews) guidelines [37].

Step 1: Identifying the Research Question
As we intended to synthesize a fast-growing but fragmented
body of literature on regulatory documents for data sharing, we
did not follow the typical Population, Intervention, Comparison,
and Outcomes or Population, Concept, and Context approach
to guide our article selection process because this topic falls
beyond the scope of these and other review classifications [38].
We developed the objectives of this scoping review using an
iterative approach. Stakeholders (a group of domain experts)
from the data-sharing working group of the COVID-19 Clinical
Research Coalition were involved in providing feedback on the
objectives [39]. In particular, one of the authors (OJ) is a
member of the data-sharing working group of the COVID-19
Clinical Research Coalition, and this review was undertaken as
a specific deliverable with technical support from the
data-sharing working group.

Step 2: Identifying Relevant Studies
We followed a 2-pronged approach for identifying regulatory
documents: (1) literature search in scientific journals and (2)
gray literature search. We conducted searches on MEDLINE
(PubMed), SCOPUS, CINAHL (EBSCO), EMBASE, ProQuest,
and Google Scholar using the keywords data sharing policy,
data sharing guidance, clinical trial data sharing, and individual
participant data sharing. The search was carried out by 2
authors (NG and SSP) on May 11, 2021. A detailed search
strategy for each database is presented in Multimedia Appendix
1.

An alert was created between May 11, 2021, and August 31,
2021, on the aforementioned databases for the search strategy
to further include articles as and when published. This step was
deemed necessary because the topic is dynamic and published
scholarly evidence has been emerging regularly since the
COVID-19 pandemic began. The gray literature is an important
source for gathering further evidence on data sharing. To
populate a comprehensive list of trial agencies, we manually
looked at the trial websites through a Google search. We also
searched for data-sharing policies on the clinical trial agency
websites (Multimedia Appendix 2 [16,40-64]). We further
conducted reference screening of articles included at the full-text
stage to identify any potential inclusions. All search results were
uploaded into EndNote software (Clarivate), and duplicates
were removed.

Step 3: Study Selection
The selection of studies was carried out by 2 authors (PK and
TC) independently in 2 sequential stages, namely, title-abstract
and full-text stages. We used this 2-stage strategy because the
evidence suggests that there is no difference between the
titles-first and title-abstract–together approaches [65]. Conflicts

J Med Internet Res 2022 | vol. 24 | iss. 5 | e33591 | p.8https://www.jmir.org/2022/5/e33591
(page number not for citation purposes)

Gudi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


on study selection were discussed until consensus was reached,
or a senior team member (NG or OJ) acted as an arbitrator to
decide on final inclusion or exclusion of the record. To ensure
transparency in the study selection process, the number of
records included at each stage was represented in the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) 2020 chart, along with the reasons for exclusion
of studies during the full-text screening [66]. The study selection
was based on the following inclusion and exclusion criteria:

• Inclusion criteria: as this is a broad and emerging topic, we
did not limit our review to studies with any specific research
designs. We included studies that described any clinical
trial data–sharing policies or standard operating procedures,
which are defined as detailed, written instructions to achieve
uniformity of the performance of a specific function
upholding the goal of the Good Clinical Practice guideline
[67]. This may include but not be limited to evidence
synthesis papers such as systematic reviews and rapid
evidence synthesis. We also included commentaries,
editorials, and policy briefs; however, we restricted our
search to studies published in English.

• Exclusion criteria: we excluded conference abstracts
because these are susceptible to changes (eg, content or
title) at the completed-manuscript stage, making it
challenging to locate them. As our search was
comprehensive, our decision to exclude conference abstracts
would have had minimal impact in terms of the number of
articles retrieved at the title-abstract stage.

Step 4: Charting the Data
Data coding was carried out independently by 2 authors (PK
and TC) using a predesigned yet flexible data-coding template
(Multimedia Appendix 3). The study team members were
consulted before finalizing the data-coding template, and minor
modifications were incorporated based on the team’s feedback.
The data-coding template was pretested as suggested by Levac
et al [36] and Daudt et al [68]. Extracted data were coded as per
characteristics of the regulatory documents (name of trial
agency, type of regulatory document, recent version, regulatory
document and policy scope, country of origin, geographical
scope, scientific scope, timeline, and grant limit) and
data-sharing mechanism (need for data-sharing agreement,
informed consent, type of review committee, timeline to share
and access data, cost of data sharing, and data-sharing model).
Clinical trial agencies were categorized as being either for-profit
pharmaceutical trial agencies, federal or national regulatory
agencies (publicly funded trial agencies), academic institutions

(affiliated to universities), nonprofit research organizations, or
networks/consortia of clinical trial units.

Depending on the description of the data access requirement,
we coded the data access model as either an open-access model
or a controlled-access model. If the anonymized trial data are
made available to the public without submission of a proposal
or without an approval process and no limitations or restrictions
on data use, it was coded as an open-access model. If the data
request is reviewed against prespecified criteria by internal or
external review committees, we coded it as a controlled-access
model [69]. Furthermore, if the information in the included
documents was insufficient, we referred to the source (often
websites) of the respective documents to elicit further
information; there was 1 such policy document [40,70].

Step 5: Collating, Summarizing, and Reporting the
Results
We used a narrative synthesis approach to summarize findings
to provide a comprehensive view of an emerging topic owing
to its potentially large volume and heterogeneous nature. Critical
appraisals of studies and summarizing results from individual
studies were beyond the scope of this review.

Step 6: Stakeholder Consultation
As we sought to code data from the available pool of scientific
guidelines, global standards, and national policies, conducting
a stakeholder consultation for summarizing the results was
beyond the scope of this project. Stakeholders from the
data-sharing working group of the COVID-19 Clinical Research
Coalition were consulted for finalizing the review objectives
as described in step 1.

Results

We have presented the findings of this scoping review based
on the evidence identified through a scientific literature search
and a gray literature search.

Findings From Scientific Literature Search
The initial search yielded a total of 1258 records; after 480
(38.16%) duplicates were removed, we screened 778 (61.84%)
titles and abstracts, and included 109 (8.66%) reports for the
eligibility check. After the full-text screening of these 109
articles, we finally included 4 (3.7%) for the data coding [70-73].
Papers with a focus on trends in data sharing and importance
of data sharing were excluded. The PRISMA 2020 chart is
presented in Figure 1.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 chart. SOP: standard operating procedure.

Findings From Gray Literature Search
We found few academic publications on regulatory frameworks
from clinical research. Therefore, we decided to conduct a gray
literature search. During the full-text review stage, we made a
note of the referred clinical trial agencies, and the websites of
these agencies were examined for clinical trial data–sharing

policies—either a policy, a standard operating procedure, or a
guiding document on data sharing. We included a total of 13
[10,11,16,41-44,74-79] trial agencies that had at least one
data-sharing policy or guiding document. A list of trial agencies
can be found in Table 1. We have provided the list of trial
websites we examined, as well as those excluded, in Multimedia
Appendix 2.
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Table 1. Summary of articles included in scientific journals.

Scientific scope
Geographical
scope

Type of regulatory
documentType of clinical trial agency

Name of clinical trial
agencyStudy

GSK-sponsored trialsGlobalPolicyFor-profit pharmaceutical trial
agency

GSKa-sponsored trialsNisen and Rockhold,
2013 [72]

YODA partners (Medtronic
and Johnson & Johnson)

Not reportedPolicyAcademicYODAbRoss et al, 2018 [70]

BMSd-sponsored phase I to
phase IV trials (trials com-
pleted after January 2008)

United StatesPolicyFor-profit pharmaceutical-
academia collaboration

SOARc initiativePencina et al, 2016
[73]

Not reportedNot reportedGuidelineNonprofit regulatory agenciesIOMeMitka, 2015 [71]

aGSK: GlaxoSmithKline.
bYODA: Yale Open Data Access.
cSOAR: Supporting Open Access for Researchers.
dBMS: Bristol Myers Squibb.
eIOM: Institute of Medicine.

Summary of Articles Included From Scientific
Literature Search
We included perspective papers that summarized specific
regulatory documents. The scientific scope of these regulatory
documents varied significantly. Of the 4 documents included,
3 (75%) [70,72,73] referred to a specific policy document,
whereas 1 (25%) [71] referred to a data-sharing guideline. These
documents were published between 2013 and 2018. The trial
agencies specified in these documents were a for-profit
pharmaceutical firm (GlaxoSmithKline [GSK]-sponsored
clinical trials) [72], an academic institution (Yale Open Data
Access) [70], a pharmaceutical-academia collaboration
(Supporting Open Access for Researchers) [73], and a nonprofit
regulatory agency (Institute of Medicine) [71]. The GSK policy
is applicable to GSK-sponsored trials globally, whereas the
Supporting Open Access for Researchers initiative is applicable
to Bristol Myers Squibb (BMS)–sponsored phase I-IV
interventional clinical trials completed after 2008 in the United
States. The remaining 50% (2/4) of the documents [70,71] did
not specify geographical scope. The Yale Open Data Access
project policy is applicable to their partner clinical trial agencies

such as trial data sponsored by Medtronic and Johnson &
Johnson clinical trial data [70] (Table 1).

Summary of Regulatory Documents Identified
Through Gray Literature Search
We report the summary of the included regulatory documents
in the gray literature in Table 2. In case of multiple versions,
the most recent version of these documents was considered for
coding the data. All the clinical trial agencies were from the
United States and the United Kingdom. For-profit
pharmaceutical trial agencies [41,74] (Celgene, Pharmaceutical
Research and Manufacturers of America, and European
Federation of Pharmaceutical Industries and Associations)
follow regulations applicable to the trials conducted in the
United States and the European Union. The NIH
[11,16,42-44,75] and the Medical Research Council [76] have
a data-sharing policy applicable to their own funded clinical
trials. The policies of NIH-affiliated agencies [16,42] are
applicable to trials with a grant limit of US $500,000 or more
in direct costs in any year of the proposed project period. None
of the other policy documents specify a grant limit for their
applicability (Table 2).
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Table 2. Summary of regulatory documents (gray literature).

Grant limit (US $)TimelineScientific scope
Geographical
scopeCountry of origin

Recent policy
versionPolicy

——aCompound and indication trialsUnited States and
European Union

United StatesVersion 4, 2017Celgene [41]

———United States and
European Union

United States2013PhRMAb and

EFPIAc [74]

≥500,000 or more

(in direct costse)

From 2003 to
2023

NIH-funded studies—United States2003NIHd-1 [42]

≥500,000 or more

(in direct costse)

From 2023NIH-funded or NIH-conducted re-
search

—United States2020NIH-2 [16]

—From 2003 to
2023

NHLBI-funded studies (related to
heart, lung, and blood–related re-
search)

—United States2014NIH-NHLBIf

[43]

—On or after
2017

NCI-supported Cancer Moonshot
studies

—United States2016NIH-NCIg [44]

——Publicly funded clinical trials units—United Kingdom2015MRCh [76]

——NIHR-funded research studies—United KingdomVersion 1, 2019NIHRi [75]

—Data held after
July 1, 2015

For academic and noncommercial
research purposes

—United KingdomPolicy 0070,
2018

EMAj [79]

——Clinical trials conducted in the
NIH StrokeNet network

—United StatesVersion 1, 2014NIH StrokeNet
[11]

—From January
1, 2014

Clinical research data held on PC-
TU servers

—United KingdomVersion 5, 2019PCTUk [10]

——Research projects funded by
PCORI

—United States2018PCORIl [77]

——UKCRC-registered clinical trials
unit network

—United Kingdom2021UKCRCm [78]

aNot mentioned.
bPhRMA: Pharmaceutical Research and Manufacturers of America.
cEFPIA: European Federation of Pharmaceutical Industries and Associations.
dNIH: National Institutes of Health.
eIn any year of the proposed project period through grants, cooperative agreements, or contracts.
fNHLBI: National Heart, Lung, and Blood Institute.
gNCI: National Cancer Institute.
hMRC: Medical Research Council.
iNIHR: National Institute for Health Research.
jEMA: European Medicines Agency.
kPCTU: Pragmatic Clinical Trials Unit.
lPCORI: Patient-Centered Outcomes Research Institute.
mUKCRC: UK Clinical Research Collaboration.

Data-Sharing Mechanisms
We reviewed data-sharing mechanisms from the documents and
summarize the key specifications in Table 3. Most (11/17, 65%)
[10,40-42,70-73,75-78] of the clinical trial agencies require a
data-sharing agreement between the data requester and the
clinical trial agency. The specific requirements to access data
and obligations with good data-sharing principles are highlighted
in the data-sharing agreement. We could access
data-sharing–agreement templates from 27% (3/11) [10,42,76]
of these trial agencies. At these trial agencies, data-sharing
agreements between the data requester and clinical trial agency

are mutual and nondisclosable in nature. Data-sharing
agreements ensure that appropriate data anonymization
procedures are followed, thereby minimizing the chance of
identifying the study participant. These agreements further
prohibit data users from sharing data with third parties.
However, the legal actions in cases of noncompliance are not
clearly defined. The data request process is facilitated either
through a website registration procedure or submission of a data
request form. Basic information about the principal investigator
of secondary research, key personnel, and the research proposal,
which includes project title, scientific abstract, brief project

J Med Internet Res 2022 | vol. 24 | iss. 5 | e33591 | p.12https://www.jmir.org/2022/5/e33591
(page number not for citation purposes)

Gudi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


background and statement of project significance, specific aims,
research methods, narrative summary, project timeline,
dissemination plan, and bibliography, are standard requirements
across various trial registries. Data requesters need to mention
their proposed process for data management and the process of
making the resulting publications available to the public. Not
all the trial agencies require an independent review committee.
However, an independent review committee would possess the
right to decide on sharing the data.

Nearly half (8/17, 47%) [10,40,41,43,44,70,72,75,76] of the
trial agencies mentioned that informed consent for data sharing
should be included in the broader informed consent for research.
However, curiously, none of the policy documents mention that
consent is mandated. Of these 8 policy documents, 2 (25%)
[40,44,70] make statements to the effect that data-sharing
practices should follow the data-sharing statement presented in
the broader informed consent.

Of the 17 clinical trial agencies, only 5 (29%) [10,40,70-72,76]
specified a general timeline within which data would be shared.
Of these 5 agencies, 2 (40%) specified that data would be shared
along with the publication, 1 (20%) [76] specified a timeline of
18 months of trial completion, and 1 (20%) [10] specified a
timeline of 24 months of trial completion. Of these 5 agencies,
1 (20%) [71] specified a separate timeline for data underlying
the results, that is, no later than 6 months from the time of
publication, and no later than 18 months from the time of
publication for IPD. The time limit to access data was described
by 29% (5/17) of the clinical trial agencies: 12 months by 80%
(4/5) [10,40,70,72] of these agencies and 7 years by 20% (1/5)

[77]. Of the 17 clinical trial agencies, 1 (6%) [75] stated that
data access would be granted as per the agreement.

Of the 17 trial agencies, 12 (71%) [10,40-44,70,72,74,75,77-79]
provided a sufficient description of their data access model. Of
these 12 trial agencies, 10 (83%) [10,40-43,70,72,74,75,77,78]
practiced a controlled-access model, whereas 2 (17%) [44,79]
followed both open- and controlled-access models based on the
type of data. Only 35% (6/17) [16,40,42,43,70,71,76] of the
clinical trial agencies specified who is to bear the cost of data
sharing. Policies identify varied sources responsible for the cost
of data sharing: independent funder [40,70], trial sponsor [76],
or the clinical trial agency itself [16,42,43]. The Institute of
Medicine, a clinical trial agency, has stated that the cost of data
sharing should be shared by the clinical trial sponsor and the
secondary data user [71]. Clinical trial agencies such as the NIH
[16,42], the NIH-affiliated trial agencies [43], and the Medical
Research Council [76] encourage trial investigators to estimate
data-sharing expenses in the grant application. Most (14/17,
82%) of the data-sharing policies were applicable to IPD
sharing. The other clinical trial data in Table 3 refer to case
report forms, protocols, reporting, and analysis plans. The
included data-sharing policies varied widely in terms of the
terminology used to describe the type of trial data. To
standardize our interpretation of clinical trial data applicability
on the type of clinical trial data, we referred to the definitions
given in the policy documents. For example, the NIH 2003
policy applies to underlying research data of the final summary
statistics and results [42]. By contrast, the new NIH 2023 policy
is applicable to all the scientific factual data that are accepted
in the scientific community to validate and replicate research
findings [16] (Table 3).
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Table 3. Key elements of data-sharing mechanisms in regulatory documents.

Specification on
sharing of other
clinical trial data

Requires
sharing of

IPDa

Specification
on cost of
data sharing

Specifies
data-shar-
ing model

Specifies
time limit to
access data

Specifies
timeline to
share data

Requires
informed
consent

Requires
review
committee

Requires da-
ta-sharing
agreement

YesYesNoYesYesNoYes (appli-
cable from
2013)

YesYesGSKb-sponsored
trials [72]

YesYesYesYesYesNoYes (appli-
cable from
2014)

YesYesYODAc [70]

YesYesNoCannot as-
certain

NoNoNoYesYesSOARd initiative

YesYesYesCannot as-
certain

NoYesNoYesYesIOMe [71]

YesYesNoYesNoNoYes (appli-
cable from
2014)

YesYesCelgene [41]

YesYesNoYesNoNoNoYesNoPhRMAf and EF-

PIAg [74]

YesNoYesYesNoNoNoYesYesNIHh-1 [42]

YesYesYesCannot as-
certain

NoNoNoNoNoNIH-2 [16]

NoYesYesYesNoYesYesNoNoNIH-NHLBIi

[43]

NoYesNoYesNoYesYes (if con-
ducting re-

NoNoNIH-NCIj [44]

search
would bene-
fit public
health)

NoYesYesCannot as-
certain

NoYesYesYesYesMRCk [76]

YesYesNoYesYesNoYesYesYesNIHRl [75]

YesYesNoYesNoNoNoYesNoEMAm [79]

NoNoNoCannot as-
certain

NoNoNoNoNoNIH StrokeNet
[11]

YesYesNoYesYesYesYesYesYesPCTUn [10]

NoYesNoYesYesNoNoYesYesPCORIo [77]

NoNoNoYesNoNoNoNoYesUKCRCp [78]

11 (65)14 (82)6 (35)12 (71)5 (29)5 (29)8 (47)12 (71)11 (65)Total, n (%; yes
or no)

aIPD: individual participant data.
bGSK: GlaxoSmithKline.
cYODA: Yale Open Data Access.
dSOAR: Supporting Open Access for Researchers.
eIOM: Institute of Medicine.
fPhRMA: Pharmaceutical Research and Manufacturers of America.
gEFPIA: European Federation of Pharmaceutical Industries and Associations.
hNIH: National Institutes of Health.
iNHLBI: National Heart, Lung, and Blood Institute.
jNCI: National Cancer Institute.
kMRC: Medical Research Council.
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lNIHR: National Institute for Health Research.
mEMA: European Medicines Agency.
nPCTU: Pragmatic Clinical Trials Unit.
oPCORI: Patient-Centered Outcomes Research Institute.
pUKCRC: UK Clinical Research Collaboration.

Discussion

Principal Findings
Data-sharing practices have not been a characteristic of most
randomized controlled clinical trials. There may be many
reasons for this: for example, incentives to shift the status quo
away from proprietary models of holding on to data have often
remained diminutive. For producers of data, such as large
corporations, the alignment of financial investments dovetails
well with the desire to amortize these costs in terms of limiting
data sharing to the originators of the data. On the demand side,
firms or entities with the technical capacities to use such data
are limited to competitor firms in the mostly capitalist
Organisation for Economic Co-operation and Development
countries. Emerging market firms from Brazil, Russia, India,
China, and South Africa, or other nations with relatively more
sophisticated technical capacities in reverse engineering are
another class of potential consumers of such data. Institutionally,
at the international level, the WTO has governed international
trade in goods and services since its inception in 1995. As global
trade requires abiding by WTO standards, there has been a
cross-national harmonizing effect. This affects all goods and
services in international trade. Global standards for goods and
services have to be followed by all; to a large degree, this
overrides national considerations, and therefore data-exclusivity
practices are also introduced to harmonize transfers of both
goods and the generation of data over the course of trade in
services as well. As far as data-exclusivity practices are
concerned, these are buttressed by domestic legal frameworks
in the wealthy countries that generally initiate such trials. In the
early 2000s, the Doha Declaration as well as debates regarding
compulsory licensing episodically brought such issues to the
fore but without abiding institutional shifts [28].

However, as the COVID-19 pandemic progressed, the lack of
robust evidence hampered effective therapeutic and public health
interventions, resulting in widespread panic as cases surged.
Despite a large number of clinical trials aimed at repurposing
existing interventions for managing COVID-19 and several
promising drug candidate interventions undergoing clinical
trials, the scientific community was unable to collaborate and
synergize efforts. It is possible that this was on account of
regulatory and policy bottlenecks that hampered clinical trial
data sharing. This scoping review was intended to identify
regulatory frameworks and policy guidance that support clinical
trial data sharing. We included regulatory documents (n=4)
from the scientific literature search as well as from the gray
literature search (n=13). Our results indicate that clinical trial
regulatory frameworks aim to make data available for
noncommercial use for researchers. We noted that clinical trial
agencies lack comprehensive approaches that facilitate data
sharing. Of the 17 regulatory documents reviewed, 11 (65%)
mandate the need for a data-sharing agreement, 8 (47%) require

informed consent, 12 (71%) mandate a proposal review
committee to oversee the data sharing, and 5 (29%) specify
timelines for data sharing and a time limit to access data. A
significant proportion (12/17, 71%) of these documents describe
different data-sharing models: 83% (10/12) were related to IPD
sharing and 33% (4/12) provided specifications regarding the
cost of sharing data.

Data sharing is widely advocated as a norm in clinical research.
However, regulatory frameworks and policy guidance to support
researchers and institutions to share clinical trial data continue
to lag behind such norms. This gap between the intention to
share data and the lack of supportive regulatory and policy
frameworks can be attributed to the direct or indirect effects
connected with data sharing. At a macrolevel, this could be due
to issues pertaining to IPR, differences across regulatory
guidelines in high-income countries and LMICs, the variations
in commercial interests of funding sources, and the potentially
high economic benefits from data exclusivity [80-82]. Besides
these issues, researchers are concerned about ensuring the
privacy and confidentiality of study participants; although the
informed consent procedures have provisions to seek
participants’ consent for data sharing and secondary use of their
data, these are rarely implemented in practice. In practice,
institutional ethics review boards often resort to myopic
approaches when approving clinical trials that propose broader
informed consent for data sharing and secondary use of data.
These could also hamper the efforts of clinical trial investigators
seeking to incorporate specific data-sharing clauses in the
informed consent procedures. Moreover, the cost associated
with data sharing, potential threats to confidentiality, academic
credit, and investigator capacity to standardize data in a
shareable manner are some concerns from a researcher’s
perspective [80-82]. Our gray literature screening of clinical
trial websites showed that not every clinical trial agency is
guided by its own data-sharing regulatory document (Multimedia
Appendix 2). We noted that policies for clinical trial data sharing
are evolving. For instance, the UK Clinical Research
Collaboration published a standard operating procedure in 2021
to share participant data [78]; however, it is still at the
development stage. Similarly, GSK recently agreed to share
deidentified participant data [72].

If present, robust data-sharing practices often come into play
when there is a legal agreement between the data requester and
the data-sharing agency. The regulatory areas involved in the
data-sharing mechanism guide investigators to share data in an
appropriate manner to protect participant autonomy and data
confidentiality. However, a formal agreement between a data
requester and the trial agency is often not outlined in the
data-sharing regulatory documents identified in this review.
Existing regulatory and policy documents suggest that open
access to clinical trial data may not be reliable because of higher
chances of fraudulent reports or erroneous secondary analyses.
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Given that clinical trial participants are often from multiple sites
across the world, anonymization practices for the data must
meet the respective countries’ regulatory requirements. In the
policies we reviewed, the details of cost of data sharing for the
infrastructure and maintenance, data standardization,
harmonization of data, and data quality assurance have not been
described, let alone specified. Up-front resource investments
for building sustainable and comprehensive data-sharing
platforms with standardized data elements and user-friendly
interfaces are likely to enhance the quality, accessibility, and
usability of shared data. However, these may be expensive and
financially untenable in LMICs. Of the 17 policies, only 6 (35%)
[16,40,42,43,70,71,76] mentioned the cost of data sharing. Core
clinical trial sponsors and agencies such as the NIH have
recognized the need for supporting investigators for data sharing.
The NIH states that in grant applications, data-sharing expenses
can be estimated separately [16,42]. Such cost sharing is
identified as one of the sustainable ways to achieve data sharing
and was advocated at a public workshop conducted by the
National Academies of Sciences, Engineering, and Medicine
in November 2019 [32]. The Institute of Medicine is the only
entity with a policy that highlighted the sharing of cost by the
sponsor and data user [71].

Of the 17 clinical trial agencies, 5 (29%) [10,43,44,71,76]
specified timelines to share data and these specifications referred
to trial completion [10,71,76] or publication [43,44] as the
milestones for sharing data appropriately. The benefits of data
sharing can be maximized when it is encouraged at almost all
stages of clinical trials; however, specifications regarding data
sharing across major stages of clinical trials are often missing
[83]. Furthermore, we found that none of the regulatory
documents specified incentives or any kind of reward for data
sharing. In addition, specifications relating to noncompliance
with regard to data sharing are not clear. Data sharing from
large multicenter international clinical trials is challenging
because of the varied practices as guided by the respective
national regulatory bodies [84]. We found that informed consent
and legal agreements for data access are not a requirement for
all policies. The regulatory frameworks do not cover all key
elements of the data-sharing mechanisms discussed in this
scoping review. However, it is encouraging to see the scope of
these policies covering IPD sharing, rather than limiting sharing
to overall clinical trial data.

The goal of any research involving human participants is to
improve the health and quality of life of humans. Therefore, it
is the need of the hour to look at data sharing with a moral and
ethical lens for the public good. It is important to weigh the
risks against the benefits of data sharing and find ways to
overcome or mitigate the risks. Any data-sharing attempt without
considering the trial funders is unlikely to be successful. Data
sharing requires collaboration among apex federal or national
trial agencies, academic institutions, and profit-based
pharmaceutical clinical trial agencies. The cost of sharing data
is another unexplored area that needs to be addressed. Either
the main trial agency or another trial funder can play an
important role in providing financial assistance and the capacity
building of investigators for data sharing. A comprehensive

data-sharing policy may not be feasible, given the diverse
approaches in clinical research, geographies, and the scientific
merit of a given clinical trial. Regulatory frameworks need to
acknowledge these factors when standardizing data-sharing
processes and provide a clear description for trial investigators
rather than a broader document in support of data sharing. There
is a strong need to define policy scope in terms of type of clinical
trial, type of clinical trial data, and single-center or multicenter
(including multicountry) trials, as well as specifications for
privately funded and publicly funded trials or commercial and
noncommercial funders. A clear distinction between mandated
requirements and supportive requirements during the
data-sharing process would help investigators to practice data
sharing. To provide better participant privacy and
confidentiality, there should be a neutral party to check the
information in the data set. Creating an independent review
panel to decide on the accessibility of the clinical data should
be encouraged. A systematic review on increasing data sharing
in health and medical research showed that there is a lack of
research on evidence-based data sharing [85]. Nurturing clinical
trial investigators, clinical trial funders, and academicians with
rewards for data sharing should be encouraged. Data sharing
from clinical trials is a daunting task; nevertheless, it is
important to make this process easy for researchers, university
academics, clinical trial agencies, and funders considering the
benefits of data sharing. Ensuring viable, efficient, and feasible
data-sharing mechanisms tailored to stakeholders’ interests and
bound to ethical and legal concerns is the way forward.

Strengths and Limitations
This scoping review used a systematic, replicable, and rigorous
approach to summarize evidence. By using well-defined search
terms, database searches, and screening of articles, our processes
were rigorous because these were carried out independently by
2 authors (NG and SP or PK and TC). We carried out an
extensive gray literature search and reference screening of the
articles that were included at the full-text screening stage.
Although stakeholders were contacted while finalizing the
objectives, we were unable to consult them while drafting the
results because of the nature of the review, and we would like
to acknowledge this as a limitation. We had initially planned
to carry out searches in scientific databases but later decided to
perform the gray literature search, and this is reported as a
deviation from our protocol.

Conclusions
This scoping review used a rigorous methodology to support
clinical trial data sharing. Standardizing data-sharing processes
by framing a more focused and concise policy with key elements
of data-sharing mechanisms could be feasible and easier to
practice than a single, rigid, and comprehensive data-sharing
policy. We believe that to uncover the complexities and make
data sharing a reality for the public good, negotiations around
stakeholder interests are crucial. During and after the COVID-19
pandemic, and to paraphrase what Victor Hugo once remarked
in another context, clinical data sharing may well be “an idea
whose time has come.”
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Abstract

Background: The adoption of electronic health records (EHRs) and electronic medical records (EMRs) has been slow in the
mental health context, partly because of concerns regarding the collection of sensitive information, the standardization of mental
health data, and the risk of negatively affecting therapeutic relationships. However, EHRs and EMRs are increasingly viewed as
critical to improving information practices such as the documentation, use, and sharing of information and, more broadly, the
quality of care provided.

Objective: This paper aims to undertake a scoping review to explore the impact of EHRs on information practices in mental
health contexts and also explore how sensitive information, data standardization, and therapeutic relationships are managed when
using EHRs in mental health contexts.

Methods: We considered a scoping review to be the most appropriate method for this review because of the relatively recent
uptake of EHRs in mental health contexts. A comprehensive search of electronic databases was conducted with no date restrictions
for articles that described the use of EHRs, EMRs, or associated systems in the mental health context. One of the authors reviewed
all full texts, with 2 other authors each screening half of the full-text articles. The fourth author mediated the disagreements. Data
regarding study characteristics were charted. A narrative and thematic synthesis approach was taken to analyze the included
studies’ results and address the research questions.

Results: The final review included 40 articles. The included studies were highly heterogeneous with a variety of study designs,
objectives, and settings. Several themes and subthemes were identified that explored the impact of EHRs on information practices
in the mental health context. EHRs improved the amount of information documented compared with paper. However, mental
health–related information was regularly missing from EHRs, especially sensitive information. EHRs introduced more standardized
and formalized documentation practices that raised issues because of the focus on narrative information in the mental health
context. EHRs were found to disrupt information workflows in the mental health context, especially when they did not include
appropriate templates or care plans. Usability issues also contributed to workflow concerns. Managing the documentation of
sensitive information in EHRs was problematic; clinicians sometimes watered down sensitive information or chose to keep it in
separate records. Concerningly, the included studies rarely involved service user perspectives. Furthermore, many studies provided
limited information on the functionality or technical specifications of the EHR being used.

Conclusions: We identified several areas in which work is needed to ensure that EHRs benefit clinicians and service users in
the mental health context. As EHRs are increasingly considered critical for modern health systems, health care decision-makers
should consider how EHRs can better reflect the complexity and sensitivity of information practices and workflows in the mental
health context.
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Introduction

Background
Electronic health records (EHRs) are being adopted in many
health systems to improve the collection, sharing, and use of
health care information [1]. Such information practices play a
critical role in providing safe and high-quality care [2,3]. EHRs
promise more integrated and connected health services, which
are recognized by the World Health Organization and many
governments as essential for sustainable, effective health
systems [4-6]. Owing to the complex array of services that
support service users, the fragmentation of care and limited
information sharing are common in the mental health context
[7]. Limited information sharing among health care services
affects the planning and provisioning of appropriate care, such
as medication management and reconciliation [8,9]. It can also
negatively affect service users’ experience of mental health
care, especially when it leads to them having to retell their
stories multiple times [10]. However, information sharing also
comes with risks for service users, such as the stigma associated
with mental health conditions [11]. Thus, mental health
information tends to be considered highly sensitive information,
requiring extra protection [12].

Information is critical to modern health care, especially mental
health care, and health records are vital tools for documenting,
organizing, and using information [8,13]. When health care
professionals provide care to service users, they undertake a
range of information practices, including seeking, using,
documenting, and sharing information [14]. Health records play
a critical role in such practices. Coiera [15] outlined that a health
record has many functions, including enabling communication
among staff through the information in the record, providing a
central source of information for care, acting as an informal
workspace for capturing ideas, and being a historical archive
that can inform future care. Mental health records are especially
complex because many entries can be included in the record
[16,17].

EHRs are a core health informatics tool for the improvement
of health care quality, partly through improved information
quality and accessibility [15]. EHRs are, in one sense, a digitized
version of the health care record but are also much more in that
they introduce new practices and workflows [18-21]. For
example, EHRs have been found to affect how information is
documented in clinical records by introducing structured data
entry forms and disrupting the collection of narrative
information [22-25]. Internationally, the uptake of EHRs in the
mental health context has been much slower than in other health
contexts [26-29]. A recent scoping review on the effective
implementation of electronic medical records (EMRs) in mental
health settings also identified limited research on this topic [30].
Apart from the barriers faced by all health settings in adopting
EHRs, such as interoperability, time impacts, and workflow

changes, there may be particular issues in the mental health
context that require investigation [31].

Information sharing relies on a range of information behaviors
and practices by clinicians and service users [32,33]. Information
behavior has been used to capture the range of human behaviors
related to seeking and using information [34]. In comparison,
information practice considers how information behaviors are
embedded and shaped by organizational contexts and
interactions [34]. Østensen et al [35] defined information
practice as “a socially constructed practice that determines how
information is produced, organised, disseminated, distributed,
reproduced and circulated in the community, and which specific
types of information are legitimized.”

Going forward, we purposively use the term information
practice rather than the more widely used term information
behavior. Adopting this language aligns with our understanding
that social and organizational rules and norms shape how
clinicians practice information sharing [36-40]. Using the
concept of information practice allows us to reflect on how
particular issues in the mental health context, such as sensitive
information and stigma, influence information practices.

Mental health care involves various sensitive information
practices, such as people sharing a range of sensitive and
potentially stigmatizing information, from personal trauma to
behavioral patterns [9,41]. This information can also be
considered stigmatizing, both publicly and within health care
settings. Stigma is a common theme across a number of studies
exploring the experiences of service users in the mental health
context [42-44]. For example, it has been found that people with
diagnoses such as borderline personality disorder experience
stigma from health professionals, which affects their care [45].
Health care professionals in the mental health context are also
aware of the sensitivity of mental health information [9,46].
Several commentaries have raised concerns about how sensitive
information is recorded in EHRs and its implications for privacy
and security [47-50].

The documentation of mental health information is another
information practice that is an issue in EHR use in the mental
health context. Mental health services are more likely to rely
on narrative information [51]. For example, Kobus et al [51]
pointed out that although most medical conditions rely on
quantitative measures, depression relies partly on reviewing
narrative progress notes. However, one of the reasons for
adopting an EHR is to standardize data collection through
structured data fields [24]. The lack of standardized information
formats in the mental health context is a potential barrier to
EHR uptake [52,53]. There is also great diversity in how mental
health information is documented and used across professions,
which complicates the standardization of mental health
information [54]. Although diagnostic codes are available for
mental health conditions, it is not easy to establish a clear
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diagnosis and associated diagnostic codes in the mental health
context [55-57].

A final issue that has been raised in the literature as a concern
for the adoption of EHRs in mental health contexts is the impact
it could have on the therapeutic relationship [58,59]. Therapeutic
relationships are critical for providing mental health care
[60,61]. Adding an EHR to clinical encounters, which may bring
new information practices, has been raised in different care
settings as a potential barrier to establishing and maintaining a
therapeutic relationship [62]. Shank et al [63] found that mental
health clinicians worried that EHRs would divert their attention
from service users and negatively affect the therapeutic
relationship.

Research on the use of EHRs in the mental health context is at
a low stage of maturity, with a diverse array of studies
responding to different contextual issues. Thus, a scoping review
is necessary to understand the literature [64]. This scoping
review aims to identify the impact of EHRs, implemented in
the mental health context, on information practices. Furthermore,
it aims to explore how, in the use of EHRs, sensitive
information, data standardization, and impacts on the therapeutic
relationship have been considered, if at all.

The review had the following objectives and research questions:

1. In mental health contexts, what impact do EHRs have on
information practices, and how do these changes affect
other aspects of care?

2. In mental health contexts, how have sensitive information,
data standardization, and therapeutic relationships been
managed when using EHRs?

A Note on Language
We chose to use the term service user to represent people
accessing and using mental health services and chose not to use
terms such as client as this suggests that people voluntarily use
services, which is not always the case in mental health contexts.
Terms such as patient can be considered as disempowering for
people who access services. We acknowledge that the
terminology in this space is not settled and that others may
consider different terms more appropriate.

The title of this paper refers to the mental health context. We
chose this term to capture the broad range of clinical and
nonclinical services that people may access when experiencing
mental health issues [65].

Throughout this paper, we have raised terms such as mental
health data and mental health information. These terms are not
clearly defined in the literature, and we will return to this issue
in the Discussion section.

Methods

Overview
The scoping review is a method of synthesizing research and
can support various methods, objectives, and study types
[64,66,67]. Unlike systematic reviews, scoping reviews do not
attempt an exhaustive review of all relevant studies but rather
aim for a breadth of evidence. Owing to the relatively recent

uptake of EHRs in mental health care, it is appropriate to
conduct a scoping review of this emerging evidence to consider
a broad definition of EHRs and a range of study types.

This scoping review was informed by the Arksey and O’Malley
[67] framework for scoping reviews. We were also informed
by the PRISMA-ScR (Preferred Reporting Item for Systematic
Reviews and Meta-Analyses extension for Scoping Reviews)
checklist and explanation [68]. However, some criteria were
not relevant to our study because of the thematic synthesis
approach we used to analyze the included studies. Our approach
to this scoping review has been to explore the literature on EHRs
and describe what it tells us about the impact of EHRs on
information practices in the mental health context. Unlike some
scoping reviews, we chose not to map the trends in the literature.
As different jurisdictions are moving at different speeds in their
adoption of EHRs, and due to the breadth of the topic, we did
not view the mapping of trends as feasible or helpful in this
specific review.

Inclusion and Exclusion Criteria

Overview
We included studies that have examined EHRs in the adult
mental health context, either by being based in mental health
settings or being used by or for people with a mental health
diagnosis. Nonclinical services (eg, housing services) providing
services to people with mental illness were also included in this
review, in keeping with the definition of health as “a state of
complete physical, mental and social well-being and not merely
the absence of disease or infirmity” [69].

We included studies that mentioned using EMRs, EHRs, or any
associated terms such as health information systems. Häyrinen
et al [70], in a review of the literature, found that there are many
terms used to describe EHRs, with various functions, formats,
users, settings, and purposes. We acknowledge that EHRs,
EMRs, and other terms are different but interlinked systems.
An EMR is generally considered to be a record of a person’s
health encounters in a specific health setting. In contrast, an
EHR is usually a compilation of summary information from
across EMRs in a region, country, or health system [71].
However, these definitions are not always made clear or defined
in the literature, and thus, we did not adopt a specific definition
in this paper. There is no one gold standard definition of an
EHR or EMR, with peak health informatics organizations using
the same definition for both terms [72]. Going forward, we have
used the term EHR as an umbrella term to represent the
information systems used to manage service users’ health
information by and for health services.

This review included any primary evidence that explored the
use of EHRs in the mental health context published before April
2021. We excluded studies that focused on children’s health
care in acknowledgment that this field raises several unique
issues, such as the involvement of parents, which is worthy of
a specific review. We excluded studies during the full-text
screening that were not relevant to EHRs, the mental health
context, or information practices. Studies that focused on
clinicians’ perceptions of EHRs in general rather than the EHR
that was implemented were also excluded. The case studies
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were evaluated on a case-by-case basis, depending on the level
of detail provided. We excluded studies that described only the
design and development of an EHR.

Several types of EHRs provide service users access to their
health information, such as personal EHRs, patient portals, and
initiatives such as OpenNotes. We excluded these from this
review as they raise unique issues regarding how service users
access and use their health information. We acknowledge that
systems such as OpenNotes will have implications for our study
questions. However, we consider these systems to be more
thematically aligned with patient portals and personal EHRs,
which would benefit from a separate review. Readers interested
in this topic should read the recent scoping review by Zhang et
al [73] on the use of patient portals in mental health settings.

Types of Studies, Information Sources, and Search
Strategy
Embase, Scopus, and PsycINFO were searched using a
combination of key terms, an example of which is provided in
Textbox 1. The search strategy was developed iteratively
alongside the identification of key terms in the literature and
hand searching of reference lists. This search was initially
undertaken in late 2018 and then updated in December 2020,
with new papers continually identified until April 2021, when
the final draft was completed. No date limitation was applied
in the initial search as we wanted to identify all relevant health
informatics literature, which ranged across several decades [74].
Papers not published in English were excluded. The first author
(TCK) read a subset of articles from the initial search to develop
further search terms, which were then applied across PubMed,
CINAHL, SocINDEX, and Web of Science. We also searched
research repositories: Google, Google Scholar, Grey Literature
Report, TROVE, OPEN Grey, and Social Care Online.

Textbox 1. Example search strategy run on Embase.

Search number and search term

1. Electronic health record/

2. Electronic medical record*

3. Electronic patient record*

4. EHR

5. EPR

6. Health information system

7. Health Information Exchange

8. Mental Disease

9. Mental Illness

10. Mental health care

11. Behavio?l health care

12. Mental health service*

13. 1 OR 2 OR 3 OR 4 OR 5 OR 6

14. 7 OR 8 OR 9 OR 10 OR 11

15. 12 AND 13

Study Selection
We identified 3847 nonduplicate articles. The titles and abstracts
were screened against the inclusion criteria by TCK.
Approximately 3.17% (122/3847) of articles were considered
potentially relevant and were retrieved from the full text. TCK

reviewed all 122 full-text articles, with SG and MP each
independently reviewing half of the full-text articles. Differences
were resolved by discussion and mediation by KG. Of the 122
articles reviewed in the full text, 82 (67.2%) were excluded,
and 40 (32.8%) were included (Figure 1).
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Figure 1. PRISMA (Preferred Reporting Item for Systematic Reviews and Meta-Analyses) diagram. EHR: electronic health record.

Charting the Results
To provide an overview of the study characteristics, we charted
the objectives, study design, research method, study participants,
country, study setting, EHR description, year of publication,
and theories used in the included studies in a spreadsheet.

Owing to the breadth of the study types and objectives, covering
a range of qualitative and quantitative methodologies, we
followed Lakshman et al [75] in adopting both a textual narrative
and thematic synthesis approach to analyzing the included
studies. The textual analysis involved tabulating the study
findings alongside their characteristics and conclusions. We
adopted a thematic synthesis approach to analyze the qualitative
papers included in this review. This method involved coding
the text, developing descriptive themes, and generating
analytical themes [76,77]. Following the method by Thomas
and Harden [76], we initially developed descriptive themes by
coding both direct participant quotes and researcher
interpretations. We approached this by free-coding findings in
an unstructured mind map, which we used to develop descriptive

themes. Our research questions framed this coding process so
that we coded anything related to information practices or the
issues outlined in the Introduction section. We also considered
the factors that shaped the way information was collected or
shared in the presence of an EHR or the outcomes of changes
in information practices. We intended for these descriptive
themes to stay as close to the original findings as possible.

Next, we used our review questions to develop the analytical
themes. We integrated the quantitative data we had extracted
during the textual analysis during this process. Thomas and
Harden [76] described this process as potentially controversial
as it relies on the researcher’s judgment and insight. This
iterative process aimed to capture the descriptive data developed
in the initial analysis. The analysis identified 6 major themes
describing the impact of EHRs on information practices in the
mental health context. Of these themes, 5 had subthemes that
explored specific topics relevant to the theme.
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Study Characteristics

Overview
The studies included in this review were highly heterogeneous.
This heterogeneity reflects one of the strengths of a scoping

review in that it was inclusive of many study types. The
following sections describe the characteristics of the included
studies. Owing to the heterogeneity of study types and limited
use of standardized terms, comparisons between studies were
limited. Table 1 outlines the key study characteristics.

Table 1. Study characteristics (N=40).

Values, n (%)Characteristics

Study design

21 (53)Quantitative

11 (28)Qualitative

8 (20)Mixed methods

Research methoda

15 (38)Surveys

7 (18)Interviews or focus groups

5 (13)Chart reviews

5 (13)Cross-sectional or secondary data use

3 (8)Quality improvement

6 (15)Ethnographic or observational

1 (3)Descriptive case studies

Study sample

26 (65)Clinicians or health care professionals

9 (23)Administrator, ITb, or management

4 (10)Service users

13 (33)No participants (eg, record review)

Countries

27 (68)United States

8 (20)United Kingdom

2 (5)Canada

3 (8)Other

aSome studies included multiple methods and thus were counted twice.
bIT: information technology.

Study Design and Research Method
A range of study designs and research methods were represented
in the included studies. Most were quantitative (21/40, 53%)
[78-98], with qualitative (11/40, 28%) [99-109] and mixed
method studies (8/40, 20%) [110-117] also included. We
categorized studies based on the broad category of research
methods, including surveys (15/40, 38%)
[78,80-85,89,92,95-97,110,113,116], qualitative interview/focus
group studies (7/40, 18%) [100-104,110,111], chart review of
specific EHRs (5/40, 13%) [85-87,114,117], cross-sectional

analysis of EHR data or comparison with other secondary data
(5/40, 13%) [90,91,93,95,98], quality improvement initiatives
(3/40, 8%) [79,88,111], ethnographic or observational (6/40,
15%) [99,105-108,112], and descriptive case studies (1/40, 3%)
[109].

The objectives of the included studies varied. We compared the
objectives and research questions of the included studies and
grouped them according to similar topic areas, as outlined in
Table 2 (some studies had multiple objectives). We also included
the publication years in Table 2 to showcase how certain topics
were not confined to any specific period.
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Table 2. Topics of included studies and related publication dates.

Publication years of included studiesTopics of included studies

2015 [116] and 2018 [94]Exploring the adoption of EHRsa in the mental health care context

2009 [78], 2010 [107], 2011 [108], 2012 [99], 2017 [79], and 2018 [110]Evaluation of an EHR implementation

2013 [80] and 2015 [81]Exploring the use of EHRs to provide mutual access to psychiatric
records

2010 [82], 2011 [84] 2017 [101], 2019 [111], 2020 [83], and 2020 [85]Exploring the impact of EHRs on the therapeutic relationship or
person-centered care

2012 [113], 2012 [113], 2015 [112], 2015 [81], and 2018 [86]Exploring the use of EHRs in integrated or collaborative care
contexts

2007 [87], 2016 [88], and 2018 [114]Comparing documentation in EHRs with documentation in paper
records

2018 [110] and 2020 [90]Exploring service users’experiences or satisfaction with care when
an EHR is present

2010 [103], 2011 [108], 2012 [113], 2012 [99], 2013 [109], 2014 [100], 2015
[116], 2015 [112], 2017 [115], 2017 [101], and 2021 [102]

Exploring the barriers, facilitators, workarounds, and usability of
EHRs in the mental health context

2004 [105], 2010 [106], and 2016 [104]Exploring the impact of EHRs on health care professionals’ infor-
mation practices and behavior

2009 [89], 2015 [92], and 2018 [110]Exploring clinicians’ satisfaction and perspectives of EHRs

2013 [117], 2016 [91], 2016 [95], 2016 [96], 2019 [93] 2020 [98], and 2020 [97]Exploring information availability or documentation of specific
diagnoses in EHRs

aEHR: electronic health record.

Participants
In most studies that involved direct data collection from human
participants, such as EHR evaluations, the participants were
health care professionals. The type of health care professional
was not always reported or was generalized as medical
professionals. Overall, primary health care clinicians,

physicians, psychiatrists, psychologists, social workers, and
nurses were well-represented across the studies. Some studies
(9/40, 23%) included administrative, management, or
information technology staff [78,97,99-103,108,112]. Only 10%
(4/40) of studies involved service users [82,83,108,110]. Table
3 provides more details regarding the types of participants in
the included studies.

Table 3. Participant roles reported in included studies (N=40).

ReferenceIncluded studies reporting this role, n
(%)

Participant role

[81,97,110,112]4 (10)Primary health care professional

[92,99,102,106,107,115]6 (15)Physician

[80,89,96,99-101,103]7 (18)Psychiatrist

[78,89,92,96,103-105,111,116]9 (23)Psychologist or psychology technicians

[83,101,102,110,112]5 (13)Behavioral health clinicians or mental health
clinicians

[78,84,89,96,99,100,102,103,105,114,115]11 (28)Nurse, psychiatric nurse, or nurse practitioner

[92,96,100,103-105,111]7 (18)Social workers or social assistants

[78,99,102]3 (8)Pharmacists

[99,100,105,107,111]5 (13)Other allied health professionals

[78,85,89,96,97,99-101,107,108,110,111]12 (30)Other clinical or health care staff

[78,102,103,107,112]5 (13)Administrative staff

[97,99,100,108]4 (10)Information technology staff

[99,100,107,108]4 (10)Implementation teams

[82,83,108,110]4 (10)Service users

[79,86-88,90,91,93-95,98,109,113,117]13 (33)No participants (eg, secondary data and chart
review)
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Countries
Most studies took place in the United States (27/40, 68%)
[80-83,85-90,92-98,101,102,104,106,110-113,115,116],
followed by the United Kingdom (8/40, 20%)
[78,84,99,100,105,107,108,117]. Canada (2/40, 5%) [79,114],
France (1/40, 3%) [103], Brazil (1/40, 3%), and Ireland (1/40,
3%) [91] were also represented in the included studies. There
were no clear differences in the approaches or methods across
jurisdictions. The limited number of studies in countries outside
the United States and the heterogeneity of study types limited
any comparison.

Settings
A variety of health care settings were represented in the included
studies, ranging from psychiatric hospitals to community mental
health settings. The type of setting was not reported to support
easy comparison. These settings are outlined in Multimedia
Appendix 1 [54,77-113,115,116] using terminology from the
included studies.

Year of Publication
The included studies ranged in publication date from 2004 to
2021 (Figure 2). Although our search strategy had no date
restrictions, the terminology used in the search may have shaped
what studies were included. Older systems such as computerized
patient records may not have been identified. This search
strategy was deemed appropriate as these systems did not align
with the more recent conceptualizations of what an EHR
includes. In general, there has been an increase in the literature
on this topic since 2004. Interestingly, many of the issues and
topics identified in the Results section do not appear to be
constrained to a certain period. We would expect to see
advancements in EHR infrastructure being reflected in the
themes and issues raised in the included studies. This lack of
visible change may be because of the low reporting of EHR
functions and technical features, limiting the opportunity to see
major trends in how EHRs have advanced over time in the
mental health context. Table 2 outlines the key topics and
publication dates of the included studies.

Figure 2. Trend in publication year of the included studies.

EHR System Used
We noted the name of the EHR and whether it was custom built
or off the shelf. We also assessed whether the EHR functions
or technical details had been reported. We did not expect all the
studies to report this information, such as studies drawing on
the secondary analysis of data. We first identified studies that
expected to report the details of the EHR in their methods
sections, such as the evaluations of specific EHRs (28/40, 70%)
[78,79,81-84,87-89,91,92,95,99-111,114,115,117]. Of these 28
studies, 16 (57%) either named the EHR or provided details as
to whether it was custom built or off the shelf
[78,79,83,84,89,95,99-102,105-108,110,117]. One of the studies
pointed to other publications in which the details of the EHR
were reported [103]. Of the studies that reported details of the
EHRs used, we tried to establish whether they were off-the-shelf
commercial EHRs or custom-built EHRs. Some papers did not

provide these details, and we searched for further information
on the web to categorize those EHRs. Of the 16 studies that
reported on the EHR, 3 (19%) were custom built [89,106,117],
12 (75%) were off the shelf [78,79,83,84,95,99-102,
107,108,110], and 1 (6%) was unclear [105]. The common
off-the-shelf models were RiO [84,99,100,107,108] and EPIC
[95,110]. Some studies outlined that commercial off-the-shelf
EHRs have been adapted for the mental health context, such as
through the addition of mental health–specific modules
[102,110]. However, most studies did not clearly state whether
and how off-the-shelf EHRs had been customized for the local
context.

Of the 28 studies that we expected to report EHR details in their
methods sections, only 7 (25%) discussed the functions of the
EHR [79,81,84,89,103,105,110]. Sometimes, functions could
be assumed from the results sections. No studies reported on
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the technical aspects of an EHR. Owing to the limited reporting
of EHR types and functions, a comparison across studies was
not feasible. The only theme that arose from these studies was
that in the United Kingdom, many National Health System
services used the same EHR (RiO), whereas, in the United
States, there was more variety.

Several studies involved the collection of data on the type of
EHRs that services were using, such as cross-sectional surveys
of health services. We expected these studies to report details
of the EHR in their results sections (8/40, 20%)
[80,85,96,97,112,113,116]. Of these 8 studies, 3 (38%) reported
on the names or types of EHR used by the included health
services [97,112,116], and 2 (25%) reported some details of the
functions [80,112], which were mainly related to those who
could access the EHR. The included studies reported a variety
of off-the-shelf and custom EHRs. For example, in the survey
by Cellucci et al [116], they found that most psychology clinics
used a commercial system, whereas a small number used
custom-designed systems. Another example was the survey by
Wu et al [97], which found 17 different off-the-shelf EHRs used
by services in the US National Drug Abuse Treatment Clinical
Trials Network. Multimedia Appendix 1 lists the EHRs reported
in each study.

Theory
The included studies rarely referred to any underlying theory
being used. Of the 40 studies, 2 (5%) of studies that reported
using theories from the field of information behavior [104,105],
3 (8%) studies reported using sociotechnical theories
[99,107,108], and 2 (5%) studies used the Technology
Acceptance Model [110,116]. Approximately 3 (8%) of the 40
other studies also discussed the use of different theories
[78,79,115].

Quality of the Studies
Scoping reviews do not incorporate an evaluation of the quality
of the included studies, although some authors may consider it
appropriate to do so [68]. This scoping review included a
diversity of studies that no single evaluation method could
appropriately address. A significant quality issue that we
identified was the lack of detail regarding the EHRs, such as
their functionality. The quality criteria for health informatics
papers by Talmon et al [118] recommend studies that include
information about the system in use.

Results

Overview
In the following sections, we report the findings of the textual
narrative and thematic synthesis of the 40 included studies. The
analysis led to the development of 6 main themes and several
subthemes. The quotes that support the themes are provided in
Multimedia Appendix 2 [79,81,86,88,98-100,104,105,107,
110,111].

Supports Better Management of Most Information
This theme relates to how EHRs were found to support certain
information practices, such as documentation and information
accessibility. However, although EHRs show improvements

over paper records, there are still issues with the completeness
of documentation, especially of mental health information.

Documentation of Information
Several studies reported an improvement in the completeness
of documentation in EHRs compared with paper records
[78,87-89,102,113-115]. Electronic documentation also
addressed issues of legibility that were common in paper records
[88,89,99,108]. Improved documentation may partly be because
of EHRs promoting accountability in documentation practice
and prompting clinicians for certain information [87,105,114].
Approximately 2 (5%) of the 40 studies suggested a greater
coupling of policy and practice guidelines within EHRs
compared with paper records as the guidelines could be
embedded in the EHR, such as through templates [79,105].
These templates provided less discretion regarding how
information collection policies were followed. Although EHRs
improved documentation compared with paper records, they
still showed poor documentation of certain information [87,95].
Tsai and Bond [87] found that past psychotropic medications,
prior hospitalizations, and clinical outcomes were regularly
missing in EHRs. Bell et al [117], in scanning an EHR to
identify drug- and alcohol-related issues, discovered that
relevant information was more likely to be found in free-text
progress notes, although structured forms were available. An
interesting issue raised by participants in the study of EHR use
in an integrated care trial by Cifuentes et al [112] was that new
types of health care professionals could bring new types of data
that the EHR was not designed to collect.

Some studies have found that EHRs create conditions that might
negatively affect the documentation. Ser et al [100] found, in
interviews with staff across 2 mental health hospitals, that long
delays can occur between information collection and
documentation in the EHR. Meredith [78] found, from a survey
of community mental health teams, that both an EHR and paper
record were used side by side, leading to some information not
being documented in the EHR.

The benefits of improving documentation came with an
increased time burden for clinicians [100,101,103,111,113].
This time burden was related to issues such as simple
documentation tasks requiring multiple steps in the EHR [103].
Matthews [101] found that templates may speed up
documentation but create challenges if clinicians need to
navigate multiple screens and menus. Increased time spent
documenting information in EHRs may lead to time savings
when reviewing clinical notes in the future [81,110]. For
example, Bhe et al [81] reported that 97% (28/29) of primary
care physicians who had received access to psychiatric notes in
the EMR reported increased efficiency in encounters with
psychiatric service users.

Missing Mental Health Data
Several studies found that mental health information was
regularly missing from EHRs, documented in the wrong place,
or underdocumented in specific contexts [93,95-98,106]. For
example, Gleeson et al [91] found that relying on diagnostic
codes in an EHR would have missed 92.4% (110/119) of the
mental health diagnoses. However, the information needed to
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make a diagnosis was available in other parts of the record. The
same issue was found in the US Veterans Affairs EHR, where
40.9% (45/110) of people with a posttraumatic stress disorder
diagnosis did not have it recorded [96]. Similarly, Madden et
al [95] found that many psychiatric services for people with
diagnoses of depression or bipolar disorder were missing from
the EHR data when compared with health insurance claims.
Gibson et al [104], in exploring how clinicians search for
information in an EHR, found that when information is not
present, clinicians may assume the opposite. For example, if
the information on noncompliance with treatment is not present,
clinicians may assume that the service user is compliant.

There are many reasons why mental health information may be
missing in EHRs. Zhou et al [106] found that psychosocial
information may be communicated verbally between clinical
team members and not recorded in an EHR immediately, if at
all. This practice may be because of psychosocial information
being viewed as too subjective to be initially recorded in the
EHR [106]. Wu et al [97] found that substance use disorders
were not thoroughly captured in EHRs, partly because of the
continued use of paper records for that specific part of the health
service. Furthermore, in non–mental health services, mental
health–related information collection may occur informally and
may not be officially recorded in the EHR [106]. Madden et al
[95] found that missing mental health data could result from
service users seeking mental health care outside their regular
health service. Missing information may also be because of the
stigma, as discussed further in the following sections.

Access and Availability of Information
The use of EHRs appeared to improve legibility, timely access,
and the availability of information [84,87,89,99,108,109,115].
These improvements allowed information to be found more
easily when responding to concerns or issues [99,115]. The
availability of information also benefited administrative staff,
such as health information managers, who could easily look up
mental health information [102]. Improved access to information
was also viewed as contributing toward safer and higher quality
care [99,102,116]. Boyer et al [103] reported that 74.8%
(86/115) of health care professionals interviewed in a psychiatric
hospital reported improved access to service user information
with an EHR. However, not all information is available on EHRs
[112]. Clinicians may have to go through a complex process of
identifying what information they need and where they can
access that information [104]. Clinicians may also struggle with
navigating the EHR because of the amount of information it
contains, which is an issue when EHRs do not include search
functions [104,106].

Finally, information may be collected for several purposes. The
availability of information for one purpose, such as providing
care, may not necessarily mean availability for another purpose,
such as reporting [100]. Larrison et al [94] found that for
community mental health agencies, "capturing data to improve
reporting capabilities" was a key motivation for implementing
an EHR.

Creates New Structures That Shape Information
Collection
This theme reflects the finding that the adoption of the EHRs
introduced new structures that shape information collection.
These structures standardize and formalize information
collection and raise several issues, especially in the mental
health context, where unstructured narrative information is used
extensively.

Standardized Information
The issue of data standardization arose in several articles, where
data fields in the EHR were not suitable for mental health
information. Structured fields cannot easily capture the gray
narrative information common in mental health contexts, and
trying to fit data into structured fields can have implications for
care [101]. Two common issues were restrictive templates that
took away from the narrative format of mental health notes
[101,113] and essential templates or data fields missing from
the EHR [99,106,112]. Common information collection forms
used for mental health care, such as care plans and mental health
screening tools, were missing in several EHRs [101,109,113].
When forms were missing, individual clinicians had to decide
how to record the information [106]. In some cases, clinicians
created standalone tools, such as spreadsheets to collect data.
However, this further fractured information in EHRs, unless
work was undertaken to integrate the information [112]. EHR
formats not being suitable for the mental health context also led
to data being captured in other parts of the record, such as
free-text boxes or laboratory value areas, which can affect future
uses of the data [100,101,109,117]. In addition, the extensive
use of free text can make EHRs challenging to navigate [109].

Some of the reasons why standardization did not suit the mental
health context included the level of personalization needed in
the mental health contexts [111] and that some mental health
information is subjective and could be perceived in different
ways by different health services [106]. The use of diagnostic
codes in an EHR may also create extra work when service users
do not clearly fit any one diagnostic code [99]. Specific models
of care may also require greater flexibility and personalization
of the information collected [111]. An example of this is found
in a study on person-centered care planning by Stanhope and
Matthews [85,111], who found that standard forms in the EHR
were barriers to person-centered care.

Standardization is not necessarily a negative process, and Takian
et al [99] found that the standardization of letters sent to people’s
general practitioners was viewed as beneficial. Clinicians have
also recognized the benefits of data management tools to
improve the searchability, visibility, and accessibility of
information [103,108].

Standardization was also raised as a broader systems issue,
where EHRs could not be tailored to specific organizations or
settings. This issue was raised in a few studies that adopted
commercial EHRs [101,110,111]. In a series of studies from
the UK National Health Service (NHS), where uniform EHRs
were being adopted, services wanted to tailor the standard
solution to their unique needs and the changing priorities of
their communities [99,100,107,108].
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Informal Versus Formal Documentation
The 8% (2/40) of studies that explored the process that clinicians
go through to document information found an element of
informality in how mental health information was collected
before a specific judgment was made and recorded in the EHR
[105,106]. Hardstone et al [105] described how mental health
clinicians used informal information practices to develop ideas
before they were formalized in the health record. Paper records
appeared to enable this informal documentation. In contrast,
this provisionality enabled by paper records is limited by EHRs,
where the information entered is viewed as a finalized account.
Compared with a paper record, recording in an EHR had a
greater sense of finality and permanence, which did not align
with the informal discussion and sharing of assessments in
integrated care settings [105]. Hardstone et al [105] outlined
how EHRs may tightly embed rules around who can access
records and when, which limits the flexibility to work on notes
collaboratively. Zhou et al [106] found that EHRs did not have
the functionality to capture provisional information.

Supports Information Sharing and Communication
This theme captures how EHRs supported the components of
integrated care, including information sharing and
communication among professionals.

Communication Among Service Providers
The specific functions of EHRs may support information sharing
and communication among service providers. The functions of
EHRs that improve communication include the ability to assign
tasks or notes to other clinicians [104], the use of messaging
systems [92,101], and shared care plans [112]. These functions
that allow clinicians to share information about service users
can support the tailoring of care, reduction of unnecessary
assessment, and reduction in the number of times service users
have to retell the theory story [101]. However, not all EHRs
had these functions [112]. There is some evidence that EHRs
can improve service users’ experience of integrated care. Hu et
al [90] found that EHR adoption was significantly associated
with improved service user experience for "care transition" and
"discharge information" in psychiatric hospitals. Jetelina et al
[110] also found a significant improvement in service users’
perceptions of integrated care after the implementation of a
mental health–specific EHR. However, EHRs that support
integrated care may have to be situated in a model of care [85].

Interoperability Between EHRs and Services
Interoperability was raised as an issue across several contexts
in the included studies. Several papers acknowledged that
integrated EHRs are not always linked with all relevant mental
health services [99,100,107,115]. An issue raised in
implementing a national EHR in the UK NHS [100,107] was
drawing boundaries regarding what services and clinicians can
access the EHR. Ser et al [100] outlined how some local
community services’ information systems were not integrated
into the EHR, although these services played a significant role
in providing mental health care. Robertson et al [107] also
acknowledged that individuals may receive care from many
services that are not always contained within a specific
geographic region, which an EHR was designed to include.

Furthermore, some EHRs lacked interoperability within and
among health services [112]. Workarounds for the lack of
interoperability identified by Cifuentes et al [112] included
printing information from one EHR and scanning it into another
EHR or duplicating documentation, which created delays and
extra work.

Disrupts Information Management Workflows That
Affect the Therapeutic Relationship
This theme explores how EHRs disrupt information practice
workflows and raise concerns regarding therapeutic
relationships.

Workflow Disruption
Nonalignment of EHRs with workflows was raised in several
studies [84,100,103,108,116]. For example, 34.6% (9/26) of
psychology training clinics represented in the study by Cellucci
et al [116] raised "the difficulty of getting EMR to do what they
wanted" as a barrier to implementation. Boyer et al [103] found
that 73% (84/115) of interviewed health care professionals in
a psychiatric hospital raised the issue of workflow in connection
with reduced efficiency, specifically, the challenge of balancing
service user care needs and using the EMR. Workflow
misalignments led to less time for direct care, which was viewed
as affecting the therapeutic relationship [87,100,103].

Sheikth et al [108], Takian et al [99], and Edwards et al [84],
in examples of the RiO EHR from the UK NHS, outlined how
mental health presentations were complex and varied and
required long and detailed assessments. Participants raised that
it would not be feasible to try and get people in a crisis setup
near a computer so that they could input notes simultaneously
[108]. This situation may lead to information having to be
inputted later, which could have a broader impact on the
operations of the hospital [108]. Participants in the study by Ser
et al [100] outlined the challenge of balancing EHR use and
supporting people in a crisis, which is common in the mental
health context. In clinical therapy, Matthews [101] found that
some specific psychological therapies that are more structured
may be appropriate for EHR documentation, such as cognitive
behavioral therapy.

Matthews [101] and Ser et al [100] found that the EHR interface
and design were more medically orientated and designed for
contexts in which service users could be treated and discharged
and did not need ongoing care. They also found that EHRs
missed key mental health functions such as treatment planning
and mental health screening. Workarounds were developed to
overcome these EHR issues; however, they could be time
consuming and require extra work [101]. In comparison,
participants in the study by Jung et al [102] who used an EHR
specifically designed for mental health contexts commented
that they appreciated the EHR being designed for their
workflow, including multidisciplinary documentation functions.
Administrative staff, including health information managers,
valued the ability to make changes to the templates in the EHR
where necessary [102]. Similar findings were apparent in the
research by Jetelina et al [110], where a mental health–specific
add-on to an EPIC brand of the EHR system was evaluated.
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The tool improved screening and had good acceptability by
clinicians.

The Therapeutic Relationship
The findings regarding the impact of EHRs on therapeutic
relationships were mixed. Stewart et al [82] found no significant
impact on the therapeutic relationship in a survey of people
accessing outpatient psychiatric services where EHRs were
used. In interviewing health care professionals at a psychiatric
hospital, Boyer et al [103] found that 47% (54/115) were
concerned about the triangulation of the therapeutic relationship
with the inclusion of an EMR. Interestingly, Matthews [83]
found that clinicians rated EHRs as more disruptive to care than
service users did. This difference could be explained by the
finding that clinicians used a number of strategies to integrate
EHR into a session to minimize disruption for service users
[83]. Conversely, EHRs have been seen as strengthening the
therapeutic relationship by opening the documentation process
to service users for discussion and better tailoring care to service
users’ needs [101].

User Design, Computer Literacy, and the Learning Curve
Several studies have reported that EHRs’complex user interface
designs contributed to workflow disruption
[99,101,102,111,113,115]. This complexity was related to
navigating multiple screens and menus and working with
complex templates. Matthews [101] found that clinicians had
to navigate various parts of the EHR (screens, menus, and tabs)
to record information and that templates did not always follow
a structured order that was relevant to the session’s progress.
Some of these issues may also be specific to the type of
clinician. Jung et al [102] found that nurses who had the broadest
range of access within the EHR experienced confusion because
of the number of modules and the amount of information
available to them. Issues with user interface design led to
increased time burden for clinicians when documenting
information in the EHR [100,101]. Alerts in the EHR were
raised as issues in 8% (2/40) of the included studies [102,115].
Some studies reported frequent system crashes or technical
glitches such as server issues, which severely affected EHR use
and care provision [100,101,111,113]. Participants in the study
by Takian et al [99] reported issues logging in and out of
systems, especially as legacy systems were running alongside
the EHR.

Low computer literacy was raised as a reason why clinicians
may find the user interface of the EHR complex [100-102].
Clinicians may also have variable computer skills, specific skills
such as typing, and general skills in using technology
[88,100-102,107]. For some clinicians, the learning curve can
be quite significant [110]. Sheikh et al [108] also found that
EHRs may be designed for one type of clinician rather than for
many health care professionals and administrative staff using
the EHR. Several studies raised the importance of high-quality
training to address usability issues [99,102,116].

Challenges Clinician’s Management of Sensitive
Information
This theme relates to how EHRs raise issues regarding the
management of sensitive information and how reducing access

to certain parts of the EHR was a common approach to managing
issues of sensitive information.

Sensitive Information
Several studies acknowledged that information collected in the
mental health context could be particularly sensitive, such as
information on traumatic personal events [80,89,93,97,103,113].
EHRs may lead to sensitive information collected by clinicians
being more widely available to other clinicians, thus challenging
the confidentiality between service users and clinicians
[88,100,103]. Several studies explored how specific conditions,
including posttraumatic stress disorder [96], substance use [97],
mental health diagnoses among people living with HIV [98],
and sexual trauma [93], were documented in EHRs. These topics
were generally contextualized as sensitive, which affected their
documentation. In studies that explored clinicians’
documentation practices, an approach clinicians took to sensitive
information was generalizing it or watering it down [89,100].
Another approach was excluding this information from the EHR
or keeping a shadow record or paper record for mental health
information [89,96]. A finding from the study by Zhou et al
[106] points to the subjectivity in clinicians’decisions regarding
when to document mental health information.

In some cases, concerns about sensitive information were related
to a lack of clarity regarding the legal requirements regarding
privacy and confidentiality [113] and the need for further
training on these topics [116]. Psychiatric health care
professionals in the study by Boyer et al [103] raised the issue
of balancing the need to record sensitive information for the
provision of care with the risk that it may be used to create a
profile of service users for other purposes.

Mutual Access to Psychiatric Information
A common indirect way that sensitive information was raised
as an issue was by sectioning mental health records in the EHR
[80,86,89,97,113]. By sectioning the record, nonpsychiatric
clinicians could not access mental health notes or could only
access them with a password or if they were willing to break
the glass and have their access recorded. For example, Bhe et
al [81] reported that psychiatrists were given the option of
creating two separate notes in the EHR, one accessible by other
psychiatric clinicians and one for nonpsychiatric clinicians.

There is evidence that mutual access to psychiatric information
supported the provision of mental health care. Bhe et al [81]
found that primary care clinicians valued access to psychiatric
information as it enabled them to provide care relevant to
someone’s psychiatric needs, such as by considering the side
effects of medication. Mutual access to mental health records
may also support care coordination between mental health care
and primary health care providers [86,113]. Colaiaco et al [86]
found, in practices with a mutual EHR, that 46% (19/41) of
reviewed service users’ primary care records showed some
contact between primary health care and mental health care
clinicians compared with only 11% (11/100) in practices with
no mutual EHR. Furthermore, 100% (24/24) of the reviewed
records in services with a mutual EHR had medication
information updated across mental health and primary care
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providers’ records compared with 57% (31/54) in nonmutual
EHR services.

This study does not seek to consider the clinical implications
of EHRs. However, we would be remiss not to mention a finding
from the study by Kozubal et al [80] that there was a significant
relationship between increased accessibility (nonpsychiatric
clinicians’ ability to access psychiatric records) and reduced
readmission rates.

Raises Legal Concerns for Clinicians Regarding Their
Information Responsibilities
The final theme regarding legal issues, particularly those related
to privacy and mental health laws, appeared in far fewer studies
than we had anticipated. There was little congruence among the
references to legal concerns, with a variety of different concerns
raised across the included studies. Reitz et al [113] found that
the use of EHRs raised concerns about compliance with relevant
information privacy laws. Ser et al [100] found that clinicians
expressed concerns about whether EHRs aligned with their
requirements under relevant mental health legislations. In the
study by Jung et al [102], administrative staff, such as health
information managers, outlined how the EHR supported
compliance with relevant regulations by reducing the reporting
burden. Clinical staff also reported wanting alerts relevant to
their legal requirements when people were being treated under
the relevant mental health laws [102]. Participants in the survey
by Cellucci et al [116], representing psychology training clinics,
identified the need for training on ethical issues, confidentiality,
and security standards. Participants in the study by Matthews
[101] outlined how state regulations and standards shaped the
design and use of EHRs.

Discussion

Principal Findings
This scoping review aimed to explore how EHRs in the mental
health context affected the information practices of health care
professionals and how these changes affected other aspects of
care. Issues relevant to the mental health context, such as the
management of sensitive information, data standardization, and
therapeutic relationships, were also explored. We found that
EHRs can improve some information practices but need to be
designed appropriately for specific workflows and information
types in the mental health context. Beyond the design of EHRs,
the redesign of health service workflows and clinician training
may be needed to ensure that EHRs can be used effectively in
the mental health context. Information collected in the mental
health context is considered more sensitive than other types of
clinical information. Greater guidance may be needed regarding
how sensitive information is managed in EHRs to ensure that
it is documented and used appropriately. In the following
sections, we consider how the findings of this review link back
to the broader literature on EHRs.

The documentation of clinical information is a critical
information practice that informs current and future care
[119-121]. The findings of this review point to improvements
in the relative quantity of the information documented when
using an EHR compared with paper records. However,

information was still missing from EHRs, which may affect
future care. Furthermore, a common issue for clinicians was the
inflexibility of the fields in EHRs and the time required to input
data. This issue may be partly because of the greater coupling
of policy and process with tools for documentation, such as
templates. Mamykina et al [121] has raised this focus on
templates and structures in EHRs as an outcome of viewing
clinical documentation as a composition activity. However,
through a time-and-motion study, they found that clinical
documentation was a synthesis activity involving clinicians
accessing several informal and formal information sources that
they synthesized into clinical documents. This reflects the
finding from this review that informal documentation is a
necessary precursor to formal documentation and contributes
to the synthesis of the final documentation. Mamykina et al
[121] argued that tools for composition, such as templates, differ
from tools for synthesis, which should promote access to various
information sources, such as informal notes that previously
could be written and edited within the paper document. This
finding may explain why certain information is missed in the
structured documentation in EHRs, although it was available
in other free-text sections.

The focus on the standardization and the formalization of
documentation exposed a critical tension between current
approaches to health informatics and contemporary mental
health care. An objective of EHRs is the standardization of
health information to allow for health information exchange
and data analytics [122,123]. In comparison, mental health care
involves the documentation of a large amount of narrative
information, much of which resists standardization [16,51]. An
increasing focus on recovery models of mental health care that
prioritize service user–defined measures and outcomes may
create further tensions with standardized data collection [124].
Concerns have also been raised about EHRs impeding clinicians’
ability to understand a service user’s entire story [125]. These
issues were discussed in 1998 regarding the need for an
informatics framework specific to mental health [126]. Future
research and EHR design need to establish which standardized
information is relevant for the mental health context and how
best to present narrative information to capture service users’
stories.

The issue of standardization found in this review is not unique
to mental health in that paper records, in general, provide more
opportunities than EHRs for recording narrative information
[127]. The many benefits promised by EHRs in terms of decision
support, streamlined reporting, and supporting research are
premised on the need for structured data entry [24]. However,
narrative information is highly valued by clinicians. This may
reflect why clinicians used narrative information, even when
structured fields were available. Our findings and research in
other contexts indicate that clinicians prefer documentation
methods that align with their workflows and allow them to
record more details about clinical encounters [24,128-130].
Narrative information provides opportunities for clinicians to
convey information such as uncertainty, unique aspects of cases,
and nuances in the service user’s appearance, which is not
supported by structured documentation [24]. A potential solution
to the tension between unstructured and structured
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documentation is the application of software to unstructured
clinical notes that can extract relevant data into structured fields.
For example, natural language processing could be applied to
free-text narratives to fill structured EHR fields [24,127].

The management of sensitive information was raised as a key
concern in the adoption of EHRs. The definitions of and overlap
between sensitive information and mental health information
are unclear. The National Committee on Vital and Health
Statistics [131] outlined the complexity of defining mental health
information in that it can be collected in a variety of clinical
settings and may be scattered throughout a person’s health
record. Data about physical health, collected in mental health
settings, may also be considered mental health information.
However, there appears to be a subsection of mental health
information classified as sensitive for several reasons, such as
the stigma related to certain diagnoses. There is also a
relationship between standardization and sensitive information,
with some studies in this review finding that sensitive
information may be captured in free-text notes but not in
standardized fields. Perhaps free text provides more nuances in
documenting this type of information. For example, Cairns et
al [132], in a study of social workers using a shared record,
found that they had concerns about reporting subjective
information that other people could wrongly interpret. One of
the potential issues with incorrect or vague documentation in
the mental health context is that it could feed into incorrect risk
assessments [133]. Risk assessments in mental health can have
significant implications for people’s health outcomes and their
human rights if a risk assessment leads them to be involuntarily
treated [133].

Shared decision-making has become a key approach for
promoting autonomy in health care decision-making, especially
in the mental health context [134]. This can be seen in the
practices of clinicians inviting service users to be involved in
deciding what information to document in their health record,
which is known as collaborative documentation [91]. Inviting
service users to participate in decisions about what information
goes into their EHR and how to document sensitive information
could help address concerns that clinicians might have about
privacy or stigma. Pisciotta et al [135] found that clinicians and
service users in mental health settings avoided discussing notes
because they worried about each other’s responses. Pisciotta et
al [135] also found that service users want clinicians to be open
to discussing what is written about them and have opportunities
to collaborate in documenting information. Collaborative
documentation may also address concerns about the therapeutic
alliance if workflows are redesigned to accommodate EHRs
and service users. Maniss and Pruit [136] outlined how
collaborative documentation involves clinicians documenting
service user information alongside service users and creating
opportunities for their input and approval. However, as was
found in the included studies, the current EHR design is not
aligned with the complexity of some mental health contexts
where service users may arrive in a crisis. Thus, the adoption
of collaborative documentation may need to happen alongside
other service changes to ensure that EHRs can be more easily
integrated into service users’ care.

The findings related to the relationship between information
practices and therapeutic relationships require more research,
especially from the service user perspective. It has been
suggested that most information practices are invisible to service
users [137] unless there are active efforts to make them visible.
However, these practices and how they are shaped using EHRs
will affect service users’ experience of care through impacts on
the therapeutic relationship or the time available for direct care.
Much research has focused on service users’ perspectives
concerning the privacy and confidentiality of EHRs [12];
however, the actual impact on the experience of care has
received limited attention. There is a growing body of evidence
exploring the role of computers in clinical encounters, which
may capture some of these experiences [138,139]. The impact
of computers on the interaction between clinicians and service
users can be shaped by factors such as the clinician’s skill in
using the computer and the way clinicians embed computers in
their practice [140]. Findings from the study by Pearce et al
[141] showed that computers had become part of a triadic
relationship with clinicians and service users, which is not
necessarily a negative outcome. Future work should explore
how EHRs as sociotechnical systems affect the care provided
and service users’ experience of these impacts.

Comparison With Prior Work

Overview
There are several reviews related to different elements of EHRs,
which generally support the findings of this review. In a
systematic review of the impact of EHRs on documentation
time, Baumann et al [23] found that EHRs were associated with
increased documentation time for hospital staff. The interaction
between service users and clinicians was also raised as
potentially threatened by the use of EHRs [142]. Workflow
issues were also identified by Gephart et al [143] in a systematic
review of nurses’ experiences of EHR. They found that EHRs
created unexpected changes in the accepted workflows.
Strudwick and Eyasu [144], in a review of the literature on
EHRs used by nurses in mental health settings, also identified
the unique nature of the mental health context. They found that
nurses were conscious of the privacy and confidentiality risks
posed by the ease of access enabled by EHRs. A recent scoping
review on EMR implementations in mental health settings by
Zurynski et al [30], which also included studies in children and
adolescents and several review studies not specific to the mental
health context, also found issues with documentation,
workflows, and usability.

The issue of usability that was raised in this study has been
confirmed by previous reviews exploring navigation in EHRs
[143,145,146]. Roman et al [145] found that navigation between
EHR screens was a regularly identified usability issue that could
be addressed through shortcuts, dashboards, and integration of
information into single screens. Training has also been found
to enable the acceptance and use of EHRs [146,147]. McGinn
et al [142], in a systematic review of barriers to and facilitators
of EHR implementation, also found that usability could be both
a barrier to and a facilitator of EHR use.

An increasing number of studies have identified new secondary
uses for the data collected in EHRs [148]. These secondary uses
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include applications in psychiatric phenotyping [149] and
methods for predicting suicidal behavior [150]. The potential
impact of this secondary data use makes it increasingly urgent
to address the issues raised in this study. Secondary data use in
the mental health context requires further ethical consideration,
especially as new data sources are being introduced into the
health care system, such as data from wearables [151,152].

Relevance of Findings for EHR Designers
One of the key issues identified in this review was that EHRs
were not appropriately designed for the mental health context.
Thus, we will target our recommendations for those who design
and develop EHRs.

Designers must ensure that they understand clinicians’
information practices in the mental health context. There are
examples of EHR usability frameworks such as the TURF (task,
user, representation, and function) framework [153], which can
guide EHR design. A key point raised by the TURF framework
is the need to understand the complexity of a task independent
of how it is implemented in a specific setting. Our review found
that many EHRs were not designed to address the complexity
of the mental health context. This issue could be because of
designers and developers not understanding the essential
elements of certain tasks and how these should be represented
in the design of the EHR. Our review also found that many
EHRs are missing data fields relevant to mental health and
provide limited ways of managing narrative data. Thus,
improving the customizability of EHR workflows may be useful.
Alternatively, several preset workflows could be provided for
different types of service users or clinical contexts. The study
by Jetelina et al [110] provides an example in which an add-on
for an EPIC EHR was developed containing specific features
for the mental health context. Designers should also consider
the computer literacy of their end users and what relevant
training and support may be needed.

The time burden experienced by clinicians when documenting
information in EHRs raises questions about the systems’ user
experience design. This time burden is not just an issue in the
mental health context, with O’Brien et al [154] describing the
broader issue as death by data entry. This is a critical issue for
clinicians and is associated with increased odds of burnout
[155,156]. This could be addressed in several ways, including
through research, policy initiatives, and design methods [157].
Our findings suggest that further research is needed for
workflows in the mental health context and how EHR functions
can support rather than disrupt these workflows. Addressing
this issue should also lead to greater end user involvement in
designing, developing, and implementing EHRs in the mental
health context [158]. Improving clinician training may also
support the use of EHRs [99,100].

Relevance of Findings for Clinicians
A key issue found in this review was the poor documentation
of mental health information in EHRs. Missing information is
detrimental to both the care of service users and clinicians’
work. It appears that there is a perception among clinicians that
mental health information, being particularly sensitive, should
be documented differently from other information. We would

advise clinicians to consider approaches such as collaborative
documentation in which service users are involved in discussions
about what to document. If there is doubt about how to word
certain sensitive information, clinicians should ask the service
user and consider the implications for future clinical encounters
and the service user’s experience if certain information is
missing or misinterpreted.

Relevance of Findings for Health Service Managers and
Health Policy Makers
From this initial evidence on EHRs in the mental health context,
it would be advisable for health service managers to scope their
options when adopting an EHR. Services should start by
identifying their information and workflow needs before
choosing an EHR. Some EHRs designed specifically for the
mental health context are more appropriate than generic EHRs.
Otherwise, specific add-ons that meet the workflow and
information needs of the mental health context may be
considered. Furthermore, well-executed training is necessary
to ensure that clinicians have appropriate computer skills to
manage the complex user interfaces that some EHRs present.

We would advise policy makers to support the adoption of EHRs
only when they are designed for local contexts. In Australia,
the Victorian Royal Commission into Mental Health Services
has recently recommended that information systems should be
used to improve care in the mental health context [159]. We
would advise that further research is needed to identify the
mechanisms by which EHRs will lead to the assumed outcomes
and any barriers or structural issues to achieving these assumed
outcomes.

Relevance of Findings for Service Users
It was concerning that there was minimal involvement of service
users in the included studies. The issues identified in this review
will have implications for service users. These impacts may be
related to disrupted workflows or sensitive information being
recorded incorrectly. Many service user groups are taking great
interest in the digitization of the health system, and we would
encourage them to continue this involvement, especially with
a focus on EHR development.

Relevance of Findings for Future Research
Future researchers should report on the types and functions of
the EHRs they are studying. This would enable greater
comparison between contexts. Adopting a standard approach
to describing EHRs such as the Health Care Information and
Management Systems Society’s [160] EMR Adoption Model
may support comparison across studies. Furthermore, more
details about the setting of the research should be provided.
Health information technology is a global business, and
companies providing EHRs to the United States also provide
them to other countries. Providing more details about the setting
of implementation and the type of EHR would support evidence
synthesis that other jurisdictions can also rely on.

Future research should also include service user perspectives
on EHRs and information practices. Researchers should consider
adopting co-design or participatory methods to involve service
users in research about EHRs. It would also be advisable to
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involve peer workers within health services in the design of
EHRs as they may see how these EHRs have been used in
practice. Researchers should also involve more health
information managers and other administrative staff. These
stakeholders play a critical role in supporting the correct
management of information in health care settings.

The field of research on EHRs in the mental health context is
still at a low stage of maturity, and this, in part, reflects the
maturity of EHR use in the mental health context. Future
research should include high-quality evaluations of EHRs in
the mental health context for both implementation and sustained
use. This research will pave the way for systematic reviews that
can provide insights into how EHRs affect processes and clinical
outcomes in the mental health context. We would also
recommend further studies on the usability of EHRs or that
usability analysis be included in other study designs.

Notably, we could not conduct a temporal analysis of the
included papers. Recent decades have seen considerable
advancements in the fields of health informatics and digital
health [161]. It would make sense that these advances should
be reflected in the included papers. We might expect to see
improvements in interoperability because of the increasing
adoption of solutions such as the Fast Health care
Interoperability Standard [162]. We may also expect to see
improvements in the documentation of standard information
using clinical terminologies such as the Systematized
Nomenclature of Medicine [163]. However, these advances
were not discussed in the included papers. We can speculate
why this was the case. It might be that these innovations have
not penetrated the mental health context or affected the issues
we have identified. However, what is needed in future research
is a greater focus on the technical aspects of digital health
research. Future studies should aim to report the technical
aspects of EHRs in practice to enable greater visibility of how
EHR innovations penetrate real-world applications.

Finally, a further piece of research that should be considered is
how digital health or information system theory can
accommodate the findings of this review and others related to
the use of EHRs. A few of the included studies drew upon the
theory in their work; however, more work could be conducted
to extend this work. We have reflected that many of our findings

could be considered using an Activity Theory lens, and we would
welcome discussions and collaborations to further this thinking.

Limitations
This scoping review is limited, in part, because of the nature of
the field. The combination of no standard EHR definition and
poor reporting of the systems used in the included studies has
made it difficult to assess how specific themes related to specific
types of EHRs. This review examines information practices,
which is one of the many potential research topics that could
be addressed in this space. Other studies should examine clinical
outcomes. We expected to find more studies reporting on legal
and ethical concerns, and in hindsight, a more tailored search
may have been needed. There was limited information on the
technical aspects (such as interoperability standards) of the
EHRs used in the included studies. This limited information
affected our ability to comment on whether the technical
elements of the EHR contributed to our findings. The United
States’ focus of the included studies also limits the applicability
of the findings to other jurisdictions, especially those related to
health system structure and culture.

Conclusions
EHRs in the mental health contexts have been slow to
materialize. This review found that EHRs in the mental health
context affect clinicians’ information practices, which have
implications for how care is provided. The core of mental health
services is the therapeutic relationship, which requires a unique
workflow that is currently not supported by many EHRs. In
addition, because of the narrative nature of mental health care,
the standardized data underpinning many EHRs may not align
with the information needs and practices of the mental health
context. Finally, although health information is recognized as
personal information, mental health information is seen as
especially sensitive for several reasons. This understanding of
mental health information may lead to underreporting,
generalizing, or watering down certain details when
documenting in EHRs. EHRs need the capacity to support
information sharing in a nuanced way to manage sensitivity and
stigma in the mental health context. Future research should
involve service users to explore how the impact of EHRs on
information practices also affects their experience of care.
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Abstract

Background: eHealth tools that assess and track health outcomes in children or young people are an emerging type of technology
that has the potential to reform health service delivery and facilitate integrated, interdisciplinary care.

Objective: The aim of this review is to summarize eHealth tools that have assessed and tracked health in children or young
people to provide greater clarity around the populations and settings in which they have been used, characteristics of digital
devices (eg, health domains, respondents, presence of tracking, and connection to care), primary outcomes, and risks and challenges
of implementation.

Methods: A search was conducted in PsycINFO, PubMed or MEDLINE, and Embase in April 2020. Studies were included if
they evaluated a digital device whose primary purpose was to assess and track health, focused on children or young people (birth
to the age of 24 years), reported original research, and were published in peer-reviewed journals in English.

Results: A total of 39 papers were included in this review. The sample sizes ranged from 7 to 149,329 participants (median
163, mean 5155). More studies were conducted in urban (18/39, 46%) regions than in rural (3/39, 8%) regions or a combination
of urban and rural areas (8/39, 21%). Devices were implemented in three main settings: outpatient health clinics (12/39, 31%),
hospitals (14/39, 36%), community outreach (10/39, 26%), or a combination of these settings (3/39, 8%). Mental and general
health were the most common health domains assessed, with a single study assessing multiple health domains. Just under half of
the devices tracked children’s health over time (16/39, 41%), and two-thirds (25/39, 64%) connected children or young people
to clinical care. It was more common for information to be collected from a single informant (ie, the child or young person, trained
health worker, clinician, and parent or caregiver) than from multiple informants. The health of children or young people was
assessed as a primary or secondary outcome in 36% (14/39) of studies; however, only 3% (1/39) of studies assessed whether
using the digital tool improved the health of users. Most papers reported early phase research (formative or process evaluations),
with fewer outcome evaluations and only 3 randomized controlled trials. Identified challenges or risks were related to accessibility,
clinical utility and safety, uptake, data quality, user interface or design aspects of the device, language proficiency or literacy,
sociocultural barriers, and privacy or confidentiality concerns; ways to address these barriers were not thoroughly explored.

Conclusions: eHealth tools that assess and track health in children or young people have the potential to enhance health service
delivery; however, a strong evidence base validating the clinical utility, efficacy, and safety of tools is lacking, and more thorough
investigation is needed to address the risks and challenges of using these emerging technologies in clinical care. At present, there
is greater potential for the tools to facilitate multi-informant, multidomain assessments and longitudinally track health over time
and room for further implementation in rural or remote regions and community settings around the world.

(J Med Internet Res 2022;24(5):e26015)   doi:10.2196/26015
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Introduction

In 2018, the United Nations Children’s Fund released a report
on digital technologies in health [1] alongside its Strategic Plan,
2018-2021, which emphasized the importance of using digital
(internet- and mobile-based) technology to facilitate health care
for children and young people. At the same time, the Early
Childhood Developmental Interventions Review Group for the
Lancet issued a report making several recommendations for the
improvement of assessments and interventions for children or
young people [2]. These recommendations included improving
the capacity for services to conduct multidomain and
multi-informant assessments, connecting children or young
people and families with personalized care options, and using
digital solutions within health services to allow for broader-scale
change [2]. Together, these reports highlight the emerging need
to use digital technologies to enhance the delivery of health care
for children or young people and their families.

Over the past decade, there has been a rapid growth in the
development of digital tools in the health and well-being space
[3]. These tools have served various purposes in health care,
with the most common uses among children or young people
being to deliver interventions (eg, clinician-assisted
evidence-based treatments and self-monitoring and self-care),
provide education, and facilitate communication for both
consumers and clinicians (eg, telehealth or teleconferencing
and online peer support groups) [2,4]. Another more recent use
of eHealth has been to facilitate the assessment and triage of
children or young people through health services [5-12]. These
emerging technologies provide users (ie, clinicians and
consumers) with secure, web-based platforms for submitting
health data (sometimes automatically via biosensors or
wearables) without having to be physically present in a hospital
or health clinic. The information can be securely shared with
health professionals with expertise in children or young people’s
areas of need, allowing them to be triaged to appropriate services
and connected with ongoing care [5,7-10,13,14]. Thus, these
eHealth solutions differ from existing technologies in that their
goal is not to deliver interventions or ongoing treatment but
rather to facilitate a connection between consumers and
pre-existing health services, allow for routine outcome
monitoring, and place the person (or family) at the center of
care. Furthermore, although some of these tools provide
education resources (eg, fact sheets) or communication pathways
(eg, web-based chats), they do this with the goal of triaging
children or young people to appropriate care.

The literature on eHealth tools that assess and track health
outcomes in children or young people is still in its infancy;
however, a growing number of studies have reported on such
devices over the past decade [4,15]. These tools differ in their
health focus (eg, infectious diseases and mental health) [16,17]
and locations in which they have been used (ie, rural or urban
areas, high- or low-income countries, and specific health
settings) [7,18-20]. There has also been variability in terms of
the respondent who enters data into the tool (ie, clinician and
consumer), the type of data (ie, questionnaires and physiological
data), whether the tools have facilitated only assessment or
assessment and tracking, and whether they have connected

children or young people to clinical care. Given this variability,
the specific features of eHealth tools, as well as their efficacy
for improving health outcomes and clinical care delivery for
children or young people, remain unclear.

Despite the potential benefits of eHealth solutions for children
or young people, numerous challenges have been documented
in their development, implementation, and uptake among other
groups [10,13,21-24]. To be successful, the technologies must
be user-friendly, engaging, and accessible to diverse populations.
Issues of language, literacy, and culture have all been found to
affect accessibility, uptake, and the quality of data [12,21,22,25].
The validity and integrity of data also depend on the availability
of appropriately trained health care workers to enter or interpret
information, emphasizing the importance of developing and
evaluating these tools within the contexts in which they will be
used. Finally, issues of privacy, confidentiality, and security
are paramount to ensuring that the tools respect the rights of
users and are likely to affect the uptake of these technologies
[22,25,26].

To our knowledge, no comprehensive reviews have been
conducted to examine the efficacy of eHealth tools that assess
and track health outcomes in children or young people. As such,
it is unclear in which health domains and settings these tools
may have the potential to shape clinical care and, importantly,
whether their use has been associated with improved health
outcomes for children or young people. There is also a need to
identify potential challenges and risks of using eHealth tools to
ensure that best practice methods are established and
consistently used [1,27]. Understanding the available eHealth
solutions and their efficacies is critical for shaping future
research and development efforts and ensuring efficient
expansion of knowledge in this field.

The aim of this systematic review is to summarize eHealth tools
that have been developed to assess and track health in children
or young people to provide greater clarity about (1) the
populations and settings in which these tools have been used
(ie, locations, languages, and age groups); (2) characteristics of
the tools (ie, health domains assessed, respondent, type of data,
presence of tracking, and connection to care); (3) primary
outcomes of the study, including whether the use of the tool has
been associated with improved health outcomes; and (4) risks
and challenges identified during implementation and evaluation.

Methods

Overview
The term eHealth has been variously defined in the literature.
According to a systematic review, 51 unique definitions have
been used for the term, without a clear consensus on a single
definition, and the definitions differ in how inclusively they are
conceptualized [28,29]. We have chosen to use a definition
based on the conceptualization of eHealth offered by Vegesna
et al [30] because of its relevance and consistency with the
overarching aims of this review; digital technologies are thus
defined as noninvasive digital devices that have been used to
assess and track the health of a patient or consumer. We used
the World Health Organization’s definition of childhood and
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youth as the period spanning birth to 24 years, whereby children
are aged 0 to 9 years, and young people are aged 10 to 24 years
[31].

Search Strategy
The search was conducted according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [32]. PsycINFO, PubMed or MEDLINE, and Embase
were searched via OVID by 3 members of the research team
(ES, HY, and AR) on April 27, 2020. The following terms were
used ((child*) OR (adolescen*) OR (young person) OR (infan*))
AND ((wellbeing) OR (health)) AND (((digital tool) OR (digital
AND tool)) OR (eHealth) OR ((mobile application) OR (mobile
AND application))). A wildcard (*) was placed at the end of
each applicable search term to ensure that all relevant terms
were captured. All Medical Subject Heading terms were
explored to broaden the search for relevant studies. Date limits
were not set on any of the database searches. The reference lists
of relevant reviews and identified empirical studies were
searched to identify further studies, as per the ancestry method.

Study Selection Criteria
Studies were included if they met the following criteria:

1. Included children and young people (birth to the age of 24
years) or their parents or carers, as per the World Health
Organization’s definition [31]

2. Evaluated a digital device, including internet- or
mobile-based technology (ie, noninvasive digital devices,
including internet- or mobile-based e-tools and wearable
devices), the primary purpose of which was to assess or
track the health of the child or young person

3. Focused on a domain of health
4. Evaluation studies, meaning the authors evaluated some

aspects of the digital device, including effectiveness,
validity, or feasibility; we included all or any type of
evaluation studies, which were categorized according to
the Center for Disease Control definition (ie, formative,

process, and outcome) [33] and National Health and
Medical Research Council criteria for study design [34]

5. Reported original research
6. Published in English in a peer-reviewed journal and

included human participants

Studies were excluded if they had the following characteristics:

1. Included adults only with no child or young person focus
or if >25% of participants were outside our age criteria
(birth to the age of 24 years)

2. Evaluated a digital device that was primarily an
interventional tool (ie, clinician-led and self-management
tools), an educational device (eg, an e-course), a
communication device (ie, assistive communication with
images or written or spoken language; and teleconferencing
only without additional assessment or tracking
functionality), or digital technology that did not use internet
or mobile technology (eg, electronic medical record
systems)

3. Reported results from development or description of the
tool that had not yet been evaluated (eg, protocol papers)

Procedure
Figure 1 displays the process of study selection. The search
retrieved 3688 papers, and an additional 16 papers were
identified by searching the reference lists of relevant papers and
reviews. Of these papers, 95.59% (3541/3704) remained after
duplicates were removed. The titles and abstracts of all papers
were screened by 2 reviewers (ES and HY). Of the 3541 papers,
84 (2.37%) full-text papers met the inclusion criteria and were
obtained. A conservative approach was taken to ensure that
relevant papers were not missed, and full-text papers were
reviewed if the reviewers could not determine with certainty
whether the inclusion criteria were met. The manuscripts of
these 84 papers were reviewed by 2 independent raters (ES and
HY), and discrepancies were resolved via discussion. Of the 84
papers, 45 (54%) papers were excluded, leaving 39 (46%) papers
that were included in the review.
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Figure 1. Flow diagram of identification and selection of studies.

Data Extraction
The following information was extracted from each paper:

1. Name of the first author, year of publication, and age range
of children or young people

2. Language or languages used in the digital application
3. Location where the study was conducted: country, locality

(urban or rural), and setting; locality was defined according
to the Organization for Economic Co-operation and
Development harmonized definition of global urbanization,
which uses the population density of the area, that is, rural
(<5000 inhabitants) or urban (≥5000 inhabitants) [35]; some
studies were conducted in multiple locations, which was
considered in categorizing study locality as urban, rural, or
a mixture of urban and rural settings

4. Characteristics of the digital tool: health domain assessed,
respondent (parent or caregiver, child or young person,
clinician, trained health worker, and other), device type
(mobile, desktop, and tablet), type of data (questionnaire

or survey, images, and physiological), whether the tool
allowed for tracking over time (ie, data collected at multiple
time points), and whether the device facilitated connection
to care (ie, linking patients to health care providers or
services)

5. Study characteristics: type of evaluation study, defined
according to the Center for Disease Control definition of
study evaluation types, that is, formative, process, or
evaluation [33]; study type: qualitative, quantitative, or
mixed methods; and (3) study design, based on the National
Health and Medical Research Council guidelines [34]

6. The primary outcome and main findings from the study,
including whether the health of the child or young person
was measured as an outcome in the study

7. Funding source, categorized as public sector (ie,
government, universities, research institutes, and
professional associations), commercial or not-for-profit
(NFP) organizations; these categories were guided by an
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Australian Government resource on university research
funding (REF)

8. Any documented risks or challenges associated with the
use of the eHealth tool

Data Analysis
Descriptive analyses were used to summarize variables of
interest, including health domain, location, language, type of
data, intended user, presence of certain features (ie, tracking
over time and connection to care), and type of evaluation.
Frequency data and percentages were used to examine and
compare studies on key outcome measures. This approach to
analysis was taken because of considerable variability in study
objectives and designs and as most studies reported simple
quantitative, descriptive statistics or qualitative findings.

Quality Appraisal of Studies
To evaluate the methodological quality of the studies, 2
checklists were used. The Downs and Black checklist [36] was
completed for quantitative studies, which measures the quality
of both randomized and nonrandomized studies evaluating novel
health interventions. The National Institute for Health and Care
Excellence Quality Appraisal Checklist was completed for
studies reporting qualitative findings [37]. Studies reporting
both qualitative and quantitative data were appraised using both
checklists. A full description of the checklists and scoring
criteria is included in Multimedia Appendix 1 [5-9,16-20,38-66].

Results

Demographics of Studies
Table 1 summarizes the characteristics of the 39 studies included
in this review. All (38/39, 97%) but a single (1/39, 3%) study
was published in the past decade (2010-2020), and over
one-third of the studies (15/39, 39%) were published in the past
year (2019-2020; Figure 2). Most studies were conducted in a
single country (35/39, 90%), most commonly America (7/39,
18%) or Australia (6/39, 15%). English was the sole language
of communication in 49% (19/39) of studies; 13% (5/39) of
studies evaluated tools that used English and at least one other
language, and 21% (8/39) used languages other than English;
the remaining 18% (7/39) of studies did not report enough
information to determine which language was used in the tool.
Regarding locality, studies were conducted in urban (18/39,
46%), rural (3/39, 8%), or a mixture of urban and rural settings
(8/39, 21%); 26% (10/39) studies did not report enough
information to determine locality. Digital devices were
implemented across 3 main settings: outpatient health clinics
(12/39, 31%), hospitals (ie, inpatient units and emergency
departments; 14/39, 36%), and community outreach (ie,
community spaces that were not formal health clinics; 10/39,
26%) or a combination of these settings (3/39, 8%).
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Table 1. Demographic characteristics of studies.

SettingLanguage used in
the device

LocalityaCountryAge range of childrenStudy

Outpatient health clinicNRNRbTurkey19-27 years (mean
22.0)

Alawna et al, 2019 [50]

HospitalNRUrbanItalyInfants (age range
NR)

Binotti et al, 2019 [56]

Outpatient health clinicEnglishNRMalawi2-59 monthsBoyce et al, 2019 [48]

Outpatient health clinicEnglish, German,
Spanish, and Dutch

Urban (81%) and
rural (19%)

Netherlands3-17 yearsDen Boer et al, 2018 [18]

Community outreachThaiNRThailandChildren in primary
school (age range NR)

Detsomboonrat and Pisarntu-
rakit, 2019 [58]

HospitalEnglishUrbanUnited States2-18 yearsDexheimer et al, 2014 [19]

Outpatient health clinicEnglishRuralAustralia9 months-16 yearsEikelboom et al, 2005 [5]

Outpatient health clinicEnglishUrbanAustralia2-18 yearsEstai et al, 2016 [57]

HospitalEnglishUrban (50%) and
rural (50%)

KenyaChildren (age range
NR)

Finocchario-Kessler et al,
2015 [6]

HospitalTwiUrbanGhana18 months-14 yearsFranke et al, 2018 [20]

HospitalEnglishNR55 countries (world-
wide)

Children (age range
NR)

Galvez et al 2017 [52]

Outpatient health clinicEnglishUrbanGhanaChildren (age range
NR)

Ginsburg et al, 2015 [16]

HospitalEnglishUrbanUnited Kingdom<18 yearsGregory et al, 2017 [39]

HospitalNRUrbanChina and Australia13-26 yearsHan et al, 2019 [53]

Community outreachEnglish and ArabicUrbanGaza6-18 yearsHashemi et al, 2017 [7]

Outpatient health clinicDutchUrban (55%) and
rural (45%)

Netherlands10-19 yearsHeida et al, 2018 [62]

Outpatient health clinicEnglishUrbanUnited States0-21 yearsHussey and Flynn, 2019
[41]

Outpatient health clinicEnglishUrban (85%) and
rural (15%)

Australia16-24 yearsIorfino et al, 2017 [8]

Hospital, outpatient health
clinic, and community out-
reach

KoreanUrbanSouth Korea15-19 yearsJeong et al, 2020 [40]

Community outreachEnglishNRUnited States3-22 yearsJiam et al, 2017 [66]

HospitalEnglishUrban (50%) and
rural (50%)

United States6-14 yearsKassam-Adams et al, 2019
[42]

Community outreachNRNRSouth Korea0-5 yearsKim et al, 2019 [60]

HospitalMandarinUrbanChina1-18 yearsLi et al, 2019 [63]

Outpatient health clinic and
community outreach

EnglishUrbanAustralia5-12 yearsMarch et al, 2018 [17]

Community outreachLusoga and EnglishRuralUganda0-7 daysMatin et al, 2020 [59]

HospitalEnglishNRUnited States0-2 monthsMcCulloh et al, 2018 [49]

Community outreachTwiUrbanGhana0-5 yearsMohammed et al, 2018 [9]

HospitalNRUrbanIran0-9 daysPadidar et al, 2019 [64]

Community outreachArab, Farsi, and
Russian

NRGermany0-24 yearsRath et al, 2018 [45]

HospitalNRUrbanGermany and
Greece

0-5 yearsRath et al, 2019 [65]
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SettingLanguage used in
the device

LocalityaCountryAge range of childrenStudy

Outpatient health clinicEnglishUrban (50%) and
rural (50%)

Australia14-24 yearsReid et al, 2011 [43]

Hospital and outpatient
health clinic

Hindi, Gujarati, and
English

Urban (85%) and
rural (15%)

India0-2 yearsSingh et al, 2017 [51]

HospitalSwedishUrban (50%) and
rural (50%)

Sweden6-13 yearsSvedberg et al, 2019 [46]

Outpatient health clinicEnglishNRNew Zealand13-14 yearsThabrew et al, 2019 [44]

Community outreach11 languagesNR10 countries0-17 yearsThabtah, 2018 [54]

Outpatient health clinicEnglishUrbanUnited States12-18 yearsThompson et al, 2016 [47]

Community outreachEnglishRuralUganda and United
States

3-18 yearsValdes-Angues et al, 2018
[55]

HospitalEnglishUrbanCanada0-18 yearsvan Karnebeek et al, 2012
[61]

Outpatient health clinicEnglish and ChineseUrbanChina5-17 yearsWang et al, 2017 [38]

aLocality: region in which the eHealth tool was implemented, defined as rural (<5000 inhabitants) or urban (≥5000 inhabitants), according to the
Organization for Economic Co-operation and Development’s harmonized definition of global urbanization [35].
bNR: not reported.

Figure 2. Cumulative number of studies published each year.

Characteristics of eHealth Tools
Table 2 summarizes the characteristics of the studied digital
devices.
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Table 2. Device characteristics.

Connection to
care

Tracking over
time

RespondentType of dataDeviceHealth domainStudy

YesUnclearTrained health workeraPhysiologicalMobileGeneral healthAlawna et al, 2019 [50]

NoNoTrained health workerPhysiologicalMobileDevelopmentalBinotti et al, 2019 [56]

YesNoTrained health workerQuestionnaire or
survey

MobileGeneral healthBoyce et al, 2019 [48]

YesNoClinicianb and child or

young personc

Questionnaire or
survey

MobileOral healthDen Boer et al, 2018 [18]

YesNoClinicianQuestionnaire or
survey

Mobile and
desktop

OralDetsomboonrat and Pisarnturak-
it 2019 [58]

YesYesClinicianQuestionnaire or
survey

DesktopGeneral healthDexheimer et al, 2014 [19]

YesNoClinicianImagesDesktopEar, nose, and
throat

Eikelboom et al, 2005 [5]

NoNoClinician and trained
health worker

ImagesDesktopOral healthEstai et al, 2016 [57]

YesYesParent or caregiverd and
trained health worker

PhysiologicalDesktopInfectiousFinocchario-Kessler et al, 2015
[6]

YesNoParent or caregiverQuestionnaire or
survey

MobileInfectiousFranke et al, 2018 [20]

NoYesClinicianQuestionnaire or
survey

MobileEmergencyGalvez et al, 2017 [52]

YesNoTrained health workerPhysiologicalMobileInfectiousGinsburg et al, 2015 [16]

YesNoClinician and child or
young person

Questionnaire or
survey

MobileMental healthGregory et al, 2017 [39]

NoNoChild or young personPhysiologicalMobileVisionHan et al, 2019 [53]

NoNoTrained health workerQuestionnaire or
survey

Desktop and
mobile

Mental healthHashemi et al, 2017 [7]

YesYesChild or young person
and parent or caregiver

Questionnaire or
survey and physio-
logical

DesktopPhysical healthHeida et al, 2018 [62]

YesYesClinician and child or
young person

Questionnaire or
survey

MobileMental healthHussey and Flynn, 2019 [41]

YesYesChild or young personQuestionnaire or
survey

DesktopMental healthIorfino et al, 2017 [8]

YesNoClinician and child or
young person

Questionnaire or
survey

MobileMental healthJeong et al, 2020 [40]

NoYesParent or caregiver and
child or young person

Questionnaire or
survey

DesktopNeurologicalJiam et al, 2017 [66]

NoYesChild or young personQuestionnaire or
survey

MobileMental healthKassam-Adams et al, 2019 [42]

NoYesParent or caregiverQuestionnaire or
survey and physio-
logical

MobileInfectiousKim et al, 2019 [60]

YesNoChild or young personQuestionnaire or
survey

MobileSurgeryLi et al, 2019 [63]

NoNoClinician, parent or care-
giver, education provider,

Questionnaire or
survey

Desktop, mo-
bile, and tablet

Mental healthMarch et al, 2018 [17]

and child or young per-
son
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Connection to
care

Tracking over
time

RespondentType of dataDeviceHealth domainStudy

YesYesParent or caregiverQuestionnaire or
survey and physio-
logical

MobileDevelopmentalMatin et al, 2020 [59]

YesNoClinicianQuestionnaire or
survey

MobileGeneral healthMcCulloh et al, 2018 [49]

YesNoParent or caregiverQuestionnaire or
survey

MobileGeneral healthMohammed et al, 2018 [9]

NoNoClinician and parent or
caregiver

Physiological im-
ages

MobileDevelopmentalPadidar et al, 2019 [64]

NoNoChild or young person
and parent or caregiver

Questionnaire or
survey

Mobile tabletGeneral healthRath et al, 2018 [45]

NoNoChild or young personQuestionnaire or
survey

MobileInfectiousRath et al, 2019 [65]

YesYesChild or young personQuestionnaire or
survey

Desktop and
mobile

Mental healthReid et al, 2011 [43]

YesYesClinician and parent or
caregiver

Questionnaire or
survey and physio-
logical

Desktop and
mobile

General healthSingh et al, 2017 [51]

YesYesChild or young personQuestionnaire or
survey

MobileGeneral healthSvedberg et al, 2019 [46]

YesNoChild or young personQuestionnaire or
survey

Mobile and
tablet

Mental healthThabrew et al, 2019 [44]

NoNoClinician and parent or
caregiver

Questionnaire or
survey

MobileDevelopmentalThabtah, 2018 [54]

YesYesParent or caregiver and
young person

Questionnaire or
survey and physio-
logical

DesktopGeneral healthThompson et al, 2016 [47]

YesYesTrained health workerQuestionnaire or
survey

Desktop and
mobile

NeurologicalValdes-Angues et al, 2018 [55]

NoNoClinicianQuestionnaire or
survey

Desktop, mo-
bile, and tablet

Developmentalvan Karnebeek et al, 2012 [61]

YesYesClinician, parent or care-
giver, and child or young
person

Questionnaire or
survey

MobileGeneral health
and mental health

Wang et al, 2017 [38]

aTrained health workers are staff without professional training who received specific training in the use of the digital tool and associated health domain.
bClinician is defined as a health professional with qualifications in a particular field of practice (including medical doctors and allied health workers).
cChild or young person is the individual for whom the eHealth tool was developed.
dParent or caregiver is the primary carer of the child or young person.

Health Domains
Mental and general health were the most common eHealth
domains assessed, with each evaluated in 26% (10/39) of studies.
Other health domains assessed included child development
(5/39, 13%), infectious diseases (5/39, 13%), oral health (3/39,
8%), neurological illnesses (2/39, 5%), ear nose and throat (1/39,
3%), emergency medicine (1/39, 3%), physical health (1/39,
3%), vision (1/39, 3%), and pediatric surgery (1/39, 3%). A
single study assessed multiple health domains (mental and
general health) [38]. Given that mental health was more
commonly assessed than other health domains, we examined
these studies further to determine their aim or purpose and the
type of information collected. Of the 23% (9/39) of studies that
solely assessed mental health, 33% (3/9) focused on suicide

prevention [8,39,40], 22% (2/9) focused on early intervention
and prevention of mental illness [7,17], and 44% (4/9) focused
on multidimensional assessment or management of mental
health symptoms [41-44]. Of the 23% (9/39) of studies that
solely assessed general health, 22% (2/9) focused on symptom
detection and monitoring [9,45], 22% (2/9) provided a platform
for patients to view and monitor their health information [46,47],
33% (3/9) focused on digitalized tracking of clinical
decision-making [19,48,49], and 22% (2/9) were primarily for
assessment [50,51].

Data Collection: Respondent, Type of Data, and Device
All devices measured the health of a child or young person;
however, devices differed in the person who entered the health
information (ie, the respondent: child or young person, parent
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or caregiver, clinician, and trained health worker). Under half
of the devices collected information from multiple respondents
(16/39, 41%); other tools collected information solely from a
child or young person (8/39, 21%), clinician (6/39, 15%), trained
health worker (6/39, 15%), or parent or caregiver (3/39, 8%).
Approximately 15% (6/39) of studies collected data in multiple
forms (ie, questionnaire or survey, physiological data, or
images); otherwise, data were collected solely in the form of
questionnaires or surveys (26/39, 67%), physiological data
(5/39, 13%), or images (2/39, 5%). Most eHealth tools (31/39,
80%) were configured to collect data on a mobile phone, of
which some (9/39, 23%) were also configured to collect data
on another device (ie, desktop or tablet).

Device Features: Health Tracking and Connection to
Care
Just under half of the devices tracked children’s health over
time (16/39, 41%), and two-thirds (25/39, 64%) connected
children or young people to clinical care, whereas the remainder
did not.

Outcome Evaluation: Primary Outcome Measures and
Findings
Table 3 summarizes the sample size, type of evaluation, study
type and design, and primary outcomes, and a more detailed
description of the main findings for each study is presented in
Multimedia Appendix 1 (see Table S1). The sample sizes ranged
from 7 to 149,329 participants (median 163, mean 5155). Most
studies were formative (20/39, 51%) or process (11/39, 28%)
evaluations, with fewer outcome evaluation studies (8/39, 21%).
Just over one-third of the studies (14/39, 36%) assessed the
health of children or young people as either a primary or
secondary outcome; however, only a single (1/14, 7%) study
assessed whether using the digital tool improved the health of
children or young people [43]. This study examined whether
the use of Mobiletype, an eHealth tool that allowed general
practitioners and young people to monitor symptoms of mood,
stress, and daily activities in general practice, was associated
with improved mental health outcomes compared with treatment
as usual. The authors found that use of the device was associated
with a significant improvement in emotional self-awareness but
found no changes in symptoms of depression, anxiety, or stress;
post hoc analyses showed enhanced mental health care at the
initial assessment among general practitioners using the tool
compared with those who did not.
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Table 3. Outcomes of studies.

Challenges or risks of using
the tools

Primary out-
come

Health as

outcomec
Study designbStudy typeType of eval-

uationa
Sample (N)Study

Reliability (in-
tra- and inter-
rater reliability)

NoDescriptive studyQuantitativeFormative58Alawna et al, 2019
[50]

• Clinical utility: question-
able accuracy of read-
ings in people with cer-
tain health conditions
(eg, obesity and limb de-
formity)

Concordance

ratingd
NoDescriptive studyQuantitativeFormative40Binotti et al, 2019

[56]
• Clinical safety: partial

overestimation of heart
rate when <60 beats per
minute

EfficacyNoQuasi-experimen-
tal

Mixed meth-
ods

Process799Boyce et al, 2019
[48]

• Accessibility: hardware
and software issues (eg,
uploading data)

• Uptake: time consuming

Usability and
efficacy

YesDescriptive studyMixed meth-
ods

Formative653Den Boer et al,
2018 [18]

• Accessibility: slow inter-
net connection

• UXe: buttons lacked visu-
al response to input

• Sociocultural: parents or
carers said questions
about smoking for chil-
dren aged 6-11 years
were inappropriate and
insulting

Acceptability
and efficacy

NoDescriptive studyQuantitativeFormative441Detsomboonrat
and Pisarnturakit
2019 [58]

• Accessibility: poor inter-
net connection for some
users

Efficacy (time
from triage to

NoRCTfQuantitativeOutcome13,896Dexheimer et al,
2014 [19]

• Clinical utility: clini-
cians were already imple-
menting best practiceclinical deci-

sion) guidelines and conduct-
ing education without
the eHealth tool

Concordance
rating

NoDescriptive studyQuantitativeFormative66Eikelboom et al,
2005 [5]

• Data quality: poor image
quality

• Clinical safety: using
eHealth tool alone
(without input from a
qualified clinician) could
result in inaccurate diag-
nosis and treatment

Concordance
rating

NoDescriptive studyQuantitativeFormative126Estai et al, 2016
[57]

• Data quality: poor image
quality
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Challenges or risks of using
the tools

Primary out-
come

Health as

outcomec
Study designbStudy typeType of eval-

uationa
Sample (N)Study

• Accessibility: slow inter-
net connection in some
regions

• Language proficiency or
literacy: some users un-
able to use the tool be-
cause of low literacy
levels

• Privacy: concerns about
the privacy of data

• Clinical safety: high
turnover of health care
workers requiring contin-
uous retraining of staff
or risk of inaccurate use
of the tool

Feasibility and
efficacy

NoCross-sectional
study

Mixed meth-
ods

OutcomeNRgFinocchario-
Kessler et al, 2015
[6]

• Clinical utility: data only
entered by parent or
caregiver and mostly in
binary (yes or no) for-
mat; information from
clinician said to be im-
portant but not possible
as multi-informant as-
sessment not available

Concordance
rating

NoCross-sectional
study

QuantitativeProcess237Franke et al, 2018
[20]

• Accessibility: only
available in countries
with internet access and
where Google was not
blocked

Use and uptakeNoDescriptive studyQuantitativeProcess1252Galvez et al, 2017
[52]

• UX: buttons difficult to
navigate, pop-ups dis-
tracting, difficulty
launching application
and recording results,
too text heavy or more
images needed

Usability and
acceptability

NoDescriptive studyMixed meth-
ods

Formative7Ginsburg et al,
2015 [16]

• Uptake: lower than ex-
pected uptake by young
people

Feasibility of
uptake

NoDescriptive studyQuantitativeFormative76Gregory et al, 2017
[39]

• Data quality: mobile
phones with low resolu-
tion may not clearly
show results

Validity and re-
liability

YesCohort studyQuantitativeOutcome150Han et al, 2019
[53]

• Clinical safety: efficacy
of the tool in screening
for psychological symp-
toms not yet validated

FeasibilityYesDescriptive studyQuantitativeOutcome986Hashemi et al,
2017 [7]

• Uptake: clinicians not
adequately prepared for
changes in traditional
ways of working and re-
luctant to enter data
twice

EfficacyYesRCTMixed meth-
ods

Outcome170Heida et al, 2018
[62]

Use and effica-
cy

NoComparative study
with historical con-
trol group

Mixed meth-
ods

Formative56Hussey and Flynn,
2019 [41]
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Challenges or risks of using
the tools

Primary out-
come

Health as

outcomec
Study designbStudy typeType of eval-

uationa
Sample (N)Study

• UX: many features
needing improvement
(eg, emergency alert
button, survey tool, SMS
text messaging, and noti-
fications)

• Clinical utility or safety:
efficacy for individuals
with low to moderate
suicidality not studied

EfficacyYesNonrandomized
experimental trial

QuantitativeProcess232Iorfino et al, 2017
[8]

• Accessibility: health
professionals unable to
use the tool because of
inadequate training

Feasibility, ac-
ceptability, and
usability

NoDescriptive studyMixed meth-
ods

Formative13Jeong et al, 2020
[40]

• Language proficiency or
literacy: information be-
yond children’s compre-
hension capacity and lit-
eracy levels

UsabilityNoDescriptive studyQualitativeProcess7Jiam et al, 2017
[66]

• Accessibility: lower-in-
come families could not
use the tool because of
the cost of mobile data

Acceptability
and efficacy

NoDescriptive studyQuantitativeProcess167Kassam-Adams et
al, 2019 [42]

• Uptake: of the 3 coun-
tries where the tool was
implemented, uptake
was only seen in Korea
and not China or Japan

• Accessibility: only users
with a smartphone could
use the eHealth tool

• Clinical utility: question
as to whether increased
rates of influenza sig-
naled a local outbreak or
new interest in using the
tool

Uptake, usabili-
ty, and efficacy

NoDescriptive studyMixed meth-
ods

Process149,329Kim et al, 2019
[60]

• NRUtility and effi-
cacy

YesPseudo-RCTQuantitativeOutcome137Li et al, 2019 [63]

• NRFeasibility and
acceptability

NoDescriptive studyMixed meth-
ods

Formative18March et al, 2018
[17]

• Clinical utility: did not
assess parents’ accuracy
in identifying symptoms
aided by the tool; outside
of the research study,
parents may not receive
the same on-call support

• Clinical safety: only 1
parent attached the
wearable band correctly,
leading to many incor-
rect recordings

• UX: device lacked notifi-
cations to encourage care
seeking when necessary

Feasibility and
acceptability

NoPretest–posttest
case series

QuantitativeFormative18Matin et al, 2020
[59]

• NRNoDescriptive studyMixed methodFormative3805
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Challenges or risks of using
the tools

Primary out-
come

Health as

outcomec
Study designbStudy typeType of eval-

uationa
Sample (N)Study

McCulloh et al,
2018 [49]

Use or uptake
and usability

• Accessibility: poor inter-
net connection in some
areas; low ownership of
mobile phones

• Data quality: incomplete
data entered by some
parents

Feasibility and
concordance
ratings

YesDescriptive studyQuantitativeFormative1446Mohammed et al,
2018 [9]

• NREfficacy (con-
cordance rating)

YesDescriptive studyQuantitativeFormative113Padidar et al, 2019
[64]

• Clinical utility: the
anonymity of users pre-
vented verification of
health conditions and
initiation of follow-up
care

Usability and
efficacy

YesDescriptive studyMixed meth-
ods

Formative405Rath et al, 2018
[45]

• NREfficacyYesCohort studyQuantitativeFormative1615Rath et al, 2019
[65]

• NRChange in men-
tal health status

YesRCTQuantitativeOutcome163Reid et al, 2011
[43]

• Language proficiency or
literacy: many parents
could not read English
messages (Hindi transla-
tions integrated to ad-
dress this issue)

• Uptake: clinicians and
parents were initially re-
sistant to use the new
digital system

• Data quality: errors in
data entry related to free
text input

• Clinical utility: cus-
tomization of question
sets needed depending
on user characteristics

FeasibilityYesDescriptive studyQuantitativeProcess16,490Singh et al, 2017
[51]

• Uptake: low uptake be-
cause of required organi-
zational restructuring
and competing work-
place demands (eg, high
workload)

• UX: software issues relat-
ed to printing reports and
unwanted termination of
sessions

Feasibility and
acceptability

NoDescriptive studyQualitativeProcess46Svedberg et al,
2019 [46]

• Accessibility: some inter-
net connection issues

• Language proficiency or
literacy: information be-
yond the comprehension
and literacy levels of
some low socioeconomic
groups

Efficacy and ac-
ceptability

NoPseudo-RCTMixed meth-
ods

Formative129Thabrew et al,
2019 [44]

• NRFeasibility and
efficacy

YesDescriptive studyQuantitativeOutcome1452Thabtah, 2018 [54]
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Challenges or risks of using
the tools

Primary out-
come

Health as

outcomec
Study designbStudy typeType of eval-

uationa
Sample (N)Study

Thompson et al,
2016 [47]

• NRUse and uptakeNoDescriptive studyQuantitativeProcess937

• Accessibility: poor inter-
net connection; power
cuts; inability to
recharge device; slow
upload speed of data

• Data quality: errors in
data entry

FeasibilityNoDescriptive studyMixed meth-
ods

Process326Valdes-Angues et
al, 2018 [55]

• Clinical utility: addition-
al features needed to add
value to standard care
(eg, entering differential
diagnosis and accessing
databases with medical
information)

Feasibility and
acceptability

YesDescriptive studyQualitativeFormative15van Karnebeek et
al, 2012 [61]

• NRUsabilityNoDescriptive studyQualitativeFormative31Wang et al, 2017
[38]

aType of evaluation defined as follows: (1) formative evaluation: assessed feasibility, appropriateness, or acceptability of the digital device before full
implementation; (2) process evaluation: assessed whether the digital device had been implemented as intended; (3) outcome evaluation: measured the
effectiveness of the digital device by assessing progress in primary outcomes [33].
bStudy design based on the National Health and Medical Research Council guidelines: randomized controlled trials (RCTs); pseudo-RCTs; comparative
studies with concurrent controls, including nonrandomized experimental trials, cohort studies, case–control studies, or interrupted time series with a
control group; comparative studies without a control group, including historical control studies, ≥2 single-arm studies or interrupted time series without
a parallel control; case series with either posttest or pre- and posttest outcomes; descriptive studies; or other [34].
cWhether an aspect of the child’s or young person’s health was measured as a primary or secondary outcome of the study.
dThe amount of agreement between the digital tool and clinician ratings.
eUX: user experience (user interface or design aspects of the device).
fRCT: randomized controlled trial.
gNR: not reported.

Challenges and Risks Identified in Studies
Table 3 summarizes the challenges and risks of using the tools
identified in each study. Of the studies examined, most (30/39,
77%) identified at least one challenge or risk, which was related
to accessibility (11/39, 28%), clinical utility (9/39, 23%) or
clinical safety (5/39, 13%) of the tool, uptake by users (6/39,
15%), data quality (6/39, 15%), user interface or design aspects
of the device (user experience; 5/39, 13%); language proficiency
or literacy barriers (4/39, 10%), sociocultural barriers (1/39,
3%), and privacy concerns (1/39, 3%). More specifically,
accessibility problems were related to poor internet connection,
inability to recharge devices because of power cuts, slow or
inefficient upload of information, lack of access to a device,
and low technological literacy of end users. Clinical utility and
clinical safety concerns were related to the validity of data
among people with different health conditions, lack of
appropriate training of staff, input from a health care
professional rather than entirely self-report data to ensure safe
and accurate interpretation of results, whether the tool added
value over and above standard clinical care, and the safety of
tools that had not yet been validated to detect clinical symptoms.
Uptake of tools was a frequently cited barrier; however, there
was often no further investigation or explanation as to why
uptake was lower than expected. Data quality concerns were
centered on inaccurate or incomplete data entry (because of

human or computer error) and poor-quality images. User
experience or design barriers referred to the eHealth tool lacking
the necessary features to make it functional and usable for end
users. Language proficiency or literacy barriers were centered
on users lacking the comprehension and literacy levels to
understand and take action from the presented information; this
was a concern reported when end users were children,
non–English speaking, or from lower socioeconomic
backgrounds. Sociocultural barriers were related to the
appropriateness of questions and the risk of causing offense or
harm.

Research Funding
Studies were financially supported by the public sector (ie,
government, universities, research institutes, and professional
associations) and commercial or NFP organizations (28/39,
72%). Receiving funding from ≥1 sector was the most common
(16/39, 41%), followed by funding solely from public sources
(6/39, 15%) and NFPs (5/39, 13%). No study was funded solely
by the commercial sector; however, commercial funding
contributed to nearly one-third of studies with combined funding
sources (5/16, 31%). The remainder of the studies did not
receive external financial support or did not report it in the paper
(11/39, 28%).
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Quality Ratings of Selected Papers
The methodological quality of the Downs and Black checklist
was rated for 95% (35/39) of studies that included quantitative
data: 64% (25/39) of studies had a low chance of bias, 36%
(14/39) of studies had a moderate chance of bias, and no studies
had a high chance of bias (see Table S2, Multimedia Appendix
1). The National Institute for Health and Care Excellence
Quality Appraisal Checklist was completed for 44% (17/39) of
studies that included qualitative data: 59% (10/17) of studies
received a maximum score of 2 for quality, and 41% (7/17) of
studies received a partial score of 1; no studies received a score
of 0 (see Table S3, Multimedia Appendix 1).

Discussion

Principal Findings
The aim of this systematic review was to summarize eHealth
tools designed to assess and track health outcomes in children
and young people to clarify the current scope, nature, and
efficacy of this emerging type of technology in health care. Our
findings revealed exponential growth in the development and
evaluation of these tools over the past 10 years; however, the
results showed that the research is still in its infancy, with most
studies assessing feasibility, acceptability, usability, or uptake
of a device rather than the efficacy of tools in relation to health
outcomes. Overall, the current tools showed potential to enhance
the assessment and tracking of children or young people in
health services around the world. Further research is needed to
evaluate the efficacy of tools for improving health outcomes
and clinical care delivery, as well as to identify and address the
risks and challenges of implementing these tools as part of
standard clinical care.

There are numerous potential advantages of using eHealth
solutions for children and young people, including the ability
to conduct multidomain and multi-informant assessments,
undertake continuous monitoring, and assist with timely
connection to personalized clinical care [1,2,13]. Encouragingly,
over half of the tools facilitated a connection between the child
or young person and a health care provider; however, less than
half tracked children’s health data over time or collected
information from multiple informants (ie, child or young person,
parent or caregiver, and health care professional). These findings
demonstrate an untapped potential of eHealth solutions in
facilitating multi-informant assessments and longitudinally
tracking health over time among children or young people,
which is key to achieving comprehensive, multidisciplinary
care [2]. In addition, data were most commonly collected in the
form of surveys or questionnaires, illustrating a lag in uptake
and integration of newer technologies (eg, biosensors or
wearables to collect physiological data). Such technology has
the potential to enhance symptom detection and clinical
decision-making [13,14,19,48,49] and may be an important area
for future research to explore.

Another potential advantage of eHealth is its ability to overcome
geographical, financial, and social barriers that hinder the
provision of health services in specific populations and locations
[10,67]. A small number of studies evaluated devices that were
implemented across multiple countries [45,52-55], highlighting

the ability of digital technologies to provide health care with
greater reach. However, fewer tools were implemented in rural
areas compared with urban areas, and there was less
implementation in community outreach settings compared with
hospitals and health clinics. Although using eHealth tools in
health clinics and hospitals is a step forward from traditional
paper-based methods in terms of data management and
integrated care, there is greater potential for the tools to engage
hard-to-reach populations in regional and community settings
[9,55]. The higher percentage of devices used in health clinics
and hospitals may be as community settings do not always
incorporate systematic health tracking into their procedures or
reflect a lack of availability of skilled health professionals to
collect and enter health information in community settings. A
number of studies overcame this issue by using trained health
workers (ie, staff who received specific training in the health
condition and digital device but were not specialists in the field);
these trained health workers were able to collect information in
the community, with studies finding that this did not
compromise the validity or reliability of data or clinical care
[6,7,48,50,56,57]. Another solution was to collect information
solely from the consumer (ie, child or young person or their
parent or guardian), which is particularly common in studies
examining mental health [8,43,44]. Together, these results
demonstrate room for broader implementation in rural or remote
regions and community settings around the world. Nevertheless,
an important issue to recognize is that rural and vulnerable
populations are currently experiencing the largest digital divide
[68-70]. Inequalities in access exist because of variations in
location, age, education, and income level. For instance, the
cost of internet access is higher in rural or remote regions than
in urban areas, which is compounded by the fact that some rural
residents have less disposable income than their metropolitan
counterparts. Thus, to truly overcome geographical, financial,
and social barriers and reach these populations, researchers must
consider the broader socioeconomic context from which these
access issues stem.

The eHealth tools studied focused on various domains of health,
including infectious diseases, child development, and
neurological conditions; however, the most widely assessed
domains were general and mental health. The focus on mental
health tools may reflect a growing need and demand for mental
health care among children and young people, increasing
evidence supporting eHealth in the field of mental health, and
increased funding for mental health tools [71,72]. Only one of
the eHealth tools assessed multiple health domains [38], despite
this often being important for gaining a holistic picture of a
child or young person’s health concerns. The development of
eHealth tools that assess health multidimensionally is likely to
be important in future eHealth tools, perhaps assessing not only
current symptoms but also broader social or environmental
factors related to the etiology and trajectory of illness and
barriers to or facilitators of accessing care [10,13].

Various challenges and risks were identified in relation to the
implementation and use of eHealth tools. These barriers were
related to the accessibility and functionality of devices, including
poor internet connection [6,9,15,18,44,48,52,55,58] and user
interface or design aspects of the tool [16,18,41,46,59]. Clinical
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utility was another barrier identified in papers, mainly relating
to the tool lacking features that provided added value to standard
care [8,19,45,51,59-61]. User uptake was a challenge, with
multiple studies reporting lower than expected uptake and
reluctance to use the digital tool; this was an issue reported
among diverse user groups, including clinicians, parents or
carers, and children or young people [39,46,48,51,59,60,62].
These findings are in line with the Eysenbach [73] law of
attrition, which is based on the observation that high participant
dropout rates are common in eHealth research focusing on novel
digital health tools; although researchers may dismiss or
underreport this information, the observation meaningfully
reflects the real-world uptake of digital tools currently. Some
of the reasons for low uptake included implementation barriers
(eg, competing time, modified professional roles, and
organizational restructuring) [46,48,62], privacy concerns [6],
socioeconomic factors (eg, cost of data) [42], and language
proficiency or literacy issues [6,44,51]. Incorporating
participatory design (co-design) and user testing methodologies
into future protocols may help to understand and address these
barriers [10,22]. Data quality was another barrier that was
reported, which was related to human error in data entry [51,55]
or incomplete data input [9]. A study overcame the issue of
human error by minimizing free-text input and using predefined
options [51]. Although this is not feasible for all tools, such as
when obtaining qualitative health information, it provides a
solution for quantitative health data. Sociocultural issues were
mentioned in just 1 study; Den Boer [18] reported that parents
or carers in some communities found questions about smoking
in children aged 6 to 11 years insulting and inappropriate. The
study researchers justified the inclusion of the questions by
saying that they were important and relevant for certain
communities or user groups. This raises the issue of whether
universal questionnaires can be used in eHealth tools or whether
customized question sets need to be developed for the target
group. The findings of Singh [51] supported a configurable or
individualized approach, with the researchers concluding that
individualization was critical to the clinical utility and safety
of eHealth tools. Despite studies identifying challenges and
risks, there was minimal discussion on how to address the
identified issues; moreover, just under a quarter of studies did
not report any potential risks or challenges of implementing the
device [17,38,43,47,49,54,63-65].

Our review of funding sources, which showed that financial
support came from a mixture of public, commercial, and NFP
bodies, is unsurprising, as the development and implementation
of digital tools often involve the collaboration of professionals
from multiple disciplines who belong to different bodies [25,74].
Interestingly, funding from commercial bodies was uncommon.
This may reflect the fact that the tools reviewed were in the
preliminary stages of research (development and
implementation) rather than at a more advanced stage of
commercialization, the latter of which we would expect to attract
more investment from commercial organizations [74].

Recommendations for Future Research
The findings of this review demonstrate a clear need for further
research into the efficacy and validity of eHealth tools that
assess and track health outcomes in children and young people.

Future evaluation studies should focus on changes in the health
outcomes of users, as well as the clinical care pathways. Further
investigation of the risks and challenges of implementing
devices is also important, particularly relating to sociocultural
factors, language proficiency or literacy, and privacy concerns,
as these were seldom mentioned but are likely to affect the
clinical utility, safety, and uptake of tools [10,23]. Overall, these
findings are consistent with results from a prior systematic
review of eHealth solutions in adults, which found a gap
between the postulated and empirically demonstrated benefits
of eHealth technologies, a lack of robust research trials into
validity and efficacy, and inadequate investigation of risks or
challenges of using these technologies in health care [75]. This
review has uncovered several features of eHealth tools that may
facilitate comprehensive assessments and integrated care in
future technologies:

1. Capacity for multi-informant assessment, including input
from a health professional and the child or young person
or their parent or caregiver

2. Multidomain assessments, allowing for a holistic picture
of the child or young person’s health to be captured rather
than assessing health in one domain

3. Tracking over time (ie, capacity and use of tools for
assessment at multiple time points)

4. Configurability of question sets or content depending on
characteristics (eg, demographic, sociocultural, and health
concerns) of the target group

5. Connection to clinical care that is tailored to the child or
young person’s current needs

6. Trialing integration of newer technologies (eg, biosensors
or wearables to collect physiological data) for relevant
health domains

Limitations
Although this review provides important insights into a novel
field of eHealth, the conclusions that can be drawn about the
efficacy and validity of eHealth solutions are limited as most
studies were formative and process evaluations that assessed
feasibility, acceptability, usability, or uptake of a device.
Outcome evaluation studies were rare, with just 3 randomized
controlled trials conducted to date. These early phase research
studies are necessary precursors to more rigorous validity and
efficacy studies; however, they need to be followed by more
thorough evaluation studies to determine whether the tools are
effective in improving health outcomes and clinical care. We
limited our search to studies published in English, which may
have biased our results. Furthermore, although the strength of
this review is that it presents the state of eHealth tools for
supporting health in children or young people, it inevitably fails
to consider the immense variation that lies within each health
domain. Our search strategy was not without limitations. We
did not include all relevant terms (eg, internet and technology)
as the inclusion of these broader terms returned >15,000 articles,
which was not considered realistic for screening. Nevertheless,
we believe that the search strategy balanced scientific rigor and
feasibility and was sufficiently rigorous to pick up relevant
articles. Finally, this paper was not preregistered with
PROSPERO; however, the search strategy remained the same
over time.
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Conclusions
eHealth tools that assess and track health outcomes in children
or young people and connect individuals with personalized care
options have enormous potential in health services around the
world. Many of the existing tools are in the early stages of pilot
and feasibility testing; however, the literature is promising in
the potential to use these tools in future clinical care. Further

research is needed to evaluate the validity and efficacy of these
eHealth tools and investigate the potential risks and challenges
of implementation as part of standard clinical care. With future
research and development efforts in place, these tools have the
potential to facilitate collaborative decision-making, improved
communication, transmission of remote health data, and
real-time assessment and tracking and take a positive step
forward in digitalizing health practices.
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Abstract

Background: The recent focus on the critical setting, especially with the COVID-19 pandemic, has highlighted the need for
minimizing contact-based care and increasing robotic use. Robotics is a rising field in the context of health care, and we sought
to evaluate the use of robots in critical care settings.

Objective: Although robotic presence is prevalent in the surgical setting, its role in critical care has not been well established.
We aimed to examine the uses and limitations of robots for patients who are critically ill.

Methods: This systematic review was performed according to the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines. MEDLINE, Embase, IEEE Xplore, and ACM Library were searched from their inception to
December 23, 2021. Included studies involved patients requiring critical care, both in intensive care units or high-dependency
units, or settings that required critical care procedures (eg, intubation and cardiopulmonary resuscitation). Randomized trials and
observational studies were included.

Results: A total of 33 studies were included. The greatest application of robots in the intensive care unit was in the field of
telepresence, whereby robots proved advantageous in providing a reduced response time, earlier intervention, and lower mortality
rates. Challenges of telepresence included regulatory and financial barriers. In therapy and stroke rehabilitation, robots achieved
superior clinical outcomes safely. Robotic use in patient evaluation and assessment was mainly through ultrasound evaluation,
obtaining satisfactory to superior results with the added benefits of remote assessment, time savings, and increased efficiency.
Robots in drug dispensing and delivery increased efficiency and generated cost savings. All the robots had technological limitations
and hidden costs.

Conclusions: Overall, our results show that robotic use in critical care settings is a beneficial, effective, and well-received
intervention that delivers significant benefits to patients, staff, and hospitals. Looking ahead, it is necessary to form strong ethical
and legislative frameworks and overcome various regulatory and financial barriers.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42021234162;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=234162

(J Med Internet Res 2022;24(5):e33380)   doi:10.2196/33380

KEYWORDS

COVID-19; intensive care; high dependency; telepresence; intubation

Introduction

Robotics is a rising field in the context of health care [1].
Although there has been a surge in the popularity of automated
and semiautomated processes in robotic surgery, little research

has been conducted on robotic use outside surgical settings. The
recent focus on critical care settings, especially in light of the
COVID-19 pandemic, with more patients requiring intensive
care, monitoring, and treatment, has accentuated the importance
of minimizing contact-based care while ensuring efficiency [2].
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With regard to the perception and acceptance of robots by health
care workers, the COVID-19 pandemic has certainly emphasized
the need for more widespread robotic use.

However, there may be underlying concerns with regard to robot
safety and job replacements. We hypothesize that, given the
current robotic technology, the benefits of robots may be limited
to replacing mundane tasks and that use is limited by logistic,
ethical, and financial barriers. Therefore, we aimed to examine
the benefits and limitations of robots and uncover any significant
applications of robotic technology in the critical care setting.

To better evaluate the use of robots against conventional
methods of care in critical care settings, we reviewed
randomized controlled trials (RCTs) and observational studies.
We hope to provide information that allows clinicians and policy
makers to assess various areas affected by robotic use and find
an appropriate role for robots within the intensive care setting.
In addition, we hope that our findings can stimulate further
development of robotic technology, including its combination
with artificial intelligence (AI).

Methods

Search Strategy and Selection Criteria
The study has been registered with PROSPERO (International
Prospective Register of Systematic Reviews; CRD42021234162)
and was performed according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [3]. A total of 2 authors (RT and YD) independently
and systematically searched PubMed, Embase, IEEE Xplore,
and ACM Library for all relevant studies published from

inception to December 23, 2021, using the patient or population,
intervention, comparison, and outcomes search strategy [4].
Multimedia Appendix 1 provides the detailed search strategy
(Tables S1-S3 in Multimedia Appendix 1). In addition, other
studies were identified by scanning the reference lists of articles.
No limits were applied for language. Disagreements were
resolved with the senior author (KCS).

Robots are defined as any machine capable of performing a
series of actions, either autonomously or with external guidance.
Critical care is defined as the care of patients with severe
illnesses requiring intensive care, monitoring, and treatment.
Studies were included if they were RCTs and observational
studies reporting robotic use on human participants in critical
care settings (intensive care unit [ICU], burns unit,
high-dependency unit, critical care, and neonatal ICU [NICU])
or during procedures required in critical care settings (intubation,
ventilation, tracheostomy, cannulation, resuscitation, and
dialysis). Articles were excluded if they had an irrelevant topic,
wrong patient type (nonhuman participants), or wrong setting
(surgical setting). Gray literature (preprint and conference
abstracts) was excluded because of incomplete descriptions of
the relevant areas.

Results

Study Selection
PubMed, Embase, IEEE Xplore, ACM Digital Library, and
reference list searches yielded a total of 5042 citations, of which
33 (0.65%) studies were identified for inclusion in the review
(Figure 1).
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Figure 1. Study flow diagram.

Data Extraction, Quality Assessment, and Data
Synthesis
The extracted data included the benefits and limitations of
robots. Included studies were independently assessed by 2
authors (RT and YD) for risk of bias using the Standard Quality
Assessment Criteria (Tables 1 and 2) [5]. Each study was
evaluated based on 14 criteria and scored according to the degree
to which the criteria were met (yes, partial, or no). Items not
applicable were marked as N/A and were excluded from the
calculation of the summary score. Disagreements were resolved

with the senior author (KCS). The Standard Quality Assessment
Criteria suggests a cutoff point of 55% to 75% as an inclusion
threshold. Of the 33 included studies, 27 (82%) attained a score
of at least 65%. However, we did not exclude studies based on
quality scores as this would arbitrarily limit data
comprehensiveness.

With regard to data synthesis, given that study designs,
participants, interventions, and reported outcomes were expected
to vary across papers, we focused on the qualitative synthesis
and did not conduct a meta-analysis. We have described the
studies in terms of their results, applicability, and limitations.
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Table 1. Risk of bias assessment of included studies using Standard Quality Assessment Criteria (study design and interventions).

InterventionsStudy designStudy

Blinding of partic-
ipants reported

Blinding of inves-
tigators reported

Random allo-
cation de-
scribed

Participant character-
istics described

Participant se-
lection de-
scribed and ap-
propriate

Evident and ap-
propriate study
design

Objective
described

N/AN/AaYesYesYesYesYesAdcock et al [6]

N/AN/AN/APartialYesYesYesAlnobani et al [7]

N/AN/AN/AYesYesYesYesAmodeo et al [8]

N/AN/AN/APartialNoPartialPartialBecevic et al [9]

N/AN/APartialYesYesYesYesBettinelli et al [10]

N/AN/AN/APartialPartialPartialPartialBurke et al [11]

N/AN/AN/AYesYesYesYesDuan et al [12]

N/AN/AYesYesYesYesYesFrazzitta et al [13]

N/AN/AN/AYesYesYesYesGaringo et al [14]

N/AN/AN/AYesYesYesYesGaringo et al [15]

N/AN/AN/AYesYesYesYesGoldberg et al [16]

N/AYesYesYesYesYesYesHolsti et al [17]

N/AN/AN/AYesYesYesYesHolt et al [18]

N/AN/AN/APartialPartialYesYesIto et al [19]

N/AN/AN/AYesYesYesYesLazzara et al [20]

N/AN/AN/APartialPartialYesYesMarini et al [21]

N/AN/AN/APartialPartialYesYesMarttos et al [22]

N/AN/AN/AYesYesYesYesMcNelis et al [23]

N/AN/AN/ANoNoNoNoMurray et al [24]

N/AN/ANoYesYesYesYesProkazova et al
[25]

N/AN/AN/APartialPartialYesYesReynolds et al [26]

N/AN/AN/APartialPartialYesYesRincon et al [27]

N/AN/AYesYesYesYesYesRocca et al [28]

N/AN/AN/APartialPartialYesYesRogove et al [29]

N/AN/AN/APartialYesYesYesRuiz-Del-Solar et
al [30]

N/AN/AN/APartialPartialPartialPartialShimizu et al [31]

N/AN/AN/APartialYesYesYesSucher et al [32]

N/AN/AN/AYesPartialYesYesSummerfield et al
[33]

N/AN/AN/AYesYesYesYesVespa et al [34]

N/AN/AN/APartialPartialYesYesWang et al [35]

YesYesYesYesYesYesYesWilliams et al [36]

N/AN/AN/AYesYesYesYesYe et al [37]

N/AN/AN/AYesYesYesYesZeiler et al [38]

aN/A: not applicable.
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Table 2. Risk of bias assessment of included studies using Standard Quality Assessment Criteria (outcomes).

OutcomesStudy

Conclusions well
supported

Sufficient de-
tail in results

Controlled for con-
founding

Variance re-
ported

Appropriate ana-
lytic methods

Appropriate sam-
ple size

Outcome or ex-
posures well de-
fined

YesYesPartialYesYesYesYesAdcock et al [6]

YesYesPartialYesYesYesYesAlnobani et al [7]

YesYesN/AaYesYesYesYesAmodeo et al [8]

NoYesPartialPartialYesNoYesBecevic et al [9]

YesYesYesYesYesPartialYesBettinelli et al [10]

YesPartialNoNoPartialPartialPartialBurke et al [11]

YesYesPartialNoYesYesYesDuan et al [12]

YesYesYesYesYesPartialYesFrazzitta et al [13]

YesYesPartialYesYesYesYesGaringo et al [14]

YesYesPartialYesPartialYesYesGaringo et al [15]

YesYesPartialNoPartialYesYesGoldberg et al [16]

YesYesYesYesYesYesYesHolsti et al [17]

YesYesYesYesYesYesYesHolt et al [18]

YesYesNoYesPartialPartialYesIto et al [19]

YesYesPartialYesYesPartialYesLazzara et al [20]

YesYesPartialYesYesYesYesMarini et al [21]

YesYesPartialNoPartialPartialPartialMarttos et al [22]

YesYesPartialYesYesYesYesMcNelis et al [23]

YesPartialNoNoNoYesPartialMurray et al [24]

YesYesYesYesYesYesYesProkazova et al
[25]

YesYesPartialNoNoPartialYesReynolds et al [26]

YesYesN/APartialYesYesYesRincon et al [27]

YesYesYesYesYesYesYesRocca et al [28]

YesYesPartialPartialYesYesYesRogove et al [29]

YesYesNoNoPartialYesPartialRuiz-Del-Solar et
al [30]

YesPartialPartialNoNoPartialPartialShimizu et al [31]

YesPartialN/ANoNoPartialYesSucher et al [32]

YesYesPartialYesPartialYesYesSummerfield et al
[33]

YesYesPartialPartialPartialYesYesVespa et al [34]

YesPartialPartialPartialN/ANoYesWang et al [35]

YesYesPartialNoPartialYesYesWilliams et al [36]

YesYesPartialYesYesYesYesYe et al [37]

YesYesN/AN/AN/AN/AN/AZeiler et al [38]

aN/A: not applicable.

Study Characteristics
The 33 studies included 4 categories of robotic presence from
10 different countries or regions: 18 (55%) from the United

States, 3 (9%) from Canada, 2 (6%) from Italy, 2 (6%) from
Japan, 3 (9%) from China, 1 (3%) from Chile, 1 (3%) from
Switzerland, 1 (3%) from Saudi Arabia, 1 (3%) from Russia,
and 1 (3%) from the United Kingdom. Of these 33 studies, 7
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(21%) were RCTs, and 26 (79%) were observational studies.
Patients were enrolled from 2007 to 2021. All studies were
published in or translated to English. All studies involved
patients in critical care settings, which included patients in the

ICU, high-dependency unit, NICU, and emergency care settings
where critical care had to be delivered. Characteristics of the
included studies are shown in Table 3.
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Table 3. Characteristics of included studies.

Robot typeUsePopulation sizeSettingStudy typeCountry or regionStudy

RP-7 (InTouch Health)Telepresence100 patients and 16 physi-
cians

ICUaObservationalUnited StatesAdcock et al [6]

Telemedicine Robot
(Saudi Telehealth Net-
work)

Telepresence140ICURCTbSaudi ArabiaAlnobani et al [7]

I.V. Station (Omnicell
Inc)

Drug dispensing
and delivery

200 drug samplesNICUcObservationalItalyAmodeo et al [8]

RP-7 (InTouch Health)Telepresence5ICUObservationUnited StatesBecevic et al [9]

RP-7 (InTouch Health)Telepresence20ICURCTUnited StatesBettinelli et al
[10]

RP-7 (InTouch Health)Telepresence26Emergency
care

ObservationalUnited StatesBurke et al [11]

MGIUS-R3 (MGI Tech
Co Ltd)

Patient evaluation32ICURCTChinaDuan et al [12]

Erigo (Hocoma AG)Therapy or stroke
rehabilitation

40ICURCTItalyFrazzitta et al
[13]

RP-7 (InTouch Health)Telepresence46ICUObservationalUnited StatesGaringo et al [14]

RP-7 (InTouch Health)Telepresence40NICUObservationalUnited StatesGaringo et al [15]

RP-7 (InTouch Health)Telepresence23 ICU bed units over a 3-
year period

ICUObservationalUnited StatesGoldberg et al
[16]

Calmer (PCTd utility
patient no:
CA2015/051002)

Therapy or stroke
rehabilitation

49NICURCTCanadaHolsti et al [17]

RP-7 (InTouch Health)Telepresence38Emergency
care

ObservationalCanadaHolt et al [18]

FASTele Tele-echogra-
phy robot system

Patient evaluation9Emergency
care

ObservationalJapanIto et al [19]

RP-7 (InTouch Health)Telepresence32ICUObservationalUnited StatesLazzara et al [20]

RP-6 (InTouch Health)Telepresence28ICUObservationalUnited StatesMarini et al [21]

RP-7 (InTouch Health)Telepresence176Emergency
care

ObservationalUnited StatesMarttos et al [22]

RP-7 (InTouch Health)Telepresence14 ICU bed units over a 2-
year period

ICUObservationalUnited StatesMcNelis et al
[23]

RP-7 (InTouch Health)Telepresence69 bed unitsICUObservationalUnited StatesMurray et al [24]

MOTOMed LOTTO 2
(RECK-Technik)

Therapy or stroke
rehabilitation

66ICUObservationalRussiaProkazova et al
[25]

RP-7 (InTouch Health)Telepresence22ICUObservationalUnited StatesReynolds et al
[26]

RP-7 (InTouch Health)Telepresence34 presurvey and 40 post-
survey participants

ICUObservationalUnited StatesRincon et al [27]

Erigo (Hocoma AG)Therapy or stroke
rehabilitation

30ICURCTSwitzerlandRocca et al [28]

RP-7 (InTouch Health)Telepresence106ICU and
emergency
care

ObservationalUnited StatesRogove et al [29]

Pudu Telepresence
Robot

Telepresence986 visitsICUObservationalChileRuiz-Del-Solar et
al [30]

Sota (VStone Co, Ltd)Telepresence25ICUObservationalJapanShimizu et al [31]

RP-7 (InTouch Health)Telepresence24 patients and 26 family
members

ICUObservationalUnited StatesSucher et al [32]
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Robot typeUsePopulation sizeSettingStudy typeCountry or regionStudy

TUG Automated
Robotic Delivery Sys-
tem (Aethon, Inc)

Drug dispensing
and delivery

23 preimplementation par-
ticipants, 96 postimplemen-
tation participants, and 30
for the 2-year follow-up
surveys

ICUObservationalUnited StatesSummerfield et al
[33]

RP-7 (InTouch Health)Telepresence640ICUObservationalUnited StatesVespa et al [34]

MGIUS-R3 (MGI Tech
Co, Ltd)

Patient evaluation1Isolation
ward

ObservationalChinaWang et al [35]

Calmer (PCT utility pa-
tient no:
CA2015/051002)

Therapy or stroke
rehabilitation

10NICURCTCanadaWilliams et al
[36]

MGIUS-R3 (MGI Tech
Co Ltd)

Patient evaluation23Isolation
ward

ObservationalChinaYe et al [37]

Delica EMS 9D (Shen-
zhen Delica Medical
Equipment Co Ltd)

Patient evaluation10ICUObservationalUnited KingdomZeiler et al [38]

aICU: intensive care unit.
bRCT: randomized controlled trial.
cNICU: neonatal intensive care unit.
dPCT: Patent Cooperation Treaty.

Benefits and Limitations of Robots

Overview
The benefits and limitations of robots can be grouped into four
broad themes: (1) telepresence, (2) therapy and stroke
rehabilitation, (3) patient evaluation and assessment, and (4)
drug dispensing and delivery. These themes are all related to
the robots’ functions in various aspects of patient care in terms
of monitoring, diagnostics, and treatment.

Telepresence is defined as a technology that enables a person
to perform actions at a distant location as if the person were
physically present at that location. Unlike other forms of remote
consultation, telepresence may also include the ability to use
the medical equipment of the physician, such as stethoscopes
and ultrasound, allowing physicians to remotely control the
robot and interact with patients and health care personnel on
site. This is different from telemedicine, which involves audio
or visual communication between patients and physicians in an
outpatient setting and is not the focus of this study.

Therapy and stroke rehabilitation involve interventions to treat
diseases, optimize functioning or reduce disability in individuals.
Patient evaluation involves assessing a patient’s current
condition to identify health problems and plan treatment. Finally,
drug dispensing and delivery involve the process of preparing
and providing medicine to a patient based on a health care
provider’s prescription.

Theme 1: Telepresence
Approximately 64% (21/33) of studies identified 5 different
telepresence robots. RP-7 (InTouch Health)
[6,9-11,14-16,18,20-24,26,27,29,32,34] was the main robotic
telepresence system used in 55% (18/33) of studies (RP-6 was
used in one). RP-7 has a bidirectional audio and video
communication system that displays real time video and camera

systems. Devices such as electronic stethoscopes, otoscopes,
pulse oximeters, and ultrasound probes can be connected to the
expansion bay of a robot to transmit medical data. The robotic
system can be remotely controlled and monitored by physicians.
RP-7 can also be linked to and automatically acquire information
from hospital-based electronic data systems.

Sota (Vstone Co Ltd) [31] is a bedside AI-enhanced robot
capable of alerting physicians about anomalies in biological
information. Such information can be derived in real time from
bedside monitors or existing electronic health records. The Sota
robot alerts physicians through voice warning systems coupled
with alarms. In addition to the alert function, it can function as
a social robot by responding to simple voice commands. In
contrast to Sota, Pudu [7] is a social robot designed specifically
to provide telepresence and communication services and deliver
emotional and mental care to isolated patients with COVID-19.
It works by using an assistive teleoperation mode, allowing for
remote control of the robot’s movements using an Xbox
(Microsoft) controller joystick. The robot comprises smooth
surfaces and fulfills health requirements, where it can be
sanitized in a safe and efficient way. Two unnamed telepresence
robots were used in a study in Saudi Arabia [30]. These 2 robots
had similar functions and equipment to RP-7.

Patients benefited from telepresence because of the reduced
response time [11,14,18,21,24,29,34] by as much as 95.8%,
allowing earlier intervention, higher patient survivability, and
lower mortality rates [16,21]. Unlike more traditional methods,
the physician was able to have a realistic physical presence and
interact directly with ICU staff and patients at the bedside [14].
Mortality and complication rates could be reduced by 25% [21]
to 59% [16], especially at night when there were often staff
shortages [16]. This was especially pertinent in time-sensitive
settings such as trauma with a short time window to intervention
[34] and rural hospitals with poor access to specialist physicians
[22,24,26]. Overall, telepresence allowed care to be provided
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in a timely manner regardless of the location of the physician
or the time of day.

When compared with care delivered by traditional methods, the
studies that measured rates of ICU admission and the average
length of stay consistently showed a decrease in length of stay
compared with both conventional rounding and telephone
rounding, ranging from 6.25% [24] to 33% [16], and an increase
in appropriate ICU admissions rates [16,21,23,24,34]. With
prompt response time and closer monitoring, the rates of
developing significant complications were lower. Any
emergencies or acute changes were tended to before significant
health repercussions developed [6].

The usual standards of care and assessment were not
compromised when the robots were used. Approximately 12%
(4/33) of studies mentioned that the RP-7 robot was able to
perform a good range of tasks, including physical examinations,
with a similar level of accuracy and precision compared with
traditional methods of care, allowing the physician to come to
an accurate clinical conclusion [6,11,14,21].

For hospitals, there was a financial benefit from direct cost
savings as robotic presence reduced the need to employ full-time
staff for ward rounds during off-peak hours [16,23,34]. There
were also cost savings from faster patient turnover and the
lowered external transfer rate of rural hospitals [28]. By reducing
the number of external transfers, the number of unnecessary
admissions to hospitals was reduced. In total, the financial
benefits were as much as US $1.1 million per year [34].

Robots were well-received by patients, family members, and
staff [7,9,10,15,20-23,26,27,31]. Despite a telepresence robot
providing remote physician presence, patients did not perceive
the physician to be caring less or compromising the quality of
care [7,15,29,32]. Staff had an overall positive perception of
telepresence robots, including in areas such as usability [7],
acceptability [22], efficiency, communication [9], and decreased
noise or traffic in ICUs during the morning rounds [32]. For
example, in a study by Alnobani et al [7], 71.5% of staff felt
that the robot saved time, and 77.2% of staff felt that it improved
clinical diagnosis.

Robots also played a role in the education and mentoring of
staff [21,26]. Staff education included mentoring nurses,
discussing admission and discharge issues, and facilitating
compliance with treatment protocols. Expert opinions from
nurses and physicians were more accessible for direct guidance
of resuscitation efforts, even in remote areas [26]. Interactivity
and 2-way communication were preserved during the teaching
that occurred during remote rounding [21]. In addition, hospital
psychologists used the Pudu robot [30] to provide remote

emotional and mental care in the COVID-19 ward. All patients
who received such psychological care via Pudu showed positive
attitudes and emotions. Patients and family members were
satisfied with how Pudu enabled their interactions to be extended
and uninterrupted, providing them with good emotional support.

Limitations of telepresence included discrepancies between
on-site and off-site evaluations, although these could be
attributed to subjective differences [14]. One of the studies
reported limitations in determining abdominal distension and
capillary refill time and using an electronic stethoscope for
heart, breath, and bowel sounds [14]. However, the study also
mentioned that these discrepancies were present between 2
bedside neonatologists, thus rendering it possible that these
differences in findings were inherently subjective. Another study
reported limitations in accurate assessments using the Mayo
Full Outline of Unresponsiveness scale, particularly for
brainstem and pupillary responses [6]. However, the study also
reported that the Glasgow Coma Scale was a good alternative
that was accurately assessed using the telepresence robot.

Medicolegal challenges existed, such as a lack of established
protocols causing regulatory barriers in terms of obtaining
credentialing and malpractice liability [7,29], as well as financial
barriers in terms of patient billing and difficulty obtaining
reimbursement [29]. In addition, hidden costs for maintenance
and electricity, licensing, technical issues, and space constraints
acted as barriers to use [29].

Although many studies mentioned a reduction in face-to-face
response time, 6% (2/33) of studies reported an increase in time
spent on patient encounters, attributed to the time taken to
operate and maneuver the robot, as well as to resolve technical
issues such as internet connectivity problems [15,23]. Similar
technological limitations of internet connectivity and
maneuvering difficulty were also reported in another study [14].
Fortunately, most incidents of poor connectivity were promptly
overcome within 5 minutes. Additional technological difficulties
included poor audio quality because of transmission of ambient
noise and poor angle of visibility when attempting to view the
thoracoabdominal area [22].

In terms of staff perception, some concerns were raised with
regard to the impact of robot use. These were in the areas of
threat to staff job security and additional responsibilities [7].
The staff also raised some issues with regard to patient
confidentiality, patient privacy, and legal liability. Nonetheless,
although these concerns existed, there was general acceptance
and approval of telepresence technology among the staff
surveyed [7]. The benefits and limitations in the field of
telepresence are summarized in Textbox 1.
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Textbox 1. Theme 1: robotic telepresence.

Robot examples

• RP-7 (InTouch Health): 18 papers [6,9-11,14-16,18,20-24,26,27,29,32,34]

• SotaTM (VStone Co Ltd): 1 paper [32]

• 2 unnamed telerobots: 1 paper [31]

• Pudu Telepresence Robot: 1 paper [30]

Benefits

• Patient survival and patient mortality rate [16,21]

• 59% lower mortality rate [16]

• 25% decrease in mortality from robotic telerounding vs conventional rounding [21]: 12% (5/42) vs 16% (6/37); P=.75

• Provides superior care to alternatives [18,23]

• Higher average number of therapeutic interventions vs telephone rounding [23]: 5.3 (SD 1.7) vs 1.3 (SD 1.4); P<.01

• Less overnight calls and less unexpected events vs telephone rounding [23]: 0.1 (SD 0.2) vs 1.3 (SD 0.5); P<.05

• Reduced external transfer rate by 63%, allowing patients to be effectively treated in local clinics [18] and receive specialist care closer to
home and earlier stabilization

• Patient care time can be lengthened to allow for extended interaction with family members for those under isolated care without risk of
contagion exposure [30]

• Reduction in face-to-face response time, leading to earlier intervention and access to specialists [11,14,18,21,24,29,34]

• Response latency in robotic telepresence vs conventional care [34]

• To routine and urgent pages: 9.2 (SD 9.3) minutes vs 218 (SD 186) minutes; P<.001

• To brain ischemia: 7.9 (SD 2.8) minutes vs 152 (SD 85) minutes; P<.001

• To elevated intracranial pressure: 11 (SD 14) minutes vs 108 (SD 55) minutes; P<.001

• Decreased intensive care unit length of stay [16,21,23,24,34]

• Length of stay in intensive care unit decreased; response latency in robotic telepresence vs conventional rounding:

• 7.5 (SD 8.8) days vs 8 (SD 8.3) days [34]

• 33% reduction [16]

• 2.5 days vs 3.3 days [24]

• 5 (SD 2) days vs 6 (SD 3) days; P=.57 [21]

• Length of stay in intensive care unit decreased; response latency in robotic telepresence vs telephone rounds [23]: 4.8 (SD 2.6) days vs 5.6
(SD 2.2) days; P<.05

• Length of stay in hospital decreased; response latency in robotic telepresence vs telephone rounds [23]: 10.2 (SD 4.3) days vs 12.3 (SD 4.4)
days; P<.05

• Financial benefit: decreased cost, increased revenue, lower start-up costs or flexibility, and no need to employ full-time staff such as in the central
monitoring model [16,18,34]

• 29% lower adjusted mean direct cost estimated per case [16]

• US $1.1 million cost savings over 1 year [34]

• CAD $360,000 (US $285,420) savings over the study period [18]

• Cost of round trip, cost of hospital stay, and miscellaneous costs such as family transport and accommodation

• Does not compromise on usual standard of care and assessment consistency between bedside and remote examination [6,11,14,21,30]

• Bedside vs remote examination [6]

• Mean Glasgow Coma Scale: 7.5 (SD 3.67) vs 7.23 (SD 3.85), difference 0.25 (SD 0.10); P=.01; however, the difference is not clinically
significant; Pearson correlation coefficient=0.97

•
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Mean Full Outline of Unresponsiveness: 9.63 (SD 4.76) vs 9.21 (SD 4.74), difference 0.40 (SD 2.00); P=.05; Pearson correlation
coefficient=0.91

• Agreements in most physical examination assessments between both on-site and off-site neonatologists [14]

• Education benefits [21,26,34]

• Educational experience of medical students, physician assistants, and surgical residents not affected by response latency in robotic telepresence
[21]; average Likert score:

• Surgical residents: 4.5 (SD 0.2); P>.05

• Medical students: 3.9 (SD 0.4); P>.05

• Physician assistants: 4.4 (SD 0.4); P>.05

• 87% felt that it improved nursing education [26]

• Positive staff perception: usability, acceptability, efficiency, communication, and decreased noise or traffic [7,9,10,15,20-23,26,27,30,31]

• Positive health care worker attitude toward telepresence [7]

• Increasing communication and collaboration among providers: 4.01/5 (SD 0.800)

• Improve clinical decisions: 3.91/5 (SD 0.877)

• Provide access to specialized second opinion consultation: 4.19/5 (SD 0.774)

• Facilitates diagnosis and treatment: 3.87 (SD 0.847)

• Collaboration and Satisfaction About Care Decisions survey increased [10]

• RP-7 vs baseline: 51.3 vs 43.0; P=.01

• Robot rounds vs telephone rounds: 51.3 vs 50.5; P=.30

• Higher user satisfaction vs telephone rounds [23]: 7.7 (SD 2.3) vs 5.6 (SD 2.1); P<.01

• Night nurses’ perceptions [27]:

• Intensive care unit physicians sufficiently available: 6%-20%; difference in proportions 14%; P=.008

• Present during acute emergencies: 44%-65%; difference in proportions 21%; P=.007

• SotaTM: alerts issued by the robot to warn of detected anomalies perceived to be more effective than the current desktop-based system [31]

• Patient, family perception, or satisfaction [15,26,32]

• 100% viewed it as valuable in improving family and patient satisfaction [26]

• 100% of parents felt comfortable talking to off-site neonatologists on a mobile robot [15]

• 84% believed that care was better as the robot was used [32]

• Alleviate future staffing shortages

• Allow for redistribution, easing the overcapacity issues that strain tertiary care centers [18]

Limitations

• Lack of established protocols [7,29]

• Hindered by regulatory barriers of licensing, credentialing, and malpractice protection [29]

• Increases legal liability challenges [7]: 2.66/5 (SD 0.784)

• Hidden costs [29]

• Finance barriers of miscellaneous costs, billing, and reimbursement issues [29]

• Discrepancies between on-site and off-site evaluations for physical findings [7,14]

• Poor agreements on physical examination parameters (breath, heart and bowel sounds, and capillary refill time) [14], although they also
occurred regardless of response latency in robotic telepresence use between 2 on-site physicians
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Decreased efficiency and longer time spent on patient encounters•

• Time spent [15] off-site vs on-site neonatologist: 8 (IQR 7-10.5) minutes vs 5 (IQR 5-6) minutes; P=.002; difference because of time needed
to operate and maneuver robot or slower or dropped internet connection

• Longer rounding time [23] response latency in robotic telepresence vs telephone: 33.2 (SD 15.4) minutes vs 18.3 (SD 12.7) minutes; P<.05

• User-dependent experience required training [7,21]

• Technological limitations

• Difficulties maintaining internet connection in 23% encounters; 93% reconnected in <5 minutes [14]

• Average of 2.1 (SD 1.2) interruptions per session because of wireless signal loss [23]

• Ethical challenges [7]

• Threatens patient’s confidentiality: 2.96/5 (SD 0.955)

• Raises privacy concerns: 3.12/5 (SD 0.956)

• Poor staff perception [7,9,20,21,26,31]

• 50% of physicians did not think physician quality of life improved [26]

• Did not meet nurses’ expectations [21]; Likert score of 3.5 (SD 1.0)

• Threatens staff position [7]: 3.09/5 (SD 0.925)

• Increases staff workload [7]: 3.09/5 (SD 0.925)

• Creates new responsibilities for staff [7]: 2.74/5 (SD 0.940)

• Only 20% of nursing respondents were satisfied with the quality of technology of Sota Robot [31]

Theme 2: Therapy and Stroke Rehabilitation
Approximately 15% (5/33) of studies identified 3 different
robots (Table 4) that provided various forms of therapy or
rehabilitation in the intensive care context. They played a role
in enhancing and optimizing the process of patient recovery.
Of the 3 robots we identified, 2 (67%) were targeted toward
early functional rehabilitation for patients with stroke [13,25,28],
and 1 (33%) was a robot specially designed for the care of
neonates in the NICU [17,36]. Physiological parameters were
measured to evaluate the effects of the 3 robots, which have
been shown to be beneficial overall.

MOTOmed LOTTO 2 (RECK-Technik) [25] is a robotic
movement therapy device that enables leg mobilization in a
supine position, allowing for passive, active, or assisted
mobilization for patients on prolonged bed rest. Early
rehabilitation of patients of stroke has been shown to lead to
better functional outcomes in patients with acute ischemic stroke
[39]. MOTOmed [25] achieved better outcomes than a standard
care protocol in terms of recovery of neurological function.
MOTOmed also achieved a lower incidence of severe
multicomponent multiple organ dysfunction (14% vs 41%;
P<.05; intervention vs control) and pulmonary embolism (12%
vs 33%; P<.05; intervention vs control). In patients with
neurological pathologies, MOTOMed stimulated the sympathetic
system, which helped recovery by preventing polyneuropathy
and improving awareness of disorders of consciousness.
However, MOTOMed should be used with caution in patients
with subarachnoid hemorrhage, as catecholamine overproduction
as a stress response was associated with complications such as
the increased risk of vasospasm [28].

Erigo (Hocoma AG) [13,28] is a robot that combines a tilt table
with a leg movement system, allowing for progressive and
customizable verticalization of patients with acquired brain
injury. The gradual mobilization in Erigo overcame an important
limitation to early mobilization, which was orthostatic
intolerance [13,28]. Orthostatic hypotension with compensatory
sympathetic catecholamine production was reduced most
significantly with Erigo compared with other forms of early
mobilization, namely conventional in-bed physiotherapy and
MOTOMed [28]. Therefore, it could be safely used in patients
with subarachnoid hemorrhage. Compared with in-bed
physiotherapy, Erigo produced statistically significant, higher
improvements in the Coma Recovery Scale (17.0 vs 5.0; P=.03;
intervention vs control) and Disability Rating Scale (−20.0 vs
−6.0; P=.04; intervention vs control) [13]. It also produced
nonstatistically significant improvements in the Glasgow Coma
Scale and levels of cognitive functioning. However, a longer
ICU stay was required to complete the verticalization protocol
before transfer to a neurological rehabilitation unit [13].

Calmer [17,36] is a robot used in the NICU, which is designed
to reduce pain in preterm infants subjected to multiple painful
procedures. Calmer simulates skin-to-skin holding via touch,
breathing motions, and sound stimulation. Calmer’s artificial
skin-like surface and vertical movement mimic breathing motion
and heartbeat sound to match those of infants’ mothers.
Compared with the standard care of facilitated tucking, Calmer
reduced preterm infant pain reactivity. Approximately 6% (2/33)
of studies consistently showed that infants had greater
parasympathetic activation and hence greater physiological
stress reduction during painful procedures such as blood taking
[36]. Calmer was a safe, ergonomic, and cheaper alternative to
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the manpower-intensive facilitated tucking. Research is ongoing
to incorporate Calmer into incubators, which would potentially
allow for cost savings of as much as US $380,000 per year in

a 60-bed NICU [17]. The benefits and limitations of the 3
abovementioned robots are summarized in Table 4.
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Table 4. Theme 2: therapy or stroke rehabilitation.

LimitationsBenefitsRobot examples

Nil mentionedCalmer: 2 papers [17,36] • Efficacy in reducing infant pain
• Increases HFa,b component (parasympathetic activity)

of HRVc (Hz/ms2) [36], Calmer vs standard FTd group:
• Baseline (before procedure): 36.0 (23.7-73.2) vs

3.6 (3.1-9.1)
• Poke (during painful procedure): 2.2 (1.1-3.0) vs

0.4 (0.3-7.2)
• Recovery (post procedure): 6.8 (1.7-21.1) vs 5.2

(4.1-12.8)

• Difference BIIPe score in peak pain phases, Calmer vs
FT [17]: 4.0 (SD 2.7) vs 3.2 (SD 2.7; 95% CI −0.45 to
2.72)

• Cost savings
• US $380,000 per year in 60-bed NICUf [17]

• No safety issues with short-term use

MOTOmed LOTTO 2
(RECK-Technik): 1 paper
[25]

• No significant changes in DVTl incidence,
intervention vs control group:

• Safe for early rehabilitation of patients of stroke who are
critically ill

• Better outcomes in stroke rehabilitation (day 21 after stroke),
intervention vs control group:

• DVT incidence 58% vs 45%; P>.05

• Neurological outcomes improved
• GCSg: 15 (14-15) vs 15 (15-15); P=.32
• NIHSSh: 11 (8-25) vs 15 (12-19); P>.05
• APACHEi 2: 6 (3-14) vs 9 (6-12); P>.05

• Complications
• Incidence of MODj: 60% vs 67%; P>.05
• Incidence of severe MOD: 14% vs 41%; P<.05
• MOD scale 0 (0-1) vs 1 (0-2); P>.05
• Incidence of PEk: 12% vs 33%; P<.05
• Incidence of death from PE: 0 vs 1/3

• Mortality rate decreased, intervention vs control group: 12%
vs 39%; P<.05

Erigo (Hocoma AG): 2 pa-
pers [13,28]

• Longer LoSq in ICU [13], intervention vs
control group: 38.8 (SD 15.7) days vs 25.1

• Better clinical outcomes—greater difference in neurological
scoring systems
• Difference in values at ICUm admission and at rehabili- (SD 11.2) days; P=.01

tation discharge [13], intervention vs control: • To complete stepping verticalization
protocol before being moved to the neu-• No orthostatic intolerance occurred
rological rehabilitation unit• DRSn: −20.0 (−22.0 to −4.5) vs −6.0 (−12.7 to

−2.0); P=.04
• CRSro: 17.0 (5.1-18.8) vs 5.0 (2.4-11.0); P=.03
• GCS: 7.0 (3.2-10.0) vs 4.5 (3.0-6.5); P=.08
• LCFp: 4.0 (1.0-5.0) vs 2.5 (1.0-4.0); P=.14

• No increase in catecholamine production [28]

aHF: high frequency.
bIndicates parasympathetic activity: decreased HF=stress; increased HF=calmness or stress recovery.
cHRV: heart rate variability.
dFT: facilitated tucking.
eBIIP: Behavioural Indicators of Infant Pain.
fNICU: neonatal intensive care unit.
gGCS: Glasgow Coma Scale.
hNIHSS: National Institutes of Health Stroke Scale.
iAPACHE: Acute Physiology and Clinical Health Evaluation.
jMOD: multiorgan dysfunction.
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kPE: pulmonary embolism.
lDVT: deep vein thrombosis.
mICU: intensive care unit.
nDRS: Disability Rating Scale.
oCRSr: Coma Recovery Scale.
pLCF: levels of cognitive functioning.
qLoS: length of stay.

Theme 3: Patient Evaluation and Assessment
Approximately 15% (5/33) of studies identified 3 different
robots (Table 5). These robots were used to evaluate various
parameters of patients, including patient monitoring in a critical
care setting and ensuring quality evaluation from a remote
location. Robots also used ultrasound systems to enhance their
evaluation capability [12,19,35,37,38].

FASTele [19] is a wearable, portable, attachable tele-echography
robot system for focused assessment with sonography for trauma
(FAST) scans. FASTele [19] was able to produce sharp
ultrasound images of all FAST areas, even under maximum
vehicle acceleration, in all axial directions, and under various
body motion conditions, applicable to a range of body types.
However, a longer time was required to perform FAST,
especially in patients who were overweight, as it required
attaching a corset to each FAST area. Patients were also at risk
of injury during the attachment of the robot system.

MGIUS-R3 (MGI Tech Co Ltd) [12,35,37] is a 5G-powered,
remote, robot-assisted teleultrasound diagnostic system. It
combines a robotic arm, an ultrasound imaging system, and
audio-visual communication for teleoperation. Application of
MGIUS-R3 in cardiopulmonary assessment achieved image
quality acquisition, labeling, and analysis equivalent to that of
traditional ultrasound, enabling accurate diagnosis [12,37]. No
complications or delays were noted during the image acquisition
process. It performed satisfactorily even at remote distances of

700 km [35]. Overall, there was a higher level of safety because
of the reduction in infection risk for patients and physicians.
The patient would not be exposed to cross-infection during
transport to the radiographer’s room in the hospital, and the
physician would not be exposed to a patient with an infectious
disease [12]. However, the robotic arm faced difficulties in
reaching some body parts [12,37]. In addition, the ultrasound
frequency was limited as the robot had only 1 convex array
probe, thus affecting the quality of cardiac images [12,37].

Delica EMS 9D (Shenzhen Delica Medical Equipment Co Ltd)
[38] is a portable transcranial Doppler (TCD) system for
simultaneous bilateral middle cerebral artery blood flow velocity
recording. It comprises Doppler ultrasound probes attached to
a robotic drive supported by a headband frame. The robot
performs the automated functions of scan, search, direction, and
track. Compared with standard TCD systems, Delica achieved
improved image-capturing capabilities without interruption or
the need for manual adjustments [38]. Delica also reduced the
risk of disrupting other in situ monitoring, making it highly
applicable to the critical care setting. Overall, this led to time
saving and increased efficiency. However, this device has some
technological limitations. The only available signal recording
frequency was 100 Hz, and it could not perform heart rate
variability analyses requiring frequencies of ≥200 Hz. A possible
safety concern involved increased intracranial pressure in one
patient, which was resolved with headband readjustment. The
benefits and limitations of the 3 abovementioned robots are
summarized in Table 5.
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Table 5. Theme 3: patient evaluation.

LimitationsBenefitsRobot examples

FASTele: 1 paper [19] • Likelihood of longer time to perform FAST:
requires attaching a corset to each FAST area

• Extracted echo images met and exceeded the defined

FASTa criteria
and may cause possible injury to patients• Brightness gradient of echo images vs values

required by the physician: 4.7 (SD 10.4) vs 3.9 • Prolonged wrapping time in patients who are
overweight(SD 9.8)

• System to be improved for medical physicians
to operate it easily• FAST performance achieved with vehicle motions:

at maximal acceleration in all axial directions and
body motion conditions

• Constant pressure to hold the probe is not required

MGIUS-R3 (MGI Tech Co Ltd): 3
papers [12,35,37]

• Difficulty of the robotic arm in reaching some
body parts, especially in patients who are
critically ill [37] and on the patient’s side [12]

• Clear images: image quality score 4.73 (high quality)
[12]

• Comparable diagnostic results to bedside examination
[12,37] • Required mobilization of intubated

COVID-19 patient for APc and lateral• Safety [12,37]
• Able to complete an assessment successfully as

per established examination protocol [12,37]
thoracic views [35]

• Only one convex array probe—frequency
limitation and unable to scan heart [12,37]

• No need to transport patients who are clinically
ill for assessment and minimizes radiographer

• 15.6% inconsistent results between robot-as-
sisted teleultrasound and bedside ultrasound

and hospital exposure to COVID-19 and other
infectious diseases [12,37]

[12]• Able to be used in isolation wards [37]
• Difficulty in 3D space perception, requiring

practice and familiarization [12]
• Multiple protection measures [37]

• Simultaneous start prompts
• Emergency stop button
• Speed limit settings on the robotic arm

• Faster [12,37]
• No delay in scanning, 10-20 minutes per exami-

nation [37]
• 5G network system: ensures real time USb image;

detailed physician-patient communication, 20
times better transmission rate; delay reduced by
a factor of 10, allowing high-definition and accu-
rate video transmission [12,37]

• Able to perform from a remote distance of 700 km
away [35]

Delica EMS 9D robotic TCDd

(Shenzhen Delica Medical Equip-
ment Co Ltd): 1 paper [38]

• Scan and track functions are less functional• Improved image-capturing capability vs standard TCD
systems • Limitation in available signal recording fre-

quency (100 Hz only)• Continuous, uninterrupted recording for 4 hours
• Potential complications of raised ICPf• Better image quality

• Flow velocity signals are accurately captured even in
the presence of other in situ multimodal monitoring
devices
• Allows multimonitoring in moderate to severe

TBIe patients
• Reduces risk of disruption of monitoring from

repeated loosening and manipulation of other
devices

• Increased efficiency from time saved in manual adjust-
ment of the probe, which is crucial in patients who
are critically ill

• Increased patient comfort and fast turnover with easy
cleaning of the device

aFAST: focused assessment with sonography for trauma.
bUS: ultrasound.
cAP: anterior posterior.
dTCD: transcranial Doppler.
eTBI: traumatic brain injury.
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fICP: intracranial pressure.

Theme 4: Drug Dispensing and Delivery
Approximately 6% (2/33) of studies identified 2 different robots
(Table 6). Both robots were involved in drug dispensing or
delivery, and both showed time reduction, cost savings, and
increased precision in drug preparation.

The TUG Automated Robotic Delivery System (Aethon Inc)
[33] is a robot affixed to a medication delivery cart controlled
by pharmacy staff. When a medication delivery was planned,
a pharmacy staff member summoned the robot, inputted the
desired sequence of deliveries, and loaded the medications onto
the robot. The robot then traveled to the desired locations where
the nurses unloaded it. The robots delivered most medications
except for stat medications meant for immediate administration
and controlled drugs. The TUG robot reduced the mean
pharmacy cycle time from order receipt to order exit by 29.6%
[33]. The technician delivery time decreased by 7.2 hours, and
the saved time was used in handling other pharmacy tasks,
leading to significant cost savings of an estimated US $14,100
yearly. It was well-received by nurses and pharmacists in terms
of reliability and performance. However, nurses were dissatisfied
that they now had to sort and store medications, which had been

previously performed by technicians. There was also a downtime
of robots because of infrastructure and robot-related problems
such as power supply and cart issues.

I.V. Station (Omnicell Inc) [8] is a fully automated robot that
prepares sterile injectable drugs. It performs all stages of
preparation, from reconstitution to dilution and final preparation.
I.V. Station achieved increased precision in drug preparation
compared with manual preparation [8]. Patient adverse effects
from overdosing and loss of drug efficacy from underdosing
were reduced. In addition, there were fewer potentially harmful
staff events. Precision is especially crucial for preterm neonates
who require complex therapy and are at high risk of fatal
medication errors [8]. A decrease in the cost and mean
preparation time by as much as 8% and 2 hours 57 minutes,
respectively, was achieved during the preparation of greater
quantities. Time savings enabled a focus on other aspects of
care, including engaging and educating families. However, when
preparing smaller quantities, the robot was more expensive and
slower than manual preparation. In addition, mechanical or
software failure events affected the workflow and caused
medication wastage. The benefits and limitations of the 2
abovementioned robots are summarized in Table 6.

Table 6. Theme 4: drug dispensing and delivery.

LimitationsBenefitsRobot examples

TUG Automated Robotic
Delivery System (Aethon
Inc): 1 paper [33]

•• Limited benefit in timeliness and perceived
quality of delivery service

Increased efficiency of medication delivery before imple-
mentation vs 2 years after implementation
• Mean total mean pharmacy cycle time (order receipt

to order exit): 73.9 (SD 2.21) minutes vs 52 (SD 28.6)
minutes

• Decreased efficiency in nondelivery as-
pects—nurses have additional duty to sort and
store delivered medications.• Mean time for label printing, 13.1 (SD 3.9) minutes

vs 7.4 (SD 4.1) minutes • Low robot reliability perceived by technicians
that improved at 2-year follow-up• Mean idle time for medication delivery: 27.3 (SD

8.2) minutes vs 15.3 (SD 8.4) minutes

• Time and cost savings
• 7.2 hours of technician time saved
• Projected annual cost savings: US $14,100

• Positive nurse perceptions:
• Perception before implementation vs post implemen-

tation:
• General satisfaction increased; P<.02

• Robot reliability increased; P<.01

I.V. Station (Omnicell Inc):
1 paper [8]

•• Mechanical or software failure eventsBetter clinical outcomes

• •Increased precision in drug preparation vs manual prepara-
tion: accuracy within 5% to –5%

Decreased efficiency during the preparation of
lower dose quantities

•• Increased costs during the preparation of lower
dose quantities

Improved safety for both patient and staff

• Increased efficiency during the preparation of higher dose
quantities • Hidden costs (not included in cost calculations)

• Electricity• Range: time savings of 16 seconds (acyclovir) to 2
hours 57 minutes (teicoplanin) • Machine maintenance

• Days of downtime because of machine fail-
ure• Reduced costs during the preparation of higher dose

quantities
• Range: 8% (ampicillin) to 66% (teicoplanin) • However, the inactivity rate was low at 2.5%

(9.5/365 days)

J Med Internet Res 2022 | vol. 24 | iss. 5 | e33380 | p.84https://www.jmir.org/2022/5/e33380
(page number not for citation purposes)

Teng et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Discussion

Benefits of Robots
Our review demonstrates the numerous beneficial capabilities
of robots. We found that the greatest application of robots in
critical care was in telepresence, and the most studied
telepresence robot was RP-7. Overall, the evidence showed that
robots were beneficial and well-received and delivered
significant patient, staff, and hospital benefits. The
abovementioned robots covered various aspects of ICU care.
Some were used during acute settings, such as telepresence
robots for urgent consultations or for patient evaluation.
Meanwhile, the robots that focused on rehabilitation or drug
dispensing were more directed toward general functioning and
processes in the ICU.

In terms of efficiency, robots in the areas of telepresence, patient
evaluation, and drug dispensing and delivery were able to
provide time savings. In the critical care setting, this was
especially important, as face-to-face response time could be
reduced, allowing patients to have faster access to specialists.

Similarly, there were cost savings in the applications of
telepresence, therapy or rehabilitation, and drug dispensing or
delivery. Although the amount saved varied across different
studies, with the highest being US $1.16 million reported by
Vespa et al [34], all studies agreed that cost savings were
beneficial to hospitals.

Robots could outperform current care standards and supplement
human efforts in the fields of telepresence, therapy, and patient
evaluation. For example, Delica TCD [38] allowed for improved
Doppler image capturing that a normal TCD could not achieve
with manual effort. With Erigo [13,28], concurrent
verticalization with stepping eliminated orthostatic hypotension,
which previously prevented early mobilization post acquired
brain injury. This enabled improved care for patients with a
subsequent reduction in mortality rate.

The workload of physicians could also be alleviated using
robots. RP-7 [6,9-11,14-16,18,20-24,26,27,29,32,34]
supplemented rounding and was used during off-peak hours,
reducing the need for physical physician presence during
graveyard shifts. This is particularly relevant during the current
COVID-19 pandemic, where physicians must grapple with a
heavy workload [40]. Physicians could then focus on more
holistic patient care, including psychological and social aspects.

A benefit mentioned across all themes was safety. Generally,
papers in each theme agreed that robots were able to either meet
current safety standards by providing diagnoses comparable
with those of existing standardized methods or further reduce
risks, for example, by improving the precision of medication
preparation [8]. In more recent papers published in 2020 and
2021, a consistent theme was that robots could allow medical
professionals to maintain social distancing while still effectively
treating patients. This prevented exposure to pathogens and also
reduced the use of disposable personal protective equipment.

Many believe that robots are unequipped to handle soft skills
instrumental in health care. Although robots cannot counsel a

patient or console a distressed family member, they can
nonetheless emulate the human touch in their own unique ways.
For example, Calmer [17,36] sought to mimic human touch
without the intention to replace the parent. The technology is
a step in the right direction, and the comfort that the robot brings
to infants could potentially be extended to the care of adult
patients who are vulnerable and critically ill as well.

Limitations of Robots
Although robots could help reduce the workload in some areas,
they could lead to both human unemployment and overreliance
on robots. Although robots cannot fully replace physicians, they
can and already have replaced some manpower in the health
care sector. When surveyed, staff in the ICU felt that their jobs
were moderately threatened [7].

Another concern was the possibility of hacking. Some robots
such as RP-7 and MGIUS-R3 relied on Wi-Fi or 5G and thus
were susceptible to security issues and data breaches. If robots
were to break down or encounter technological issues, systems
must be in place to immediately recognize and mitigate these
issues, given that time is always of the essence in health care.
Otherwise, cybersecurity breakdowns would lead to workflow
disruptions, loss of patient privacy, and significant medicolegal
repercussions [7].

Robot use may translate to increased costs for patients because
of the cost of robots, licensing, installation, maintenance, and
repairs. In addition, because of the current lack of legislation
regarding billing for services rendered by robots, hospitals may
excessively charge for robotic use. Goldberg et al [16] reported
that although the mean cost estimates per case decreased by
29%, the billing charges instead increased by 70% [16]. Overall,
this could mean that although costs for hospitals decreased,
costs for patients ultimately increased, which also reflects a
mismatch in expected outcomes, possibly because of a lack of
existing price controls.

We must also recognize that telepresence implementation may
be more suited to hospitals that already have an effective ICU
staffing infrastructure. Although the ideal aim of telepresence
is to relieve the workload of ICUs with scarce resources, it may
potentially create a paradoxical imbalance in resource allocation,
where staff from underresourced ICUs are drawn to larger, more
established ICUs that can sustain telepresence.

Although robots complement and aid in workload, leading to
generally positive perceptions, some robots were less
enthusiastically received. This could be attributed to differences
in the ease of use of the robot, the context of their application,
and baseline perceptions. One of the studies mentioned that
nurses still believed that the physical presence of intensivists
was preferable and necessary. In any case, the role of
telepresence is not to completely replace physical physician
presence but to supplement staffing during off-peak hours,
ensuring safe coverage.

As robotic intervention becomes more prevalent and integrated
into health care, this necessitates a conversation around
developing an ethical and legal framework with regard to
accountability. With exponential digital growth over the past
century, we will certainly continue to see an increasing overlap
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between the physical and digital worlds. It is imperative to form
strict lines of accountability—shall it lie with the physician who
used it, or is the robot’s developer and manufacturer who should
be held accountable for any errors?

Further Applications
Among the excluded papers, promising potential applications
of robots were shown, as elaborated in the following sections.

The COVID-19 Pandemic
In the past 2 years, research has been greatly focused on the
COVID-19 pandemic. As many papers have yet to have formal
trials on patients, they were excluded based on our criteria.
However, they demonstrate highly applicable uses in the critical
care setting. Overall, 7 COVID-19-related papers echoed similar
themes to those papers included in our systematic review. In
addition, by enabling remote disinfection or control of
equipment, robots reduced the exposure of medical staff to
pathogens and lowered the use of personal protective equipment.

Approximately 29% (2/7) of papers described the use of UV-C
disinfectant robots within the ICU [41,42]. Choi et al [41]
described a UV light-emitting diode robot (UVER-SR1, UVER
Co) [41] with a freely rotating arm. It could successfully
disinfect ICU rooms. Another mobile UV-C robot (ASSUM,
Assum Tech) [42] similarly demonstrated a 99.91% reduction
in the SARS-CoV-2 load within a few minutes. Overall, the 2
robots worked to reduce the exposure of cleaning and health
care personnel to contaminated surfaces.

Approximately 57% (4/7) of papers described the use of robotics
to reduce the need for health care staff to physically enter patient
rooms. Sawyer (Rethink Robotics GmbH) [43], a 7-axis robot
with flexible joints and a camera, could successfully perform a
variety of COVID-19 health care tasks: intravenous pump device
continuation, ventilator knob adjustment, ICU monitor silencing,
oxygen knob adjustment, and call button deactivation. Vagvolgyi
et al [44] demonstrated the use of a telerobotic cartesian system
to allow the adjustment of ventilator settings from outside the
ICU. Similarly, this was feasible in a simulated ICU
environment and specifically saved 59.8% of the time (a
decrease from 271 seconds to 109seconds). A
4-Degrees-Of-Freedom [45] robot was also able to interact with
the touchscreen instrument panel of dialysis machines, achieving
fast and simple control of the machine in the context of
emergency dialysis. Finally, in a newly published study, a team
from the Massachusetts Institute of Technology developed
Emergency-Vent [46], a robotic gripper that automated the task
of manually squeezing a resuscitator bag. The robot was able
to customize ventilator settings within each cycle of breathing,
including tidal volume, respiratory rate, inspiration-expiration
time ratio, positive end–expiratory pressure, and assist control
trigger threshold. It successfully ventilated a porcine model and
performed comparably to that of an experienced anesthesiologist
manually pumping the resuscitator bag. Both ease and cost of
use were low. Such robotic ventilator technology is especially
relevant in the context of the COVID-19 pandemic, as
manpower and ventilator shortages lead to the need for cheap
ventilator alternatives.

Long-term bed immobilization limits the recovery of patients
with COVID-19 and puts them at risk of many complications
such as pressure sores, contractures, and joint immobility. It is
especially challenging to manage the positioning of patients
with COVID-19, given that multiple devices and equipment
surround the bed and that medical staff are at greater risk of
infection with increased frequency of patient contact. A
robotized hospital bed [47] was designed with a flexible mattress
and an easily sanitized structure that allows the mobilization of
major joints. This approach has several benefits. First, the
effective mobilization of patients prevented the accumulation
of secretions in the lungs. A self-movable bed that inclines can
counter mucus engorgement and subsequent atelectasis. Second,
the robotized system reduced the workload for health care
workers (nurses or physiotherapists) and reduced the use and
cost of disposable personal protective equipment. Third, passive
mobilization of the major joints and muscles reduced pressure
sores, venous thromboembolism, and muscle wasting.

Robots With Other Potential Roles in Critical Care
In patient evaluation, a KINARM robot (BKIN Technologies
Ltd) [48-50] assessed the neurological outcomes of patients. In
patients of postcardiac arrest, it accurately and precisely
quantified neurological recovery, unlike conventional 5-point
rating scales [48]. Similarly, it was able to better quantify
neurocognitive impairment in terms of attention, executive
function, and visuomotor function in patients of acute kidney
injury [49] and patients of post-ICU discharge [50] as compared
with Repeatable Battery for the Assessment of
Neuropsychological Status, the standardized clinical assessment.

Mechanical compression [51] for cardiopulmonary resuscitation
(CPR) using devices such as LUCAS II (Jolife AB) and Corpuls
CPR (GS Elektromedizinische Geräte G Stemple GmbH) has
been suggested. Although previous RCTs found that such
mechanical devices have no clear advantage over manual CPR
[52], we believe that mechanical compression technology can
be included in future robots to enhance their capabilities. One
such trial explored the use of robotic signal–guided CPR [53]
to improve survival outcomes. Although no clear advantage of
robots was found, this does not preclude further modifications
and improvements to CPR-capable robots.

McSleepy [54] is an automated anesthesia drug delivery system
for surgery. McSleepy administered appropriate drug doses by
monitoring a patient’s level of pain, muscle movements, and
depth of consciousness. Although, as of yet, this has only been
used in surgery, a closed-loop drug delivery system has
tremendous potential for use in critical care settings, which
requires constant and precise care.

An intelligent robotic hospital bed, Flexbed [55], with
autonomous navigation ability, has been developed for the fast
and safe transportation of patients of critical neurosurgery
without needing to change beds. Preliminary trials in a simulated
crowded hospital corridor environment showed its ability to
transport patients quickly, safely, and efficiently while avoiding
obstacles with a collision avoidance strategy.

Other robotic applications have been demonstrated in medical
training, addressing a broad range of contexts and needs. In
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pediatric care, a robotic simulator of premature neonates’wrists
[56] was used to train novice caregivers to apply appropriate
pressure, eliciting benefits in bone and muscle growth. The
WKA-1R robot [57] is an airway simulator that accurately
gauges the quality of intubation performance by providing a
quantitative and objective determination.

Although this paper focused on patients who are critically ill,
there are other potential ways in which robot use can be
extended to critical care settings. In gait rehabilitation post
spinal cord injury, a robot suit, Hybrid Assistive Limb
(Cyberdyne Inc) [58] aided in recovering motor function and
gait ability without increasing spasticity in individuals who are
paraplegic and nonambulatory. Another robot, the Automatic
Recovery Arm Motility Integrated System robot, is a dual
exoskeleton robot designed specifically to help with paretic
upper limb rehabilitation after stroke [59].

Future Research
Although many studies have uncovered the knowledge, attitudes,
and perceptions of telepresence robots among health care staff,
there were relatively few studies in this area that were conducted
on patients themselves. Specifically, in the areas of patient
confidentiality and privacy concerns, it might be pertinent to
conduct more in-depth studies to uncover patient perspectives
with regard to these issues.

In addition, all the included papers only compared the use of
robots within the critical care setting before and after their
implementation. To get a better idea of the extent to which
robots specifically benefit critical care settings, more studies
could be done directly comparing the use of robots within
critical care versus noncritical care settings; for example, the
cost or time benefit of a robot used within the ICU compared
with the robot’s use in a normal hospital ward.

As mentioned above, robots are moving toward being able to
handle soft skills such as providing comfort. Other than Calmer,
there are similar robots currently used outside the ICU, such as
Paro [60]. Further development of such robots would be
beneficial, especially given that patients in the ICU are more
ill and isolated and might require more psychological support.

Currently, little regulation and few protocols exist for the use
of robots, despite telepresence having existed for more than a
decade. A paper by Clark et al [61] highlighted the types of
cyberattacks on robots and the lack of current literature on the
economic analysis of cyberattacks on robots. In another study,
a protocol was created for the use of Pudu [30], which carefully
considered the appropriate and practical use of Pudu in mental
health care for isolated patients with COVID-19. It included
aspects such as practical frameworks on patient interaction and
robot movement, ethical and legal aspects of telecare, and
cleaning and disinfection procedures. Although this protocol
was newly drawn up for Pudu, it highlights and paves the way
for similar protocols and frameworks for worldwide telepresence
use. We hope that with more research in this area, suitable
regulations and protocols can be implemented to address
implementation issues such as manpower replacement in health
care, cybersecurity issues, and subsequent ethical and legal
consequences.

The papers we found did not mention robots as physician
assistants. A physician assistant can accompany a physician to
aid in decision-making, diagnosis and interpretation of signs,
investigations, or management. Systems that incorporate both
AI and robots within the critical setting could allow robots to
act as physician assistants. For example, existing AI technology
used for the early detection of sepsis [62] can potentially be
incorporated into robots. Outside of medicine, many commercial
companies are already moving toward incorporating AI into
robots. Tesla Inc recently announced its intention to create a
humanoid robot that could be used to replace dangerous,
repetitive, boring tasks [63]. Although much progress is still to
be made, it sets a bold tone for future robots that could also be
extended to the medical field.

Limitations of This Review
Our review had several limitations. First, the aim of this project
was to identify the different types of robots currently available
for use in critical care settings. Currently, there are no theoretical
frameworks to classify the types of robots; hence, we
categorized the identified robots according to their functionality.
However, as the types of robots varied widely, even within each
theme, our review could only cover various types of robots in
greater breadth rather than depth. In the future, with a larger
volume of data, further research could perform detailed
comparisons within each functional theme.

Second, we did not include conference abstracts and gray
literature in our results as we felt that they did not have sufficient
information for us to truly review their benefits and limitations.
In addition, the papers were sourced from only 4 databases,
which we decided to be the most relevant for the project.

Third, there were limitations in the studies themselves. For
example, most studies lacked detailed economic analyses.
Parameters such as cost savings, ICU occupancy, and staffing
hours were dependent on the existing unique factors and
circumstances within each ICU. There were also differences
across studies in terms of what was included or omitted during
these cost-benefit analyses. For instance, the components that
went into calculating cost savings differed: some papers included
robot maintenance fees in the overall value, but some did not.
Therefore, we were unable to present a generalizable model that
could be extrapolated to predict the amount of benefit for all
ICUs.

Conclusions
Robotic use in critical care settings has been rising over the
years. In particular, with the current COVID-19 pandemic, there
has been greater emphasis on robot use in the ICU, as it allows
efficient, safe, and quality contactless care. Although we initially
set out believing that robots are more inclined toward aiding in
mundane, repetitive tasks, we have discovered that they are
capable of delivering substantial value in other more
complicated aspects of patient care, including providing superior
patient evaluation and rehabilitation. It was interesting to
discover robotic use in addressing the softer aspects of patient
care through examples such as the Pudu robot and Calmer,
which have both proven to be well-integrated and positively
perceived in their roles.
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However, there are certain barriers that exist to robotic
implementation in ICUs. We also hope that our paper will
prompt the development of medicolegal frameworks for robotic
use, especially in terms of sensitive aspects of care such as
patient privacy or medical errors, and in other areas regarding
the impact of robotic use, such as job employment.

Overall, given the present roles of robots and many other
promising applications, we believe that there is a great
opportunity for the further development of robotic technology
for critical care, either alone or in combination with AI. If
technical, financial, ethical, and legislative barriers to robotic
use can be overcome, it would only be a matter of time before
robotic presence in critical care becomes ubiquitous.
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Abstract

Background: Mobile health (mHealth) apps show vast potential in supporting patients and health care systems with the increasing
prevalence and economic costs of noncommunicable diseases (NCDs) worldwide. However, despite the availability of
evidence-based mHealth apps, a substantial proportion of users do not adhere to them as intended and may consequently not
receive treatment. Therefore, understanding the factors that act as barriers to or facilitators of adherence is a fundamental concern
in preventing intervention dropouts and increasing the effectiveness of digital health interventions.

Objective: This review aimed to help stakeholders develop more effective digital health interventions by identifying factors
influencing the continued use of mHealth apps targeting NCDs. We further derived quantified adherence scores for various health
domains to validate the qualitative findings and explore adherence benchmarks.

Methods: A comprehensive systematic literature search (January 2007 to December 2020) was conducted on MEDLINE,
Embase, Web of Science, Scopus, and ACM Digital Library. Data on intended use, actual use, and factors influencing adherence
were extracted. Intervention-related and patient-related factors with a positive or negative influence on adherence are presented
separately for the health domains of NCD self-management, mental health, substance use, nutrition, physical activity, weight
loss, multicomponent lifestyle interventions, mindfulness, and other NCDs. Quantified adherence measures, calculated as the
ratio between the estimated intended use and actual use, were derived for each study and compared with the qualitative findings.

Results: The literature search yielded 2862 potentially relevant articles, of which 99 (3.46%) were included as part of the
inclusion criteria. A total of 4 intervention-related factors indicated positive effects on adherence across all health domains:
personalization or tailoring of the content of mHealth apps to the individual needs of the user, reminders in the form of individualized
push notifications, user-friendly and technically stable app design, and personal support complementary to the digital intervention.
Social and gamification features were also identified as drivers of app adherence across several health domains. A wide variety
of patient-related factors such as user characteristics or recruitment channels further affects adherence. The derived adherence
scores of the included mHealth apps averaged 56.0% (SD 24.4%).

Conclusions: This study contributes to the scarce scientific evidence on factors that positively or negatively influence adherence
to mHealth apps and is the first to quantitatively compare adherence relative to the intended use of various health domains. As

J Med Internet Res 2022 | vol. 24 | iss. 5 | e35371 | p.92https://www.jmir.org/2022/5/e35371
(page number not for citation purposes)

Jakob et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:rjakob@ethz.ch
http://www.w3.org/Style/XSL
http://www.renderx.com/


underlying studies mostly have a pilot character with short study durations, research on factors influencing adherence to mHealth
apps is still limited. To facilitate future research on mHealth app adherence, researchers should clearly outline and justify the
app’s intended use; report objective data on actual use relative to the intended use; and, ideally, provide long-term use and retention
data.

(J Med Internet Res 2022;24(5):e35371)   doi:10.2196/35371

KEYWORDS

intended use; adherence; engagement; attrition; retention; mHealth; eHealth; digital health intervention; noncommunicable disease;
NCD; mobile phone

Introduction

Rationale
Digital health interventions (DHIs) show vast potential in
supporting patients and health care systems with the globally
increasing prevalence and economic costs of noncommunicable
diseases (NCDs), which is the leading causes of death and
disability worldwide [1,2]. More specifically, mobile health
(mHealth) apps are now considered accessible and scalable
solutions to promoting behavior change among patients,
improving health outcomes, and reducing health care costs [3-5].
Correspondingly, the number of available mHealth apps has
continuously grown to >300.000, with approximately 200 new
mHealth apps released each day [2,6].

However, despite increasing evidence and availability, mHealth
apps are subject to significant dropout rates, with a substantial
proportion of users not adhering to them as intended [7,8].
Recent research has shown that up to 80% of all participants in
mHealth interventions only engage at a minimum level, do not
log into the mHealth app more than once, and do not consistently
use the app in the long term [9]. Another study examining
mHealth app use in more extensive real-world settings reported
low retention rates, with only 3.9% of participants using
mHealth apps for >15 days [10]. The reported low adherence
and high attrition levels further highlight the necessity of
developing more effective models, best practices, and
interventions [8,11].

As nonadherence relative to intended use jeopardizes treatment
success and, thus, might lead to an increased number of
hospitalizations, it is considered a fundamental concern in the
development of mHealth apps [8,12-15]. However, the scientific
body of literature lacks concise conceptualizations and measures
for the intended use of mHealth apps, whereas intervention
components and factors influencing adherence remain to be
explored [13,16]. Following previous studies, we define
adherence as “the degree to which the user followed the program
as it was designed,” which can be paraphrased as “adherence
relative to the intended use” [13,17,18].

With smartphone apps being the primary intervention
component, adherence relative to the intended use is principally
informed by user acceptance and the use of information
technology [19]. Previous research underscores the necessity
of mHealth apps that must be first accepted and used in an
intended way to then achieve a desired health behavior change
[3,19]. Correspondingly, previous research has identified factors
affecting the uptake of and engagement with health and

well-being smartphone apps [11,20-23]. Many of these strategies
and factors, such as well-designed reminders, self-monitoring
features, and embedded health professional support, have been
applied across various health domains [11,20,21]. Some of these
factors, such as reminders, can be further applied as retention
methods and strategies for cohort studies in general and may
thus extend the scope of DHIs [24,25].

Identifying the factors that influence adherence relative to
intended use may support and extend these findings. Given
previous research and their relation to technology use and
acceptance, we can assume that these factors may be not only
generalizable across various health behavior domains but also
be applicable to DHIs using alternative information
technologies. To our knowledge, no systematic review has been
conducted on the factors influencing adherence to mHealth apps
designed to prevent or manage NCDs. Furthermore, to the best
of our knowledge, no review has previously explored the
quantifying of adherence to assess qualitatively identified
factors.

Objectives
Preventing intervention dropouts and thus increasing the
effectiveness of mHealth apps requires an understanding of the
factors that act as barriers to or facilitators of intervention
adherence. This review aimed to identify factors influencing
adherence relative to the intended use of mHealth apps, which
may help stakeholders better plan, develop, and evaluate
mHealth apps. To help readers navigate through the identified
factors, we further categorized them into intervention-related
factors that app developers can potentially improve upon through
product changes (eg, the inclusion of certain app features) and
patient-related factors that are hardly adjustable (eg, user
characteristics). These factors were separated into their potential
positive or negative influences on adherence.

In the absence of a universally agreed-upon approach to
measuring adherence to mHealth interventions, we exploratively
derived an adherence score as the ratio between the intended
and actual use of each study to describe adherence quantitatively
and consistently. The primary aim of the resulting adherence
score was to quantitatively assess the findings from the
qualitative extraction of factors influencing adherence. As the
intended use varies substantially across different mHealth apps,
we extracted the intended use for each included mHealth app
individually. We then compared the intended use with the actual
use reported in the corresponding study. To the best of our
knowledge, this exploratory approach of a quantified adherence
score has not been applied previously.
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In summary, this review aimed to answer the following research
questions:

1. Which intervention-related factors influence adherence
relative to the intended use of mHealth apps targeting NCDs
in adults?

2. Which patient-related factors influence adherence relative
to the intended use of mHealth apps targeting NCDs in
adults?

3. How do the adherence rates of mHealth apps for NCDs
compare across different health domains?

Methods

Database Selection and Search Strategy
This review was conducted according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses;

Multimedia Appendix 1). A review protocol was submitted to
the Federal Office of Public Health of the Swiss Confederation
on October 7, 2020, but was not publicly registered.

The electronic databases Embase (including MEDLINE and
PubMed), Web of Science, Scopus, and ACM Digital Library
were searched using a predefined search strategy that included
search terms related to mHealth apps, app use, and study design
(Multimedia Appendix 2). The search terms were customized
for each electronic database, and if the respective database
allowed it, the corresponding Medical Subject Heading terms
or topics were also integrated. Articles published in English
between June 2007 (release of the iPhone) and December 2020,
which focused on adult populations, were included. Studies that
focused on communicable diseases were excluded. The inclusion
and exclusion criteria listed in Textbox 1 were used to identify
relevant articles.

Textbox 1. List of eligibility criteria (Population, Intervention, Comparison, Outcomes, and Study component [PICOS] along with inclusion and
exclusion criteria and applied filters).

Inclusion criteria

• Participants: adults aged ≥18 years; studies that included individuals aged ≥16 years were included if at least 70% of the participants were aged
≥18 years

• Intervention and context: studies investigating digital interventions that aimed to change ≥1 health behavior and the stated goal of the intervention
was to prevent or treat a noncommunicable disease or condition

• Comparison: any kind of comparison

• Outcomes

• Qualitative: factors predicting adherence or nonadherence relative to the intended use

• Quantitative: information on the actual and intended use of the intervention or information on adherence relative to the intended use

• Study design: primary and secondary studies, including randomized controlled trials, systematic reviews, meta-analyses, observational studies,
single-center experiments, feasibility studies, pilot studies, and experimental studies

Exclusion criteria

• Participants: children and adolescents aged <18 years and animals

• Intervention and context:

• Studies with the smartphone not being the primary intervention component

• Interventions not targeting noncommunicable diseases; for example, communicable diseases (influenza, norovirus, Ebola, and COVID-19)

• Comparison: none

• Outcomes: the study does not contain information on the actual and intended use of the intervention

• Study design: animal and laboratory studies, case reports, case series, narrative reviews, expert opinions, editorials, conference abstracts, and
study protocols

Applied filters

• Time: studies published from June 2007 onward

• Language: English

• Access: open access or via institutional log-in

Screening Process and Eligibility Criteria
The selection of publications was conducted in several steps
(Figure 1). First, potentially relevant publications were identified
by searching the literature databases. After excluding duplicates,
titles and abstracts were independently reviewed by 3

researchers (SH, RJ, and AMR) according to the inclusion and
exclusion criteria listed in Textbox 1. Disagreements were
resolved through discussion. In a second screening step, the full
texts of relevant articles were independently reviewed by 4
researchers (SH, RJ, AMR, and JLM) concerning the fulfillment
of the inclusion and exclusion criteria. Discrepancies were again
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resolved through discussions. The web-based program
Covidence (Veritas Health Innovation) was used for the entire
process. After applying the search strategies outlined in
Multimedia Appendix 2, the resulting database reference lists

were imported into the Covidence database. The following
Covidence features were used in the process: duplicate removal,
title and abstract screening, full-text review, and export of
PRISMA flowchart.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart illustrating the inclusion and exclusion of studies.
mHealth: mobile health; NCD: noncommunicable disease.

Data Extraction
The following information was extracted for each included
study: general study characteristics, study population
characteristics, intervention characteristics, factors influencing
adherence relative to intended use, and information on app use
(Multimedia Appendix 3 [20,26-123]).

General study characteristics included the title, first author, year
of publication, journal name, country, study design, and health
domain.

Study population characteristics comprised age, gender, type
of population (clinical or general population), type of disease,
and number of study participants.

Intervention characteristics were app name, smartphone
operating system (universal, Android only, or iOS only), type
of mHealth app offered (publicly available or research apps),
app developer (private company or nonprofit organization),
level of personal support (no personal support during the
intervention or continuous personal support), external monetary
incentives and their value in US dollars, intervention duration
in days, and effectiveness of the intervention in terms of health
outcomes.

Factors influencing adherence relative to intended use were
extracted and characterized as intervention-related factors
(factors that developers can potentially improve through product
changes) or patient-related factors (factors that can hardly be
influenced by app developers, such as user characteristics).

These factors were further categorized based on their positive
or negative influence on adherence.

Information on app use comprised intended app use, actual app
use, the number of intended intervention interactions, and
interaction frequency (eg, daily or weekly intended use). The
adherence score was defined as adherence relative to the
intended use and was derived as the quantified ratio of intended
use to actual use.

Synthesis and Statistical Analyses
As a first step, the identified studies were categorized based on
the mHealth app they investigated as follows: apps targeting
NCD self-management (including the four main NCDs: asthma,
diabetes, cardiovascular disease [CVD], and cancer), mental
health disorders (anxiety and depression), substance use
disorders (alcohol and tobacco), and behavioral risk factors
(nutrition, physical activity, and weight loss). The categories
were then further refined into the following health domains:
NCD self-management (asthma management, diabetes
management, CVD management, cancer management, and
medication adherence), mental health (anxiety, depression, and
multidisciplinary and others), substance use (alcohol, tobacco,
and multidisciplinary and others), nutrition, physical activity,
weight loss, multicomponent lifestyle interventions, and other
NCDs.

In the second step, intervention-related and patient-related
factors that were outlined in the studies as barriers to or
facilitators of adherence were qualitatively evaluated,
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summarized within the health domain, and categorized based
on their positive or negative influence.

In the third step, the adherence score was derived for each study
focusing directly on a specific mHealth app (97/99, 98%) and
was calculated as the ratio of intended use to actual use. The
mean adherence scores were calculated for each health domain.

In the fourth step, correlations of adherence scores with other
extracted variables were examined, and where possible, the
qualitative results from step 2 were quantitatively compared for
each health domain. Quantitative analyses were performed using
SPSS Statistics (version 27; IBM Corp). Correlations of
adherence scores with continuous variables (eg, the average age
of study participants) were calculated using the Pearson
correlation. Correlations with ordinal variables (eg, level of
personal support) were calculated using the Spearman
correlation.

Finally, a list of universally relevant factors with
recommendations for the development and evaluation of
mHealth apps was developed.

Results

Selection and Inclusion of Studies
The search of electronic databases was performed on January
3, 2021, and yielded 2862 articles. After excluding duplicates,
70.72% (2024/2862) of publications remained for the title and
abstract screening. Subsequently, the full texts of 17.34%
(351/2024) of articles were examined. Of the 351 studies, 99
(28.2%) were finally included in the data synthesis. Figure 1
visualizes the selection process and reasons for exclusion.

Characteristics of Included Studies
In total, 99 studies were included in this review. Of these 99
studies, 2 (2%) were systematic reviews, and 97 (98%) evaluated
specific mHealth apps. Randomized controlled trials were the
most frequent study type (35/97, 36%), followed by pilot trials
(31/97, 32%), pilot randomized controlled trials (12/97, 12%),
cohort studies, mixed methods studies, and observational studies
(each 5/97, 5%). Most of the studies were conducted in North
America (37/97, 38%), followed by Europe (34/97, 35%),
Australia (15/97, 15%), and Asia (10/97, 10%). Of the 97
studies, 90 (93%) were published within the past 5 years: 46
(47%) in 2020, 12 (12%) in 2019, 12 (12%) in 2018, 9 (9%) in
2017, 8 (8%) in 2016, 2 (2%) in 2015, 4 (4%) in 2014, and 4
(4%) in 2013. The mean intervention duration was 111.4 (SD
132; range 7-730) days, with 27% (26/97) of studies lasting 1
to 4 weeks, 46% (46/97) of studies lasting between 1 and 3
months, 18% (17/97) of studies lasting between 3 and 12
months, and 9% (7/97) of studies lasting longer than a year. In
32% (31/97) of studies, monetary incentives were provided to
the participants as compensation. The mean derived incentive
value was US $105.42 (SD US $18.65; range US $7 to US
$430).

Characteristics of Study Populations
The total number of participants in the included studies
evaluating specific mHealth apps was 72,046. The mean number
of study participants was 750.5 (SD 2800.7; range 9-19,233).

Of the 96 studies reporting exact participants numbers, 65 (68%)
had <100 participants, 21 (22%) had 100 to 1000 participants,
and only 10 (10%) studies had >1000 study participants. In
several studies, most study participants had a pre-existing
condition (82/97, 85%), with mental health conditions being
the most prevalent (21/97, 22%), followed by obesity and being
overweight (15/97, 15%), substance abuse (9/97, 9%), cancer
(7/97, 7%), diabetes (5/97, 5%), CVD (5/97, 5%), and sleep
disorder (4/97, 4%). In 15% (15/97) of studies, most participants
were healthy. The overall mean age was 44.6 (SD 12.9; range
19.9-86) years, and the mean percentage of women was 62%
(SD 22.8%; range 0%-100%).

Characteristics of mHealth Apps
Of the 97 reviewed apps, 50 (51%) were available for both iOS
and Android. The remaining apps were exclusively available
on either iOS or Android platforms (both 17/97, 18%). The
authors of 13% (13/98) of studies did not clearly outline on
which platforms the apps were distributed. Of the 97 reviewed
apps, 47 (48%) were publicly available, whereas 52 (54%) were
exclusively available to study participants. Approximately 38%
(37/97) of apps were developed by private commercial
companies (eg, software companies), and 64% (62/97) of apps
were developed by nonprofit organizations (eg, academic
institutes). Of the studies that clearly outlined their study
procedure, 34% (32/93) included personal contact with health
personnel during the study as an intervention component. In
comparison, 66% (61/93) of the apps provided only personal
support in the app onboarding phase. Of the 54 studies
evaluating the app’s effectiveness on a primary outcome, the
authors of 34 (63%) studies highlighted their app as effective,
and the authors of 20 (37%) studies highlighted their app as
ineffective. The most common explanation of intended use,
according to the authors, or derived from information on
intervention design, was daily tracking (eg, daily diary entries;
36/97, 36%), followed by activity completion (eg, completion
of a certain amount of coaching modules; 19/97, 20%), daily
use (eg, daily log-in; 17/97, 18%), daily activity completion
(6/97, 6%), weekly tracking (5/97, 5%), weekly use (4/97, 4%),
activity completion+daily tracking (3/97, 3%), weekly use time
(eg, using the app 1 hour per day; 2/97, 2%), prolonged use (eg,
no inactivity for >2 weeks; 2/97, 2%), and biweekly tracking
(1/97, 1%). Approximately 95% (92/96) of studies reported data
on actual use based on objective app use data, and 4% (4/96)
of studies reported data based on qualitative feedback from
users. The mean adherence score across all interventions was
56.0% (SD 24.4%; range 2.6%-96.0%). The mean number of
interactions within the study period amounted to 90.1 (SD 145.9;
range 1-730) interactions. Of the 97 apps, 14 (14%) apps were
intended for ≥2 daily interactions with the app, 53 (55%) apps
were intended for 1 daily interaction, and 17 (18%) were
intended for weekly interactions; in 13 (13%) apps, users only
had to use the app once a month to be considered adherent.

Characteristics of Health Domains
As displayed in Table 1, the included studies evaluating specific
mHealth apps were categorized into the following health
domains based on the individual app intervention focus: NCD
self-management (17/97, 18%); mental health (20/97, 21%);
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substance use (9/97, 9%); nutrition (7/97, 7%); physical activity
(6/97, 6%); weight loss (9/97, 9%); multicomponent lifestyle
interventions (8/97, 8%); and mindfulness, including breathing
and meditation interventions (9/97, 9%). Studies categorized
in the domains of NCD self-management, mental health, and
substance use were further subcategorized to report intervention
and patient-related factors influencing intervention adherence
at a more granular level. The studies (17/97, 18%) targeting
NCD self-management were subcategorized into diabetes
management (6/17, 35%), cancer management (5/17, 29%),
respiratory disease management (3/17, 18%), CVD management
(2/17, 12%), and medication adherence (1/17, 6%). Studies
categorized in the mental health domain (20/97, 21%) were
further divided into apps focusing on anxiety (2/20, 10%),
depression (9/20, 45%), and multidisciplinary and other (9/20,
45%). The latter subdomain included other mental health
problems such as bipolar disorders or combinations of various
mental health problems. Studies in the substance use domain
were further separated into apps addressing alcohol (2/9, 22%),
tobacco (6/9, 67%), or a mix of various substances (1/9, 11%).
Another 12% (12/97) of studies, which was a heterogeneous
group targeting NCDs other than diabetes, cancer, CVD,
respiratory disease, or medication adherence, were clustered
into other NCDs (eg, intestinal and renal disease, insomnia,
pain, venous leg ulcers, and dyslipidemia).

As outlined in Table 2, the mean number of participants was
highest for studies that focused on substance use (2337.6, SD
6344.8; range 9-19,233) and lowest for other NCDs (54.8, SD
48.6; range 15-189), followed by weight loss interventions (73.2,
SD 54.4; range 17-176).

As displayed in Table 3, the mean participant age was highest
in apps targeting NCD self-management (57.7, SD 7.3; range

45-70.9 years) and lowest for mental health apps (35.9, SD 5.9;
range 19.9-46.5 years).

Female populations were generally overrepresented (Table 4),
especially in studies conducted on mindfulness interventions
(76.7%, SD 20.2%; range 44.8%-100%). Only studies conducted
on apps targeting substance use featured more men than women
(percentage of women: mean 49.3%, SD 14.1%; range
27.7%-78%).

As outlined in Table 5, studies conducted on apps for weight
loss had the most prolonged mean intervention duration (214,
SD 216.3; range 65-730 days), and studies on nutrition had the
shortest mean intervention duration (52.5, SD 55.7; range 7-172
days).

Table 6 shows distributions of total intended interactions with
the apps over the course of the individual studies. The mean
number of total intended interactions was highest for apps
targeting weight loss (210.5, SD 213.3; range 52-730) and
lowest for nutrition apps (31.8, SD 27.8; range 4-82.5).

The distribution of adherence scores by health domain is
summarized in Table 7. The mean adherence scores were highest
in the domain of other NCDs (69.9%, SD 18.5%; range
33.3%-90.5%), followed by multicomponent lifestyle
interventions aimed at changing multiple behaviors
simultaneously (61.3%, SD 22.5%; range 32.4%-96%). Apps
from the substance use domain had the lowest adherence scores
(46.1%, SD 33%; range 9.1%-84%).

Multimedia Appendix 4 [20,26-123] lists the identified
intervention-related and patient-related factors with a positive
or negative influence on adherence for each health domain in
detail. The results per health domain are summarized in the
following sections.
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Table 1. Included studies evaluating specific mobile health apps categorized by health domain (N=97).

ReferencesStudies, n (%)Health domains

[26-42]17 (18)NCDa self-management

[29-34]6 (6)Diabetes management

[37-41]5 (5)Cancer management

[26-28]3 (3)Respiratory disease management

[35,36]2 (2)Cardiovascular disease management

[42]1 (1)Medication adherence

[43-62]20 (21)Mental health

[43,44]2 (2)Anxiety

[45-53]9 (9)Depression

[54-62]9 (9)Multidisciplinary and others

[63-71]9 (9)Substance use

[63,64]2 (2)Alcohol

[65-70]6 (6)Tobacco

[71]1 (1)Multidisciplinary and others

[72-77,123]7 (7)Nutrition

[78-83]6 (6)Physical activity

[84-92]9 (9)Weight loss

[93-100]8 (8)Multicomponent lifestyle interventions

[101-109]9 (9)Mindfulness (including breathing and meditation)

[110-121]12 (12)Other NCDs

[26-121,123]97 (100)All domains

aNCD: noncommunicable disease.

Table 2. Number of participants by health domain in the included studies evaluating specific mobile health apps (N=97).

Values, rangeValues, median (IQR)Values, mean (SD)Participants, NHealth domains

10-905156 (113.5-31)888.9 (2433.3)15,111NCDa self-management

14-170981 (231.8-31)285.5 (470.1)5710Mental health

9-19,23399 (683.0-24)2337.6 (6344.8)21,038Substance use

12-12,77722 (3342-12)2173.7 (5195.1)13,042Nutrition

19-301151 (301-22)157.7 (147.5)946Physical activity

17-17650 (120.5-28.5)73.2 (54.4)659Weight loss

20-156164.5 (331.3-29.3)284.3 (531.9)2274MLIb

15-12,15146 (128-21.5)1400.9 (4031.5)12,608Mindfulness

15-18944 (59.8-20.3)54.8 (48.6)658Other NCDs

9-19,23356 (129.5-26)750.5 (2800.7)72,046All domains

aNCD: noncommunicable disease.
bMLI: multicomponent lifestyle intervention.
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Table 3. Age (years) of participants by health domain in the included studies evaluating specific mobile health apps (N=97).

Values, rangeValues, median (IQR)Values, mean (SD)Health domains

45.0-70.956.5 (64.2-52.6)57.7 (7.3)NCDa self-management

19.9-46.536.6 (40.2-33.9)35.9 (5.9)Mental health

20.5-49.944.0 (48.8-35.3)40.8 (9.6)Substance use

22.0-64.745.0 (60.0-27.2)44.0 (16.6)Nutrition

26.8-68.042.0 (63.6-38.0)47.1 (15.2)Physical activity

20.0-54.445.8 (49.6-35.2)42.5 (11.0)Weight loss

23.6-86.039.0 (48.8-34.9)43.7 (18.7)MLIb

20.2-70.942.8 (52.8-33.5)43.7 (14.7)Mindfulness

34.0-64.943.6 (55.2-36.0)45.6 (10.3)Other NCDs

19.9-86.042.9 (52.7-35.8)44.6 (12.9)All domains

aNCD: noncommunicable disease.
bMLI: multicomponent lifestyle intervention.

Table 4. Percentage of women by health domain in the included studies evaluating specific mobile health apps (N=97).

Values (%), rangeValues (%), median (IQR)Values (%), mean (SD)Health domains

0-10050.3 (82.8-31.5)53.6 (30.9)NCDa self-management

27.0-95.265.9 (72.6-58.4)64.0 (16.5)Mental health

27.7-78.050.5 (55.3-39.6)49.3 (14.1)Substance use

31.0-94.071.5 (90.5-44.4)67.7 (25.5)Nutrition

30.4-73.964.0 (73.8-50.9)60.6 (16.5)Physical activity

1.3-85.068.9 (81.0-42.5)60.7 (27.5)Weight loss

51.0-88.362.9 (78.6-60.0)66.8 (12.5)MLIb

44.8-10080.2 (94.6-55.7)76.7 (20.2)Mindfulness

19.0-10068.1 (87.5-45.8)64.0 (26.4)Other NCDs

0-10063.2 (78.9-48.0)62.0 (22.8)All domains

aNCD: noncommunicable disease.
bMLI: multicomponent lifestyle intervention.

Table 5. Intervention duration (days) by health domain in the included studies evaluating specific mobile health apps (N=97).

Values, rangeValues, median (IQR)Values, mean (SD)Health domains

30-36591.3 (180-73.5)129.1 (87.9)NCDa self-management

28-577.956 (78.8-30)97.6 (137)Mental health

14-61556 (90.5-17.6)109.2 (192.1)Substance use

7-17228 (56-21)52.5 (55.7)Nutrition

28-10081 (100-49)74.3 (28)Physical activity

56-730180 (273.8-70)214 (216.3)Weight loss

21-182.587 (91.3-33.3)79.6 (50.7)MLIb

21-36542 (202.7-29)107.1 (142.3)Mindfulness

14-36556 (159.4-31.5)111 (126.6)Other NCDs

7-73060.8 (100-30)111.4 (132)All domains

aNCD: noncommunicable disease.
bMLI: multicomponent lifestyle intervention.
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Table 6. Number of intended app interactions by health domain in the included studies evaluating specific mobile health apps (N=97).

Values, rangeValues, median (IQR)Values, mean (SD)Health domains

6-615.490 (178.5-35)141.6 (184.3)NCDa self-management

4-577.939.5 (57.5-6)64.5 (124.6)Mental health

4-170.719.1 (88.9-9)51.3 (56.2)Substance use

4-82.521 (56-10)31.8 (27.8)Nutrition

12-10067 (93.3-24)60.8 (35.3)Physical activity

52-730168 (259.3-78)210.5 (213.3)Weight loss

1-9025.7 (81-6.8)40.2 (36.3)MLIb

21-73030 (197.2-24.5)144.1 (243.8)Mindfulness

2-107.135 (65.5-5.8)39.8 (35.3)Other NCDs

1-73051 (90-20.1)90.1 (145.9)All domains

aNCD: noncommunicable disease.
bMLI: multicomponent lifestyle intervention.

Table 7. Adherence scores by health domain in the included studies evaluating specific mobile health apps (N=97).

Values (%), rangeValues (%), median (IQR)Values (%), mean (SD)Health domains

14.0-89.563.4 (72.5-25.5)53.4 (24.7)NCDa self-management

15.0-91.561.0 (83.4-32.2)56.6 (26.2)Mental health

9.1-84.024.2 (81.1-18.0)46.1 (33.0)Substance use

2.6-91.448.9 (84.3-26.8)49.1 (32.1)Nutrition

31.2-72.055.5 (71.3-39.9)54.7 (16.6)Physical activity

16.0-93.243.1 (61.6-38.2)49.1 (21.5)Weight loss

32.4-96.056.1 (81.6-42.4)61.3 (22.5)MLIb

33.3-81.966.7 (73.7-37.2)59.0 (18.5)Mindfulness

33.3-90.572.4 (87.6-53.4)69.9 (18.5)Other NCDs

2.6-96.060.4 (76.0-34.5)56.0 (24.4)All domains

aNCD: noncommunicable disease.
bMLI: multicomponent lifestyle intervention.

NCD Self-management

Factors Influencing Adherence to NCD
Self-management Apps

Diabetes Management

Intervention-related factors that positively influenced adherence
to diabetes apps included automated and passive data collection
within the app [31,34], customized reminders [31], game-based
elements [32], and human-like app characteristics [32]. Manual
data collection by users [31,34], lack of adjustment to users’
personal needs [34], and fast uptake of app activities after
initiation [34] were associated with higher intervention dropouts
and lower adherence.

Patient-related factors positively affecting adherence to diabetes
apps were the following user characteristics: low extraversion
[33], high educational level [33], openness to new experiences
[33], exacerbated history of diabetes [33,34], and recent
diagnosis of the disease [33,34]. Regarding the influence of

user age on adherence, the results were contradictory. In one of
the studies, users of older age were more adherent [34]; in
contrast, another study found that older age was associated with
weaker technology acceptance [33].

Cancer Management

Intervention-related factors that positively affected adherence
to apps targeting patients with cancer included ongoing contact
or telecoaching with health care professionals [37],
personalization of users’ needs and cultural tailoring [38,39],
and customizable reminders and notifications [39,40].
Furthermore, one of the studies showed that a continuous,
nondelayed study course positively affected adherence [40].

The following user characteristics were positively associated
with adherence: increased age, higher level of education, being
married or in a relationship, and higher self-efficacy [37,40].
Furthermore, the active employment status of the users, leading
to less available time for the intervention, was associated with
lower adherence, especially among female users [38,40].
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Respiratory Disease Management

In the context of intervention-related factors, personalization
[27], app design, and ease of use [27,28], as well as personal
contact or communication with a health care professional, were
all positively associated with adherence [27,28].

Patient-related factors included the recruitment strategy and
recruitment location. It was shown that users recruited personally
and on site were more adherent than users recruited on the web
or via social media [26]. Furthermore, the perceived health
benefits and the sense of contributing to the science of the users
were associated with better adherence [26]. The following user
characteristics were negatively related to adherence: higher BMI
[27], depression diagnosis [27], low educational level [27], and
low smartphone literacy [28].

CVD Management

User interactions with the app through gamification, primarily
through a personalized feedback and reward system, were
associated with better adherence to apps targeting CVD
self-management [36]. In addition, easy communication and
data exchange between users and their health coaches positively
affected adherence [35].

Patient-related factors that positively affected adherence were
the user characteristics of hypertension diagnosis [122] and the
high clinical demand of the patient [36]. Lack of technical
experience with mobile devices and advanced age of patients
were associated with lower adherence [35].

Medication Adherence

One of the studies using an app targeting medication adherence
related to various NCDs did not include information about
dedicated factors influencing adherence [42].

Quantitative Analysis of NCD Self-management Apps
Across the 5 considered subdomains, the mean adherence score
was highest for one app targeting medication adherence (89.5%),
followed by the subdomains cancer management (61.4%, SD
19.6%), respiratory disease management (52.7%, SD 21.5%),
diabetes management (44.9%, SD 28.6%), and CVD
management (41.5%, SD 28.9%). On average, adherence to
mHealth apps targeting NCD self-management was 53.4% (SD
24.7%) across all the 5 health domains.

There was a strong positive, significant correlation between
adherence score and the average age of study participants
(r=0.624; 16/97, 16%; P=.01), which is consistent with the
results of the 2 included publications [34,37]. There was no
significant correlation between the level of personal support
(rs14=0.150; P=.58) or gender (r=0.037; 16/97, 16%; P=.89)
and adherence scores across studies targeting NCD
self-management.

Mental Health

Factors Influencing Adherence to Mental Health Apps

Anxiety

Compared with manual data collection by users, passive data
collection was identified as an effective intervention-related
factor in improving adherence in one of the studies [43]. It was

also reported that technical problems negatively affected
adherence and that iOS users had lower adherence than Android
users [43].

Depression

The following intervention-related factors were positively linked
with adherence to mHealth apps targeting depression: alternating
intervention components and immediate feedback to maintain
participant attention [49,52]; individualized features such as
personalized representation of intervention progress,
encouragement, and daily health tips [47]; offline app
functionality and data plan independence [50]; a user-friendly
and visually appealing app layout (eg, using a large font or
highlighting essential app elements on the home screen) [53];
and evidence-based problem-solving therapies and content [47].
In contrast, a long study duration [49], competitive effects from
other apps [50], and declining interest because of waiting times
[47] were negatively linked to adherence.

The following user characteristics had a positive impact on
adherence: local recruitment [45], ethnic minority background
[48], and female gender [49]. In contrast, other characteristics
negatively influenced adherence, including Latin America as a
geographical origin [47], privacy concerns [47], low income
[47], poor baseline depression [48,50] or anxiety, married
relationship status [48], and lack of time [53]. In addition,
remote recruitment (eg, via a web-based form [45,51]) was
identified as a patient-related factor that negatively influences
adherence.

Multidisciplinary and Others

The included studies identified individual functions that had a
positive impact on adherence, such as crisis plans [58];
self-monitoring and visualization features [56]; tracking of
stressful events [58]; tracking mood states with interactive mood
charts [58]; visual feedback with personalized graphics
interchange format images [62]; and dashboards with
information on activity, sleep quality, mood development, and
heart rate [61]. In addition, reminders through customizable
push notifications were associated with better adherence [62].
Furthermore, the integration of health care professionals was
positively linked to adherence [57]. Another study showed that
integrating multiple intervention components and avoiding
repetition and monotony had a positive impact on adherence
[58]. Finally, lack of time for implementation and technical
problems were negatively linked to adherence [58].

Patient-related factors positively influencing adherence included
the following user characteristics: high IQ [56], increased age
[58], increased risk of suicide [60], general interest in the app
[54], and a trusting relationship between the person being treated
and the organization providing the intervention [55]. In contrast,
the following user characteristics negatively affected adherence:
long treatment history [54], critical pre-existing conditions (eg,
chronic psychotic illness [54]), increased overall mental health
burden [56], increased mania-like symptoms [56], privacy
concerns [57], or a perceived lack of usefulness of the app [58].
In addition, it was found that the app may lead to an unwanted
reminder of one’s condition, which negatively affects adherence
[58].
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Quantitative Analysis of Mental Health Apps
The mean adherence score for the mental health apps was 56.6%
(SD 26.2%). The mean adherence scores for apps offering
support for anxiety, depression, and other mental health
conditions were 67.4% (SD 33.8%), 45.3% (SD 28.1%), and
65.6% (SD 20.93%), respectively.

Regarding the positive effect of incorporating personal support
from health care professionals into the intervention reported by
Steare et al [57], the correlation between adherence score and
the level of personal support for mental health apps, in general,
was nonsignificant (rs17=0.230; P=.33). Compared with the
qualitative data synthesis regarding the relationship between
adherence score and average age [58], as well as the gender of
student participants [49], no significant relationships were found
quantitatively (r=0.096; 19/97, 20%; P=.70, and r=−0.149;
20/97, 21%; P=.53, respectively). Regarding the negative effect
of long study durations [49], the correlation between adherence
score and intervention duration in days was nonsignificant
(r=−0.127; 20/97, 21%; P=.60). Compared with the difference
between the iOS and Android operating systems mentioned in
the qualitative analysis [43], the differences between the
adherence score and smartphone operating system (rs17=0.450;
P=.05) were likewise positive in the quantitative analysis.

Substance Use

Factors Influencing Adherence to Substance Use Apps

Alcohol

Reminders in the form of daily push notifications were
associated with better adherence [63]. Furthermore,
personalization and customized content and features were
positively linked to adherence [64]. A study also showed that
gamification and gamified elements such as levels or rewards
positively affected adherence [64]. Finally, variations and
options in app design and offer within the app positively affected
adherence [64].

The following user characteristics positively affected adherence
as patient-related factors: female gender, low-risk alcohol
consumption, high education level, reduced substance use, and
increased age [64]. Doubts about efficacy and forgetfulness had
a negative influence [64].

Tobacco

It was found that reminders in the form of daily push
notifications positively affected adherence [69]. In addition,
personalization and customized content in the app had the same
impact [70]. The integration of and interaction with human
coaches were positively associated with adherence [69].
Furthermore, the included studies found some specific features
that increased adherence: tracking functions for self-monitoring
(eg, as a diary [68,69]), a craving toolbox [69], all-general
advice on quitting, and functions for stress and mood
management [70].

Regarding patient-related factors, adherence was positively
influenced by the following user characteristics: lower initial
acceptance of cravings [67], younger age [66], and minimum
level of digital skills among users [66].

Multidisciplinary and Others

One of the studies showed that the inclusion of several feedback
modules is an effective technique for increasing adherence [71].
Otherwise, the included studies did not provide further
information on factors influencing adherence [71].

Quantitative Analysis of Substance Use Apps
On average, the mHealth apps for substance use had an
adherence score of 46.1% (SD 33.0%). Apps targeting alcohol
use had a higher adherence score (51.5%, SD 38.6%) than those
targeting tobacco use (38.0%, SD 32.7%). An app that combined
both health behaviors had an adherence score of 83.4%.

Regarding the positive effect of incorporating human coaching
into the intervention reported by Webb et al [69], the correlation
between adherence score and the level of personal support for
substance use apps, in general, was not significant (rs6=0.126;
P=.77). Compared with the qualitative data synthesis in terms
of the relationship between adherence score and average age
[64,66] and gender of study participants [64], no significant
relationships were found quantitatively (r=−0.094, 9/97, 9%,
P=.81 and r=0.394, 9/97, 9%, P=.30, respectively).

Nutrition

Factors Influencing Adherence to Nutrition Apps
Personalization of the intervention and certain app functions
(personalized overview features of daily goals, recipe
suggestions, lookup sections, camera or photograph-taking
functions, and barcode scanners) were associated with better
adherence to apps targeting nutrition [73,74,76]. Moreover,
customized reminders and notifications and the integration of
gamification elements combined with incentives enhanced
engagement [73]. App handling and user-friendliness further
positively influenced adherence [73,76]. The included studies
pointed out the importance of the onboarding process, whereas
enrollment methods with personal contact [123] had a positive
impact, as well as appropriate guidance and tutorials at the
beginning [73]. In addition, a relationship between uptake of
the intervention activities and adherence was found, whereas
starting the intervention on mornings and weekdays, in contrast
to weekends, had a positive effect on the use of the mHealth
app [75]. Finally, technical difficulties negatively affected
adherence [72,73].

Several user characteristics had a positive influence. These were
employment at a university [77], female gender [74], high degree
of dietary preferences [75], and time and cognitive capacity
devoted to the app [75]. The results were inconsistent concerning
the age of the user. One of the studies associated older age with
more adherence [74], whereas another showed the opposite
[73].

Quantitative Analysis of Nutrition Apps
On average, the mHealth apps for nutrition had a mean
adherence score of 49.1% (SD 32.1%). The positive effect of
the inclusion of personal communication with health care
professionals [73,75,123] was confirmed quantitatively, and
the correlation between the adherence score and the level of
personal support during the study period was strongly positive
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and significant (rs4=0.878; P=.02). Regarding the relationship
between adherence score and age [73,74] and gender of study
participants [74], no significant relationships were found
quantitatively (r=−0.143; 7/97, 7%; P=.79, and r=0.234; 6/97,
6%; P=.66, respectively).

Physical Activity

Factors Influencing Adherence to Physical Activity Apps
Of the 6 included studies targeting physical activity, 2 (33%)
showed that customizable push notifications positively affected
adherence [79,83]. In addition, the intervention-related factor,
gamification, was associated with higher engagement [79].
Furthermore, social features, such as competitions, social
comparison, and challenges, positively affected adherence
[80,83]. In addition, personalization and customization were
positively linked to adherence, especially customizable app
functions regarding exercise plans, nutrition suggestions, and
calorie lists [79,80,83]. Personal communication with and
integration of health care professionals positively affected
adherence [82]. Finally, technical difficulties negatively affected
adherence [78].

The following user characteristics positively affected adherence:
age [79], healthy BMI [79], and a positive attitude toward
technology [78]. In contrast, users with increased disease
severity, depressive symptoms, low quality of life, and poor
access to transportation showed worse adherence [78]. In
addition, privacy concerns and a lack of perceived benefits
negatively influenced adherence [82].

Quantitative Analysis of Physical Activity Apps
On average, mHealth apps for improving physical activity had
an adherence score of 54.7% (SD 16.6%). Regarding the positive
effect of personal communication with health care professionals
in the intervention [82], the correlation between the adherence
score and level of personal support during the study period was
not significant (rs3=0.289; P=.64). Compared with the qualitative
data synthesis regarding the relationship between adherence
score and average age [79], no significant correlations were
found quantitatively (r=0.047; 6/97, 6%; P=.93).

Weight Loss

Factors Influencing Adherence to Weight Loss Apps
The included studies focusing on weight loss apps identified a
positive influence of reminders in the form of push notifications
on adherence [88,92]. Just-in-time intervention components
were associated with better adherence [87]. The same was found
for newsfeeds with social components [88]. The studies
highlighted that personal contact and integration of health care
professionals positively influenced adherence [84,85,91].
Moreover, a correlation was found between high adherence and
unlimited digital access via the app, as well as providing a data
plan with no supplementary costs [89].

Several studies further identified the following user
characteristics as patient-related factors to be positively linked
to adherence: rural population [85], positive expectations
regarding the intervention [88], prior experience with mHealth
apps [88], a high sense of responsibility [86], and reinforcements

through personal environment [85]. In contrast, dislike of the
study equipment [86] and depression symptoms [89] adversely
affected adherence.

Quantitative Analysis of Weight Loss Apps
On average, the mHealth apps for weight loss had an adherence
score of 49.1% (SD 21.5%).

Regarding the positive effect of incorporating personal
communication with health care professionals into the
intervention [84,85,91], the quantitative analysis did not reveal
a significant correlation (rs7=0.174; P=.65).

Mindfulness

Factors Influencing Adherence to Mindfulness Apps
As most mindfulness apps that met the inclusion criteria of this
review did not distinctively aim to treat a chronic mental
condition but rather to increase well-being and reduce
work-related stress, we categorized them as a separate category.
Factors identified in the mindfulness domain may still be
relevant for the mental health domain, as mindfulness-based
therapy has been cited as a promising intervention for treating
anxiety and depression in previous research [124].

The included studies reported that automated and interactive
data collection and processing positively affected adherence
[101,106]. The studies also showed that customizable features
such as tracking stress and mood [109], visualizing personal
progress, and immediate feedback positively affected adherence
[103]. In addition, using in-app tutorials or video content was
associated with better adherence [103]. Furthermore, time and
place influenced adherence: users who used the app in the
evening and at home were more adherent in the long term
[106,107]. In contrast, extensive app interactions and lack of
variety in the app content harmed adherence [107].

Regarding patient-related factors, the studies identified the
following user characteristics to be positively related to
adherence: increased age [102,108], positive expectations toward
the app [106,108], intrinsic motivation [108], and a current
physical diagnosis [106] in contrast to a mental health diagnosis.

Quantitative Analysis of Mindfulness Apps
On average, mHealth apps related to mindfulness had an
adherence score of 59.0% (SD 18.5%). Regarding the positive
relationship between adherence score and average age [102,108],
the quantitative analysis also yielded a moderately positive but
nonsignificant correlation (r=0.404; 9/97, 9%; P=.28).

Multicomponent Lifestyle Interventions

Factors Influencing Adherence to Multicomponent
Lifestyle Intervention Apps
Approximately 8% (8/97) of studies targeted mHealth apps
focusing on multiple lifestyle behaviors (mostly a combination
of physical activity, diet, weight loss, and sometimes sleep,
stress, or headaches).

The included studies reported that the integration of health care
professionals during the intervention, app usability, and language
positively influenced adherence [95,98]. However, it was also
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shown that social networking and competition through social
comparison in terms of physical activity level had a positive
impact only if individuals had a healthy BMI [97]. In addition,
app features such as audiovisual presentation of health-related
information or reminders in the form of push notifications
positively affected adherence [93,98]. Finally, personalization
and tailoring of the app to customized needs (eg, through
gamification) had a positive impact on adherence [97,98].

In addition to these factors, the following characteristics also
positively affected adherence: increased age [95,100] and trust
in the health care professionals of the intervention [95,100].
Finally, other characteristics negatively affected adherence.
These included the lack of engagement of other participants in
social comparison features [97], negative emotions related to
self-monitoring during periods of weight [97], shift work
schedules [98], and technical difficulties in using the app [93].

Quantitative Analysis of Multicomponent Lifestyle
Intervention Apps
On average, mHealth apps targeting multicomponent lifestyle
interventions had an adherence score of 61.3% (SD 22.5%).

The positive effect of integrating health care professionals as
personal support into the intervention [95,98] could not be
analyzed quantitatively as none of the included multicomponent
lifestyle interventions offered consistent, continuous support
by health care professionals (only during the onboarding phase).
Regarding the mentioned positive relationship between
adherence score and average age [95,100], the quantitative
analysis also yielded a moderately positive but nonsignificant
correlation (r=0.416; 8/97, 8%; P=.31).

Other NCDs

Factors Influencing Adherence to Other NCD Apps
In a study on an mHealth app treating insomnia, better adherence
was linked to ease of use and the easiness of therapy directives
[110]. Another study on insomnia treatment found that easy
access and reminder options or notifications had a positive
impact [113]. In the field of chronic pain management and
interventions, a study found a positive impact on adherence to
microinteractions [111]. It was also shown in the same field
that personalization had a positive impact [112]. In a study on
the care of advanced chronic kidney disease, the integration of
complementary visits to health care professionals or to a clinic
showed a positive impact on adherence [117]. Furthermore,
blood pressure and test result features and an automatic
integrated transfer of blood pressure readings had a positive
impact [117].

Regarding patient-related factors, a study on the treatment of
irritable bowel syndrome showed that the simultaneous use of
other technical devices positively affected adherence. Another
study showed that high anxiety scores negatively affected
adherence [119]. A study on the effects of a long-term
smartphone-based self-monitoring intervention in patients with
lipid metabolism disorders found that older age had a positive
impact on adherence. In contrast, low acceptability, lack of time,
health problems, and lack of motivation had a negative impact
[118]. The user characteristic of the female gender positively

influenced adherence in a study about an app for a lower leg
physical activity intervention for individuals with chronic venous
leg ulcers [114]. Furthermore, in a study on an mHealth app
targeting inflammatory bowel disease, it was found that old age,
low level of education, and lack of perceived usefulness
negatively affected adherence [115].

Quantitative Analysis of Other NCD Apps
On average, mHealth apps categorized in the domain of other
NCDs had an adherence score of 69.9% (SD 18.5%). Regarding
the positive effect of complementary visits to health care
professionals for the care of chronic kidney disease [117], the
correlation between the adherence score and the level of personal
support during the study period was nonsignificant (rs10=0.290;
P=.36). The quantitative analysis supports the finding that
female participants are more adherent [118] to some degree, as
the correlation between the adherence score and mean
percentage of female participants was moderately positive but
nonsignificant (r=0.385; 12/97, 12%; P=.22). Regarding the
relationship between adherence score and average age [118],
the quantitative analysis yielded conflicting results (r=−0.619;
12/97, 12%; P=.03).

Multi-Domain Review
One of the two included systematic reviews featured a
multi-domain review focusing on uptake and engagement with
mHealth apps in various health domains [20]. First, it showed
a positive impact of goal setting, reward offerings,
complementary web access, coping games, and self-monitoring.
In addition, the low cost of the app helped increase acceptance
[20].

The external influence of using an app through health care
professionals, friends, and family or by reading user reviews
was outlined as having a positive influence. Furthermore,
community networking and the connection between the app and
health professional support had a positive influence [20]. The
study also found the following user characteristics to be
positively linked to adherence: female gender, aged <44 years,
living in urban areas, good educational level, high income,
curiosity, higher health literacy, and app awareness [20]. In
addition, interactivity, an established routine to use the app, and
customization of the app had a positive impact [20]. In contrast,
cognitive overload and unmet expectations negatively influenced
adherence [20].

Explorative Analysis of Adherence Scores
To gain further insights into the universal applicability of the
results identified in individual health domains, a quantitative
analysis was conducted on the total number of primary studies
included. The analysis revealed a positive correlation between
adherence score and level of personal support during the study
period (rs91=0.199; P=.06). With respect to various user
characteristics, the quantitative analysis did not find significant
differences in either average age (r=0.105; 94/97, 97%; P=.32)
or gender distribution (r=−0.031; 95/97, 97%; P=.77).
Furthermore, no significant quantitative differences were found
between healthy participants and participants with chronic
diseases (rs95=−0.049; P=.63). A quantitative comparison of
studies with monetary incentives and those without such
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incentives also revealed no significant effect on adherence scores
(rs92=0.000; P=.99). However, the monetary value of the
incentive, measured in US dollars, had a significant effect on
the adherence score (r=0.465; 30/97, 31%; P=.01). Apps that
were only offered in the context of scientific studies had a
significantly higher adherence score than those that were
publicly available via app stores (rs95=0.324; P=.001). The
quantitative analysis did not find any significant differences
between Android and iOS with regard to the adherence score
(rs83=0.019; P=.87). Furthermore, the quantitative analysis
showed a higher adherence score for apps developed by private
app development companies than for those developed by public
institutions or research groups (rs95=0.164; P=.11). The
correlation between adherence score and intervention duration
(r=−0.138; 97/97, 100%; P=.18) was negative but positive in
relation to the number of intended app interactions per day
(r=0.176; 97/97, 100%; P=.09). The comparison of adherence
scores and the total number of intended app interactions
(r=0.040, 97/97, 100%; P=.70) yielded no significant results.
Studies with a higher number of app users had significantly
lower adherence scores (r=−0.228; 96/97, 99%; P=.03).

Discussion

Intervention-Related Factors Influencing Adherence
Regarding the first research question, the intervention-related
factors described in the following sections were identified most
frequently across all health domains, suggesting universal
applicability to increase mHealth app adherence relative to the
intended use.

User-friendliness and Technical Stability
Approximately 18% (17/97) of studies from 6 health domains
cited a user-friendly app design or technical stability as criteria
for increased app use [27,28,43,50,53,58,72-74,76,78,
93-95,110,113,115,116]. The term user-friendliness describes
a software interface that enables a simple, clean, intuitive, and
reliable user experience (UX). App developers can thus promote
adherence by making the app easy to use and providing a
compelling and visually appealing app design (eg, by using
sufficiently large fonts or highlighting essential app elements)
[53]. Technical problems can be reduced through closed beta
tests while optimizing the UX through user interface or UX
design changes before app release. Accordingly, the quantitative
analysis revealed higher adherence scores for apps created by
private app development companies, which may have more
technical expertise in developing and publishing apps than
public institutions or research groups. Quantitative analysis also
revealed higher adherence scores for apps developed by private
companies, which may have more expertise across the value
chain than public institutions or research groups. As most of
the included mHealth apps had a pilot character (ie, developed
by small academic teams with no or only short testing periods),
it can be assumed that the current body of mHealth apps does
not yet realize its full potential in terms of usability and technical
stability, thus indicating the potential to improve adherence.

Personalization, Customization, and Tailoring
Approximately 16% (16/97) of studies from 8 different health
domains reported a positive impact of personalized content on
adherence [27,38,39,58,62,64,66,73,74,76,83,85,91,97,98,113].
This included individualized app features (such as a crisis plan),
metrics, visualizations based on individual user data (eg,
displaying intervention progress), personalized feedback and
health suggestions, and individualized app content tailored to
the needs and characteristics of users. These findings align with
previous reviews that have summarized that an individualized
app positively influences user engagement [20,125].
Accordingly, developers of mHealth apps should consider the
target group’s characteristics and needs in the app design process
and ideally make the app tailored to a specific user group,
personalized to the individual, and customizable.

Individualized Reminders
In 13% (13/97) of studies across 8 different health domains,
reminders, primarily realized through push notifications, were
highlighted as an effective method of improving adherence to
mHealth app interventions [31,39,40,62,63,69,73,79,
83,88,92-94,113]. Essential to the success of this technique is
the consideration of users’ individual needs in terms of their
schedule, as a user’s lack of time undermines adherence
[38-40,53,58,118]. Ideally, users receive reminders when they
are in a state of receptivity, which has also been suggested by
previous research on just-in-time-adaptive interventions
[126,127]. In this regard, working and leisure time schedules
should be considered, and the timing of reminders should be
adapted accordingly, particularly when patients are in the
privacy and comfort of their homes. A recent review reported
that reminders are helpful for people with busy schedules and
when they are forgetful but also mentioned the risk that push
notifications can threaten users’ social identity if they are
received at an inappropriate time or place [20]. Therefore, users
should be able to customize the reminders and adapt them to
their circumstances.

Personal Support From Health Care Professionals
In 12% (12/97) of studies from 8 different health domains,
personal support from a health care professional during the
intervention was cited as a reason for improved adherence
[28,35,37,57,69,82,84,91,95,98,117,123]. In this context, the
integration of health care professionals past the initial app
onboarding can be realized in various ways, including regular
clinic visits, complementary telephone support, and
communication options with health care professionals integrated
into the app. In addition, apps can facilitate communication
between patients and health care professionals through
automated data exchanges. Quantitative analysis revealed a
positive correlation between adherence and level of personal
support during the study period for all health domains, which
was also confirmed by previous studies [20,128]. Consequently,
it can be assumed that hybrid systems that combine automated
app content with elements of human support achieve higher
adherence rates than those achieved by interventions without
human support. Although the ideal ratio between
human-computer interactions and sole human interactions in
mHealth app interventions remains to be explored, new
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technologies such as conversational agents show promising
results in simulating personal support without the need for
human support and may enable increased levels of automation
[129-132].

Elements of Gamification and Social Features
Elements of gamification were described as effective in
increasing adherence in 12% (12/97) of studies across 6 different
health domains [32,36,47,49,52,64,73,78-80,83,97,98]. These
elements included levels, reward systems, social characters,
contests, and leaderboards. This aligns with other reviews that
list rewards and games as factors that positively affect adherence
[20,125]. However, although game elements such as social
competitions may increase engagement by encouraging others,
the idea of defeating peers may also have a negative influence
[20]. In 6% (6/97) of studies from 5 health domains, social
features were found to positively affect adherence; for example,
in the form of social networks, contests, leaderboards, or
newsfeeds with social components [52,73,75,83,88,97].
However, social components should be included with caution
and ideally tested, as social comparison with less-motivated
participants can also harm adherence [97]. Accordingly, a recent
review concluded that social contests increase engagement but
may also have a negative effect [20]. In general, this study
supports previous research outlining the positive effects of
gamification and social features on DHIs [133-141].

Passive and Automated Data Collection, Processing, and
Transmission
The positive influence of passive and automated data collection,
processing, and transmission was reported in 5% (5/97) of
studies from the health domains NCD self-management [31,34],
other NCDs [117], mindfulness [101], and meditation [106].
Thus, developers can increase adherence by automating
repetitive tasks to reduce user burden. In this regard, developers
are advised to use smartphone sensor technology (eg, a camera
to capture food data or accelerometer data to capture physical
activity) and complementary devices (eg, a smartwatch to
measure heart rate) to remove the repetition and monotony of
intervention tasks, which are listed as reasons for nonadherence
[58,60,70].

Monetary Incentives
Monetary incentives such as vouchers, lottery tickets, or direct
cash contributions were given to participants in 31 of the 97
included primary studies [30,33,44,45,47,48,51,53,56,61,
62,64,65,68-72,77,81,88,90,98,101,104-106,108,109,114,116].
However, the qualitative synthesis did not yield results regarding
the effect of such monetary incentives as an additional
intervention component on adherence. The quantitative
comparison between studies with monetary incentives and those
without such incentives also found no effect on adherence.
However, the monetary value of the incentive, measured in US
dollars, had a significantly positive effect on adherence scores.
In the context of these findings, app developers may consider
whether monetary incentives are helpful and the level of
compensation that is sufficient to achieve a relevant effect.

Other Intervention-Related Factors
Other notable intervention-related factors included integrating
an app tutorial [73,103], presenting information in audiovisual
formats [98], and offering a large variety of app content [64].
Approximately 3% (3/97) of studies also noted financial costs
(eg, data plan use) as a barrier to adherence [20,89,92].
Therefore, developers may want to consider offering their
mHealth app free of charge and only transferring large amounts
of data when the device is connected to a wireless network.
Other studies in this review also reported that time delays within
the intervention, long intervention durations, low engagement
of other participants, and competitive effects of other mHealth
apps were associated with low adherence. The included studies
also outlined data protection and user privacy as positively
affecting adherence [20,47,57,82], which aligns with previous
research calling developers to create robust and transparent
mHealth apps that satisfy security and privacy demands to foster
user acceptance and trust [142-145].

Patient-Related Factors Influencing Adherence
Regarding the second research question, the patient-related
factors described in the following section were identified.

Characteristics of Study Participants
Approximately 43% (42/97) of studies from 9 different health
domains reported a wide variety of user characteristics that
affect adherence, including age, gender, place of residence,
marital status, health status, treatment history, education,
employment status, income, and work hours
[26-28,33-38,40,47-50,54,56,58,60,64,66,67,73-75,77-79,
85,86,88,89,95,98,100,102,106,108,114,115,118,119,122]. The
quantitative analysis did not reveal significant effects of average
age, gender distribution, or pre-existing conditions on adherence
across all included apps. Consequently, the results from previous
reviews, which indicate higher engagement among female or
younger users, could not be replicated [20,125]. The specific
health domains of NCD self-management and other NCDs
showed a significant correlation between adherence scores and
the average age of study participants, with the first one being
positive and the latter being negative. Further research is
required to understand the effects of sociodemographic
characteristics and health status on adherence to mHealth apps.
The findings of this study suggest that these effects may vary
depending on the targeted health domain.

User characteristics associated with a low adherence were lack
of technical competence, lack of health literacy, and lack of
experience with mHealth apps, which could potentially be
improved through preintervention training. Other negative
factors, such as privacy concerns, low expectations of the app,
and low trust in the health care professionals conducting the
intervention, could potentially be challenged through personal
communication in the onboarding phase (eg, by discussing the
privacy policy or outlining intervention benefits). As lack of
time on the users’ side was referenced to negatively affect
adherence [53,58,107,118], helping patients with time
management might also have a positive effect.

J Med Internet Res 2022 | vol. 24 | iss. 5 | e35371 | p.106https://www.jmir.org/2022/5/e35371
(page number not for citation purposes)

Jakob et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Type of Participant Recruitment
In 4% (4/97) of studies from the fields of NCD self-management
[26], mental health [45,51], and nutrition [123], the user
recruitment channel was mentioned as a relevant factor affecting
adherence. Users who were made aware of the intervention on
the web (eg, via social media) had lower adherence than users
recruited locally and in person. This could explain why apps
that were only offered in the context of studies on personal
onboarding processes had significantly higher adherence scores
than those publicly accessible via app stores. As the mHealth
sector further matures and more mHealth apps are made
available to the public via app stores, this factor might have an
increasingly negative effect on overall adherence. Developers
may overcome this issue by optimizing the UX of their mHealth
app in the onboarding phase. As highlighted previously, offering
personal support from health care professionals before and
during the onboarding process is likely to increase adherence.

Adherence Scores Across Health Domains
Regarding the third research question, this review outlined the
differences between health domains in terms of adherence
scores. The adherence score of all 97 included mHealth apps
averaged 56.0% (SD 24.4%), representing a generally higher
adherence level to mHealth apps than previous research suggests
[9,10,146]. This could be attributed to the fact that some studies
excluded participants who did not perform a certain level of
activity (eg, downloading the app). Regarding the short
intervention periods with a median of 60.8 days, it is
questionable whether the included health apps could reach
similar adherence scores in more prolonged studies. Adherence
scores by health domain were highest for the other NCDs
(69.9%, SD 18.5%), a heterogeneous group of mHealth apps
targeting less common NCDs such as intestinal and renal
disease, insomnia, pain, venous leg ulcers, and dyslipidemia.
Multicomponent lifestyle interventions aimed at changing
multiple behaviors simultaneously (61.3%, SD 22.5%) had the
second-highest adherence scores, whereas apps targeting
substance use had the lowest (46.1%, SD 46.1%). The relatively
low adherence levels of mHealth apps treating substance use
could be explained by the nature of their intervention design,
making it difficult to differentiate between nonadherent users
and users who stopped using the app after a successful behavior
change. Another explanation could be that substance use
disorders are comorbid with depressive disorders. Several
qualitative findings indicate that symptoms or a diagnosis of
depression negatively affect adherence [27,48,50,78,89]. This
also aligns with our findings that apps offering depression
support had an even lower average adherence score of 45.3%
(SD 28.1%).

Another explanation and potential bias for the difference in
adherence scores are asymmetric distributions of trials compared
with real-world applications within health domains, represented
by the mean number of participants (substance use 2337.6, SD
6344.8; multicomponent lifestyle interventions 284.3, SD 531.9;
and other NCDs 54.8, SD 48.6). In general, studies with a higher
number of participants had significantly lower adherence scores
(r=−0.228; 96/97, 99%; P=.03). Furthermore, apps that were
only offered in the context of scientific studies had a

significantly higher adherence score than those publicly
available via app stores (rs95=0.324; P=.001). Surprisingly, these
differences could not be explained by longer study duration
(r=−0.138; 97/97, 100%; P=.18) or the number of intended app
interactions (r=0.040; 97/97, 100%; P=.70). Thus, our study
supports and provides quantitative evidence for previous
findings outlining engagement within trials to significantly
differ from real-world applications [147-149]. Further real-world
longitudinal studies are necessary to explain these differences.

Although calculating an adherence score as the ratio between
intended and actual use has several limitations, this exploratory
approach enabled the quantification and comparison of
adherence across different mHealth apps to a reasonable extent.
The quantitative analysis of adherence scores yielded few
significant results but fit qualitative findings regarding positive
or negative influences on adherence in most instances, which
supports the potential validity of the concept.

The results of explorative analysis based on adherence scores
should be considered cautiously. Although we did not find a
significant correlation between study duration or the number
of intended app interactions and the adherence score, it is
possible that other factors, such as patient characteristics, could
influence adherence. Further research is needed to establish
effective adherence measures. By reporting this novel quantified
measure of adherence for individual studies and collectively for
defined health domains, we hope researchers will test and
challenge our approach, potentially developing more effective
measures that help us quantify adherence and make it
comparable across heterogeneous groups of mHealth apps.

Limitations
This study had several limitations. The first limitation is the
heterogeneity of the included studies. The studies differ in terms
of the characteristics of the target populations (eg, type of
pre-existing condition, age, gender, education level,
comorbidities, employment status, and experience with mobile
technologies) and study duration (a few weeks to over a year).
In addition, mHealth apps within the studies and their intended
use varied significantly. The problem of the undiversified reach
of mHealth interventions, predominantly including female and
White participants living in high-income countries [150], also
accounts for this study. Approximately 90% (87/97) of these
studies were conducted in North America, Australia, or Europe.
Similarly, women were overrepresented, with an average
proportion of 62% (SD 22.8%). Most included studies had a
pilot character, with 80% (77/96) of the studies including <200
participants and 73% (71/97) of the studies having a duration
of <100 days. Whether individual study results can be replicated
in more controlled and longitudinal studies in the future is
questionable. In addition, there were differences in terms of
additional monetary incentives and the level of personal support
complementary to the use of mHealth interventions. Moreover,
the mHealth apps investigated in the studies showed substantial
heterogeneity in their goals (eg, increasing physical activity and
reducing tobacco consumption). Overall, this limited the
generalizability of our results.

This limitation was overcome by categorizing the results into
different health domains. However, mHealth apps also exhibited
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key differentiating characteristics within their health domain,
such as their stage of development (prototype vs established
app), developer (nonprofit vs private company), the use of
peripheral devices (eg, a smartwatch for passive data collection),
app features (eg, social features such as leaderboards and
elements of gamification), or the level of quality (eg, in terms
of the user interface, UX, or technical stability). Another
limitation is that few studies considered individual intervention
components separately and evaluated their effectiveness, which
complicates the identification of intervention-related factors. A
further limitation of this study is the inclusion of nonrandomized
studies, which, on the one hand, allowed a more extensive
consideration of objective app use data but, by contrast,
precluded conducting a risk of bias assessment.

The calculation of adherence scores as the ratio between
intended and actual use also implies some noteworthy
drawbacks. The intended use of the mHealth app, which was
derived from the study design or study author comments, was
also heterogeneous and differed depending on the mHealth app
design (eg, tracking daily symptoms or completing a certain
number of coaching sessions), interaction frequency (eg, daily
or weekly), and interaction duration (weeks to years).
Furthermore, the intended use was rarely justified by applying
theory, evidence, or rationale, which has also been addressed
in previous studies [13]. In some instances, the intended use
could be derived from the intervention design; however, many
studies had to be excluded as the app’s intended use was unclear
or not stated at all. However, it can be positively highlighted
that the actual mHealth app use extracted for the adherence
score was based on objective app use data in approximately
96% (92/96) of cases.

Conclusions
This study contributes to the scarce scientific evidence on factors
influencing adherence to mHealth apps and is the first to derive
quantified adherence scores for various health domains to
validate qualitative findings and explore adherence benchmarks.

This paper contains various detailed presentations of the central
results. The most detailed presentation of adherence factors
extracted from individual studies is outlined in Multimedia
Appendix 4. We further classify the factors within the defined
health domains and report the results collectively. Finally, we
discuss the most common factors influencing adherence across
all the health domains. As mHealth apps within health domains
remain heterogeneous, we encourage readers to always consider
information from the corresponding individual studies outlined
in Multimedia Appendix 4 when implementing their
interventions according to the factors reported in this review.

Our findings indicate that the following intervention-related
factors positively influence mHealth app adherence:
user-friendly and technically stable app design, customizable
push notifications, personalized app content, passive data
tracking, an integrated app tutorial, offering the app free of
charge, and the integration of personal support into the mHealth
app. Furthermore, gamification and social features show
promising effects but may be limited to specific health domains.
Time delays within the intervention, long intervention durations,
low engagement of other participants, and the competitive
effects of other mHealth apps were associated with low mHealth
app adherence.

Regarding patient-related factors, the following user
characteristics were associated with low mHealth app adherence:
lack of technical competence, low health literacy, low
self-efficacy, low education level, mental health burden, lack
of experience with mHealth apps, privacy concerns, low
expectations of the app, low trust in health care professionals
conducting the intervention, and lack of time on the users’ side.
Age, gender, and pre-existing condition were frequently
mentioned factors but differed across and sometimes conflicted
within the health domains. Furthermore, personal user
recruitment appeared to positively influence adherence as
opposed to web-based user recruitment.

The adherence score of the 97 included mHealth apps averaged
56.0% (SD 24.4%). Adherence scores were highest for mHealth
apps targeting less common NCDs such as intestinal and renal
disease, insomnia, pain, venous leg ulcers, and dyslipidemia.
Multicomponent lifestyle interventions had the second-highest
adherence scores, whereas apps targeting substance use had the
lowest. Exploratory analysis of adherence scores revealed
quantitative evidence for higher adherence rates within trials
than in real-world applications.

Overall, research on the factors that positively or negatively
influence adherence to mHealth apps is still limited. The
underlying studies often had a pilot character with a short study
duration, and the implementation of techniques was inconsistent.
As most mHealth apps contain multiple intervention
components, causal statements about individual factors are not
possible and require more controlled and longitudinal studies
in the future. To facilitate future research on mHealth app
adherence; researchers should clearly outline and justify the
app’s intended use, report objective data on actual use relative
to the intended use; and ideally, provide long-term use and
retention data. Further research is needed to establish effective
adherence measures.

 

Acknowledgments
This study was partially supported by the Federal Office of Public Health of the Swiss Confederation and CSS Insurance,
Switzerland. This research was also partially supported by the National Research Foundation, Prime Minister’s Office, Singapore,
under its Campus for Research Excellence and Technological Enterprise Program and was partly conducted at the Future Health
Technologies program, which was established collaboratively between the Swiss Federal Institute of Technology in Zürich and
the National Research Foundation Singapore. This research was supported by the National Research Foundation, Prime Minister’s
Office, Singapore, under its Campus for Research Excellence and Technological Enterprise Program. The Federal Office of Public

J Med Internet Res 2022 | vol. 24 | iss. 5 | e35371 | p.108https://www.jmir.org/2022/5/e35371
(page number not for citation purposes)

Jakob et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Health, CSS Insurance, and the National Research Foundation had no role in the study design, data collection, data analysis and
interpretation, writing the manuscript, or reviewing and approving the manuscript for publication.

Authors' Contributions
RJ conceived the study using inputs from TK. RJ, SH, AMR, and JLM contributed to search strategy, screening, data extraction,
and data synthesis. RJ wrote the report and conducted the statistical analyses. TK, SH, EF, JLM, and ASS provided methodological
guidance and feedback on the manuscript. All authors reviewed and approved the final manuscript.

Conflicts of Interest
RJ, EF, and TK are affiliated with the Centre for Digital Health Interventions, a joint initiative between the Department of
Management, Technology, and Economics at the Swiss Federal Institute of Technology in Zürich and the Institute of Technology
Management at the University of St Gallen, which is partly funded by the Swiss health insurer CSS. The CSS was not involved
in any stage of the study. EF and TK are also the cofounders of Pathmate Technologies, a university spin-off company that creates
and delivers digital clinical pathways. However, Pathmate Technologies was not involved in this study.

Multimedia Appendix 1
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist.
[DOCX File , 31 KB - jmir_v24i5e35371_app1.docx ]

Multimedia Appendix 2
Applied search strategies.
[DOCX File , 29 KB - jmir_v24i5e35371_app2.docx ]

Multimedia Appendix 3
Data extraction sheet.
[XLSX File (Microsoft Excel File), 54 KB - jmir_v24i5e35371_app3.xlsx ]

Multimedia Appendix 4
Intervention-related and patient-related factors influencing adherence by health domain.
[DOCX File , 49 KB - jmir_v24i5e35371_app4.docx ]

References
1. Noncommunicable diseases. World Health Organization. 2021 Apr 13. URL: https://www.who.int/news-room/fact-sheets/

detail/noncommunicable-diseases [accessed 2022-04-12]
2. mHealth. eHealth Suisse. 2021 Aug 03. URL: https://www.e-health-suisse.ch/gemeinschaften-umsetzung/ehealth-aktivitaeten/

mhealth.html [accessed 2022-04-12]
3. Olff M. Mobile mental health: a challenging research agenda. Eur J Psychotraumatol 2015 May 19;6:27882 [FREE Full

text] [doi: 10.3402/ejpt.v6.27882] [Medline: 25994025]
4. Wang Y, Xue H, Huang Y, Huang L, Zhang D. A systematic review of application and effectiveness of mHealth interventions

for obesity and diabetes treatment and self-management. Adv Nutr 2017 May;8(3):449-462 [FREE Full text] [doi:
10.3945/an.116.014100] [Medline: 28507010]

5. Shaw J, Agarwal P, Desveaux L, Palma DC, Stamenova V, Jamieson T, et al. Beyond "implementation": digital health
innovation and service design. NPJ Digit Med 2018 Sep 20;1:48 [FREE Full text] [doi: 10.1038/s41746-018-0059-8]
[Medline: 31304327]

6. Aitken M, Clancy B, Nass D. The Growing Value of Digital Health - Evidence and Impact on Human Health and the
Healthcare System. IQVIA Institute. 2017 Nov 7. URL: https://www.iqvia.com/insights/the-iqvia-institute/reports/
the-growing-value-of-digital-health [accessed 2022-04-12]

7. Hesser H. Estimating causal effects of internet interventions in the context of nonadherence. Internet Interv 2020 Aug
29;21:100346 [FREE Full text] [doi: 10.1016/j.invent.2020.100346] [Medline: 32983907]

8. Eysenbach G. The law of attrition. J Med Internet Res 2005 Mar 31;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11]
[Medline: 15829473]

9. Meyerowitz-Katz G, Ravi S, Arnolda L, Feng X, Maberly G, Astell-Burt T. Rates of attrition and dropout in app-based
interventions for chronic disease: systematic review and meta-analysis. J Med Internet Res 2020 Sep 29;22(9):e20283
[FREE Full text] [doi: 10.2196/20283] [Medline: 32990635]

10. Baumel A, Muench F, Edan S, Kane JM. Objective user engagement with mental health apps: systematic search and
panel-based usage analysis. J Med Internet Res 2019 Sep 25;21(9):e14567 [FREE Full text] [doi: 10.2196/14567] [Medline:
31573916]

J Med Internet Res 2022 | vol. 24 | iss. 5 | e35371 | p.109https://www.jmir.org/2022/5/e35371
(page number not for citation purposes)

Jakob et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

jmir_v24i5e35371_app1.docx
jmir_v24i5e35371_app1.docx
jmir_v24i5e35371_app2.docx
jmir_v24i5e35371_app2.docx
jmir_v24i5e35371_app3.xlsx
jmir_v24i5e35371_app3.xlsx
jmir_v24i5e35371_app4.docx
jmir_v24i5e35371_app4.docx
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.e-health-suisse.ch/gemeinschaften-umsetzung/ehealth-aktivitaeten/mhealth.html
https://www.e-health-suisse.ch/gemeinschaften-umsetzung/ehealth-aktivitaeten/mhealth.html
http://europepmc.org/abstract/MED/25994025
http://europepmc.org/abstract/MED/25994025
http://dx.doi.org/10.3402/ejpt.v6.27882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25994025&dopt=Abstract
http://europepmc.org/abstract/MED/28507010
http://dx.doi.org/10.3945/an.116.014100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28507010&dopt=Abstract
https://doi.org/10.1038/s41746-018-0059-8
http://dx.doi.org/10.1038/s41746-018-0059-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31304327&dopt=Abstract
https://www.iqvia.com/insights/the-iqvia-institute/reports/the-growing-value-of-digital-health
https://www.iqvia.com/insights/the-iqvia-institute/reports/the-growing-value-of-digital-health
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(20)30112-3
http://dx.doi.org/10.1016/j.invent.2020.100346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32983907&dopt=Abstract
https://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
https://www.jmir.org/2020/9/e20283/
http://dx.doi.org/10.2196/20283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32990635&dopt=Abstract
https://www.jmir.org/2019/9/e14567/
http://dx.doi.org/10.2196/14567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31573916&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


11. Short CE, DeSmet A, Woods C, Williams SL, Maher C, Middelweerd A, et al. Measuring engagement in eHealth and
mHealth behavior change interventions: viewpoint of methodologies. J Med Internet Res 2018 Nov 16;20(11):e292 [FREE
Full text] [doi: 10.2196/jmir.9397] [Medline: 30446482]

12. Morrissey EC, Corbett TK, Walsh JC, Molloy GJ. Behavior change techniques in apps for medication adherence: a content
analysis. Am J Prev Med 2016 May;50(5):e143-e146. [doi: 10.1016/j.amepre.2015.09.034] [Medline: 26597504]

13. Sieverink F, Kelders SM, van Gemert-Pijnen JE. Clarifying the concept of adherence to eHealth technology: systematic
review on when usage becomes adherence. J Med Internet Res 2017 Dec 06;19(12):e402 [FREE Full text] [doi:
10.2196/jmir.8578] [Medline: 29212630]

14. Pedersen DH, Mansourvar M, Sortsø C, Schmidt T. Predicting dropouts from an electronic health platform for lifestyle
interventions: analysis of methods and predictors. J Med Internet Res 2019 Sep 04;21(9):e13617 [FREE Full text] [doi:
10.2196/13617] [Medline: 31486409]

15. Trinh H, Shamekhi A, Kimani E, Bickmore TW. Predicting user engagement in longitudinal interventions with virtual
agents. In: Proceedings of the 18th International Conference on Intelligent Virtual Agents. New York, NY, USA: Association
for Computing Machinery; 2018 Nov Presented at: IVA '18; November 5-8, 2018; Sydney, Australia p. 9-16 URL: https:/
/doi.org/10.1145/3267851.3267909 [doi: 10.1145/3267851.3267909]

16. Baumel A, Yom-Tov E. Predicting user adherence to behavioral eHealth interventions in the real world: examining which
aspects of intervention design matter most. Transl Behav Med 2018 Sep 08;8(5):793-798. [doi: 10.1093/tbm/ibx037]
[Medline: 29471424]

17. Kernebeck S, Busse TS, Ehlers JP, Vollmar HC. [Adherence to digital health interventions: definitions, methods, and open
questions]. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz 2021 Oct;64(10):1278-1284 [FREE Full text]
[doi: 10.1007/s00103-021-03415-9] [Medline: 34559252]

18. Donkin L, Christensen H, Naismith SL, Neal B, Hickie IB, Glozier N. A systematic review of the impact of adherence on
the effectiveness of e-therapies. J Med Internet Res 2011 Aug 05;13(3):e52 [FREE Full text] [doi: 10.2196/jmir.1772]
[Medline: 21821503]

19. Venkatesh V, Thong JY, Xu X. Consumer acceptance and use of information technology: extending the unified theory of
acceptance and use of technology. MIS Q 2012 Mar;36(1):157-178. [doi: 10.2307/41410412]

20. Szinay D, Jones A, Chadborn T, Brown J, Naughton F. Influences on the uptake of and engagement with health and
well-being smartphone apps: systematic review. J Med Internet Res 2020 May 29;22(5):e17572 [FREE Full text] [doi:
10.2196/17572] [Medline: 32348255]

21. Borghouts J, Eikey E, Mark G, De Leon C, Schueller SM, Schneider M, et al. Barriers to and facilitators of user engagement
with digital mental health interventions: systematic review. J Med Internet Res 2021 Mar 24;23(3):e24387 [FREE Full
text] [doi: 10.2196/24387] [Medline: 33759801]

22. Nahum-Shani I, Rabbi M, Yap J, Philyaw-Kotov ML, Klasnja P, Bonar EE, et al. Translating strategies for promoting
engagement in mobile health: a proof-of-concept microrandomized trial. Health Psychol 2021 Dec;40(12):974-987 [FREE
Full text] [doi: 10.1037/hea0001101] [Medline: 34735165]

23. Nahum-Shani I, Shaw SD, Carpenter SM, Murphy SA, Yoon C. Engagement in digital interventions. Am Psychol
(forthcoming) 2022 Mar 17. [doi: 10.1037/amp0000983] [Medline: 35298199]

24. Teague S, Youssef GJ, Macdonald JA, Sciberras E, Shatte A, Fuller-Tyszkiewicz M, SEED Lifecourse Sciences Theme.
Retention strategies in longitudinal cohort studies: a systematic review and meta-analysis. BMC Med Res Methodol 2018
Nov 26;18(1):151 [FREE Full text] [doi: 10.1186/s12874-018-0586-7] [Medline: 30477443]

25. Booker CL, Harding S, Benzeval M. A systematic review of the effect of retention methods in population-based cohort
studies. BMC Public Health 2011 Apr 19;11:249 [FREE Full text] [doi: 10.1186/1471-2458-11-249] [Medline: 21504610]

26. Hui CY, McKinstry B, Walton R, Pinnock H. A mixed method observational study of strategies to promote adoption and
usage of an application to support asthma self-management. J Innov Health Inform 2019 Jan 09;25(4):243-253 [FREE Full
text] [doi: 10.14236/jhi.v25i4.1056] [Medline: 30672405]

27. Rodriguez Hermosa JL, Fuster Gomila A, Puente Maestu L, Amado Diago CA, Callejas González FJ, Malo De Molina
Ruiz R, et al. Compliance and utility of a smartphone app for the detection of exacerbations in patients with chronic
obstructive pulmonary disease: cohort study. JMIR Mhealth Uhealth 2020 Mar 19;8(3):e15699 [FREE Full text] [doi:
10.2196/15699] [Medline: 32191213]

28. Deng N, Chen J, Liu Y, Wei S, Sheng L, Lu R, et al. Using mobile health technology to deliver a community-based
closed-loop management system for chronic obstructive pulmonary disease patients in remote areas of China: development
and prospective observational study. JMIR Mhealth Uhealth 2020 Nov 25;8(11):e15978 [FREE Full text] [doi: 10.2196/15978]
[Medline: 33237036]

29. Sittig S, Wang J, Iyengar S, Myneni S, Franklin A. Incorporating behavioral trigger messages into a mobile health app for
chronic disease management: randomized clinical feasibility trial in diabetes. JMIR Mhealth Uhealth 2020 Mar 16;8(3):e15927
[FREE Full text] [doi: 10.2196/15927] [Medline: 32175908]

30. Dugas M, Crowley K, Gao GG, Xu T, Agarwal R, Kruglanski AW, et al. Individual differences in regulatory mode moderate
the effectiveness of a pilot mHealth trial for diabetes management among older veterans. PLoS One 2018 Mar
7;13(3):e0192807 [FREE Full text] [doi: 10.1371/journal.pone.0192807] [Medline: 29513683]

J Med Internet Res 2022 | vol. 24 | iss. 5 | e35371 | p.110https://www.jmir.org/2022/5/e35371
(page number not for citation purposes)

Jakob et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2018/11/e292/
https://www.jmir.org/2018/11/e292/
http://dx.doi.org/10.2196/jmir.9397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30446482&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2015.09.034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26597504&dopt=Abstract
https://www.jmir.org/2017/12/e402/
http://dx.doi.org/10.2196/jmir.8578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29212630&dopt=Abstract
https://www.jmir.org/2019/9/e13617/
http://dx.doi.org/10.2196/13617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31486409&dopt=Abstract
https://doi.org/10.1145/3267851.3267909
https://doi.org/10.1145/3267851.3267909
http://dx.doi.org/10.1145/3267851.3267909
http://dx.doi.org/10.1093/tbm/ibx037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29471424&dopt=Abstract
http://europepmc.org/abstract/MED/34559252
http://dx.doi.org/10.1007/s00103-021-03415-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34559252&dopt=Abstract
https://www.jmir.org/2011/3/e52/
http://dx.doi.org/10.2196/jmir.1772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21821503&dopt=Abstract
http://dx.doi.org/10.2307/41410412
https://www.jmir.org/2020/5/e17572/
http://dx.doi.org/10.2196/17572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32348255&dopt=Abstract
https://www.jmir.org/2021/3/e24387/
https://www.jmir.org/2021/3/e24387/
http://dx.doi.org/10.2196/24387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33759801&dopt=Abstract
http://europepmc.org/abstract/MED/34735165
http://europepmc.org/abstract/MED/34735165
http://dx.doi.org/10.1037/hea0001101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34735165&dopt=Abstract
http://dx.doi.org/10.1037/amp0000983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35298199&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-018-0586-7
http://dx.doi.org/10.1186/s12874-018-0586-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30477443&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-11-249
http://dx.doi.org/10.1186/1471-2458-11-249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21504610&dopt=Abstract
https://informatics.bmj.com/lookup/pmidlookup?view=long&pmid=30672405
https://informatics.bmj.com/lookup/pmidlookup?view=long&pmid=30672405
http://dx.doi.org/10.14236/jhi.v25i4.1056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30672405&dopt=Abstract
https://mhealth.jmir.org/2020/3/e15699/
http://dx.doi.org/10.2196/15699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32191213&dopt=Abstract
https://mhealth.jmir.org/2020/11/e15978/
http://dx.doi.org/10.2196/15978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33237036&dopt=Abstract
https://mhealth.jmir.org/2020/3/e15927/
http://dx.doi.org/10.2196/15927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32175908&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0192807
http://dx.doi.org/10.1371/journal.pone.0192807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29513683&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


31. Padhye NS, Wang J. Pattern of active and inactive sequences of diabetes self-monitoring in mobile phone and paper diary
users. Annu Int Conf IEEE Eng Med Biol Soc 2015;2015:7630-7633. [doi: 10.1109/EMBC.2015.7320159] [Medline:
26738059]

32. Gong E, Baptista S, Russell A, Scuffham P, Riddell M, Speight J, et al. My Diabetes Coach, a mobile app-based interactive
conversational agent to support type 2 diabetes self-management: randomized effectiveness-implementation trial. J Med
Internet Res 2020 Nov 05;22(11):e20322 [FREE Full text] [doi: 10.2196/20322] [Medline: 33151154]

33. Su J, Dugas M, Guo X, Gao GG. Influence of personality on mHealth use in patients with diabetes: prospective pilot study.
JMIR Mhealth Uhealth 2020 Aug 10;8(8):e17709 [FREE Full text] [doi: 10.2196/17709] [Medline: 32773382]

34. Böhm AK, Jensen ML, Sørensen MR, Stargardt T. Real-world evidence of user engagement with mobile health for diabetes
management: longitudinal observational study. JMIR Mhealth Uhealth 2020 Nov 06;8(11):e22212 [FREE Full text] [doi:
10.2196/22212] [Medline: 32975198]

35. Harzand A, Witbrodt B, Davis-Watts ML, Alrohaibani A, Goese D, Wenger NK, et al. Feasibility of a smartphone-enabled
cardiac rehabilitation program in male veterans with previous clinical evidence of coronary heart disease. Am J Cardiol
2018 Nov 01;122(9):1471-1476 [FREE Full text] [doi: 10.1016/j.amjcard.2018.07.028] [Medline: 30217377]

36. Kaplan AL, Cohen ER, Zimlichman E. Improving patient engagement in self-measured blood pressure monitoring using
a mobile health technology. Health Inf Sci Syst 2017 Oct 7;5(1):4 [FREE Full text] [doi: 10.1007/s13755-017-0026-9]
[Medline: 29081974]

37. Crafoord MT, Fjell M, Sundberg K, Nilsson M, Langius-Eklöf A. Engagement in an interactive app for symptom
self-management during treatment in patients with breast or prostate cancer: mixed methods study. J Med Internet Res 2020
Aug 10;22(8):e17058 [FREE Full text] [doi: 10.2196/17058] [Medline: 32663140]

38. Baik SH, Oswald LB, Buscemi J, Buitrago D, Iacobelli F, Perez-Tamayo A, et al. Patterns of use of smartphone-based
interventions among Latina breast cancer survivors: secondary analysis of a pilot randomized controlled trial. JMIR Cancer
2020 Dec 08;6(2):e17538 [FREE Full text] [doi: 10.2196/17538] [Medline: 33289669]

39. Benze G, Nauck F, Alt-Epping B, Gianni G, Bauknecht T, Ettl J, et al. PROutine: a feasibility study assessing surveillance
of electronic patient reported outcomes and adherence via smartphone app in advanced cancer. Ann Palliat Med 2019
Apr;8(2):104-111 [FREE Full text] [doi: 10.21037/apm.2017.07.05] [Medline: 29156896]

40. Min YH, Lee JW, Shin YW, Jo MW, Sohn G, Lee JH, et al. Daily collection of self-reporting sleep disturbance data via a
smartphone app in breast cancer patients receiving chemotherapy: a feasibility study. J Med Internet Res 2014 May
23;16(5):e135 [FREE Full text] [doi: 10.2196/jmir.3421] [Medline: 24860070]

41. Greer JA, Jacobs JM, Pensak N, Nisotel LE, Fishbein JN, MacDonald JJ, et al. Randomized trial of a smartphone mobile
app to improve symptoms and adherence to oral therapy for cancer. J Natl Compr Canc Netw 2020 Feb;18(2):133-141.
[doi: 10.6004/jnccn.2019.7354] [Medline: 32023526]

42. Mira JJ, Navarro I, Botella F, Borrás F, Nuño-Solinís R, Orozco D, et al. A Spanish pillbox app for elderly patients taking
multiple medications: randomized controlled trial. J Med Internet Res 2014 Apr 04;16(4):e99 [FREE Full text] [doi:
10.2196/jmir.3269] [Medline: 24705022]

43. Pham Q, Khatib Y, Stansfeld S, Fox S, Green T. Feasibility and efficacy of an mHealth game for managing anxiety: "Flowy"
randomized controlled pilot trial and design evaluation. Games Health J 2016 Feb;5(1):50-67. [doi: 10.1089/g4h.2015.0033]
[Medline: 26536488]

44. Miller CB, Gu J, Henry AL, Davis ML, Espie CA, Stott R, et al. Feasibility and efficacy of a digital CBT intervention for
symptoms of Generalized Anxiety Disorder: a randomized multiple-baseline study. J Behav Ther Exp Psychiatry 2021
Mar;70:101609. [doi: 10.1016/j.jbtep.2020.101609] [Medline: 32950939]

45. Dahne J, Collado A, Lejuez CW, Risco CM, Diaz VA, Coles L, et al. Pilot randomized controlled trial of a Spanish-language
Behavioral Activation mobile app (¡Aptívate!) for the treatment of depressive symptoms among united states Latinx adults
with limited English proficiency. J Affect Disord 2019 May 01;250:210-217 [FREE Full text] [doi: 10.1016/j.jad.2019.03.009]
[Medline: 30870770]

46. Mantani A, Kato T, Furukawa TA, Horikoshi M, Imai H, Hiroe T, et al. Smartphone cognitive behavioral therapy as an
adjunct to pharmacotherapy for refractory depression: randomized controlled trial. J Med Internet Res 2017 Nov
03;19(11):e373 [FREE Full text] [doi: 10.2196/jmir.8602] [Medline: 29101095]

47. Pratap A, Renn BN, Volponi J, Mooney SD, Gazzaley A, Arean PA, et al. Using mobile apps to assess and treat depression
in Hispanic and Latino populations: fully remote randomized clinical trial. J Med Internet Res 2018 Aug 09;20(8):e10130
[FREE Full text] [doi: 10.2196/10130] [Medline: 30093372]

48. Arean PA, Hallgren KA, Jordan JT, Gazzaley A, Atkins DC, Heagerty PJ, et al. The use and effectiveness of mobile apps
for depression: results from a fully remote clinical trial. J Med Internet Res 2016 Dec 20;18(12):e330 [FREE Full text]
[doi: 10.2196/jmir.6482] [Medline: 27998876]

49. Economides M, Lehrer P, Ranta K, Nazander A, Hilgert O, Raevuori A, et al. Feasibility and efficacy of the addition of
heart rate variability biofeedback to a remote digital health intervention for depression. Appl Psychophysiol Biofeedback
2020 Jun;45(2):75-86 [FREE Full text] [doi: 10.1007/s10484-020-09458-z] [Medline: 32246229]

J Med Internet Res 2022 | vol. 24 | iss. 5 | e35371 | p.111https://www.jmir.org/2022/5/e35371
(page number not for citation purposes)

Jakob et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1109/EMBC.2015.7320159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26738059&dopt=Abstract
https://www.jmir.org/2020/11/e20322/
http://dx.doi.org/10.2196/20322
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33151154&dopt=Abstract
https://mhealth.jmir.org/2020/8/e17709/
http://dx.doi.org/10.2196/17709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32773382&dopt=Abstract
https://mhealth.jmir.org/2020/11/e22212/
http://dx.doi.org/10.2196/22212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32975198&dopt=Abstract
http://europepmc.org/abstract/MED/30217377
http://dx.doi.org/10.1016/j.amjcard.2018.07.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30217377&dopt=Abstract
http://europepmc.org/abstract/MED/29081974
http://dx.doi.org/10.1007/s13755-017-0026-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29081974&dopt=Abstract
https://www.jmir.org/2020/8/e17058/
http://dx.doi.org/10.2196/17058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32663140&dopt=Abstract
https://cancer.jmir.org/2020/2/e17538/
http://dx.doi.org/10.2196/17538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33289669&dopt=Abstract
https://doi.org/10.21037/apm.2017.07.05
http://dx.doi.org/10.21037/apm.2017.07.05
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29156896&dopt=Abstract
https://www.jmir.org/2014/5/e135/
http://dx.doi.org/10.2196/jmir.3421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24860070&dopt=Abstract
http://dx.doi.org/10.6004/jnccn.2019.7354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32023526&dopt=Abstract
https://www.jmir.org/2014/4/e99/
http://dx.doi.org/10.2196/jmir.3269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24705022&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2015.0033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26536488&dopt=Abstract
http://dx.doi.org/10.1016/j.jbtep.2020.101609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32950939&dopt=Abstract
http://europepmc.org/abstract/MED/30870770
http://dx.doi.org/10.1016/j.jad.2019.03.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30870770&dopt=Abstract
https://www.jmir.org/2017/11/e373/
http://dx.doi.org/10.2196/jmir.8602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29101095&dopt=Abstract
https://www.jmir.org/2018/8/e10130/
http://dx.doi.org/10.2196/10130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30093372&dopt=Abstract
https://www.jmir.org/2016/12/e330/
http://dx.doi.org/10.2196/jmir.6482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27998876&dopt=Abstract
http://europepmc.org/abstract/MED/32246229
http://dx.doi.org/10.1007/s10484-020-09458-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32246229&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


50. Hung S, Li MS, Chen YL, Chiang JH, Chen YY, Hung GC. Smartphone-based ecological momentary assessment for
Chinese patients with depression: an exploratory study in Taiwan. Asian J Psychiatr 2016 Oct;23:131-136. [doi:
10.1016/j.ajp.2016.08.003] [Medline: 27969071]

51. Deady M, Glozier N, Calvo R, Johnston D, Mackinnon A, Milne D, et al. Preventing depression using a smartphone app:
a randomized controlled trial. Psychol Med 2022 Feb;52(3):457-466. [doi: 10.1017/S0033291720002081] [Medline:
32624013]

52. Furukawa TA, Horikoshi M, Fujita H, Tsujino N, Jinnin R, Kako Y, et al. Cognitive and behavioral skills exercises completed
by patients with major depression during smartphone cognitive behavioral therapy: secondary analysis of a randomized
controlled trial. JMIR Ment Health 2018 Jan 11;5(1):e4 [FREE Full text] [doi: 10.2196/mental.9092] [Medline: 29326098]

53. Collins DA, Harvey SB, Lavender I, Glozier N, Christensen H, Deady M. A pilot evaluation of a smartphone application
for workplace depression. Int J Environ Res Public Health 2020 Sep 16;17(18):6753 [FREE Full text] [doi:
10.3390/ijerph17186753] [Medline: 32947994]

54. Bonet L, Torous J, Arce D, Blanquer I, Sanjuan J. ReMindCare app for early psychosis: pragmatic real world intervention
and usability study. JMIR Mhealth Uhealth 2020 Nov 06;8(11):e22997 [FREE Full text] [doi: 10.2196/22997] [Medline:
33155986]

55. Tighe J, Shand F, Ridani R, Mackinnon A, De La Mata N, Christensen H. Ibobbly mobile health intervention for suicide
prevention in Australian Indigenous youth: a pilot randomised controlled trial. BMJ Open 2017 Jan 27;7(1):e013518 [FREE
Full text] [doi: 10.1136/bmjopen-2016-013518] [Medline: 28132007]

56. Ryan KA, Babu P, Easter R, Saunders E, Lee AJ, Klasnja P, et al. A smartphone app to monitor mood symptoms in bipolar
disorder: development and usability study. JMIR Ment Health 2020 Sep 22;7(9):e19476 [FREE Full text] [doi: 10.2196/19476]
[Medline: 32960185]

57. Steare T, O'Hanlon P, Eskinazi M, Osborn D, Lloyd-Evans B, Jones R, et al. Smartphone-delivered self-management for
first-episode psychosis: the ARIES feasibility randomised controlled trial. BMJ Open 2020 Aug 26;10(8):e034927 [FREE
Full text] [doi: 10.1136/bmjopen-2019-034927] [Medline: 32847902]

58. Hidalgo-Mazzei D, Reinares M, Mateu A, Nikolova VL, Del Mar Bonnín C, Samalin L, et al. OpenSIMPLe: a real-world
implementation feasibility study of a smartphone-based psychoeducation programme for bipolar disorder. J Affect Disord
2018 Dec 01;241:436-445. [doi: 10.1016/j.jad.2018.08.048] [Medline: 30145515]

59. Proudfoot J, Clarke J, Birch M, Whitton AE, Parker G, Manicavasagar V, et al. Impact of a mobile phone and web program
on symptom and functional outcomes for people with mild-to-moderate depression, anxiety and stress: a randomised
controlled trial. BMC Psychiatry 2013 Nov 18;13:312 [FREE Full text] [doi: 10.1186/1471-244X-13-312] [Medline:
24237617]

60. Porras-Segovia A, Molina-Madueño RM, Berrouiguet S, López-Castroman J, Barrigón ML, Pérez-Rodríguez MS, et al.
Smartphone-based ecological momentary assessment (EMA) in psychiatric patients and student controls: a real-world
feasibility study. J Affect Disord 2020 Sep 01;274:733-741. [doi: 10.1016/j.jad.2020.05.067] [Medline: 32664009]

61. Ponzo S, Morelli D, Kawadler JM, Hemmings NR, Bird G, Plans D. Efficacy of the digital therapeutic mobile app BioBase
to reduce stress and improve mental well-being among university students: randomized controlled trial. JMIR Mhealth
Uhealth 2020 Apr 06;8(4):e17767 [FREE Full text] [doi: 10.2196/17767] [Medline: 31926063]

62. Beard C, Ramadurai R, McHugh RK, Pollak JP, Björgvinsson T. HabitWorks: development of a CBM-I smartphone app
to augment and extend acute treatment. Behav Ther 2021 Mar;52(2):365-378. [doi: 10.1016/j.beth.2020.04.013] [Medline:
33622506]

63. Bell L, Garnett C, Qian T, Perski O, Williamson E, Potts HW. Engagement with a behavior change app for alcohol reduction:
data visualization for longitudinal observational study. J Med Internet Res 2020 Dec 11;22(12):e23369 [FREE Full text]
[doi: 10.2196/23369] [Medline: 33306026]

64. Laurens MC, Pieterse ME, Brusse-Keizer M, Salemink E, Ben Allouch S, Bohlmeijer ET, et al. Alcohol avoidance training
as a mobile app for problem drinkers: longitudinal feasibility study. JMIR Mhealth Uhealth 2020 Apr 14;8(4):e16217
[FREE Full text] [doi: 10.2196/16217] [Medline: 32286235]

65. Herbec A, Brown J, Shahab L, West R, Raupach T. Pragmatic randomised trial of a smartphone app (NRT2Quit) to improve
effectiveness of nicotine replacement therapy in a quit attempt by improving medication adherence: results of a prematurely
terminated study. Trials 2019 Sep 02;20(1):547 [FREE Full text] [doi: 10.1186/s13063-019-3645-4] [Medline: 31477166]

66. Pallejà-Millán M, Rey-Reñones C, Barrera Uriarte ML, Granado-Font E, Basora J, Flores-Mateo G, et al. Evaluation of
the Tobbstop mobile app for smoking cessation: cluster randomized controlled clinical trial. JMIR Mhealth Uhealth 2020
Jun 26;8(6):e15951 [FREE Full text] [doi: 10.2196/15951] [Medline: 32589153]

67. Zeng EY, Heffner JL, Copeland WK, Mull KE, Bricker JB. Get with the program: adherence to a smartphone app for
smoking cessation. Addict Behav 2016 Dec;63:120-124 [FREE Full text] [doi: 10.1016/j.addbeh.2016.07.007] [Medline:
27454354]

68. Vilardaga R, Rizo J, Ries RK, Kientz JA, Ziedonis DM, Hernandez K, et al. Formative, multimethod case studies of learn
to quit, an acceptance and commitment therapy smoking cessation app designed for people with serious mental illness.
Transl Behav Med 2019 Nov 25;9(6):1076-1086 [FREE Full text] [doi: 10.1093/tbm/iby097] [Medline: 30445507]

J Med Internet Res 2022 | vol. 24 | iss. 5 | e35371 | p.112https://www.jmir.org/2022/5/e35371
(page number not for citation purposes)

Jakob et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.ajp.2016.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27969071&dopt=Abstract
http://dx.doi.org/10.1017/S0033291720002081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32624013&dopt=Abstract
https://mental.jmir.org/2018/1/e4/
http://dx.doi.org/10.2196/mental.9092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29326098&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17186753
http://dx.doi.org/10.3390/ijerph17186753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32947994&dopt=Abstract
https://mhealth.jmir.org/2020/11/e22997/
http://dx.doi.org/10.2196/22997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33155986&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=28132007
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=28132007
http://dx.doi.org/10.1136/bmjopen-2016-013518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28132007&dopt=Abstract
https://mental.jmir.org/2020/9/e19476/
http://dx.doi.org/10.2196/19476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32960185&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=32847902
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=32847902
http://dx.doi.org/10.1136/bmjopen-2019-034927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32847902&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2018.08.048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30145515&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/1471-244X-13-312
http://dx.doi.org/10.1186/1471-244X-13-312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24237617&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2020.05.067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32664009&dopt=Abstract
https://mhealth.jmir.org/2020/4/e17767/
http://dx.doi.org/10.2196/17767
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31926063&dopt=Abstract
http://dx.doi.org/10.1016/j.beth.2020.04.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33622506&dopt=Abstract
https://www.jmir.org/2020/12/e23369/
http://dx.doi.org/10.2196/23369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33306026&dopt=Abstract
https://mhealth.jmir.org/2020/4/e16217/
http://dx.doi.org/10.2196/16217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32286235&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-019-3645-4
http://dx.doi.org/10.1186/s13063-019-3645-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31477166&dopt=Abstract
https://mhealth.jmir.org/2020/6/e15951/
http://dx.doi.org/10.2196/15951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32589153&dopt=Abstract
http://europepmc.org/abstract/MED/27454354
http://dx.doi.org/10.1016/j.addbeh.2016.07.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27454354&dopt=Abstract
http://europepmc.org/abstract/MED/30445507
http://dx.doi.org/10.1093/tbm/iby097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30445507&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


69. Webb J, Peerbux S, Smittenaar P, Siddiqui S, Sherwani Y, Ahmed M, et al. Preliminary outcomes of a digital therapeutic
intervention for smoking cessation in adult smokers: randomized controlled trial. JMIR Ment Health 2020 Oct 06;7(10):e22833
[FREE Full text] [doi: 10.2196/22833] [Medline: 33021488]

70. Hébert ET, Ra CK, Alexander AC, Helt A, Moisiuc R, Kendzor DE, et al. A mobile just-in-time adaptive intervention for
smoking cessation: pilot randomized controlled trial. J Med Internet Res 2020 Mar 09;22(3):e16907 [FREE Full text] [doi:
10.2196/16907] [Medline: 32149716]

71. Witkiewitz K, Desai SA, Bowen S, Leigh BC, Kirouac M, Larimer ME. Development and evaluation of a mobile intervention
for heavy drinking and smoking among college students. Psychol Addict Behav 2014 Sep;28(3):639-650 [FREE Full text]
[doi: 10.1037/a0034747] [Medline: 25000269]

72. Chang AR, Bailey-Davis L, Hetherington V, Ziegler A, Yule C, Kwiecen S, et al. Remote dietary counseling using
smartphone applications in patients with stages 1-3a chronic kidney disease: a mixed methods feasibility study. J Ren Nutr
2020 Jan;30(1):53-60 [FREE Full text] [doi: 10.1053/j.jrn.2019.03.080] [Medline: 31078403]

73. Chen YS, Wong JE, Ayob AF, Othman NE, Poh BK. Can Malaysian young adults report dietary intake using a food diary
mobile application? A pilot study on acceptability and compliance. Nutrients 2017 Jan 13;9(1):62 [FREE Full text] [doi:
10.3390/nu9010062] [Medline: 28098770]

74. Hendrie GA, Hussain MS, Brindal E, James-Martin G, Williams G, Crook A. Impact of a mobile phone app to increase
vegetable consumption and variety in adults: large-scale community cohort study. JMIR Mhealth Uhealth 2020 Apr
17;8(4):e14726 [FREE Full text] [doi: 10.2196/14726] [Medline: 32301739]

75. Helander E, Kaipainen K, Korhonen I, Wansink B. Factors related to sustained use of a free mobile app for dietary
self-monitoring with photography and peer feedback: retrospective cohort study. J Med Internet Res 2014 Apr 15;16(4):e109
[FREE Full text] [doi: 10.2196/jmir.3084] [Medline: 24735567]

76. Orlemann T, Reljic D, Zenker B, Meyer J, Eskofier B, Thiemt J, et al. A novel mobile phone app (OncoFood) to record
and optimize the dietary behavior of oncologic patients: pilot study. JMIR Cancer 2018 Nov 20;4(2):e10703 [FREE Full
text] [doi: 10.2196/10703] [Medline: 30459139]

77. Robinson E, Higgs S, Daley AJ, Jolly K, Lycett D, Lewis A, et al. Development and feasibility testing of a smart phone
based attentive eating intervention. BMC Public Health 2013 Jul 09;13:639 [FREE Full text] [doi: 10.1186/1471-2458-13-639]
[Medline: 23837771]

78. Bentley CL, Powell L, Potter S, Parker J, Mountain GA, Bartlett YK, et al. The use of a smartphone app and an activity
tracker to promote physical activity in the management of chronic obstructive pulmonary disease: randomized controlled
feasibility study. JMIR Mhealth Uhealth 2020 Jun 03;8(6):e16203 [FREE Full text] [doi: 10.2196/16203] [Medline:
32490838]

79. Edney S, Ryan JC, Olds T, Monroe C, Fraysse F, Vandelanotte C, et al. User engagement and attrition in an app-based
physical activity intervention: secondary analysis of a randomized controlled trial. J Med Internet Res 2019 Nov
27;21(11):e14645 [FREE Full text] [doi: 10.2196/14645] [Medline: 31774402]

80. Edney SM, Olds TS, Ryan JC, Vandelanotte C, Plotnikoff RC, Curtis RG, et al. A social networking and gamified app to
increase physical activity: cluster RCT. Am J Prev Med 2020 Feb;58(2):e51-e62. [doi: 10.1016/j.amepre.2019.09.009]
[Medline: 31959326]

81. Kramer JN, Künzler F, Mishra V, Smith SN, Kotz D, Scholz U, et al. Which components of a smartphone walking app
help users to reach personalized step goals? Results from an optimization trial. Ann Behav Med 2020 Jun 12;54(7):518-528
[FREE Full text] [doi: 10.1093/abm/kaaa002] [Medline: 32182353]

82. Landers MR, Ellis TD. A mobile app specifically designed to facilitate exercise in Parkinson disease: single-cohort pilot
study on feasibility, safety, and signal of efficacy. JMIR Mhealth Uhealth 2020 Oct 05;8(10):e18985 [FREE Full text] [doi:
10.2196/18985] [Medline: 33016887]

83. Luhanga ET, Hippocrate AA, Suwa H, Arakawa Y, Yasumoto K. Identifying and evaluating user requirements for smartphone
group fitness applications. IEEE Access 2018 Jan 15;6:3256-3269. [doi: 10.1109/access.2018.2793844]

84. Allen JK, Stephens J, Dennison Himmelfarb CR, Stewart KJ, Hauck S. Randomized controlled pilot study testing use of
smartphone technology for obesity treatment. J Obes 2013;2013:151597 [FREE Full text] [doi: 10.1155/2013/151597]
[Medline: 24392223]

85. Bennett GG, Steinberg D, Askew S, Levine E, Foley P, Batch BC, et al. Effectiveness of an app and provider counseling
for obesity treatment in primary care. Am J Prev Med 2018 Dec;55(6):777-786 [FREE Full text] [doi:
10.1016/j.amepre.2018.07.005] [Medline: 30361140]

86. Carter MC, Burley VJ, Nykjaer C, Cade JE. Adherence to a smartphone application for weight loss compared to website
and paper diary: pilot randomized controlled trial. J Med Internet Res 2013 Apr 15;15(4):e32 [FREE Full text] [doi:
10.2196/jmir.2283] [Medline: 23587561]

87. Forman EM, Goldstein SP, Crochiere RJ, Butryn ML, Juarascio AS, Zhang F, et al. Randomized controlled trial of OnTrack,
a just-in-time adaptive intervention designed to enhance weight loss. Transl Behav Med 2019 Nov 25;9(6):989-1001. [doi:
10.1093/tbm/ibz137] [Medline: 31602471]

J Med Internet Res 2022 | vol. 24 | iss. 5 | e35371 | p.113https://www.jmir.org/2022/5/e35371
(page number not for citation purposes)

Jakob et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://mental.jmir.org/2020/10/e22833/
http://dx.doi.org/10.2196/22833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33021488&dopt=Abstract
https://www.jmir.org/2020/3/e16907/
http://dx.doi.org/10.2196/16907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32149716&dopt=Abstract
http://europepmc.org/abstract/MED/25000269
http://dx.doi.org/10.1037/a0034747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25000269&dopt=Abstract
http://europepmc.org/abstract/MED/31078403
http://dx.doi.org/10.1053/j.jrn.2019.03.080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31078403&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu9010062
http://dx.doi.org/10.3390/nu9010062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28098770&dopt=Abstract
https://mhealth.jmir.org/2020/4/e14726/
http://dx.doi.org/10.2196/14726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32301739&dopt=Abstract
https://www.jmir.org/2014/4/e109/
http://dx.doi.org/10.2196/jmir.3084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24735567&dopt=Abstract
https://cancer.jmir.org/2018/2/e10703/
https://cancer.jmir.org/2018/2/e10703/
http://dx.doi.org/10.2196/10703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30459139&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-639
http://dx.doi.org/10.1186/1471-2458-13-639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23837771&dopt=Abstract
https://mhealth.jmir.org/2020/6/e16203/
http://dx.doi.org/10.2196/16203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32490838&dopt=Abstract
https://www.jmir.org/2019/11/e14645/
http://dx.doi.org/10.2196/14645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31774402&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2019.09.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31959326&dopt=Abstract
http://europepmc.org/abstract/MED/32182353
http://dx.doi.org/10.1093/abm/kaaa002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32182353&dopt=Abstract
https://mhealth.jmir.org/2020/10/e18985/
http://dx.doi.org/10.2196/18985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33016887&dopt=Abstract
http://dx.doi.org/10.1109/access.2018.2793844
https://doi.org/10.1155/2013/151597
http://dx.doi.org/10.1155/2013/151597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24392223&dopt=Abstract
http://europepmc.org/abstract/MED/30361140
http://dx.doi.org/10.1016/j.amepre.2018.07.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30361140&dopt=Abstract
https://www.jmir.org/2013/4/e32/
http://dx.doi.org/10.2196/jmir.2283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23587561&dopt=Abstract
http://dx.doi.org/10.1093/tbm/ibz137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31602471&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


88. Hales S, Turner-McGrievy GM, Wilcox S, Fahim A, Davis RE, Huhns M, et al. Social networks for improving healthy
weight loss behaviors for overweight and obese adults: a randomized clinical trial of the social pounds off digitally (Social
POD) mobile app. Int J Med Inform 2016 Oct;94:81-90. [doi: 10.1016/j.ijmedinf.2016.07.003] [Medline: 27573315]

89. Ifejika NL, Bhadane M, Cai CC, Noser EA, Grotta JC, Savitz SI. Use of a smartphone-based mobile app for weight
management in obese minority stroke survivors: pilot randomized controlled trial with open blinded end point. JMIR
Mhealth Uhealth 2020 Apr 22;8(4):e17816 [FREE Full text] [doi: 10.2196/17816] [Medline: 32319963]

90. Stephens JD, Yager AM, Allen J. Smartphone technology and text messaging for weight loss in young adults: a randomized
controlled trial. J Cardiovasc Nurs 2017;32(1):39-46 [FREE Full text] [doi: 10.1097/JCN.0000000000000307] [Medline:
26646593]

91. Svetkey LP, Batch BC, Lin PH, Intille SS, Corsino L, Tyson CC, et al. Cell phone intervention for you (CITY): a randomized,
controlled trial of behavioral weight loss intervention for young adults using mobile technology. Obesity (Silver Spring)
2015 Nov;23(11):2133-2141 [FREE Full text] [doi: 10.1002/oby.21226] [Medline: 26530929]

92. Tanaka K, Sasai H, Wakaba K, Murakami S, Ueda M, Yamagata F, et al. Professional dietary coaching within a group chat
using a smartphone application for weight loss: a randomized controlled trial. J Multidiscip Healthc 2018 Jul 16;11:339-347
[FREE Full text] [doi: 10.2147/JMDH.S165422] [Medline: 30038502]

93. Horsch C, Spruit S, Lancee J, van Eijk R, Beun RJ, Neerincx M, et al. Reminders make people adhere better to a self-help
sleep intervention. Health Technol (Berl) 2017;7(2):173-188 [FREE Full text] [doi: 10.1007/s12553-016-0167-x] [Medline:
29201588]

94. Horsch CH, Lancee J, Griffioen-Both F, Spruit S, Fitrianie S, Neerincx MA, et al. Mobile phone-delivered cognitive
behavioral therapy for insomnia: a randomized waitlist controlled trial. J Med Internet Res 2017 Apr 11;19(4):e70 [FREE
Full text] [doi: 10.2196/jmir.6524] [Medline: 28400355]

95. Göransson C, Wengström Y, Hälleberg-Nyman M, Langius-Eklöf A, Ziegert K, Blomberg K. An app for supporting older
people receiving home care - usage, aspects of health and health literacy: a quasi-experimental study. BMC Med Inform
Decis Mak 2020 Sep 15;20(1):226 [FREE Full text] [doi: 10.1186/s12911-020-01246-3] [Medline: 32933500]

96. Murawski B, Plotnikoff RC, Rayward AT, Oldmeadow C, Vandelanotte C, Brown WJ, et al. Efficacy of an m-health
physical activity and sleep health intervention for adults: a randomized waitlist-controlled trial. Am J Prev Med 2019
Oct;57(4):503-514. [doi: 10.1016/j.amepre.2019.05.009] [Medline: 31542128]

97. Laranjo L, Quiroz JC, Tong HL, Arevalo Bazalar M, Coiera E. A mobile social networking app for weight management
and physical activity promotion: results from an experimental mixed methods study. J Med Internet Res 2020 Dec
08;22(12):e19991 [FREE Full text] [doi: 10.2196/19991] [Medline: 33289670]

98. Oftedal S, Burrows T, Fenton S, Murawski B, Rayward AB, Duncan MJ. Feasibility and preliminary efficacy of an m-health
intervention targeting physical activity, diet, and sleep quality in shift-workers. Int J Environ Res Public Health 2019 Oct
10;16(20):3810 [FREE Full text] [doi: 10.3390/ijerph16203810] [Medline: 31658624]

99. Recio-Rodriguez JI, Agudo-Conde C, Martin-Cantera C, González-Viejo MN, Fernandez-Alonso MD, Arietaleanizbeaskoa
MS, EVIDENT Investigators. Short-term effectiveness of a mobile phone app for increasing physical activity and adherence
to the Mediterranean diet in primary care: a randomized controlled trial (EVIDENT II Study). J Med Internet Res 2016
Dec 19;18(12):e331 [FREE Full text] [doi: 10.2196/jmir.6814] [Medline: 27993759]

100. Seng EK, Prieto P, Boucher G, Vives-Mestres M. Anxiety, incentives, and adherence to self-monitoring on a mobile health
platform: a naturalistic longitudinal cohort study in people with headache. Headache 2018 Nov;58(10):1541-1555 [FREE
Full text] [doi: 10.1111/head.13422] [Medline: 30334248]

101. Avalos LA, Aghaee S, Kurtovich E, Quesenberry Jr C, Nkemere L, McGinnis MK, et al. A mobile health mindfulness
intervention for women with moderate to moderately severe postpartum depressive symptoms: feasibility study. JMIR
Ment Health 2020 Nov 12;7(11):e17405 [FREE Full text] [doi: 10.2196/17405] [Medline: 33180028]

102. Bostock S, Crosswell AD, Prather AA, Steptoe A. Mindfulness on-the-go: effects of a mindfulness meditation app on work
stress and well-being. J Occup Health Psychol 2019 Feb;24(1):127-138 [FREE Full text] [doi: 10.1037/ocp0000118]
[Medline: 29723001]

103. Chandler J, Sox L, Diaz V, Kellam K, Neely A, Nemeth L, et al. Impact of 12-month smartphone breathing meditation
program upon systolic blood pressure among non-medicated stage 1 hypertensive adults. Int J Environ Res Public Health
2020 Mar 17;17(6):1955 [FREE Full text] [doi: 10.3390/ijerph17061955] [Medline: 32192020]

104. Champion L, Economides M, Chandler C. The efficacy of a brief app-based mindfulness intervention on psychosocial
outcomes in healthy adults: a pilot randomised controlled trial. PLoS One 2018 Dec 31;13(12):e0209482 [FREE Full text]
[doi: 10.1371/journal.pone.0209482] [Medline: 30596696]

105. Goldberg SB, Imhoff-Smith T, Bolt DM, Wilson-Mendenhall CD, Dahl CJ, Davidson RJ, et al. Testing the efficacy of a
multicomponent, self-guided, smartphone-based meditation app: three-armed randomized controlled trial. JMIR Ment
Health 2020 Nov 27;7(11):e23825 [FREE Full text] [doi: 10.2196/23825] [Medline: 33245288]

106. Huberty J, Vranceanu AM, Carney C, Breus M, Gordon M, Puzia ME. Characteristics and usage patterns among 12,151
paid subscribers of the calm meditation app: cross-sectional survey. JMIR Mhealth Uhealth 2019 Nov 03;7(11):e15648
[FREE Full text] [doi: 10.2196/15648] [Medline: 31682582]

J Med Internet Res 2022 | vol. 24 | iss. 5 | e35371 | p.114https://www.jmir.org/2022/5/e35371
(page number not for citation purposes)

Jakob et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.ijmedinf.2016.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27573315&dopt=Abstract
https://mhealth.jmir.org/2020/4/e17816/
http://dx.doi.org/10.2196/17816
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32319963&dopt=Abstract
http://europepmc.org/abstract/MED/26646593
http://dx.doi.org/10.1097/JCN.0000000000000307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26646593&dopt=Abstract
https://doi.org/10.1002/oby.21226
http://dx.doi.org/10.1002/oby.21226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26530929&dopt=Abstract
https://dx.doi.org/10.2147/JMDH.S165422
http://dx.doi.org/10.2147/JMDH.S165422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30038502&dopt=Abstract
http://europepmc.org/abstract/MED/29201588
http://dx.doi.org/10.1007/s12553-016-0167-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29201588&dopt=Abstract
https://www.jmir.org/2017/4/e70/
https://www.jmir.org/2017/4/e70/
http://dx.doi.org/10.2196/jmir.6524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28400355&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-020-01246-3
http://dx.doi.org/10.1186/s12911-020-01246-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32933500&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2019.05.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31542128&dopt=Abstract
https://www.jmir.org/2020/12/e19991/
http://dx.doi.org/10.2196/19991
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33289670&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph16203810
http://dx.doi.org/10.3390/ijerph16203810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31658624&dopt=Abstract
https://www.jmir.org/2016/12/e331/
http://dx.doi.org/10.2196/jmir.6814
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27993759&dopt=Abstract
http://europepmc.org/abstract/MED/30334248
http://europepmc.org/abstract/MED/30334248
http://dx.doi.org/10.1111/head.13422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30334248&dopt=Abstract
https://mental.jmir.org/2020/11/e17405/
http://dx.doi.org/10.2196/17405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33180028&dopt=Abstract
http://europepmc.org/abstract/MED/29723001
http://dx.doi.org/10.1037/ocp0000118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29723001&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17061955
http://dx.doi.org/10.3390/ijerph17061955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32192020&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0209482
http://dx.doi.org/10.1371/journal.pone.0209482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30596696&dopt=Abstract
https://mental.jmir.org/2020/11/e23825/
http://dx.doi.org/10.2196/23825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33245288&dopt=Abstract
https://mhealth.jmir.org/2019/11/e15648/
http://dx.doi.org/10.2196/15648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31682582&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


107. Lengacher CA, Reich RR, Ramesar S, Alinat CB, Moscoso M, Cousin L, et al. Feasibility of the mobile mindfulness-based
stress reduction for breast cancer (mMBSR(BC)) program for symptom improvement among breast cancer survivors.
Psychooncology 2018 Feb;27(2):524-531 [FREE Full text] [doi: 10.1002/pon.4491] [Medline: 28665541]

108. Mahlo L, Windsor TD. Feasibility, acceptability, and preliminary efficacy of an app-based mindfulness-meditation program
among older adults. Gerontologist 2021 Jul 13;61(5):775-786. [doi: 10.1093/geront/gnaa093] [Medline: 32663286]

109. Walsh KM, Saab BJ, Farb NA. Effects of a mindfulness meditation app on subjective well-being: active randomized
controlled trial and experience sampling study. JMIR Ment Health 2019 Jan 08;6(1):e10844 [FREE Full text] [doi:
10.2196/10844] [Medline: 30622094]

110. Aji M, Glozier N, Bartlett D, Peters D, Calvo RA, Zheng Y, et al. A feasibility study of a mobile app to treat insomnia.
Transl Behav Med 2021 Mar 16;11(2):604-612. [doi: 10.1093/tbm/ibaa019] [Medline: 32227087]

111. Gentili C, Zetterqvist V, Rickardsson J, Holmström L, Simons LE, Wicksell RK. ACTsmart: guided smartphone-delivered
acceptance and commitment therapy for chronic pain-a pilot trial. Pain Med 2021 Feb 23;22(2):315-328 [FREE Full text]
[doi: 10.1093/pm/pnaa360] [Medline: 33200214]

112. Hauser-Ulrich S, Künzli H, Meier-Peterhans D, Kowatsch T. A smartphone-based health care chatbot to promote
self-management of chronic pain (SELMA): pilot randomized controlled trial. JMIR Mhealth Uhealth 2020 Apr
03;8(4):e15806 [FREE Full text] [doi: 10.2196/15806] [Medline: 32242820]

113. Kang SG, Kang JM, Cho SJ, Ko KP, Lee YJ, Lee HJ, et al. Cognitive behavioral therapy using a mobile application
synchronizable with wearable devices for insomnia treatment: a pilot study. J Clin Sleep Med 2017 Apr 15;13(4):633-640
[FREE Full text] [doi: 10.5664/jcsm.6564] [Medline: 28162145]

114. Kelechi TJ, Prentice MA, Mueller M, Madisetti M, Vertegel A. A lower leg physical activity intervention for individuals
with chronic venous leg ulcers: randomized controlled trial. JMIR Mhealth Uhealth 2020 May 15;8(5):e15015 [FREE Full
text] [doi: 10.2196/15015] [Medline: 32412419]

115. McCombie A, Walmsley R, Barclay M, Ho C, Langlotz T, Regenbrecht H, et al. A noninferiority randomized clinical trial
of the use of the smartphone-based health applications IBDsmart and IBDoc in the care of inflammatory bowel disease
patients. Inflamm Bowel Dis 2020 Jun 18;26(7):1098-1109. [doi: 10.1093/ibd/izz252] [Medline: 31644793]

116. Minen MT, Schaubhut KB, Morio K. Smartphone based behavioral therapy for pain in multiple sclerosis (MS) patients: a
feasibility acceptability randomized controlled study for the treatment of comorbid migraine and ms pain. Mult Scler Relat
Disord 2020 Nov;46:102489 [FREE Full text] [doi: 10.1016/j.msard.2020.102489] [Medline: 32950893]

117. Ong SW, Jassal SV, Miller JA, Porter EC, Cafazzo JA, Seto E, et al. Integrating a smartphone-based self-management
system into usual care of advanced CKD. Clin J Am Soc Nephrol 2016 Jun 06;11(6):1054-1062 [FREE Full text] [doi:
10.2215/CJN.10681015] [Medline: 27173169]

118. Steinert A, Eicher C, Haesner M, Steinhagen-Thiessen E. Effects of a long-term smartphone-based self-monitoring
intervention in patients with lipid metabolism disorders. Assist Technol 2020;32(2):109-116. [doi:
10.1080/10400435.2018.1493710] [Medline: 29944463]

119. Weerts ZZ, Heinen KG, Masclee AA, Quanjel AB, Winkens B, Vork L, et al. Smart data collection for the assessment of
treatment effects in irritable bowel syndrome: observational study. JMIR Mhealth Uhealth 2020 Nov 02;8(11):e19696
[FREE Full text] [doi: 10.2196/19696] [Medline: 33030150]

120. Isetta V, Torres M, González K, Ruiz C, Dalmases M, Embid C, et al. A new mHealth application to support treatment of
sleep apnoea patients. J Telemed Telecare 2017 Jan;23(1):14-18. [doi: 10.1177/1357633X15621848] [Medline: 26672606]

121. Zia J, Schroeder J, Munson S, Fogarty J, Nguyen L, Barney P, et al. Feasibility and usability pilot study of a novel irritable
bowel syndrome food and gastrointestinal symptom journal smartphone app. Clin Transl Gastroenterol 2016 Mar 03;7(3):e147
[FREE Full text] [doi: 10.1038/ctg.2016.9] [Medline: 26938478]

122. Choi JY, Choi H, Seomun G, Kim EJ. Mobile-application-based interventions for patients with hypertension and ischemic
heart disease: a systematic review. J Nurs Res 2020 Oct;28(5):e117. [doi: 10.1097/JNR.0000000000000382] [Medline:
32501962]

123. Linardon J, Shatte A, Rosato J, Fuller-Tyszkiewicz M. Efficacy of a transdiagnostic cognitive-behavioral intervention for
eating disorder psychopathology delivered through a smartphone app: a randomized controlled trial. Psychol Med
(forthcoming) 2020 Sep 25:1-12. [doi: 10.1017/S0033291720003426] [Medline: 32972467]

124. Hofmann SG, Sawyer AT, Witt AA, Oh D. The effect of mindfulness-based therapy on anxiety and depression: a meta-analytic
review. J Consult Clin Psychol 2010 Apr;78(2):169-183 [FREE Full text] [doi: 10.1037/a0018555] [Medline: 20350028]

125. Wang C, Qi H. Influencing factors of acceptance and use behavior of mobile health application users: systematic review.
Healthcare (Basel) 2021 Mar 22;9(3):357 [FREE Full text] [doi: 10.3390/healthcare9030357] [Medline: 33809828]

126. Mishra V, Künzler F, Kramer JN, Fleisch E, Kowatsch T, Kotz D. Detecting receptivity for mHealth interventions in the
natural environment. Proc ACM Interact Mob Wearable Ubiquitous Technol 2021 Jun;5(2):74 [FREE Full text] [doi:
10.1145/3463492] [Medline: 34926979]

127. Künzler F, Mishra V, Kramer JN, Kotz D, Fleisch E, Kowatsch T. Exploring the state-of-receptivity for mHealth interventions.
Proc ACM Interact Mob Wearable Ubiquitous Technol 2019 Dec 11;3(4):1-27 [FREE Full text] [doi: 10.1145/3369805]

J Med Internet Res 2022 | vol. 24 | iss. 5 | e35371 | p.115https://www.jmir.org/2022/5/e35371
(page number not for citation purposes)

Jakob et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/28665541
http://dx.doi.org/10.1002/pon.4491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28665541&dopt=Abstract
http://dx.doi.org/10.1093/geront/gnaa093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32663286&dopt=Abstract
https://mental.jmir.org/2019/1/e10844/
http://dx.doi.org/10.2196/10844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30622094&dopt=Abstract
http://dx.doi.org/10.1093/tbm/ibaa019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32227087&dopt=Abstract
http://europepmc.org/abstract/MED/33200214
http://dx.doi.org/10.1093/pm/pnaa360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33200214&dopt=Abstract
https://mhealth.jmir.org/2020/4/e15806/
http://dx.doi.org/10.2196/15806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32242820&dopt=Abstract
https://doi.org/10.5664/jcsm.6564
http://dx.doi.org/10.5664/jcsm.6564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28162145&dopt=Abstract
https://mhealth.jmir.org/2020/5/e15015/
https://mhealth.jmir.org/2020/5/e15015/
http://dx.doi.org/10.2196/15015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32412419&dopt=Abstract
http://dx.doi.org/10.1093/ibd/izz252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31644793&dopt=Abstract
http://europepmc.org/abstract/MED/32950893
http://dx.doi.org/10.1016/j.msard.2020.102489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32950893&dopt=Abstract
https://cjasn.asnjournals.org/cgi/pmidlookup?view=long&pmid=27173169
http://dx.doi.org/10.2215/CJN.10681015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27173169&dopt=Abstract
http://dx.doi.org/10.1080/10400435.2018.1493710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29944463&dopt=Abstract
https://mhealth.jmir.org/2020/11/e19696/
http://dx.doi.org/10.2196/19696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33030150&dopt=Abstract
http://dx.doi.org/10.1177/1357633X15621848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26672606&dopt=Abstract
http://europepmc.org/abstract/MED/26938478
http://dx.doi.org/10.1038/ctg.2016.9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26938478&dopt=Abstract
http://dx.doi.org/10.1097/JNR.0000000000000382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32501962&dopt=Abstract
http://dx.doi.org/10.1017/S0033291720003426
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32972467&dopt=Abstract
http://europepmc.org/abstract/MED/20350028
http://dx.doi.org/10.1037/a0018555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20350028&dopt=Abstract
https://www.mdpi.com/resolver?pii=healthcare9030357
http://dx.doi.org/10.3390/healthcare9030357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33809828&dopt=Abstract
http://europepmc.org/abstract/MED/34926979
http://dx.doi.org/10.1145/3463492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34926979&dopt=Abstract
http://europepmc.org/abstract/MED/34926979
http://dx.doi.org/10.1145/3369805
http://www.w3.org/Style/XSL
http://www.renderx.com/


128. Fortuna KL, Muralidharan A, Goldstein CM, Venegas M, Glass JE, Brooks JM. Certified peer specialists' perspective of
the barriers and facilitators to mobile health engagement. J Technol Behav Sci 2020 Dec;5(4):318-323 [FREE Full text]
[doi: 10.1007/s41347-020-00138-7] [Medline: 33163620]

129. Rubin A, Livingston NA, Brady J, Hocking E, Bickmore T, Sawdy M, et al. Computerized relational agent to deliver alcohol
brief intervention and referral to treatment in primary care: a randomized clinical trial. J Gen Intern Med 2022 Jan;37(1):70-77
[FREE Full text] [doi: 10.1007/s11606-021-06945-9] [Medline: 34145518]

130. Kowatsch T, Lohse KM, Erb V, Schittenhelm L, Galliker H, Lehner R, et al. Hybrid ubiquitous coaching with a novel
combination of mobile and holographic conversational agents targeting adherence to home exercises: four design and
evaluation studies. J Med Internet Res 2021 Feb 22;23(2):e23612 [FREE Full text] [doi: 10.2196/23612] [Medline: 33461957]

131. Kowatsch T, Schachner T, Harperink S, Barata F, Dittler U, Xiao G, et al. Conversational agents as mediating social actors
in chronic disease management involving health care professionals, patients, and family members: multisite single-arm
feasibility study. J Med Internet Res 2021 Feb 17;23(2):e25060 [FREE Full text] [doi: 10.2196/25060] [Medline: 33484114]

132. Abdullah AS, Gaehde S, Bickmore T. A tablet based embodied conversational agent to promote smoking cessation among
veterans: a feasibility study. J Epidemiol Glob Health 2018 Dec;8(3-4):225-230 [FREE Full text] [doi:
10.2991/j.jegh.2018.08.104] [Medline: 30864768]

133. De Croon R, Geuens J, Verbert K, Vanden AV. A systematic review of the effect of gamification on adherence across
disciplines. In: Proceedings of the 3rd International Conference on HCI in Games: Experience Design and Game Mechanics.
Washington, DC, USA: Springer International Publishing; 2021 Jul Presented at: HCI-Games '21; July 24-29, 2021; Virtual
p. 168-184. [doi: 10.1007/978-3-030-77277-2_14]

134. Litvin S, Saunders R, Maier MA, Lüttke S. Gamification as an approach to improve resilience and reduce attrition in mobile
mental health interventions: a randomized controlled trial. PLoS One 2020 Sep 2;15(9):e0237220 [FREE Full text] [doi:
10.1371/journal.pone.0237220] [Medline: 32877425]

135. Blok AC, Sadasivam RS, Amante DJ, Kamberi A, Flahive J, Morley J, et al. Gamification to motivate the unmotivated
smoker: the "take a break" digital health intervention. Games Health J 2019 Aug;8(4):275-284 [FREE Full text] [doi:
10.1089/g4h.2018.0076] [Medline: 31219347]

136. Boyle SC, Earle AM, LaBrie JW, Smith DJ. PNF 2.0? Initial evidence that gamification can increase the efficacy of brief,
web-based personalized normative feedback alcohol interventions. Addict Behav 2017 Apr;67:8-17 [FREE Full text] [doi:
10.1016/j.addbeh.2016.11.024] [Medline: 27978426]

137. Harris MA. Maintenance of behaviour change following a community-wide gamification based physical activity intervention.
Prev Med Rep 2018 Nov 3;13:37-40 [FREE Full text] [doi: 10.1016/j.pmedr.2018.11.009] [Medline: 30510892]

138. González-González C, Río NG, Navarro-Adelantado V. Exploring the benefits of using gamification and videogames for
physical exercise: a review of state of art. Int J Interact Multimed Artif Intell 2018 Sep;5(2):46-52. [doi:
10.9781/ijimai.2018.03.005]

139. Abdul Rahim MI, Thomas RH. Gamification of medication adherence in epilepsy. Seizure 2017 Nov;52:11-14 [FREE Full
text] [doi: 10.1016/j.seizure.2017.09.008] [Medline: 28934624]

140. Johnson D, Deterding S, Kuhn KA, Staneva A, Stoyanov S, Hides L. Gamification for health and wellbeing: a systematic
review of the literature. Internet Interv 2016 Nov;6:89-106 [FREE Full text] [doi: 10.1016/j.invent.2016.10.002] [Medline:
30135818]

141. Floryan M, Chow PI, Schueller SM, Ritterband LM. The model of gamification principles for digital health interventions:
evaluation of validity and potential utility. J Med Internet Res 2020 Jun 10;22(6):e16506 [FREE Full text] [doi:
10.2196/16506] [Medline: 32519965]

142. Sampat BH, Prabhakar B. Privacy risks and security threats in mHealth apps. J Int Technol Inf Manag 2017;26(4):126-153
[FREE Full text]

143. Martínez-Pérez B, de la Torre-Díez I, López-Coronado M. Privacy and security in mobile health apps: a review and
recommendations. J Med Syst 2015 Jan;39(1):181. [doi: 10.1007/s10916-014-0181-3] [Medline: 25486895]

144. Hutton L, Price BA, Kelly R, McCormick C, Bandara AK, Hatzakis T, et al. Assessing the privacy of mHealth apps for
self-tracking: heuristic evaluation approach. JMIR Mhealth Uhealth 2018 Oct 22;6(10):e185 [FREE Full text] [doi:
10.2196/mhealth.9217] [Medline: 30348623]

145. Dehling T, Gao F, Schneider S, Sunyaev A. Exploring the far side of mobile health: information security and privacy of
mobile health apps on iOS and Android. JMIR Mhealth Uhealth 2015 Jan 19;3(1):e8 [FREE Full text] [doi:
10.2196/mhealth.3672] [Medline: 25599627]

146. Linardon J, Fuller-Tyszkiewicz M. Attrition and adherence in smartphone-delivered interventions for mental health problems:
a systematic and meta-analytic review. J Consult Clin Psychol 2020 Jan;88(1):1-13. [doi: 10.1037/ccp0000459] [Medline:
31697093]

147. Baumel A, Torous J, Edan S, Kane JM. There is a non-evidence-based app for that: a systematic review and mixed methods
analysis of depression- and anxiety-related apps that incorporate unrecognized techniques. J Affect Disord 2020 Aug
01;273:410-421. [doi: 10.1016/j.jad.2020.05.011] [Medline: 32560936]

J Med Internet Res 2022 | vol. 24 | iss. 5 | e35371 | p.116https://www.jmir.org/2022/5/e35371
(page number not for citation purposes)

Jakob et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/33163620
http://dx.doi.org/10.1007/s41347-020-00138-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33163620&dopt=Abstract
http://europepmc.org/abstract/MED/34145518
http://dx.doi.org/10.1007/s11606-021-06945-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34145518&dopt=Abstract
https://www.jmir.org/2021/2/e23612/
http://dx.doi.org/10.2196/23612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33461957&dopt=Abstract
https://www.jmir.org/2021/2/e25060/
http://dx.doi.org/10.2196/25060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33484114&dopt=Abstract
http://europepmc.org/abstract/MED/30864768
http://dx.doi.org/10.2991/j.jegh.2018.08.104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30864768&dopt=Abstract
http://dx.doi.org/10.1007/978-3-030-77277-2_14
https://dx.plos.org/10.1371/journal.pone.0237220
http://dx.doi.org/10.1371/journal.pone.0237220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32877425&dopt=Abstract
http://europepmc.org/abstract/MED/31219347
http://dx.doi.org/10.1089/g4h.2018.0076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31219347&dopt=Abstract
http://europepmc.org/abstract/MED/27978426
http://dx.doi.org/10.1016/j.addbeh.2016.11.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27978426&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-3355(18)30266-3
http://dx.doi.org/10.1016/j.pmedr.2018.11.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30510892&dopt=Abstract
http://dx.doi.org/10.9781/ijimai.2018.03.005
https://linkinghub.elsevier.com/retrieve/pii/S1059-1311(17)30529-0
https://linkinghub.elsevier.com/retrieve/pii/S1059-1311(17)30529-0
http://dx.doi.org/10.1016/j.seizure.2017.09.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28934624&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(16)30038-0
http://dx.doi.org/10.1016/j.invent.2016.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30135818&dopt=Abstract
https://www.jmir.org/2020/6/e16506/
http://dx.doi.org/10.2196/16506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32519965&dopt=Abstract
https://scholarworks.lib.csusb.edu/jitim/vol26/iss4/5/
http://dx.doi.org/10.1007/s10916-014-0181-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25486895&dopt=Abstract
https://mhealth.jmir.org/2018/10/e185/
http://dx.doi.org/10.2196/mhealth.9217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30348623&dopt=Abstract
https://mhealth.jmir.org/2015/1/e8/
http://dx.doi.org/10.2196/mhealth.3672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25599627&dopt=Abstract
http://dx.doi.org/10.1037/ccp0000459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31697093&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2020.05.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32560936&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


148. Mohr DC, Weingardt KR, Reddy M, Schueller SM. Three problems with current digital mental health research . . . and
three things we can do about them. Psychiatr Serv 2017 May 01;68(5):427-429 [FREE Full text] [doi:
10.1176/appi.ps.201600541] [Medline: 28412890]

149. Baumel A, Edan S, Kane JM. Is there a trial bias impacting user engagement with unguided e-mental health interventions?
A systematic comparison of published reports and real-world usage of the same programs. Transl Behav Med 2019 Nov
25;9(6):1020-1033. [doi: 10.1093/tbm/ibz147] [Medline: 31689344]

150. Kohl LF, Crutzen R, de Vries NK. Online prevention aimed at lifestyle behaviors: a systematic review of reviews. J Med
Internet Res 2013 Jul 16;15(7):e146 [FREE Full text] [doi: 10.2196/jmir.2665] [Medline: 23859884]

Abbreviations
CVD: cardiovascular disease
DHI: digital health intervention
mHealth: mobile health
NCD: noncommunicable disease
PICOS: Population, Intervention, Comparison, Outcomes, and Study component
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
UX: user experience

Edited by A Mavragani; submitted 02.12.21; peer-reviewed by M Wu, F Velayati, H Meng; comments to author 23.12.21; revised
version received 31.03.22; accepted 09.04.22; published 25.05.22.

Please cite as:
Jakob R, Harperink S, Rudolf AM, Fleisch E, Haug S, Mair JL, Salamanca-Sanabria A, Kowatsch T
Factors Influencing Adherence to mHealth Apps for Prevention or Management of Noncommunicable Diseases: Systematic Review
J Med Internet Res 2022;24(5):e35371
URL: https://www.jmir.org/2022/5/e35371 
doi:10.2196/35371
PMID:35612886

©Robert Jakob, Samira Harperink, Aaron Maria Rudolf, Elgar Fleisch, Severin Haug, Jacqueline Louise Mair, Alicia
Salamanca-Sanabria, Tobias Kowatsch. Originally published in the Journal of Medical Internet Research (https://www.jmir.org),
25.05.2022. 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. 5 | e35371 | p.117https://www.jmir.org/2022/5/e35371
(page number not for citation purposes)

Jakob et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/28412890
http://dx.doi.org/10.1176/appi.ps.201600541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28412890&dopt=Abstract
http://dx.doi.org/10.1093/tbm/ibz147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31689344&dopt=Abstract
https://www.jmir.org/2013/7/e146/
http://dx.doi.org/10.2196/jmir.2665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23859884&dopt=Abstract
https://www.jmir.org/2022/5/e35371
http://dx.doi.org/10.2196/35371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35612886&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Review

Findings and Guidelines on Provider Technology, Fatigue, and
Well-being: Scoping Review

Donald M Hilty1,2, MBA, MD; Christina M Armstrong3, PhD; Shelby A Smout4, MS; Allison Crawford5, MD, PhD;

Marlene M Maheu6, PhD; Kenneth P Drude7, PhD; Steven Chan8, MBA, MD; Peter M Yellowlees1, MBBS, MD;

Elizabeth A Krupinski9, PhD
1Department of Psychiatry & Behavioral Sciences, University of California Davis School of Medicine, Sacramento, CA, United States
2Northern California Veterans Affairs Health Care System, Mather, CA, United States
3Office of Connected Care, Department of Veterans Affairs, Washington, DC, United States
4Virginia Commonwealth University, Richmond, VA, United States
5Extension for Community Healthcare Outcomes, Ontario Mental Health at Centre for Addiction and Mental Health, University of Toronto Virtual
Mental Health, and Canada Suicide Prevention Service, Toronto, ON, Canada
6Telebehavioral Health Institute, LLC and Coalition for Technology in Behavioral Science, San Diego, CA, United States
7Coalition for Technology in Behavioral Science & Ohio Board of Psychology, Dayton, OH, United States
8Department of Psychiatry & Behavioral Sciences, Stanford University School of Medicine & Veterans Affairs Palo Alto Health Care System, Palo
Alto, CA, United States
9Department of Radiology & Imaging Sciences, Emory University School of Medicine, Atlanta, GA, United States

Corresponding Author:
Donald M Hilty, MBA, MD
Department of Psychiatry & Behavioral Sciences
University of California Davis School of Medicine
2230 Stockton Boulevard
Sacramento, CA, 95817
United States
Phone: 1 626 375 7857
Email: donh032612@gmail.com

Abstract

Background: Video and other technologies are reshaping the delivery of health care, yet barriers related to workflow and
possible provider fatigue suggest that a thorough evaluation is needed for quality and process improvement.

Objective: This scoping review explored the relationship among technology, fatigue, and health care to improve the conditions
for providers.

Methods: A 6-stage scoping review of literature (from 10 databases) published from 2000 to 2020 that focused on technology,
health care, and fatigue was conducted. Technologies included synchronous video, telephone, informatics systems, asynchronous
wearable sensors, and mobile health devices for health care in 4 concept areas related to provider experience: behavioral, cognitive,
emotional, and physical impact; workplace at the individual, clinic, hospital, and system or organizational levels; well-being,
burnout, and stress; and perceptions regarding technology. Qualitative content, discourse, and framework analyses were used to
thematically analyze data for developing a spectrum of health to risk of fatigue to manifestations of burnout.

Results: Of the 4221 potential literature references, 202 (4.79%) were duplicates, and our review of the titles and abstracts of
4019 (95.21%) found that 3837 (90.9%) were irrelevant. A full-text review of 182 studies revealed that 12 (6.6%) studies met
all the criteria related to technology, health care, and fatigue, and these studied the behavioral, emotional, cognitive, and physical
impact of workflow at the individual, hospital, and system or organizational levels. Video and electronic health record use has
been associated with physical eye fatigue; neck pain; stress; tiredness; and behavioral impacts related to additional effort owing
to barriers, trouble with engagement, emotional wear and tear and exhaustion, cognitive inattention, effort, expecting problems,
multitasking and workload, and emotional experiences (eg, anger, irritability, stress, and concern about well-being). An additional
14 studies that evaluated behavioral, emotional, and cognitive impacts without focusing on fatigue found high user ratings on
data quality, accuracy, and processing but low satisfaction with clerical tasks, the effort required in work, and interruptions costing
time, resulting in more errors, stress, and frustration. Our qualitative analysis suggests a spectrum from health to risk and provides
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an outline of organizational approaches to human factors and technology in health care. Business, occupational health, human
factors, and well-being literature have not studied technology fatigue and burnout; however, their findings help contextualize
technology-based fatigue to suggest guidelines. Few studies were found to contextually evaluate differences according to health
professions and practice contexts.

Conclusions: Health care systems need to evaluate the impact of technology in accordance with the Quadruple Aim to support
providers’ well-being and prevent workload burden, fatigue, and burnout. Implementation and effectiveness approaches and a
multilevel approach with objective measures for clinical, human factors, training, professional development, and administrative
workflow are suggested. This requires institutional strategies and competencies to integrate health care quality, technology and
well-being outcomes.

(J Med Internet Res 2022;24(5):e34451)   doi:10.2196/34451

KEYWORDS

burnout; screen fatigue; technology fatigue; well-being; videoconferencing; Zoom fatigue; mobile phone

Introduction

Background
Technology is reshaping the delivery of health care worldwide
as a facilitator, practice extender, and virtual team member for
person- and patient-centered care [1,2]. Health care systems
and governmental agencies worldwide are promoting quality
and evidence-based care by implementing the Quadruple Aim,
which emphasizes reducing costs and improving population
health, patient experience, and team well-being [1-3]. Fatigue
is a very complex and multidimensional construct and a review
of research across cognitive science, exercise physiology, and
clinical practice suggests that its most promising common
feature is the notion of perceived effort—this accounts for
interindividual differences and situational variations and
includes both mental and physical constructs and integrates
motivational and emotional dimensions [4]. Health care
providers and other employees have increasingly noted problems
related to fatigue and excessive workflow steps, particularly
electronic health records (EHRs), that may affect well-being
and contribute to burnout [5].

Technology challenges include learning to use it personally and
professionally and integrating it into workflow and screen time
[6-8]. Subjective phrases such as technology fatigue or, in the
COVID-19 era, Zoom fatigue suggest that technology causes
fatigue. Past research on employees’ subjective, physical, and
ophthalmologic factors related to computer displays [9-14]
suggests that there are many additional occupational health
factors related to fatigue, burnout, and accidents [15-17].
Business industries have contended with technological
challenges and systematically changed workflows for users to
transform and avoid extinction [18]. In health care, there appears
to be a gap between the system’s perception of processes and
users’ or participants’ experiences [2].

Current Practice
It appears that there is a gap in how health care providers
typically use EHRs and other technologies, the amount of effort
required for workflow, and how this leads to fatigue (or
burnout). Health care is starting to evaluate the longitudinal
continua of work engagement and burnout, the development of
burnout in relation to job demands and resources, and the role
of psychosocial working conditions [19,20]. Assessment of

well-being [21,22], burnout [23-28], burnout with EHRs [29,30],
and related risk factors [31] is underway, including in psychiatry
and behavioral health providers [32-34]. Interventions can help
prevent and ameliorate burnout [35,36] and changes to
organizational structure (eg, shared leadership), process
improvement (eg, lean), employee support (eg, leisure, fitness,
and diet), and professional development [37,38]. Another gap
is that systems have generally approached burnout as an
individual’s problem (eg, depression) rather than as an
organization’s problem (ie, a shared problem). Key stressors
within an organization that put people at risk of burnout need
to be identified—at a department or unit level—so that changes
can be made to reduce their impact and create healthier
workplaces.

Objective
The relationship among technology, fatigue, and health care
can be better understood by reviewing the broad literature on
health, business, occupational health, technology, and
well-being. This will help with the following:

1. Find data on the intersection of technology, fatigue, and
health care (eg, association, mediation, and cause).

2. Provide an overview of the business, occupational health,
and well-being literature to contextualize technology-based
fatigue, its components, and related processes.

3. Suggest guidelines for health care related to technology,
well-being, and fatigue at provider, clinic, and system levels
to advance self-assessment, quality improvement, and
necessary organizational and social improvements to
promote a culture of well-being.

Methods

Approach
A literature search via the Medical Subject Headings of the
keywords spanned from January 2000 to December 2020, using
the original 6-stage scoping review process [39], with updated
modifications [40] and the PRISMA-ScR (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses extension for
Scoping Reviews) [41].

Research Question
This scoping review explores the relationship among technology,
fatigue, and health care to improve the conditions for providers.
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It focuses on the overarching question: “What is
technology-based fatigue and what are its consequences for
providers and patients?” The subquestions are as follows:

1. What are the characteristics of technology-based fatigue
and its associated factors, including technologies?

2. Does technology and associated fatigue impact provider
health (burnout, compassion fatigue, and well-being)?

3. How does provider burnout or well-being associated with
technology affect the delivery of care; therapeutic
relationships; and quality of care offered in person, by
video, and by other technologies?

4. What are strategies or interventions being used to prevent
or ameliorate technology fatigue?

The goal was to synthesize clinical, provider, administrative,
business, and other workplace data and consider the current and
target states for using technologies in a healthy way to prevent

or minimize problems and focus efforts on further assessment
and intervention.

Identifying Relevant Studies
A total of 10 literature databases were queried by a librarian:
PubMed, APA PsycNET, Embase, PsycINFO database via the
Ebsco platform, Web of Science, Scopus, Social Sciences
Citation Index, Telemedicine Information Exchange database,
Centre for Reviews and Dissemination, and Cochrane Database
of Systematic Reviews and Central Register of Controlled Trials.
The search focused on technology, health care, and fatigue via
synchronous telepsychiatry and tele-behavioral or tele-mental
health, though telephone, asynchronous, mobile health, tablets,
and text were also searched. It also included types of health
providers (ie, clinician, provider, counselor, employee, medical
nurse or physician, psychiatrist, psychologist, social worker,
therapist, and worker), assessment, care, evaluation, screening,
therapy, triage, and treatment. The initial search targeted 4
concept areas by using specific terms as shown in Textbox 1.

Textbox 1. Concept areas used in the initial search.

Behavioral, cognitive, emotional, and physical impact

• Behavioral impact

• (anxi*, barriers, boredom, complain*, concern*, depression *, detachment *, distance, effort*, engage*, emotional*, enjoy*, exhaustion,
experience, factor, fatigue*, insomnia, intimacy, isolation, mental, onerous, positive, readiness, reward*, social, substance, suicide, team,
worry) or

• Cognitive impact

• (attention, attitude*, alertness, critical, cynicism, distraction, efficacy, effort, expectation, incompetence, indecision, motivation, multitasking,
negative, step*, task*, workflow, workload) or

• Emotional impact

• (alone, anger, anxiety, compassion*, complex, confidence, empower, esteem, human, irritability, lonely, positive, quality of life, resilien*,
sadness, satisfaction, secondary, share*, trauma, satisfaction, stress, support, susceptible, therapeutic, wellness, well-being) or

• Physical impact

• (ache, back, distress, exhaustion, eye, fatigue, headache, neck, pain, problem*, strain, stress, tiredness, visual)

Workplace at the individual, clinic, hospital, and system or organizational levels

• accessories, alternative, burden, clerical, computer, control, dedicated, demand, display, distraction, disrupti*, error*, flexib*, home, interruptions,
intrusion, job, mishap, mistake, nap, organization, recognition, routine, relative value unit (RVU), safety, schedule, screen, separation, shift,
telework, terminal, time, video, voice, workflow, and workload

Well-being, burnout, and stress

• adaptable, adjustment, burnout, confidence, cop*, esteem, fitness, happy, health*, mindful*, purposeful, relaxation, resilien*, risk, safety,
satisfaction, vitality, vulnerab*, wellness, willingness

Provider perceptions regarding technology

• attitudes, diffusion, adaptor, and willingness, motivation, urgency, readiness to use technology, biases regarding tech use, and experience of
using technology

Study Selection
One author (DMH) screened titles and abstracts of 4221
potential references, excluding 202 (4.79%) based on duplication
and 3837 (90.9%) that did not meet the search criteria. Notably,
2 of 3 authors (DMH, CMA, or SAS) reviewed the full text of
182 articles, but only 12 (6.6%) met the inclusion criteria related

to health care, technology, and fatigue based on consensus
(Figure 1). If there was a disagreement, a third author (DMH,
CMA, or SAS) made the decision. An additional 14 studies
evaluated health care and technology workflow with user
experiences and perceptions that may provide a contextual
understanding of fatigue.

J Med Internet Res 2022 | vol. 24 | iss. 5 | e34451 | p.120https://www.jmir.org/2022/5/e34451
(page number not for citation purposes)

Hilty et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 1. Search flowchart: diagram of studies reviewed. eConsult: electronic consultation.

Data Charting
A data charting form was used to extract data, and notes were
organized consistent with a descriptive analytical method by
each reviewer. The reviewers compared and consolidated the
information using a qualitative content analysis approach [42].

Analysis, Reporting, and the Meaning of Findings
Results were organized based on the objectives into tables and
figures, with key concepts and components of technology-based
fatigue outlined and described, partially based on excerpts from
published topics. As this research area, although critical, is
nascent, findings were reported individually.

The technologies used have evolved considerably, making these
articles a challenge to compare. Qualitative steps to analyze

disparate populations, data and methods of studies were used
[42]. Content, discourse, and framework qualitative analysis
techniques were used to analyze findings from papers to develop
a spectrum of health to risk of fatigue to manifestations of
burnout (Figure 2) [43]. Content analysis was used to classify,
summarize, and tabulate the behavioral data; discourse analysis
was used to search for themes and patterns; and framework
analysis was used to sift through, chart, and sort data in
accordance with key issues and themes in a series of steps (eg,
indexing, charting, mapping, and interpretation). Time points
related to the release and integration of new technologies into
the marketplace and health care, as well as concept area
terminology surfacing in the literature were estimated
qualitatively (Figure 3).
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Figure 2. A comparison of health and resilience, risk to well-being, and manifestations of technology-based fatigue and burnout. EHR: electronic health
record.

Figure 3. Impact of the implementation of technology integration and utilization toward hybrid care on health and well-being over time.
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Expert Opinions
Expert opinions were solicited to review preliminary findings
and suggest additional steps for improvement. A list of relevant
experts was compiled from (1) behavioral health organizations
internationally (eg, Psychiatry, Psychology, Social work, and
Addiction); (2) technology-related special interest groups of
organizations (eg, the American Telemedicine Association
American Medical or Nursing Informatics Associations and
Coalition for Technology in Behavioral Sciences); (3) health
organizations related to quality improvement, human resources,
occupational health, and lean systems (eg, Agency for
Healthcare Research and Quality, American National Standards
Institute, Healthcare Information and Management Systems
Society, Joint Commission, and World Health Organization);
and (4) federal (ie, US National Academy of Sciences, US.
National Institute of Health, US Department of Defense, and
US Veterans Health Administration) and academic institutions
(ie, Mayo Clinic and University of California); and (5)
researchers, authors, editors, and editorial board members.

Experts were invited by email from 7 countries (Australia,
Canada, Germany, India, Italy, the United Kingdom, and the
United States) by several means, including attending a live
videoconference expert feedback session and providing
qualitative feedback. The lead author (DMH) facilitated the use
of a scribe, and each of the 3 sessions lasted 50 minutes. The
abstract, objectives, methods, tables, and figures were sent to
experts a week in advance. The session started with a brief
introduction based on the abstract, objectives, and overview of
the table and figure content (10 minutes). This was followed
by general questions, comments, and suggestions, including
review of the data charting and search criteria (20 minutes). The
input was summarized and themes were extracted to guide the
organization (eg, headings in rows) and content (eg, in the
columns) of tables and figures. The questions were asked to
solicit additional feedback (10 minutes), and other suggestions
were provided at the end of the session. Feedback was collated
based on previous studies using consensus and modified Delphi
processes [37,44]. Attendees were asked to complete a
qualitative and quantitative 5-item Likert-scale survey (strongly
disagree, disagree, neutral, agree, or strongly agree) or provide
qualitative feedback via email. The survey included 6 questions,
3 weighted positively (the data provide a systematic way for
clinicians to assess fatigue and well-being) and 3 weighted
negatively.

Results

Overview
The results are organized per objectives (intersection of
technology, fatigue, and health care; business, occupational
health, and well-being literature; and guidelines for health care),
which align with the search of the 4 concept areas (behavioral,
cognitive, emotional, and physical impact; workplace at the
individual, clinic, hospital, and system or organizational levels;
well-being, burnout, and stress; and provider perceptions
regarding technology). Business, occupational health, and
well-being literature did not study technology fatigue and
burnout; however, findings help contextualize technology-based

fatigue to suggest guidelines at provider, clinic, and system
levels for health care. Few studies were found to contextually
evaluate differences according to health professions and practice
contexts.

Expert opinions and feedback (N=19) contributed by attending
a live expert feedback session and providing qualitative
feedback, completing a qualitative and quantitative 6-item
Likert-scale survey (16/19, 84%), or providing qualitative
feedback via email (2/19, 10%). Of the 19 attendees in expert
feedback sessions, 8 (42%) were psychiatrists, 5 (26%) were
psychologists, 2 (10%) were marriage and family therapists, 1
(5%) was a physician (not psychiatrist), 1 (5%) was a counselor,
1 (5%) was a social worker, and 1 (5%) was a systems engineer.
Results showed that most attendees agreed or strongly agreed
that (1) “The results provided in tables are organized in the
ballpark and relatively complete” (18/19 93%), (2) “The tables
are a practical way to identify, analyze, and begin to address
technology problems for providers and systems” (13/19, 69%);
and (3) “The figures substantially help to compare and contrast
the continuum of health versus fatigue versus burnout” (13/19,
69%).

Technology, Health Care, and Fatigue
A total of 12 papers met the inclusion criteria based on the
consensus of the authors [8,13,14,45-53]. Studies assessed the
behavioral (8/12, 67%), emotional (4/12, 33%), cognitive (7/12,
58%), and physical (4/12, 33%) impact of workflow at the
individual (11/12, 92%), clinic (8/12, 67%), hospital (6/12,
50%), and system or organizational (6/12, 50%) levels; only
25% (3/12) of studies included all levels. Most health care
professionals had medical degrees (MD; 8/12, 67%), including
radiologists (2/12, 17%). Video and EHR use was associated
with behavioral, cognitive, emotional, and physical impact, with
the latter usually reported as eye fatigue, neck pain, stress, and
tiredness. Behavioral impact involved additional efforts
regarding barriers, trouble with engagement, emotional wear
and tear, exhaustion, and fatigue. Cognitive impact focused on
inattention, effort, expecting problems, multitasking, and
workload. Emotional impact was related to anger, irritability,
stress, and concern about well-being.

These studies were conducted in the United States, although a
study compared providers’ impact across countries. Only 17%
(2/12) studies discussed the physical environment, occupational
health approaches, mobile care, telework, or lean, human factors,
and user design approaches to workflow. System onboarding
and training enables users to get oriented and informally sets
expectations, but often there are no processes for ongoing self-,
peer-, and system-assessment of experience or skills. Workplace,
workspace, ergonomic, and technology implementation are
gaining more attention in health care [54,55] and other industries
for those who function at work and home [56]. The studies were
unidirectional in association, mediation, and
causation—technology causing fatigue, and similar to other
studies in the literature [11,12,57,58], they lacked standard
assessment, monitoring, and interventions.

Studies have focused on the use [8,45,53], surveys of providers
[46,51], visual strain or fatigue [13,14], implementation and
usability [47,52], and consensus reports [59,60] (Multimedia
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Appendix 1 [8,13,14,45-53]). It is organized by study, sample
size (N), length of time, population, country, design, type of
technology, area of focus of the assessment (ie, behavioral,
cognitive, emotional, and physical impact), and level of the
assessment (ie, individual, clinic, hospital, and system or
organizational). Physician participants experienced physiological
fatigue at least once during simulation exercises involving 4
patient cases, with the majority (20/25, 80%) experiencing
physiological fatigue within the first 22 minutes of use [8].
Those who experienced EHR-related fatigue in a patient case
were less efficient in the subsequent case as demonstrated by
longer task completion times (r=−0.521; P=.007), higher
numbers of mouse clicks (r=−0.562; P=.003), and more EHR
screen visits (r=−0.486; P=.01). Visual strain and fatigue studies
have focused on individual-level adjustments for
accommodation at near distances, with lack of energy, physical
discomfort, and sleepiness, were statistically significantly higher
as functions of the length of session [13,14]. Thus, shifts at the
workplace and organizational levels may be required for the
overall workflow.

Approximately 45.8% (3338/7279) of the physicians worked
for >60 hours per week compared with 10% (3442/34,420) of
US workers in other fields [51]. Studies have determined that
physicians spend 4 to 6 hours on EHR and desk work during
the day and another 1 to 2 hours after work, often for clerical
and administrative tasks (eg, documentation, order entry, billing,
coding, and system security) [52]. Studies found that US
providers compared with others spent substantially more time
actively using the EHR (mean time 90.2 minutes vs 59.1
minutes; P<.001), including making notes, orders, in-basket
messages, and clinical review [45]. They also composed more
automated note text than their non-US counterparts (270/348,
77.5% vs 14/23, 61%; P<.001) and received statistically
significantly more messages per day (33.8 vs 12.8; P<.001).
Furthermore, US clinicians used the EHR for a longer time after
hours, logging in 26.5 minutes per day versus 19.5 minutes per
day for non-US clinicians (P=.01). These results persisted after
controlling for organizational characteristics, including structure,
type, size, and daily patient volume. The most important 3
factors that separate the ideal order sets from the rest are patient
safety, efficiency, and user satisfaction. Scientific evidence,
workflow, ordering efficiency, and user satisfaction reduce
mouse clicks and unproductive thinking times [53].

Implementation studies of usability suggest that there are
multiple opportunities to improve the use of EHRs across
professions, particularly in relation to usability [47,51-53]. A
survey on health information technology (IT) for pharmacy
practice showed that some EHRs may also introduce new error
types (eg, excessive alerts can lead to fatigue, so much so that
providers can inadvertently ignore scanner barcode indicators
of drug mismatches and erroneously identify drugs) [46].

Provider Perceptions and Experiences With
Technology in Health Care Not Specific to Fatigue
A total of 14 studies explored provider experiences or
perceptions about technology that may apply to fatigue but did
not directly investigate it. These studies focused on EHR and
videos (6/14, 43%); combinations of video display terminals

(VDTs), computers, and phones (6/14, 43%); smartphones or
PDA (1/14, 7%), or EHR alone (1/14, 7%; Multimedia Appendix
2 [6,56,61-72]). Methods were heterogeneous with surveys,
semistructured interviews, qualitative methods, and comparison
groups (eg, video vs in-person or other). The foci of the
assessment were behavioral (9/14, 64%), emotional (9/14, 64%),
cognitive (10/14, 71%), and physical impact (1/14, 7%) and the
assessment was at the individual (12/14, 86%), clinic (6/14,
43%), hospital (6/14, 43%), and system or organizational (6/14,
43%) levels.

Studies that focused on EHR time log data for physicians [61,71]
found substantial time of EHR use (eg, 5.9 hours of a 11.4-hour
workday in a hospital, 4.5 hours during clinics hours, and 1.4
hours after clinic). Of time spent in the EHR, clerical and
administrative tasks such as documentation, order entry, billing,
and coding accounted for 44.2%, inbox management for 23.7%,
and additional time communicating with patients, refilling
prescriptions, or reviewing test results each day [61,71]. User
ratings were high on data quality, accuracy, and processing [62]
but low for satisfaction with clerical tasks [6]. Interrupted tasks
require more time and result in more errors, stress, and
frustration [72], and qualitative interviews and focus groups
suggested more focus on usability, usefulness, training, and
support [65,68]. There were differences among generations
regarding adaptability, perceived benefits and drawbacks, and
perceptions of other generations’ abilities to adapt.

A Continuum From Health to Fatigue to Burnout
Qualitative analysis of the literature suggests a continuum from
health to risk of fatigue to manifestations of digital burnout
(Figure 2). This was stratified by clinical care, technology,
routine, and social, interpersonal and professional dimensions.
Related to care, providers vary in how aligned technology is
with goals, how therapeutic or enjoyable it is for them (and not
just patients), and other rewards. Organizations play a substantial
role in selection and implementation of technology for clinical
workflow, workload, and remuneration, which often
predetermine routines. Provider input is sometimes solicited.
When organizations use user-centered design or lean processes,
user satisfaction and the fit of goals, methods, and routines may
be much higher [59,60], avoiding gaps between the system and
provider perspectives. Fatigue often manifests in social and
interpersonal contexts, with taxing fatigue overtaking
effectiveness and engagement, resulting in burnout with
exhaustion, cynicism, and feelings of ineffectiveness [6,24,25].

Organizational Responses Based on Provider
Experiences and Human Factors Related to Technology
A qualitative analysis suggested multiple opportunities for
regulators, policy makers, EHR developers, payers, health
system leadership, and users to collectively improve the use of
EHRs and other technologies (Multimedia Appendix 3) [47,52].
It summarizes human factors and technology in health care:
organizational responses for prevention and adjustment of
workflow, as organized in terms of evidence and findings,
manifestations and analysis of technology problems, and
individual user versus organizational adjustments being made.
A change management process for workflow and administration
[73] requires training, supervision, and evaluation to adjust
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competencies or skills, improve quality and performance
indicators, and reallocate resources in health care [2,74].

Business, Occupational Health, and Well-being
Literature to Contextualize Technology-Based Fatigue

Overview
From the 1980s to 2021, there has been a shift in the perception
of the origin of technology problems in business, occupational
health, and other area [46,75]. Earlier perceptions attributed
problems of production, efficiency, and outputs as being related
to ergonomic, mechanical, workplace, and other factors for
individuals, cohorts (eg, VDT employees), and systems. More
recently, gaining input from users of technology is central to
the design of the workplace to minimize and prevent problems.

VDT Studies
Findings from VDT studies of occupational hygiene (eg, climate,
lighting, and electrostatic conditions) and ophthalmologic
dimensions appear to be quite pertinent to video, EHR, and
psychosocial work commonly associated with technology fatigue
[9,10,76]. Job stress has been found to be higher; quality of life
has been found to be lower; and visual strain, discomfort, and
fatigue has been found to be higher in VDT workers than in
non-VDT workers [77], and combined, interactive
communication causes more discomfort than data entry or
acquisition. Postural risk factors and job strain in the
environment seem to increase musculoskeletal symptoms for
those with >7 hours of VDT use per day, but ergonomic
interventions improve function [57,78].

Displays and workflow interventions have been successful in
many respects. A 15-minute work period with microbreaks [79]
and physically large displays help improve employee
performance. A 15° rather than 40° video display curvature
(display curvature impacts effort to visualize displayed text)
[80] and a case manuscript and luminance ratio of 3 (used for
the useful contrast of a display) also help users’ performance
[9-14]. Coworking spaces are an alternative to home offices
because professional isolation negatively affects job
performance, and employees with inhibitory deficits (eg, prone
to distraction) and poorer boundaries (ie, limited psychological
detachment) experience more stress [58,81].

Studies Assessing Fatigue and Burnout
There are overlaps and differences between burnout and
prolonged fatigue [82]. Fatigue plays a central role in the
development of burnout (ie, medical) and prolonged fatigue (ie,
Psychological), with the former conceptualized as a work-related
condition and prolonged fatigue as a general condition. Burnout
manifests as exhaustion (physical and emotional), cynicism and
detachment from the job and others, and a sense of
ineffectiveness and lack of accomplishment [24,25]. Low job
dissatisfaction is associated with low organizational
commitment, absenteeism, intention to leave the job, turnover,
lower productivity, and impaired quality of work. Those who
experience burnout also disrupt job tasks and display greater
interpersonal aggression [24,25]. The Areas of Worklife model
considers workload, sense of control, reward, community,
fairness, and values as important to burnout [75]. Rewards and

recognition provide opportunities for intrinsic satisfaction and
self-efficacy. A good community provides social support, trust,
effective means of working out disagreement, and better job
engagement. The job demands-resources model posits that
burnout is related to the experience of incessant job demands
and inadequate resources, whereas the conservation of resources
model follows basic motivational theory in assuming that
burnout arises because of persistent threats to available
resources.

Conceptualization of fatigue and burnout may also be organized
according to engagement and job stress [24,25,83]. Engagement
is considered a state of high energy, strong involvement, and a
sense of efficacy. It is a persistent, positive,
affective-motivational state of fulfillment characterized by the
3 components of vigor, dedication, and absorption. Engagement
is considered an independent and distinct concept, which is not
the opposite of burnout, although is negatively related to it.
Interventions at the individual level may involve the following:
(1) changing work patterns, (2) developing coping skills, (3)
obtaining social support, (4) using relaxation strategies, (5)
promoting good health and fitness, and (6) developing a better
self-understanding. At the workplace or organizational level,
this may mean the following: (1) redesigning job tasks, (2)
improving recognition of notable work by both teams and
individuals, and (3) developing more fair and equitable policies.

Guidelines for Providers, Systems, and Organizations
in Health Care for Use of Technology and Well-being
A shift to a culture of well-being with technology use requires
the evaluation, implementation, and monitoring of individual,
workplace, workflow, and institutional strategies (Multimedia
Appendix 4 [2,6,7,23-25,28-30,37,44,49-53,56,74,83-85]). If
the link between technology and fatigue is poorly recognized,
changes in workflow processes and policies may not be carried
out until the provider’s well-being is already at risk owing to
burnout [49]. Guidelines for health care, well-being, and the
use of technology (eg, EHRs) to avoid burnout were found
throughout these studies and summarized as well; however,
these need to evaluate fatigue.

A shift to a culture of well-being that incorporates technology
will require adaptations and quality improvement in the areas
of technology, physical environment, occupational health, and
specific evaluations and interventions. Therefore, objective
measures to evaluate, promote, and enhance well-being are
required. At a minimum, consideration is needed for the
cognitive, behavioral, emotional, and physical impact of
workflows. Such consideration is needed at the individual, clinic,
hospital, and system or organizational levels. This could include
adjustments in information systems (IS) and IT, use of lean
methods and emphasis on interprofessional education efforts
with technology team-based care from the Institute of Healthcare
Improvement and Agency for Healthcare Research and Quality
[2]. More specifically, methods are needed to evaluate clinical
workflows, promote provider competencies with technology
and self-care and implement institutional competencies for
technologies. Deliberate, sustained, and comprehensive efforts
by the organization are often inexpensive, reduce burnout, and
promote engagement [24,25,49-51].
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Health care provider well-being and health appear to be related
to the technological integration of video, EHR, and mobile
health over time (Figure 3). This figure was created based on
time points related to the following: (1) the release of new
technologies into the marketplace; (2) the introduction (or in
some cases integration) of technologies into workflow for health
care systems, which was generalized, as some systems integrated
sooner and others later, and private practice providers were
likely quite heterogeneously adapting; and (3) content and
discourse analysis to thematically capture concept area
terminology surfacing in the literature related to technology
(eg, burnout has been identified much earlier, but fatigue and
technology have surfaced in recent years). Organizational efforts
and resultant outcomes for well-being may be stratified from
high to low based on individual, system, and organizational
contributions, as follows: (1) high—substantial institutional
support to seek user input, optimize clinical skills, and monitor
resilience and well-being; (2) mid—good but limited
institutional support to include user input, which improves some
workflow processes but not systematically; and (3)
low—minimal institutional support with expectations that users
learn, adapt workflow, and maintain well-being individually.

Discussion

Principal Findings
Studies related to the implementation and evaluation of
technology are increasingly sophisticated and provide a starting
place despite varying widely in duration, approaches, methods,
and quality of measures. The 12 studies that met all the inclusion
criteria for technology, health care, and fatigue studied the
behavioral, emotional, cognitive, and physical impact of
workflow at individual, hospital, and system or organizational
levels (Multimedia Appendix 1) [8,13,14,45-53]. Video and
EHR use is associated with fatigue with physical eye fatigue,
neck pain, stress, and tiredness; behavioral impact related to
additional effort owing to barriers, trouble with engagement,
emotional wear and tear and exhaustion, cognitive inattention,
effort, expecting problems, multitasking and workload, and
emotional experiences such as anger, irritability, stress, and
concern about well-being. An additional 14 studies that
evaluated the behavioral, emotional, and cognitive impact of
using technology without focusing on fatigue found high user
ratings on data quality, accuracy, and processing but low
satisfaction with clerical tasks, the effort required in work and
interruptions costing time and resulting in more errors, stress,
and frustration (Multimedia Appendix 2) [6,56,61-72]. Other
problems contributing to fatigue may include the addition of
workflow steps before and after clinical care is provided, often
requiring sustained periods of technology use. Few studies have
discussed the physical environment, occupational health
approaches, mobile, telework, lean, process improvement,
human factors, and user design approaches to workflows. A
qualitative analysis of the literature suggests a continuum from
health to risk of fatigue to manifestations of digital burnout,
which provides an outline of organization approaches to human
factors and technology in health care (Figure 2). Although
business, occupational health, and well-being literature did not
study technology fatigue and burnout, findings from the

literature help contextualize technology-based fatigue and
modern approaches they use such as lean, process improvement,
occupational health, design studios, and implementation science
that could be helpful in health care at individual, clinic, hospital,
and system or organizational levels. Few studies were found to
contextually evaluate differences according to health professions
and practice contexts.

Beneficial changes in workplace culture, focus on well-being,
and prevention of burnout from other fields are beginning to be
used in health care [29,49,86], but an accurate evaluation of the
problems is just beginning. Areas of specific focus include
clinical care, human factors, training, professional development,
workflow, and administration factors (Multimedia Appendix
3). The conceptualization of burnout is undergoing change, with
a shift toward the recognition of burnout as an occupational
phenomenon rather than solely as an individual medical disease
(eg, depression) per the World Health Organization [87]. Thus,
deployment of health care and administrative resources should
move beyond the individual (eg, Family and Medical Leave
Act) and look at structural, educational, cultural, and social
factors.

To begin to address challenges in health care related to fatigue
and burnout, including those associated with technology, a
substantial collaborative effort is needed from health system
leadership, organizational researchers, IT and IS specialists,
and potentially the government [2,3,28,29], as changes in
financing, reimbursement, and regulatory processes may need
adjustment. An overall approach requires implementation,
evaluation, and monitoring of individual, workplace, workflow,
and institutional strategies (Multimedia Appendix 4). Financial
support resources (eg, counseling, retirement planning, and
college planning for children) can reduce competing demands
for time and address personal and career concerns [51]. To
transform organizational culture, wrap-around support for
providers, not just patients, may be needed, as suggested by the
Quadruple Aim. In the business culture of successful companies,
such as Cirque du Soleil, L’Oreal Paris, and Nintendo, the tetrad
foci of research, production, marketing, and finance have been
expanded to a pentad by integrating technology rather than
appending it [18,38,88]. An IT business–medicine understanding
or conceptual framework has likewise been suggested with
individual and institutional competencies [2,74] based on IT
architecture [84].

A structural and functional redesign of systems would emphasize
evaluation, effectiveness, implementation, and application of
process improvement [59,60,85,89]. It includes approaches to
causal questions using cross-sectional and longitudinal
dimensions, multilevel foci, and objective measures for clinical
(engagement, meaningfulness of tasks, process and quality
measures, and clinical and safety outcomes), human factors
(workload, rewards, fitness, needs, and well-being), training,
professional development, and administrative (value alignment,
productivity, IS, strategic planning, resources, and participative
management) workflows. A 360° perspective with qualitative
approaches could be useful to collect input from providers on
what makes care therapeutic, enjoyable and easy to provide,
and promotes their well-being and performance as individuals,
team members, and leaders. In time, continuous data collection
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and analytics could support clinical decision-making for patient
quality, workforce satisfaction, and system outcomes, creating
an organizational culture of well-being, compassion in care,
and prevention of fatigue and burnout in all employees,
including providers [2,3,90]. Human factors engineering and
usability assessment has a rich set of scientific methods, a strong
evidence base, and is widely applied effectively in other
industries [84,85].

Limitations
This scoping review has some limitations. First, there were
fewer findings than we expected using our inclusion and
exclusion criteria, despite a broad scope, to find the relationships
between health care, fatigue, and synchronous (video, telephone,
and informatic systems) and asynchronous (wearable sensors
and mobile health devices) technologies. Second, only 1 author
reviewed the titles and abstracts. Third, the entire search was
described but not saved and consolidated as an appendix for
reviewers; reresearch findings of the 2 main databases were
included as an appendix for reviewers. Although the terms,
databases, and dates are a guide to other researchers, this
omission does not enable others to simulate the approach.
Fourth, given the small sample sizes, heterogeneous methods,
and variable study duration, the team was unable to apply a
systematic quality evaluation system or draw conclusions using
a quantitative meta-analysis. Cross-sectional studies of
associations with multiple factors in applied rather than
controlled settings have limitations. Fifth, the stratification of
behavioral, cognitive, emotional, and physical domains of

impact, although heuristically helpful, could have been
operationalized more rigorously. Similarly, workplace at the
individual, clinic, hospital, and system or organizational levels
may need better definitions. Sixth, the review does not cover
all potentially relevant well-being, burnout, and stress
dimensions of the workplace, nor does it cover research on the
physical environment, occupational health, or mobile, virtual
or telework workflows. Seventh, broader input for consensus
across organizations could have been helpful, and a qualitative,
small group interview approach with experts using a
semistructured guide could have discovered more information.

Conclusions
Health care delivery and systems are increasingly incorporating
technology but need to evaluate its impact in accordance with
the Quadruple Aim to support providers. Approaches with causal
questions and longitudinal implementation research could
benefit from a multilevel approach with objective measures for
clinical and human factors, training, professional development,
and administrative workflows. If done well, technology
integration could further population-centered health and
effectiveness of service delivery, although the redesign of
financing, reimbursement, regulatory, and other changes may
be necessary. Integration of health care quality outcomes with
those for technology and well-being is suggested and requires
institutional strategies and competencies. Otherwise, continued
advances in the use of technology may inadvertently worsen
provider workload burden, fatigue, and burnout.
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Abstract

The authors of “Impact of Electronic Health Records on Information Practices in Mental Health Contexts: Scoping Review” have
effectively brought to our attention the failure of the electronic health record (EHR) to represent the human context. Because
mental health or behavioral disorders (and functional status in general) emerge from an interaction between the individual’s
characteristics and the social context, it is essentially a failure to represent the human context. The assessment and treatment of
these disorders must reflect how the person lives, their degree of social connectedness, their personal motivation, and their cultural
background. This type of information is best communicated both through narrative and in collaboration with other providers and
the patient—largely because human social memory is organized around situation models and natural episodes. Neither functionality
is currently available in most EHRs. Narrative communication is effective for several reasons: (1) it supports the communication
of goals between providers; (2) it allows the author to express their belief in others’ perspectives (theory of mind), for example,
those who will be reading these notes; and (3) it supports the incorporation of the patient’s personal perspective. The failure of
the EHR to support mental health information data and information practices is, therefore, essentially a failure to support the
basic communication functions necessary for the narrative. The authors have rightly noted the problems of the EHR in this domain,
but perhaps they did not completely link the problems to the lack of functionality to support narrative communication. Suggestions
for adding design elements are discussed.

(J Med Internet Res 2022;24(5):e38513)   doi:10.2196/38513
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electronic health records; psychiatry; mental health; electronic medical records; health informatics; mental illness; scoping review;
clinical decision support

Introduction

Through their scoping review of mental health data and the
electronic health record (EHR), the authors of “Impact of
Electronic Health Records on Information Practices in Mental
Health Contexts: Scoping Review” have brought to center stage
the failure of the EHR to represent the human context [1].
Mental health or behavioral disorders (and functional status in
general) emerge from an interaction between the individual’s
characteristics and the social context. As a result, the assessment
and treatment of these disorders must reflect how the person
lives, their degree of social connectedness, their personal
motivation, and their cultural background—in other words: the

human context. This failure of the EHR to support both
information data (eg, missing or “fuzzy” data) and information
practices (processes) for mental health information is a feature,
not a bug. Specifically, EHRs have systematically avoided
supporting text data—partially because electronic text is seen
as hard to use [2] and due to the belief that structured data is
more accurate. However, it is not just that providers prefer to
tell the patient’s story in narrative rather than structured data
forms [3] or that mental health data is “soft” data, it is that it is
much too difficult to get a sense or gist of the patient’s situation
through structured data and is much less cognitively efficient.
In other words, accuracy is in the eye of the beholder. Some
studies have noted the narrative is more accurate for mental
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health data, even if different text is used as descriptors [4]. One
reason for the power of the narrative is that memory is organized
around situation models and episodic mental representations,
which are best communicated in story form [5]. Humans can
grasp a situation much more rapidly through a story than through
a list of facts [5]. Putting together “pieces” of data to get a gist
of the patient’s situation is significant work, whereas distilled
information has better comprehension and is associated with
better decision-making [6]. Narrative communication is effective
for several reasons: (1) it supports the communication of goals
between providers; (2) it allows for the author to express their
belief in others’ perspectives (theory of mind), for example,
those who will be reading these notes; and (3) it supports the
incorporation of the patient’s personal perspective.

Goals

Documenting and tracking clinical goals is at the heart of care
processes and communication in general [7]. The clinical goals
for mental health patients almost always involve some aspect
of context (which, in turn, requires specific descriptions of that
context). The question “is the therapeutic treatment working?”
requires data about the patient’s work situation, personal
relationships, or the patient’s motivation [8].

Communication

Communicating mental health information to other providers
is complex because people of many different roles care for these
patients compared to patients with other disorders.
Documentation must then be “tailored” to the audience and to

the perspectives of differing roles (theory of mind), which
requires significant amounts of working memory [9].

Patient Preferences

The patient’s preferences are often idiosyncratic, embedded in
the social context, and specific to location and time. The EHR
is a limited representation of patient preference data. A story
about the patient’s wishes is generally the most effective way
of communicating preferences and planning care [10].

Conclusion

The failure of the EHR to support mental health information
data and information practices is, therefore, really a failure to
support the basic communication functions necessary for the
narrative. The authors have rightly noted the problems of the
EHR in this domain, but perhaps they did not completely link
the problems to the lack of functionality to support narrative
communication. Links to the clinical goals of other clinicians,
a specific location for the patient’s story, temporal links to
clinical episodes, and the ability to annotate the clinical notes
of others in order to understand one’s impressions would help
communicate the patient’s story. Improving the use of natural
language processing and building ontologies of context would
also help. Additionally, addressing these functions would also
address several of the issues raised in the review, specifically,
missing data, sensitive data, and collaborative decision-making
information. Future work in the arena of EHRs could create
tools and spaces for narrative, patient preferences, collaborative
discourse, and shared collaborative documentation [11].
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Abstract

Organizational, administrative, and educational challenges in establishing and sustaining biomedical data science infrastructures
lead to the inefficient use of Research Patient Data Repositories (RPDRs). The challenges, including but not limited to deployment,
sustainability, cost optimization, collaboration, governance, security, rapid response, reliability, stability, scalability, and
convenience, restrict each other and may not be naturally alleviated through traditional hardware upgrades or protocol enhancements.
This article attempts to borrow data science thinking and practices in the business realm, which we call the data industry viewpoint,
to improve RPDRs.

(J Med Internet Res 2022;24(5):e32845)   doi:10.2196/32845

KEYWORDS

data science; big data; data mining; data warehousing; information storage and retrieval

Introduction

Research Patient Data Repositories (RPDRs, eg, Integrating
Biology & the Bedside [i2b2]) and their rapid organic evolution
are critical to linking disparate and high-dimensional patient
data for a wide range of applications in research. One goal for
RPDRs’ evolution in clinical and translational science is to
subsume biomedical data science infrastructures and
infrastructural health data science [1,2], such as rapid
pharmacovigilance [3] and the delivery of real-world evidence
at the point of care to actualize the learning health care system
[4]. The path to achieving this goal may be tortuous since
problems may not emerge until fundamental issues are resolved.
Biomedical data science aims to use data technology of any
kind to advance medical society as a transdisciplinary ecosystem
[4,5] by unifying different disciplines beyond their traditional

boundaries to address a common problem. The complexity of
the data science ecosystem increases the difficulty of improving
RPDRs. Improving RPDRs, therefore, requires a wide variety
of new functions and capabilities in the administrative,
organizational, and educational areas, including data integration,
management, education, support, tooling, governance,
optimization, and alignment across missions [3,6].

The effort to establish and sustain biomedical data science
infrastructures would benefit if it borrowed thinking and best
practices from the data industry [7]. Data industry thinking
includes perspectives on data-driven research, innovation,
industrialization, and opportunities. We hypothesize that data
industry thinking may reshape prevailing views of how people
interact with data value and data production in the context of
RPDRs (Figure 1).
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Figure 1. Comparison between traditional and data industry viewpoints of Research Patient Data Repositories.

Data Production: Deployment Challenges
and Contribution Calculations

Data production involves the generation, storage, and curation
of data from data-centric human (social, economic, and
scientific) activities. Intuitively speaking, it is the process of
combining various analyzable data inputs for consumption. The
consumption process starts with incoming raw materials used
for the preparation of semifinished (eg, pretrained word
embeddings) and finished data products (eg, a service). The raw
data and data products are “nonrivalrous” in nature, meaning
they can be used by multiple users at once without depletion of
the resource. Data products can act as reusable resources [8],
assets [9], or capital [10] to accelerate research.

When considering data production in RPDRs, some previously
unseen problems may arise, such as deployment. Campion Jr
et al [11] reported that deployment challenges are widespread
in the existing RPDRs: “a number of tools commonly but not
uniformly implemented”; for example, i2b2 enables investigators
to obtain deidentified patient counts without SQL programming
[12]. Many incorrectly think of deploying a data science or
analytical model as the last stage of the process. Starting with
the algorithm first, and only at the end of the project thinking
about how to insert it into the process, is where many
deployments fail [13]. Scientists can readily interact with RPDRs
to access the underlying electronic health record (EHR) data.
RPDRs should additionally provide a solution for fully and
successfully implementing analytical and artificial intelligence
models from experimentation to production. The first tools to
consider to mitigate deployment challenges are tools for
handling structured and unstructured EHR data, such as
exploratory analysis and data self-governance tools. Exploratory
data analysis is an important data industry best practice step
focused on gaining insights from raw data prior to training
learning models. Exploratory analysis tools that go beyond basic

initial data analysis tasks (like SQL programming, ie, sort, filter,
aggregate, correlate, group, derive attributes) are essential for
handling tasks that previously were manual, heuristic-based, or
simply impossible [14]. The transformation of unstructured
clinical notes which contain summaries (eg, history of present
illness) that describe and illustrate the longitudinal course of
specific clinical events or situations experienced by patients
into an appropriate data representation (eg, annotated corpus of
pretrained word embeddings or a hierarchical representation
with multiple levels of granularity) can offer RPDRs enhanced
machine intelligence for downstream analysis and reduce
duplicated preprocessing efforts to make this data computable
[15]. Data self-governance models like Databox [16] can support
data sharing that meets study eligibility criteria documented in
RPDRs. These default tools can be customized as digital “errand
runners” [17] to replace deeply occupational tasks that are
tedious, time-consuming, and not artistic.

Data product sharing should be encouraged by the data
sovereigns of RPDRs [18], including cross-border data flows.
Multilevel data products, such as models, code, intermediate
results, annotated training corpora, enclaves, experimental
findings, presentations, preprints, and retrieved literature
citations can be found throughout the entire life cycle of medical
research and are helpful for accelerating complementary efforts.
We recommend transplanting contribution margin–based pricing
from the data industry to RPDRs to facilitate data sharing. These
contributions include but are not limited to reuse frequency,
shareable integrity, quantity versus speed in question and answer
responses, and compliance practices. Contribution calculations
can support employee engagement in the RPDR community
and serve as an accelerator for scientific discovery.
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People: Internal Talent Marketplace and
Data Partnerships

We suggest that RPDR processes and structures be optimized
based on the organizational structure, how stakeholder power
is exercised, how stakeholders communicate their needs, how
decisions are made, and how decision-makers are held
accountable. Data production relies on the efforts of a
community of interdisciplinary users, including data scientists,
enterprise information technology personnel, clinicians,
researchers, informaticists, data engineers, data analysts,
annotators, and other data product enhancers. The data
partnerships' teams rely on an organization's brand to undertake
and complete data production. These teams can freely use RPDR
data within organizations, and products or services carried out
by these teams will be shared within the company. When the
velocity of data partnerships in a market exceeds that of an
organization, inefficiencies will cause the organization to lose
competitive advantages. As markets evolve, an organization
will inevitably choose to focus on cost (ie, replacing human
labor with machines) or evolve their organizational structure.
Flattening the organizational hierarchy so that people can work
together “more equally” will lead to increased efficiencies from
equitable data partnerships and the rise of the internal talent
marketplace. As an upgraded version of a “principal
investigator,” a data partnership might not just rely on grants
but also on contributions. In essence, the organization has

evolved into a market with relatively small competition.
Crowdsourcing within an organization is an alternative for these
teams to achieve their goals and with it, the rise of the internal
talent marketplace is achieved. The internal talent marketplace
takes advantage of the increased flexibility of the gig economy
and marketplace-based platforms without requiring changes to
employment categories. It matches internal employees and, in
some cases, a pool of contingent workers to short-term projects
and work. Thus, under ideal next-generation RPDRs, these
trends among employees can result in collaborative translational
medicine by maintaining an innovation ecosystem through
teamwork, trust, reliability, and collaboration.

Conclusions

Best practices in RPDRs tend to focus on core infrastructural
and methodological needs, such as machine-readable standards,
data access platforms, search and discoverability, claim
validation, and insight generation [19]; we argue that the
complementary data industry viewpoint is relevant and apposite.
From this point of view, RPDRs must consider production
deployment and contribution calculations, the establishment of
internal talent marketplaces and data partnerships, as well as
data sovereigns’ new capital assets and cross-border data
sharing, as they reveal issues that are not typically addressed.
Only with innovative deployed tools, the wide availability and
use of diverse data products, and achievable foresight will the
future of ideal next-generation RPDRs be truly accessible.
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Abstract

The ability to objectively measure aspects of performance and behavior is a fundamental pillar of digital health, enabling digital
wellness products, decentralized trial concepts, evidence generation, digital therapeutics, and more. Emerging multimodal
technologies capable of measuring several modalities simultaneously and efforts to integrate inputs across several sources are
further expanding the limits of what digital measures can assess. Experts from the field of digital health were convened as part
of a multi-stakeholder workshop to examine the progress of multimodal digital measures in two key areas: detection of disease
and the measurement of meaningful aspects of health relevant to the quality of life. Here we present a meeting report, summarizing
key discussion points, relevant literature, and finally a vision for the immediate future, including how multimodal measures can
provide value to stakeholders across drug development and care delivery, as well as three key areas where headway will need to
be made if we are to continue to build on the encouraging progress so far: collaboration and data sharing, removal of barriers to
data integration, and alignment around robust modular evaluation of new measurement capabilities.

(J Med Internet Res 2022;24(5):e35951)   doi:10.2196/35951

KEYWORDS

digital measures; quality of life; machine learning; digital health; digital product; digital wellness; digital therapeutics; digital
therapy; multimodal technology; drug development; care delivery; data integration

Introduction

The field of digital health has become a multibillion dollar
market, powering a paradigm shift by enabling the continuous

capture of multimodal data including activity, sleep, vital signs,
and contextual information. Novel machine learning applications
are pioneering the conversion of these multimodal data into
measures for health-related quality of life (QOL)–relevant
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symptoms like fatigue [1], stress [2], and depression [3,4]. These
insights have the potential to enable improved care delivery [5]
and a deeper understanding of patients’ lived experiences and
better, more personalized medicines. However, important
barriers remain to realize these benefits, both in technical and
social aspects of real-world adoption.

On July 27, 2021, as part of the IEEE-EMBS International
Conference on Biomedical and Health Informatics jointly
organized with the 17th IEEE-EMBS International Conference
on Wearable and Implantable Body Sensor Networks [6], a
workshop was held on “Measuring Quality of Life with

Multimodal Data.” The workshop was divided into two sessions,
the first focusing on disease detection and the second focusing
on the measurement of well-being. Abstracts from the keynotes
and talks are presented in Table 1; this meeting report
summarizes key discussion points, relevant literature, and finally
a vision for the immediate future, including how multimodal
measures can provide value to stakeholders across drug
development and care delivery, as well as three key areas where
headway will need to be made if we are to continue to build on
the encouraging progress so far: collaboration and data sharing,
removal of barriers to data integration, and alignment around
robust modular evaluation of new measurement capabilities.
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Table 1. Talk titles and abstracts for all presented work.

Citations
and further
reading

AbstractTitleAffiliationSpeaker

Session 1: disease detection

[7,8]PGHD from smartphones, wearables, and other sensors have the
potential to transform the way health is measured, with broad-

PGHDa: a new ally for
public health

Evidation HealthAuthor
LF

ranging applications from clinical research to public health and
health care at large. This talk will survey examples of applications
of PGHD across therapeutic areas, including post-op monitoring,
screening for cognitive impairment, and a particular focus on
public health applications for flu and COVID-19 detection and
quantification. Finally, I will discuss lessons learned in translating
PGHD research into benefits for the individual, with emphasis
on the importance of evaluating analytics performance (eg, AU-

ROCb, sensitivity, and specificity) within a specific context of
use of a real-world application.

[9,10]In recent years, DHTTsc such as smartphones and wearables are
becoming an integrated part of clinical research. Augmented by

Digital health technology
tools and quality of life:
examples from current

Roche Pharma Re-
search and Early Devel-
opment, F. Hoffmann-
La Roche Ltd

Author
FL

novel often AId-powered signal processing, they enable continu-
ous and precise measurements of disease symptoms. It is therefore

studies in neurological
disorders

becoming important to link these measures to the different aspects

of QOLe of patients to make them meaningful tools for drug de-
cision-making. In this talk, I will highlight examples from DHTTs
we are developing for neurological disorders such as Parkinson
disease, multiple sclerosis, and Huntington disease. Leveraging
active testing and patient questionnaires accompanied by passive
continuous monitoring in daily life, these tools offer rich sets of
data. General signal processing and dedicated machine learn-
ing/AI solutions are used to unlock these data sets and relate them
back to standard clinical scores of disease severity. I will show
how resulting measures relate to patients’ self-perceived health-
related quality of life, how DHTTs used during COVID-19–in-
duced lockdowns can offer new insights on QOL perception, and
how we envision strengthening the link between novel sensor
measurements and patient-relevant symptoms and impacts.

[11,12]Byteflies’s Sensor Dot platform enables continuous acquisition
of physiologic and behavioral data. We leverage this multimodal

Leveraging multimodal
sensor data to assess com-

BytefliesAuthor
BV

data to move diagnostic tests typically performed in a specializedplex chronic conditions at
home environment to the home of the user and to make longitudinal

assessments of chronic conditions possible. In both cases, an
understanding of the continuous changes in activities of daily
living is crucial for safe and accurate clinical interpretation of
the data. In this talk, I will discuss EpiCare@Home, a remote
epileptic seizure monitoring solution built on top of the Byteflies
platform.
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Citations
and further
reading

AbstractTitleAffiliationSpeaker

[13-15]Background: Anxiety and depression are defined with clinical

interviews in RCTsf, possibly inflating intervention’s/placebo’s
effects. We here introduce an algorithm to identify anxiety and
depression with wearable-measured physiological biomarkers.

Objectives: To validate a machine learning–based algorithm using
wearable unsupervised measurements of the autonomic nervous
system and physiological parameters to classify clinical anxiety
and depression according to validated questionnaires.

Methods: Included were physically healthy workers from the
general population wearing an arm-band wearable device
equipped with photoplethysmogram and electrodermal activity
sensors for 24 hours. Participants answered validated self-report

questionnaires for mental health, including PSS-10g, GAD-7h,

and PHQ-9i. Wearable recordings were subject to artifact removal,
signal preprocessing, and split in 30-second blocks for which
physiological indexes and related features were extracted. A
feature fusion approach was implemented together with the C5.0
machine learning algorithm, which was run on 70% randomly
selected preprocessed blocks, and on the remaining 30% for ex-
ternal validation. Coprimary outcomes were anxiety (GAD-7≥10),
and depression (PHQ-9≥10).

Results: We included 95 participants (yielding 237,778 monitor-
ing blocks), 47.7% females, mean age 37.2 (SD 15.5) years.
Overall, 13.7% had anxiety, 12.6% had depression, and 7.4%
had both. In the main sample, the wearable machine learning al-
gorithm showed excellent accuracy for coprimary outcomes,

namely, AUCj=0.928 for anxiety and AUC=0.959 for depression.

Discussion: Limitations of the study include self-report question-
naires to assess primary outcomes and its cross-sectional nature.
Potential implications of this work include biomarker-based in-
clusion criteria in RCT testing interventions for anxiety and de-
pression, as well as screening and monitoring tools of mental
health issues in the general population. Further studies should
replicate the proposed algorithm against structured interview-
based diagnoses with different wearable devices on clinical
samples, possibly with a longitudinal design.

Unsupervised wearable
and machine learning ap-
proach to identify depres-
sion, anxiety, and stress
physiological phenotypes

Department of Neuro-
science, University of
Padua, Italy; SENSE-
DAT Srl, Padua, Italy

Author
GG

Session 2: measuring well-being

[2,16]Digital phenotyping and machine learning technologies have
shown a potential to measure objective behavioral and physiolog-
ical markers, provide risk assessment for people who might have
a high risk of poor health and well-being, and help make better
decisions or behavioral changes to support health and well-being.
I will introduce a series of studies, algorithms, and systems we
have developed for measuring, predicting, and supporting person-
alized health and well-being. I will also discuss challenges,
learned lessons, and potential future directions in health and well-
being research.

Multimodal sensor data
analysis and modeling for
health and well-being

Rice UniversityAuthor
AS
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Citations
and further
reading

AbstractTitleAffiliationSpeaker

[17,18]Engineered solutions for personal data generation (wearable
sensors, apps, etc) and analysis are proliferating rapidly, but
health services served by these technologies continue to lag be-
hind. Complexity in human diversity stymies algorithm general-
izability and hampers successful wide adoption of any specific
solution. We propose that efforts at expanding engagement in
discovery will achieve two complementary goals: (1) promote
mapping of biological diversity beyond demography and genetics
into physiology and behavior so that algorithms can be developed
on empirically determined subpopulations, and (2) fertilize natural
experiments that will reveal communities sharing needs and goals,
for whom solutions can then be tailored. Efforts to expand engage-
ment may enable a virtuous cycle where iterative improvement
and expansion in precision wellness technologies go from in-
tractable to standard in personal, community, and clinical settings.

The future of health and
wellness discovery is
democratic

UCSDk Department of
Bioengineering and the
Halicioglu Data Science
Institute; Oura

Author
BS

[3,19]Fatigue is both common and burdensome across a range of patient
groups. The manifestation of fatigue is complex, comprising both
subjective and objective changes to cognitive and physical per-
formance, and is determined by a range of factors, including
sleep, mood, time of day, competing demands, and environmental
context, as well as disease-specific variables. These factors, and
consequently the patient’s experience of fatigue, vary with time,
meaning that infrequent in-clinic assessments are likely to be of
limited sensitivity. Given this complexity, we have been interested
in exploring the potential role of digital technologies in capturing
and characterizing fatigue, particularly the impact of fatigue on
cognitive performance, across a range of clinical conditions. This
talk will focus on methods of data collection such as brief active
assessments, voice capture, and passive data from wearable
technology, and describe insights these data provide us into this
complex symptom.

Characterizing fatigue us-
ing digital technologies

Cambridge Cognition;
Department of Psychia-
try, University of Cam-
bridge

Author
FC

[20,21]We are faced with global challenges related to health, food, sus-
tainability, and the environment. While these are formidable
challenges, they also represent a substantial opportunity to im-
prove people’s lives on a global scale while at the same time
creating new economic opportunities. We are convinced nano-
electronics and digital technologies are the key tools for disruptive
solutions. With that purpose in mind, the OnePlanet Research
Center was created as a multidisciplinary collaboration between
imec, Radboud University Medical Center, and Wageningen
University & Research. In OnePlanet, we apply nanoelectronics
and analytics innovations to solve problems related to personal-
ized health, personalized nutrition, mental well-being, sustainable
food production, and reduced environmental impact. The sensors
and data innovations are working toward the creation of digital
twins for prevention, early detection, or interception of disease.

Nanoelectronics and AI for
our (and our planet’s)
health

Connected Health Solu-
tions, imec; OnePlanet
Research Center

Author
CvH
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Citations
and further
reading

AbstractTitleAffiliationSpeaker

[22,23]The boundaries between the consumer and clinical device markets
are becoming leaner every year. This trend is driven by a number
of factors including consumer demand for ubiquitous and con-
stantly accessible health care; increased presence of chronic
conditions (eg, high blood pressure, diabetes, depression, and
obesity); and a corresponding need for preventive health care, an
increasingly aging global population, availability of cost-effective
wearable technology, and remote access to storage and computa-
tion resources. This trend enables substantial opportunities for
providing health care services to larger populations at lower cost.
It will also pave the way to personalized medicine where preven-
tion, diagnosis, and treatment of a disease can be tailored to indi-
viduals’ characteristics and behavior. In this presentation, recent
developments of wearable technologies at MIT Media Lab and
their application to the diagnosis of mental health diseases and
overall well-being are discussed.

Monitoring well-being us-
ing longitudinal passive
data

MIT Media LabAuthor
SF

aPGHD: person-generated health data.
bAUROC: area under the receiver operating characteristic curve.
cDHTT: digital health technology tool.
dAI: artificial intelligence.
eQOL: quality of life.
fRCT: randomized controlled trial.
gPSS-10: Perceived Stress Scale.
hGAD-7: Generalized Anxiety Disorder–7
iPHQ-9: Patient Health Questionnaire.
jAUC: area under the curve.
kUCSD: University of California, San Diego.

Background: A Shared Lexicon

To begin discussions, participants shared their perspectives on
some of the terminology relevant to this emerging area of

research. In Table 2, we restate some of the key points raised
to orientate readers in the following report.

Table 2. Key terms relevant to the discussion. Participants shared terminology relevant to this emerging area of research.

ReferencesDefinitionTerm

[24]Referencing “Multimodal Deep Learning,” multimodal measures are derived from multiple input modalities (eg,
activity, sleep, heart rate, patient-reported outcomes, or contextual data)

Multimodal mea-
sures

[25]An individual’s or a group’s self-perceived physical and mental health over timeHealth-related
quality of life

[26,27]Sensor-derived objective measures arising from “connected digital products.” Includes active tests captured via a
mobile platform and continuous passive data collected from a wearable technology but excludes electronic patient-
reported outcomes and other subjective measures collected from mobile platforms. An all-inclusive term, encom-
passing all stages of maturity, settings, and technologies.

Digital measure

[27]A subset of robustly evaluated digital measures that have successfully pursued acceptance or qualification and can
be used as decision-making evidence in clinical trials

Digital end point

[27]Objective quantifiable physiological and behavioral data that are collected and measured by means of digital devices
such as portables, wearables, implantables, or digestibles. The data collected are typically used to explain, influence,
or predict health-related outcomes.

Digital biomarker

[26]Assessments about how patients feel or function in their daily lives where the information is reported by the patient
themselves, without interpretation or modification by someone else. Note that assessments can cover a wide range
of relevant categories, some of which are more quantifiable and less subjective (including medication use or
symptom presence), and some which are more subjective (including symptom severity and perception of well-being).

Patient-reported
outcome
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Session 1: Disease Detection

The first session focused on the use of multimodal data and
machine learning for disease detection. Detecting deviations
from normal behaviors and processes is a key step in triggering
further actions, whether that be a follow-up with a health care
provider or a direct digital intervention [28-30].

The session started with a keynote from author LF of Evidation
Health, who spoke about how person-generated health data
(PGHD; adapted from [31]) are transforming public health
applications of disease detection. Author LF provided an
overview of how PGHD are being used to detect and measure
disease progression in a range of indications, the use of PGHD
for detecting COVID-19, and the challenges of distinguishing
COVID-19 from other influenza-like illnesses and infections
[7]. LF underlined that machine learning model performance
needs to be evaluated with a specific context of use in mind and
that, without such context, model performance is ultimately of
little relevance in terms of clinical utility and large-scale
adoption. Finally, the keynote closed with a discussion of how
what we classically think of as evidence can be a source of value
to patients themselves, by helping them manage and understand
their own health.

The following talks covered a wide range of indications,
including author FL of Roche who discussed the use of
smartphone-based apps to monitor neurological conditions
including Parkinson disease [9] and multiple sclerosis [10,32].
Author BV shared work from the Byteflies platform showing
how the system is being deployed for longitudinal monitoring
of sleep disorders and cardiorespiratory and neurodegenerative
conditions, and for detecting seizures in epilepsy [11,12].
Finally, author GG presented recent work examining how
unsupervised measurements of autonomic nervous system
signals, including photoplesmography and electrodermal activity
(EDA), are showing value in the detection and staging of mental
health conditions like anxiety and depression, and how these
measures play a complementary role to traditional biomarkers,
becoming a useful tool in enhancing clinical trials and precision
psychiatry [13-15].

The session was closed with a short panel discussion featuring
all the speakers that focused on questions raised by the attendees.
One question addressed the pros and cons of data collection via
bring your own device (BYOD; ie, allowing participants to
connect their own devices) versus data collection via an app
versus provisioned devices. The speakers agreed that there are
different advantages to each approach. For example, BYOD
enables comparison to a personal baseline and has advantages
for device adherence, whereas provisioned devices can enable
higher data uniformity and eliminate barriers to participation
due to lack of access to appropriate hardware. Overall, the key
is to select the right data collection approach for a given setting;
where data consistency or a specific data type or density is
priority, for example, in a smaller randomized controlled trial,
provisioning may be preferred [33]; BYOD may in turn be
preferred in settings where scale becomes limiting or where
long-term “pervasive” monitoring places an emphasis on
measuring ecologically valid natural behavior [34]. It was noted

that while progress has been made around BYOD for
patient-reported outcomes [35-37], similar progress for digital
measures has not been seen and will be a key step in unlocking
the value previously outlined. Another question focused on
challenges to integrating objective (ie, from wearable devices)
and subjective (eg, from surveys of patient-reported outcomes)
inputs. The panel pointed out that many disease detection
applications combine both objective and subjective inputs, for
example, asking participants to confirm a signal or get a
follow-up test. They also pointed out that subjective and
objective inputs measure different aspects, so we should not
expect them to correlate; however, this also means that they
may have different relationships to a given concept of interest
[38]. Thus applications that combine objective and subjective
inputs can have an advantage in signal detection for disease
detection. To help clarify this point, consider the following
example on general well-being: a range of objective
characteristics can be measured that are informative of overall
well-being, including social media activity, patterns of sleep
and activity, news consumption, patterns of independence, and
many other objective data sources; these sources are informative
of several aspects of subjective well-being (eg, perception of
health), but none have a direct relationship to any specific aspect
of subjective well-being, and what relationship there is differs
between individuals [39].

There were also questions on the value of specific objective
features (eg, EDA in stress), and GG discussed how this is a
special case because this objective marker directly measures
autonomic nervous system activation and thus gives a very good
signal on psychological state. This was contrasted against other
objective measures (eg, step counts) that have a more indirect
relationship to symptoms like depression and anxiety.

The panel also discussed the impact of covariates within a cohort
(eg, comorbidities) and how it influences model performance.
Specifically, when trying to derive more “generalizable” models,
which perform well across a broad range of unseen individuals,
there is a need to incorporate a large number of covariates, and
these covariates can have highly varying relevance across
individuals. Progress on this topic has been made in other fields
[40], but it was noted that such considerations are particularly
relevant to multimodal measures.

Session 2: Measuring Well-being

The second session focused on measuring QOL and well-being.
This ever-growing field has seen proof of concepts for measures
across a range of health-related QOL-relevant symptoms,
including fatigue [1,41], depression [3,42,43], stress [2], anxiety
[44], and independence [8,45], and significant resource is being
invested to understand what “wellness” means for diverse
populations [46].

Author AS of Rice University started the session with a keynote
on multimodal sensor data analysis and modeling for health
and well-being, discussing her vision for how measures can
underpin decision support and behavior change interventions.
Her examples included schizophrenia [47], mood, and stress
[16]. She also discussed challenges in in-the-wild multimodal
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data modeling such as model personalization and adaptability
to new users/patients and missing data.

Author BS of the University of California, San Diego then
discussed current limitations in generalizability [48]. He
proposed that the growth of personal sensor devices should
enable us to augment classification by demographics and
genetics, by including time series of physiology and behavior
in our understanding of human diversity [17,18,49]. BS
suggested developing algorithms that account for these
dynamical differences, especially in health and wellness settings.
Author FC of Cambridge Cognition then presented her work
on the measurement of fatigue, which is increasingly understood
to be a highly patient-relevant symptom across a large range of
conditions [50-53]. She discussed the heterogeneity of the
manifestations of fatigue, and their approach to combining active
tests, voice biomarkers, and passive data collection to capture
this complex symptom. Author CvH of imec then presented his
work on digestible sensors and sensorized toilets for examining
gut physiology. Finally, author SF of the Massachusetts Institute
of Technology presented work on digital signals from wearables
and smartphones, with application for the assessment of
depression symptoms [22] and suicidal thoughts [23].

Overall, the panel discussion focused on measuring well-being
as a whole versus specific aspects of QOL. While developing
measures for specific aspects remains highly relevant for clinical
development and treatment—for example, a measure of anxiety
severity enables drug development and management of
diagnosed individuals—personalized measures of general
well-being have substantial application in public health and in
engagement with individuals’ prediagnosis. Advancements to
date have focused more on the former, as the relevance to the
pharmaceutical industry is higher and the validation pathway
is simpler [27]. The former also limits the diversity of experience
captured and so frames an opportunity for reconceptualizing
wellness, health, and QOL derived from broader participation
in mapping individuals’ perceived needs. The panel also
discussed whether it is possible and valuable to stratify mood
predictions (ie, creating semipersonalized models where
individuals with similar manifestations, personas, or journey
stages are grouped together). Stratification based on objective
behavioral data and digital signals can also advance our
understanding of a condition by delineating commonalities
across patients.

Key Discussion Points

Value of Multimodal Measures
Multimodal digital measures have expanded the number of
possibilities for new ways to measure health by capturing an
increasing number of proxies for multiple aspects of functions
related to health. The panel emphasized that such measures are
not a replacement for patient-reported outcomes but additional,
complimentary tools to help understand the patients’ lived
experience, ideally in a low burden and unobtrusive way. The
research priority should therefore focus on measures that matter
when defining patients’ health or general wellness. To achieve
that, a 4-level sequential framework has been recently proposed
by Manta et al [54] to evaluate meaningfulness of digital

measures, namely, meaningful aspects of health, defining the
aspect of a disease to address; specific and targeted concept of
interest; outcome to be measured; and end point, including
methodology and analysis plan to estimate patient improvement
(eg, due to treatment).

While the majority of the research efforts are focusing on the
definition and development of outcome measures, the adoption
and investigation of these outcome measures in clinical trials
as exploratory assessments is key to the development and
validation of end points. The panel highlighted the rapidly
expanding range of digital cognitive decline measures as an
example and the need for the field to do more comparative
studies [3] and patient-centric research [54] to focus efforts
around the most meaningful and valuable candidate measures.
Personalized or individual health trajectories were highlighted
as potentially highly valuable, both to patients and to
stakeholders outside of clinical development, for example, payer
organizations exploring value-based agreements. Personalized
health trajectories will require the possibility to define multiple
health measures of interest, as no single measure will be equally
relevant across individuals and across individual health journeys
[54]. LF pointed to a key enabler being access to “healthy” data
via monitoring of individuals prior to key events or diagnoses
such that individualized baselines and, subsequently,
individualized responses can be observed [8].

In the past decade, and accelerated by the widespread use of
smartphones and other connected digital products, the use of
digital products and devices in clinical trials has grown
substantially, albeit primarily in observational studies and
non–industry-funded clinical trials focusing on wellness [55].
The COVID-19 pandemic has by necessity further accelerated
the adoption of digital health solutions for clinical research in
the context of remote monitoring and telehealth [56].

Examples of the most advanced clinical applications of
multimodal digital data are in Parkinson disease [57-60] and
multiple sclerosis [60,61] with focus on motor function;
cognitive decline in Alzheimer disease [62]; and diagnosis of
depression [3], Friedreich’s ataxia [63], chronic obstructive
pulmonary disease [60,64], and COVID-19 [7,65,66]. Interest
in multimodal digital measures is also growing among early
drug discovery researchers, where personalized medicine
approaches can be enabled by capturing longitudinal information
on patients behaviors and in real-world settings, sometimes
referred to as “digital phenotyping” [67-70]. Indeed digital
measures are seen as a new component of real-world data [71];
thus to drug discovery stakeholders, multimodal measures can
also serve an important role by helping to bridge the gap
between evidence generation in clinical development and
late-phase studies.

Challenges Remaining
As the number of technologies and sources of digital health data
increases, data integration and harmonization remain open
challenges. The panelists identified three key obstacles that will
need to be overcome to maintain momentum in the field.

First, slow and limited collaborative efforts in prioritizing data
sharing will continue to hold back at-scale development and
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evaluation of novel digital measures and end points. Many
companies are starting to realize the value of data sharing
internally to their own walls [67], and increasingly, Findable,
Accessible, Interoperable, Reusable data principles are becoming
a core part of many data strategies [72]. Collaborations like the
Innovative Medicines Initiative project RADAR-BASE [73-75]
and the subsequent impact on a range of projects and application
areas point to a possible path forward and the impact that
precompetitive work in this space can have on productivity.
Furthermore, multimodal sensor data is currently lacking broadly
accepted and adopted common data models [76], which follow
the example of other data types such as genomics and electronic
health records, and have been a catalyst for progress in those
fields; progress is being made [77], but more needs to be done
to drive broad adoption [78]. Progress here will facilitate data
integration, synchronization, and fusion that are often significant
technical challenges at the individual study level when aligning
and analyzing a network of connected devices [79]. A
consequence of this is that substantial resources must be
dedicated to technical challenges, slowing overall progress and
innovation. The impact of better alignment on standards can be
seen, for example, in the impact the Clinical Data Interchange
Standards Consortium (CDISC) [80] has on submission data;
thus it is important that collaborative efforts to make
CDISC-compliant adaptations for digital health data are making
progress [81]. Equally, progress on Fast Healthcare
Interoperability Resources specifically on global standardization
of data formats for digital health applications is encouraging
[82].

Lastly, the rapid evolution of the digital health market and the
short life cycle of wearables and connected devices [83,84] are
challenges for data integration and reproducibility and

generalization of analytical methodologies at the basis of digital
measures and end points. Scaling innovation and efficient
evaluation of new technologies and updated versions of
hardware and software will require adherence to modular
evaluation frameworks [85].

Future advances are expected from cross-industry initiatives to
develop data platforms such as the Digital Medicine Society
sensor integration initiative [78].

Conclusions and Path Forward
With the future of health care in mind, the panelists touched on
a broad range of key takeaways. It is critical to incorporate
practical, representative, and systematic approaches to involving
patients in everyday health decisions [14]. Several examples
discussed highlighted the importance of decision support
systems or outcomes for clinical development and the value of
early engagement with regulators in this space [86]. The
panelists also discussed the significance in bridging the gap
from measures to medicine: clinician confidence. Multimodal
measures and continuous data capture are new concepts and
have not been used by many practitioners, but these methods
have the ability to contextualize observations and provide a
direct connection to patients.

The workshop focused on sharing experiences and perspectives
in the expanding use of multimodal data (multiple
simultaneously collected objective data modalities, contextual
information, and subjective inputs) to detect disease and capture
complex outcomes. Across a wide range of examples, from
infectious diseases to mental health and well-being, the speakers
showcased the progress made and expressed optimism for future
advancement and progression in the field.
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Abstract

Focus group discussions (FGDs) are widely used to obtain qualitative data from purposely selected groups of people. This paper
describes how the Learning and Capacity Development (LCD) unit of the World Health Organization (WHO) Health Emergencies
Programme (WHE) digitalized FGDs to engage with WHO staff from around the world, to listen, share, and collect their feedback
in the development of a WHO learning framework. The impact of the COVID-19 pandemic and the introduction of local lockdowns
and travel restrictions resulted in the wide use of digital platforms, such as Zoom, for employee communications and collaboration
capable of reaching employees wherever they are working. The LCD/WHE team drew upon the experience of WHO colleagues
from human resources, country, and regional offices to set up and hold FGDs in 6 languages with participants from all WHO
regions. Building on the findings of a 2019 WHO staff survey, which was part of a comprehensive, organization-wide career
development initiative, the digitalized FGDs allowed for the exchange of substantive feedback, novel ideas, and alignment,
connecting across different geographies, disciplines, and levels of seniority. As a result, FGDs can be successfully conducted
online, but it is essential to remove barriers to participation by adopting a multilingual and flexible approach in multinational and
international organizations such as the WHO.

(J Med Internet Res 2022;24(5):e28911)   doi:10.2196/28911
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Introduction

As part of its transformation process to meet the health
challenges of the 21st century, the World Health Organization
(WHO) is developing the first-ever global Learning Strategy
for health personnel around the world. This Learning Strategy
was initiated by the WHO Academy project to provide strategic
direction for the operations of the WHO Academy, as well as
to frame the broader strategic vision in the domain of learning
to achieve health goals that the WHO’s Member States and
stakeholders could use as a framework for the future. The WHO
Academy is a transformative project to revolutionize lifelong
learning in health and is currently being established. Based on
this global Learning Strategy, a learning framework is being
developed to ensure the upskilling and reskilling of all WHO

staff and contractors, establish the norm of lifelong learning,
and help transform the WHO into a learning institution. In
combination with literature reviews, this process necessitates
desk reviews, surveys, and consultations, as well as more
in-depth qualitative research on staff views, visions, and
suggestions on the “what” and “how” of the learning
framework’s role in accompanying them along new career
pathways. Learning is in fact one of the key enabling factors
that facilitates staff in their career and professional development
and constitutes a key requirement for staff to remain up-to-date,
relevant, and skilled to perform certain technical roles at their
best. The focus group discussions (FGDs) aimed at engaging
staff in their career development by identifying the learning
needs that they have in relation to their career goals and the
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challenges they face in acquiring or enhancing certain skills
that are critical to advance along a chosen career pathway.

Furthermore, due to the pandemic, it was essential that FGDs
be digitized in light of lockdowns and travel restrictions.
Therefore, the Learning and Capacity Development unit of the
WHO Health Emergencies Programme (WHE) designed a
streamlined methodology that ensured staff from all 6 WHO
regions and headquarters (HQ) provide their perspectives and
perceptions. This paper describes the methodology and the
lessons learned from the digitalization of the FGDs to reach
WHO staff in all 6 regions and HQ to be used in other contexts
where qualitative research is carried out digitally for
geographically dispersed populations.

Methodology

Designing the FGDs
Based on qualitative research approaches in the health care
guidebook [1], a core group of WHE personnel with qualitative
research expertise was established to lead the process. The first
step was to develop the key principles that would yield the
broadest possible participation from a wide range of WHO staff
by overcoming already identified barriers. These barriers
included geographical dispersion and disengagement from
corporate transformation projects; poor internet access;
language; and social barriers, such as perceptions of power
differentials that may hinder those from the WHO’s country
and regional offices from participating; as well as concerns
related to the confidentiality and legitimacy of the process itself
and its impact toward meaningful change at the WHO. The
second step involved scaling up the human resources required
to run a large number of FGDs in multiple languages over a
limited time frame of 7 days. The third step involved identifying
and training a larger research team to ensure that sufficiently
robust, high-quality FGDs could be conducted. The final step
in the design involved the development of the tools and process
for the FGDs, a quality-control mechanism, and a support system
for the research team.

Expanding and Training the Research Team
A total of 27 personnel from the WHE, human resources (HR),
and regional offices volunteered to participate as facilitators,
notetakers, and hosts for the FGDs. All volunteers were required
to attend some 1-hour training sessions to prepare them for their
roles. The training aimed to improve facilitation skills focusing
on working online and equip them with the necessary digital
tools. The facilitators were native or advanced-level Arabic,
English, French, Portuguese, Russian, and Spanish speakers.

In order to standardize all sessions, the facilitators were trained
to use the FGD script (Multimedia Appendix 1). The FGD script
was based on the WHO FGD guidance [2], with questions
formulated to reflect the insights gained from a WHO survey
conducted in mid-2019 on staff perceptions of career
development and learning. The script was tested and then further
adapted after holding 2 pilot FGDs in English and French with
members of the organizing team. This allowed for collecting
feedback from participants and identifying possible bottlenecks
including those related to technology failures. In addition, in

each FGD session, a notetaker was assigned as “a silent
observer” supporting the facilitator by providing notes on
various practical aspects that could hinder the smooth running
of the FGDs (eg, internet connectivity challenges, which could
impact engagement, body language, key messages; Multimedia
Appendix 2).

Inviting and Enrolling the Participants
The research team invited WHO staff to participate in the FGDs
using a convenience sampling method [1]; invitations with a
complete description of the project were sent via corporate
emails with a link to a sign-up form. In addition, as it was
essential to create legitimacy, confidence, and trust in the FGDs,
the WHO HQ research team collaborated with the corporate
HR team to craft the appropriate communication messages to
invite staff to participate.

The invitation included a personalized video message by the
research team lead outlining the purpose of the survey,
highlighting the importance of staff participation, and making
a firm commitment by the team to preserving confidentiality
and using data appropriately. The combination of formal and
personalized invitations by a senior staff member offered
increased motivation to participants to enroll in the exercise.

Conducting the FGD Sessions
All FGDs were conducted through the online videoconferencing
platform Zoom. Gender and geographical balance were ensured
whenever possible. The sessions started with a plenary meeting
where all FGD participants received the same introductions and
were then sent into breakout rooms according to their language
or group preferences. Standard scripts were used for the plenary
and breakout rooms to ensure consistency. The duration of each
FGD was approximately 60 minutes. Verbal informed consent
was obtained from every participant at the start of the FGDs.

Processing of FGD Data
The research team video recorded, translated into English, and
transcribed all FGDs. All data were uploaded into NVivo
(version 12; QSR International). The video recordings were
secured for transcription and then deleted for confidentiality
reasons, and the identity of the participants was kept anonymous.
A full narrative report of the findings was produced. A member
with the role of checking, as envisaged by the validation
technique used in qualitative research [3], was introduced. The
findings were presented at an all-staff seminar to check for
accuracy and resonance with staff experiences.

Ethics Considerations
An ethics review was not applicable for this study because this
paper is based on an internal consultation process in the WHO.
The consent of all the participants was requested and obtained
at the start of each online FGD, and their consent was recorded.

Results

The participatory approach yielded positive results, with 401
staff enrolling in the study within 5 days, of a total of 8000
WHO staff. Those who signed up to participate were split into
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groups based on self-identification according to the following
criteria:

1. Priority groups (National Professional Officers; women
in/seeking a leadership role; young professionals; and
general service staff in secretarial, administrative, and
logistic functions)

2. Language preference (Arabic, Chinese, English, French,
Portuguese, Russian, or Spanish)

3. WHO region (African, Americas, Eastern Mediterranean,
European, South-East Asian, Western Pacific, or HQ)

4. Time preference (morning or afternoon Central European
Time).

The priority groups were identified from the findings of the
2019 mixed methods survey on WHO staff career development
and learning. An individual’s presence in 1 priority group did
not preclude them from belonging to others, and indeed, many
participants identified themselves as belonging to more than 1
category.

A total of 180 participants were available to participate during
the 7 days set for the FGDs. In total, 38 FGD sessions in 7
languages were conducted, with 5 participants on average in
each group. Although 45% (180/401) of those who enrolled
actually participated, staff from all WHO regions and HQ were
represented. In most groups, some participants could not use
the video function due to low bandwidth, so observation of body
language was limited. However, all were able to use audio.

The findings were arranged as follows:

• General findings across all groups, with the following
categories related to learning for staff: expectations, priority
transversal skills for all staff, technical or job-specific skills,
perceived enablers, perceived disablers

• Specific findings related to learning priorities (general
service staff, National Professional Officers, women
in/seeking a leadership role, young professionals under 40
years of age)

• Ideas related to the WHO Academy (expectations, priority
learning activities, fears)

• Links to the new WHO career pathways initiative
(expectations, fears)

To validate the findings, nearly 500 staff from all WHO regions
participated in the all-staff seminar where the summary findings
were presented. No comments were received that challenged
the summary findings. The use of anonymized quotes was
described by staff as being powerful. Staff commented that the
process of participation in the FGDs was motivating in itself,
and for many, this was the first time they felt “heard and seen
by colleagues in other parts of the organization,” especially at
the global level; it was a learning exercise to hear others’ views
and perspectives; it yielded socially positive results (“felt great”
or “connected” or “as part of one family”) and they would be
happy to participate in future FGDs; it led to an increased
willingness to use the methodology online for other purposes;
and it resulted in requests to create a forum for the participants
to stay connected going forward beyond participating in the
FGDs.

The findings were used to revise the first-ever WHO global
Learning Strategy, make recommendations for the WHO
Academy and the elaboration of learning and career pathways,
and develop a learning framework to support staff progress.
The methodology will now be used as a standard methodology
in the WHE and in other WHO staff engagement initiatives to
gain the perspectives of key stakeholders for strategy, program,
and policy development in the future. By-products such as an
online forum initiated by the participants of the first digital
FGDs for staff to stay engaged are also underway.

Discussion

The WHE designed a qualitative study using online FGDs that
ensured staff from all 6 WHO regions and HQ participated to
provide their perspectives and perceptions to support
establishing the global Learning Strategy for the WHO Academy
and to support the elaboration of the learning pathways as a key
component of career development. In this paper, we argue that
despite the many stated challenges of conducting online
qualitative research, FGDs can be successfully conducted online.
Many researchers, especially social researchers, faced multiple
challenges to continue their face-to-face interactions and
fieldwork due to public health security measures imposed by
governments worldwide since the start of the COVID-19
pandemic [4]. As a result, a digital and nondigital range of ideas
and methods were trialed to continue fieldwork in pandemic
times [5]. However, much research was conducted online in
previous years, and many examples of online surveys,
interviews, and digital ethnographies are available in the
literature [6-8].

To successfully digitalize FGDs, it is essential to remove barriers
to participation by adopting a multilingual and flexible approach
in multinational and international organizations such as the
WHO, where staff have busy schedules and are separated
geographically and hierarchically. These results are consistent
with those of other studies and support the digitalization of
interviews and FGDs as the most used qualitative methods
[9-11].

Additionally, online FGDs have the potential, when designed
with consideration of the organizational and participatory
contexts, to yield rich results in the form of eliciting not only
knowledge but also sentiment. They have collateral advantages
of helping personnel in a dispersed organization to feel more
connected with each other and be more seen and heard by the
power centers of an organization as well as by peers in other
locations, with the positive consequence of generating staff
engagement. They offer new means of influencing significant
change and strategies of a global organization. These social
benefits align with the concept that we are currently
experiencing a social age characterized by a less hierarchical
structure, participation in problem identification, and cocreation
of creative and contextualized solutions, rather than command
and control of the power centers of an organization [12].

The research team’s decision to engage all staff allowed us to
capture rich and varied ideas, thoughts, opinions, and lived
experiences that gave voice to employees’needs and aspirations
across different regions and positions. Moreover, such an
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approach could contribute to creating trusting relationships and
building rapport, and thus could decrease possible information
bias. This methodological approach allowed meaningful
conversations to take place, recognizing each participant’s active
role in the process of knowledge cocreation and, by so doing,
increasing equity. We also believe that triangulation could
diminish researchers’ bias, which was achieved by collecting
data from different facilitators and notetakers. Additionally, we
were guided by an emergent research design, which consists in
considering the whole process as an iterative cycle in which the
preliminary findings of the first FGDs informed the subsequent
ones. The key lessons learned can be summarized as follows:

1. Designing the FGDs
• Set the most relevant values and principles as

foundations for the design of the online FGDs and
explicitly link them to the larger processes of clarifying
meaning and significance

• Proactively overcome barriers including physical,
social, institutional, and psychological barriers (time
zones, language, geographical distance, equity of access
in participation, trust, credibility, meaning)

2. Preparing the team
• Train facilitators on competencies for running FGDs

and on using the technology
• Do a test run—test methodology and technical tools
• Standardize the tools—formal training and unified

scripts

3. Running the FGDs
• Run daily debriefing sessions for the facilitation team

and offer facilitator support to answer questions and
provide coaching

• Ensure equity by inviting all who signed up—even if
there were hundreds, and even if it means innovating
and expanding the FGD rollout plan

• Deal with low bandwidth—cameras off when necessary
• Keep to time—do not inconvenience participants
• Plan for the worst-case scenario—have alternate staff

available for facilitator, notetaker, and host roles
• Be proactive—send reminders to attendees and staff

before the start of the event

• Be flexible—participants and staff may be late, and a
group may need to be rescheduled

• Anticipate reductions in turnout, even among confirmed
participants, providing an opportunity for them to join
another FGD

• Do not assume digital literacy or familiarity with
selected tech platforms or tools—the more explanation,
the better

• Consider how social cues are different online—the
awkwardness of knowing when to speak and difficulty
observing body language

• Report back to participants and all other stakeholders
while maintaining confidentiality

• Integrate findings concretely into ongoing processes
• Provide results in multiple formats that are targeted to

different audiences

4. Expanding the benefits
• Appreciate the facilitation team—provide coaching

and certificates
• Use the process to keep personnel engaged in major

change initiatives
• Use the methodology beyond research to engage

stakeholders, to gain feedback on programs, and in
planning

• Capitalize and empower the use of other tools and
digital fora to maximize social benefits—a strong sense
of community, a sense of contributing to something
meaningful, and having a voice

Conclusions
FGDs can be successfully conducted online. To effectively
digitalize FGDs, it is essential to remove barriers to participation
by adopting a multilingual and flexible approach. Online FGDs
have the potential to yield rich results in the form of eliciting
not only knowledge but also sentiment and capturing rich and
varied ideas, thoughts, opinions, and lived experiences. This
methodological approach allowed for meaningful conversations,
recognizing the role of each participant in the process of
knowledge cocreation and promotion of equity.
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Abstract

Google Scholar (GS) is a free tool that may be used by researchers to analyze citations; find appropriate literature; or evaluate
the quality of an author or a contender for tenure, promotion, a faculty position, funding, or research grants. GS has become a
major bibliographic and citation database. For assessing the literature, databases, such as PubMed, PsycINFO, Scopus, and Web
of Science, can be used in place of GS because they are more reliable. The aim of this study was to examine the accuracy of
citation data collected from GS and provide a comprehensive description of the errors and miscounts identified. For this purpose,
281 documents that cited 2 specific works were retrieved via Publish or Perish software (PoP) and were examined. This work
studied the false-positive issue inherent in the analysis of neuroimaging data. The results revealed an unprecedented error rate,
with 279 of 281 (99.3%) examined references containing at least one error. Nonacademic documents tended to contain more
errors than academic publications (U=5117.0; P<.001). This viewpoint article, based on a case study examining GS data accuracy,
shows that GS data not only fail to be accurate but also potentially expose researchers, who would use these data without
verification, to substantial biases in their analyses and results. Further work must be conducted to assess the consequences of
using GS data extracted by PoP.

(J Med Internet Res 2022;24(5):e28354)   doi:10.2196/28354

KEYWORDS

reference accuracy; database reliability; false positives; academic publication; research evaluation; scientometrics; citation analysis

Introduction

Google Scholar (GS) has become a major bibliographic and
citation database. Soon after its creation in 2004, GS received
major criticism [1], but subsequently, further studies described
it more positively [2,3]. Indeed, the literature acknowledges the
free access offered by GS [3-5] and the quality of its coverage
[6-12]. The coverage of GS is considered better than that of
both Web of Science (WoS) [12-15] and Scopus [9,10], which
are GS’s fee-based competitors. This is particularly true
regarding its coverage of social sciences and humanities research
[10,16,17], conference proceedings [10,14], and books [17].
The GS database has been substantially qualitatively [18] and

quantitatively [10,19] improved in all scientific areas such that,
according to de Winter et al [18], it could supplant WoS.

However, “the automatic indexing of GS inevitably causes many
errors” [20], such as duplicates [21] and false-positive citations
[18]. Most researchers generally claim that these errors are
negligible [9,10,12,20,22-24], whereas others consider that data
cleaning is necessary [16,19,25] but laborious [4,21]. Thus,
some scholars have used GS without data cleaning
[2,6,11,14,26,27], while others have identified and removed
duplicates [4,9,12,17-19,24,28,29]. This removal was performed
in 23 of 36 studies (41.8%) using GS data. Furthermore,
compared to the authors of related studies, these researchers
less frequently identified false positives [17,18,30,31], missing
values or omission errors [20,23], document type errors [18,32],
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author name errors [18,33], publication year errors [16,18,33],
title errors [18,33], URL errors [16,32], citation miscounts [32],
and inaccessible document errors [30]. None of these 36 studies
mentioned any verification of journal names in their data
cleaning process. Nevertheless, Haddaway et al [4] attempted
to explain the causes of duplicates, showing that they arise from
typographical and capitalization errors occurring in journal
names. Their findings were confirmed by a study conducted by
Valderrama-Zurián et al [34] based on Scopus data.

However, an analysis of 36 articles published between 2008
and 2018 in journals with an impact factor from Journal Citation
Reports (JCR) collected from WoS, GS, and relevant studies
cited in the most cited research in this field showed that the data
verification was not systematically followed by the calculation
and reporting of an error rate. Indeed, 14 of the 36 (38.9%)
studies explicitly indicated the number or rate of errors. A
median error rate of 14.6% with a range from 0.04% to 53.5%,
among corpora of citations ranging in size between 127 and
183,596, was calculated. Note that for those studies that were
missing error rates but nevertheless had reported adequate
results, the error rates were calculated and included. In addition,
these studies reported error data of a median of only 1 type of
error (range 0-6), and duplicates represented the error type most
frequently searched for in this sample of literature (23 of 36).

This median error rate therefore demonstrates that errors are
recurrent in GS data. However, GS is a free tool that may be
used by researchers to analyze citations; find appropriate
literature [35,36]; or evaluate the quality or influence [37] of
an author or a contender for tenure, promotion, a faculty
position, funding, or research grants [1,21]. Thus, the more an
author is cited in a field, the more likely that person is to be
considered a highly qualified researcher [38,39]. GS may also
be used in research evaluations [23]. Thus, a comprehensive
study of this failure of GS may be useful to the scientific
community and researchers who want to use this database,
whatever their field of study. However, as far as can be seen,
no study reports and meticulously quantifies the different types
of errors encountered in the GS data extracted by Publish or
Perish software (PoP), even though such a study would allow
(1) better identification of the limitations of studies based on
these data, as described by Hicks et al [40] in the context of
research evaluation; (2) enrichment of the thoughtful
methodological reflection on potential exposure to GS errors;
and (3) development of appropriate methods to limit the negative
effects of GS errors on the results produced.

This case study aimed to examine the GS data extracted by PoP,
provide a full count of the errors contained in the collected data,
and present an epistemological reflection. By doing so, this
study offers detailed categorizations of GS data that have not
been provided by previous studies. The purpose is especially
to address the following questions: (1) What types of GS errors
could affect the data and results of researchers’ studies? (2)
What methodological problems may result from these errors?
(3) How reliable can the citations of GS be without data
cleaning?

Methods

Context
This GS study is part of broader research that aims to explore
the diffusion process of neuroimaging work that sought to alert
the scientific community to the issue of false positives. Two
references were examined. The first reference is a poster
presented at the 15th Annual Meeting for the Organization for
Human Brain Mapping (OHBM) [41], and the second is an
article published in the short-lived Journal of Serendipitous and
Unexpected Results (JSUR) [42]. The question was which
researchers contributed to this diffusion or, in other words, who
cited the OHBM poster or the JSUR article. The collection of
citation data became necessary. Nevertheless, some full texts
of the citing documents collected by GS did not cite either the
OHBM poster or the JSUR article. Thus, this case study was
conceived. The reliability of GS data needed to be quantified
to identify the limitations of the results produced with GS data
before using these data in the diffusion study. This
categorization of errors using these 2 references enables one to
identify how GS works with literature not referenced by journal
editors’ websites. GS uses “automated software, known as
parsers, to identify bibliographic data” [43] of documents
available on the internet. Then, the parser software “typically”
collects the same data from full documents without metadata,
as the 2 references used in this case study.

Data Collection
To examine the reliability and accuracy of GS, the citations of
both the OHBM poster and JSUR article were analyzed. Note
that GS was the only citation database available to collect the
citation data for these 2 works because neither WoS nor Scopus
indexed them.

PoP version 5 was used to extract references that cited the
poster. According to Harzing [44], this software provides a
perfect collection of GS data (“Publish or Perish is as accurate
or as inaccurate as Google Scholar itself”). In addition, PoP is
a common tool in scientometric studies using GS data
[14,19,29,45].

The citation data were then collected from GS via PoP. The
first author’s name (“Bennett, Craig M”) was entered without
quotation marks, and the first part of the OHBM poster and
JSUR article title (“Neural correlates of interspecies perspective
taking in the post-mortem Atlantic Salmon”) was entered with
quotation marks into the “All of the words” software query box.
As PoP’s manual explains, the “All of the words” query
“matches the search terms anywhere in the searched documents
(author, title, source, abstract, references, etc)” [46], as GS does.
Thus, this query was used to reproduce the same request with
PoP and GS.

This title is so specific that only the following 2 results appeared:
(1) 127 references cited the JSUR article [42], and (2) 154
references cited the OHBM poster [41]. In contrast, the reference
that appeared in PoP and on GS was a paper supposedly
published in a supplement of the famous NeuroImage journal
and indexed by ScienceDirect. In reality, NeuroImage did not
publish a journal article written by Bennett et al in 2009 about
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the neuroimaging work. This NeuroImage paper does not exist.
What this supplemental issue of NeuroImage does contain is
the program of the OHBM conference. Therefore, when the
citing documents cite the “NeuroImage ghost paper,” they
actually cite the OHBM poster.

Note that the JSUR article title is almost identical to the OHBM
poster title—only the term “proper” in the second part of the
title differs. The advantage of this strong similarity is the ability
to evaluate the capacity of GS to manage citations of similar
references.

A total of 281 references were extracted via PoP on October 6,
2017. Two CSV files were obtained (Multimedia Appendix 1),
one for each neuroimaging reference. In this study, several
columns that contained the following information were
examined: authors, title of the citing document, publication
year, publication or source, publisher, and web address of the
citing document (“Article URL” as provided by GS). Each
column was manually verified, and inaccuracies were counted
and categorized in the following 6 steps:

1. The full text of accessible citing documents was
downloaded and recorded.

2. The reference list of each citing document was consulted
to verify and record the presence of the neuroimaging
reference (OHBM poster, JSUR article, or both).

3. The document type was determined and recorded by reading
it and searching for additional information on its source.

4. For each citing document, an accurate reference was
elaborated for use as a standard and to determine whether
GS data contain errors. An inductive and descriptive
methodological approach was used to list and identify all

the error types that occurred in the GS data. The reference
accuracy literature served as a guide to avoid omitting the
important errors in this field. A typology was elaborated
and presented in the results section as follows: (1) Data
collection errors (duplicates, reprints, translations, missing
URLs, and inaccessible documents); (2) Academic
publication collection errors (retrieval of types of documents
other than journal articles, books, book chapters, and
conference proceedings); (3) Citation errors (false positives
or citation counted by GS when the document does not cite
the reference counted); (4) Author errors (missing authors,
added authors, missing part of the author’s name, and errors
in initials); (5) Title errors (incorrect or incomplete title,
and spelling or typographical errors); (6) Publication year
errors (erroneous or missing date of publication); (7)
Publication of source errors (journal name errors identified
in the “Publication” column of GS); and (8) Publisher errors
(book editor name errors identified in the “Publisher”
column of GS).

5. The GS errors found in each extracted column were listed.
6. The identified errors were aggregated by reference.

This collection, verification, and aggregation process required
approximately 170 hours of work.

Results

Number of Errors
A total of 755 errors were detected in 281 references retrieved
from GS (Figure 1), for an average of 2.7 errors (range 0-7)
(Multimedia Appendix 2). Furthermore, 279 of 281 (99.3%)
references contained at least one error.
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Figure 1. Pareto diagram. Sum of errors detected (N=755) as a function of document type. Light blue indicates academic publications, gray indicates
nonacademic documents, and dark blue indicates cumulative sum curve of errors detected.

Typology of GS Errors
After a manual examination of the references extracted from
GS, the following 8 types of errors were identified (Table 1):

(1) Data collection errors; (2) Academic publication collection
errors; (3) Citation errors (false positives); (4) Author errors;
(5) Title errors; (6) Publication year errors; (7) Publication
errors; and (8) Publisher errors.

Table 1. Typology of Google Scholar errors. Typology and proportion of errors identified as a function of the number of valid references examined
and as a function of the total number of errors detected.

Errors identified, n (%)Error type

As a function of the total number of errors

detected (N=755)

As a function of the number of valid

references examined (n=271-281)

33 (11.7)42 (5.6)Data collection

77 (27.5)77 (10.2)Academic publication collection

81 (29.9)81 (10.7)Citation

53 (19.4)61 (8.1)Author

57 (20.8)60 (7.9)Title

31 (11.3)31 (4.1)Publication year

133 (47.5)155 (20.5)Publication

244 (86.8)248 (32.8)Publisher

Data Collection Errors
Data collection errors included duplicates, reprints, translations,
missing URLs, and inaccessible documents (Multimedia
Appendix 3). This type of error was identified in 33 of 281

(11.7%) references, and among these errors, duplicates were
detected in 16 of 281 (5.7%) references. In addition, URL
analysis indicated that none of the GS data in any of the PoP
extractions contained duplicate URLs. However, because 18
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URLs were missing, a manual search for these references was
conducted to obtain and verify them. Among these missing URL
references, only 2 of the 18 citing documents were inaccessible,
and 9 references were duplicates, translations, or reprints.

Academic Publication Collection Errors
Some scientometric studies have used document type as a
variable. Consequently, some researchers have focused
exclusively on journal articles [3,6,29,30,47,48], whereas others
have presented their collected citations per document type,
including journal articles, books, book chapters, and conference
proceedings [25]. Furthermore, “grey literature” [4], such as
theses and research reports [18], can also be included.
Considering the diversity of this research method, it will be
interesting to further explore the document types that GS is
likely to retrieve and count.

GS describes itself as a database that “provides a simple way
to broadly search for scholarly literature” [49]. However, what
does “scholarly literature” mean for GS? The definition provided
by GS, and used in the document inclusion process, encompasses
“journal papers, conference papers, technical reports or their
drafts, dissertations, preprints, postprints, or abstracts” [43]. On
another webpage, GS mentions that users “can search across
many disciplines and sources: articles, theses, books, abstracts,
and court opinions” [49]. By contrast, GS excludes “news or
magazine articles, book reviews, and editorials” [43] because
they are “not appropriate” [43]. Nevertheless, there is no
statement about the rejection of these undesirable documents
from the GS index.

In this study, the document type of each reference collected
from GS was examined to determine whether the document in
question was an “academic publication.” In this way, a document
was considered an “academic publication” only if it was (1) an
article that was published in a journal with an International
Standard Serial Number (ISSN) or (2) a book, a book chapter,
or conference proceedings published with an International
Standard Book Number (ISBN). All other document types
(thesis, magazine, communication poster, bibliography, course,
report, and unpublished document), so-called “nonacademic
documents,” were classified as GS collection errors. Note that,
according to this definition, a doctoral thesis is an academic
work but not an academic publication.

As Multimedia Appendix 4 shows, GS retrieved 203 of 281
(72.5%) academic publications, but included 77 nonacademic
documents in the corpus. The error rate reached 27.5% according
to the definition given in the literature, whereas the GS definition
led to a lower error rate (6.8%). In addition, because GS data
are asymmetrically distributed, a nonparametric
(Mann-Whitney) test was conducted with SPSS 25 (IBM Corp),
and it revealed that the nonacademic documents tended to
contain more errors than the academic publications (U=5117.0;
P<.001) (Multimedia Appendix 5).

Citation Errors (False Positives)
The reference list of each citing document was examined to
determine which of the 2 references (OHBM poster or JSUR
article) had been cited. A total of 271 full documents were
available and were read. This assessment revealed that 81 of

the documents (29.9%) did not cite the reference retrieved from
GS. In other words, 29.9% of the citations counted by GS were
false positives. In 8 of the 271 (3.0%) cases, neither of the 2
references were found. In 12 of the 271 (4.4%) cases, the JSUR
article reference was found instead of the OHBM poster
reference, that is, in the extraction of citations attributed by GS
to the OHBM poster. Conversely, in 61 of the 271 (22.5%)
cases, the OHBM poster reference was found instead of the
JSUR article reference.

Additionally, these citation errors (false positives) affected 8
times more OHBM poster references than JSUR article
references (odds ratio 7.77, 4.4 < CI < 13.71). Note that the
OHBM poster reference was misreferenced in the citing
documents more often than the JSUR article reference.

Author Errors
As Multimedia Appendix 6 shows, 53 of 273 (19.4%) references
contained at least one author error. For example, initials were
removed or added. Authors were missing in 41 of the 273
(15.0%) references. Surprisingly, they were replaced by a journal
name or by the title of either their own book or their own book
chapter. Finally, 104 authors were missing, while 20 authors
were improperly added. In summary, 124 of 565 authors (22.0%)
were inaccurate.

Title Errors
A thorough examination of the “Title” column extracted from
GS showed that 57 of 274 (20.8%) references contained at least
one error (Multimedia Appendix 7). The incompleteness of the
title was the most common error identified. As a result of this
error, some incomplete titles were similar to other publication
titles. Furthermore, several errors were more questionable, such
as replacement of a book title with a chapter title from the
aforementioned book or with the title of a different chapter from
another book by an author who contributed a chapter to this
book. Other questionable title errors were the assemblage of
2-chapter parts published in the same book and the replacement
of the publication title by its editor’s name or the domain name
of the website that hosts it. Surprisingly, irrelevant parts were
added to the publication title, such as an ISBN number, the price
of the book, the name of the book collection, and an excerpt
from the front page of a thesis (“a dissertation submitted for the
degree of Doctor of Philosophy”). Lastly, the reference titles
also contained typographical or spelling errors.

Publication Year Errors
Publication year errors were detected in 31 of 274 (11.3%)
references. In most cases, the years were missing (they were
replaced by “zero” in 22 references). In other cases, the actual
publication year of the JSUR article or the OHBM poster was
increased by 1 year or decreased by 1, 3, 7, or 100 years
(Multimedia Appendix 8).

Publication of Source Errors
The “Publication” or “Source” column retrieved from GS via
PoP showed inconsistencies that depended on the document
type of references (Multimedia Appendix 9). Indeed, it contained
journal names, books, edited book titles, conference proceeding
titles, magazine names, publisher names, domain names of
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websites that host the citing documents, irrelevant parts of
references, and even an author’s address. Furthermore, a large
number of missing values (ie, “not provided” in Multimedia
Appendix 9) were found in these publication data, affecting 1
in 3 (32.0%) references. These missing publication data were
observed most often for theses (bachelor’s, master’s, and
doctoral theses) and book references.

In total, 133 of 280 (47.5%) references contained errors Table
2). These errors were mostly identified in conference
proceedings, edited books, and journal articles. In addition, only
half of the citations counted by GS were usable as academic
publication material (Table 2, “Utility” column) because, for
example, GS provides a domain name instead of the academic
journal name. Among these usable data, 133 were inaccurate.
Finally, in this corpus, only 60 of 280 (21.4%) references had
proper usable data.

Table 2. Accurate and inaccurate content identified in the “Publication” column retrieved from Google Scholar via Publish or Perish (N=280).

UtilityaAccurate publication, n (%)Inaccurate publication, n (%)Type of error

(+)52 (48.1)56 (51.9)Journal name (n=108)

(−)1 (50.0)1 (50.0)Magazine name (n=2)

(−)0 (0.0)13 (100.0)Book title (n=13)

(+)8 (27.6)21 (72.4)Edited book title (n=29)

(+)0 (0.0)5 (100.0)Conference proceeding title (n=5)

(−)0 (0.0)2 (100.0)Thesis title (n=2)

(−)0 (0.0)2 (100.0)Publisher name (n=2)

(−)2 (10.0)18 (90.0)Domain name (n=20)

(−)3 (75.0)1 (25.0)Preprint database name (n=4)

(−)0 (0.0)5 (100.0)Other (n=5)

(−)81 (90.0)9 (100.0)Missing value (not provided) (n=90)

N/Ab147 (52.5)133 (47.5)Total (n=280)

aThe usable publication content for studies using academic publications is denoted by “+.” The errors were not easy to categorize because of nonacademic
documents. For instance, when the document type is a blog post or an unpublished draft, a journal name is not expected in the “Publication” column
and thus is counted as an inaccuracy. Nevertheless, this type of document had already been counted as a data collection error. Therefore, each document
type was specifically analyzed to avoid falsely increasing the error count. However, the categorization was easier for other references, such as when
the journal editor name was provided instead of the journal name. In addition, an examination of spelling and typographical errors, including capitalization
errors, was conducted.
bN/A: not applicable.

These source inconsistencies mainly occurred in journal names
as typographical errors, particularly capitalization errors
(Multimedia Appendix 10). The second most frequent error was
title and journal name incompleteness. Journal names were
heavily truncated, as shown in the following examples: “Journal
of …” instead of “Journal of Advertising Research” and “Rev
…” instead of “Revista de neurologia.” The same type of
inaccuracy was identified in the edited book titles as follows:
“… Routledge Handbook of …” instead of “The Routledge
Handbook of Neuroethics” and “… Imaging of the …” instead
of “Imaging of the Pelvis, Musculoskeletal System, and Special
Applications to CAD.” Furthermore, as several journal names
begin with “Journal of” and several edited books begin with
“Routledge Handbook of,” the incompleteness of GS data may
cause difficulties.

Publisher Errors
The “Publisher” column retrieved from GS provided a variety
of content (Multimedia Appendix 11) as follows: editor name

(including journal editor), journal name, domain name of the
website that hosts the citing document (eg, 42 of the domain
names were “books.google.com”), digital library (ie, JSTOR),
and missing values. The “Publisher” column contained the
highest error rate found in the GS data, which was 244 of 281
(86.8%) references (Table 3). Indeed, the 248 inaccuracies
detected in this column constituted a third (32.9%) of the total
errors identified. Journal editors and domain names were
frequently inaccurate. The utility of this publisher data was then
limited to studies using academic publication data. Only the
editor names of books, book chapters, and conference
proceedings were usable, but they actually represented 35 of
the 281 (12.5%) references. Furthermore, an error rate of 37.1%
was found in these usable data. For example, an editor’s name
was replaced by an irrelevant name (The Penguin Press by
Australia Books and Palgrave Macmillan by Springer).
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Table 3. Accurate and inaccurate content in the “Publisher” column retrieved from Google Scholar via Publish or Perish (N=281).

UtilityaAccurate publication, n (%)Inaccurate publication, n (%)Type of error

(+)22 (62.9)13 (37.1)Book and conference proceeding editor (n=35)

(−)0 (0.0)51 (100.0)Journal editor (n=51)

(−)0 (0.0)1 (100.0)Journal name (n=1)

(−)0 (0.0)2 (100.0)Digital library name (n=2)

(−)0 (0.0)167 (100.0)Domain name (n=167)

(−)15 (60.0)10 (40.0)Not provided (n=25)

N/Ab37 (13.2)244 (86.8)Total (n=281)

aThe usable publication content for studies using academic publication data is denoted by “+.”
bN/A: not applicable.

Discussion

Principal Findings
The aim of this study was to examine the accuracy of citation
data collected from GS via PoP and to provide a comprehensive
description of the errors and miscounts identified. In fact, the
extraction of raw data with inaccuracies from GS may generate
incorrect results in several research areas, such as bibliometrics,
scientometrics, and research evaluation. Despite the data
cleaning performed by researchers (mainly duplicate removal),
citation counts retrieved from GS were generally used without
substantial caution. Furthermore, few comprehensive studies
listed the different types of GS errors, and no previous research
seemed to quantify the inherent problems of GS citations
collected by PoP. This study was therefore conducted to provide
a meticulous analysis of GS data to anticipate the risk of errors
that may affect the data and the results of studies using them.

Ranking of GS Errors
The GS errors were analyzed using 281 documents that cited a
neuroimaging work performed to raise awareness of
false-positive results in the scientific community. This study
revealed an unprecedented error rate, with 279 of 281 (99.3%)
examined references containing at least one error. Academic
publications were not free from errors. They accounted for 503
of the 755 (67.0%) detected errors. However, nonacademic
documents tended to contain more errors than academic
publications (U=5117.0; P<.001).

The cumulative error rate detected in this study (99.3% of
references containing at least one error) differs from the median
rate (14.6%) reported in the literature over the past 10 years.
This difference may be explained by several aspects of previous
research. First, an automatic approach was generally used to
clean the data, while a manual examination was conducted in
this study. Second, a varied but low number of variables were
examined in these studies. A median of 1 type of error was
examined in previous studies, while 8 types of errors were
examined in this study. Third, the usual purpose of these studies
was to compare the coverage of GS, WoS, and Scopus; thus,
the researchers mainly verified duplicates in an aggregated
corpus drawn from these 3 databases. Fourth, these studies did
not cumulate the number of errors identified per reference.

These discrepancies make comparison difficult, but data
provided by de Winter et al [18] (“Online Supplementary
Material 5 Excel File”) make it possible. Through these data,
an error rate cumulated by reference was calculated to compare
what is comparable. However, as these researchers used 4 error
types, the comparison was performed for academic publication
collection errors, author errors, title errors, and duplicates. All
other things being equal, this study reports an error rate 3 times
higher than that reported by de Winter et al [18] (64.8% and
20.5%, respectively). These findings suggest that citation counts
and references extracted from GS are not fully reliable and may
expose the researchers who use them to numerous errors. Note
that the content of GS is the result of automatic indexing of
websites by robots. The coverage depends on the indexed
websites. Moreover, according to GS, “robots generally try to
index every paper from every website they visit, including most
major sources and also many lesser known ones” [50]. Thus,
the reliability of GS is a type of “photography” of the reliability
of authors’ and editors’ websites. Since errors can happen, it is
important to identify the possible impact of GS’s lack of
reliability with respect to research data.

The Impact of GS Errors in Research Data
What is the probable impact of GS errors in the citation analysis
or research evaluation area when citation counts and references
are used without data cleaning?

Publisher Errors
The useful content that a researcher needs to find in the
“Publisher” column extracted from GS via PoP is the editor
name for books, book chapters, and conference proceedings.
However, this column mainly contains the domain name of the
website hosting the citing document. Thus, only 7.8% of these
collected data are free from errors and are usable in an academic
publication study. The “Publication” column therefore requires
meticulous examination before use. The first step is to determine
the document type of each collected reference because GS still
does not provide it.

Publication Errors
The PoP manual indicates that the “Publication” column
contains “journal name or similar,” and “similar” is not
explicitly defined, which is “not always available” and
“sometimes wrong” [51]. However, the “publication” content
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is more disparate and incorrect than this. Indeed, it contains
journal names, book titles, thesis titles, publisher names, and
domain names, and one-third of this column involves missing
values. Only 21.4% of “publication” data are free from errors
and are usable in an academic publication study. In addition,
GS errors can impact studies in the following ways. First, the
GS error rate can negatively affect the evaluation of journal
impact factors and the journal ranking. Second, missing values
(32.4% of references) can alter relational database management
[52]. Third, typographical errors (including capitalization errors)
can lead to duplicates [4]. Lastly, note that there is a risk in
using the “publication” data because of the large number of
errors detected in the journal names, edited book titles, and
conference proceeding titles.

Citation Errors (False Positives)
The GS citation count is distorted by documents that do not cite
the reference retrieved. This point is often reported in the
literature, for instance, as a “phantom citation” or “false citation”
[20], but no reported error rate [18,30,32,53,54] is as high as
the rate found in this study (29.9%). This difference can be
explained by the highly similar titles of the 2 references
examined (OHBM poster and JSUR article). This finding also
demonstrates the difficulties of addressing this type of similarity
in GS data. Consequently, researchers may use data samples
that contain false-positive citations and then may obtain biased
findings.

Academic Publication Collection Errors
GS failed to retrieve only academic publications. Indeed, 27.5%
of the citing documents were nonacademic publications,
including doctoral theses, magazine articles, preprints, reports,
courses, bibliographies, and blog posts. This error rate confirms
previous findings [30]. However, if the GS definition of
“scholarly literature” is applied, this error rate falls to 6.8%.
This GS definition differs widely from the definition of
“academic publication” used in this study. Thus, GS seems to
inaccurately report citation counts and references of academic
publications, and consequently, it does not accurately reflect
the dissemination of published work. Therefore, the results of
many scientometric studies using GS data to examine the
publication activity of scientists, particularly in research
evaluation, may be questionable when these data are not verified
and cleaned (document types and false positives). The citation
counts and h-index scores calculated by GS are also
questionable. This raises questions about the reliability of studies
that compare the coverage of GS, WoS, and Scopus, and
conclude that GS collects significantly more citations [12,28,29]
than its competitors. Further research should explore the citation
counts of these databases to determine how comparable they
are.

Title Errors
The main issue with the titles retrieved from GS is
incompleteness, which causes problems such as false-positive
matches. The similarity between the OHBM poster title and the
JSUR article title demonstrates this GS difficulty. Other errors
(typographical and spelling) cause problems in database
management. More unwelcome is the missing title error. Instead

of the title, 6.2% of references contained, for example, editor
names, domain names, or ISBN numbers. These missing title
errors raise several problems as follows: (1) references cannot
be retrieved with a search by title, and (2) duplicates can be
more frequent and more difficult to detect.

Author Errors
The citing documents examined were cowritten by 565 authors.
Nevertheless, 124 (22.0%) authors were either incorrect or
missing. These errors can cause problems in studies of the
structure of scientific collaborative networks, which are
commonly used graphs. Indeed, a fifth of the collaborative
networks built may be incorrect and thus may generate imperfect
relationships. First, the missing authors may truncate an
important share of all the authors involved. Second, the
irrelevant added authors may create a bias that a graph’s
algorithms can reinforce. Consequently, researchers may
overestimate a relationship or ignore another determinant one.

Data Collection Errors
Duplicates, translations, and reprints are frequent in GS data.
As collected data can be biased by duplicates, their detection is
the first step implemented in studies using GS data. The
duplicate, translation, and reprint rates found in this study were
similar to those in previous studies [30,32]. In addition, the
URL address of citing documents is commonly used to detect
duplicates and collect full-text documents. Because a missing
URL may cause difficulties, previous studies resolved this issue
by automatically deleting a reference without a web address
[16,32]. By contrast, in this study, 6.4% of URL addresses were
missing, but only 0.7% of them could not be found with a
manual search. Half of these found documents were usable, and
half were duplicate, translation, and reprint references.
Consequently, the duplicate search removed 7.8% of the
references, whereas the irrelevant deletion of references without
a URL address led to the omission of 3.2% of the citing
documents. Again, this may cause biased results.

Publication Year Errors
Incorrect years had a lower frequency than missing years (3.3%
and 8.0% of references, respectively). These missing values can
cause major problems in data collection. As GS limits the search
results to the first 1000 citing references per query, certain
researchers have collected data by publication year to obtain a
larger corpus of GS citations [25] or to focus their analysis on
a specific period of time [45]. Other researchers have removed
references containing incorrect publication years [16]. Thus,
these neglected references may lead to truncated data and biased
results. Inherent to the failed indexation process of GS, this
publication year error may cause sampling errors that affect the
representativeness of findings.

Data Verification Versus Biased Results
The GS error rate seems to be negligible when types of errors
are considered in isolation. These types of claims have been
made about false positives [20], duplicates [10], and incorrect
publication years [2]. By contrast, with regard to GS errors,
Harzing [55] argues fatalistically that “bibliometrics is an
inexact science and that any data source has its own flaws.”
However, Hicks et al [40], in presenting the Leiden Manifesto,
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emphasized the importance of the quality of the data used in
research evaluation. Conversely, when the GS error rates are
observed as a whole, a worrying cumulative effect is revealed.
Indeed, only 2 of 281 (0.71%) references collected from GS
were free from errors. This raises a question about the reliability
of GS citation counts. In this study, 2 neuroimaging works were
cited 281 times according to GS. However, this citation count
is incorrect. In fact, these works were cited 131 times in
academic publications (ie, excluding duplicates, reprints,
translations, inaccessible documents, and false positives), which
is 53.4% less than the GS claim. Thus, the full sample collected
from GS (281 citations) can considerably differ from the proper
sample (131 citations). There is thus a major risk of producing
incorrect and biased results that do not accurately reflect the
data examined.

Consequently, meticulous verification and cleaning of GS data
are essential before using them. Considering this, several
precautions should be taken to improve the reliability of GS
data. First, detect and remove duplicate, translation, and reprint
references and subsequently merge their citation counts. Second,
consult the full-text documents of the full sample to remove
false-positive matches. Third, verify the document type of each
reference to exclude nonacademic publications.

Because results will be biased or wrong if these verification
steps are not performed, is it possible to study a large-scale
sample of GS citations (approximately several thousand)? It
seems unlikely unless substantial resources are allocated for
such verification. Indeed, Meho and Yang [21] were allowed
18 minutes per reference (3000 hours of work for 10,000 citation
samples). In this study, a work time of 32 minutes per reference
was necessary to complete the verification (150 hours for 281
citations). What about automatization of the verification? Studies
that cleaned large-scale data either in part or as a whole using
an automatic cleaning process [4,10,20] reported a lower error
rate and fewer error types than studies using a manual cleaning
process [30,54]. Therefore, it is reasonable to have doubts about
the efficiency of this automatic cleaning.

Finally, studying a small sample of GS data seems more
adequate than studying a large sample in terms of obtaining
reliable data and accurate findings. Nevertheless, there is a need
to conduct further research to develop statistical tools for
weighting the correlation calculation in a large-scale sample of
GS data, which are widely used in database coverage studies.

However, these tools may not correct the collection issue
inherent to the GS database.

Alternatively, according to the reference accuracy literature
[9,10,12-15], databases, such as WoS and Scopus, can be used
in place of GS because they are more reliable, though they have
narrower coverage than GS. Indeed, WoS has an average error
rate of 0.1% [4,18,31,32], and this rate is 1.0% for Scopus
[10,31]. However, since GS is a free database [56], it may be
the only possible way to conduct a study. However, knowing
that all databases are likely to contain errors, verifying a sample
of data is a useful precaution.

To conclude, the categorization of the errors encountered in the
data extracted from GS provides researchers with
methodological and epistemological reflections so that they
become aware, with precision, of the probable errors that they
are likely to encounter, and can consequently adjust their
methodological choice. For example, the number of citations
obtained by GS may not be completely accurate, or the names
of the authors mentioned may not be completely correct. With
a sample of several thousand references, these errors can have
a noticeable impact on the results.

Conclusion
Almost all of the data retrieved from GS contained at least one
error, calling the reliability of GS data into question. Further,
the reliability of studies using a large-scale sample without
verification and data cleaning is also called into question.
Moreover, studies using GS to evaluate research activity or
compare the coverage of several databases (ie, GS, WoS, and
Scopus) may be affected by substantial biases, including citation
miscounts.

However, researchers who are able to spend a considerable
amount of time on the meticulous verification of their small
samples can obtain various references for journal articles, books,
edited book chapters, and conference proceedings from GS.
This ability can be especially useful in bibliometric studies
based on material published in research areas in which journal
articles are less predominant than other publication types.

Limitations
Since the data used are limited and specific, the results obtained
cannot be generalized. However, this case study provides a kind
of “stress test” of GS to promote reflection on the limits of this
free database.
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Abstract

Background: Although text messaging has the potential to be the core intervention modality, it is often used as an adjunct only.
To improve health and alleviate the distress related to insomnia, pain, and dysregulated eating of people living in urban areas,
text messaging–based mindfulness-based interventions were designed and evaluated in 3 randomized controlled trials.

Objective: This study investigated the effectiveness and mediating mechanisms of text messaging–based mindfulness-based
interventions for people with distress related to insomnia, pain, or dysregulated eating.

Methods: In these trials, 333, 235, and 351 participants were recruited online and randomized to intervention and wait-list
control conditions for insomnia, pain, and dysregulated eating, respectively. Participants experienced 21 days of intervention
through WhatsApp Messenger. Participants completed pre-, post-, 1-month follow-up, and 3-month follow-up self-report
questionnaires online. The retention rates at postmeasurements were 83.2% (139/167), 77.1% (91/118), and 72.9% (129/177) for
intervention groups of insomnia, pain, and dysregulated eating, respectively. Participants’ queries were answered by a study
technician. Primary outcomes included insomnia severity, presleep arousal, pain intensity, pain acceptance, and eating behaviors.
Secondary outcomes included mindfulness, depression, anxiety, mental well-being, and functional impairments. Mindfulness,
dysfunctional beliefs and attitudes about sleep, pain catastrophizing, and reactivity to food cues were hypothesized to mediate
the relationship between the intervention and outcomes.

Results: For all 3 studies, the intervention groups showed significant improvement on most outcomes at 1-month follow-up
compared to their respective wait-list control groups; some primary outcomes (eg, insomnia, pain, dysregulated eating indicators)
and secondary outcomes (eg, depression, anxiety symptoms) were sustained at 3-month follow-up. Medium-to-large effect sizes
were found at postassessments in most outcomes in all studies. In the intervention for insomnia, mediation analyses showed that
dysfunctional beliefs and attitudes about sleep mediated the effect of the intervention on all primary outcomes and most secondary
outcomes at both 1-month and 3-month follow-ups, whereas mindfulness mediated the intervention effect on presleep arousal at
1-month and 3-month follow-ups. In the intervention for pain, pain catastrophizing mediated the effect of intervention on pain
intensity and functioning at both 1-month and 3-month follow-ups, whereas mindfulness only mediated the effect of intervention
on anxiety and depressive symptoms. In the intervention for dysregulated eating, power of food mediated the effect of intervention
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on both uncontrolled and emotional eating at both 1-month and 3-month follow-ups and mindfulness was found to mediate the
effect on depressive symptoms at both 1-month and 3-month follow-ups.

Conclusions: These 3 studies converged and provided empirical evidence that mindfulness-based interventions delivered through
text messaging are effective in improving distress related to sleep, pain, and dysregulated eating. Text messaging has the potential
to be a core intervention modality to improve various common health outcomes for people living a fast-paced lifestyle.

Trial Registration: Clinical Research and Biostatistics Clinical Trials Registry CUHK_CCRB00559; https://tinyurl.com/24rkwarz

(J Med Internet Res 2022;24(5):e30073)   doi:10.2196/30073

KEYWORDS

text messaging; mindfulness; insomnia; pain; dysregulated eating; mHealth; mental health; SMS; distress; intervention; outcome;
mobile interventions

Introduction

Prevalence of Insomnia, Pain, and Dysregulated Eating
People living in urban areas have prevailing complaints of stress
and related health concerns. For instance, the general population
of Hong Kong has a stressful life, with an estimation of 13.3%
having common mental disorders [1]. Stress was found to be
correlated with multiple health issues, including insomnia,
chronic pain, and unhealthy eating behaviors [2-4]. In the United
Kingdom, the economic burden of low back pain, insomnia,
and eating-related conditions was estimated to be £2.79 billion,
£46.3 billion, and £8.5 billion, respectively (US $1=£0.77),
projected into 2018 costs [5-7]. In Hong Kong, insomnia and
chronic pain affect 35.2% and 39.4% of the general population,
respectively, and close to half (46.9%) of the general population
was found to have unhealthy eating habits [8-10].

Mindfulness-Based Interventions for Insomnia, Pain,
and Dysregulated Eating
To tackle these health concerns, mindfulness-based interventions
(MBIs) have been applied to alleviate stress and enhance
well-being. Mindfulness is defined as “paying attention in a
particular way on purpose in the present moment and
nonjudgmentally” [11]. In particular, MBIs were found to be
effective in improving insomnia [12,13], pain [14-16], binge
eating, and emotional eating [17,18]. MBIs have not only been
applied to clinical populations, but they have also been
demonstrated to be beneficial to the well-being of nonclinical
populations. Meta-analyses showed that MBIs have moderate
effect size in reducing stress, psychological distress, depression,
and anxiety among healthy individuals [19,20]. Internet-based
MBIs are gaining more evidence as well. According to another
review and meta-analysis, web-based MBIs are effective in
reducing depressive symptoms, anxiety symptoms, stress, and
improving well-being and mindfulness with small-to-medium
effect size [21]. The above evidence provides the foundation to
further develop internet-based MBIs for both clinical and healthy
individuals.

Mechanism of MBI
Regarding the mechanisms of MBIs in the promotion of
well-being and the reduction of distress, the cultivation of
mindfulness is found to mediate the relationship between MBIs
and various outcome variables. For instance, Nyklíček and
Kuijpers [22] found that changes in mindfulness partially

mediated the relationship between mindfulness-based stress
reduction intervention and its positive effects among people
with distress symptoms. In addition to changes in mindfulness,
according to Shapiro et al [23], the cultivation of mindfulness
may also facilitate “reperceiving,” which is a shift of perspective
that leads to an increased capacity for relating to one’s internal
or external experiences objectively. For insomnia, mindfulness
allows people to respond to stressors more skillfully by changing
the patterns of worry and rumination that improve sleep quality
[24]. For pain, preliminary evidence suggested that mindfulness
and pain catastrophizing mediated the relationship between
interventions and reduced perceived stress and improved quality
of life [22,25]. For dysfunctional eating, MBI regulates
appetitive and emotional processes by increasing both awareness
and sensitivity to the eating process such that people can
disengage themselves from the reactive eating habits [26]. To
further test these mechanisms in this study, we hypothesized
that text messaging–based MBIs would promote better
well-being and fewer symptoms of insomnia, pain, and
unhealthy eating through changes in both mindfulness and
reperceiving.

Text Messaging As the Core of Treatment Modality
Although internet-based MBIs were effective in reducing
distress and promoting well-being [21], users’ retention and
engagement remain challenging for digital health interventions
[27,28]. A median of 56% retention was found, and the attrition
rate can be as high as 75% for internet-based interventions
[29,30]. Text messaging, considered as one of the future trends
of internet-based interventions, may alleviate this problem,
given the temporal synchronization feature of instant messaging
that allows the intervention to catch people’s attention directly
[31,32]. A systematic review showed that text messaging
improves treatment adherence and reduces social isolation [33].
Up till now, to the best of our knowledge, text messaging is
mostly used as a reminder, self-monitoring tool, or as an adjunct
to face-to-face intervention instead of being utilized as the core
treatment modality, except in a few physical health intervention
studies [29,34-38]. Thus, the potential for text messaging to
offer mental health intervention that improves users’engagement
and retention is yet to be investigated.

Aim of This Study
The aim of this study was to test whether a text messaging–based
MBI is effective in reducing distress related to insomnia, pain,
and dysfunctional eating in 3 randomized controlled trials.
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WhatsApp [39] was chosen as the messaging tool because it is
the most popular in the world with 2000 million monthly active
users and is the most accessible option for the community [40].
Specifically, we aimed to investigate whether text
messaging–based MBI can result in improvement in primary
outcomes (ie, insomnia severity, pain severity, dysregulated
eating) and secondary outcomes (ie, depressive and anxiety
symptoms, mental well-being, and functional impairment). We
also aimed to examine mindfulness, dysfunctional beliefs (for
insomnia), pain catastrophizing (for chronic pain), and power
of food (for dysregulated eating) as possible mechanisms of
change that mediate the relationship between text
messaging–based MBI with both primary and secondary
outcomes.

Methods

Procedure
WhatsApp numbers for each trial were disseminated in the
recruitment materials, and interested participants enrolled in
the relevant trial via the instant messenger app, that is,
WhatsApp. The nature and procedure of the studies were then
explained to the participants through a WhatsApp message.
Participants then completed the self-assessment web-based
questionnaire together with a written consent page. Screening
for eligibility of the participants was done upon completion of
the preintervention questionnaire. Eligible participants were
grouped into monthly batches, and the second author handled
the enrollment, randomization, and intervention assignment of
the participants. The randomization was conducted with
Microsoft Office Excel 2010 [41] on an individual basis and
1:1 ratio between the intervention or wait-list control conditions
with stratification on age (cutoff at 45 years old) and prior
experience of mindfulness practice (no experience at all vs not
novice). Participants were informed about their allocation of
condition via WhatsApp by the same person who did the
randomization. No blinding was feasible given the use of
wait-list control in the design. A feasibility study on text
messaging–based MBI had been done prior to this study. The
intervention had a similar structure with this study. It was an
uncontrolled study aiming at examining the impact of a general
MBI, and the results revealed an improvement in the well-being
and mindfulness of the participants. Therefore, the research
team proceeded to these randomized controlled trial studies.
Preintervention, postintervention, 1-month, and 3-month
follow-up questionnaires were distributed via WhatsApp using
Qualtrics [42]. Pretesting of the questionnaire before launch
was done by the second author. The questionnaires were divided
into 4 pages, namely, the consent form, demographic and
screening items, primary outcomes, and secondary outcomes.

The questionnaire pages were limited to around 50 items per
page. Cookies were enabled, and participants could resume their
questionnaire on the same device. Participants were required to
input their research ID in the questionnaire, and duplicated data
with the same research ID were eliminated. The postintervention
questionnaires were sent to participants in both wait-list control
and intervention conditions on the 22nd day. To adopt an
intent-to-treat approach, all participants were invited to complete
the self-report questionnaires at every time point regardless of
whether they had completed the questionnaires at previous time
points. Wait-list control participants received the intervention
after completion of the 3-month follow-up questionnaire. Data
were exported and stored as a password-protected Excel file in
an encrypted flash drive.

Ethics Approval
These studies were conducted in accordance with the ethical
codes of the Declaration of Helsinki. Ethics approval was
obtained from the Joint Chinese University of Hong Kong-New
Territories East Cluster Clinical Research Ethics Committee
(2017.203-T). Findings in this paper are reported in accordance
with the recommendations of the Consolidated Standards of
Reporting Trials (CONSORT).

Participants
Participants were recruited from the general public via social
networking platforms, a health-related information website, a
local magazine, mass emails, and announcement postings at
local tertiary institutions, collaborating nongovernmental
organizations, and mutual-aid groups. Participants were
quasi-anonymous. Multiple registrations to different trials were
eliminated. Participants were only allowed to join one of the
trials. The recruitment and follow-up lasted from July 2017 to
October 2018; HKD 100 (US $12.87) was offered to 10
participants from each trial as an incentive via random draw.
Eligibility criteria for participation included (1) age of 18 years
or older, (2) ability to understand Cantonese and give consent,
and (3) adequate level of computer literacy to follow the
web-based instructions independently, together with daily access
to the internet. Participants who self-reported receiving
psychiatric services or active suicidality were excluded from
this study; hotline and related resources were provided to those
participants. No harm or other unintended effects were noticed
in both conditions across all 3 trials. In the 3 trials, 364, 264,
and 371 eligible participants were recruited for insomnia, pain,
and dysregulated eating trials, respectively. Some of the
participants withdrew from the studies or became out of reach
after the assignment of condition. See Figure 1, Figure 2, and
Figure 3 for the CONSORT diagrams of the 3 randomized
controlled trials.
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Figure 1. CONSORT diagram: enrollment and flowchart of study 1.

Figure 2. CONSORT diagram: enrollment and flowchart of study 2.
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Figure 3. CONSORT diagram: enrollment and flowchart of study 3.

Intervention
All MBIs were delivered in 3-week packages, with 21 days of
daily mindfulness exercises that consist of an audio clip and a
psychoeducational article delivered via WhatsApp. Participants
were grouped into monthly batches, and they received the same
messages on a fixed schedule. The intervention was
technician-assisted when participants had any specific questions.
One technician was involved, and the interaction was confined
to confirmation of enrollment, explanation of the study
procedures, general enquiry, and reminder for data collection
as well as monitoring adherence. Standardized materials were
delivered with broadcast function without other personalized
messages. To enhance adherence, brief mindfulness exercises
were used, which took around 10-15 minutes to complete.
Participants were invited to indicate their adherence by replying
on WhatsApp after finishing each exercise. Reminder messages
were sent to those participants who had not completed any
exercise within a week. See Multimedia Appendix 1 and
Multimedia Appendix 2 for the outlines of the interventions.
The delivery format referenced a WhatsApp-based intervention
of Acceptance and Commitment Therapy with daily passage
and audio clip [43]. Participants received text and audio from
the research team through WhatsApp. Notifications were pushed.
Progress could be tracked by checking if the participants had
seen the message and listened to the audio in WhatsApp. See
Multimedia Appendix 3 for the screenshots.

For insomnia and pain, the intervention content was designed
by clinical psychologists referencing the mindfulness-based
stress reduction program [44]. Initially, the intervention
cultivates participants’ focused observation and awareness on
bodily sensations, emotions, as well as thoughts. Practices
included mindful breathing, mindful stretching, and body scan.
Examples that are specific to insomnia and pain were included
to increase relevance. Participants were encouraged to stay with

aversive experiences with an open attitude. Lastly, suggestions
were introduced to participants for integrating mindfulness
practices in their daily life. For dysregulated eating, the MBI
for eating incorporated 2 components running in parallel: (1)
general mindfulness exercises and (2) specific eating-related
components drawn from the Mindfulness-based Eating
Awareness Training [26]. General mindfulness exercises started
with observation and awareness of bodily sensations, emotions,
and thoughts. Exercises on responding to unpleasant experiences
were introduced. Meanwhile, eating-specific exercises were
introduced to facilitate awareness of the eating experience.
Specific exercises covered physical sensations of hunger and
fullness, satisfaction of taste, changes in overall physical status,
emotional triggers of eating, as well as choosing food with
mindful awareness.

Measurements
Three sets of questionnaires were designed for each trial.
Primary outcomes were used only in specific trials that included
the severity of the targeted health concern itself and the attitude
toward the health concern. Secondary outcomes were used
across 3 trials that covered functional impairment, emotional
disturbance, and mental well-being, while mindfulness and
specific reperceiving variables were measured as potential
mediators. Participants were also invited to provide demographic
information such as age, gender, religious belief, education
level, employment status, personal income, and prior experience
in meditation. Usage of medication to cope with sleep
disturbance or pain was also measured. Use of mental health
services was also recorded.

Primary Outcomes of Study 1 on Insomnia

Insomnia Severity
Severity of insomnia was measured with the Insomnia Severity
Index [45]. The Insomnia Severity Index consists of 7 items on
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a 5-point Likert scale. It is widely used as a screening tool and
outcome measure [46-48]. The scale covers difficulties in falling
asleep or maintaining sleep, early wakening, satisfaction with
sleep quality, daytime functioning, and quality of life. The items
constitute a single overall score, with higher scores indicating
greater severity of the sleep problem. A locally validated
translated Chinese version was used in this study [49]. The
Chinese version of the Insomnia Severity Index demonstrated
satisfactory internal consistency (Cronbach α=.83), 2-week
test-retest reliability (r=0.79), and concurrent validity [50]. In
this study, the scale achieved good internal consistency
(Cronbach α=.80).

Presleep Arousal
The Presleep Arousal Scale [51] is a 16-item 5-point Likert
scale that consists of 2 subscales measuring somatic and
cognitive arousal when getting to sleep. Higher scores indicate
higher arousal while getting to sleep. In this study, the scale
was translated into Chinese with Brislin’s [52] forward and
backward translation method. The 2 subscales of the Presleep
Arousal Scale demonstrated satisfactory internal consistency
in both the original validation study (Cronbach α=.76 and .81)
[51] and this study (Cronbach α=.80 and .90).

Dysfunctional Beliefs and Attitude About Sleep
(Reperceiving Mediator)
The Dysfunctional Beliefs and Attitude about Sleep Scale [53]
is a 16-item scale measuring maladaptive beliefs and emotions
about sleep difficulties. An 11-point Likert scale (0 “strongly
disagree” to 10 “strongly agree”) is used, and higher scores
indicate more dysfunctional thoughts and emotions. A validated
16-item abbreviated Taiwanese Chinese version of the
Dysfunctional Beliefs and Attitude about Sleep [54] scale
demonstrated satisfactory internal consistency in both the
Taiwan validation study (Cronbach α=.87) and this study
(Cronbach α=.82).

Primary Outcomes of Study 2 on Pain

Pain Intensity
Subjective pain intensity was measured with a single-item Visual
Analogue Scale (VAS). Participants were asked to indicate their
overall pain intensity in the last week on a sliding scale from 0
to 100, with the anchor of “no pain,” “moderate pain,” and
“extreme pain” on 0, 50, and 100, respectively. VAS is the most
widely used tool for pain, and studies showed that VAS is valid
and reliable tool that is sensitive in detection [55-57].

Pain Acceptance
The Chronic Pain Acceptance Questionnaire [58] was used to
measure the willingness to accept pain and to maintain daily
engagement despite the pain. This scale consists of 20 items on
a 7-point Likert scale with 2 subscales: (1) activity engagement
and (2) pain willingness. The overall score is based on the sum
of the 2 subscale scores, with higher scores of Chronic Pain
Acceptance Questionnaire indicating better acceptance of pain.
The Chinese version of Chronic Pain Acceptance Questionnaire
has been validated with good test-retest reliability (r=0.79),
internal consistency (Cronbach α=.79), and concurrent validity

[59]. In this study, the scale demonstrated good overall internal
consistency (Cronbach α=.83).

Pain Catastrophizing (Reperceiving Mediator)
The Pain Catastrophizing Scale [60] was used to measure
catastrophic beliefs and appraisals about pain. It consists of 13
items on a 5-point Likert scale, with higher scores indicating
worse catastrophizing tendency toward pain. In this study, a
locally validated Chinese version of the scale was used [61].
The scale demonstrated good internal consistency in both the
validation study (Cronbach α=.93) and this study (Cronbach
α=.94).

Primary Outcomes of Study 3 on Dysregulated Eating

Eating Behaviors
Participants’ eating behaviors were measured by the 18-item
Three-Factor Eating Questionnaire-Revised (TFEQ-R18) [62].
It consists of 18 four-point Likert scale items. The TFEQ-R18
consists of 3 subscales: (1) uncontrolled eating that refers to
difficulties in regulating eating behaviors, (2) cognitive restraint
that refers to conscious effort to inhibit food intake, and (3)
emotional eating that refers to eating behaviors motivated by
dysphoric mood, loneliness, or anxiety. In this study, the
TFEQ-R18 has been translated into Chinese with Brislin’s [52]
translation and back translation method. The scales demonstrated
adequate-to-good internal consistency (Cronbach α=.76-.85)
in the original validation study [62]. In this study, the scale of
uncontrolled eating and emotional eating demonstrated good
internal consistency (Cronbach α=.83-.88). However, the scale
of cognitive restraint demonstrated acceptable internal
consistency (Cronbach α=.68).

Reactivity to Food Cue (Reperceiving Mediator)
The Power of Food Scale [63] was used to measure food craving
across contexts with different levels of proximity to food. It
consists of 15 items on a 5-point Likert scale. Research results
supported a single-factor model [64], and higher scores indicate
stronger reactivity to food cue. The literature revealed
satisfactory internal consistency of the scale (Cronbach
α=.81-.91). In this study, the scale has been translated into
Chinese using Brislin’s [52] forward and backward translation
procedures. The translated scale demonstrated good internal
consistency in this study (Cronbach α=.92).

Secondary Outcomes in All Studies

Mindfulness (Mediator)
The Mindful Attention Awareness Scale [65] is a 15-item scale
that measures trait mindfulness characterized by a
present-oriented attention and awareness. All items are rated
on a 6-point Likert scale, and higher scores indicate higher
mindful awareness. The scale has been validated for use with
healthy normal adults [65]. Research evidence supported a
single-factor solution, and the scale demonstrated good internal
consistency, test-retest reliability, discriminant, convergent
validity, and criterion validity. It could also differentiate
meditators from nonmeditators [65,66]. In this study, a
Taiwanese Chinese version of the scale [67] was used that
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demonstrates good reliability in the Taiwan study (Cronbach
α=.87) and this study (Cronbach α=.91).

Depression
The Patient Health Questionnaire [68] is a 9-item screening
instrument for depressive symptoms. All items are rated on a
4-point Likert scale, and higher scores indicate more severe
depressive symptoms. An officially translated Hong Kong
traditional Chinese version was used in this study. Literature
reported good internal consistency (Cronbach α=.86-.89) and
criterion validity with 88% sensitivity and 88% specificity. In
this study, the scale demonstrated good internal consistency
(Cronbach α=.85).

Anxiety
The Generalized Anxiety Disorder scale [69] is a 7-item
screening questionnaire for general anxiety symptoms. All items
are rated on a 4-point Likert scale, with higher scores indicating
more severe anxiety symptoms. An officially translated Hong
Kong traditional Chinese version was used in this study. The
scale demonstrated good internal consistency in both the original
validation study (Cronbach α=.92) and this study (Cronbach
α=.926). Literature reported good test-retest reliability (r=0.83)
and criterion validity with 88% sensitivity and 89% specificity
[69].

Mental Well-being
The World Health Organization Well-being Index [70] is a
5-item scale measuring mental well-being. All items are rated
on a 6-point Likert scale and constitute a sum score. Higher
scores indicate better mental well-being. An officially translated
Chinese version was used in this study. Literature reported good
internal consistency, concurrent validity, and sensitivity to
change of the scale [71-73]. In this study, the scale demonstrated
satisfactory internal consistency (Cronbach α=.91).

Functional Impairment
The Work and Social Adjustment Scale [74] measures functional
impact due to health-related issues. The scale was used in the
insomnia and pain studies. This scale consists of 5 items on
different domains of functioning such as work, social, home,
and leisure. All items were rated on a 9-point Likert scale, and
higher scores indicate more severe impairment. Research
evidence supported a single-factor solution of the scale and
reported good internal consistency (Cronbach α=.93) [75]. A
Chinese version of the scale was used in this study, which
demonstrated good internal consistency (Cronbach α=.88).

Analysis
Significance tests such as the independent 2-sided t tests and
chi-square test of independence were employed to explore any
baseline difference between completers and dropout participants.
Intent-to-treat analyses were used in this study. Data of all the
participants were included in the analysis regardless of their
treatment adherence or attrition. Missing data were treated using
multiple imputations, and 100 imputed data sets were generated.
van Ginkel and Kroonenberg’s [76] method of repeated
measures analysis of variance (ANOVA) using imputed data
was used in this study. Specifically, missing values were
estimated and 100 plausible complete versions of the data sets
were created. Results from these 100 data sets were then pooled
into 1 analysis by applying Rubin’s [77] pooling procedures.
The pooling procedure was carried out using an SPSS macro
by van Ginkel [78]. Treatment condition (intervention condition
vs wait-list control) and time were entered as the fixed
between-group and within-subject factors, respectively. To
examine the mediating effects of mindfulness and reperceiving
(ie, dysfunctional beliefs and attitudes about sleep, pain
catastrophizing, power of food) on the relationship between
condition and the primary and secondary outcomes, path
analyses were conducted using Mplus 7 [79]. In the path
analyses, condition was dummy coded (with the wait-list control
condition coded as the reference group) and was treated as the
independent variable. Mindfulness and condition-specific
reperceiving mediator at postintervention assessment were
treated as the mediators. Primary and secondary outcomes at
1-month and 3-month follow-up assessments were treated as
the dependent variables. Baseline scores of all variables included
in the model were controlled.

Results

Participant Characteristics
The demographic data and baseline characteristics of the
participants are summarized in Table 1. Overall, the dropout
rate was consistent between the intervention and wait-list control

conditions (insomnia: χ2
1 (N=333)=0.2; P=.62; pain: χ2

1

(N=235)=1.2; P=.27; dysregulated eating: χ2
1 (N=351)=0.1;

P=.80). Chi-square tests and independent t tests revealed no
significant association between the demographics variable and
the dropout rate. No significant baseline difference between
completers and dropout participants on any outcome measures
was found.
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Table 1. Demographic data and baseline characteristics of the participants.

Study 3: Dysregulated eating (N=351)Study 2: Pain (N=235)Study 1: Insomnia (N=333)Characteristics

Wait-list controlInterventionWait-list controlInterventionWait-list controlIntervention

35.69 (11.55)36.32 (11.64)41.51 (13.66)41.19 (15.45)42.59 (13.08)41.67 (13.57)Age (years), mean (SD)

Sex, n (%)

16 (9.2)20 (11.3)21 (18)17 (14.4)27 (16.2)40 (24)Male

158 (90.8)157 (88.7)96 (82.1)101 (85.6)139 (83.7)126 (75.5)Female

Religion, n (%)

5 (2.9)5 (2.8)7 (6)11 (9.3)16 (9.6)7 (4.2)Catholic

42 (24.1)32 (18.1)29 (24.8)29 (24.6)29 (17.5)41 (24.6)Christian

28 (16.1)29 (16.4)19 (16.2)18 (15.3)37 (22.3)25 (15)Buddhist

2 (1.2)1 (0.6)0 (0)0 (0)1 (0.6)1 (0.6)Others

97 (55.8)110 (62.2)62 (53)60 (50.9)83 (50)92 (55.1)None

Education, n (%)

0 (0)1 (0.6)4 (3.4)3 (2.5)2 (1.2)1 (0.6)Primary

0 (0)2 (1.1)8 (6.8)4 (3.4)6 (3.6)7 (4.2)Junior secondary

30 (17.2)37 (20.9)21 (18)30 (25.4)41 (24.7)36 (21.6)Senior secondary

91 (52.3)91 (51.4)44 (37.6)48 (40.7)72 (43.4)77 (46.1)College/university

53 (30.5)46 (26)40 (34.2)31 (26.3)43 (25.9)43 (25.8)Master or above

0 (0)1 (0.6)0 (0)2 (1.7)2 (1.2)2 (1.2)Others

Employment, n (%)

30 (17.2)31 (17.5)10 (8.6)7 (5.9)15 (9)18 (10.8)Student

111 (63.8)110 (62.2)63 (53.9)66 (55.9)94 (56.6)105 (62.9)Full-time

13 (7.5)13 (7.3)11 (9.4)10 (8.5)9 (5.4)8 (4.8)Part-time

4 (2.3)0 (0)3 (2.6)4 (3.4)1 (0.6)3 (1.8)Unemployed

7 (4)5 (2.8)14 (12)19 (16.1)25 (15.1)19 (11.4)Retired

7 (4)15 (8.5)12 (10.3)11 (9.3)16 (9.6)9 (5.4)Others

Previous experience in mindfulness practice, n (%)

43 (24.7)41 (23.2)32 (27.4)33 (28)42 (25.3)40 (24)Yes

131 (75.3)136 (76.8)85 (72.6)85 (72)124 (74.7)126 (75.5)No

Study 1 on Insomnia
Correlations among the variables are presented in Table 2.
Repeated measures ANOVA with the imputed data revealed
significant intervention by time interaction effect on insomnia
severity (F3,790.1259=7.434; P<.001), somatic presleep arousal
(F3,887.221=4.504; P=.004), cognitive presleep arousal
(F3,795.662=5.286; P=.001), dysfunctional beliefs and attitude
about sleep (F3,775.253=5.784; P<.001), mindfulness
(F3,749.436=3.590; P=.01), depression (F3,838.002=3.938; P=.008),

anxiety (F3,845.675=4.554; P=.004), and mental well-being
(F3,826.162=3.482; P=.02), whereas the intervention by time
interaction effect on functional adjustment was found to be
nonsignificant (F3,681.529=0.964; P=.41). Further analysis
revealed that the intervention condition showed a better outcome
on most of the outcome measures at postintervention, 1-month,
and 3-month follow-up, compared with its respective wait-list
control condition (see Table 3). Effect sizes are presented in
Table 4.
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Table 2. Correlations among variables of study 1 at baseline.

WHO-5iGAD-7hPHQ-9gMAASfWSASeDBASdPSAS-CcPSAS-SbISIa

Insomnia Severity Index

—jr

P value

Presleep Arousal-Somatic

—0.420r

<.001P value

Presleep Arousal-Cognitive

—0.6050.489r

<.001<.001P value

16-item Dysfunctional Beliefs and Attitudes about Sleep

—0.3870.3300.401r

<.001<.001<.001Pvalue

Work and Social Adjustment Scale

—0.4750.3110.3300.365r

<.001<.001<.001<.001P value

Mindful Attention Awareness Scale

—–0.335–0.353–0.405–0.300–0.237r

<.001<.001<.001<.001<.001P value

9-item Patient Health Questionnaire

—–0.5620.4610.4410.4790.4510.555r

<.001<.001<.001<.001<.001<.001P value

7-item Generalized Anxiety Disorder Scale

—0.725–0.4930.4360.4490.5900.4830.461r

<.001<.001<.001<.001<.001<.001<.001P value

5-item World Health Organization Well-being Index

—–0.407–0.5170.245–0.230–0.263–0.295–0.250–0.407r

<.001<.001<.001<.001<.001<.001<.001<.001P value

aISI: Insomnia Severity Index.
bPSAS-S: Presleep Arousal-Somatic.
cPSAS-C: Presleep Arousal-Cognitve.
dDBAS: Dysfunctional Beliefs and Attitudes about Sleep.
eWSAS: Work and Social Adjustment Scale.
fMAAS: Mindful Attention Awareness Scale.
gPHQ-9: 9-item Patient Health Questionnaire.
hGAD-7: 7-item Generalized Anxiety Disorder Scale.
iWHO-5: 5-item World Health Organization Well-being Index.
jNot applicable.
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Table 3. Repeated measures analysis of variance for study 1: intent-to-treat analysis (N=333).

Time effectCondition effectInteraction effect3-month
follow-
up

1-month
follow-
up

Postinter-
vention

Preinter-
vention

P valueF (df)P valueF (df)P valueF (df)MeanMeanMeanMean

<.00166.726 (3,
698.7932)

<.00116.864 (1,
307.0944)

<.0017.434 (3,
790.1259)

Insomnia Severity Index

10.3510.7510.3815.32Intervention

12.8212.9712.8815.40Wait-list

.023.351 (3,
845.665)

0.016.544 (1,
312.570)

.0044.504 (3,
887.221)

Presleep Arousal-Somatic

5.595.845.076.77Intervention

7.596.796.646.73Wait-list

<.00116.391 (3,
688.2804)

.025.227 (1,
313.295)

.0015.286 (3,
795.662)

Presleep Arousal-Cognitive

11.0711.9511.7615.08Intervention

13.7913.4013.8914.89Wait-list

<.0019.690 (3,
646.1311)

.0038.830 (1,
309.7971)

<.0015.784 (3,
775.253)

Dysfunctional Beliefs and Attitudes about Sleep

68.8669.2269.9576.58Intervention

75.7575.4475.4076.81Wait-list

.0093.866 (3,
696.4202)

.301.072 (1,
318.1953)

.013.590 (3,
749.436)

Mindful Attention Awareness Scale

4.294.314.254.06Intervention

4.134.184.114.15Wait-list

<.00111.400 (3,
785.1927)

.360.852 (1,
309.7324)

.0083.938 (3,
838.0021)

9-item Patient Health Questionnaire

7.607.357.579.56Intervention

8.447.978.498.84Wait-list

.0015.483 (3,
766.9396)

.152.132 (1,
316.0437)

.0044.554 (3,
845.6747)

7-item Generalized Anxiety Disorder Scale

6.996.826.788.61Intervention

7.987.738.108.06Wait-list

<.00110.346 (3,
735.2119)

.073.221 (1,
304.5821)

.023.482 (3,
826.1617)

5-item World Health Organization Well-being Index

42.1738.1438.4231.40Intervention

36.2934.8233.6932.84Wait-list

.082.306 (3,
534.3949)

.161.959 (1,
271.476)

.410.964 (3,
681.5286)

Work and Social Adjustment Scale

16.0215.1916.0717.83Intervention

17.6316.8117.1717.68Wait-list
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Table 4. Effect sizes of study 1.

3-month follow-up versus preintervention1-month follow-up versus preinterventionPostintervention versus preintervention

CI
Cohen
d

P

valuet (df)CI
Cohen
d

P

valuet (df)CI
Cohen
d

P

valuet (df)

Insomnia Severity Index

0.85 to
1.23

1.04<.00111.762
(1547.873)

0.78 to
1.16

0.97<.00110.392
(2254.874)

0.92 to
1.31

1.11<.00113.143
(5443.323)

Intervention

0.38 to
0.67

0.53<.0016.416
(1233.278)

0.34 to
0.65

0.50<.0015.606
(894.225)

0.78 to
1.34

1.06<.0017.038
(1622.922)

Wait-list

Presleep Arousal-Somatic

0.07 to
0.40

0.23.0082.637
(4766.154)

0.03 to
0.34

0.19.032.184
(6574.37)

0.19 to
0.49

0.34<.0014.451
(15081.001)

Intervention

–0.03 to
–0.01

–0.16.048–1.977
(2875.841)

–0.16 to
0.14

0.01.89–0.143
(3473.035)

–0.21 to
0.28

0.04.790.267
(2637.896)

Wait-list

Presleep Arousal-Cognitive

0.43 to
0.74

0.58<.0016.884
(1663.291)

0.30 to
0.61

0.45<.0015.234
(1371.045)

0.35 to
0.64

0.49<.0016.794
(8818.592)

Intervention

0.02 to
0.27

0.15.042.092
(2344.107)

0.08 to
0.33

0.21.0052.797
(1085.731)

0.05 to
0.50

0.28.042.086
(1186.225)

Wait-list

16-item Dysfunctional Beliefs and Attitudes about Sleep

0.31 to
0.59

0.45<.0015.662
(1459.862)

0.31 to
0.59

0.45<.0015.976
(1548.938)

0.30 to
0.56

0.43<.0016.397
(3434.157)

Intervention

–0.06 to
0.19

–0.07.390.863
(873.599)

–0.03 to
0.21

0.09.251.143
(564.757)

0.05 to
0.42

0.18.181.349
(1526.281)

Wait-list

Mindful Attention Awareness Scale

0.15 to
0.40

0.28<.001–3.830
(1361.077)

0.20 to
0.43

0.31<.001–4.724
(1464.818)

0.12 to
0.35

0.23<.001–3.659
(3932.992)

Intervention

–0.13 to
0.10

–0.01.840.207
(1054.694)

–0.15 to
0.05

–0.05.50–0.670
(975.659)

–0.27 to
0.13

–0.07.500.668
(1370.984)

Wait-list

9-item Patient Health Questionnaire

0.26 to
0.56

0.41<.0015.003
(2211.678)

0.33 to
0.64

0.48<.0015.864
(2734.949)

0.28 to
0.58

0.43<.0015.456
(5123.518)

Intervention

–0.05 to
0.22

0.08.291.049
(2210.411)

0.05 to
0.31

0.18.022.361
(1450.462)

–0.11 to
0.39

0.14.311.014
(2969.454)

Wait-list

7-item Generalized Anxiety Disorder Scale

0.19 to
0.47

0.33<.0014.308
(2432.34)

0.23 to
0.52

0.37<.0014.685
(2436.844)

0.23 to
0.53

0.38<.0015.022
(8639.716)

Intervention

–0.11 to
0.15

0.02.820.225
(2365.867)

–0.07 to
0.20

0.07.410.832
(1421.884)

–0.26 to
0.23

–0.02.92–0.102
(2277.929)

Wait-list

5-item World Health Organization Well-being Index

0.39 to
0.71

0.55<.001–6.318
(1335.566)

0.21 to
0.49

0.35<.001–4.417
(2159.869)

0.21 to
0.51

0.36<.001–4.387
(2744.74)

Intervention

–0.34 to
–0.03

–0.19.04–2.088
(1592.958)

–0.24 to
0.03

–0.11.19–1.303
(1338.226)

–0.40 to
0.22

–0.09.60–0.523
(2592.251)

Wait-list

Work and Social Adjustment Scale

0.06 to
0.37

0.21.022.257
(778.492)

0.16 to
0.47

0.31.0013.233
(743.299)

0.05 to
0.37

0.21.042.107
(822.965)

Intervention

–0.15 to
0.16

0.950.063
(688.404)

–0.05 to
0.26

0.1.330.970
(394.396)

–0.20 to
0.45

0.12.550.601
(674.646)

Wait-list
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Mediation Model

One-Month Follow-up Results
The results showed that all 4 models had satisfactory model fit.
In addition, at 1-month follow-up assessment, the indirect effects
of condition on all primary and secondary outcomes through
dysfunctional beliefs and attitudes about sleep were significant,
except mental well-being. The indirect effects of condition
through mindfulness were significant on cognitive presleep
arousal.

Three-Month Follow-up Results
At 3-month follow-up assessment, all 4 models showed
satisfactory model fit. The indirect effects of condition on the
primary and secondary outcomes through dysfunctional beliefs
and attitudes about sleep were all significant. However, the
indirect effects of condition through mindfulness were only
significant on cognitive and somatic presleep arousal. Table 5
shows a summary of the model fit, standardized path
coefficients, standard errors, indirect effects, total effects, and
model fits of the 4 models. Figure 4 shows the mediation models
of study 1.
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Table 5. Standardized path coefficients, standard errors, indirect effects, total effects, and model fits of the mediation analyses in study 1.

Total
effect

Indirect effect
through Dysfunc-
tional Beliefs and
Attitude about

Sleep Scale (b*d)

Indirect ef-
fect
through
mindful-

ness (a*c)

e (Condition →
dependent vari-
able)

d (Dysfunction-
al Beliefs and
Attitude about
Sleep Scale →
dependent vari-
able)

c (Mindful-
ness → de-
pendent

variablec)

b (Condition →
Dysfunctional
Beliefs and Atti-
tude about
Sleep Scale)

a (Condition
→ Mindful-
ness)

Model, dependent vari-
ables

1a, Primary outcomes at 1-month follow-upa

–0.327
(0.049),
P<.001

–0.047 (0.015),
P=.002

–0.017
(0.010),
P=.08

–0.262 (0.051),
P<.001

0.212 (0.058),
P<.001

–0.109
(0.053),
P=.04

–0.224 (0.041),
P<.001

0.155
(0.042),
P<.001

Insomnia Severity
Index

 

–0.179
(0.050),
P<.001

–0.037 (0.014),
P=.008

–0.018
(0.010),
P=.05

–0.124 (0.051),
P=.02

0.164 (0.055),
P=.003

–0.119
(0.052),
P=.02

N/AN/AbPresleep Arousal-
Somatic

 

–0.186
(0.047),
P<.001

–0.043 (0.014),
P=.001

–0.026
(0.010),
P=.01

–0.116 (0.047),
P=.01

0.194 (0.051),
P<.001

–0.169
(0.048),
P<.001

N/AN/APresleep Arousal-
Cognitive

 

1b, Primary outcomes at 3-month follow-upc

–0.344
(0.047),
P<.001

–0.056 (0.016),
P<.001

–0.008
(0.008),
P=.35

–0.281 (0.048),
P<.001

0.249 (0.053),
P<.001

–0.050
(0.051),
P=.33

–0.224 (0.041),
P<.001

0.155
(0.042),
P<.001

Insomnia Severity
Index

 

–0.268
(0.046),
P<.001

–0.040 (0.014),
P=.004

–0.027
(0.011),
P=.01

–0.201 (0.048),
P<.001

0.180 (0.054)
P=.001

–0.175
(0.050),
P<.001

 N/A N/APresleep Arousal-
Somatic

 

–0.289
(0.043),
P<.001

–0.047 (0.014),
P=.001

–0.025
(0.010),
P=.01

–0.217 (0.044),
P<.001

0.210 (0.049),
P<.001

–0.164
(0.047),
P<.001

N/A  N/APresleep Arousal-
Cognitive

 

2a, Secondary outcomes at 1-month follow-upd

–0.277
(0.060),
P<.001

–0.059 (0.019),
P=.002

–0.014
(0.010),
P=.16

–0.203 (0.060),
P=.001

0.272 (0.066),
P<.001

–0.120
(0.066),
P=.07

–0.216 (0.048),
P<.001

0.119
(0.050),
P=.02

Work and Social
Adjustment Scale

 

–0.156
(0.061),
P=.01

–0.080 (0.022),
P<.001

–0.017
(0.010),
P=.09

–0.059 (0.059),
P=.32

0.370 (0.058),
P<.001

–0.0140
(0.058),
P=.02

 N/AN/A9-item Patient
Health Question-
naire

 

–0.174
(0.060),
P=.004

–0.049 (0.018),
P=.005

–0.019
(0.011),
P=.09

–0.106 (0.061),
P=.08

0.229 (0.065),
P<.001

–0.160
(0.064),
P=.01

 N/A N/A7-item Generalized
Anxiety Disorder
Scale

 

0.194
(0.059),
P=.001

0.024 (0.016),
P=.12

0.016
(0.010),
P=.12

0.154 (0.060),
P=.01

–0.113 (0.068),
P=.09

0.133
(0.063),
P=.03

 N/A N/A5-item World
Health Organiza-
tion Well-being In-
dex

 

2b, Secondary outcomes at 3-month follow-upe

–0.254
(0.060),
P<.001

–0.075 (0.021),
P<.001

–0.023
(0.012),
P=.06

–0.157 (0.059),
P=.008

0.346 (0.064),
P<.001

–0.191
(0.060),
P=.001

–0.216 (0.048),
P<.001

0.119
(0.050),
P=.02

Work and Social
Adjustment Scale

 

–0.182
(0.059),
P=.002

–0.071 (0.021),
P=.001

–0.023
(0.012),
P=.06

–0.088 (0.059),
P=.13

0.327 (0.061),
P<.001

–0.196
(0.061),
P=.001

 N/A N/A9-item Patient
Health Question-
naire

 

–0.171
(0.059),
P=.004

–0.043 (0.017),
P=.009

–0.018
(0.011),
P=.11

–0.110 (0.059),
P=.06

0.201 (0.064),
P=.002

–0.148
(0.064),
P=.02

 N/A N/A7-item Generalized
Anxiety Disorder
Scale

 

0.127
(0.061),
P=.04

0.034 (0.017),
P=.048

0.008
(0.009),
P=.37

0.084 (0.063),
P=.18

–0.158 (0.071),
P=.03

0.071
(0.071),
P=.32

 N/A N/A5-item World
Health Organiza-
tion Well-being In-
dex

 

aModel fit: χ2
20=31.3; P=.051; comparative fit index=0.988; Tucker–Lewis index=0.976; standardized root mean squared residual=0.029; root mean

J Med Internet Res 2022 | vol. 24 | iss. 5 | e30073 | p.184https://www.jmir.org/2022/5/e30073
(page number not for citation purposes)

Li et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


square error of approximation=0.041
bN/A: not applicable.
cModel fit: χ2

20=39.8; P=.005; comparative fit index=0.981; Tucker–Lewis index=0.961; standardized root mean squared residual=0.033; root mean
square error of approximation=0.055.
dModel fit: χ2

30=53.2; P=.006; comparative fit index=0.970; Tucker–Lewis index=0.942; standardized root mean squared residual=0.044; root mean
square error of approximation=0.057.
eModel fit: χ2

30=40.5; P=.09; comparative fit index=0.985; Tucker–Lewis index=0.971; standardized root mean squared residual=0.032; root mean
square error of approximation=0.038.

Figure 4. Path models of study 1. Baseline variables were controlled. For the purpose of clarity, the controlled variables and the covariance of the
residuals between variables are not depicted. DBAS: Dysfunctional Beliefs and Attitudes about Sleep; ISI: Insomnia Severity Index; PSAS-C: Presleep
Arousal-Cognitive; PSAS-S: Presleep Arousal-Somatic; T2: postassessment; T3: 1-month follow-up assessment; T4: 3-month follow-up assessment;
WSAS: Work and Social Adjustment Scale. *P<.05, **P<.001.

Study 2 on Pain
Correlations among variables are presented in Table 6. Repeated
measures ANOVA results showed significant intervention
condition by time interaction effect on pain acceptance
(F3,535.514=4.186; P=.006), and pain catastrophizing
(F3,558.550=3.179; P=.02), mindfulness (F3,597.884=3.003; P=.03),
depression (F3,592.642=2.781; P=.04), and mental well-being
(F3,593.052=3.762; P=.01). Meanwhile, interaction effects were

found to be nonsignificant on subjective intensity of pain
(F3,591.397=0.464; P=.71), functional adjustment (F3,541.571=1.720;
P=.16), and anxiety (F3,569.171=2.230; P=.08). Further analysis
showed that the significant interaction effects were largely
maintained across postintervention, 1-month, and 3-month
follow-ups. Participants in the intervention condition reported
better outcomes on most of the measures (See Table 7). Effect
sizes are presented in Table 8.
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Table 6. Correlations among variables of study 2 at baseline.

WHO-5hGAD-7gPHQ-9fMAASeWSASdPCScCPAQbVASa

Visual Analogue Scale

        —ir 

       P value 

Chronic Pain Acceptance Questionnaire

      —–0.405r 

      <.001P value 

Pain Catastrophizing Scale

     —–0.6420.449r 

     <.001<.001P value 

Work and Social Adjustment Scale

    —0.635–0.6030.438r 

    <.001<.001<.001P value 

Mindful Attention Awareness Scale

   —–0.344–0.4180.276–0.117r 

   <.001<.001<.0010.07P value 

9-item Patient Health Questionnaire

  —–0.6270.3710.483–0.3250.214r 

  <.001<.001<.001<.001<.001P value 

7-item Generalized Anxiety Disorder Scale

 —0.751–0.5540.4340.470–0.3270.174r 

 <.001<.001<.001<.001<.0010.007P value 

5-item World Health Organization Well-being Index

—–0.598–0.6130.426–0.342–0.4660.391–0.218r 

<.001<.001<.001<.001<.001<.001<.001P value 

aVAS: Visual Analogue Scale.
bCPAQ: Chronic Pain Acceptance Questionnaire.
cPCS: Pain Catastrophizing Scale.
dWSAS: Work and Social Adjustment Scale.
eMAAS: Mindful Attention Awareness Scale.
fPHQ-9: 9-item Patient Health Questionnaire.
gGAD-7: 7-item Generalized Anxiety Disorder Scale.
hWHO-5: 5-item World Health Organization Well-being Index.
iNot applicable.
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Table 7. Repeated measures analysis of variance for study 2: intent-to-treat analysis.

Time effectCondition effectInteraction effect3-month
follow-
up

1-month
follow-
up

Postinterven-
tion

Preinterven-
tionn

P

valueF (df)

P

valueF (df)

P

valueF (df)MeanMeanMeanMean

<.0019.533 (3,
552.7345)

.016.525 (1,
210.2334)

.710.464 (3,
591.3966)

Visual Analogue Scale

40.9139.2840.0949.36Intervention

47.9246.0945.5652.74Wait-list

<.0016.591 (3,
508.6055)

.321.015 (1,
216.9613)

.0064.186 (3,
535.5144)

Chronic Pain Acceptance Questionnaire

63.8564.4964.4158.96Intervention

61.1860.5763.1660.88Wait-list

.0015.365 (3,
535.191)

.073.370 (1,
215.56)

.023.179 (3,
558.5502)

Pain Catastrophizing Scale

2.532.562.522.84Intervention

2.792.752.752.81Wait-list

.121.958 (3,
511.7978)

.035.068 (1,
220.251)

.033.003 (3,
597.8836)

Mindful Attention Awareness Scale

4.474.394.374.19Intervention

4.114.194.124.15Wait-list

.231.445 (3,
533.4394)

.800.062.042.781 (3,
592.6418)

9-item Patient Health Questionnaire

10.886.956.507.60Intervention

12.758.398.257.77Wait-list

.510.777 (3,
559.0639)

.016.244 (1,
218.5466)

.082.230 (3,
569.1707)

7-item Generalized Anxiety Disorder Scale

6.306.335.826.80Intervention

7.968.087.667.17Wait-list

.082.281 (3,
578.2624)

.171.886 (1,
216.6309)

.013.762 (3,
593.0518)

5-item World Health Organization Well-being Index

45.7946.5048.1139.93Intervention

43.9241.8339.5541.85Wait-list

.0034.790 (3,
437.0823)

.470.535 (1,
200.4921)

.161.720 3,
541.5711)

Work and Social Adjustment Scale

13.8815.3213.4217.79Intervention

15.4316.6414.8416.40Wait-list
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Table 8. Effect sizes of study 2.

3-month follow-up versus preintervention1-month follow-up versus preinterventionPostintervention versus preintervention

CI
Cohen
d

P

valuet (df)CI
Cohen
d

P

valuet (df)CI
Cohen
d

P

valuet (df)

Visual Analogue Scale

0.18 to
0.62

0.40.0013.230
(1716.028)

0.27 to
0.71

0.48<.0014.042
(2266.412)

0.26 to
0.67

0.47<.0014.236
(3020.777)

Intervention

0.03 to
0.42

0.23.042.04
(1866.139)

0.13 to
0.50

0.32.0032.929
(1427.677)

0.16 to
0.54

0.35.0013.351
(1895.399)

Wait-list

Chronic Pain Acceptance Questionnaire

0.57 to
0.57

0.38.001–3.467
(822.627)

0.28 to
0.62

0.45<.001–4.763
(1184.051)

0.30 to
0.61

0.45<.001–5.597
(3163.368)

Intervention

–0.12 to
0.17

0.02.79–0.260
(992.647)

–0.16 to
0.11

–0.03.770.297
(1075.033)

0.04 to
0.32

0.18.03–2.187
(1276.259)

Wait-list

Pain Catastrophizing Scale

0.20 to
0.57

0.38<.0013.616
(1387.779)

0.21 to
0.55

0.38<.0013.949
(1366.464)

0.26 to
0.59

0.42<.0014.801
(2844.541)

Intervention

–0.12 to
0.18

0.03.780.286
(1009.163)

–0.06 to
0.22

0.08.380.872
(1408.471)

–0.07 to
0.22

0.08.360.920
(1543.763)

Wait-list

Mindful Attention Awareness Scale

0.17 to
0.54

0.35.001–3.255
(1058.504)

0.09 to
0.45

0.27.006–2.726
(2285.433)

0.07 to
0.41

0.24.01–2.593
(4982.628)

Intervention

–0.18 to
0.09

–0.04.620.490
(1088.182)

–0.09 to
0.18

0.05.56–0.579
(1657.309)

–0.17 to
0.10

–0.04.690.391
(1549.393)

Wait-list

9-item Patient Health Questionnaire

–0.07 to
0.25

0.09.380.880
(799.257)

0.02 to
0.29

0.14.131.504
(1163.214)

0.09 to
0.42

0.25.0052.832
(3259.39)

Intervention

–0.38 to
–0.07

–0.23.009–2.615
(1727.604)

–0.26 to
0.03

–0.12.17–1.360
(1804.568)

–0.21 to
0.04

–0.09.21–1.261
(2701.169)

Wait-list

7-item Generalized Anxiety Disorder Scale

0.06 to
0.29

0.11.261.118
(1134.925)

0.05 to
0.27

0.11.281.088
(717.43)

0.08 to
0.41

0.24.012.537
(1765.07)

Intervention

–0.29 to
0.01

–0.14.10–1.634
(2480.039)

–0.31 to
–0.03

–0.17.04–2.057
(1693.877)

–0.22 to
0.04

–0.09.21–1.267
(2817.28)

Wait-list

5-item World Health Organization Well-being Index

0.06 to
0.48

0.27.03–2.231
(1714.783)

0.15 to
0.46

0.31<.001–3.530
(1700.367)

0.21 to
0.56

0.38<.001–4.207
(4037.397)

Intervention

0.06 to
0.25

0.09.30–1.028
(1669.093)

–0.16 to
0.16

0.990.007
(1799.488)

–0.27 to
0.05

–0.11.241.169
(1678.009)

Wait-list

Work and Social Adjustment Scale

0.22 to
0.64

0.43.0013.377
(712.65)

0.08 to
0.45

0.27.032.241
(614.852)

0.30 to
0.68

0.49<.0014.328
(690.693)

Intervention

–0.07 to
0.29

0.11.350.935
(688.875)

–0.22 to
0.16

–0.03.83–0.213
(834.573)

0.00 to
0.34

0.17.121.569
(671.049)

Wait-list

Mediation Model

One-Month Follow-up Assessment
Results showed that condition had significant indirect effects
on pain intensity and functional adjustment through pain
catastrophizing, whereas condition showed significant indirect

effects on depression and anxiety through mindfulness. All
models showed satisfactory model fit.

Three-Month Follow-up Assessment
Similar to results at 1-month follow-up, the indirect effects of
condition through pain catastrophizing on pain intensity and
functional adjustment at 3-month follow-up were significant,
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and the indirect effects of condition through mindfulness on
depression and anxiety were also significant. A summary of the

model fit and standardized coefficients are shown in Table 9
and Figure 5.

Table 9. Standardized path coefficients, standard errors, indirect effects, total effects, and model fit of the mediation analyses in study 2.

Total effectIndirect ef-
fect through
Pain Catas-
trophizing
Scale (b*d)

Indirect ef-
fect through
mindfulness
(a*c)

e (Condition
→ depen-
dent vari-
able)

d (Pain
Catastrophiz-
ing Scale →
dependent
variable)

c (Mindful-
ness → de-
pendent vari-
able)

b (Condition
→ Pain
Catastrophiz-
ing Scale)

a (Condition
→ Mindful-
ness)

Dependent variables

Primary outcomes at 1-month follow-upa

–0.171
(0.064),
P=.007

–0.066
(0.025),
P=.007

–0.009
(0.011),
P=.42

–0.096
(0.063),
P=.13

0.350
(0.072),
P<.001

–0.061
(0.071),
P=.39

–0.188
(0.057),
P=.001

0.141
(0.056),
P=.01

Pain intensity

Primary outcomes at 3-month follow-upb

–0.231
(0.064),
P<.001

–0.053
(0.022),
P=.02

–0.014
(0.012),
P=.26

–0.164
(0.065),
P=.01

0.281
(0.077),
P<.001

–0.099
(0.076),
P=.19

–0.188
(0.057),
P=.001

0.141
(0.056),
P=.01

Pain intensity

Secondary outcomes at 1-month follow-upc

–0.189
(0.074),
P=.01

–0.074
(0.032),
P=.02

–0.008
(0.015),
P=.61

–0.107
(0.074),
P=.15

0.408
(0.083),
P<.001

–0.042
(0.078),
P=.59

–0.181
(0.065),
P=.005

0.178
(0.065),
P=.006

Work and Social Adjust-
ment Scale

–0.184
(0.065),
P=.005

–0.019
(0.016),
P=.23

–0.044
(0.021),
P=.04

–0.121
(0.065),
P=.06

0.103
(0.075),
P=.17

–0.244
(0.074),
P=.001

N/AN/Ad9-item Patient Health
Questionnaire

–0.219
(0.063),
P=.001

–0.018
(0.015),
P=.22

–0.041
(0.020),
P=.045

–0.161
(0.064),
P=.012

0.099
(0.070),
P=.16

–0.226
(0.071),
P=.002

N/AN/A7-item Generalized
Anxiety Disorder Scale

0.214
(0.068),
P=.002

–0.012
(0.016),
P=.45

0.041
(0.022),
P=.06

0.185
(0.070),
P=.008

0.068
(0.084),
P=.42

0.228
(0.084),
P=.007

N/AN/A5-item World Health
Organization Well-be-
ing Index

Secondary outcomes at 3-month follow-upe

–0.263
(0.073),
P<.001

–0.086
(0.035),
P=.02

–0.008
(0.015),
P=.61

–0.169
(0.074),
P=.02

0.472
(0.082),
P<.001

–0.042
(0.080),
P=.59

–0.181
(0.065),
P=.005

0.178
(0.065)
P=.006

Work and Social Adjust-
ment Scale

–0.306
(0.064),
P<.001

–0.027
(0.017),
P=.10

–0.047
(0.022),
P=.03

–0.232
(0.065),
P<.001

0.149
(0.071),
P=.04

–0.265
(0.073),
P<.001

N/AN/A9-item Patient Health
Questionnaire

–0.268
(0.066),
P<.001

–0.035
(0.019),
P=.06

–0.042
(0.021),
P=.04

–0.192
(0.066),
P=.004

0.192
(0.071),
P=.007

–0.232
(0.074),
P=.002

 N/AN/A7-item Generalized
Anxiety Disorder Scale

0.165
(0.074),
P=.03

–0.001
(0.016),
P=.93

0.027
(0.018),
P=.14

0.140
(0.076),
P=.07

0.007
(0.084),
P=.93

0.152
(0.085),
P=.07

 N/AN/A5-item World Health
Organization Well-be-
ing Index

aModel fit: χ2
6=5.5; P=.49; comparative fit index=1.00; Tucker–Lewis index=1.005; standardized root mean squared residual=0.034; root mean square

error of approximation<.001
bModel fit: χ2

6=6.2; P=.40; comparative fit index=0.999; Tucker–Lewis index=0.998; standardized root mean squared residual=0.34; root mean square
error of approximation=0.011.
cModel fit: χ2

30=29.2; P=.51; comparative fit index=1.00; Tucker–Lewis index=1.003; standardized root mean squared residual=0.04; root mean square
error of approximation<.001.
dN/A: not applicable.
eModel fit: χ2

30=25.9; P=.68; comparative fit index=1.00; Tucker–Lewis index=1.013; standardized root mean squared residual=0.040; root mean
square error of approximation<.001.
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Figure 5. Path models of study 2. Baseline variables were controlled. For the purpose of clarity, the controlled variables and the covariance of the
residuals between variables are not depicted. T2: postassessment; T3: 1-month follow-up assessment; T4: 3-month follow-up assessment; WSAS: Work
and Social Adjustment Scale. *P<.05, **P<.001.

Study 3 on Dysregulated Eating
Correlations among variables are presented in Table 10. Results
of repeated measures ANOVA showed significant intervention
condition by time interaction effect on uncontrolled eating
(F3,912.364=3.041; P=.03), emotional eating (F3,944.138=4.294;
P=.005), mindfulness (F3,854.310=2.670; P=.05), and mental

well-being (F3,882.777=4.457; P=.004). Meanwhile, analyses on
other measures showed nonsignificant results. For the outcome
with significant results, further analyses showed that significant
group difference was maintained and the intervention condition
reported better outcomes at postintervention, 1-month, and
3-month follow-up (See Table 11). Effect sizes are presented
in Table 12.
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Table 10. Correlations among variables of study 3 at baseline.

WHO-5hGAD-7gPHQ-9fMAASePFSdTFEQ-EEcTFEQ-CRbTFEQ-UEa

Three-Factor Eating Questionnaire-Uncontrolled Eating

       —ir 

       P value 

Three-Factor Eating Questionnaire-Cognitive Restraint

       —–0.038r 

       .48P value 

Three-Factor Eating Questionnaire-Emotional Eating

     —–0.0090.643r 

     .87<.001P value 

Power of Food Scale

    —0.538–0.0480.708r 

    <.001.37<.001P value 

Mindful Attention Awareness Scale

   —–0.358–0.4230.110–0.368r 

   <.001<.001.04<.001P value 

9-item Patient Health Questionnaire

  —–0.6260.2880.373–0.1160.251r 

  <.001<.001<.001.03<.001P value 

7-item Generalized Anxiety Disorder Scale

 —0.796–0.5640.2060.304–0.0270.200r 

 <.001<.001<.001<.001.62<.001P value 

5-item World Health Organization Well-being Index

—–0.578–0.5920.46–0.102–0.2430.107–0.086r 

<.001<.001<.001.06<.001.050.11P value 

aTFEQ-UE: Three-Factor Eating Questionnaire-Uncontrolled Eating.
bTFEQ-CR: Three-Factor Eating Questionnaire-Cognitive Restraint.
cTFEQ-EE: Three-Factor Eating Questionnaire-Emotional Eating.
dPFS: Power of Food Scale.
eMAAS: Mindful Attention Awareness Scale.
fPHQ-9: 9-item Patient Health Questionnaire.
gGAD-7: 7-item Generalized Anxiety Disorder Scale.
hWHO-5: 5-item World Health Organization Well-being Index.
iNot applicable.
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Table 11. Repeated measures analysis of variance for study 3: intent-to-treat analysis (N=351).

Time effectCondition effectInteraction effect3-month
follow-
up

1-month
follow-
up

Postinterven-
tion

Preinterven-
tion

P

valueF (df)

P

valueF (df)

P

valueF (df)MeanMeanMeanMean

<.00121.132 (3,
841.623)

.00210.275 (1,
325.2121)

.033.041 (3,
912.364)

Three-Factor Eating Questionnaire-Uncontrolled Eating

18.7018.9719.2120.95Intervention

20.3720.4021.0621.53Wait-list

.023.299 (3,
793.3058)

.770.086 (1,
303.5693)

.940.135 (3,
875.081)

Three-Factor Eating Questionnaire-Cognitive Restraint

9.509.599.519.21Intervention

9.359.529.529.12Wait-list

.0034.792 (3,
866.233)

.0067.781 (1,
324.9344)

.0054.294 (3,
944.138)

Three-Factor Eating Questionnaire-Emotional Eating

6.846.886.867.58Intervention

7.577.527.587.61Wait-list

<.00123.943 (3,
1030.6991)

<.00119.932 (1,
343.1272)

.510.771 (3,
1031.464)

Power of Food Scale

39.1640.3240.3843.64Intervention

43.9844.5645.8947.22Wait-list

<.0017.599 (3,
793.6769)

.025.346 (1,
310.4349)

.052.670 (3,
854.310)

Mindful Attention Awareness Scale

4.334.314.294.05Intervention

4.164.084.054.00Wait-list

.0064.236 (3,
826.3964)

.102.715 (1,
320.5567)

.291.241 (3,
914.466)

9-item Patient Health Questionnaire

6.376.276.727.61Intervention

7.196.997.757.74Wait-list

.112.048 (3,
825.7671)

.211.557 (1,
323.1843)

.161.75 (3,
900.082)

7-item Generalized Anxiety Disorder Scale

5.895.935.876.99Intervention

6.576.506.896.86Wait-list

.092.178 (3,
789.4446)

.171.890 (1,
320.3858)

.0044.457 (3,
882.777)

5-item World Health Organization Well-being Index

48.6848.3650.1242.97Intervention

44.7846.6743.9244.94Wait-list
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Table 12. Effect sizes of study 3.

3-month follow-up versus Preintervention1-month follow-up versus PreinterventionPostintervention versus Preintervention

CI
Cohen
d

P

valuet (df)CI
Cohen
d

P

valuet (df)CI
Cohen
d

P

valuet (df)

Three-Factor Eating Questionnaire-Uncontrolled Eating

0.32 to
0.61

0.46<.0015.861
(2319.303)

0.31 to
0.59

0.45<.0016.105
(3639.106)

0.23 to
0.50

0.36<.0015.186
(3817.101)

Intervention

0.12 to
0.37

0.24.0023.170
(2504.465)

0.07 to
0.33

0.20.0042.893
(3664.02)

0.01 to
0.23

0.12.051.930
(4614.144)

Wait-list

Three-Factor Eating Questionnaire-Cognitive Restraint

–0.03 to
0.27

0.12.17–1.366
(1069.425)

0.01 to
0.31

0.16.07–1.801
(1687.066)

–0.01 to
0.28

0.13.005–1.643
(2879.543)

Intervention

–0.03 to
0.23

0.10.19–1.303
(2226.666)

0.03 to
0.30

0.17.04–2.106
(2073.137)

0.05 to
0.31

0.18.02–2.440
(3497.992)

Wait-list

Three-Factor Eating Questionnaire-Emotional Eating

0.20 to
0.49

0.35<.0014.431
(3790.093)

0.19 to
0.46

0.32<.0014.393
(2491.901)

0.20 to
0.45

0.33.0014.721
(1990.064)

Intervention

–0.11 to
0.15

0.02.750.320
(2534.89)

–0.13 to
0.14

0.00.910.111
(2995.514)

–0.11 to
0.14

0.01.840.197
(3848.245)

Wait-list

Power of Food Scale

0.32 to
0.61

0.46<.0014.769
(113062.726)

0.18 to
0.49

0.34<.0014.367
(121149.766)

0.16 to
0.43

0.30<.0014.381
(50588.352)

Intervention

0.22 to
0.48

0.35<.0015.298
(62137.205)

0.11 to
0.36

0.24<.0013.570
(27839.166)

0.05 to
0.30

0.17.0062.739
(112506.843)

Wait-list

Mindful Attention Awareness Scale

–0.03 to
0.27

0.12<.001–4.180
(1425.676)

0.17 to
0.41

0.29<.001–4.124
(1323.734)

0.14 to
0.39

0.27.001–3.686
(1565.495)

Intervention

–0.02 to
0.26

0.12.12–1.551
(2324.842)

–0.09 to
0.16

0.03.60–0.524
(2393.459)

–0.07 to
0.20

0.07.35–0.940
(5467.915)

Wait-list

9-item Patient Health Questionnaire

0.20 to
0.49

0.35.0042.868
(2623.881)

0.10 to
0.40

0.25.0032.948
(3308.172)

0.04 to
0.30

0.17.122.321
(3106.031)

Intervention

0.08 to
0.21

0.07.420.815
(2368.508)

–0.02 to
0.26

0.12.131.502
(2597.217)

–0.15 to
0.14

0.01.92–0.099
(6576.707)

Wait-list

7-item Generalized Anxiety Disorder Scale

0.23 to
0.55

0.39.0082.646
(2359.088)

0.05 to
0.32

0.18.022.373
(2117.166)

0.09 to
0.34

0.21.0473.096
(2600.162)

Intervention

–0.12 to
0.18

0.03.730.347
(2103.419)

–0.12 to
0.17

0.03.730.344
(4111.079)

–0.15 to
0.13

–0.01.86–0.171
(6545.757)

Wait-list

5-item World Health Organization Well-being Index

0.19 to
0.46

0.33.008–2.651
(1620.939)

0.09 to
0.36

0.22.004–2.920
(1302.715)

0.19 to
0.48

0.33.02–4.243
(3063.119)

Intervention

–0.21 to
0.10

0.06.530.628
(2220.244)

–0.10 to
0.17

0.04.63–0.487
(1512.967)

–0.21 to
0.07

–0.07.380.885
(4256.998)

Wait-list

Mediation Model

One-Month Follow-up Results
Results showed that at 1-month follow-up assessments,
condition showed significant indirect effects on uncontrolled
eating and emotional eating through power of food. Condition

also showed indirect effects on depression and anxiety through
mindfulness.

Three-Month Follow-up Results
At 3-month follow-up assessments, condition showed significant
indirect effects on uncontrolled eating and emotional eating
through power of food, whereas it showed significant indirect
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effect on depression through mindfulness. A summary of the
model fit, standardized coefficients, indirect effects, and total

effects is shown in Table 13 and Figure 6.
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Table 13. Standardized path coefficients, indirect effects, total effects, and model fit of the mediation analyses in study 3.

Total
effect

Indirect effect
through Power of

Food Scale (b*d)

Indirect ef-
fect through
mindfulness

(a*c)

e (Condition →
dependent vari-
able)

d (Power of
Food Scale →
dependent vari-
able)

c (Mindful-
ness → de-
pendent
variable)

b (Condition
→ Power of
Food Scale)

a (Condition
→ Mindful-
ness)

Dependent variables

Primary outcomes at 1-month follow-upa

0.008
(0.051),
P=.87

–0.008 (0.006),
P=.21

0.010
(0.007),
P=.19

0.006 (0.053),
P=.90

0.083 (0.056),
P=.14

0.096
(0.055),
P=.08

–0.093
(0.037), P=.01

0.100
(0.046),
P=.03

Three-Factor Eat-
ing Questionnaire-
Cognitive Restraint

 

–0.101
(0.042),
P=.02

–0.042 (0.017),
P=.02

–0.012
(0.007),
P=.09

–0.048 (0.039),
P=.22

0.447 (0.048),
P<.001

–0.120
(0.042),
P=.005

N/AN/AbThree-Factor Eat-
ing Questionnaire-
Uncontrolled Eat-
ing

 

–0.134
(0.046),
P=.004

–0.026 (0.011),
P=.02

–0.005
(0.006),
P=.40

–0.103 (0.046),
P=.03

0.275 (0.054),
P<.001

–0.049
(0.051),
P=.33

N/AN/AThree-Factor Eat-
ing Questionnaire-
Emotional Eating

 

Primary outcomes at 3-month follow-upc

0.020
(0.049),
P=.69

–0.003 (0.006),
P=.57

–0.005
(0.006),
P=.39

0.029 (0.050),
P=.57

0.037 (0.060),
P=.54

–0.054
(0.055),
P=.33

–0.093
(0.037), P=.01

0.100
(0.046),
P=.03

Three-Factor Eat-
ing Questionnaire-
Cognitive Restraint

 

–0.121
(0.043),
P=.005

–0.032 (0.013),
P=.02

–0.017
(0.009),
P=.06

–0.071 (0.040),
P=.08

0.340 (0.053),
P<.001

–0.176
(0.044),
P<.001

N/AN/AThree-Factor Eat-
ing Questionnaire-
Uncontrolled Eat-
ing

 

–0.136
(0.043),
P=.001

–0.024 (0.011),
P=.02

–0.018
(0.009),
P=.06

–0.093 (0.041),
P=.02

0.261 (0.048),
P<.001

–0.180
(0.046),
P<.001

N/AN/AThree-Factor Eat-
ing Questionnaire-
Emotional Eating

 

Secondary outcomes at 1-month follow-upd

–0.052
(0.049),
P=.29

–0.011 (0.007),
P=.09

–0.035
(0.017),
P=.04

–0.006 (0.048),
P=.90

0.121 (0.054),
P=.03

–0.349
(0.053),
P<.001

–0.093
(0.037), P=.01

0.100
(0.046),
P=.03

9-item Patient
Health Question-
naire

 

–0.063
(0.048),
P=.19

–0.007 (0.006),
P=.19

–0.035
(0.017),
P=.04

–0.020 (0.046),
P=.66

0.080 (0.052),
P=.12

–0.351
(0.052),
P<.001

N/AN/A7-item Generalized
Anxiety Disorder
Scale

 

0.068
(0.047),
P=.15

–0.001 (0.005),
P=.87

0.021
(0.011),
P=.07

0.048 (0.048),
P=.31

0.009 (0.052),
P=.87

0.206
(0.054),
P<.001

N/AN/A5-item World
Health Organiza-
tion Well-being In-
dex

 

Secondary outcomes at 3-month follow-upe

–0.077
(0.049),
P=.12

–0.014 (0.008),
P=.06

–0.034
(0.016),
P=.04

–0.028 (0.047),
P=.545

0.155 (0.051),
P=.003

–0.337
(0.053),
P<.001

–0.093
(0.037), P=.01

0.100
(0.046),
P=.03

9-item Patient
Health Question-
naire

 

–0.067
(0.049),
P=.18

–0.015 (0.008),
P=.06

–0.021
(0.011),
P=.06

–0.031 (0.049),
P=.52

0.157 (0.054),
P=.004

–0.211
(0.055),
P<.001

N/AN/A7-item Generalized
Anxiety Disorder
Scale

 

0.114
(0.051),
P=.03

0.003 (0.006),
P=.56

0.014
(0.009),
P=.11

0.097 (0.052),
P=.06

–0.034 (0.056),
P=.54

0.141
(0.060),
P=.02

N/AN/A5-item World
Health Organiza-
tion Well-being In-
dex

 

aModel fit: χ2
20=37.8; P=.009; comparative fit index=0.981; Tucker–Lewis index=0.962; standardized root mean squared residual=0.029; root mean

square error of approximation=0.050.
bN/A: not applicable.
cModel fit: χ2

20=32.5; P=.04; comparative fit index=0.987; Tucker–Lewis index=0.973; standardized root mean squared residual=0.027; root mean
square error of approximation=0.042.
dModel fit: χ2

20=44.2; P=.002; comparative fit index=0.977; Tucker–Lewis index=0.954; standardized root mean squared residual=0.041; root mean
square error of approximation=0.06.
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eModel fit: χ2
20=28.6; P=.09; comparative fit index=0.991; Tucker–Lewis index=0.983; standardized root mean squared residual=0.035; root mean

square error of approximation=0.035.

Figure 6. Path models of study 3. Baseline variables were controlled. For the purpose of clarity, the controlled variables and the covariance of the
residuals between variables are not depicted. T2: postassessment; T3: 1-month follow-up assessment; T4: 3-month follow-up assessment. *P<.05,
**P<.001.

Discussion

Principal Results
This study hypothesized that text messaging–based MBI is
effective in reducing distress related to insomnia, pain, and
dysfunctional eating. It was encouraging that effectiveness was
demonstrated in all 3 randomized controlled trials. Most
outcomes had improved significantly at 1-month follow-up
compared to wait-list control condition and some effects were
able to sustain at 3-month follow-up, including both primary
outcomes (eg, insomnia, pain, dysregulated eating indicators)
and secondary outcomes (eg, depressive, anxiety symptoms).
Our findings showed that text messaging–based interventions
not only serve as an adjunct or supplementary tool for traditional
treatment programs but also can serve as the core treatment
modality. Not only the effectiveness is promising, the retention
rates are also high across 3 trials at postmeasurement for
intervention groups, ranging from 72.9% (129/177) up to 83.2%
(139/167), which demonstrated that text messaging–based
intervention is a feasible solution that can maintain a high
retention rate. This study contributed to the knowledge of how
we can utilize the text messaging application to a fuller extent
for intervention purposes so that people with a range of
health-related issues can consider evidence-based options
delivered via mobile messaging technology.

Study 1 on Insomnia
The results of the randomized controlled trials demonstrated
the effectiveness of the text messaging–based MBI on insomnia.
Primary outcomes, namely, insomnia intensity, dysfunctional
beliefs and attitudes about sleep, and presleep arousal were
found to be significantly reduced compared to those in the

wait-list control condition, and the effect was sustained at
3-month follow-up. Significant improvement of secondary
outcomes, including depressive symptoms, anxiety symptoms,
and mental well-being, were also found with sustained effect
at 3-month follow-up. The results were consistent with those
reported in previous studies on MBIs for insomnia that MBIs
are effective in improving insomnia, depression, and anxiety
and increasing mindfulness [12,13].

Dysfunctional beliefs and attitudes about sleep mediated the
effect of the intervention on all primary outcomes and most
secondary outcomes at both 1-month and 3-month follow-up.
Mindfulness was found to mediate the effect of the intervention
on presleep arousal (cognitive) at 1-month follow-up with
additional mediating effects on presleep arousal (somatic) at
3-month follow-up. The mediating effects of dysfunctional
beliefs and attitudes about sleep on the outcomes aligned with
the mechanism proposed that it was suggested that mindfulness
can improve sleep by changing the pattern of worry and
rumination [24]. In this study, the mediation model showed that
improved sleep might be made possible through reduced
dysfunctional beliefs about sleep. However, it was unclear why
mindfulness has a mediation effect only on the primary
outcomes but not on the secondary outcomes. This pattern might
be explained by the specificity of content that was targeted at
insomnia.

Study 2 on Pain
The results of repeated measures ANOVA showed that MBIs
are effective in enhancing chronic pain acceptance and reducing
pain catastrophizing at 3-month follow-up in the intervention
group compared to those in the wait-list control group.
Mindfulness, depressive symptoms, and mental well-being were
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also found to improve significantly at 3-month follow-up.
However, no significant improvement was found in pain
intensity, which can be explained by the non–symptom-focused
approach of acceptance as it aims to improve pain adjustment
independent of pain intensity [58]. Other results were largely
consistent with previous research that MBI improved pain
acceptance, pain catastrophizing, mindfulness, depression, and
well-being [14-16]. However, anxiety was not reduced
significantly, which might be explained by the floor effect that
the baseline score was low. For the mediation model,
preliminary evidence suggested that pain catastrophizing
mediated the effect of MBI on pain intensity and functioning
at both 1 month and 3 months, whereas mindfulness was only
found to be mediating the effect of intervention on secondary
outcomes but not primary outcomes. Our findings were
consistent with a previous study conducted by Elvery et al [25]
that pain catastrophizing emerged as the most robust process
and it was the most predictive of pain intensity compared to
pain acceptance and mindfulness. However, other studies
showed a different process and mechanism wherein pain
catastrophizing did not mediate the outcome but pain acceptance
did, which might imply that the psychological process may be
more important than cognitive process [80]. Further research is
needed to verify the mechanism of how MBI leads to change
in various outcomes.

Study 3 on Dysregulated Eating
MBI was found to be effective in improving uncontrolled eating,
emotional eating, and well-being at 3-month follow-up
compared to the wait-list control condition. Nonsignificant
results were found in other primary and secondary outcomes.
However, for data without 3-month follow-up, a significant
interaction effect was found for mindfulness. Owing to the
complexity of eating issues, the materials used in this condition
may not be focused enough to induce significant and sustained
change. Preliminary moderation analysis showed that
participants with higher uncontrolled eating scores showed
greater reduction in uncontrolled eating at postintervention in
this study. This finding implies that the intervention may have
greater benefits for people who have more severe uncontrolled
eating problems. The results of the mediation analysis showed
that the power of food mediated the effect of intervention on
both uncontrolled and emotional eating at both 1-month and
3-month follow-ups. Mindfulness was also found to mediate
the effect on depressive symptoms at both 1-month and 3-month
follow-ups. The pattern of mediation is similar to that in the
pain condition that mindfulness only mediates secondary
outcomes but not primary outcomes. Given little research has
been conducted on the relationship between MBI and eating
concerns, further research is needed to confirm the model.

Implications
This study took a significant step in demonstrating the
effectiveness of using text messaging–based MBIs to alleviate
distress related to insomnia, pain, and dysregulated eating, which
were affecting at least a quarter of the general population. Such
interventions are potentially scalable to the population level and
can be widely disseminated with relatively low costs and human
resources. This novel way of delivering MBIs showed a high

retention rate ranging from 72.9% (129/177) to 83.2% (139/167)
for intervention groups at postintervention, which is higher than
the median retention rate of internet-based interventions [29].
Given the potency of the text messaging MBIs in alleviating
specific health concerns and general psychological distress, text
messaging–based intervention deserves more attention in the
future in delivering other forms of psychological interventions.
Not only as adjunct to traditional face-to-face psychological
interventions, text-messaging interventions can potentially
become a core intervention modality that has high user
engagement and positive treatment outcomes. This study also
shed light on the mediation models of MBIs, which have not
been thoroughly investigated. Across the 3 randomized
controlled trials, mindfulness was found to mediate the effect
of intervention on both primary and secondary outcomes.
Condition-specific mediators were also found, including
dysfunctional beliefs and attitudes about sleep for insomnia,
pain catastrophizing for pain, and power of food for dysregulated
eating. These findings supported that the cultivation of
mindfulness and the ability to reperceive the present experience
can alleviate health-related concerns and distress. Future designs
for MBIs can consider focusing on these mechanisms of change.
Nonetheless, replication is needed to confirm the mediation
processes and how different mechanisms are related to different
outcomes.

Limitations
This study had several limitations that warrant attention. First,
wait-list control was used instead of active control that can
account for demand characteristics. As this study focused on
investigating the effects of text messaging–based interventions
among urban dwellers, comparison with wait-list controls is
closer to the real-life situation where people generally do not
seek help for their health-related conditions. Even though the
placebo effect cannot be ruled out, as the active control group
was not included [81], these findings demonstrated effectiveness
in a wide range of psychological outcomes for 3 common health
concerns.

Second, this study solely adopted self-report measures that may
lack objectivity on the severity of health concerns such as sleep
habits, pain severity, and eating patterns. Given the interventions
were delivered over WhatsApp, the use of self-report measures
that are completed online is consistent with accessing the
intervention materials over mobile text messaging. Nevertheless,
future studies may consider including behavioral or
physiological measures to corroborate with self-report findings.

Third, the preponderance of the participants were women. The
results of this study may not be generalizable to other genders.
The skewness is consistent with gender difference in
help-seeking, where men are less likely to seek help than women
[82] and women are more interested in practicing mindfulness
[83]. A systematic review also found that among 117 studies
of randomized controlled trials of mindfulness-based cognitive
therapy or mindfulness-based stress reduction with 9820
participants, only 29% of the total participants were men [84].
Future studies on smartphone-based MBIs should sample more
men to examine whether these interventions may be more
acceptable to men and conducive to their well-being.
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Lastly, despite the high retention rates at postmeasurement, the
return rates of questionnaires were low at 3-month follow-up,
ranging from 61% (72/118) to 67.1% (112/167) for intervention
groups and 68.7% (114/166) to 70.1% (82/117) for wait-list
control groups. In future studies, strategies are needed to boost
the return rates of questionnaires so that the sustained
effectiveness can be captured more accurately. One of the
possible solutions may be increasing the incentive for
completing questionnaires at long follow-up periods.

Conclusions
To conclude, this study showed that text messaging–delivered
MBIs are effective in improving issues related to sleep, pain,

and eating. Text messaging has the potential to be a core
intervention modality to cater to the needs of people with a
fast-paced lifestyle or increase accessibility to MBIs. The
demonstrated mechanisms of change illuminate directions for
future design of materials and focus on MBIs. Given the
increasing health needs of the general population and low
availability of evidence-based face-to-face interventions, text
messaging–based interventions provide a viable alternative to
expand on the availability of effective interventions to the
public.
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Abstract

Background: Juvenile idiopathic arthritis (JIA) is a group of autoinflammatory diseases that cause pain and disability if not
controlled by treatment. Parenting a child with JIA is stressful for parents, who express concerns about their child’s treatment
and may experience anxiety and powerlessness concerning their child’s illness. Parenting stress is greater in parents of children
with chronic illness than in those with healthy children and is related to poorer psychological adjustment in both parents and
children. It is therefore important to develop interventions to support parents. This paper reports the evaluation of a web-based
tool that provides information and practical skills to help increase parents’ confidence in managing their child’s illness and reduce
parenting stress.

Objective: The aim of this study is to evaluate the benefits of a web-based tool (WebParC) for parents of children with recently
diagnosed JIA.

Methods: A multicentered randomized controlled trial was conducted at pediatric rheumatology centers in England. We recruited
parents of children aged ≤12 years who had been diagnosed with JIA within the previous 6 months. They were randomized to
the intervention (WebParC access plus standard care) or the control (standard care alone) and followed up 4 months and 12 months
after randomization. Where both parents participated, they were randomized by household to the same trial arm. The WebParC
intervention consists of information about JIA and its treatment plus a toolkit, based on cognitive behavioral therapy, to help
parents develop skills to manage JIA-related issues. The primary outcome was the self-report Pediatric Inventory for Parents
measure of illness-related parenting stress. The secondary outcomes were parental mood, self-efficacy, coping, effectiveness of
participation in their child’s health care, satisfaction with health care, and child’s health-related quality of life.

Results: A total of 203 households comprising 220 parents were randomized to the intervention (100/203, 49.3%) or control
(103/203, 50.7%) arm. Follow-up assessments were completed by 65.5% (133/203) of the households at 4 months (intervention
60/100, 60%, and control 73/103, 70.9%) and 61.1% (124/203) of the households at 12 months (intervention 58/100, 58%, and
control 66/103, 64.1%). A main effect of the trial arm was found on the Pediatric Inventory for Parents: the intervention participants
reported less frequency (subscales communication F1,120627=5.37; P=.02, and role function F1,27203=5.40; P=.02) and difficulty
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(subscales communication F1,2237=7.43; P=.006, medical care F1,2907=4.04; P=.04, and role function F1,821=4.37, P=.04) regarding
illness-related stressful events than the control participants.

Conclusions: The WebParC website for parents of children with JIA reduced illness-related parenting stress. This web-based
intervention offers a feasible preventive approach for parents of children with JIA and potentially could be adapted and evaluated
for parents of children with other chronic illnesses.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN) 13159730;
http://www.isrctn.com/ISRCTN13159730

(J Med Internet Res 2022;24(5):e29787)   doi:10.2196/29787

KEYWORDS

parenting stress; juvenile idiopathic arthritis; web-based intervention; randomized controlled trial; parenting; pediatrics; arthritis;
RCT; rheumatology; children; youth; web-based tool; mobile phone

Introduction

Background
Parenting a child with juvenile idiopathic arthritis (JIA) presents
many challenges, including dealing with the child’s pain,
distress, and physical difficulties; managing medication, hospital
visits (which may involve traveling a considerable distance
from home), and impact on schooling; financial issues such as
time off work; and uncertainty about the future. In addition, in
some health care systems, there are substantial medication costs.
Parents of children with JIA have concerns about their child’s
treatment [1-3] and may experience anxiety and powerlessness
concerning their child’s illness [4]. Parenting stress is greater
in parents of children with chronic illness than in those with
healthy children [5] and is associated with poorer psychological
adjustment in both parents and children [5,6]. Given the
interconnectedness between parent and child adjustment, early
intervention to support parents may facilitate better adjustment
for their children with JIA [7,8]. The Pediatric Psychosocial
Preventative Health Model developed by Kazak [8] is a 3-tier
model for treating the families of children in pediatric health
settings. The model offers a guide for matching psychosocial
support to families’ level of need. It proposes that most families
of children with chronic illnesses are likely to be distressed but
resilient (universal tier). A smaller group of families have risk
factors for ongoing difficulties and require targeted care. The
smallest group, clinical/treatment, has a high level of risk factors
for ongoing distress and requires more intensive clinical
services. Kazak [8] stresses the need to adopt preventive
approaches to support families in the universal tier to build their
resilience and prevent future problems.

A potential preventive approach is to provide web-based
interventions. It is important that parents are able to access
information from a trusted source [9]; however, health
information on the internet is unregulated, often not validated
through a systematic process [10], and the quality is variable

[11,12]. When developing this research, none of the websites
providing information for children and young people with JIA
and their parents had been evaluated in a randomized controlled
trial (RCT) and none provided skills training in techniques to
help parents to manage their child’s arthritis [12].

We developed a website for parents of children with recently
diagnosed JIA (WebParC) [13] to complement usual clinical
care, with potential to help parents cope with the stress of their
child having JIA. It is a specially designed web-based tool
providing around-the-clock access to information and practical
skills in dealing with specific problems (eg, taking medication)
and accessible as need arises. This paper reports the evaluation
of WebParC.

Objectives
The aim of the study is to test the hypothesis that parents
provided with WebParC in addition to standard care would
experience less illness-related parenting stress than those
provided standard care alone.

Methods

Design
This was a multicenter RCT.

Participating Research Sites
A total of 16 National Health Service tertiary pediatric
rheumatology services in England participated in the study.

Ethical Approval
Approval was obtained from the Health Research Authority
London Bridge Research Ethics Committee (13/LO/0288).

Research Participants
The participants were parents attending rheumatology clinic
appointments with their child, who met the criteria outlined in
Textbox 1.
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Parent aged ≥18 years, with a child aged ≤12 years, recently diagnosed with juvenile idiopathic arthritis (within the previous 6 months)

• It was considered appropriate to focus the website on this age group because responsibility is taken mainly by parents in the child’s earlier
years but tends to move to the child as they get older; therefore, different strategies may be required for parents of adolescents

• Juvenile idiopathic arthritis was diagnosed by a pediatric rheumatologist according to current International League of Associations for
Rheumatology criteria [14], which specify that juvenile idiopathic arthritis involves inflammation of the joints that begins before the age of
16 years and persists for at least 6 weeks. The International League of Associations for Rheumatology categorizes 7 juvenile idiopathic
arthritis subtypes that differ in clinical course and are based on the number of inflamed joints, laboratory tests, and clinical features. The
subtypes are oligoarticular, polyarticular–rheumatoid factor negative, polyarticular–rheumatoid factor positive, systemic-onset, psoriatic,
enthesitis-related, and undifferentiated arthritis

• One or both parents could participate. Parents did not need to be living together or with the child with juvenile idiopathic arthritis to be
eligible

• Internet access

• Able to speak and read English

Exclusion criteria

• Current severe mental illness such as identifiable psychosis in parents

• Major problems with literacy, making the questionnaire completion impossible

• Likely to be distressed by the study, as judged by their child’s rheumatologist

Procedures

Overview
Parents were invited to participate by their child’s
rheumatologist when attending a clinic appointment with their
child. Interested parents were given the opportunity to ask
questions and were given the participant information sheet to
read at the clinic or to take home if they wished to have more
time to consider participation. Those who wished to participate
provided written consent to the site research staff. If the child
with JIA was aged 8-12 years, the child’s assent was obtained
for their demographic and clinical data to be collected for the
research. After providing consent, participants were given
baseline questionnaires to complete at the clinic or at home and
return them to the trial coordinating center (a freepost envelope
was provided). A link to a web-based version of the
questionnaire on Qualtrics software was also provided so that
parents could choose their preferred completion mode. Where
both parents participated, they were given questionnaire packs
with separate return envelopes and individual study IDs that
they entered into Qualtrics if they chose web-based completion.
If the baseline questionnaire was not returned, a member of the
site research team contacted the participants by telephone. This
was a change to the protocol made partway through the trial to
enhance questionnaire return rates.

Randomization
To minimize selection bias, participants were randomized by
the trial coordinating center after receipt of the completed
baseline questionnaire. Randomization was in a ratio of 1:1 to
trial arms. Where both parents participated, they were
randomized to the same trial arm (ie, randomization was
clustered by household). Blocked randomization per site was
performed using computer-generated randomization sequences

that allowed varying randomization block sizes. A combination
of block sizes was used, varying among 2, 4, and 6, depending
on site size; we used different-sized blocks so that sites could
not guess which group the last participant of a block would be
randomized to. Allocation was concealed from clinical teams
to avoid biasing clinical care; however, after allocation, it was
not possible to blind the trial coordinator because the follow-up
questionnaires contained additional questions about the website
for intervention arm participants. Other members of the
investigating team were blinded to trial arm allocation.
Participants were requested not to inform their child’s clinicians
of their trial arm allocation.

Trial Arms

Control Arm

Children of control arm participants continued to receive
standard clinical care as provided by the study site.

Intervention Arm

In addition to standard care, those allocated to the intervention
arm were given free unlimited password-protected access to the
website.

Website Design
The JIA website for Parents site was designed following:

1. A review was conducted of the literature on parents’
experiences of having a child with JIA.

2. A review of websites was conducted to find those that (1)
included information about JIA for parents, (2) provided
specific skills training for parents to manage their child’s
JIA, and (3) contained information in English. Although
many sites were found that provided information about JIA,
at the time of review, 5 main websites [15-19] that contained
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significant information for parents were reviewed in detail
but none contained skills training to assist parents.

3. A focus group was conducted with 6 parents to ask their
views on what the website should include.

4. We conducted 2 focus groups with 12 health care
professionals—6 (50%) rheumatologists, 5 (42%)
rheumatology nurse specialists, and 1 (8%) clinical
psychologist—to ask their views on what the website should
include.

Website content was written by health professionals supported
by a research assistant. The health professionals included 13
rheumatologists, 4 rheumatology nurse specialists, 2 clinical
psychologists, an occupational therapist, an ophthalmologist, 2
physiotherapists, a podiatrist, and a social worker. A website
consultant designed the site for layout, usability, and
acceptability.

The resulting prototype website was tested by 7 parents and
eight health professionals (4, 50%, rheumatologists; 2, 25%,
rheumatology nurse specialists; 1, 13%, physiotherapist; and 1,
13%, clinical psychologist) to evaluate usability, navigation,
structure, layout, and content. Minor changes were made to the
website after this assessment. These included condensing some
of the text, improving some text formatting with the use of bullet
points, correcting a few navigation links, and renaming some
tabs with more user-friendly terms.

Over the course of the website development but before trial
commencement, the website was reviewed and updated to ensure
that user interfaces and content were current. Website content
did not change thereafter during the trial period. The website is
device adaptive; therefore, it is suitable for use on computer,
tablet, and smartphone.

The website has two main components:

1. Information about JIA and its treatment. This comprises
sections about cause, diagnosis, JIA types and symptoms,
how JIA changes with time, possible complications, the
rheumatology team, and everyday life and available
treatments. It also includes videos of health professionals
explaining JIA and its treatment as well as video
testimonials from parents about living with, and caring for,
children with JIA as a family.

2. A JIA toolkit based on cognitive behavioral therapy that
includes psychoeducation about thoughts, feelings, and
behavior following a diagnosis; cognitive restructuring
techniques to challenge unhelpful thinking to promote
coping with JIA; problem-solving skills to promote coping
with adherence issues and stressful events; strategies to
promote effective communication with family members
and the health care team; and pain management techniques,

including cognitive restructuring, relaxation, distraction,
and pacing.

The toolkit includes a number of downloadable resources such
as problem-solving sheet, thought diary, breaking negative
thought cycle sheet, reward chart, procedure contract template
and certificate, visual timetable, and audio relaxation sessions
for children and adults.

Trial Measures

Parent Data
Parents provided demographic data including age, gender,
education level, and relationship status.

Information on the validated self-report questionnaire measures
is reported in Table 1. The primary outcome was parenting
stress at 4 months after randomization, measured with the
Pediatric Inventory for Parents (PIP) [20], which is a validated
measure to assess difficult events that parents may face.
Respondents answer two questions for each event: how often
it occurred in the past 7 days and how difficult it was for them.
The 4-month time span was chosen to give parents sufficient
time to make use of the website and to evaluate its effect in the
short term. Follow-up times were also selected to fit around
clinic visits.

The secondary outcomes were as follows:

• Parenting stress at 12 months after randomization using the
PIP [20]. This time span was chosen to evaluate the
medium-term effects of using the website.

• Parent mood, assessed with the Hospital Anxiety and
Depression Scale [21].

• Parent confidence in managing their child’s arthritis,
assessed with the Parent’s Arthritis Self-Efficacy Scale
(PASE) [22].

• Parent effectiveness in managing their child’s health care,
assessed using the Effective Consumer Scale–Adapted
(ECS17-A) [23]. The original scale developed for adults
with musculoskeletal disease was adapted to refer to how
parents manage their child’s disease.

• Parent satisfaction with health care, assessed with the Client
Satisfaction Questionnaire [24].

• A proxy measure of the child’s health-related quality of life
was assessed with the Child Health Questionnaire, 50-item
parent version (CHQ-PF50) [25].

Process measures on website use and parent coping and beliefs
about their child’s illness (Brief Coping Orientation to Problems
Experienced [26] and Brief Illness Perception Questionnaire
[27], respectively) were collected but will be reported separately
from this paper, which focuses on the trial outcomes.
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Table 1. Trial measures.

Cronbach α in Web-
ParC study at baselineScoringResponse scale

Number of
itemsMeasure and subscales

Higher score=greater frequency
or difficulty of stressful events

1=never to 5=very often and
1=not at all to 5=extremely

Pediatric Inventory for Parents [20]

Total 42-210 in each subscale84 (42 for each
subscale)

2 subscales (Frequency and Difficul-
ty)

Frequency total score: .959; Dif-
ficulty total score: .965

4 domains

Frequency: .787; Diffi-
culty: .841

9-459Communication

Frequency: .918; Diffi-
culty: .913

15-7515Emotional distress

Frequency: .840; Diffi-
culty: .846

8-408Medical care

Frequency: .840; Diffi-
culty: .864

10-5010Role function

Hospital Anxiety and Depression Scale [21]

Anxiety: .900; Depres-
sion: .872

0-21 per subscale (mild: 8-10;
moderate: 11-14; severe: 15-21);
higher score=more symptoms of
anxiety or depression

0-3 (response options vary
for each item)

7 items per
scale

Anxiety and Depression

Parent’s Arthritis Self-Efficacy Scale [22]

Symptoms: .902; Psy-
chosocial: .934

Scores are standardized to 0-10
for each subscale. Higher
score=greater self-efficacy

1=very uncertain to 7=very
certain or not applicable

14 (7 in each
subscale)

Symptoms and Psychosocial

Total score: .933A score for each domain and a
total score are calculated and

0=never to 4=always17Effective Consumer Scale–Adapted
[23]

converted to 0-100. Higher
score=a more effective consumer
of health care

.8123Use of health information

.8363Clarifying personal priorities

.8013Communicating with others

.7984Negotiating roles and taking control

.8764Deciding and taking action

Client Satisfaction Questionnaire [24]

.898A total score is calculated. High-
er score=greater satisfaction with
healthcare

1-4 (response options vary
for each item)

8N/Aa

Standardized to population
norms and range from 0 to 100

Variable50Child Health Questionnaire 50-item
parent version [25]

(mean 50, SD 10). Higher
score=better health-related quali-
ty of life

N/ASummary scores

Physical

Psychosocial

Subscales

.942Physical functioning

.988Role/social limitations–emotion-
al/behavioral

.962Role/social limitations–physical
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Cronbach α in Web-
ParC study at baselineScoringResponse scale

Number of
itemsMeasure and subscales

.923Bodily pain and discomfort

.905Behavior

.921Mental health

.954Self-esteem

.709General health perceptions

.821Parental impact–emotional

.807Parental impact–time

.940Family activities

N/A: single itemFamily cohesion

aN/A: not applicable.

Child Data
Information about participants’ children with JIA (gender, age,
JIA subtype, date of diagnosis, core outcome variables (number
of inflamed and limited joints, erythrocyte sedimentation rate,
Child Health Assessment Questionnaire, parent global rating,
and physician global rating) [28], medication, and any related
comorbidities were gathered by the clinical sites and sent
securely to the trial coordinating center.

Follow-up
At 4 and 12 months after randomization, the trial center sent
follow-up questionnaires both electronically and in hard copy
for participants to choose their preferred completion method.
Where both parents participated, they were mailed the follow-up
questionnaire packs individually and a link to the web-based
questionnaire was sent to their individual email addresses. Up
to two telephone or text reminders were sent if questionnaires
were not returned within 2 weeks. Follow-up clinical data for
the child (core outcome variables, medication, and
comorbidities) were obtained from trial sites’clinic notes closest
to the follow-up time points.

Participants were sent a £5 (US $6.80) gift voucher on return
of each completed study questionnaire. This protocol change
was made partway through the trial to enhance questionnaire
return rates, but the gift voucher was offered retrospectively to
all participants.

Statistical Considerations

Sample Size
Both parents were invited to participate; therefore, sample size
calculation allowed for clustering by household. The power
calculation was based on the PIP primary outcome measure,
assessed at 4 months after randomization. SDs on the PIP scales
frequency (PIP-F) and difficulty (PIP-D) were expected to be
25 [20]. Therefore, 85 households per trial arm was considered
adequate to detect a mean difference of 10 points with 80%
power and 5% significance level, representing a medium effect
size. This allowed for clustering by household, assuming an
intracluster correlation of 0.5. Allowing for a 15% dropout rate,
100 households per trial arm (200 total) were needed.

Statistical Analysis
Data were collected and stored in a secure manner in accordance
with the guidelines of the United Kingdom’s Data Protection
Act and the European Union’s General Data Protection
Regulation. Analysis was conducted using SPSS software
(version 25.0; IBM Corp).

Missing value analysis examined item-level missing data. Scale
authors’ rules, where available, were applied for dealing with
missing data. If rules were not available, mean imputation within
a scale was used when ≥50% of the scale items were available.
The Little missing completely at random (MCAR) test was
conducted to indicate the appropriateness of further imputations.
If the levels of missing data on any scale or item were >10%,
multiple imputation was conducted (m=10). Data from all time
points (baseline, 4 months, and 12 months) were used to predict
missing data, but the 3 time points were imputed separately and
only for participants who provided data at that time point.
Resultant databases were analyzed separately, after which
Rubin’s rules [29,30] were used to combine the results from
the 10 data sets. Responders (those who completed at least one
follow-up) were compared with nonresponders on baseline
characteristics using logistic regression analyses.

Analyses were on an intention-to-treat basis. Outcomes were
compared using multilevel modeling with a random effect of
household and adjusting for the variable at baseline and any
parent and child demographic characteristics that differed
between trial arms. We explored the main effects of time and
trial arm and their interaction by entering trial arm, time, and
the interaction between trial arm and time as fixed effects, using
the restricted maximum likelihood estimation method.
Significant interaction terms were interpreted as indicating
differential treatment effectiveness and explored with post hoc
tests. Hedges g was calculated for effect sizes of differences
between trial arms at each follow-up.

Results

Overview
Between February 2016 and October 2018, 717 parents were
assessed for eligibility and 326 (45.5%) consented to take part.
Baseline questionnaires were returned by parents of 207 children
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(households). In all, 4 protocol violations were identified
(diagnosis not JIA, 2/4, 50%; >6 months since diagnosis, 1/4,
25%; and consent form not received, 1/4, 25%), leaving a final
sample of 203 households (220 parents), 100 (49.3%)
households (106/220, 48.2%, parents) randomized to the
intervention arm and 103 (50.7%) households (114/220, 51.8%,
parents) randomized to the control arm (Figure 1). Follow-up
questionnaires were completed by 65.5% (133/203) of the
households (141/220, 64.1%, parents) at 4 months and 61.1%
(124/203) of the households (128/220, 58.2%, parents) at 12
months. Attrition did not differ significantly between

intervention and control at 4 months (χ2
1=2.8; P=.10) or 12

months (χ2
1=0.5; P=.47). Responders (those who completed

one or both follow-ups) differed from nonresponders (those
who completed neither follow-up) on two baseline variables:
mothers (146/183, 79.8%) responded proportionally more than
fathers (20/37, 54.1%; B=1.210, SE 0.378; P=.001; odds ratio
3.354, 95% CI 1.600-7.033) and responders scored higher on
the baseline ECS17-A subscale use of health information (mean
77.4, SE 1.26) than nonresponders (mean 71.0, SE 2.77;
B=0.020, SE 0.009; P=.02; odds ratio 1.021, 95% CI
1.003-1.039).

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram.

Missing Values
At baseline, 58.8% (50/85) of the variables and 88.2% (194/220)
of the cases had complete data, relating to an overall missing

data level of 5.7% (Little MCAR test: χ2
7726=7356.6; P=.99).

At the 4-month follow-up, 83.7% (118/141) of the cases
followed up had complete data but no variables were complete,
relating to an overall missing data level of 9.4% (Little MCAR

test: χ2
3333=454.2; P=.99). At the 12-month follow-up, 82.8%

(106/128) of the cases had complete data, with 87% (40/46) of
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the variables having complete data, relating to an overall missing

data level of 12.4% (Little MCAR test: χ2
2978=140.3; P=.99).

Baseline Characteristics
Baseline characteristics are shown in Table 2. In 8.4% (17/203)
of the cases, both parents took part. Most of the participants
were mothers (183/220, 83.2%). The parents’ average age was
36.5 (SD 6.5) years, and 31.8% (70/220) were educated to
degree level or above. Participants’ children with JIA were
predominantly girls (136/203, 67%), with a mean age of 6.1

(SD 3.4) years. The most frequent JIA subtypes were
oligoarticular (107/203, 52.7%) and polyarticular (65/203, 32%).

Unadjusted means and SEs for all questionnaires at each time
point are presented in Multimedia Appendix 1. No difference
between the trial arms was found on any clinical or self-report
questionnaire at baseline; however, education level was higher
in the intervention arm (mean 3.65, SD 1.63; control: mean
3.17, SD 1.52; F1,218=5.221; P=.02). This was controlled for in
all analyses.
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Table 2. Participant characteristics at baseline.

TotalControlIntervention 

Parents, details

203103100Households, n

220114106Participants, n

Parents, n (%)

183 (83.2)92 (80.7)91 (85.8)Mother

37 (16.8)22 (19.3)15 (14.2)Father

36.5 (6.5)37.2 (6.4)35.8 (6.5)Age (years), mean (SD)

Education, n (%)

85 (38.7)52 (45.6)33 (31.2)≤GCSEa or equivalent

51 (23.2)25 (21.9)26 (24.5)Advanced Levelb or equivalent

14 (6.4)7 (6.1)7 (6.6)HNCc or HNDd

70 (31.8)30 (26.3)40 (37.7)Degree or postgraduate

Relationship status, n (%)

30 (13.6)19 (16.6)11 (10.4)Single or divorced or separated

190 (86.4)95 (83.3)95 (89.6)Married or living with partner or in a relationship

215 (97.7)111 (97.4)104 (98.1)Living with child with JIAe, n (%)

2.07 (0.06)2.03 (0.09)2.11 (0.09)Average number of children per family, mean (SE)

Child with JIA, details

203103100Total, n

Gender, n (%)

136 (67)67 (65)69 (69)Female

67 (33)36 (35)31 (31)Male

6.1 (3.4)6.0 (3.7)6.3 (3.2)Age (years), mean (SD)

JIA subtype, n (%)

8 (3.9)4 (3.9)4 (4)Systemic

107 (52.7)49 (47.6)58 (58)Oligoarticular

65 (32)37 (35.9)28 (28)Polyarticular

11 (5.4)5 (4.9)6 (6)Psoriatic

7 (3.4)4 (3.9)3 (3)ERAf

5 (2.5)4 (3.9)1 (1)Undifferentiated

Current disease severity, median (IQR)

2 (1-5)2 (1-5.5)2 (1-5)Number of active joints (known for 189/203, 93.1%)

2 (1-4)2 (1-4)2 (1-4)Number of limited joints (known for 189/203, 93.1%)

0.8 (0.1-1.3)0.8 (0-1.4)0.8 (0.3-1.3)CHAQg (known for 128/203, 63.1%)

3.0 (0.9-5.7)2.8 (1.0-6.0)3.3 (0.7-5.4)Parent global (known for 117/203, 57.6%)

2.5 (1.0-5.0)2.0 (0.9-5.0)3.0 (1.5-6.0)Physician global (known for 113/203, 55.7%)

20.2 (7.0-37.0)22.5 (7.3-36.5)17.0 (6.0-38.0)ESRh (known for 135/203, 66.5%)

Medication, n (%)

70 (34.5)39 (37.9)31 (31)Methotrexate

2 (1)2 (1.9)0 (0)Biologic
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aGCSE: General Certificate of Secondary Education, national exam taken at approximately age 16 years.
bAdvanced Level: national exam taken at approximately age 18 years.
cHNC: higher national certificate.
dHND: higher national diploma.
eJIA: juvenile idiopathic arthritis.
fERA: enthesitis-related arthritis.
gCHAQ: Child Health Assessment Questionnaire.
hESR: erythrocyte sedimentation rate.

Baseline Questionnaire Data
The PIP asks about child illness–related events; therefore, there
were no normative data from parents of healthy children.
Baseline PIP-F (mean 108.45, SE 2.14; mothers: mean 111.04,
SE 2.31; fathers: mean 95.68, SE 5.22) and PIP-D scores (mean
102.84, SE 2.10; mothers: mean 104.73, SE 2.28; fathers: mean
93.48, SE 5.06) were worse than those reported by a sample of
UK and US parents of children with a history of heart disease
[31] (PIP-F mean 80.3 for mothers; mean difference 30.736,
SE 2.306; t7353301=13.13; P<.001; and mean 76.2 for fathers;
mean difference 19.483, SE 5.219; t5175615=3.73; P<.001); PIP-D
mean 80.6 for mothers; mean difference 24.132, SE 2.284;
t1063948=10.57; P<.001); and mean 75.7 for fathers; mean
difference 17.776, SE 5.058; t1806544=3.51; P<.001) and UK
parents of adolescents with chronic pain [32] (PIP-F mean 104.9;
mean difference 3.554, SE 2.140; t6166319=1.66; P=.01) and
PIP-D mean 98.0; mean difference 4.839, SE 2.097; t569347=2.31;
P=.02).

Baseline scores for Hospital Anxiety and Depression Scale
anxiety and depression (mean 9.04, SD 0.34, and mean 5.49,
SD 0.29, respectively) were significantly worse than published
UK normative data [33] (anxiety: mean 6.14, SD 3.76;
depression: mean 3.68, SD 3.07; anxiety: mean difference 2.896,
SE 0.341; t62011=8.49; P<.001; depression: mean difference
1.806, SE=0.285; t196469=6.33; P<.001). Of the 220 participants,
scoring in the mild (score 8-10), moderate (11-14), or severe
(15-21) ranges for anxiety were 48 (21.8%), 47 (21.4%), and
34 (15.5%) participants, respectively, and for depression were
43 (19.5%), 24 (10.9%), and 3 (1.4%) participants, respectively.
This compares with 19% of the women and 12.5% of the men
scoring in the moderate to severe ranges for anxiety and 6.9%
of both men and women scoring in the moderate to severe ranges
for depression in a UK normative sample [34].

Baseline PASE self-efficacy scores were mean 4.44 (SE 0.15)
for symptoms (mothers: mean 4.42, SE 0.16; fathers: mean 4.54,
SE 0.39) and mean 5.80 (SE 0.15) for psychosocial (mothers:

mean 5.78, SE 0.16; fathers: mean 5.92, SE 0.14). These are
approximately at the scale midpoint and are worse than those
reported in the original scale validation [22] by mothers
(symptoms: mean difference –0.428, SE 0.157; t8485=–2.73;
P=.006; psychosocial: mean difference –0.620, SE 0.164;
t3078=–3.77; P<.001) but not by fathers (symptoms: mean
difference 0.681, SE 0.385; t12222=1.77; P=.08; psychosocial:
mean difference –0.308, SE 0.414; t6936=–0.74; P=.46).

The total score on the ECS17-A was mean 77.87 (SE 0.97).
This score reflects that, on average, parents felt that they could
usually manage their child’s health care. The score on the Client
Satisfaction Questionnaire of mean 28.4 (SE 0.24) reflects very
high satisfaction with health services.

The CHQ-PF50 health-related quality of life summary scores
of participants’ children were mean 33.4 (SE 0.95) for physical
quality of life and mean 44.4 (SE 0.72) for psychosocial quality
of life, which are poorer than the scores reported for UK healthy
controls [25] (mean 55.4, SD 4.2; mean difference –21.999, SE
0.947; t34421=–23.23; P<.001 for physical quality of life; mean
51.6, SD 7.1; mean difference –7.199, SE 0.721; t27490=–9.98;
P<.001 for psychosocial quality of life).

Trial Outcomes

Overview
Tables 3 and 4 present adjusted means at each follow-up per
group and multilevel modeling analyses estimates for the effect
of trial arm and time and their interaction on all outcomes,
adjusted for baseline scores and education level, respectively.
The use of random effects for parent clusters was not possible
because the number of dyad clusters was too few and random
effects analyses did not converge. Consequently, parents were
treated as individual units. Post hoc comparisons of trial arm
effects at 4 months and 12 months are reported in Multimedia
Appendix 2. The direction of effects, shown in Figures 2 and
3, mostly favored the intervention arm. Results for individual
outcomes are reported in the next sections.
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Table 3. Follow-up adjusted means (adjusted for baseline scores and educational level) on each outcome for the control and intervention groups in
multilevel modeling analysis.

InterventionControlVariable

12 months, adjusted
mean (95% CI)

4 months, adjusted
mean (95% CI)

12 months, adjusted
mean (95% CI)

4 months, adjusted

meana (95% CI)

PIPbfrequency

17.36 (16.05-18.67)17.45 (16.16-18.74)19.47 (18.27-20.68)19.01 (17.86-20.16)Communication

16.63 (15.07-18.20)16.80 (15.30-18.31)18.48 (17.04-19.91)18.29 (16.95-19.63)Medical care

35.08 (32.60-37.57)35.43 (32.95-37.90)36.95 (34.68-39.21)37.86 (35.65-40.07)Emotional distress

17.74 (16.28-19.21)18.16 (16.75-19.57)20.10 (18.77-21.42)19.50 (18.24-20.76)Role function

87.26 (81.27-93.24)88.32 (82.32-94.31)94.62 (89.13-100.11)94.38 (89.04-99.73)Frequency total

PIP difficulty

15.57 (14.24-16.90)15.82 (14.52-17.12)18.13 (16.87-19.39)17.64 (16.45-18.82)Communication

14.49 (12.98-16.00)14.89 (13.37-16.41)16.57 (15.21-17.93)16.88 (15.53-18.23)Medical care

35.08 (32.32-37.84)35.85 (32.98-38.72)38.47 (35.93-41.00)38.87 (36.33-41.41)Emotional distress

17.10 (15.51-18.68)17.57 (15.99-19.16)19.39 (17.97-20.82)19.15 (17.73-20.57)Role function

81.82 (75.76-87.87)84.09 (77.60-90.58)92.35 (86.77-97.93)92.63 (86.86-98.40)Difficulty total

HADSc

7.95 (7.02-8.87)7.61 (6.75-8.46)7.86 (7.01-8.71)8.33 (7.57-9.09)Anxiety

5.05 (4.27-5.84)4.78 (4.00-5.57)5.64 (4.93-6.35)5.52 (4.82-6.21)Depression

PASEd

5.71 (5.24-6.18)5.03 (4.57-5.49)5.09 (4.65-5.52)5.31 (4.92-5.69)Symptoms

6.64 (6.11-7.16)6.55 (6.04-7.06)6.31 (5.83-6.79)6.58 (6.12-7.03)Psychosocial

ECS17-Ae

81.04 (79.36-82.73)75.07 (73.22-76.92)78.32 (75.31-81.32)76.70 (73.47-79.93)Use health information

85.62 (82.37-88.87)81.94 (78.79-85.08)83.65 (80.64-86.67)82.89 (80.07-85.72)Clarify priorities

87.34 (85.74-88.94)79.87 (78.19-81.55)84.20 (81.32-87.08)85.21 (82.29-88.14)Communicate with others

79.79 (76.10-83.49)74.59 (70.85-78.32)76.03 (72.63-79.42)75.45 (72.12-78.79)Negotiate roles

80.84 (77.64-84.04)75.12 (71.53-78.70)76.90 (73.97-79.83)77.01 (73.82-80.20)Decide and act

82.51 (79.73-85.29)76.67 (73.88-79.46)79.45 (76.90-82.01)79.15 (76.66-81.64)ESC17-A total

28.51 (27.67-29.35)28.70 (27.81-29.59)28.07 (27.30-28.84)28.30 (27.51-29.09)CSQf

CHQ-PF50g

83.02 (77.73-88.30)80.35 (75.10-85.61)76.80 (71.94-81.66)74.49 (69.83-79.15)Physical functioning

87.22 (82.02-92.43)87.94 (82.25-93.63)83.62 (78.83-88.40)80.79 (75.72-85.85)Role/social limitations–emotional/be-
havioral

86.75 (81.16-92.35)85.86 (80.06-91.66)80.17 (75.03-85.31)78.77 (73.63-83.92)Role/social limitations–physical

67.27 (61.40-73.14)66.55 (61.16-71.94)62.40 (57.02-67.77)58.85 (54.06-63.63)Bodily pain and discomfort

69.66 (66.05-73.27)66.61 (62.90-70.32)67.19 (63.87-70.51)67.15 (63.86-70.43)Behavior

71.60 (68.01-75.20)75.19 (72.03-78.34)72.77 (69.46-76.08)71.22 (68.40-74.04)Mental health

77.02 (72.89-81.14)76.23 (72.13-80.34)76.42 (72.62-80.22)70.06 (66.43-73.70)Self-esteem

57.31 (53.65-60.97)56.27 (52.78-59.77)54.74 (51.39-58.09)52.41 (49.31-55.52)General health perceptions

68.52 (63.50-73.54)67.74 (62.38-73.10)63.60 (58.99-68.20)63.69 (58.95-68.44)Parental impact–emotional

84.80 (80.10-89.51)82.84 (77.49-88.19)81.99 (77.65-86.34)75.58 (70.84-80.32)Parental impact–time

79.09 (74.52-83.65)77.01 (72.72-81.30)73.47 (69.29-77.65)71.69 (67.88-75.51)Family activities
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InterventionControlVariable

12 months, adjusted
mean (95% CI)

4 months, adjusted
mean (95% CI)

12 months, adjusted
mean (95% CI)

4 months, adjusted

meana (95% CI)

79.89 (75.41-84.37)78.53 (73.81-83.24)74.03 (69.89-78.17)76.27 (72.09-80.44)Family cohesion

44.51 (41.63-47.40)43.06 (40.32-45.80)41.56 (38.90-44.22)39.62 (37.14-42.09)Physical summary scores

48.68 (46.61-50.75)48.79 (46.78-50.79)48.06 (46.15-49.96)45.78 (44.00-47.56)Psychosocial summary scores

aAdjusted mean for baseline scores and educational level.
bPIP: Pediatric Inventory for Parents.
cHADS: Hospital Anxiety and Depression Scale.
dPASE: Parent’s Arthritis Self-Efficacy Scale.
eECS17-A: Effective Consumer Scale–Adapted.
fCSQ: Client Satisfaction Questionnaire.
gCHQ-PF50: Child Health Questionnaire, 50-item parent version.

J Med Internet Res 2022 | vol. 24 | iss. 5 | e29787 | p.214https://www.jmir.org/2022/5/e29787
(page number not for citation purposes)

Mulligan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 4. Multilevel modeling analyses of each outcome exploring time and trial arm main effects and their interactions.

EffectVariable

Time×trial armTimeTrial arm

P valueF test (df)P valueF test (df)P valueF test (df)

PIPa frequency

.580.32 (1,218596).900.01 (1,225948).025.37 (1,120627)Communication

.750.01 (1,45835).840.04 (1,145323).092.87 (1,36383)Medical care

.750.10 (1,129609).790.07 (1,115020).281.17 (1,69328)Emotional distress

.301.10 (1,67018).560.34 (1,89283).025.40 (1,27203)Role function

.760.09 (1,3941957).730.12 (1,2123768).083.14 (1,7872787)Frequency total

PIP difficulty

.500.45 (1,5150).760.09 (1,6133).0067.43 (1,2237)Communication

.940.01 (1,6475).660.20 (1,1715).044.04 (1,2907)Medical care

.870.03 (1,15313).640.22 (1,7769).083.10 (1,6128)Emotional distress

.580.31 (1,1590).620.25 (1,1028).044.37 (1,821)Role function

.690.16 (1,194822).540.37 (1,115056).016.30 (1,588193)Difficulty total

HADSb

.191.72 (1,5892).450.56 (1,6920).890.02 (1,3123)Anxiety

.800.07 (1,12694).520.41 (1,4597).281.16 (1,11080)Depression

PASEc

.034.90 (1,7284).034.80 (1,961).063.63 (1,10281)Symptoms

.440.59 (1,3629).790.07 (1,12798).360.84 (1,7031)Psychosocial

ECS17-Ad

.092.89 (1,4.56E+08).0029.90 (1,7.90E+10).231.42 (1,4.68E+09)Use health information

.271.22 (1,3.55E+07).063.56 (1,8.41E+12).390.75 (1,1.95E+08)Clarify priorities

.00110.33
(1,2.07E+08)

<.00114.66
(1,2.07E+11)

.152.08 (1,2.03E+09)Communicate with others

.102.68 (1,5.77E+06).016.21 (1,1.33E+13).142.16 (1,1.40E+08)Negotiate roles

.034.91 (1,1.22E+07).0038.63 (1,1.79E+08).083.17 (1,7.55E+06)Decide and act

.0096.90 (1,4.36E+06)<.00114.04
(1,7.75E+07)

.112.51 (1,2.29E+07)ECS17-A total

.950.00 (1,14841).690.16 (1,30483).450.57 (1,16736)CSQe

CHQ-PF50f

.930.01 (1,533107).380.77 (1,403462).092.88 (1,546164)Physical functioning

.410.69 (1,577910).820.05 (1,454651).321.00 (1,360571)Role/social limitations–emotional/behavioral

.910.01 (1,66209).790.07 (1,359145).092.89 (1,273546)Role/social limitations–physical

.480.50 (1,777799).800.06 (1,579724).231.44 (1,1039728)Bodily pain and discomfort

.311.05 (1,28885).161.98 (1,48284).330.97 (1,37269)Behavior

.083.15 (1,83261).092.83 (1,264228).640.22 (1,96801)Mental health

.102.73 (1,71775).750.10 (1,92848).840.04 (1,22019)Self-esteem

.620.24 (1,174477).590.28 (1,353837).311.03 (1,198499)General health perceptions

.820.05 (1,434994).790.07 (1,394803).162.00 (1,199245)Parental impact–emotional

.261.27 (1,237236).500.46 (1,434479).390.74 (1,650668)Parental impact–time
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EffectVariable

Time×trial armTimeTrial arm

P valueF test (df)P valueF test (df)P valueF test (df)

.930.01 (1,493035).380.77 (1,396224).083.13 (1,186376)Family activities

.370.81 (1,321685).650.21 (1,222878).063.53 (1,225860)Family cohesion

.810.06 (1,8741).330.93 (1,27479).142.13 (1,8378)Physical summary scores

.132.31 (1,1647).930.01 (1,5005).660.19 (1,6310)Psychosocial summary scores

aPIP: Pediatric Inventory for Parents.
bHADS: Hospital Anxiety and Depression Scale.
cPASE: Parent’s Arthritis Self-Efficacy Scale.
dECS17-A: Effective Consumer Scale–Adapted.
eCSQ: Client Satisfaction Questionnaire.
fCHQ-PF50: Child Health Questionnaire, 50-item parent version.
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Figure 2. Group difference effect sizes at 4 months after randomization for all trial outcomes.CHQ: Child Health Questionnaire; CSQ: Client Satisfaction
Questionnaire; ECS: Effective Consumer Scale; ES: effect size; HADS: Hospital Anxiety and Depression Scale; PASE: Parent’s Arthritis Self-Efficacy
Scale; PIP: Pediatric Inventory for Parents.
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Figure 3. Group difference effect sizes at 12 months after randomization for all trial outcomes.CHQ: Child Health Questionnaire; CSQ: Client Satisfaction
Questionnaire; ECS: Effective Consumer Scale; ES: effect size; HADS: Hospital Anxiety and Depression Scale; PASE: Parent’s Arthritis Self-Efficacy
Scale; PIP: Pediatric Inventory for Parents

Parenting Stress
A significant effect of the trial arm over the 2 follow-up periods
was found on the PIP-F subscales communication and role
function and on the PIP-D subscales communication, medical
care, and role function, as well as the PIP-D total score. In each
instance, participants in the intervention arm reported less
frequency and difficulty of illness-related stressful events than
participants in the control arm. Post hoc comparisons
(Multimedia Appendix 2) found that these effects mostly
reached statistical significance at 12 months. Effect sizes were
small to medium.

Anxiety and Depression
We did not find a significant effect of the intervention on mean
anxiety or depression scores.

Arthritis Self-efficacy
No significant effect of the trial arm was found on PASE.
However, there was a significant time effect on PASE
symptoms, where the whole sample improved over the 12-month
period. In addition, there was a significant interaction effect on
PASE symptoms: participants in the intervention arm reported
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greater improvement in their self-efficacy from 4 to 12 months
than control participants.

Perceived Effectiveness in Managing Health Care
We did not find an overall effect of the trial arm on parents’
perceived effectiveness in managing their child’s health care
assessed with the ECS17-A. We found significant interaction
effects on the subscales communicating with others and deciding
and taking action. For communicating with others, there was a
significant trial arm effect at 4 months favoring the control arm,
but the control arm did not change between 4 and 12 months,
whereas the intervention arm improved significantly. For
deciding and taking action, there was no effect of the trial arm
at 4 or 12 months and the control arm did not change between
4 and 12 months, but the intervention arm improved
significantly. We found a main effect of time on the subscales
use of health information and negotiating roles and taking
control, with an improvement in the overall sample on both
subscales. There was no effect on the subscale clarifying
personal priorities.

Satisfaction With Health Care
Satisfaction with health care services was very high at baseline
and remained so at follow-ups with no significant differences
between the trial arms.

Child’s Health-Related Quality of Life
There was no significant overall effect of the trial arm on
parents’assessment of their child’s health-related quality of life
on the CHQ-PF50.

Discussion

Principal Findings
This RCT evaluated the WebParC website for parents of
children with JIA. To our knowledge, this is the first website
for parents of children with JIA that has undergone evaluation
in an RCT. The website was found to be successful in reducing
child illness–related parenting stress and also promoted a greater
improvement in parents’ self-efficacy in managing children’s
symptoms.

Although the direction of effects mostly favored the intervention,
post hoc comparisons indicated that they did not reach statistical
significance until 12 months. This suggests that it is in the longer
term that the knowledge and skills parents gain from the website
significantly reduce their stress and improve symptom
self-efficacy.

Satisfaction with health care was very high among parents
throughout this trial, indicating that even in the context of
excellent clinical care, parents experience stress related to their
child’s illness. This trial has shown that a web-based
intervention, accessible when needed outside of the clinical
setting, can help parents to manage the stress of having a child
with JIA and could be offered to parents as an adjunct to the
care given to their child. The effect sizes achieved ranged from
small to medium, which is acceptable for a very light touch
intervention that demands few additional resources.

Scores on the ECS17-A subscale communicating with others
were high at all time points, reflecting a good degree of
confidence in communicating with the health care team across
the trial period. However, the intervention arm scores
deteriorated at 4 months before improving again at 12 months.
The drop at 4 months may indicate that access to the website
meant that parents were less likely to engage with health care
professionals in the early stage but had more interaction and
had built up confidence in the longer term.

The parent outcomes improved by the website were those
relating to the stress of communication; managing medical
aspects of their child’s care, including symptoms; and carrying
out everyday family and social roles. It is important that the
website, which covers information about JIA and its treatment,
including potentially distressing issues such as medication side
effects, did not have any negative effect on parents’
psychological well-being. Of the 3 main tasks in living with a
chronic illness proposed by Corbin and Strauss [35], two were
improved by WebParC: medical management and role
management. The third task, managing emotions, was
unchanged.

We were unable to identify evaluations of other interventions
specifically for parents of children with JIA. A review of
interventions for parenting stress in families with pediatric
conditions [35] did not include any web-based interventions. A
Cochrane review of 47 psychological interventions for parents
of children with chronic illnesses [37] included 6 interventions
that were delivered at least partly on the web. Of these, only 2
small trials (n<40) assessed parental mental health;
therapist-supported web-based family problem solving [38] for
traumatic brain injury was found to be beneficial, but
part–web-based cognitive behavioral therapy [39] did not have
an effect on the mental health of parents who had a child with
cancer. The primary target of WebParC was parenting stress
rather than mental health; using web-based approaches to
support the mental health of parents of children with JIA may
require a greater focus on parents’ psychological well-being
than we were able to achieve in WebParC.

Limitations of the study, in common with interventions of this
type, include that it was not possible to blind participants to
trial arm allocation. Although requested not to inform their
child’s clinicians of their allocation, it is not possible to know
whether all participants followed this request. We made every
effort to ensure that where both parents participated,
questionnaires were given to the individual parent for
completion. Although we consider it unlikely, it is nonetheless
possible that 1 parent completed both copies. However, the
number of questionnaires received from both parents is small.
A proportion of parents who consented to participate in the trial
did not return the baseline questionnaire and were therefore not
randomized. The follow-up response rates were also lower than
expected. Parents may have forgotten or not prioritized
questionnaire completion; when reminders and a small incentive
were introduced midtrial, rates of baseline and follow-up
questionnaire return improved. Another possibility is that
although parents consented to the trial when they were at the
clinic, taking part in research about their own well-being, rather
than their child’s, was not a priority for them. Parents who did
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not return the baseline questionnaire may also have been
reluctant to answer detailed questions about their own and their
child’s well-being. These issues will need to be considered in
future studies of this type.

In common with other research [40], fathers were less likely to
participate, which occurred in this trial because they were less
likely than mothers to attend the clinic. It was not possible to
establish whether nonparticipating fathers may have been given
access to the website by participating partners. The small
number of cases where both parents participated meant that we
were unable to cluster by household in our analyses.

To minimize participant burden, outcomes were assessed at
only two follow-up times, 4 months and 12 months, after
randomization. These were chosen for pragmatic reasons and
to allow parents time to use the website before assessing its
impact in the short and medium-to-longer term. We
acknowledge that we will not have been able to capture all
potential stressors that may have occurred and coping strategies
used between the baseline and follow-up periods, but more
frequent assessments would have increased the burden on
parents.

Primary analyses with the PIP scales used a P value of <.05 for
significance as per the protocol. For secondary analyses on
additional scales we did not adjust the P value of <.05 to allow
for multiple testing; therefore, caution should be taken when
interpreting the results. However, it is notable that the pattern
of our findings, even where not statistically significant, were
mostly in the direction favoring the Intervention arm; therefore,
it is unlikely that our significant findings reflect type I error.

Conclusions
In conclusion, the study reported in this paper has demonstrated
that web-based interventions for parents of children with JIA
that combine information and skills training can result in
significant benefits for parents. The benefits of reduced
illness-related parenting stress and improvements in confidence
and self-efficacy regarding parenting skills are important for a
group not often seen as a high priority in health care. Future
studies should attempt to devise techniques that reduce the loss
to follow-up that was higher than projected in this study. In
general, web-based interventions for parents of children with a
chronic illness should be made a priority because they are easy
to access at any time, replicable, and can offer a preventive
approach to a large number of parents.
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Abstract

Background: Sexual minority women disproportionately engage in heavy drinking and shoulder the burden of alcohol dependence.
Although several intensive interventions are being developed to meet the needs of treatment-seeking sexual minority women,
there remains a lack of preventive interventions to reduce drinking and its consequences among women not yet motivated to
reduce their alcohol consumption.

Objective: We aimed to examine the feasibility and efficacy of reducing alcohol-related risks via personalized normative
feedback (PNF) on alcohol use and coping delivered within LezParlay, a social media–inspired digital competition designed to
challenge negative stereotypes about lesbian, bisexual, and queer (LBQ)–identified sexual minority women.

Methods: Feasibility was assessed by examining engagement with LezParlay outside the context of an incentivized research
study, assessing the characteristics of the LBQ women taking part, and examining the competition’s ability to derive risk-reducing
actual norms as well as levels of acceptability and perceived benefits reported by participants. Intervention efficacy was examined
by randomizing a subsample of 499 LBQ alcohol consumers (ie, drinkers) already taking part in the competition to receive sexual
identity–specific PNF on alcohol use and coping, alcohol use only, or control topics over only 2 rounds of play. Changes in
alcohol use and negative consequences were examined 2 and 4 months after the delivery of treatment PNF.

Results: A total of 2667 diverse LBQ women played ≥1 round of LezParlay. The competition attracted large numbers of moderate
and heavy drinkers; however, risk-reducing actual norms could still be derived from competition rounds and featured in PNF.
Efficacy results revealed that drinkers who received PNF on alcohol use and both alcohol use and coping had similar reductions
in their weekly drinks (P=.003; P<.001), peak drinks (P<.001; P<.001), and negative consequences (P<.001; P<.001) relative to
those who received PNF on control topics at the 2-month follow-up. However, at the 4-month follow-up, reductions in alcohol
consumption outcomes faded among those who received alcohol PNF only (weekly: P=.06; peak: P=.11), whereas they remained
relatively robust among those who received PNF on both alcohol use and coping (weekly: P=.02; peak: P=.03). Finally, participants
found the competition highly acceptable and psychologically beneficial as a whole.

Conclusions: The LezParlay competition was found to be a feasible and efficacious means of reducing alcohol-related risks in
this population. Our findings demonstrate the utility of correcting sexual identity–specific drinking and coping norms to reduce
alcohol-related risks among LBQ women and suggest that this approach may also prove fruitful in other stigmatized health
disparity populations. To engage these populations in the real world and expand the psychological benefits associated with PNF,
our findings also point to packaging PNF within a broader, culturally tailored competition designed to challenge negative group
stereotypes.

Trial Registration: ClinicalTrials.gov NCT03884478; https://clinicaltrials.gov/ct2/show/NCT03884478
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Introduction

Background
Relative to women who identify as heterosexual, experience
only opposite-sex attractions, and only have sex with men,
research has reliably documented more frequent and intense
alcohol consumption [1-3], as well as a greater likelihood of
negative alcohol-related consequences and alcohol dependence
[2-4], among sexual minority women, a population that includes
women who psychologically identify as lesbian, bisexual, or
queer (LBQ), in addition to those who report having sex with
women and experiencing same-sex attraction [5,6]. Although
several culturally tailored interventions are currently being
developed to meet the needs of heavy drinking sexual minority
women seeking treatment for alcohol use disorder (AUD) [7,8],
to date, there remains a lack of preventive, culturally tailored
interventions to reduce alcohol-related harm among
alcohol-consuming sexual minority women who are not yet
motivated to reduce their drinking. Seeking to address this void,
this study evaluates the degree to which an evidence-based
personalized normative feedback (PNF) intervention embedded
within a culturally tailored digital competition can engage
LBQ-identified sexual minority women and reduce their
alcohol-related risks.

Antecedents to Heavy Drinking Among Sexual
Minority Women and Targets for Intervention
Consistent with the sexual minority stress model [9], extant
research has linked greater alcohol consumption and negative
consequences among sexual minority women to the
internalization of sexual minority stigma [10-12] and
experiences of harassment, discrimination, and violence due to
sexual minority status [13-15]. These findings have informed
the recent development of 2 stigma-coping–focused digital
programs designed for heavy drinking sexual minority women
seeking treatment for AUD only [7] and both AUD and poor
mental health [8]. Although these programs hold promise for
sexual minority women motivated to seek help, they appear
unlikely to attract or engage the larger population of sexual
minority women who do not view their mental health or drinking
as problematic.

Recent research suggests that to motivate reductions in drinking
among those not seeking treatment, it may be beneficial to target
the elevated perceptions of sexual identity–specific drinking
norms [16-20], which appear to be a consequence of the central
role that alcohol use plays in queer socialization contexts
[21-24]. Indeed, qualitative accounts from LBQ-identified
women suggest that the position of bars and nightclubs as central
hubs for queer socialization may lead young LBQ women to
view heavy drinking as a normative rite of passage [23,24].
Findings from survey studies also suggest that the high visibility

of alcohol use in physical and web-based LBQ community
spaces may lead LBQ women to perceive heavy drinking as
more characteristic or typical of LBQ peers than heterosexual
women [20]. They tend to substantially overestimate how much
and how often LBQ peers drink [16,17,19] and the frequency
with which they drink to cope with sexual minority stigma [25].

Web-Based PNF Interventions
In other heavy drinking populations found to overestimate
peer-drinking norms, alcohol-related risks have been reduced
through PNF, a brief intervention strategy that only requires
members of a social group to answer survey questions about
their perceptions of the typical group member’s drinking and
then report on their own consumption [26-28]. Group members
then receive individualized graphical reports highlighting
discrepancies between their perceptions of peers’ drinking,
peers’ actual drinking, and their own drinking [28,29]. To date,
research has yet to investigate whether delivering PNF on
LBQ-specific drinking and coping norms is an effective means
of reducing alcohol-related risks among LBQ drinkers. However,
supporting the promise of PNF for this population, in university
and military samples, this strategy has been found particularly
effective in reducing alcohol consumption among women
[30,31], individuals for whom the reference peer group or
community is important to their overall sense of self [32], those
reporting coping motivations for drinking [33,34], and heavy
drinkers not yet aware that their consumption exceeds normative
standards [35].

Reaching LBQ Drinkers With PNF on Alcohol Use
and Stigma Coping
Despite the potential promise of PNF, previous work suggests
that LBQ women may comprise a population that is particularly
difficult to reach, recruit, and retain in transparent health
interventions. For instance, a review of community-based
interventions targeting various health risk behaviors in this
population identified low response rates, small sample sizes,
and problems with attrition as significant challenges to
evaluation efforts, reflecting broader difficulties with
intervention engagement [36]. Recruitment and engagement
concerns are also magnified in the PNF context, as this strategy
is most effective in reducing alcohol-related risks among
individuals who do not view their drinking as excessive or see
themselves as in need of intervention. Moreover, very few PNF
interventions have been delivered to populations not attached
to institutions or workplaces, and researchers have struggled to
implement PNF interventions outside study settings where
participation is mandatory or participants are promised
compensation at the point of recruitment [37-39].

Seeking to remedy these implementation challenges and extend
promising gamified intervention work with college students
[40-42], PNF on alcohol use and stigma-coping behaviors was
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delivered to LBQ drinkers within LezParlay, a culturally tailored
digital competition designed to challenge negative stereotypes
about LBQ women and increase visibility (Figure 1). In brief,
the competition comprised 8 monthly rounds wherein LBQ
users guessed about the behaviors, attitudes, and experiences
of age group and sexual identity–matched peers; wagered points
on their guesses being true based on the responses of other users;
and reported on their own corresponding behaviors, attitudes,
and experiences. At the end of each month, players were SMS
text messaged private URLs at which they could view detailed

results (ie, PNF) on all or a subset of the round’s questions. All
actual norms presented in the detailed results (ie, PNF) were
transparently derived from the responses of the players in each
subgroup. Users’ scores reflected the accuracy of their LBQ
peer perceptions, and each round’s top scorer won a variable
cash prize. A complete overview of the digital competition and
detailed descriptions of the theory-informed game mechanics
and deep-structure cultural adaptations leveraged to bolster
appeal and engagement are available in this project’s protocol
paper [43].

Figure 1. The initial version of LezParlay tested in this trial was a device-responsive HTML5 web application that delivered personalized normative
feedback on a number of lesbian, bisexual, and queer stereotypes and health-related topics within the context of a monthly competition.

This Study
Informed by the Accelerated Creation-to-Sustainment model
for the rapid development and evaluation of real-world–ready
digital health interventions [44-46], a registered hybrid trial
[43] simultaneously examined the degree to which LBQ women
would be engaged in the LezParlay competition in the real world

(when there was no study framing and participation incentives
were not offered) and evaluated whether delivering PNF on
alcohol use and stigma coping within the competition would
meaningfully reduce alcohol use and negative consequences
among participating LBQ drinkers. As shown in Textbox 1, this
study examined 5 key questions related to LezParlay’s feasibility
and efficacy as an alcohol intervention strategy.

Textbox 1. Key feasibility and efficacy questions addressed in this study.

Feasibility

1. Were lesbian, bisexual, and queer (LBQ) women engaged by the LezParlay competition in the absence of traditional study incentives?

2. Could risk-reducing actual drinking norms be generated in real time from users’ responses to round questions?

3. Did LBQ drinkers taking part in LezParlay find the competition acceptable and psychologically beneficial? What ideas for improvements were
submitted?

Efficacy

1. Did personalized normative feedback (PNF) designed to correct LBQ peer-drinking norms reduce alcohol-related risks among LBQ drinkers?

2. Did PNF on both LBQ peer-drinking and stigma-coping norms better reduce alcohol-related risks than PNF on LBQ peer-drinking norms alone?
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Methods

Participants and Procedure

Broader Competition
LezParlay was advertised to LBQ women as it would be in the
real world—as a free, web-based competition designed to test
LBQ stereotypes and increase visibility. Despite no traditional
study incentives being offered at the point of recruitment or
sign-up, 2677 LBQ women took part in the competition between
December 2018 and July 2019 and played ≥1 of the 8 monthly
rounds. LezParlay’s informational landing page received 4099
unique views during recruitment and competition periods, with
digital advertising campaigns responsible for the bulk of these

views. Specifically, promotional campaigns on the HER Social
app, a popular dating and social networking app for LBQ
women, were responsible for 34.01% (1394/4099) of the total
landing page visits, whereas campaigns on Facebook or
Instagram and Google Search accounted for 32.01% (1312/4099)
and 22.98% (942/4099) of the total visits, respectively. Of the
4099 landing page visitors, 2008 (48.99%) advanced directly
to create a user account [43] on the LezParlay competition web
app. In addition, 669 user accounts were created organically by
users who did not view the landing page first but were directly
invited to the LezParlay web app by a friend taking part in the
competition. Figure 2 provides a visual breakdown of LezParlay
users by US metropolitan area, and Table 1 presents basic user
characteristics.

Figure 2. Geodensity of LezParlay users across US metropolitan areas.
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Table 1. Characteristics of LezParlay users (N=2667).

Participants, n (%)Characteristic

Sexual identity

1446 (54.22)Lesbian

669 (25.08)Bisexual

562 (21.07)Queer

Age group (years)

107 (4.01)<18

401 (15.04)18-24

1284 (48.14)25-34

562 (21.07)35-44

240 (9)54-65

80 (3)≥66

Relationship status

1205 (45.18)Single

857 (32.13)In a relationship

455 (17.06)Married

161 (6.04)It’s complicated

Device used

2266 (84.96)Mobile phone

54 (2.02)Tablet

347 (13.01)Computer

Evaluation Study (Randomized Controlled Trial)
The third monthly round of LezParlay inquired about alcohol
use and LBQ stigma exposure and served as the screening
instrument and baseline assessment (time point [T1]) for the
randomized controlled trial (RCT). As players completed this
round, a subsample of 500 LBQ drinkers meeting the eligibility
criteria were invited to take part in an evaluation study wherein
they were incentivized to play subsequent rounds and complete
a feedback survey following the competition. A total of 1337
LBQ women completed the round with 912 users covertly
screened for eligibility based on their responses to round
questions about alcohol use (ie, reporting drinking ≥3 days per
week or consuming ≥3 drinks on their heaviest drinking
occasion) and other app data (eg, geolocation in the United
States, at least one previous round played, and no partner
participating) before the 500 spots in the evaluation study were
filled. As described in greater detail elsewhere [43], at the point

of study enrollment, participants were covertly randomized to
receive 1 of 3 sequences of PNF delivered at the end of the third
and fourth monthly rounds: alcohol + coping, alcohol + control,
or control topics only. Reductions in drinking and negative
consequences were assessed 2 (time point 2 [T2], June 2019)
and 4 (time point 3 [T3], August 2019) months later. Following
completion of a postcompetition feedback survey, participants
were debriefed regarding the research questions and the
nonrandom nature of the topics on which they received detailed
results in 2 of the 8 competition rounds. A CONSORT
(Consolidated Standards of Reporting Trials) diagram
summarizing the flow of participants through the RCT portion
of the trial is presented in Figure 3 (see also Multimedia
Appendix 1 for this trial’s CONSORT E-HEALTH checklist).
Mirroring the larger user base, the evaluation study drinkers
were diverse in terms of their geographic locations, representing
44 US states and 221 different counties and age groups, sexual
identities, races, and ethnicities.
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Figure 3. Flow of the evaluation showing study participants through screening, enrollment, and follow-ups. PNF: personalized normative feedback.
T1: time point 1; T2: time point 2; T3: time point 3.

Ethical Considerations
Human subjects approval for this research was granted by the
Loyola Marymount University institutional review board
(protocol #LMUIRB2018SU14) on August 14, 2018. All
procedures [43] were in accordance with the ethical standards
of the US Department of Health and Human Services Office
for Human Research.

Measures

Competition Engagement
Data collected by Google Analytics and the application
examined the total number of users who signed up to participate
in the LezParlay competition and detailed users’average number
of logins, number of rounds completed, and most visited areas
of the app.
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Demographics
All users reported their sexual identity and relationship status
at competition sign-up. Age in years, race, and ethnicity were
also reported by the evaluation study participants at the point
of study enrollment.

Perceived Norms for Alcohol Use and Negative
Consequences
Three items modeled after the Quantity, Frequency, Max
measure [47] assessed perceived LBQ peer alcohol use norms
for the average number of drinks consumed in a typical week
(2 items), maximum (or peak) number of drinks consumed on
one occasion (1 item), and the number of negative
alcohol-related consequences experienced (1 item). The
perceived norm for weekly drinks comprised 2 items that
prompted users to report their perception of the number of days
per week the typical user drank (0-7 days) and the typical user’s
average number of drinks consumed per drinking day (0 to ≥12
drinks). The product of these 2 items was computed to create a
variable indicative of users’ perceived norm for weekly drinks.
For the peak drinking norm, users reported the typical user’s
maximum number of drinks consumed on one occasion (0 to
≥12 drinks). To assess the perceived norm for negative
consequences, users were presented with a list of 8 negative
consequences (eg, had a hangover or illness, got in a physical
or verbal fight, had problems with a significant other, missed a
social engagement or event, had problems with friends or family,
performed poorly at work or school, had problems with money,
and had an unwanted or regrettable sexual experience) and were
then asked to report the number they thought the typical user
experienced due to drinking or partying. At all 3 time points,
items assessing norms referenced the previous 2 months, and
the sexual identity and age group of the typical user in these
questions were piped to match each user’s own sexual identity
and age group (eg, “Over the past two months, on average, on
how many days per week did the typical [lesbian] user in her
[30s] drink?”).

Own Alcohol Use and Negative Consequences
Users’ own weekly drinks, peak drinks on one occasion, and
negative consequences in the past 2 months were assessed using
items that paralleled norm items (eg, “Over the past two months,
on average, on how many days per week did YOU drink?”) at
the same time points and presented the same response options
(ie, 0-7 days; 0 to ≥12 drinks; 0-8 negative consequences).

Interpersonal Stigma Exposure
Interpersonal stigma exposure was assessed at T1 with two
items adapted for the in-game context from a widely used
measure of sexual minority stigma [48]: (1) “During the past 2
months, how many times have you been physically harmed due
to your sexual identity?” (2) “During the past 2 months, how
many times have you been verbally harassed or threatened
(online or in person) due to your sexual identity?” More than
75% of users’ responses were concentrated in the range of 0 to
1. Therefore, items were first recoded to reflect this binary (ie,
0=this did not happen; 1=this happened once or more times)
and then summed to produce a score between 0 and 2. This
measure was included as a covariate in statistical models

evaluating efficacy due to sexual minority status–related
violence and harassment being the experiences most consistently
linked to alcohol consumption and negative alcohol-related
consequences among sexual minority women [13-15].

LezParlay Acceptability
The postcompetition feedback survey prompted study
participants to rate numerous aspects of the competition (the
stereotype challenge concept, topics and questions, detailed
results, leaderboards, the ability to browse player profiles, the
ability to submit questions, the ability to bet points on the
accuracy of guesses, SMS text messages, and email
communications) on Likert-type scales ranging from did not
like at all (rating=0) to liked very much (rating=5). Total
acceptability scores were computed by summing the ratings.

LezParlay Perceived Benefits
A single item in the feedback survey asked evaluation study
participants to select yes or no in response to the question, “Did
you find taking part in LezParlay to be psychologically
beneficial?” Those selecting yes in response were invited to
enter text describing their perceived benefits.

LezParlay Ideas for Improvement
A final free-response question asked evaluation study
participants to share any ideas they had for ways in which
LezParlay could be improved (ie, “Do you have any ideas for
how LezParlay could be improved? What would you like to see
in the next version?”).

Analysis Plan

Evaluating Feasibility
Descriptive statistics examined the level of engagement with
the LezParlay app (ie, total number of sign-ups and average
number of rounds played), initial levels of alcohol use among
players, competition-derived actual norms for treatment topics,
competition acceptability among drinkers taking part in the
RCT, and the proportion of drinkers taking part in the RCT
reporting perceived psychological benefits. Qualitative responses
to items assessing the perceived benefits associated with
LezParlay and ideas for improvement were examined using a
generic inductive qualitative coding approach [49,50]. This
iterative approach is similar to grounded theory but is more
commonly used in the program evaluation literature, where the
coding objective tends to be summarizing phenomena for basic
understanding rather than building theory. As this approach can
be prone to reflecting the biases of a single coder, multiple coder
perspectives were sought, with a lesbian-identified senior
researcher (SCB), a gay male–identified senior researcher
(JWL), and 2 heterosexual female research assistants taking
part in the coding process. For psychological benefits, coding
sought to condense the raw text descriptions submitted by
participants into a summary of common benefit categories. First,
the 2 senior researchers (SCB and JWL) conducted independent,
initial readings of participant responses, with each aiming to
identify no more than 10 unique categories of benefits. As
responses were generally short, although many described >1
benefit, it was decided a priori that each response could receive
up to 3 category classifications. The senior researchers then
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met, compared categories, agreed upon common category
themes, and identified several pairs of categories that were
extremely similar and could be condensed into a single category.
This process culminated in 6 shared benefit categories. Next, 2
research assistants independently classified all responses
according to the 6 categories, with each response coded for a
maximum of 3 benefits. Interrater reliability was high (κ=0.91),
and discrepancies were resolved through discussion. A similar
approach was used to code participants’ ideas for improving
LezParlay. However, as the research team only sought to identify
the most agreed-upon or frequently submitted ideas for
improvement to inform the next version of the app, all 4 coders
independently grouped participant responses in terms of
similarity. No discrepancies in groupings were observed between
coders, and similar responses were tallied for summary purposes.

Evaluating Efficacy
Preliminary analysis of RCT data examined the distributions
of alcohol-related variables, the nature of missing data, and the
characteristics of participants lost to follow-up (t tests). One-way
ANOVAs and chi-square tests also established conditional
equivalency for demographic characteristics, interpersonal
stigma, perceived alcohol use norms, and alcohol use behaviors
assessed at T1. Examination of attrition suggested that
missingness was random rather than systematic. As such, 3
multilevel models, each with maximum likelihood estimation
to deal with data missing at random, a random intercept
component, and an unstructured covariance matrix, were
conducted in SAS (version 9.4) to assess the effects of treatment
PNF (alcohol PNF and alcohol + coping PNF) on respective
changes in weekly drinks, peak drinks, and negative
consequences relative to control PNF. In all 3 models, predictors
included study condition (alcohol PNF and alcohol + coping
PNF vs control PNF) and time (T2 and T3 vs T1). To determine
whether there were changes in drinking outcomes over time
related to PNF treatment, condition × time interaction terms
were included in each model. Covariates also included in the
models were age, sexual identity (bisexual and queer vs lesbian),
race (White vs non-White), ethnicity (non-Hispanic or Latino
vs Hispanic or Latino), relationship status (single vs in a
relationship or married), and exposure to interpersonal LBQ
stigma. Post hoc Tukey tests were then conducted to determine
the nature of significant condition × time effects.

Results

Research Question 1: Were LBQ Women Engaged by
the LezParlay Competition?
Yes, despite no traditional study incentives being offered at
recruitment, sign-up, or initial round completion, 2667 LBQ
women signed up and played ≥1 round. Furthermore, the average
user logged into the LezParlay app 2 times during the
competition following initial sign-up; completed 1.97 rounds;
and, on average, spent 4.15 minutes on the app per login (no
SDs available). The LezParlay web application also recorded
54,072 total page visits among logged in users, with the most
frequented sections of the app devoted to browsing the social
media–inspired profiles of other users, followed by playing
monthly rounds, viewing detailed results (ie, PNF), and viewing
leaderboards.

Research Question 2: Was It Feasible to Derive
Risk-Reducing LBQ Actual Drinking Norms From
In-Round Questions?
Yes, of the 1337 LezParlay users who completed the round
where alcohol use was first assessed, 254 (19%) reported no
alcohol consumption or light drinking (≤2 drinks per week),
and 346 (25.88%) reported moderate drinking (3-7 drinks per
week and ≤3 drinks on any day). Notably, ≤7 drinks per week
and ≤3 drinks per day are the upper limits for low-risk drinking
among women, as defined by the National Institute on Alcohol
Abuse and Alcoholism [51], as these patterns of consumption
equate to low risks for alcohol dependence and development of
alcohol-related health problems. Higher levels of risk were also
well represented in LezParlay, with 55.12% (737/1337) of the
users who completed this round consuming ≥8 drinks per week
or ≥4 drinks on any day, thereby meeting the National Institute
on Alcohol Abuse and Alcoholism’s definition of high-risk
drinking [51]. Conferring elevated risks for AUD and
alcohol-related health problems, the average number of drinks
consumed per week among these users ranged from 8 to 56
drinks, and peak drinks consumed on a day ranged from 4 to
≥12 drinks for the 2-month period referenced in the game
questions. However, as LezParlay users were so diverse in their
patterns of alcohol consumption, the broader composition of
alcohol use among users was sufficient for generating
risk-reducing actual norms to deliver to drinkers in the
evaluation study. As is typically the case in traditional PNF
interventions, the lower levels of consumption among
nondrinkers and low-risk drinkers attenuated the higher levels
of consumption among high-risk users. Round-derived actual
norms featured in treatment PNF are presented in Table 2.
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Table 2. Competition-derived actual norms presented in treatment personalized normative feedback.

Age groups (years)Norms

≥4030-3921-29

n=212n=498n=627Round 3: alcohol use actual normsa

1.522Drinking days per week, mean

222.5Drinks per occasion, mean

345Weekly drinks, mean

334Peak drinks on one occasion, mean

11.52Negative consequences, mean

n=186n=414n=503Round 4: coping actual normsa

161718Times drank alcohol to cope, %

9912Time used drugs to cope, %

496155Times exercised or meditated to cope, %

625053Times sought social support to cope, %

aAs no sexual identity differences were observed for alcohol use or coping behaviors, participants received the same age group–specific lesbian, bisexual,
and queer actual norms for these topics as a function of condition assignment.

Did PNF on Alcohol Use Delivered Within the
Competition Reduce Alcohol-Related Risks Among
LBQ Drinkers? Was It More Beneficial to Deliver PNF
on Both Drinking and Coping Behaviors Than on
Drinking Behaviors Alone?
Retention in the RCT was adequate, with 80.2% (400/499) of
the evaluation study participants retained at T2 and 71.3%
(356/499) at T3. Participants lost to follow-up were younger
(t497=4.48; P<.001) and non-Hispanic White (t497=4.13; P<.001).
Attrition, in this case, was considered random rather than
systematic, given that the average participant in the study was
both younger and non-Hispanic White, and attrition was not
significantly associated with any other study variables. Beyond
attrition, there were no other missing data among participants.
As shown in Table 3, tests of conditional equivalency revealed
no significant between-condition differences for any of the
variables at baseline.

The results for multilevel models, predicting weekly drinks,
peak drinks on one occasion, and negative alcohol-related

consequences are presented in Table 4. The condition × time
effects in each model were significant, indicating that treatment
PNF conditions predicted significant changes in outcomes over
time, controlling for baseline covariates (ie, sexual identity,
race, ethnicity, age, relationship status, and interpersonal stigma
exposure).

As presented in Table 5 and Figure 4, post hoc analyses probing
interaction effects for each outcome revealed that participants
in both treatment PNF conditions significantly decreased their
weekly drinks from T1 to T2 relative to participants receiving
PNF on control topics, but significant differences in weekly
drinks were retained only at T3 between the alcohol + coping
PNF and control PNF conditions. Similarly, both treatment PNF
conditions predicted significant decreases in peak drinks
consumed from T1 to T2 relative to control PNF; however, only
the differences between the alcohol + coping and control PNF
conditions met the threshold for significance at T3 (P=.06 for
alcohol PNF vs control PNF). Finally, participants in both
treatment PNF conditions significantly decreased the negative
consequences they experienced relative to controls from T1 to
T2 and from T2 to T3.
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Table 3. Baseline demographics, psychosocial characteristics, drinking norms, and alcohol use of evaluation study participants overall and by condition
assignment.

Alcohol + coping PNF (n=143)Alcohol PNF (n=179)Control PNFa (n=177)Overall (N=499)Characteristics

Sexual identity, n (%)

89 (62.2)108 (60.3)94 (53.1)290 (58.1)Lesbian

29 (20.2)39 (21.8)48 (27.1)115 (23)Bisexual

25 (17.5)32 (17.9)35 (19.8)94 (18.8)Queer

Relationship status, n (%)

60 (41.9)69 (38.5)80 (45.2)209 (41.9)Single

Ethnicity, n (%)

37 (25.8)46 (25.7)40 (22.6)123 (24.6)Hispanic/Latino

Race, n (%)

4 (2.7)5 (2.8)4 (2.3)13 (2.6)American Indian/Alaskan Native

6 (4.1)16 (8.9)17 (9.6)39 (7.8)Asian American

19 (13.2)25 (14)26 (14.7)70 (14)Black/African American

1 (0.6)0 (0)0 (0)1 (0.2)Hawaiian/Pacific Islander

78 (54.5)91 (50.8)99 (55.9)268 (53.7)White

15 (10.4)23 (12.8)15 (8.5)53 (10.6)Multiracial

14 (20)19 (10.6)16 (9)55 (11)Other

29.73 (7.15)30.37 (7.75)29.47 (7.03)29.87 (7.32)Age (years), mean (SD)

0.62 (0.70)0.56 (0.66)0.66 (0.69)0.61 (0.69)T1b interpersonal stigma, mean (SD)

T1 perceived drinking norms, mean (SD)

13.89 (7.92)14.07 (10.35)13.84 (9.44)13.94 (9.37)Norm–weekly drinks

6.43 (2.20)6.36 (2.07)6.16 (2.27)6.31 (2.18)Norm–peak drinks

2.73 (1.72)3.01 (1.84)2.84 (1.65)2.88 (1.74)Norm–consequences

T1 alcohol use, mean (SD)

9.43 (6.00)8.96 (8.19)9.13 (7.90)9.15 (7.51)Weekly drinks

5.87 (2.19)5.76 (2.37)5.74 (2.43)5.79 (2.34)Peak drinks

2.58 (1.89)2.55 (1.86)2.45 (1.95)2.52 (1.89)Consequences

aPNF: personalized normative feedback.
bT1: time point 1.

J Med Internet Res 2022 | vol. 24 | iss. 5 | e34853 | p.233https://www.jmir.org/2022/5/e34853
(page number not for citation purposes)

Boyle et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 4. Multilevel model results for outcomes (weekly drinks, peak drinks, and negative alcohol-related consequences).

ConsequencesPeak drinksWeekly drinksOutcomes

P valueb (SE)P valueb (SE)P valueb (SE)

.240.2 (0.16).540.13 (0.22).580.41 (0.74)Alcohol PNFa

.470.13 (0.17).490.16 (0.23).860.14 (0.78)Alcohol + coping PNF (reference: control PNF)

<.0010.71 (0.12).190.19 (0.14).090.65 (0.39)Time 2

<.0010.64 (0.13).73−0.05 (0.15).22−0.50 (0.40)Time 3 (reference: time 1)

<.001−1.03 (0.18)<.001−1.61 (0.20)<.001−2.72 (0.54)Alcohol PNF × time 2

<.001−0.90 (0.18).005−0.59 (0.21).004−1.64 (0.57)Alcohol PNF × time 3

<.001−1.00 (0.19)<.001−1.67 (0.22)<.001−3.39 (0.58)Alcohol + coping PNF × time 2

<.001−0.98 (0.20).02−0.71 (0.23).01−2.03 (0.61)Alcohol + coping PNF × time 3

.01−0.48 (0.16).19−0.29 (0.22).02−1.88 (0.78)Queer

.83−0.03 (0.15).050.40 (0.20).08−1.26 (0.72)Bisexual (reference: lesbian)

.0010.51 (0.13).210.23 (0.18).250.75 (0.65)Non-White (reference: White)

.07−0.28 (0.15).930.02 (0.22).38−0.68 (0.77)Hispanic or Latinx (reference: non-Hispanic or Latinx)

<.001−0.04 (0.01).001−0.04 (0.01).20−0.05 (0.04)Age

<.0010.41 (0.13).010.61 (0.18).0022.30 (0.62)Single (reference: coupled or married)

<.0010.45 (0.09).0020.38 (0.12)<.0011.85 (0.43)Interpersonal stigma exposure

aPNF: personalized normative feedback.

Table 5. Tukey post hoc test results probing PNFa condition × time interactions.

ConsequencesPeak drinksWeekly drinksPNF condition comparisons

P valueb (SE)P valueb (SE)P valueb (SE)

T1b

.24−0.20 (0.16).54−0.13 (0.22).58−0.41 (0.74)Alcohol vs control

.47−0.13 (0.17).49−0.16 (0.23).86−0.14 (0.78)Alcohol + coping vs control

.690.07 (0.17).91−0.03 (0.23).730.27 (0.78)Alcohol vs alcohol + coping

T2c

<.0010.83 (0.18)<.0011.48 (0.23).0032.31 (0.77)Alcohol vs controld

<.0010.86 (0.19)<.0011.51 (0.25)<.0013.25 (0.82)Alcohol + coping vs controld

.870.03 (0.19).880.04 (0.25).250.94 (0.82)Alcohol vs alcohol + coping

T3e

.0020.70 (0.19).060.46 (0.24).121.24 (0.79)Alcohol vs controld

<.0010.86 (0.20).030.55 (0.26).031.90 (0.84)Alcohol + coping vs controld

.440.15 (0.20).710.10 (0.26).430.66 (0.84)Alcohol vs alcohol + coping

aPNF: personalized normative feedback.
bT1: time point 1.
cT2: time point 2.
dAcross outcomes, Cohen d effect size estimates for significant treatment versus control comparisons ranged from 0.20 to 0.33 at T2 and 0.12 to 0.22
at T3.
eT3: time point 3.
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Figure 4. Personalized normative feedback (PNF) condition as a function of time for each outcome.

Did LBQ Drinkers Find the Competition Acceptable
and Psychologically Beneficial? What Ideas for
Improvements Did They Submit?
Overall, drinkers in the evaluation study found the LezParlay
competition to be highly acceptable, with the average participant
rating competition aspects between liked and liked very much
(mean 41.26, SD 3.84; out of a maximum score of 50). Table
6 presents descriptive statistics for individual acceptability items.
Notably, the highest-rated aspect was receiving detailed results
each round (mean 4.51, SD 0.56). The exploratory 1-way
ANOVA and correlational analyses also determined that
acceptability ratings were not significantly associated with
participants’ study condition (F2,355=0.41, P=.67) or baseline
measures of alcohol outcomes (r ranged from 0.02 to 0.04; P
ranged from .64 to .68).

Of the 356 participants who completed the feedback survey,
331 (93%) reported finding the LezParlay competition to be
psychologically beneficial. Furthermore, 85.5% (283/331) of
the participants that indicated benefits entered text to describe
the experienced benefits. Qualitative coding resulted in 6
common categories of benefits reported by participants:

knowledge and social comparison, community connection and
identity strength, stigma reduction, introspection and
self-confrontation, entertainment and fun, and mood
enhancement. Table 7 presents the proportion of total responses
that reflected each benefit category and representative responses
of benefits in each category.

Notably, although benefits associated with social comparison
and self-confrontation in the domain of drinking may be
experienced in a traditional PNF alcohol intervention, benefits
associated with community connection and identity strength,
stigma reduction, entertainment, and enhanced mood and
outlook would not be experienced in the context of traditional
PNF. Presumably, these extra psychological benefits described
by participants were related to LezParlay’s social media–inspired
web-based community features, the broad challenging of
negative LBQ stereotypes via PNF, and the
competition-fostering constellation of game mechanics.

In response to the optional item inquiring as to how LezParlay
could be improved, 47.5% (169/356) of participants submitted
a total of 307 individual ideas for improvement. The most
frequently submitted ideas revealed that participants most
commonly desired a native (iOS and Android) smartphone app
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for the competition (112/307, 36.5%); more frequent rounds
(eg, weekly rather than monthly) with faster results delivery
(74/307, 24.1%); increased opportunity for interaction between
players (eg, a chat feature or direct messaging that could be
turned on and off; 43/307, 14%); increased ease of inviting
friends and the ability to earn bonus points for referring friends
(24/307, 7.8%); the ability to go back and change previously
submitted guesses or point wagers before a round closing
(12/307, 3.9%); the connection of results to informational

articles or community resources (11/307, 3.6%); additional
questions about race, gender identity, and sexual identity–based
biases within the community (9/307, 2.9%); worldwide
promotion and additional results comparing the behaviors and
experiences of LBQ players in different countries or regions
(4/307, 1.3%); and the ability to see the community thumbnail
photo collage of LBQ users being guessed about on the guess
question screen rather than on a previous screen (4/307, 1.3%).

Table 6. LezParlay competition acceptability ratings by item (N=356).

Rating, mean (SD)aAcceptability item

4.37 (0.56)The “stereotype challenge” concept

4.01 (0.56)The topics and questions

4.51 (0.56)Receiving the detailed results each round

3.62 (0.66)Browsing players profiles

3.95 (0.59)Submitting and voting on questions

4.34 (0.62)Betting points on your guesses being correct

4.12 (0.58)Receiving SMS text message reminders

4.27 (0.50)Receiving email reminders

3.89 (0.60)Viewing the top scorer leaderboards

4.09 (0.55)Competing for money and receiving gift cards

aResponse options ranged from 1=disliked very much to 5=liked very much.

Table 7. Categories of psychological benefits described by participants and representative responses (n=283).

Representative responses and user characteristicsTotal, n (%)Benefit category

184 (65)Knowledge and social
comparison

• “I work at an LGBTQ community center and it really helped having data to influence our programs
and identify topics/issues to discuss in our women's group meetings.” [Queer, 41 years]

• “Let me learn more about the lgbtq community and see that I drink way more than average lol fail”
[Lesbian, 38 years]

96 (33.9)Community connection
and identity strength

• “Being in my 50s and feeling sort of invisible these days this competition really helped me feel
connected to something again” [Lesbian, 52 years]

• “It was so great for me although it's hard to describe how/why exactly...felt connected and in the
know...also felt more confident and secure in my identity.” [Queer, 25 years]

88 (31)Stigma reduction • “This really helped me reduce biases that I had internalized without even realizing it!” [Queer, 26
years]

• “Cool to see that some of the negative ways we get portrayed in the media are totally off.” [Lesbian,
36 years]

66 (23.3)Introspection and self-
confrontation

• “This really helped me see that I need to get my shit together in several areas” [Lesbian, 33 years]
• “Made me question some of my own tendencies and behaviors. Came to see that I was doing what

I thought everyone else was doing which wasn't even the truth...” [Lesbian, 28 years]

54 (19)Funa and entertainment • “Loved the competition, betting, prizes, and leaderboards... so so fun” [Lesbian, 51 years]
• “It was so fun and I was able to get my lesbian roommate to play with me...we got super competitive

about scores and had a blast!” [Bisexual, 37 years]

40 (14.1)Mood and outlook en-
hancement

• “...helped my mental health and gave me a more positive outlook on all things queer.” [Queer, 29
years]

• “It was a source of enjoyment. Getting the results always put me in such a good mood...even when
I was wrong about stuff...” [Lesbian, 23 years]
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Discussion

Principal Findings
LezParlay leveraged gamification and deep cultural adaptations
to deliver a PNF alcohol intervention to LBQ women, a
difficult-to-engage population for whom alcohol-related risks
are high, but efficacious evidence-based intervention and
prevention programs are lacking [3,52]. Reflecting the
widespread appeal and cost-efficacy afforded by LezParlay’s
framing as a competition designed to challenge negative LBQ
stereotypes, a very large and diverse group of LBQ women
signed up to take part in the competition despite the lack of
traditional study incentives being offered for sign-up or initial
round play. Furthermore, more than half of the LBQ users who
completed the round in which alcohol use was first assessed
exceeded established drinking guidelines for women and thus
were an ideal population for PNF intervention. LBQ women
taking part in LezParlay substantially overestimated
LBQ-specific peer norms for drinking, experiencing negative
consequences, and engaging in maladaptive coping behaviors
in response to stress and stigma consistent with previous survey
study findings [16-19]. In summary, the markedly lower levels
of consumption among alcohol abstainers and low-risk drinkers
also taking part in the round attenuated the levels of
consumption among heavier drinkers, allowing risk-reducing
actual drinking norms (presented in PNF) to be organically
generated in real time from users’ round data.

This novel approach to PNF intervention also demonstrated
efficacy in reducing drinking and its negative consequences.
Relative to LBQ drinkers randomized to receive PNF on control
topics in the competition, those who received treatment PNF
on drinking or both drinking and coping similarly and
substantially reduced their weekly drinks, peak drinks consumed
on one occasion, and number of negative consequences 2 months
later. For these outcomes, effect sizes associated with LezParlay
treatment arms at the 2-month follow-up were consistent with
or exceeded the short-term effects associated with treatment
arms of traditional, remotely delivered PNF alcohol
interventions in other populations [53-55]. Thus, in the short
term, the impact of additional treatment PNF on coping
behaviors beyond alcohol PNF was negligible. However, at the
4-month follow-up, relative to control PNF, the reductions in
quantity of consumption outcomes (ie, weekly drinks and peak
drinks) associated with the alcohol-only PNF condition faded,
whereas they remained relatively robust in the alcohol + coping
condition. There are 2 potential explanations for this finding.
First, as previous research has found drinking to cope to be a
strong overall predictor of alcohol consumption among LBQ
women [56,57], correcting LBQ coping norms may have
changed participants’own coping behaviors to be more adaptive,
which, with passing time, impacted alcohol use outcomes.
However, given the design of this trial, wherein coping PNF
corrected norms for coping-motivated drinking (among other
behaviors) and was delivered 1 month following the initial
treatment PNF on alcohol use, it is possible that coping PNF
had little effect on participants’ subsequent coping behaviors.
Rather, the portion of coping PNF that corrected norms for
coping-motivated drinking may have acted as a broader booster

to alcohol PNF, further reinforcing the idea that LBQ peers do
not drink as much as one previously thought. Thus, although
efficacy findings from this initial trial are promising and suggest
that both alcohol and coping PNF are beneficial, additional
research will be needed to fully understand the mechanisms (ie,
correcting coping norms or reinforcing actual alcohol use norms)
by which coping PNF influences drinking in this population.

In addition to being a feasible and effective means of delivering
PNF to this population, LBQ drinkers also found the LezParlay
competition to be both highly acceptable and psychologically
beneficial. Notably, the detailed results (ie, PNF) were the most
liked aspect of LezParlay, and ratings were not significantly
associated with study condition or baseline alcohol consumption.
Thus, those receiving fewer and more health-related results as
a function of condition and those entering the study as lighter
and heavier drinkers similarly enjoyed receiving the PNF
delivered. These findings suggest that future versions of the
competition might also correct additional types of alcohol and
coping-related norms or expand the topics on which PNF is
delivered to other areas of physical and mental health without
detracting from acceptability or engagement. Most participants
also reported that they psychologically benefited from taking
part in the competition, and descriptions of benefits reflected
learning and social comparison, community connection and
identity strength, stigma reduction, enhanced mood or outlook,
and entertainment. Many of these benefits map onto LezParlay’s
social media–inspired web-based community features, the
constellation of game mechanics, and the broad challenging of
negative LBQ stereotypes and, importantly, extend far beyond
the psychological benefits associated with traditional PNF
alcohol interventions. Finally, participants submitted several
actionable ideas for ways in which the LezParlay app, user
experience, and competition format could be improved. These
insights will inform the next version of LezParlay.

Implications for Intervention Research and Practice
To date, alcohol interventions developed for sexual minorities
have tended to be clinical, intensive, and focused on affirming
sexual identities, aiding individuals in understanding sexual
minority stress processes, and providing resources to help
individuals cope with stigma more adaptively [52,58,59].
Although these approaches hold much promise for individuals
seeking treatment, other findings suggest that the central and
highly visible positions that bars and nightclubs occupy in sexual
minority communities may diminish community members’
recognition of their heavy drinking as problematic and
motivation to change, thereby deterring or delaying treatment
seeking [60-62]. However, very few, if any, previous
evidence-based interventions have been designed to motivate
reductions in drinking among sexual minorities who do not view
their drinking as problematic or experience other barriers to
intensive treatment programs. To our knowledge, this study is
the first to demonstrate that correcting sexual minority–specific
drinking and coping norms via PNF is effective in reducing
drinking in a sexual minority population. Although more
research is needed, these findings suggest that the impact of
PNF is not diminished by violence and harassment due to sexual
minority status and that this approach may similarly reduce
alcohol-related risks in other populations of sexual minority
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adolescents and adults. Importantly, for LBQ women, this
gamified, incognito, brief intervention also provides a valuable
complement to more intensive programs being developed to
meet the needs of self-aware LBQ women already motivated
to reduce their consumption [7] and those seeking culturally
tailored treatment for AUD and comorbid mental health
problems [8].

The present findings also bring clarity to confusion in the
substance use literature around the appropriateness and utility
of social norms interventions for health disparity populations
[18]. For instance, because it is well-known that LBQ women
disproportionately drink and experience consequences relative
to heterosexual women, there is often confusion as to whether
delivering PNF on LBQ-specific actual alcohol use norms would
have the effect of increasing or reducing drinking. As evident
from this trial’s findings, increasing drinking should not be a
concern with this approach to the extent that LBQ women
overestimate the drinking of other LBQ women; that is, similar
to college students known to drink disproportionately drink
relative to noncollege students and military populations known
to drink more than their civilian peers, PNF reduces alcohol use
in these heavy drinking populations despite disparate out-group
comparisons. This type of intervention is effective because
perceived in-group drinking norms are both highly relevant to
the self and substantially overestimated.

This study’s feasibility findings also provide an innovative
answer to challenges related to reaching and engaging
stigmatized minority populations with PNF in the real world.
LezParlay delivered the core components of a PNF intervention
within a fun, culturally tailored digital competition designed to
challenge negative stereotypes about the target population. This
gamified, incognito intervention approach was found to be
highly engaging, acceptable, and psychologically beneficial
among alcohol-consuming LBQ women and meaningfully
reduced their alcohol-related risks. Although more research is
needed, the stereotype challenge concept, along with the
injection of established game mechanics and cultural themes,
may have similar utility in reaching other high-risk stigmatized
minority groups with PNF on drinking and other health risk
behaviors. Finally, looking past PNF, findings from this study
also suggest that challenging negative identity-related
stereotypes and including web-based community features may
also prove fruitful in minority, stress-informed digital health
and mental health programs targeting internalized stigma,
loneliness, and isolation [8,63,64].

Limitations and Future Directions
As the initial step in a new direction for alcohol intervention
development, the key limitations associated with this study
include the relatively short duration of the follow-up period,
organic assessment of baseline and follow-up alcohol outcomes
within rounds of the competition at T1 and T2, and assessment
of acceptability and psychological benefits only among LBQ
drinkers involved in the RCT. Thus, future evaluation efforts
should follow participants for a longer duration (6-24 months),
incorporate survey-based baseline and follow-up assessments,
and examine the acceptability and psychological benefits among
nondrinkers and other LBQ players not involved in the efficacy

portion of the trial. An additional limitation to be remedied in
future research is this trial’s lack of an assessment-only control
condition. Although randomizing participants to receive PNF
on either treatment or control topics, as was done in this study,
reflects the gold standard trial design in the PNF intervention
literature, it may not be optimal when PNF is delivered within
a culturally tailored digital competition focused on challenging
negative group stereotypes. That is, participants in all 3 PNF
conditions described unanticipated, far-reaching psychological
benefits associated with broader participation in the competition,
including stigma reduction, community connection, and identity
strength. As these factors are theorized to diminish the degree
to which sexual minority stress negatively impacts health risk
behavior [65,66], it is possible that they alone may have reduced
drinking across PNF conditions to some degree. To fully
determine the impact of the LezParlay competition app as an
alcohol intervention strategy, it will be important for future
trials to also include an assessment-only control group with no
exposure to PNF or the competition app. Future trials using
such an expanded design should examine internalized stigma,
LBQ identity strength, and community connection, in addition
to perceived norms for treatment topics as potential mediators
of conditional effects on drinking and negative consequences.
Similarly, it will also be important to examine internalized,
structural, and interpersonal forms of sexual minority stigma
as potential moderators of direct and indirect effects.

Although this efficacious initial version of LezParlay was a
standalone intervention focused exclusively on correcting
descriptive drinking and coping norms, exciting directions for
future research also lie in the prospect of incorporating
additional components to further reduce alcohol-related risks
and increase wellness more broadly. For example, future
research may seek to evaluate the utility of including a
judgment-based reflective injunctive alcohol normative feedback
component that builds on promising pilot findings among
college students [41]. The competition’s multiround format also
provides a natural environment for examining the utility of PNF
on dynamic or trending health-related norms [67,68] focused
on group-based changes in behavior or attitudes over time.
Furthermore, the competition’s ability to attract and engage
LBQ women in the absence of traditional study incentives also
suggests that it could play a future role in implementing more
intensive health interventions that have found it difficult to
engage this population [36]. Thus, another important direction
for future research is to examine the degree to which LezParlay
could fruitfully serve to attract LBQ women and motivate
behavior change as part of a larger multicomponent intervention
targeting multiple health behaviors. For instance, within the
competition, PNF could target additional health behaviors, and
after motivating behavior change through norms correction, the
app could link at-risk users to intensive web-based intervention
components or local health promotion programs that correspond
to these behaviors.

Conclusions
The results of this hybrid trial provide initial support for the
feasibility and efficacy of LezParlay as a culturally tailored,
gamified, PNF alcohol intervention for LBQ women, thereby
narrowing costly disparities in alcohol intervention research
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and practice. The reductions in alcohol use and negative
consequences associated with PNF on drinking and coping
delivered within LezParlay demonstrate the utility of PNF as
an alcohol intervention strategy for a stigmatized minority health
disparity population. These findings should behoove substance
use researchers developing interventions for sexual minorities
to consider such sexual identity–specific peer norms as potential

intervention targets. Furthermore, to overcome engagement
challenges associated with delivering PNF to
non–treatment-seeking members of stigmatized minority groups
and broaden the psychological benefits associated with this
strategy, the findings underscore the value of packaging PNF
within a broader culturally tailored competition designed to
challenge negative group stereotypes.
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Abstract

Background: Few translational trials have provided detailed reports of process evaluation results.

Objective: This study reported on findings from a mixed methods process evaluation of a large translational trial comparing 2
remotely delivered healthy eating and active living interventions with an active control, targeting parents of young children.

Methods: Mixed methods process evaluation data were collected as part of a 3-arm, partially randomized preference trial
targeting parents of children aged 2 to 6 years from New South Wales, Australia. Recruitment strategies were assessed through
the participant baseline questionnaire and a questionnaire completed by the health promotion staff involved in recruitment. Data
on participants’ intervention preferences were collected at baseline and after the intervention. Intervention acceptability and
demographic data were collected via a postintervention questionnaire (approximately 3 months after baseline), which was
supplemented by qualitative participant interviews. Implementation data on intervention fidelity and withdrawal were also
recorded. Differences in intervention acceptability, fidelity, and withdrawal rates between telephone and web-based interventions
and between randomized and nonrandomized participants were analyzed. The significance level was set at P<.05 for all tests.
The interview content was analyzed, key themes were drawn from participant responses, and findings were described narratively.
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Results: Data were collected from 458 participants in the baseline survey and 144 (31.4%) participants in the 3-month
postintervention survey. A total of 30 participants completed the qualitative interviews. A total of 6 health promotion staff members
participated in the survey on recruitment strategies. Most participants were recruited from Early Childhood Education and Care
services. There was a broad reach of the study; however, better take-up rates were observed in regional and rural areas compared
with metropolitan areas. Parents with a university education were overrepresented. Most participants preferred the web-based
medium of delivery at baseline. There was high acceptability of the web-based and telephone interventions. Participants found
the healthy eating content to be the most useful component of the modules (web-based) and calls (telephone). They regarded text
(web-based) or verbal (telephone) information as the most useful component. A high proportion of participants completed the
telephone intervention compared with the web-based intervention; however, more participants actively withdrew from the telephone
intervention.

Conclusions: This is one of the first studies to comprehensively report on process evaluation data from a translation trial, which
demonstrated high acceptability of all interventions but a strong participant preference for the web-based intervention. This
detailed process evaluation is critical to inform further implementation and be considered alongside the effectiveness outcomes.

(J Med Internet Res 2022;24(5):e35771)   doi:10.2196/35771

KEYWORDS

dietary intake; physical activity; screen time; sleep; movement behaviors; online; internet; telephone; mobile phone

Introduction

The dietary habits and movement behaviors (physical activity,
screen time, and sleep) of Australian children are well below
the current recommendations and have deteriorated over time
[1]. Parents are fundamental to establishing healthy behaviors
during early childhood [2]. However, there are several barriers
that can impede the involvement of parents in healthy lifestyle
interventions for their children [3,4]. Remotely delivered
interventions, such as telephone or web-based programs, have
the potential to overcome these barriers, allow access regardless
of location, and provide greater flexibility compared with
face-to-face interventions. The Healthy Habits and
Time2bHealthy remotely delivered parent-focused interventions
have demonstrated efficacy in randomized controlled trials
(RCTs). The Healthy Habits 4-week telephone-based
intervention for parents of children aged 3 to 5 years showed a
significant improvement in children’s fruit and vegetable intake
[5]. The Time2bHealthy 11-week web-based intervention
demonstrated significant improvement in children’s
discretionary food intake, parental nutrition self-efficacy, and
child feeding practices [6]. These interventions were conducted
under highly controlled conditions; however, more recently,
both have been tested in a large translation trial (known as Time
for Healthy Habits) to determine their effectiveness in a
real-world context, with the potential for widespread
implementation [7]. The Time for Healthy Habits study [8]
investigated the effectiveness of the Healthy Habits Plus
(enhanced Healthy Habits) telephone intervention and the
Time2bHealthy web-based intervention against an active control
group (receiving written materials). The protocol [8] and main
outcomes of the Time for Healthy Habits translation study have
been published elsewhere. Briefly, the study found that although
there was no statistically significant difference between groups
over time in relation to the primary outcome (children’s fruit
and vegetable intake), there was a significant improvement over
time among randomized participants receiving the telephone
intervention for non–core food intake (secondary outcome)
compared with participants receiving the control (written
materials) [9]. There is a need to evaluate process data to further

explore and explain these results so that any future decisions
related to the potential scale-up of these interventions are fully
informed. Process evaluations are critical to providing a
comprehensive assessment of interventions alongside
effectiveness testing, helping to determine how interventions
work, whom they work for, how outcomes can be explained,
and how interventions can be improved in the future, which are
important considerations for policy and practice [10]. To date,
a very limited number of studies have conducted process
evaluations of children’s healthy eating and active living
translation trials [11-13]. This study aimed to determine
intervention acceptability, optimal recruitment strategies,
participant intervention preference (ex ante and ex post),
intervention fidelity, withdrawal rates, and participant
representativeness concerning the target population.

Methods

Study Overview
This was a process evaluation of the Time for Healthy Habits
study and comprised participant data from the main trial
(collected at baseline and 3 months after the intervention) and
data from 30 qualitative interviews across all intervention arms,
conducted 1 to 10 months after the intervention. It also
comprised data collected from the participant recruitment staff
in the local health districts (LHDs) where the main trial was
conducted. A detailed description of the protocol for the main
effectiveness trial has been previously published [8]. Briefly,
parents of children aged 2 to 6 years from New South Wales
(NSW), Australia, were recruited. Parents were eligible if their
children lived with them for at least 4 days per week on average
and they spoke sufficient English to participate. The trial design
was a 3-arm, partially randomized preference trial. Participants
were initially provided with the option to choose their preferred
delivery method (telephone, web-based, or written material) or
to be randomized. This allowed us to establish the participants’
ex ante intervention preferences. The design was also thought
to have higher initial participant acceptability than a traditional
RCT, as participants may have been more willing to take part
and complete the intervention if they knew that they were able
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to choose which intervention they received [14-19]. However,
to ensure that sufficient participants were enrolled in the
randomized arm of the study to establish intervention
effectiveness via robust analysis, a stopping rule was applied
to limit the number of participants who could choose their
preferred intervention. After the application of the stopping

rule, all participants were randomized in a 1:1:1 ratio. The 3
arms of the study included Healthy Habits Plus (a telephone
intervention), Time2bHealthy (a web-based intervention), and
an active control (written education materials). The specific
features of the interventions are outlined in Table 1.

Table 1. Time for Healthy Habits intervention components.

Active control (written materials)Healthy habits plus (telephone)Time2bHealthy (web-based)Components

2 factsheets fortnightly (10 in total) and 1
summary booklet over a period of 3
months

Format •• Six 20- to 30-minute fortnightly
telephone calls over 3 months

Web-based web application compris-
ing 6 modules (1 per fortnight) over
3 months with email reminders

Text information and imagesContent •• Verbal informationText, videos, practical activities, and
quizzes • Guidebook containing additional in-

formation and resources• Optional closed Facebook group
• Pad of meal planner templates

N/AaBehavior change
strategies

•• Barrier identification, goal setting,
and self-monitoring

Barrier identification, goal setting,
and self-monitoring

Healthy eating, physical activity, screen
time, and sleep

Topics •• Healthy eating, physical activity,
screen time, and sleep

Healthy eating, physical activity,
screen time, and sleep

aN/A: not applicable.

Ethics Approval
Ethics approval for the quantitative and qualitative aspects of
this study was granted by the South Western Sydney LHD
Human Research Ethics Committee (HE18/300), and
site-specific approval was obtained from the human research
ethics committees of the 5 LHDs involved in the study [8].
Acceptance was provided by the University of Newcastle
Human Research Ethics Committee (H-2019-0188) and the
University of Wollongong Human Research Ethics Committee
(HE2019/207).

Process Evaluation Data Collection and Measures
This mixed methods process evaluation reported data from the
sources detailed in the following sections.

Preference and Demographic Characteristics

Baseline Questionnaire

Ex ante preferences were collected from all trial participants
during the baseline interview (via telephone). Before the
implementation of the stopping rule, participants were asked,
“Do you have a strong preference for the way in which you
receive healthy lifestyle advice or support about your child?”
If they responded yes, they were then asked, “Would you prefer
to receive healthy lifestyle advice or support via written
information, telephone, or online” (with the order in which the
interventions were stated to be randomized). After the
implementation of the stopping rule, participants were still asked
what their preferences would have been, although all participants
were randomized from this point. Basic demographic data were
also collected.

3-Month Postbaseline Questionnaire

Ex post preference was ascertained from participants by the
following question: “Having completed the program, would

you have preferred for the information to be delivered in another
way?” If they responded yes, they were asked, “In which format
would you have preferred to receive the advice?” (response
options included online program, telephone counseling,
educational materials, smartphone app, face-to-face, Skype,
other, and do not know).

Recruitment: Health Promotion Staff Surveys
The LHD staff (recruitment officers or other health promotion
staff who were involved in the recruitment of parents to the
study) completed a web-based questionnaire comprising 10
questions. The questions focused on recruitment strategies;
recruitment challenges; and recommendations for future
recruitment, including additional support. These questions are
provided in Multimedia Appendix 1. In addition, the baseline
participant questionnaire included a question on where they
heard about the study.

Intervention Acceptability

3-Month-Postbaseline Questionnaire

The postintervention (3 months after baseline) questionnaire
included up to 27 process evaluation questions (depending on
the intervention) and was completed over the telephone (for
Healthy Habits Plus participants), on a web-based questionnaire
(for Time2bHealthy and control group participants). A complete
list of process evaluation questions can be found in Multimedia
Appendix 2. The process evaluation questions were similar to
those used previously in the process evaluation of the
Time2bHealthy (web-based) RCT [6] and measured user
acceptance of the content and modality of each intervention.
Specifically, the participants were asked 5 questions about
whether the intervention content was interesting, easy to
understand, relevant to their family, worthwhile, and had
information that they could act on. These questions used a Likert
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scale, with semantic anchors ranging from 1 (strongly disagree)
to 5 (strongly agree). Each of these question responses was
summed to attain an overall user acceptance score.

Participants were also asked about the appropriateness of the
length and number of calls, web-based modules, or written
resources. Furthermore, regarding the telephone and web-based
interventions, they were asked to identify 1 intervention aspect
that they found most useful (eg, for the telephone intervention:
the guidebook, information provided verbally by the interviewer,
goal setting, homework activities, and the meal planner
templates; for the web-based intervention: information provided
in text, videos, goal setting, and activities). Participants were
also asked to identify the 1 call or module that they found most
useful.

Participant Qualitative Interviews

In addition to the abovementioned questions asked in the
3-month postbaseline follow-up, a sample of participants from
each of the 3 interventions was invited to participate in an
additional telephone interview to further explore participants’
experiences. Participants were selected from a list of all those
who participated in the interventions by March 2020, with the
aim of interviewing 10 participants per intervention and the
intention of capturing a targeted selection from metropolitan,
rural, and regional areas (target of 16 metropolitan, 7 regional,
and 7 rural participants); a combination of participants who had
partially and fully completed the interventions; and a mix of
participants from the randomized and preference arms of the
study. Interviews were conducted by a research consulting
company (Research Forum Consulting), which emailed
participants, provided details about the interviews along with
a participant information sheet, and informed them that they
might receive a phone call to invite them to participate. When
participants were phoned, they were provided with information
about the interviews and asked to participate. Consent to proceed
with the interview was obtained verbally, and participants
provided consent for the interview to be audio recorded
(optional). Questions were designed to capture participants’
overall and intervention-specific experiences (for telephone and
web-based intervention participants only). Participants were
asked about their initial expectations, intervention content, what
they found most and least useful, length of the interventions,
ease of completion, and engagement. A copy of the interview
questions can be found in Multimedia Appendix 3. A total of
30 participants were interviewed (10 from each intervention
group), which was anticipated to represent participants’breadth
of experience.

Fidelity and Withdrawal Rates: Intervention
Implementation Data
Although the interventions were designed to be completed
within 12 weeks, additional time was allocated (up to 20 weeks
in total) to allow participants to complete the interventions by
extending access to the web-based intervention and continuing
to contact telephone participants to complete the intervention
calls that had not yet been completed. Data were collected on
the withdrawal of participants from the study, including whether
the withdrawal was active (where the participant explicitly asked
to be withdrawn) or passive (where the participant did not

complete the intervention but did not ask to be withdrawn). We
also determined the proportion of participants who completed
each phase of the intervention; that is, the number of calls or
modules completed.

Data Analyses
Key themes were drawn from the responses to the health
promotion staff survey questions, and findings were described
narratively in relation to recruitment avenues used, recruitment
barriers, and strategies that were most and least successful for
recruitment. Participant responses to the 3-month postbaseline
Likert scale questions on user acceptance were considered
singularly and summed to produce a score from 5 to 25. Medians
and IQR were determined. Kruskal-Wallis tests were used to
assess differences in Likert scale responses to questions between
all study groups and between randomized and nonrandomized
participants. Participants’ qualitative interviews were audio
recorded for all participants who provided consent (28/30, 93%)
and then transcribed verbatim and deidentified. Detailed notes
were obtained for those who did not consent to be recorded
(2/30, 7%). The interview content was analyzed, and key themes
were drawn from the participant responses. These findings were
then described narratively in relation to the specific question
domains, which were triangulated with the quantitative
participant questionnaire data relating to the participant
acceptability of the interventions. The number and percentage
of preferences, randomized and total participants by study arm
(telephone, web-based, and active control written materials)
completing each module or call, and the number and percentage
of active and total withdrawals (active and passive withdrawals)
were calculated. Chi-square tests were used to assess differences
in active and total withdrawal rates between interventions and
differences between randomized and nonrandomized
participants. Mann-Whiney U tests were used to assess
differences in the number of calls or modules completed between
the telephone and web-based study groups and differences
between randomized and nonrandomized participants.
Completion numbers and percentages (both completion at any
time point and completion within 20 weeks) were calculated
by the intervention group according to whether participants
were randomized or nonrandomized. Chi-square tests were used
to assess differences in completion of the intervention between
the telephone and web-based intervention groups and differences
between randomized and nonrandomized participants. In the
first instance, these tests were based on the completion of
modules, calls, and interventions within any time frame. They
were then repeated based on the completion of the modules or
calls within a 20-week time frame. The significance level was
set at P<.05 for all tests. All analyses were conducted using
SPSS Statistics for Windows (version 25.0; IBM Corp).

Results

Overview
Data collection was completed by 458 participants at baseline
and 144 (31.4%) at postintervention (3 months after baseline),
as shown in Figure 1. Of the 79 invited participants, 30 (38%)
completed qualitative interviews, 10 (13%) from each
intervention (including the active control group). Interviews for
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the qualitative study were conducted between March and April
2020, which was between 1 and 8 months after participants had
completed one of the interventions (or the active control).
Approximately 80% (24/30) were from metropolitan areas, and
20% (6/30) were from regional and rural areas (there was a
higher proportion of metropolitan participants than the target).
There was an even split of randomized to preference participants
for the telephone (5:5) and active control (written materials;
4:6) participants; however, only one of the participants from

the list of those who had completed the web-based intervention
was randomized; thus, 30% (9/30) of participants interviewed
from this intervention group were preference participants.
Although attempts were made to include participants who had
only partially completed the interventions, all participants who
were interviewed had completed the interventions. All 5 LHDs
targeted for recruitment were represented in the 6 responses to
the health promotion staff survey.

Figure 1. Time for healthy habits process evaluation CONSORT (Consolidated Standards of Reporting Trials) diagram.

Recruitment
Participants were recruited for the main trial using established
networks such as health promotion staff visits to Early
Childhood Education and Care (ECEC) services; Child and
Family Health nurses; and several other avenues, including

playgroups and libraries, social media, media releases, the
Playgroup Australia newsletter, the University of Wollongong
Discovery Space (children’s museum) newsletter, and through
health professionals. Most LHD-based recruitment works were
conducted directly by recruitment staff employed within each
LHD for the specific purpose of assisting with recruitment to
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this trial, with other recruitment activities (such as social media,
newsletters, and bulk emails) conducted by a central project
coordinator.

Participants reported finding out about the study from ECEC
services or educators (188/458, 41%), Facebook or social media
(87/458, 19%), and libraries (23/458, 5%). These findings were
reiterated by the LHD recruitment staff, who indicated that
ECEC services were the most successful channel, with some
LHDs reporting that this was particularly effective when
attending face to face, where there was an opportunity to talk
to parents about the study directly. They also reported that they
found library groups, playgroups, large events, and preschool
sporting activities as efficient recruitment sites (likely because
of being able to speak face to face with parents), and some (but
not all) reported that mass mailouts to ECEC services were
effective in recruiting parents.

The LHD health promotion staff reported via the survey that a
facilitator of these successful recruitment channels was the
ability to answer questions from parents face to face. They felt
that parents were more likely to enroll in the study when there
was someone present face to face, as many parents reported that
they had seen a flyer about the study before enrolling:

Face-to-face conversation with parents, being able
to explain the program to them in detail. Providing
parents with the opportunity to ask questions and seek
more info before signing up is important.

The LHD staff reported that the least effective recruitment
channels were emails, posters, flyers, media releases, and large
events that were not targeted to the age group. Although some

staff members found mass mailouts to ECEC services effective,
others did not. Some stated that mailouts were more successful
when accompanied by a follow-up telephone call for the ECEC
service:

Email alone—rarely received any form of
contact/enquiry. Slightly better if emails were
followed up with a phone call.

Demographics
Considering the broad representativeness of the trial, there was
a substantial representation of NSW-target LHDs in regional
and rural areas; however, there was an underrepresentation of
LHDs in metropolitan areas. The breakdown of participant
proportions across the target LHDs is displayed in Table 2.
Parent participants in the study were more likely to be female
(441/458, 96.3%) compared with the general NSW population
(50.7%). The mean age of participants (36.13, SD 4.92 years)
was similar but perhaps slightly older than the general NSW
parent population, given the median age of NSW first-time
mothers and fathers (30.7 and 33.1 years, respectively) and that
some parents already had older children. The mean age of child
participants was 3.37 years (SD 1.16). A smaller percentage of
participants spoke a language other than English at home
(81/458, 17.7%) compared with the general NSW population
(27%). The proportion of Aboriginal and Torres Strait Islander
individuals (15/448, 3.3%) was similar to that of the NSW
population (2.9%). There was a much higher proportion of
university-qualified participants (322/458, 70.3%) than in the
NSW population (23.4%). Over three-fourth of the participants
had a household income higher than the NSW median household
income [20].

Table 2. Number and proportion of participants recruited across target LHDsa compared with drawing area (N=380).

Participants recruitedc, n (%)Children in drawing area and proportion of

total target drawing areab, n (%)

Geographic areaLHD

121 (31.8)49,791 (15.73)Regional and ruralIllawarra Shoalhaven

42 (11.1)23,133 (7.31)Regional and ruralMurrumbidgee

43 (11.3)24,483 (7.73)Regional and ruralSouthern NSWd

83 (21.8)118,306 (37.37)Regional and ruralHunter New England

91 (23.9)100,826 (31.85)MetropolitanSouth Eastern Sydney

aLHD: local health district.
bNumber of children aged 0 to 9 years in each LHD (statistics on children aged 2 to 6 years unavailable; Center for Epidemiology and Evidence.
HealthStats NSW: Population by Local Health District. 2019).
cRemaining participants (n=78) were recruited from areas of NSW that were not specifically targeted for recruitment.
dNSW: New South Wales.

Intervention Preference

Ex Ante
At baseline, all participants were asked whether they had a
strong preference for how they received health information. Of
the 458 participants, 393 (85.8%) stated that they had strong
preferences. When asked which delivery medium they preferred,
59.3% (233/393) stated online, 28.5% (112/393) stated written
materials, 11.9% (47/393) stated telephone calls, and 0.3%
(1/393) stated that they did not know.

Ex Post
When asked in the postintervention process evaluation if they
would have preferred to receive the intervention in another way,
30.5% (44/144) of the respondents stated that they would have.
This included 44% (35/80) of the randomized arm and 14%
(9/64) of the preference arm. Further details on the ex post
intervention preferences of participants by intervention group
and study arm are shown in Table 3. The most commonly stated
alternative delivery media preferences were digital delivery
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mediums such as smartphone apps (10/144, 6.9%) or the web (9/144, 6.3%).

Table 3. Ex post intervention preferences of participants by intervention and study arm (N=144).

Preference armRandomized armTotal participants preferring
alternative delivery method

Intervention

Preferred method

stateda
Participants preferring alter-
native delivery method

Preferred method

stateda
Participants preferring alter-
native delivery method

Participants, n
(%)

Total
sample

Participants, n
(%)

Total
sample

Participants, n
(%)

Total
sample

2 (15)1311 (31)3513 (27)48Telephone •• Phone and
web-based
(n=2)

Web-based
(n=9)

• Smartphone
app (n=1)

• Educational
materials
(n=1)

3 (8)366 (29)219 (16)57Web-based •• Smartphone
app (n=3)

Smartphone
app (n=2)

•• Educational
materials
(n=1)

Podcast (n=1)
• Telephone

(n=1)

4 (27)1518 (75)2422 (56)39Active control
(written materi-
als)

•• Face-to-face
(n=2)

Telephone
(n=3)

•• Smartphone
app (n=2)

Face-to-face
(n=1)

•• Skype (n=1)Smartphone
app (n=2)

N/A9 (14)64N/Ab35 (44)8044 (31)144Total

aNot all participants who preferred an alternative delivery method stated what their preference was, and some participants provided >1 option; hence,
some numbers do not add up to the total.
bN/A: not applicable.

Intervention Acceptability
The 3-month postintervention process evaluation found that
there was a high level of acceptability for all the interventions,
with the median overall score for participants being 22.0 (IQR
5.0) out of a possible high score of 25 (Table 4). The highest
median overall score was obtained for the telephone intervention
(23.0, IQR 4.0), with the web-based (22.0, IQR 5.0) and active
control (written materials; 22.0, IQR 4.0) interventions being
similar. There was a significantly higher score for the telephone
intervention than that of the active control (written materials)
regarding overall acceptability (H1=8.258; P=.004), the
intervention being regarded as interesting (H1=9.176; P=.002),
worthwhile (H1=8.878; P=.003), and having information that

participants could act on (H1=10.044; P=.002). There was also
a significantly higher score for the web-based intervention
compared with the active control (written materials) about being
regarded as worthwhile (H1=6.299; P=.01) and having
information that participants could act on (H1=5.548; P=.02).

Participants who completed the in-depth telephone interviews
commented that the modules or calls were easy to follow. When
asked to rate the interventions on a scale of 1 to 10 (1=very easy
to 10=extremely hard), they rated the telephone (mean 3.5, SD
2.2) and web-based (mean 3.1, SD 2.4) interventions similarly.
Challenges experienced by participants were usually not related
to the interventions per se but rather to the implementation of
changes with their children.

J Med Internet Res 2022 | vol. 24 | iss. 5 | e35771 | p.250https://www.jmir.org/2022/5/e35771
(page number not for citation purposes)

Hammersley et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 4. Participant feedback on intervention acceptability from the 3-month postintervention questionnaire (N=144).

All participants, median (IQR)Active control (written materi-
als), median (IQR)

Telephone, median (IQR)Web-based, median (IQR)

Total
partici-
pants
(n=143)

Prefer-
ence
(n=64)

Random-
ized (n=79)

All
writ-
ten
(n=38)

Prefer-
ence
n=23)

Random-
ized (n=15)

All
tele-
phone
(n=48)

Prefer-
ence
(n=13)

Random-
ized (n=35)

All
web-
based
(n=38)

Prefer-
ence
(n=15)

Random-
ized (n=21)

4.0
(1.0)

5.0 (1.0)4.0 (1.0)4.0
(1.0)

4.0 (1.0)4.0 (0.0)5.0b

(1.0)

5.0 (1.0)5.0 (1.0)5.0
(1.0)

5.0 (1.0)4.0 (1.0)Program
was inter-

estinga

5.0
(2.0)

5.0 (1.0)5.0 (1.0)5.0
(1.0)

5.0 (1.0)5.0 (1.0)5.0
(1.0)

5.0 (0.0)5.0 (1.0)5.0
(1.0)

5.0 (1.0)5.0 (1.0)Program
was easy to
under-

standa

4.0
(1.0)

4.0 (1.0)4.0 (1.0)4.0
(1.0)

5.0 (1.0)4.0 (1.0)4.0
(1.0)

4.0 (1.0)4.0 (1.0)4.0
(1.0)

4.0 (1.0)5.0 (1.0)Program
was rele-
vant to

familya

4.0
(1.0)

5.0 (1.0)4.0 (1.0)4.0
(1.0)

4.0 (2.0)4.0 (1.0)5.0b

(1.0)

5.0 (1.0)5.0 (1.0)5.0b

(1.0)

5.0 (1.0)5.0 (1.0)Program
was worth-

whilea

4.0
(1.0)

4.0 (1.0)4.0 (1.0)4.0
(0.0)

4.0 (1.0)4.0 (0.0)4.5b

(1.0)

5.0 (1.0)4.0 (1.0)4.5c

(1.0)

4.0 (1.0)5.0 (1.0)Could act
on informa-

tiona

22.0
(5.0)

22.0 (5.0)22.0 (5.0)22.0
(4.0)

22.0
(6.0)

20.0 (3.0)23.0b

(4.0)

23.0 (4.0)23.0 (4.0)22.0
(5.0)

22.0 (5.0)24.0 (5.0)Overall

scorec

aLikert scale of 1 to 5 for each question.
bSignificant difference between intervention and control (P<.05).
cOverall score was the sum of all scores (possible range 5-25).

Web-Based Intervention

Overview
Almost all web-based participants in the postintervention process
evaluation suggested that the number of modules (ie, n=6) was
appropriate (53/56, 95%) and that the length of each module
was appropriate (55/57, 96%):

Yeah, I think it was just right. There was a couple of
busy weeks for myself so I may have done part of the
module each day over the week and then I still had
plenty of time to implement my goals. [Participant 2,
mother of boy aged 4 years]

The web-based intervention comprised the following
components: written information, interactive activities, goal
setting, videos and quizzes, and an optional Facebook group.
Participants in the postintervention process evaluation suggested
that the most useful intervention components were written
information (23/57, 40%), interactive activities (eg, planner,
recipe modification, and label reading; 15/57, 26%), and
goal-setting components (13/57, 23%). In contrast, the 10
qualitative interviews for the web-based intervention suggested
that goal setting, videos, and quizzes were the most useful
components:

My favourite part was the goal setting. It made you
reflect, or it was new information to you and actually

saying what you’re going to do. It did create a goal
for the next couple of weeks and held me accountable
to that. [Participant 2, mother of boy aged 4 years]

I guess the content. It kind of gave you a plan. The
quizzes I suppose I could redo them so I could refresh
and put them in place. I could go back and try this.
It was kind of like a tool you could go back to.
[Participant 20, mother of boy aged 5 years]

Of the web-based intervention content (which focused on
healthy snacks, healthy meals, physical activity, screen time,
and sleep), the highest proportion of participants perceived
healthy eating or healthy snacks content as the most useful
(27/57, 47%, and 13/57, 23%, respectively) in the
postintervention process evaluation. This was supported by the
findings from the qualitative part of the study, with most
participants stating that healthy eating and physical activity
modules were the most useful. The least useful modules were
considered to be sleep and screen time as participants thought
they had already established good practices in these areas:

Before the program I was really struggling to come
up with ideas of healthy snacks. Doing it gave me
some more ideas, taught me how to read labels and
work out what was healthy and what wasn’t healthy.
It also reinforced that most of what I was doing was
right but giving me a few extra tricks, I guess.
[Participant 11, mother of girl aged 4 years]
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I think the physical activity...Because they had some
ideas, things I could play with the children in the yard.
I really like this they do play in the yard but just in
case they get bored I have some things I can do with
them. I found that helpful. [Participant 13, mother of
girl aged 4 years]

Telephone Intervention
Most participants in the postintervention process evaluation
suggested that the number of calls in the telephone intervention
was appropriate (40/48, 83%) and that the length of the calls
was appropriate (44/48, 92%):

Yeah, I mean they didn’t drag on. They didn’t make
any points unnecessarily or whatever. [Participant
17, mother of boy aged 2.5 years]

Participants in the postintervention process evaluation reported
that the most useful intervention components of the telephone
intervention were the verbal information (20/48, 42%),
guidebook (15/48, 31%), and goal setting (10/48, 21%).
Regarding the useful content, most participants (38/48, 79%)
reported that healthy eating was the most useful. These data are
supported by the data from the qualitative part of the study with
participants, suggesting that the guidebook and goal setting
were the most useful intervention components, and the healthy
eating content was the most useful. The least useful content was
related to screen time and sleep:

I love the guidebook. I thought it was great. Just
having that reference, I would look through it before
our phone call. I could follow on when having the
phone call.

I think the accountability side of it. You would pick
the goals and then have someone call and follow up
and say how are you going with that. That made you
think if you hadn’t been focussing on it you thought
yeah I should be doing more in terms of working
towards that goal. [Participant 17, mother of boy aged
2.5 years]

Participants stated that they benefited from knowledge regarding
the amount of physical activity required, goal setting,
implementing changes as a family, encouragement of family
meals, healthy eating tips, practical advice, and support for
implementing changes:

The other really helpful thing was thinking about how
to encourage good eating behaviours like mealtime
behaviours, sitting with the family. That’s something
we changed as well. We used to make my son eat
separately. Now from time to time when we can we
sit and eat as a family to model the good eating
behaviours. [Participant 17, mother of boy aged 2.5
years]

In terms of that yeah. Getting her out on a bike getting
her out walking. Really promoting more active play
outside because it’s not what she would normally tend
to show interest towards. That I think has been a
lifestyle change for us; it’s something we’ve
implemented and stuck to. [Participant 7, mother of
girl aged 4 years]

Active Control (Written Materials)
Approximately three-fourth of the participants in the
postevaluation process evaluation suggested that the active
control (written materials) components were appropriate in
terms of the number of resources and amount of information
included (20/27, 74%, and 19/27, 70%, respectively). This was
supported by qualitative interview data:

Yeah, I think it was great. Well I think with the
exercise bit it was quite good to see what’s considered
exercise as well. I made changes. I’ve used the tips
for the lunchboxes I guess so I yeah I did use some
of these ideas. [Participant 3, mother of girl aged 5
years]

I feel just increasing vegetable and fruit intake and
making meals a bit more fun. I think that’s probably
the main thing that we’ve taken from it. Also, enjoying
outdoor activities. [Participant 14, mother of boy aged
3 years]

Fidelity
Significantly more participants in the telephone arm completed
the intervention than those in the web-based arm (47/95, 50%,
vs 57/218, 26.1%, respectively; P<.001). When considering
participants who completed the intervention within a 20-week
timeframe, there was no significant difference between the 2
groups, with 33% (31/95) of participants completing the
telephone intervention and 25.7% (56/218) of participants
completing the web-based intervention within 20 weeks. There
was no significant difference in intervention completion between
the randomized and preference groups. Within the web-based
intervention, out of 218 participants, 105 (48.2%) joined the
optional Facebook group.

Withdrawal
Although there was a greater proportion of total withdrawals
(including active and passive withdrawal) in the web-based
versus telephone group (161/218, 73.9%, vs 47/95, 50%;
P<.001), there was a significantly higher proportion of
participants in the telephone intervention group who actively
withdrew from the intervention than those in the web-based
intervention group (19/95, 20%, vs 4/218, 1.8%; P<.001). There
was no significant difference in withdrawal rates between the
randomized and preference participants.

Discussion

Principal Findings
A comprehensive process evaluation of the Time for Healthy
Habits translation study of 2 remotely delivered healthy eating
and active living interventions and an active control for parents
of children aged 2 to 6 years was conducted in this mixed
methods study. There was a broad reach of the study across
metropolitan, regional, and rural areas of NSW, Australia;
however, there were better take-up rates in some areas of the
state than in others, with higher participation rates in regional
and rural areas than in metropolitan areas. The recruitment effort
through the LHDs was substantial. Engagement with existing
health promotion staff was crucial for recruitment, as they had
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established networks with ECEC services to facilitate
recruitment. Recruitment was also assisted by having
specifically appointed recruitment staff within the target LHDs,
who also concentrated largely on ECEC services for recruitment,
resulting in 41% (188/458) of the participants being recruited
through this channel. This appeared to be particularly useful
when the staff attended face-to-face sessions. Social media was
another important avenue of recruitment, where 19% (87/458)
of the participants found out about the study. After the
preference arm was closed, it was perceived that parents were
reluctant to be involved as they did not want to be randomized;
however, it was difficult to determine whether this was the result
of recruitment saturation over time. There was also limited time
and capacity for the health promotion staff to be involved in
recruitment. Without additional staff resources available in this
trial, it is unlikely that recruitment rates would have reached
the same level. This is a common issue for translation trials,
where dedicated staff are needed to recruit to a program or
service, and it is difficult to obtain a sense of true real-world
uptake of such interventions. It is possible that future
implementation of interventions in LHDs may result in lower
uptake rates; however, some parents may also be more inclined
to participate in a program if they are not in need to sign up to
a research trial.

Although a larger proportion of participants initially preferred
a web-based delivery mechanism, the acceptability of both the
web-based and telephone interventions was significantly higher
than that of the active control (written materials) regarding being
worthwhile and containing information that participants could
act on. The telephone intervention also demonstrated a
significant difference in acceptability compared with the control
for the overall acceptability score, taking into account a wider
range of acceptability factors. The ease of following the
interventions was similar; however, this rating was slightly
better for participants who received the web-based intervention
than for those who received the telephone intervention.
Regarding the components of the intervention, the web-based
participants stated that the text information and goal setting
were the most useful, whereas the telephone participants felt
that the verbal information and guidebook were the most useful.
The usefulness of the text and guidebook information may be
influenced by the sample being highly educated, and this may
not be generalizable to lower socioeconomic populations where
literacy levels are known to be lower [21]. Less than half of the
participants receiving the web-based intervention joined the
optional Facebook group, and similar to previous studies that
have used Facebook as a component of an intervention [22],
engagement in the discussion was quite low.

Regarding content, the healthy eating aspects were the most
useful across all interventions, with sleep and screen time being
regarded as the least useful as they felt these were areas in which
their children were already doing well, which is fairly consistent
with the current evidence concerning these behaviors in that
more young children are meeting the movement behavior
guidelines than the dietary guidelines, with vegetable intake, in
particular, being very low [1]. Past research also indicates that
many parents perceive that their young children are naturally
active [23]. However, there is still a great need for improvement

in relation to physical activity, as the proportion of children
meeting the guidelines drops from 75% at the age of 2 to 3 years
to 43% at the age of 4 to 8 years [1]. A small number of
participants indicated that they regarded limiting screen time
as important. The participant interviews were largely conducted
before the COVID-19 pandemic restrictions in 2020. Studies
investigating the health behavior habits of children during
lockdown periods have indicated that screen time has become
a considerable concern that could lead to long-term increased
use [24]. Therefore, it is possible that parental concern regarding
screen time may have increased since this time and could be in
greater need of focus in the future.

For participants in both interventions, engagement declined
over time, particularly for those receiving web-based
intervention. It is important to address reduced engagement and
participation levels, as implementation levels have been
demonstrated to have an impact on study outcomes [25]. As
suggested in previous studies, offering participants flexibility
and choice of delivery medium may assist in uptake and
engagement in interventions [26], and it may be worthwhile to
consider alternate delivery options in future studies. Most
participants who identified an alternate delivery means
specifically identified a smartphone app; however, it should be
noted that previous research has indicated that apps can also
have high attrition rates [27]. Some participants commented
that a combination of delivery mechanisms such as telephone
and web-based or telephone and smartphone apps would be
preferable. Many of the participants who completed the
interviews stated that they would also like to receive ongoing
support to help embed knowledge and sustain their practices.
It is likely that different mediums are a matter of individual
preference, and providing multiple options to access
interventions may be beneficial when scaling to a population
level; however, the practicalities and costs of offering multiple
mediums would need to be considered carefully. The only
significant outcome of this study was in relation to children’s
dietary intake of noncore foods. This may be because the healthy
eating modules or calls were completed first and by a higher
proportion of participants. By the same token, the reason for no
significant outcomes for physical activity, screen time, or sleep
may be as these topics were covered later, and as the
interventions needed to be completed sequentially and
engagement dropped off over time, fewer participants completed
these calls or modules. Completing the calls and modules
sequentially may not be suitable for all participants, and it may
be preferable to allow participants to choose their main topics
of interest or concern and complete them first.

There was a high withdrawal rate for the interventions,
particularly the web-based intervention. Although significantly
more telephone participants actively withdrew from the
intervention, this may have been because of the nature of the
intervention, whereby regular telephone contact was required,
and thus, participants needed to actively withdraw if they did
not want to receive further phone calls. Previous translation
trials have reported challenges with withdrawal and retention
[12,28,29]. Several parents cited a lack of time to participate,
a common barrier highlighted in previous studies involving
parents [26]. There was difficulty contacting some participants
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receiving the telephone intervention, and although several
attempts were made, some participants could not be contacted.

Parents with a high level of education were overrepresented in
the study, a challenge that has been described in other similar
studies [30]. A previous study, Healthy Habits, Happy Homes
Scotland, effectively engaged lower socioeconomic families,
with 65% of the participants living in the most deprived areas.
This was achieved using participatory and inclusive strategies,
making strong connections with parents and supporting
organizations, and coproducing the intervention [11]. It is
important that interventions are designed to be acceptable and
accessible to lower socioeconomic families so that they are
adequately represented in studies, or there is a danger of the
gap in health outcomes widening [31]. Other translation studies
on older children have effectively reached lower socioeconomic
families, with most of the participants recruited through schools
or self-referrals [12,13]. However, families from low
socioeconomic backgrounds can be less likely to complete these
interventions [13]. Given the successful recruitment of
participants from ECEC services in this study, focusing on
ECEC services in specific postcodes with a high level of social
disadvantage may be an effective strategy for engaging families
from lower socioeconomic backgrounds in the future. There
was also a much higher representation of mothers than fathers.
Often, mothers are the primary caregivers of children at this
age, which is unsurprising. Previous research has also found
that one of the barriers to fathers participating in research is the
relative lack of time and availability relative to mothers [32].
In addition, an inclusion criterion was that the child needed to
live with the parent for at least 4 days per week to have the
opportunity to influence child behaviors, which may have
prevented the participation of some fathers with joint custody
arrangements. There is evidence that fathers can have a profound
influence on the dietary intake and physical activity habits of
their children; therefore, it is important that future studies
consider the engagement of fathers and ensure that interventions
are relevant and accessible to them [33,34].

Strengths and Limitations
A strength of this study was the use of a comprehensive
combination of quantitative and qualitative methods to evaluate
the process of delivering the interventions, which attempted to
obtain diverse representations across the LHDs involved. The
qualitative interviews were conducted by a separate research
organization; therefore, participants may have been more likely
to provide more honest responses to the questions asked. The

evaluation was limited by the modest proportion of participants
(144/458, 31.4%) who completed the process evaluation
questionnaire after the intervention. The sample may have been
biased toward those who completed the intervention, and the
views of participants who did not complete the interventions
may differ from those who completed the interventions.
Although all participants were asked to complete the
questionnaire around 3 months after baseline, regardless of
whether they had completed the interventions, most participants
who completed the questionnaire had finished the interventions.
Similarly, despite efforts to engage participants who had not
completed the interventions in the qualitative interviews, all
participants who completed the interviews had completed the
interventions; therefore, it was difficult to ascertain the specific
reasons for the noncompletion of the interventions. Although
the interviews were conducted by a separate research
organization, it is possible that participants may not have given
their honest opinions. Parents with a university education were
overrepresented in the study; therefore, these process evaluation
results may not be representative of the general population.
Finally, this study was conducted during a period that
encompassed the height of the 2020 COVID-19 pandemic
restrictions in NSW from mid-March to late May 2020, when
most school children were at home learning remotely, ECEC
services were encouraging children to stay at home, and many
parents were working from home. Recruitment of participants
was likely affected by these restrictions, and anecdotal reports
indicate that some parents found the additional time pressures
during this period difficult, and completion of the interventions
and the implementation of behavior changes may have been
affected as a result.

Conclusions
This mixed methods process evaluation demonstrated a high
level of acceptability of all interventions but a strong participant
preference for the web-based intervention. Although the
web-based intervention was the most preferred, fidelity was
lower, and dropout was higher (although more participants
actively dropped out of the phone intervention). Despite the
high rate of acceptability of the interventions, refinement of the
delivery model appeared preferable to some participants.
However, any potential modifications to existing interventions
should ensure that outcomes are not compromised. The results
of this study highlight the strengths and weaknesses of these
remotely delivered interventions and offer important aspects
for policy makers and practitioners to consider along with the
main study outcomes.
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Abstract

Background: Many patients with chronic medical conditions search the internet to obtain medical advice and health information
to improve their health condition and quality of life. Diabetes is a common chronic disease that disproportionately affects different
race and ethnicity groups in the United States. In the existing literature on the popularity of internet health information seeking
among persons with a chronic medical condition, there are limited data on US adults living with diabetes.

Objective: This study aims to examine the factors associated with internet health information seeking among US adults living
with diabetes and whether there is a disparity in internet health information seeking stratified by race and ethnicity.

Methods: We conducted a cross-sectional study using the Health Information National Trends Survey data from 2017 to 2020.
We selected our study sample based on respondents’ reports on whether they were told they had diabetes, and our primary outcome
was internet health information–seeking behavior. We used 2 multivariable logistic regression models to examine the effects of
sociodemographic factors and other covariates on the internet health information–seeking behavior of adults with diabetes.
Jackknife replicate weights were used to provide bias-corrected variance estimates.

Results: Our study sample included 2903 adults who self-reported that they had diabetes. In total, 60.08% (1744/2903) were
non-Hispanic White individuals, 46.88% (1336/2850) were men, and 64% (1812/2831) had some college or graduate education.
The prevalence of internet health information seeking in this population was 64.49% (1872/2903), and the main factors associated
with internet health information seeking included education level (some college vs less than high school: odds ratio [OR] 1.42,
95% CI 1.44-1.88; and college graduate or higher vs less than high school: OR 2.50, 95% CI 1.79-3.50), age (age group ≥65
years vs age group 18-44 years: OR 0.46, 95% CI 0.34-0.63), and household income level (P<.001). In addition, we found
significant differences in the effects of predictors stratified by race.

Conclusions: The findings from this study suggest that internet health information seeking is common among US adults living
with diabetes. Internet health information could influence the relationship between health care providers and adults living with
diabetes and improve their self-management and quality of life.

(J Med Internet Res 2022;24(5):e32723)   doi:10.2196/32723
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Introduction

Background
Health information seeking through internet platforms is
increasingly popular [1-3]. An abundance of research has been
conducted to explore why people look for health information,
what types of health information they seek, how it influences
individuals’ behaviors, and who are more likely to seek health
information on web-based platforms [3-7]. Commonly, people
search for health information using internet technology to access
relevant health information outside a health care facility. In
addition, a positive connection between sociodemographic status
and the frequency of health information seeking using the
internet has been established [8]. For instance, underprivileged
groups are more likely to use web-based health information
than the majority groups [9], and being younger and female has
been found to be a consistent predictor of eHealth use [10].
Other factors linked to the frequency of web-based health
information seeking include income, sex, race and ethnicity,
age, and the exposure level of an individual [1,11].

Diabetes mellitus is a common chronic medical condition that
disproportionately affects the US adult population. Results
obtained from the 2011 to 2016 National Health and Nutrition
Examination Surveys data indicated that the prevalence of total
diabetes among adult non-Hispanic White individuals with
diagnosed diabetes was approximately 12%. In non-Hispanic
Black and Hispanic individuals, the prevalence was
approximately 20% and 22%, respectively [12]. Studies show
that diabetes mellitus is a major chronic disease that carries a
significant socioeconomic burden, and the prevalence is
projected to rise in the future [13-15]. Management of this
condition requires high-quality clinical care and
self-management to reduce the risk of associated complications
and improve quality of life [11]. Behavior modification and
self-management are crucial in effectively managing persons
living with diabetes.

Pattern of Health Information Seeking Among Persons
With Diabetes
Research suggests that information accessibility is an efficient
tool and support necessary to improve chronic medical
conditions, including diabetes [16]. Few studies have described
the pattern of health information seeking among persons with
diabetes. Studies suggest that persons with diabetes have been
engaged in passive or active information-seeking activities
[17-19]. Passive information-seeking activities involve reading
the newspaper and watching television, whereas active
information seeking involves mainly using the internet as a
source of health information [17,18]. Morgan and Trauth [20]
used the Integrated Model of E-Health Use developed by
Dutta-Bergman [21] to investigate eHealth information–seeking
behavior among persons with diabetes in Greece. The authors
[20] found that people with diabetes exhibited different health
information–searching behavior because of the intrinsic
motivation resulting from access to health care providers or
resources.

There is a shortage of data on the internet health
information–seeking pattern among adults with diabetes in the
United States. Given the growing popularity of internet health
information–seeking behavior and the differences in the
prevalence of diabetes in the United States, it is vital to
understand the factors that predict the use of the internet to seek
health information among US adults with diabetes. In addition,
with the reported disproportionate racial prevalence of diabetes
in the United States, it is essential to investigate whether there
is a racial or ethnic disparity in internet health information
seeking. Knowing this information is critical for improving
diabetes health education and communication, support systems,
and quality of life of adults with diabetes in the United States.
This study examines the factors associated with internet health
information seeking and racial disparity in internet health
information seeking among US adults with diabetes.

Methods

Data Source
This cross-sectional study uses data from the Health Information
National Trends Survey (HINTS). HINTS is a national
representative survey that collects data from the US
noninstitutionalized adult population [22]. Conducted by the
National Cancer Institute, the survey assesses trends in health
information seeking, health information technology adoptions,
health communication, knowledge, attitudes, and behavior.

To identify our study population, we pooled and combined data
from 4 administrations of HINTS: 2017 (version 5, cycle 1,
N=3285), 2018 (version 5, cycle 2, N=3504), 2019 (version 5,
cycle 3, N=3374), and 2020 (version 5, cycle 4, N=3865). This
study focused on investigating internet health information
seeking among the adult population with diabetes. We selected
respondents who answered “Yes” to the question “Has a doctor
or other health professional ever told you that you had diabetes
or high blood sugar?” A total of 2903 respondents met the
inclusion criteria for this study (655/3285, 19.94%, in 2017;
714/3504, 20.38%, in 2018; 717/3374, 21.25%, in 2019; and
817/3865, 21.14%, in 2020).

Ethics Approval
This study was approved as exempt by the institutional review
board of the University of Alabama because no human
participants were involved.

Dependent Variable
Our dependent variable, internet health information–seeking
behavior, was defined on the basis of the respondents’ report
on whether they had in the past 12 months used a computer,
smartphone, or other electronic means to look for health or
medical information for themselves (yes or no). We excluded
invalid or missing responses (52/2903, 1.79%) in our final
analyses because the percentage was very small.

Predictor Variables
The primary predictor variables of interest in this study included
sociodemographic information: race and ethnicity (non-Hispanic
White, non-Hispanic Black, and other), sex (male and female),
age group (18-44 years, 45-64 years, and ≥65 years), education
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level (less than high school, high school graduate, some college,
and college graduate or higher), occupation (employed and
unemployed), household income (<US $50,000, US $50,000
to <US $75,000, and ≥US $75,000), residency (urban and rural),
and marital status (married, divorced, widowed, single, or never
been married). Other covariates included were frequency of
visits to health care providers (≤1 time, 2-4 times, and ≥5 times),
insurance type (private, public, mixed, no insurance, and other),
quality of care (excellent or very good, good, and fair or poor),
general health (excellent or very good, good or fair, and poor),
ability to take care of one’s health (completely or very confident,
somewhat confident, and a little or not confident at all). We
also examined the respondents’ level of trust in the different
sources of information (medical professionals, internet, social
network, traditional media, and organizations). The trust scores
were reverse coded: 4=a lot, 3=some, 2=a little, and 1=or not
at all. Medical professionals as a source of information was
scored using only 1 question: “From a doctor?” The social
network score was based on the mean of 2 questions: “From
family or friends?” and “From religious organizations or
leaders?” The internet score was based on 1 question: “Internet?”
The traditional media score was based on the mean of 2
questions: “From radio?” and “From television?” The
newspapers and magazines score was based on 1 question:
“From newspapers or magazines?” The trust in organizations
score was based on the mean of 2 questions: “From government
health agencies?” and “From charitable organizations?”

Statistical Analysis
We used descriptive analyses to summarize the frequencies and
unweighted and weighted proportions of respondents grouped
by sociodemographic characteristics. The weighted proportions
were generated using the survey’s weighting variables to
generalize the results to the US population. We calculated the
trust score using the original survey questions and estimated
the mean trust scores for the different sources of information.
Multivariable logistic regression models were created to explore
the association between the independent variables and health
information–seeking behaviors. A total of 2 multiple logistic
regression models were constructed to determine the impact of
variables of interest with covariates (model 1) and without
covariates (model 2). Jackknife replicate weights were used to
provide bias-corrected variance estimates [22]. All analyses
were conducted using SAS software (version 9.4; SAS Institute
Inc), and P<.05 was considered statistically significant.

Results

Weighted and Unweighted Estimates
The weighted and unweighted estimates of the characteristics
of interest are summarized in Table 1. A total of 2903
respondents with self-reported diabetes were selected. In total,
60.08% (1744/2903) of the respondents were non-Hispanic
White individuals, and male respondents accounted for 46.88%
(1336/2850) of the total samples. A little more than half of the
respondents were aged ≥65 years (1463/2903, 50.4%), and 64%
(1812/2831) had some college or graduate education. Most of
the respondents lived in urban areas (2519/2903, 86.77%) or
reported having an annual household income of <US $50,000
(1460/2568, 56.85%). Figure 1 shows that medical professionals
were the most trusted among all sources of health information,
meaning the scores were not significantly different across races
(P=.12). In addition to medical professionals, patients (or
people) with diabetes also trust the internet and organizations,
and no significant differences were found among the 3 racial
groups. The trust in traditional media on health information was
lowest in each racial group compared with the trust in other
sources. The trust in traditional media was significantly lower
in the non-Hispanic White group than in the non-Hispanic Black
and other groups (P<.001). Trust in social networks, newspapers,
and magazines was also not different among the different racial
groups (non-Hispanic White, non-Hispanic Black, and other
groups). Table 2 presents the characteristics of the respondents
who searched the internet for health information compared with
those who did not search the internet for health information.
Overall, 61.76% (1793/2903) reported that they searched the
internet for health information for themselves. Among those
who responded yes (1793/2903, 61.76%) to whether they used
the internet for health information, most were women (959/1769,
54.21%), non-Hispanic White individuals (1118/1793, 62.35%),
residing in an urban area (1595/1793, 88.96%), and married
(998/1766, 56.51%). There were significant differences in age
group (P<.001), education level (P<.001), occupation (P=.01),
sex (P=.03), and household income (P<.001). In addition, we
observed a significant relationship between marital status
(P<.001) and insurance types of respondents (P=.002) and the
internet health information seeking among other races with
diabetes.
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Table 1. Sample characteristics of respondents with diabetes, of Health Information National Trends Survey, 2017 to 2020 (N=2903).

Weighted estimates (%)Unweighted estimates (%)Value, nVariable

Race and ethnicity

65.9660.081744Non-Hispanic White

16.822638Non-Hispanic Black

17.317.9521Other

Sex

48.9146.881336Male

51.0953.121514Female

Age group (years)

17.810.530618 to 44

48.9639.06113445 to 64

33.2550.401463≥65

Education

13.811.9337Less than high school

28.524.1682High school graduate

37.832.1908Some college

19.931.9904College graduate or higher

Residency

84.8486.772519Urban

15.213.2384Rural

Marital status

57.3850.461426Married

12.120.3575Divorced

8.615.3433Widowed

21.913.9392Single or never been married

Household income (US $)

54.0256.851460<50,000

17.416.742950,000 to <75,000

28.626.4679≥75,000
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Figure 1. Mean scores of trust in health information sources stratified by race and ethnicity group.
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Table 2. Comparison of characteristics between Health Information National Trends Survey (2017 to 2020) respondents who reported that they searched
the internet for health information and those who did not search the internet for health information (N=2903).

P valueSearched the internet for health information, n (%)Variable

No (n=1110)Yes (n=1793)

<.001Age group (years)

80 (7.21)226 (12.6)18 to 44

336 (30.27)798 (44.51)45 to 64

694 (62.52)769 (42.89)≥65

.41Race and ethnicity

626 (56.4)1118 (62.35)Non-Hispanic White

284 (25.59)354 (19.74)Non-Hispanic Black

200 (18.02)321 (17.9)Other

<.001Education

231 (21.73)106 (6)Less than high school

366 (34.43)316 (17.87)High school graduate

292 (27.47)616 (34.84)Some college

174 (16.37)730 (41.29)College graduate or higher

.01Occupation

104 (9.37)355 (19.8)Employed

1006 (90.63)1438 (80.2)Unemployed

<.001Household income (US $)

671 (72.54)789 (48.02)<50,000

129 (13.95)300 (18.26)50,000 to <75,000

125 (13.51)554 (33.72)≥75,000

.03Sex

526 (48.66)810 (45.79)Male

555 (51.34)959 (54.21)Female

.15Residency

924 (83.24)1595 (88.96)Urban

186 (16.76)198 (11.04)Rural

<.001Marital status

428 (40.38)998 (56.51)Married

241 (22.73)334 (18.91)Divorced

253 (23.87)180 (10.19)Widowed

138 (13.02)254 (14.38)Single or never been married

.001Insurance type

173 (15.59)566 (31.57)Private

521 (46.94)546 (30.45)Public

333 (30)540 (30.12)Mixed

20 (1.8)39 (2.18)Other

63 (5.68)102 (5.69)No insurance

.60Quality of care

729 (75.86)1224 (73.82)Excellent or very good

164 (17.07)331 (19.96)Good
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P valueSearched the internet for health information, n (%)Variable

No (n=1110)Yes (n=1793)

68 (7.08)103 (6.21)Fair or poor

.29General health

272 (24.66)479 (26.88)Excellent or very good

746 (67.63)1215 (68.18)Good

85 (7.71)88 (4.94)Fair or poor

.05Ability to take care of health

691 (62.7)1071 (59.87)Completely or very confident

304 (27.59)579 (32.36)Somewhat confident

107 (9.71)139 (7.77)A little or not confident at all

Factors Associated With the Use of the Internet to Seek
Health Information
The 2 models we created to examine the factors that predict the
use of the internet to seek health information in participants
who reported that they had diabetes are presented in Table 3.
In model 1 (the effect of the main predictors without covariates),
the results showed that a higher education level was significantly
associated with internet health information seeking compared
with a less than high school education level (some college: odds
ratio [OR] 1.42, 95% CI 1.44-1.88; college graduate or higher:
OR 2.50, 95% CI 1.79-3.50). The older age group (≥65 years)
was less likely to seek internet health information than the
younger age group (18 to 44 years; OR 0.46, 95% CI 0.34-0.63).
In addition, income level significantly predicted the use of the
internet to seek health information among respondents with
self-reported diabetes. Respondents with a household income
of ≥US $75,000 had 40% higher odds of searching for health
information on the internet than those with a household income
of <US $50,000 (OR 1.43, 95% CI 1.03-1.99). Furthermore,
we found that respondents who had made ≥5 visits to health
care providers during the past 12 months were significantly
more likely to use the internet to seek health information than
those with fewer visits (OR 1.52, 95% CI 1.11-2.10).

Model 2 presents the effect of the main predictor variables of
interest without the covariates. In this model, only education
level, age group, and household income level remained the main
predictors of use of the internet to search for health information

among persons who reported that they had diabetes. In models
1 and 2, race and ethnicity, occupation, sex, marital status, and
urbanity were not significantly associated with using the internet
to search for health information among respondents who have
diabetes (P>.05).

Table 4 shows the multivariable analyses of our main predictor
variables and covariates on internet health information seeking
stratified by race and ethnicity groups (non-Hispanic White,
non-Hispanic Black, and other races). We observed significant
differences among the several factors across different race and
ethnicity groups. In the non-Hispanic White group, the
respondents who seek health information on the internet were
more likely to have college graduate or higher degrees, ≥5 visits
to health care providers, and no insurance, although older age
was significantly associated with lower odds of seeking health
information on the internet (OR 0.53, 95% CI 0.34-0.82).
Among the non-Hispanic Black respondents, individuals who
use the internet to seek health information were more likely to
have a household income of US $75,000, whereas those living
in a rural area (OR 0.40, 95% CI 0.25-0.66) and the older age
group (OR 0.32, 95% CI 0.14-0.72) were associated with lower
odds of using the internet to seek health information. Among
respondents who were neither non-Hispanic White nor
non-Hispanic Black in terms of race and ethnicity, those seeking
health information on the internet were more likely to have
some college degree, have a household income between US
$50,000 and US $75,000, live in an urban area, and be widowed.
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Table 3. Odds ratios (ORs) and 95% CIs of respondents seeking health information by multiple logistic regression model.

Model 2, OR (95% CI)Model 1, OR (95% CI)Variable

Education

——aLess than high school (reference)

0.82 (0.60-1.10)0.82 (0.61-1.10)High school graduate

1.45 (1.12-1.86)b1.44 (1.10-1.88)bSome college

2.76 (2.04-3.74)b2.50 (1.79-3.50)bCollege graduate or higher

Occupation

——Employed (reference)

0.98 (0.79-1.23)0.99 (0.73-1.33)Unemployed

Age group (years)

——18 to 44 (reference)

0.94 (0.72-1.22)0.88 (0.63-1.22)45 to 64

0.46 (0.35-0.60)b0.46 (0.34-0.63)b≥65

Household income (US $)

——<50,000 (reference)

0.88 (0.69-1.11)0.82 (0.63-1.08)50,000 to <75,000

1.41 (1.07-1.87)b1.43 (1.03-1.99)b≥75,000

Residency

——Urban (reference)

0.81 (0.65-1.02)0.77 (0.59-1.00)Rural

Marital status

——Married (reference)

0.87 (0.66-1.15)0.85 (0.61-1.19)Divorced

0.89 (0.62-1.27)0.85 (0.59-1.22)Widowed

0.87 (0.58-1.30)0.92 (0.58-1.44)Single, never been married

Sex

——Male (reference)

1.15 (0.99-1.34)1.12 (0.94-1.34)Female

Race and ethnicity

——Non-Hispanic White (reference)

1.05 (0.80-1.39)1.12 (0.79-1.59)Non-Hispanic Black

0.92 (0.67-1.26)0.95 (0.61-1.46)Other

Insurance type

N/Ac—Private (reference)

N/A0.88 (0.54-1.45)Public

N/A1.25 (0.79-2.00)Mixed

N/A0.54 (0.15-1.98)Other

N/A1.40 (0.55-3.54)No insurance

Frequency of visits to health care providers

N/A—≤1 time (reference)

N/A0.88 (0.63-1.22)2 to 4 times

N/A1.52 (1.11-2.10)b≥5 times

J Med Internet Res 2022 | vol. 24 | iss. 5 | e32723 | p.265https://www.jmir.org/2022/5/e32723
(page number not for citation purposes)

Eke et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Model 2, OR (95% CI)Model 1, OR (95% CI)Variable

Quality of care

N/A—Excellent or very good (reference)

N/A1.16 (0.80-1.69)Good

N/A1.02 (0.68-1.52)Fair or poor

General health

N/A—Excellent or very good (reference)

N/A1.06 (0.82-1.37)Good or fair

N/A0.70 (0.43-1.14)Poor

Ability to take care of health

N/A—Completely or very confident (reference)

N/A1.21 (0.89-1.64)Somewhat confident

N/A0.97 (0.62-1.52)A little or not confident at all

aReference level for corresponding predictors.
bP values met the threshold for statistical significance.
CN/A: not applicable (variables were included in model 1 only).
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Table 4. Odds ratios (ORs) and 95% CIs of respondents seeking health information on the internet by race and ethnicity group.

Model 3: other, OR
(95% CI)

Model 2: non-Hispanic Black, OR
(95% CI)

Model 1: non-Hispanic White, OR
(95% CI)

Variable

Education

———aLess than high school (reference)

0.57 (0.20-1.58)1.23 (0.58-2.61)0.70 (0.49-1.01)High school graduate

4.73 (2.23-10.01)b1.36 (0.76-2.45)1.31 (0.95-1.79)Some college

2.10 (0.53-8.26)1.72 (0.73-4.03)2.77 (1.93-3.96)bCollege graduate or higher

Occupation

———Employed (reference)

0.70 (0.35-1.41)0.90 (0.50-1.63)0.97 (0.69-1.36)Unemployed

Age group (years)

———18 to 44 (reference)

1.33 (0.49-3.59)1.05 (0.46-2.39)0.81 (0.52-1.26)45 to 64

0.30 (0.09-1.04)0.32 (0.14-0.72)b0.53 (0.34-0.82)b≥65

Household income (US $)

———<50,000 (reference)

0.35 (0.18-0.70)b0.74 (0.36-1.53)0.93 (0.64-1.36)50,000 to <75,000

1.37 (0.74-2.53)2.42 (1.09-5.38)b1.47 (0.97-2.24)≥75,000

Sex

———Male (reference)

1.95 (0.90-4.22)1.18 (0.74-1.88)1.06 (0.85-1.33)Female

Frequency of visits to health care providers

———≤1 time (reference)

0.85 (0.30-2.37)0.62 (0.33-1.17)1.03 (0.67-1.56)2 to 4 times

1.48 (0.46-4.74)0.84 (0.42-1.66)1.87 (1.25-2.80)b≥5 times

Insurance type

———Private (reference)

2.76 (0.50-15.09)0.69 (0.36-1.33)0.71 (0.37-1.37)Public

1.24 (0.29-5.36)1.77 (0.68-4.59)1.00 (0.53-1.89)Mixed

0.06 (0.01-0.52)b1.63 (0.27-9.88)0.53 (0.12-2.43)Other

2.67 (0.52-13.69)0.42 (0.07-2.57)2.63 (1.19-5.81)bNo insurance

Residency

———Urban (reference)

0.22 (0.06-0.77)b0.40 (0.25-0.66)b0.91 (0.68-1.20)Rural

Marital status

———Married (reference)

1.25 (0.38-4.14)0.69 (0.38-1.24)1.02 (0.70-1.47)Divorced

0.22 (0.07-0.70)b1.28 (0.66-2.45)0.93 (0.58-1.49)Widowed

0.68 (0.21-2.24)1.24 (0.62-2.48)0.76 (0.45-1.29)Single or never been married

Quality of care

———Excellent or very good (reference)
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Model 3: other, OR
(95% CI)

Model 2: non-Hispanic Black, OR
(95% CI)

Model 1: non-Hispanic White, OR
(95% CI)

Variable

0.70 (0.23-2.16)1.64 (0.75-3.58)1.11 (0.70-1.74)Good

0.90 (0.18-4.43)0.58 (0.25-1.35)1.27 (0.69-2.32)Fair or poor

General health

———Excellent or very good (reference)

1.51 (0.54-4.27)1.22 (0.63-2.36)0.92 (0.68-1.24)Good

0.29 (0.05-1.82)1.35 (0.35-5.13)0.71 (0.40-1.26)Fair or poor

Ability to take care of health

———Completely or very confident (reference)

1.10 (0.41-2.93)1.46 (0.69-3.09)1.27 (0.86-1.87)Somewhat confident

3.16 (0.52-19.41)0.76 (0.21-2.71)0.82 (0.50-1.36)A little or not confident at all

aReference level for corresponding predictors.
bP<.05.

Discussion

Principal Findings
Diabetes self-management skills refer to the tasks the patient
must carry out to manage or reduce the impact of diabetes on
their health status and daily living. The internet is a popular
platform where individuals with chronic medical conditions
obtain information or opinions to improve their health
conditions. This cross-sectional study examined the factors
associated with internet health information–seeking behavior
among US adults with diabetes. We found that approximately
two-thirds of the individuals who reported that they are living
with diabetes seek personal health information using the internet.
Standard features of the US adults with diabetes who seek
internet health information include non-Hispanic White race,
some college or graduate-level education, unemployment, being
married, women, and living in urban areas. The significant
predictors of internet use for health information are education
level, age, household income, and frequency of visits to health
care provider. Our results show that persons with college
graduate–level education or higher have 2.5 times higher odds
of seeking health information from the internet than individuals
with less than high school education. People with diabetes who
frequently visit health care providers (≥5 times per year) are
1.5 times more likely to seek health information from the
internet than those who see their provider once or not at all in
a year. Older age groups (≥65 years) are significantly less likely
to use the internet for health information than younger age
groups. We observed inconsistencies, by race, in the factors
associated with internet health information seeking among US
adults with diabetes. The main predictors of internet health
information seeking among non-Hispanic White individuals are
college graduate education or higher degree, younger age, no
insurance, and higher frequency of visits to health care
providers. By contrast, among non-Hispanic Black individuals,
the main predictors are higher household income, residency,
and age of patients.

The ever-growing availability of the internet increases its utility
for accessing health information, especially among people with

chronic medical conditions. Even so, health care professionals
remain the most trusted source of health information and are
trailed by internet sources. As in most studies, we observed that
the trust in health information sources among US adults with
diabetes was higher for health care professionals than for internet
sources [19,23,24]. Even so, our study shows that a large
proportion of US adults living with diabetes seek health
information using internet sources. This finding supports the
high rate of reported internet health information–seeking
behavior among persons with chronic medical conditions. Data
show that >50% of the adults living with chronic medical
conditions have accessed the internet for health information
related to their situation. Furthermore, 36% reported that
information obtained from the internet was helpful regarding
medical advice and health information [25].

Contrary to our findings of a large proportion of US adults with
diabetes seeking internet health information, Kalanzi et al [24],
in their study conducted in Greece, observed a low ranking in
the utility of the internet among their study participants. The
differential health information–seeking behavior observed
between these 2 populations could be explained by their intrinsic
motivations, such as access to health care providers and
available resources. Nevertheless, our study suggests that people
living with diabetes are becoming better informed and better
understand their health problems because of their increasing
internet health information–seeking behavior. In addition, this
study provides essential information to improve the relationship
between health care providers and persons living with diabetes.
Establishing a good relationship will improve the management
and quality of life of individuals living with diabetes. It is vital
for health care providers to actively engage with persons living
with diabetes in the decision-making process when caring for
them. In addition, health care providers should consider
discussing available internet-based resources in their
management plan to enhance the use of appropriate resources
and accuracy of diabetes health information obtained from the
internet source.

Individual characteristics (eg, income, sex, race and ethnicity,
age, and education) influence internet health
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information–seeking behaviors, regardless of the types of
illnesses [9,26-28]. There is a positive relationship between
individuals with chronic diseases and the frequency of internet
health information seeking, which influences their health
behavior changes [29]. Our study found that age, education,
and household income were significant factors influencing
internet health information seeking among adults living with
diabetes mellitus. This finding supports the existing literature
[30]. Trust in the source of information influences the
connection between age and internet health information seeking.
For instance, older people, compared with the young generation,
find their physicians or health care providers to be reliable
sources for seeking health information compared with internet
use [31]. In addition, technology adaptation and trust intersect
regarding internet health information seeking between young
and older adults. Compared with older adults, younger adults
are more likely to adopt the internet to search for health
information and to trust health information found on the internet
because technology adaptation enables them to differentiate
between websites that contain low-quality health information
and those that contain high-quality health information [31].
These findings emphasize the connection between technology
adaptation or acceptance and eHealth literacy regarding health
information seeking [31]. Furthermore, levels of education make
a huge difference in internet health information seeking, as
described in several studies [8,10]. For instance, individuals
with higher levels of education are more likely to seek internet
health information than those with lower education. We
observed 2.5 times the odds of internet health information
seeking in adults with diabetes and some college education or
higher degree compared with those with less than high school
education. This observation underscores the significance of the
role of social determinants in promoting health and health equity
for all [32] because “social determinants of health are the
conditions in which people are born, grow, live, work and age
that shape health” [33].

Overall, our study showed a significant association between
higher internet use for health information and higher education
levels in all race categories. We did not find any significant
association between the race of a person living with diabetes
and internet health information–seeking behavior. However,
we observed inconsistency in the predictors of internet health
information seeking across racial groups of adults living with
diabetes. Although no association was observed between
insurance types and internet use among the Hispanic and
non-Hispanic Black individuals with diabetes, our results show
that non-Hispanic White individuals with diabetes who have
no insurance are significantly more likely to use the internet for
health information than non-Hispanic White individuals with
private insurance. Previous reports of the association between
internet use and insurance status are mixed. Research mostly
shows that people with private insurance are more likely to use
the internet to seek health information, which could be attributed
to their socioeconomic status [34-36]. However, our findings
support a previous report that uninsured persons with a reported
chronic medical condition were more likely than those with
private insurance to search the internet for health information
[37]. This finding could imply that higher internet health
information–seeking behavior among persons without health

insurance and who have a chronic medical condition such as
diabetes may be due to barriers in accessing health services
because of their insurance status. Research also shows that
individuals who have easy access to health information through
their health care providers are less likely to search the internet
for health information because they have better access to health
care services [38].

In comparison, among non-Hispanic Black individuals with
diabetes, the main significant predictors of internet health
information seeking include higher household income and living
in an urban area. Notably, our study explored the difference in
the effects of the predictor on internet health information seeking
stratified by race and ethnicity among US adults with diabetes.
We were unable to compare our data with any similar studies.
However, studies have shown a vast racial divide in internet
health information–seeking behavior [29,39-41]. These studies
indicate that non-Hispanic Black individuals seek more internet
health information than non-Hispanic Black and other races to
obtain personal health information and medical advice. For
instance, Lorence et al [39], in their study, observed a significant
gap in the access to the internet between non-Hispanic White
and minority races, with the non-Hispanic White group having
more access to the internet for health information than the
non-Hispanic Black and Hispanic groups [39]. Further research
is needed to explore further the coeffect of race and predictors
of internet health information–seeking behavior among US
adults with diabetes.

The findings from our study add significantly to the literature;
however, the study is not without limitations. First, the data
used in this study, HINTS data, are self-report secondary survey
data. Therefore, there may be issues with validity and bias in
the information collected in this survey. For example, the
identification of persons with diabetes is based on the
information provided by the respondents. We could not verify
this information by using clinical data to determine whether
diabetes was diagnosed clinically in these respondents. In
addition, the response to our dependent variable could have
been overreported or underreported. Second, the HINTS data
are cross-sectional data. We could not ascertain the trend in
internet information seeking in this population and examine any
behavior change during the study period. Third, our analytical
approach may be subject to robustness issues related to sample
sizes. The small sample size of non-Hispanic Black and other
race strata compared with the non-Hispanic White group could
have affected our findings in this study. Our pooled approach
and use of jackknife weights in our analyses helped minimize
potential sampling biases and enhance the generalizability of
our results. Even with these limitations, the nationwide sampling
approach of the survey data is a great strength of this study.

Conclusions
Our study provides insights into the predictors of internet health
information–seeking behavior of US adults living with diabetes.
Seeking internet health information is common among adults
living with diabetes. To improve the self-management and
quality of life of individuals living with diabetes, it is crucial
for health care providers to educate patients about reliable and
verifiable internet health information sources.
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Abstract

Background: There is insufficient evidence for the use of single-lead electrocardiogram (ECG) monitoring with an adhesive
patch-type device (APD) over an extended period compared to that of the 24-hour Holter test for atrial fibrillation (AF) detection.

Objective: In this paper, we aimed to compare AF detection by the 24-hour Holter test and 72-hour single-lead ECG monitoring
using an APD among patients with AF.

Methods: This was a prospective, single-center cohort study. A total of 210 patients with AF with clinical indications for the
Holter test at cardiology outpatient clinics were enrolled in the study. The study participants were equipped with both the Holter
device and APD for the first 24 hours. Subsequently, only the APD continued ECG monitoring for an additional 48 hours. AF
detection during the first 24 hours was compared between the two devices. The diagnostic benefits of extended monitoring using
the APD were evaluated.

Results: A total of 200 patients (mean age 60 years; n=141, 70.5% male; and n=59, 29.5% female) completed 72-hour ECG
monitoring with the APD. During the first 24 hours, both monitoring methods detected AF in the same 40/200 (20%) patients
(including 20 patients each with paroxysmal and persistent AF). Compared to the 24-hour Holter test, the APD increased the AF
detection rate by 1.5-fold (58/200; 29%) and 1.6-fold (64/200; 32%) with 48- and 72-hour monitoring, respectively. With the
APD, the number of newly discovered patients with paroxysmal AF was 20/44 (45.5%), 18/44 (40.9%), and 6/44 (13.6%) at 24-,
48-, and 72-hour monitoring, respectively. Compared with 24-hour Holter monitoring, 72-hour monitoring with the APD increased
the detection rate of paroxysmal AF by 2.2-fold (44/20).

Conclusions: Compared to the 24-hour Holter test, AF detection could be improved with 72-hour single-lead ECG monitoring
with the APD.

(J Med Internet Res 2022;24(5):e37970)   doi:10.2196/37970
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Introduction

Electrocardiogram (ECG) monitoring is essential for the
detection of atrial fibrillation (AF). Although a standard 12-lead
ECG can be used to detect AF, its diagnostic effectiveness
decreases as the AF burden becomes low and multiple snapshots
of 12-lead ECGs or ambulatory ECG monitoring are often
required [1,2]. Although numerous handheld or wearable ECG
devices are now readily available [3], the Holter test remains
the gold standard for ambulatory ECG monitoring. Briefly, the
Holter test is usually performed over 24 hours and can record
multiple ECG leads. However, in the case of paroxysmal AF,
the known AF burden is generally less than 5% [4]. In such
cases, more extended ECG monitoring is usually necessary to
detect AF.

Recently, adhesive patch-type devices (APDs) have been used
to detect AF. Compared to the Holter test, APDs are generally
more compact and convenient for patients [5]. APDs also have
the advantage of an extended monitoring period for up to several
days, depending on the product. Therefore, APDs could be a
valuable alternative to the Holter test. However, most APDs
monitor single-lead ECG such that they can record ECG signals
along a single vector. As a result, there are concerns of over-
or under-detection of AF compared to the standard Holter test
[6]. Additionally, the diagnostic performance of single-lead
ECG monitoring could be suboptimal due to noisy tracings,
frequent ectopic beats, or the coexistence of other
tachyarrhythmias [7]. Although multiple studies have validated
the diagnostic performance of single-lead ECG monitoring with
APDs for various cardiac arrhythmias [6,8-11], evidence of
direct comparisons between the Holter test and single-lead ECG
monitoring with an APD for AF detection remains limited [12].

This study aimed to compare the 24-hour Holter test to 72-hour
single-lead ECG monitoring with an APD among patients with
AF in routine medical care.

Methods

Ethics Approval
The study protocol was approved by the Seoul National
University Hospital Institutional Review Board and adhered to
the Declaration of Helsinki revised in 2013 (IRB No:
H-2006-224-1138).

Study Design and Population
This was a single-center, prospective cohort study. Among the
patients who received outpatient management for AF at our
institution (Seoul National University Hospital, Seoul, Republic

of Korea), the patients who needed ambulatory ECG monitoring
for AF management or evaluation were screened for the study.
All patients were medically examined and screened by any of
the 3 electrophysiologists (EKC, SRL, or SO). Screening and
recruitment processes were conducted in the outpatient clinic
setting.

The inclusion criteria of the study population were (1) those
who were previously diagnosed with AF and (2) those who
were indicated for the 24-hour Holter test for routine
management or monitoring of AF at outpatient clinics. The
exclusion criteria were (1) persistent atrial flutter or atrial
tachycardia and (2) failure to complete simultaneous single-lead
ECG monitoring with the APD and Holter test for the first 24
hours.

Between October 2020 and September 2021, a total of 210
patients were enrolled in the study. Among them, 2 (1%) patients
had no AF but persistent atrial tachycardia, and 8 (3.8%) patients
did not complete simultaneous monitoring for the first 24 hours
due to detachment of the monitoring device or recording errors.
Therefore, a total of 200 participants were included in this study.

Study Flow
After obtaining informed consent, baseline characteristics were
examined by a researcher in the outpatient clinic. Baseline
characteristics included demographic information (age, sex,
height, body weight, and body mass index), information on AF
(types of AF, CHA2DS2-VASc [congestive heart failure,
hypertension, age ≥75 years, diabetes mellitus, stroke or
transient ischemic attack, vascular disease, age 65 to 74 years,
sex category] scores, and history of treatment for AF),
comorbidities (hypertension, diabetes mellitus, heart failure,
vascular disease, chronic kidney disease, liver disease, and
thromboembolism), and concomitant medications
(antiarrhythmic agents, diuretics, oral anticoagulants, and
antiplatelet agents).

After enrollment, each participant started simultaneous
single-lead ECG monitoring and Holter tests for the first 24
hours. An APD (mobiCARE MC-100, Seers technology,
Seongnam-si, Gyeonggi-do, Republic of Korea) and a Holter
device (SEER Light, GE Healthcare, Chicago, IL, USA) were
attached to each participant, as shown in Figure 1. The Holter
device was set to record three channels (leads I, V1, and V6),
and the electrodes were placed at the positions for standard ECG
measurement. The APD was set to record a single channel (lead
II) and was placed 45 from the internipple line. Overlap of the
electrodes in both devices was avoided to prevent signal noise
and interference.
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Figure 1. Device setting for electrocardiogram monitoring of a study participant. A study participant recorded a single-lead electrocardiogram (lead
II) using an adhesive patch-type device (MC-100) and a three-channel electrocardiogram (lead I, V1, and V6) using the Holter test. Overlap of the
electrodes of both devices was avoided to prevent signal noise and interference.

After completing the simultaneous monitoring for 24 hours,
participants returned the Holter device and continued single-lead
ECG monitoring with the APD for additional 48 hours. After
completing the comprehensive monitoring, each participant
returned the APD and responded to a survey on the convenience
of using the APD. The raw data of both devices were extracted
and anonymized to protect participants’privacy. Raw data were
independently reviewed and analyzed by 4 cardiologists (SK,
SRL, EKC, and HJA). If there was any discrepancy in the
interpretation of the ECG signal, the senior electrophysiologist
(EKC) decided the final interpretation.

A Brief Specification of MC-100
The APD used in the study (MC-100) has two medical standard
4.0 mm electrode snaps connected by a single wire. The device
is compatible with conventional sticky ECG electrodes. It is
powered by a commercial CR2032H coin cell battery and can
operate continuously for at least 72 hours. The size of the device
is 29 mm × 120 mm, and it weighs 8.9 grams. The device can
record a single-lead ECG signal with a sampling rate of 256
Hz. Additionally, the device has accelerometers and gyroscopes
to measure movement activity. The device is connected to the
user’s smartphone using Bluetooth and transmits ECG data to
the smartphone. A user can access ECG data from a smartphone,
and real time monitoring is possible using a preinstalled app.
The MC-100 has a built-in memory of 256 kilobytes, which can
store ECG data for up to 2-3 minutes if it is disconnected from
the smartphone. During validation of the ECG measurements
using the MC-100 for the population with non-AF cardiac
arrhythmias, the device showed a diagnostic performance
comparable to that of a conventional Holter test [13].

Sample Size Determination
We used the McNemar test to estimate the sample size. Based
on previous reports [5,8], we assumed that 14% of patients
would be negative for the Holter test but positive for the APD
due to the extended monitoring period, while 4% of patients

would be positive for the Holter test but negative for the APD
due to potential disadvantages of single-lead ECG monitoring.
To achieve a power of 80% and a two-sided significance of 5%,
the study required 194 participants. Considering potential
dropouts, we estimated a total of 200 participants are required
to conduct the study. The PASS 15 Power Analysis and Sample
Size Software was used to perform sample size calculations.

Statistical Analysis
The diagnostic performances of the APD and Holter tests were
compared. The variables for the comparison included total
monitoring time (minutes), the proportion of noise (ie,
uninterpretable portions of the recorded signals, %), AF
detection rate (%), and AF burden (%). To compare the variables
between the two tests, a paired t test or Wilcoxon signed-rank
test was performed according to their normality. The AF
detection rate and AF burden were measured every 24 hours to
observe the diagnostic benefits of extended single-lead ECG
monitoring daily. We also recalculated the AF detection rate
and AF burden for the APD by only including AF episodes that
lasted ≥30 seconds. In all statistical analyses, a P value of less
than .05 was considered statistically significant. Statistical
analyses were performed using SPSS Statistics for Windows,
version 22.0 (IBM Corp).

Results

Baseline Characteristics
The baseline characteristics of the study population are presented
in Table 1. The mean patient age was 60 years, and 70.5%
(141/200) of the patients were male. The proportions of
paroxysmal AF and persistent AF were 68% (136/200) and 32%
(64/200), respectively. The most common comorbidity was
hypertension (54.5%, 109/200). Most participants used
beta-blockers (33.5%, 67/200), oral anticoagulants (57%,
114/200), and class Ic antiarrhythmic agents (43%, 86/200).
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Table 1. Baseline characteristics of the study population (N=200).

ValueCharacteristics

60 (7.8)Age (year), mean (SD)

Gender, n (%)

141 (70.5)Male

59 (29.5)Female

0 (0)Intersex, n (%)

167.2 (7.9)Height, cm (SD)

70.2 (11)Weight, kg (SD)

25.1 (3.1)Body mass index, kg/m2 (SD)

1.5 (1.1)Mean CHA2DS2-VASca score (SD)

1 (1-2)Median CHA2DS2-VASc score (IQR)

AFb types, n (%)

136 (68)Paroxysmal

64 (32)Persistent

AF treatment information, n (%)

53 (26.5)Prior electrical cardioversion

122 (61)Prior catheter ablation

Comorbidities, n (%)

109 (54.5)Hypertension

34 (17)Diabetes mellitus

18 (9)Heart failure

1 (0.5)Peripheral artery disease

2 (1)Chronic kidney disease

3 (1.5)Chronic liver disease

2 (1)Thromboembolism

Concomitant medications, n (%)

67 (33.5)Beta-blocker

39 (19.5)Calcium channel blocker

50 (25)RAASc blockade

11 (5.5)Diuretics

114 (57)Oral anticoagulant

25 (12.5)Antiplatelet agent

86 (43)Class Ic antiarrhythmic agent

29 (14.5)Amiodarone

aCHA2DS2-VASc: congestive heart failure, hypertension, age ≥75 years, diabetes mellitus, stroke or transient ischemic attack, vascular disease, age 65
to 74 years, sex category.
bAF: atrial fibrillation.
cRAAS: renin-angiotensin-aldosterone system.

Comparisons of ECG Monitoring Between the Holter
and APD
A total of 200 participants performed ECG monitoring with the
Holter and APD. The mean monitoring durations were 1402
(SD 106) min (0.97, SD 0.07 days) and 4242 (SD 401) min

(2.95, SD 0.28 days) for the Holter and APD, respectively
(P<.001; Table 2). The median noise proportions were
significantly higher in the APD (median <0.1%, 95% CI 0-0.2
for the Holter; and median 0.3%, 95% CI 0.1-0.7 for the
APD,P<.001). Most signal noises were caused by motion
artifacts, touching of the device, or poor electrode contact. The

J Med Internet Res 2022 | vol. 24 | iss. 5 | e37970 | p.276https://www.jmir.org/2022/5/e37970
(page number not for citation purposes)

Kwon et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


APD had additional signal loss due to Bluetooth disconnection from the user’s smartphone (median 2%, 95% CI 1.0-4.4).

Table 2. Comparisons of ECGa monitoring durations and noise proportions between the Holter and the adhesive patch-type device.

P value72-hour single-lead ECG monitoring with an adhesive patch-type device24-hour Holter monitoring

N/Ab200200Total participants, N

<.0014242 (401)1402 (106)Mean monitoring duration, min
(SD)

<.0010.3 (0.1-0.7)<0.1 (0-0.2)Median noise proportions, % (IRQ)

aECG: electrocardiogram.
bN/A: not applicable.

Feasibility of 72-Hour ECG Monitoring With the APD
Of the 200 participants, 188 (94%) completed the 72-hour ECG
monitoring with the APD. During the extended monitoring
period, 12 (6%) participants failed to complete the 72-hour ECG
monitoring. Reasons for failing to complete the 72-hour
monitoring included device or app errors in 4 (2%) participants,
misuse of the device by the user in 3 (1.5%) participants, skin
irritation in 2 (1%) participants, and other reasons in 3 (1.5%)
participants. The skin irritation that occurred in the 2 participants
recovered spontaneously after removing the APD and did not
require further medical aid.

Comparisons of AF Detection and AF Burdens
Between the Holter and APD
Examples of single-lead ECG monitoring with the APD for
persistent and paroxysmal AF are presented in Figure 2 and
Figure 3, respectively. For the first 24 hours, both the Holter
and APD yielded the same AF detection rate (40/200, 20% of
participants; Figure 4). Paroxysmal and persistent AF were
equally identified in 20 participants using both devices. During

the extended monitoring period, the APD detected paroxysmal
AF in 18 (9%) and 6 (3%) new participants on days 2 and 3,
respectively. Compared to the 24-hour Holter test, 72-hour ECG
monitoring with the APD increased the AF detection rate by
1.6-fold (40/200, 20% with the Holter; and 64/200, 32% with
the APD). When comparing only participants with paroxysmal
AF, the APD increased the AF detection rate by 2.2-fold
(20/180, 11.1% with the Holter; and 44/180, 24.4% with the
APD).

The daily distributions of AF burden measured by the 24-hour
Holter test and 72-hour single-lead ECG monitoring with the
APD are compared in Figure 5. There was no significant
difference in the AF burden measured by the two devices on
day 1 (P=.06). Except for the participants with persistent AF
(ie, AF burden of 100%), most AF burdens were less than 5%
(165/180, 91.7% on day 1; 163/180, 90.6% on day 2; 156/180,
86.7% on day 3 with the APD). The next most common AF
burden was 5%-25% (10/180, 5.5% on day 1; 11/180, 6.1% on
days 2 and 3 with the APD). Individual AF burdens changed
dynamically over the monitoring period, except in cases of
persistent AF (Figure 6).

Figure 2. An example of persistent AF (participant #105) detected by the Holter and adhesive patch-type device. Both the Holter and adhesive patch-type
device detected AF coherently. AF: atrial fibrillation.
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Figure 3. An example of onset and termination of paroxysmal AF detected by the adhesive patch-type device. Both onset and termination of paroxysmal
AF can be accurately detected by the adhesive patch-type device. AF: atrial fibrillation.

Figure 4. Comparison of AF detection between the Holter and adhesive patch-type device. The daily proportions of participants with AF were detected
by the 24-hour Holter test and 72-hour single-lead electrocardiogram monitoring with the adhesive patch-type device. AF: atrial fibrillation.

Figure 5. Distribution of AF burden measured by the Holter and adhesive patch-type device. The daily AF burdens were compared between 24-hour
Holter monitoring and 72-hour single-lead electrocardiogram monitoring with the adhesive patch-type device. AF: atrial fibrillation.
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Figure 6. Dynamic changes of daily AF burden. For each participant, daily AF burden was tracked over the monitoring period using the adhesive
patch-type device. AF: atrial fibrillation.

Impact of the Duration of AF Episodes on AF Detection
An example of a short episode of paroxysmal AF (duration <30
seconds) is shown in Figure 7. If only episodes lasting over 30
seconds with the APD were counted as AF, the detection rate
of paroxysmal AF is presented in Figure 8. Limiting the

minimally required duration of AF episodes to 30 seconds
decreased the detection rate of paroxysmal AF by 9.1% overall.
Despite the decrease in the detection rate of paroxysmal AF,
72-hour single-lead ECG monitoring with the APD yielded a
2-fold higher detection rate than the 24-hour Holter test (20/180,
11.1% with the Holter; and 40/180, 22.2% with the APD).

Figure 7. An example of short episode of paroxysmal AF detected by the Holter and adhesive patch-type device. Both the Holter and adhesive patch-type
device detected a short episode of paroxysmal AF accurately. AF: atrial fibrillation.
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Figure 8. Comparison of the detection rates of paroxysmal AF with the adhesive patch-type device (MC-100) by episode durations. Limiting the
minimally required duration of AF episodes to 30 seconds decreased the detection rate of paroxysmal AF by 9.1% overall. AF: atrial fibrillation; PAF:
paroxysmal atrial fibrillation.

The Convenience of Using the APD for Extended ECG
Monitoring
The survey results for the use of the APD are presented in
Multimedia Appendix 1. The surveys were collected by 190
study participants (190/200, 95%). Most participants did not
report discomfort or skin irritability during use of the APD
(66/190, 34.7% and 65/190, 34.2%, respectively). Among
respondents, 27/190 (14.2%) reported skin irritability. Instances
of discomfort using the APD were the most frequent during
activity (54/190, 28.4%), followed by that during sleep (35/190,
18.4%). Episodes of intermittent device detachment were
observed in 111/190 (58.4%) of the respondents. Overall, more
than a half of the respondents responded very positively to using
the device and app (107/190, 56.3% and 98/190, 51.6%,
respectively).

Discussion

Principal Findings
This study compared AF detection rates with a 24-hour Holter
test and 72-hour single-lead ECG monitoring with an APD
among patients requiring AF monitoring. The principal findings
of the study are as follows: (1) during the simultaneous use of
both monitoring methods, they yielded the same AF detection
rate over 24 hours; (2) extended monitoring with the APD
increased AF detection rates by 1.6-fold compared to those with
the 24-hour Holter test (2.2-fold for the case of paroxysmal AF);
(3) limiting the minimally required duration of AF episodes to
30 seconds decreased the detection rate of paroxysmal AF by
9.1% with the APD; and (4) most participants responded that
it was convenient to use the APD over the extended monitoring
period.

The major differences between our study and others are that (1)
we compared the AF detection rate between the Holter test and
the APD from routine medical care for patients with AF, and
(2) we evaluated the impact of the duration of AF episodes on
AF detection using the APD.

When managing patients with AF in an outpatient setting,
performing a 24-hour Holter test is common. However, we
found that the 24-hour Holter test detected only approximately
40/64 (62.5%) of participants with AF compared to those by
the 72-hour single-lead ECG monitoring. This result suggests
that the outpatient-based 24-hour Holter test is often ineffective
for AF detection. Therefore, the management or evaluation of
patients with AF might be suboptimal when the 24-hour Holter
test is used, especially in cases of paroxysmal AF.

According to recent European guidelines [1], AF-like episodes
of at least 30 seconds are required to diagnose AF using a
single-lead ECG device. It is challenging to identify P waves
as accurately as a standard 12-lead ECG using a single-lead
ECG. This study found that identifying AF episodes lasting ≥30
seconds decreased the AF detection rate by 9.1%. Nevertheless,
72-hour single-lead ECG monitoring was superior to that of the
24-hour Holter test for AF detection.

ECG monitoring is an essential method for AF detection.
Recently, wearable or portable ECG monitoring devices have
become widely accepted for AF detection [14]. Smartwatches
with the capability of ECG measurement and APDs are typical
examples of newly introduced ECG monitoring tools [3]. Unlike
smartwatches or handheld devices, APDs can continuously
monitor ECG signals; therefore, APDs have a potential to
maximize AF detection rates during a given monitoring period.
Some APDs can record multiple-lead ECG, but most devices
have been designed to record single-lead ECG to minimize their
size and maximize their convenience. The convenience of APDs
is that they can monitor ECG signals for an extended period
(several days to weeks), and thus increase the possibility of AF
detection without disturbing the patient. In addition, they are
small and convenient to use [5]; however, one disadvantage is
that most APDs can only record single-lead ECG signals.
Consequently, if a patient has P waves that are low in amplitude
along with the vector between the device’s electrodes, there is
a possibility of misdiagnosing atrial arrhythmias, including AF
[6,13]. However, in this study, both the Holter test and the APD
showed equivalent AF detection rates during the first 24 hours.
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One possible explanation is that the number of patients might
have been insufficient to show the difference in the AF detection
rates between the two monitoring methods during the first 24
hours. However, the APD might have been as effective as Holter
because the APD detected P waves effectively in our study; the
APD’s electrodes were attached 120 mm apart and along the P
wave axis to increase the detection of P waves. A further study
is warranted regarding the effectiveness of P wave detection
with the APD.

Some studies investigated the use of APDs for AF detection
[6,15,16]. A systematic review by Ramkumar et al [17] found
that a moderate linear relationship exists between monitoring
time and an AF detection rate for a single-lead ECG device.
Although a more extended monitoring with APDs would
increase the AF detection rate, the mSToPS trial found that most
AF detection occurred within a week [15]. However, as the
monitoring period becomes longer, test compliance would
decrease while the possibility of skin problems caused by APDs
would increase. For example, Heckbert et al [9] reported that
APDs with a median monitoring time of 14 days induced skin
irritation in 4% of the participants. Similar to the mSToPS trial,
this study also found that most AF detection occurred within 7
days. In our study, only 1% (N=2) of the study participants
discontinued ECG monitoring with the APD (MC-100) because
of skin problems. Skin irritation occurred less commonly in this
study than in other studies due to differences in the monitoring
period with the APDs [9,10]. In addition, the MC-100 uses
conventional ECG snap electrodes that are widely used for ECG
measurements, and the contact area between the device and the
skin is smaller than that of other commercial products. The
smaller contact area of adhesives might also have contributed
to a lower prevalence of skin problems in our study. Moreover,
the feasibility of extended monitoring with an APD could be
an issue due to device detachment during daily activity.
However, the APD used in our study was easy to reattach to

the body because the device was small and had a simple and
lightweight structure. Therefore, in most cases, the detachment
period was relatively short. As a result, the proportion of signal
noise due to any detachment episodes accounted for only a
median of 0.3% (95% CI 0.1-0.7) of the total monitoring time.

Limitations
This study has several limitations. First, it focused on the
population diagnosed with AF who received routine medical
care at outpatient clinics. Therefore, the diagnostic performance
in the general population cannot be estimated. Second, during
the extended monitoring period, there were possible
false-positive or false-negative episodes with the APD because
no Holter data or standard 12-lead ECG was available to validate
the episodes. False-positive AF episodes could also be attributed
to underdetected ectopic P waves or premature atrial beats with
the single-lead ECG data [6,13]. Third, this study cannot
determine the AF detection performance of the APD for special
cases including concomitant complete atrioventricular block or
slow ventricular response as the study participants did not have
such cases.

Conclusions
Compared to the 24-hour Holter test, 72-hour single-lead ECG
monitoring with an APD could improve AF detection rates.
Both tests were equally effective during the first 24 hours despite
the potential disadvantages of single-lead ECG monitoring.
Focusing on paroxysmal AF, the detection rates could be
improved by 2.2-fold with the APD. In addition, the APD was
convenient for extended monitoring without causing serious
skin irritation. Our results showed that the extended monitoring
with the APD for AF detection was feasible and had good
compliance. Extended monitoring of single-lead ECG with the
APD could be beneficial for AF detection among patients
whereby conventional ECG tests were inadequate in
documenting AF episodes.
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Abstract

Background: With the rise of online health care service, there is growing discussion on the relationship between physicians
and patients online, yet few researchers have paid attention to patients’ perception of social presence, especially its influence on
their willingness to communicate (WTC).

Objective: The goal of the research is to investigate the influence of perceived social presence (PSP) on WTC in mobile medical
consultations.

Methods: Participants living in Yunnan province during the period of middle to high risk of COVID-19 infection were recruited
via the internet. They were assigned randomly into 2 groups interacting with a virtual physician presenting high and low levels
of social presence and then asked to complete a questionnaire. Based on the theoretical framework, the study puts forward a
model evaluating the relationships among participants’ PSP, communication apprehension (CA), self-perceived communication
competence (SPCC), and willingness to communicate about health (WTCH) in the computer-mediated communication between
virtual physicians and patients.

Results: In total 206 (106 in group 1 and 100 in group 2) valid samples were gathered (from 276 log-ins) and 88.8% (183/206)
of them were aged 18 to 44 years, which approximately resembles the age distribution of the main population engaging in online
medical consultation in China. Independent t test shows that there is significant difference between the PSP of the 2 groups
(P=.04), indicating a successful manipulation of social presence. The total effect of PSP on WTCH is 0.56 (P<.001), among
which 74.4% is direct effect (P<.001). Among the indirect effects between PSP and WTCH, the mediating effect of SPCC accounts
for 68.8% (P<.001) and the sequential mediating effect of CA→SPCC accounts for 19.2% (P<.001), while the mediating effect
of CA alone is not significant (P=.08).

Conclusions: This study provides a comprehensible model, demonstrating that PSP is an important antecedent of WTCH, and
the sequential mediating effect of CA and SPCC found in this study also proves that in the environment of online mobile medical
services, CA cannot affect communication directly. The findings will provide some practical inspiration for the popularization
of online medical service, especially for the promotion of online physician-patient communication.

(J Med Internet Res 2022;24(5):e31797)   doi:10.2196/31797
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Introduction

Background
Physician-patient communication is a hot button issue in China.
Web- and mobile phone–based medical consultations as a
supplement to traditional outpatient services have gradually
become the prevalent pathway [1,2] to consult professionals
about health problems, especially during the challenge of
COVID-19 [3]. Compared with the traditional way, online health
care uses relatively fewer medical resources [1] and is
supplementary to the “previous form of health
communication...based on face-to-face interpersonal
communication and linear traditional media communication”
[2]. Therefore, it is worth studying the factors and mechanisms
enabling patients to feel comfortable and more willing to
communicate with physicians.

Willingness to communicate (WTC) is the possibility that a
person chooses to communicate (especially to start a
conversation) under the condition that they are free to make a
choice [4]. WTC not only depends on the individual’s innate
personality but the context of the communication as well [5].
Communication plays an important role in the tension between
the physician and patient and the patient’s family members [6].
“Willingness to communicate about health (WTCH) represents
a situational application of the WTC construct” [7]. The way
the patient experiences medical care is dynamic and complex.
Many factors in the process will moderate the relationship
between communication and desired outcomes [8].
Physician-patient communication via the internet may have
risks of uncertainty of information quality and medical advices
[9]. The patient information-seeking behavior is a 1-way
communication, while visiting physicians at a hospital is a kind
of 2-way interaction. Patients are usually regarded as passive
recipients of the health information, and they do not always
actively participate in medical consultations [10,11]. However,
the patient’s participation in making a medical decision is the
key to patient-centered communication [8].

Many researchers have studied WTC between physicians and
patients in specific situations such as organ donation [12],
clinical trials [13], and sexual health [14], etc. Petrič et al [15]
found that social interactions such as communication in online
health communities will affect the physician-patient relationship.
The willingness to accept online treatment has also been proven
to partially depend on WTC online with general practitioners
[16]. Published studies have proved that WTC is closely related
to the context of interaction [17,18]; however, most of them
only verified the correlation, and few have tried to verify the
causality. In addition, for a long time communication
apprehension (CA) and perceived communication competence
were considered the 2 best predictors of WTC [19], but there
have not been enough empirical studies to discuss the impact
of this mechanism on patients’ willingness to talk about health
in a computer-mediated environment.

Compared with face-to-face interactions, online
physician-patient communication has particularities such as
connectivity, textuality, asynchronism, and anonymity [1], which
may exert a complicated effect on the online physician-patient
communication process due to the lack of social cues. The theory
of social presence has been widely applied in research studies
of computer-mediated communication (CMC), which lacks
social cues. Therefore, to fill the research gap, this study aims
to explore the underlying mechanism of the influence of social
presence on users’ WTC during online mobile medical services
by controlled experiments. We hope to make contributions to
the understanding of online patient WTC within the framework
of social presence theory and shed light on practical implications
for online medical platform designers to improve the
consultation service.

Theoretical Basis
Short et al [20] define social presence as the extent to which
the communication medium facilitates social emotional
exchange, and the extent to which a person can experience and
understand another person and the underlying personal
relationship. This definition is often used to depict the perception
of others being there [21,22] and is often associated with
concepts such as immediacy [23], intimacy [24], authenticity
[25], and social copresence [26], etc. As an inherent property
of the communication medium, social presence is related to the
medium’s capability to convey nonverbal cues [20]. From the
perspective of psychology, social presence can be described as
the “warmth” of the media—namely, the capability to make
people feel human warmth and sensitivity [27].

With the development of CMC, online interactions have become
more immersive. Because of the relative absence of social
context information and feedback, CMC hinders the
transmission of cues such as personality or hints conveyed by
nonverbal behaviors in face-to-face interactions [28], which
reduces social presence [29]. The perception of social presence
is proved to positively influence users’ trust and intention in
the online environment. For instance, it can increase consumer
trust in an online shopping environment, willingness to purchase
online [30,31], electronic loyalty [32] and intention of
continuous use [33]. Social presence is crucial for inspiring the
patient’s willingness to use the service, especially in an online
health community based on support exchange [34]. Peng et al
[35] found that in online patient-to-physician communities,
social presence and especially its characteristics that enable
users to feel comfortable, safe, and warm with a sense of
belonging and sensitivity will positively influence users’
information-seeking behaviors and their willingness to
participate, which promotes the physician-patient relationship.
In general, exploration on the effect of social presence in online
health care is still inadequate compared with other fields of
online medical research.

Until now, researchers had not reached an agreement on the
measurement of perceived social presence. Prior studies mostly
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used the self-report questionnaire to measure social presence.
Such measurement may show relatively higher levels of
significance; however, there may be more interference factors
during the process. Rourke et al [36] conducted a content
analysis of online discussion. Despite the 12 resulting indicators
to measure social presence, they still acknowledged the
limitations of developing and testing the efficacy of an
instrument to measure social presence. Social presence has been
proven to be closely related to the information richness theory
[37]. According to the theory, the increment of social cues will
increase the capacity of potential information carrying.
Hassanein and Head [38] tested and verified the forecasting
effect of social presence on user attitudes toward the internet
by providing texts and picture design elements with various
levels of social richness on the web page. Cortese and Seo [39]
manipulated the communication environment and forecasted
the perceived social presence. Sia et al [40] confirmed that
removing visual cues and providing anonymity reduces the
perception of the level of social presence. However, relatively
few existing studies have empirically investigated perceived
social presence (PSP) in online health care and its effect on the
mediated communication between physicians and patients.

Based on the literature review, we believe that social presence
is an appropriate theoretical framework to investigate how online
medical interactions with different levels of information richness
influence patients’ WTC.

Hypothesis Development and Research Model

Willingness to Communicate About Health
Many studies have discussed the effect of social presence on
WTC online especially in the field of online learning [41,42]
and revealed that students who perceive a higher level of social
presence are usually more willing to communicate [43-45].
Although there is research showing that patients’ WTC may
help the treatment to be more effective [46], few studies have
discussed patients’ WTC in online medical services. Some
scholars are interested in the relationship between social
presence and WTC in the context of psychotherapy. For
example, Cukor et al [47] found that in online medical services,
videophones create a certain level of social presence in mental
disease counseling and enable the patient to be more willing to
discuss complex topics. A similar effect is expected to be found
in online health care based on the theory of social presence.
According to studies on the relationship between PSP and users’
willingness in other fields, we suggest the following hypothesis:

H1. Participants’ PSP is positively correlated with WTCH in
online medical consultation.

Self-perceived Communication Competence
Communication competence is generally defined as the “cyclical
process that leads to the continual refinement of one’s social
communication repertoire” [48], and it is a way of dynamic
understanding instead of a personality trait [49]. Since it is
difficult to conceptualize or measure communication
competence, most behavior-oriented studies focus on
“individuals’ perceptions of competent communication
behaviors” [48].

McCroskey and McCroskey [50] define self-perceived
communication competence (SPCC) as an individual’s
evaluation of their confidence in their ability to communicate.
It is the individual’s self-perception instead of their actual
competence or skill that initiates WTC [51]. The effect of
communication competence has been verified in the medical
field [52,53]. The Medical Communication Competence Scales
developed by Cegala et al [54] help to further study the
physician-patient interaction in medical interviews. In the CMC
environment, patients’ competence in medical communication
will help them describe the physical condition to the physician
[55].

Communication competence is seldom examined with social
presence. Wrench and Punyanunt-Carter [56] demonstrated that
there is a positive correlation between CMC competence and
CMC presence. Although CMC competence is not equivalent
to communication competence, it has been proven that CMC
competence embodies the notion of communication competence.
In addition, SPCC has been proven to have significant influence
on people’s WTC [57], and an individual’s perception of their
competence can overcome the influence of their actual
competence on the WTC [58]. When an individual is motivated
to communicate competently, their perception of competence
increases [59] and their WTC will grow accordingly.

Therefore, we hypothesize the following:

H2. Participants’ SPCC mediates the relationship between PSP
and WTCH in online medical consultation.

Communication Apprehension
Studies on CA started from the 1970s. It refers to “an
individual’s level of fear or anxiety associated with either real
or anticipated communication with another person or persons”
[60]. In general, CA is a large topic and has various definitions.
It is also conceptualized as (1) the personality trait an individual
has in communication, which is enduring in communicative
situations, or (2) the state of experience, which is
situation-specific [61,62]. There are fewer people with trait CA
than people with state CA [63].

Studies have proven the mutual influence between CA and
social presence [39]. Ayres and Hopf [64] found that the
perception of a human being can help to reduce CA. On the
other hand, people who have experienced a high level of
apprehension tend to perceive a lower level of social presence
[56,65].

Few studies connect the application of CMC with CA, yet Burke
et al [66] found that the application of CMC is strongly
connected with the computer-mediated apprehension. People
with higher level of CA perceive a lower level of social presence
[39] and are more inclined to engage in CMC discussions [66].
In telemedicine, the presence of credible medical service
providers or family members will help to reduce patients’
apprehension effectively [67]. In addition, CA has significant
influence on individuals’ behaviors and motivations [68],
especially on their WTC [39,66,69], considering both the amount
and quality of the communication [70]. People with high levels
of CA will try to keep silent or talk as little as possible to avoid
communication, while those with low levels of CA usually seek
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opportunities to communicate [71]. It does not necessarily mean
that people with high levels of CA will totally avoid CMC, yet
compared with those with low levels of CA, their WTC online
does not seem to be very strong. Thus, we hypothesize the
following:

H3. Participants’ CA mediates the relationship between PSP
and WTCH in online medical consultation.

A high level of CA will lead to more negative evaluation of
self-competence [72]. McCroskey et al [73] found that CA is
negatively associated with SPCC, which has been further

verified in other empirical studies [74,75]. People who are more
apprehensive of communication tend to believe that they are
less competent communicators [76,77]. Based on the findings
of the above research studies, we hypothesize the following:

H4. Participants’ CA and SPCC sequentially mediate the
relationship between PSP and WTCH in online medical
consultation.

Figure 1 presents the proposed research model which depicts
both the direct relationship and the sequential indirect
relationship between PSP and WTCH through CA and SPCC.

Figure 1. Research model.

Methods

Participants
We cooperated with a legally registered data company that
helped us contact and recruit qualified participants living in
Yunnan province via the internet with compensation. Only
participants with their mobile IP located in Yunnan could take
part in the experiment and complete the questionnaire. In total,
299 people participated in the experiment with 276 completing
the whole process. However, 70 participants failed to pass the

reverse coding test. Therefore, 206 valid *samples were finally
collected (each compensated with 4 renminbi [RMB]), yielding
a valid participation rate of 68.9% (see Table 1 for participant
demographic information). According to a report by China
Industrial Information [78], users aged 18 to 44 years account
for the majority of all users on online medical platforms, with
male users being 54.6% and female users being 45.4%. In our
experiment, participants aged 18 to 44 years account for 88.8%
(183/206), and male users and female users are 59.2% (122/206)
and 40.8% (84/206), respectively, which is basically in line with
the users on online medical platforms in China.
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Table 1. Participant demographics.

Value, n (%)Characteristics

Gender

84 (40.8)Female

122 (59.2)Male

Age (years)

11 (5.3)<18

79 (38.4)18-24

69 (33.5)25-34

35 (17.0)35-44

12 (5.8)>44

Education level

1 (0.5)Primary school

25 (12.1)Junior high school

38 (18.5)High school

58 (28.2)Junior college

75 (36.4)Bachelor

9 (4.4)Master

0 (0)Doctor

Monthly income, RMBa (US$), n (%)

15 (7.3)<1000 (154)

7 (3.4)1000-2000 (154-308)

61 (29.6)2000-5000 (308-772)

102 (49.5)5000-10,000 (772-1544)

20 (9.7)10,000-100,000 (1544-15,440)

1 (0.5)>100,000 (>15,440)

aRMB: renminbi.

Ethics Approval
The experiment was approved (H2021099I) by the Institutional
Review Board for Human Research Protections of the Shanghai
Jiao Tong University on March 23, 2021.

Materials
Our experiment used the stimuli investigated in our pretest.
Group 1 was presented with a physician using a default profile
photo in the system without any personal or professional
information (Figure 2) while participants in group 2 were
presented with a page illustrating the physician’s profile
including a photo, name, position, institution, expertise, etc,
before the experiment started. Interactive experiences such as
some random waiting time, a sign on the top indicating that the

physician is entering the name and profile photo presented in
the dialog box, etc, were also added in group 2 (Figure 3).
Except for the above differences, the experiment was conducted
under the same system settings for the 2 groups. In order to
keep the consistency and effectiveness of the independent
variables, the responses and diagnosis from the physician in the
dialogs were based on the patient’s selection of preset options.

We conducted a trial test on the stimuli of the experiment on
November 11, 2020. We randomly invited 35 students (aged
17-23 years; male 57% [20/35], female 43% [15/35]) in a
cafeteria on the campus of a major university in China to
participate in our online experiment. The result of the
independent samples t test shows that the levels of PSP are
significantly different under 2 groups of stimuli (group 1: 2.68
[SD 0.39], group 2: 3.38 [SD 0.52]; P<.001).
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Figure 2. Interface for group 1 with a low level of social presence.

Figure 3. Interface for group 2 with a high level of social presence.

Design and Procedure
We have designed a 1-factorial experiment on 2 groups with
the manipulation of social presence level. Participants were
assigned randomly into 2 groups: group 1 with a low level of
social presence and group 2 with a high level of social presence.
Beside the stimuli, other system settings were the same for the
2 groups. Before the experiment started, participants were asked
to provide demographic information and then, to improve the
authenticity of the task, participants were invited to a pretest of
an online system to self-check the potential risk of COVID-19
infection. Participants were informed that the test controller
was expecting their honest feedback to further optimize the
system, but the result of the test could not be regarded as clinical
evidence. In the experiment, there was a reminder for the
participants stating “If you feel sick, you need to visit a

physician as soon as possible.” On March 30, 2021, 6 new cases
of COVID-19 were confirmed in Yunnan province, the first
since September 2020 when the number of local confirmed
cases fell to zero. Our experiment (H2021099I) ran from April
8-21, 2021, because some areas in Yunnan were rated as
medium to high risk areas throughout the period, suitable for
the experiment since people living in Yunnan might be
concerned about the risk of infection. To simulate the mobile
medical service environment, our experiment was conducted
entirely on smartphones involving 2 groups of participants (106
in group 1 and 100 in group 2). The experiment was followed
by a questionnaire.
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Measurements

Social Presence
We adopted the 5-item PSP scale [30], which is frequently
applied to examine the PSP in CMC. The scale ranges from 1
(strongly disagree) to 5 (strongly agree).

Communication Apprehension
We developed the 5-item Patients’ Report of Communication
Apprehension with Physicians proposed by Ayres et al [79]
based on personal perceived communication apprehension. The
scale measures patients’ CA in physician-patient interactions
on a scale from 1 (strongly disagree) to 5 (strongly agree).

Self-perceived Communication Competence
We developed the Patients’ Self-competence Items Comprising
the Medical Communication Competence Scale proposed by
Cegala et al [54], ranging from 1 (strongly disagree) to 5
(strongly agree).

Willingness to Communicate About Health
We developed the WTCH scales proposed by Wright et al [80].
This scale has 10 items divided into 2 dimensions, provider and
nonprovider. It is applied to measure whether a patient is willing
to communicate about their health status with different people.
Since the experiment was conducted entirely on smartphones,
we used the 5 items from the provider dimension only, ranging
from 1 (strongly disagree) to 5 (strongly agree).

Willingness to Communicate
We tried to control the effects of personality types and
developed the WTC scales proposed by McCroskey [81]. In
this scale, WTC includes 4 types of communicative situations
and 3 kinds of audiences. Based on our experiment, we adopt
the 4 items associated with the investigation of the subscores
related to strangers. Participants indicated the probability they
would choose to communicate by reporting the percentage from
0 (never) to 100 (always).

Validity and Reliability Check
The 4 constructs (PSP, CA, SPCC, and WTCH) in the
questionnaire were all developed from scales in prior studies,
and the content validity of these constructs has been repeatedly
verified (see Multimedia Appendix 1). In addition, in our pretest
we invited 35 participants on campus to give us some advice
on the understanding, wording, and readability of the items after
they completed the experiment and the questionnaire. Their
suggestions were fully considered and helped us to reach the
final version of the questionnaire (Multimedia Appendix 2).

Confirmatory factor analysis was run in SPSS AMOS (version
23.0, IBM Corp) to check the convergent validity and reliability
of the construct. Confirmatory factor analysis fit information
indicated that the measurement model was acceptable

(χ2/df=1.93, root mean square error of approximation=0.07,
comparative fit index=0.92, Tucker-Lewis index=0.90,
incremental fit index=0.92; Table 2). According to Fornell and
Larcker [82], when the average variance extracted (AVE) of
the construct is equal or greater than 0.50 and its construct
reliability (CR) is greater than 0.70, the construct passes the
convergent validity test. The standard load factors of the items
in construct PSP ranged from 0.72 to 0.82 (P<.001, AVE=0.57,
CR=0.87). The factor of CA ranged from 0.58 to 0.84 (P<.001,
AVE=0.52, CR=0.81). Since the 6 items in construct SPCC are
comprised of 2 dimensions (items 1 to 4 from 1 dimension and
items 5 and 6 from the other), they were analyzed in 2 separate
factors. The standard load factors of items 1 to 4 ranged from
0.70 to 0.94 (P<.001, AVE=0.62, CR=0.76), while the factors
of items 5 and 6 ranged from 0.76 to 0.81 (P<.001, AVE=0.62,
CR=0.89). The standard load factor of the items in construct
WTCH ranged from 0.66 to 0.80 (P<.001, AVE=0.52,
CR=0.84). The standard load factor of the items in construct
WTC ranged from 0.54 to 0.87 (P<.001, AVE=0.51, CR=0.80).
Therefore, the convergent validity and CR of our questionnaire
meets the requirement.
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Table 2. Results of confirmatory factor analysis.

Convergent validityStda loadingFactor and item

AVEcCRb

0.570.87—ePSPd

——0.74PSP1

——0.72PSP2

——0.76PSP3

——0.82PSP4

——0.74PSP5

0.520.81—CAf

——0.79CA1

——0.84CA2

——0.58CA3

——0.63CA4

0.680.89—SPCCg (1-4)

——0.86SPCC1

——0.94SPCC2

——0.70SPCC3

——0.77SPCC4

0.620.76—SPCC (5-6)h

——0.81SPCC5

——0.76SPCC6

0.520.84—WTCHi

——0.69WTCH1

——0.69WTCH2

——0.80WTCH3

——0.66WTCH4

——0.74WTCH5

0.510.80—WTCj

——0.81WTC1

——0.58WTC2

——0.54WTC3

——0.87WTC4

aStd: standardized.
bCR: construct reliability.
cAVE: average variance extracted.
dPSP: perceived social presence.
eNot applicable.
fCA: communication apprehension.
gSPCC: self-perceived communication competence dimension 1.
hSPCC (5-6): self-perceived communication competence dimension 2.
iWTCH: willingness to communicate about health.
jWTC: willingness to communicate.
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Results

Manipulation Check
The interfaces of our online experiment were designed to present
2 levels (high and low) of social presence. The independent

samples t test was applied to examine whether the manipulation
successfully triggered different levels of social presence as
perceived by participants. The test proved that the PSP of group
2 was significantly higher than that of group 1 (P=.04, F=0.01,
t=–2.12). Table 3 shows the results of the t test.

Table 3. Results of independent samples t test.

P valuet scoreF scoreMean (SD)Social presence levelGroup

.04–2.120.013.85 (0.77)Low1

———a4.07 (0.75)High2

aNot applicable.

Hypothesis Testing
Based on the proposed model of this study, model 6 described
in the bootstrap methods of SPSS PROCESS developed by
Hayes [83] was applied to analyze the sequential mediating
effect of the model. In this study, the average score of the items
in the construct was calculated to represent the value of each
construct. In the model, PSP is the independent variable (X),
WTCH is the dependent variable (Y), CA is mediator 1 (M1),
and SPCC is mediator 2 (M2).

Correlation Test
Based on the proposed model of this study, a partial correlation
test controlling the effects of age, gender, education level,
income level, and WTC was conducted to examine the
intercorrelations among the 4 variables. Results in Table 4 show
that the intercorrelations among all the variables are significant
(P<.001) and the signs of the coefficients are consistent with
the model prediction.

The total, direct, and indirect effects between PSP and WTCH
with the mediation of CA and SPCC are calculated by model
6, controlling the effects of age, gender, education level, income
level, and WTC.

Table 4. Partial correlation analysis controlling age, gender, education level, income level, and willingness to communicate.

WTCHdSPCCcCAbPSPa

————ePSP

———–.23CA

——–.400.37SPCC

—0.6–.350.64WTCH

aPSP: perceived social presence.
bCA: communication apprehension.
cSPCC: self-perceived communication competence.
dWTCH: willingness to communicate about health.
eNot applicable.

Total Effect
The regression effect between PSP (X) and WTCH (Y) is
significant. PSP positively affects WTCH, supporting H1. The

total effect of PSP on WTCH is 0.56 (P<.001, t=11.63, R2=0.42,
F=23.71).

Direct Effect
According to the results calculated based on model 6, the direct
effect of PSP on WTCH accounts for 74.37% (P<.001,
effect=0.41, t=9.30) of the total effect, indicating that 25.63%
of the total effect is indirect.

Indirect Effect
The results in Tables 5 and 6 show that the coefficient of
PSP→CA, PSP→SPCC, CA→SPCC, PSP→WTCH, and
SPCC→WTCH are all significant while the coefficient of

CA→WTCH is not significant, indicating that the indirect
pathway of PSP→SPCC→WTCH is supported (supporting H2)
and the sequential mediation of the pathway of
PSP→CA→SPCC→WTCH is supported (supporting H4), but
the indirect pathway of PSP→CA→WTCH is not supported
(rejecting H3). It indicates that CA alone cannot mediate the
relationship between PSP and WTCH. Instead, CA affects
WTCH only through the mediating effect of SPCC.

Table 7 summarizes the indirect effects of the 3 pathways.
According to Hayes, the pathway is significant when the
BootLLCI and BootULCI are both above zero or below zero
[83]. Therefore, the pathway of PSP→CA→WTCH is not
significant while the other 2 are significant, repeating the results
from the equations. The effect of the pathway of
PSP→SPCC→WTCH accounts for 68.75% of the total indirect
effect and for the pathways of PSP→CA→SPCC→WTCH and
PSP→CA→WTCH, the ratios are 19.24% and 12.01%,
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respectively. It can be inferred that the effect through the
mediator SPCC accounts for 87.99% of the total indirect effect,
indicating that SPCC plays a more important role in this model.

Based on the coefficients of the causal paths illustrated in Tables
5 and 6, the final model is presented in Figure 4.

Table 5. Summary of the coefficients and the models controlling age, gender, education level, income level, and willingness to communicate.

WTCH (Y)cSPCC (M2)bCA (M1)a

P valuetCoeff.P valuetCoeff.P valuetCoeff.

<.0019.30.41<.0014.540.21<.001–3.38–.26PSP (X)d

.082–1.75–.08<.001–5.14–.24———CA (M1)

<.0017.20.47——————SPCC (M2)

aCA (M1): communication apprehension as mediator 1.
bSPCC (M2): self-perceived communication competence as mediator 2.
cWTCH (Y): willingness to communicate about health as Y.
dPSP (X): perceived social presence as X.

Table 6. Model summary of communication apprehension, self-perceived communication competence, and willingness to communicate about health
as outcome variables.

WTCH (Y)cSPCC (M2)bCA (M1)a

0.570.290.11R2

33.0511.483.92F score

<.001<.001.001P value

aCA (M1): communication apprehension as mediator 1.
bSPCC (M2): self-perceived communication competence as mediator 2.
cWTCH (Y): willingness to communicate about health as Y.

Table 7. Summary of the mediation pathways.

BootULCIbBootLLCIaEffectMediation pathways

0.2080.0870.14Total

0.048–0.0010.02PSP→CA→WTCH

0.1500.0540.10PSP→SPCC→WTCH

0.0520.0090.03PSP→CA→SPCC→WTCH

aBootLLCI: bootstrap lower limit confidence interval.
bBootULCI: bootstrap upper limit confidence interval.
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Figure 4. Final mediation model. ***P<.001.

Discussion

Principal Findings
Prior research models consider that PSP is influenced by CA
in computer-mediated environments; to be specific, people with
a higher level of CA will experience a lower level of PSP
[39,56]. However, this is the opposite of the causality shown
by our experiment results. Our research finds that the level of
PSP will negatively influence people’s CA, yet the causality of
this influence has been proven by Burke et al [66] to be the
opposite—people experiencing a high level of CA tend to be
involved in CMC discussions with a low level of social presence.
In addition, Burke et al [66] found that PSP is negatively
associated with WTCH, which is also the opposite of our results
that clearly show a positive relationship between PSP and
people’s communication willingness mediated by computers.

Prior literature has demonstrated the correlation between SPCC
and WTCH [84-86], and such correlation is also applicable in
the context of online medical communication studied in this
research. Further findings show that SPCC mediates the
relationship between PSP and WTCH. As an individual
perception, SPCC is a key factor affecting users’ WTC in the
CMC environment. It seems that SPCC is less associated with
the individuals’ innate and actual communication skills but is
more dependent on their perception of their abilities. And such
perception will directly influence users’ WTC by increasing or
decreasing social cues in the communication environment.

Beside the mediating effects of CA and SPCC discussed in this
study, we found that the effect of CA on WTCH is exerted
entirely through the mediating effect of SPCC. The perspective
that health communication competence is one of the best
predictors of patients’ WTC [87] has been proven again.
Competence is a sociopsychological concept. It is more like a
response to a specific situation or social context to achieve the
communicative goals [88]. McCroskey [51] believes that
whether people decide to start a conversation usually depends
on self-perceived rather than actual communicative competence.
People experiencing a high level of CA will decrease their

evaluation of their communicative competence [72]. The
sequential mediating effect of CA and SPCC found in this study
also proves that in the environment of online mobile medical
services, CA cannot hinder or facilitate communication
directly—instead, it should transfer its effect to SPCC. If
participants experience a higher level of CA in the experiment,
their SPCC will be decreased accordingly, thus showing a lower
WTC.

Comparison With Prior Work
Although prior studies have examined and confirmed the
influence of social presence in the medical field [34,35], due to
the lack of an accepted definition and difficulty of measurement,
few empirical studies have explored the relationship between
social presence and WTC, let alone the exploration of the causal
relationship between them. Thus, our study has supplemented
current research results to a certain extent by conducting the
experiment on a more diverse group of people.

In prior studies, the interrelationships among CA, SPCC, and
WTC have received much attention. However, the difference
in the communication performance of people with different
levels of CA, especially the difference in WTC under the
influence of online and offline CA and the different levels of
CA when facing different people, have not been fully discussed.
Some studies hold that face-to-face CA seems to motivate people
to communicate online [89]. In the CMC environment which
is lower in media richness, what is the influence of the state CA
on WTC? In addition, the offline SPCC is decisive for the
individual’s WTC. Will the online SPCC in some specific
situations vary with the increase or decrease in social cues? To
answer these questions, we simulates the online mobile medical
environment and manipulates participants’ PSP by stimulating
their imagination of interaction and providing actual interactions
with the others, which supplements existing studies of the
antecedents of WTC in the computer-mediated environment.
Although our results show that the mediating effect of CA on
the relationship between PSP and WTCH is not supported, there
are some valuable findings in our research.
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Practical Implications
Our study will provide some practical inspiration for the
popularization of online medical service in the future, especially
for the promotion of online physician-patient communication.
To construct a friendly environment for medical communication,
the program designer should fully take users’ PSP into
consideration. For online patients, if they have worries or lack
confidence in the CMC with physicians, their SPCC will be
influenced and their WTCH conditions will be affected
accordingly. Given the important role of SPCC, online medical
service providers should not only help users to acquire
substantial communication skills, but also build a friendly
consultation environment. Interactive elements enabling users
to feel more confident can be applied to optimize the interface
(eg, a typing prompt function to suggest expressions users may
proceed with in the conversation). When users feel more
confident about their competence to initiate and continue an
effective communication, they are more likely to be engaged
in online consultation. To take care of users’ CA, which is an
influencing factor of SPCC, online health service providers
should try to ease users’ stress and enhance their sense of
security by scientific communication skills catering for users’
emotions. Experiencing a lower level of CA will result in an
increase in SPCC, which will encourage users to engage in
online health communication.

Limitations
First, concerning our research model, the experiment only
investigates the users’ WTC, and the amount of actual
communication (or expressions) has not been measured. In fact,
despite their unwillingness, people with a high level of CA may
not have poor performance in communication [70]. Second, our
experiment only investigates the text communication between
physicians and patients online. Users’ WTC online through
audio or video is also worth studying.

Concerning the design of the experimental stimuli, both the
self-examination of the risk of COVID-19 infection and the
time of conducting the experiment are cross-sectional and have
their inherent limitations. If the participant wants to have
medical services online and interact with a real physician, their
communication will adjust to the feedbacks from each other.
However, in order to control the manipulation of PSP, we have
eliminated the personalized feedback from the simulated online
physician. Our experiment is based on the Chinese cultural
context and medical conditions. If the experiment is conducted
with a more international and diverse group of participants, can
the findings of this study be repeated? More proof is needed.

Finally, our study focuses more on patients; however, it has
been proven that the physician-patient communication is more
physician-centric in online medical services than in face-to-face
consultations [46]. If researchers are interested in the field of
online physician-patient communication, especially the patient’s
WTC, we suggest they explore more on physician-centric
studies.

Conclusions
The computer-mediated environment was once considered as
an inactive medium for the communication of health problems.
Responding to the theory of social presence, we have verified
the pathway of social presence’s influence on patients’ WTC.
Specifically, this study examined the indirect effects of the 2
parallel mediators. The results of the experiment show that
although only the indirect path via SPCC is supported, some
innovative findings can still be drawn. Considering the diverse
definitions of social presence, a convincing measurement
remains to be developed and tested. Our experiment has proved
that the increment of social cues will positively influence the
degree of social presence perceived by participants in mobile
medical consultations. When provided with more personal
information on the physician and more interactivity, participants
will perceive the social presence to be more prominent.
Otherwise, there will be subtle perception of social presence.
Given the identification of a reliable manipulation that can be
applied to measure social presence as the embodiment of the
authenticity of others in communication, future research studies
can focus more on evaluating the antecedents and consequences
of social presence. For direct effect, the results demonstrate that
patients’ WTCH is directly influenced by PSP. For indirect
effect, patients’ WTC will increase by the higher level of their
SPCC. However, a lower level of CA will not lead to an
increased level of WTC, which is inconsistent with prior studies
and contributes to the literature of social presence theory in the
field of health communication. In general, this study developed
and explored the concept and analysis framework of PSP that
affects patients’ WTC with physicians about their health
conditions in the context of mobile health care and verified the
mediating effect of online experiential interaction between
physicians and patients on the latter’s WTC. The research on
the impact of PSP on patients’ willingness to talk about health
online is only a preliminary attempt. The process and outcome
of online physician-patient communication are affected by
multiple factors that need to be explored more fully in the future.
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Abstract

Background: Depression is associated with significant morbidity and human capital costs globally. Early screening for depressive
symptoms and timely depressive disorder case identification and intervention may improve health outcomes and cost-effectiveness
among affected individuals. China’s public and academic communities have reached a consensus on the need to improve access
to early screening, diagnosis, and treatment of depression.

Objective: This study aims to estimate the screening prevalence and associated factors of subthreshold depressive symptoms
among Chinese residents enrolled in the cohort study using a mobile app–based integrated mental health care model and investigate
the 12-month incidence rate and related factors of major depressive disorder (MDD) among those with subthreshold depressive
symptoms.

Methods: Data were drawn from the Depression Cohort in China (DCC) study. A total of 4243 community residents aged 18
to 64 years living in Nanshan district, Shenzhen city, in Guangdong province, China, were encouraged to participate in the DCC
study when visiting the participating primary health care centers, and 4066 (95.83%) residents who met the DCC study criteria
were screened for subthreshold depressive symptoms using the Patient Health Questionnaire-9 at baseline. Of the 4066 screened
residents, 3168 (77.91%) with subthreshold depressive symptoms were referred to hospitals to receive a psychiatric diagnosis of
MDD within 12 months. Sleep duration, anxiety symptoms, well-being, insomnia symptoms, and resilience were also investigated.
The diagnosis of MDD was provided by trained psychiatrists using the Mini-International Neuropsychiatric Interview. Univariate
and multivariate logistic regression models were performed to explore the potential factors related to subthreshold depressive
symptoms at baseline, and Cox proportional hazards models were performed to explore the potential factors related to incident
MDD.

Results: Anxiety symptoms (adjusted odds ratio [AOR] 1.63, 95% CI 1.42-1.87) and insomnia symptoms (AOR 1.13, 95% CI
1.05-1.22) were associated with an increased risk of subthreshold depressive symptoms, whereas well-being (AOR 0.93, 95%
CI 0.87-0.99) was negatively associated with depressive symptoms. During the follow-up period, the 12-month incidence rate of
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MDD among participants with subthreshold depressive symptoms was 5.97% (189/3168). After incorporating all significant
variables from the univariate analyses, the multivariate Cox proportional hazards model reported that a history of comorbidities
(adjusted hazard ratio [AHR] 1.49, 95% CI 1.04-2.14) and anxiety symptoms (AHR 1.13, 95% CI 1.09-1.17) were independently
associated with an increased risk of incident MDD. The 5-item World Health Organization Well-Being Index was associated
with a decreased risk of incident MDD (AHR 0.90, 95% CI 0.86-0.94).

Conclusions: Elevated anxiety symptoms and unfavorable general well-being were significantly associated with subthreshold
depressive symptoms and incident MDD among Chinese residents in Shenzhen. Early screening for subthreshold depressive
symptoms and related factors may be helpful for identifying populations at high risk of incident MDD.

(J Med Internet Res 2022;24(5):e30907)   doi:10.2196/30907

KEYWORDS

screening; depressive symptoms; incident major depressive disorder; Chinese community residents; electronic-based integrated
mental health care model

Introduction

Background
Mental disorders account for significant illness-associated
disability globally, and major depressive disorder (MDD, also
called clinical depression) is one of the leading causes [1].
Moreover, MDD is highly prevalent, with high recurrence rates,
nonrecovery, chronicity, and interepisodic dysfunction [2].
Along with staggering human costs, MDD exacts enormous
individual and societal costs [3]. It is reported that MDD is
closely associated with a loss of productivity and noticeable
personal, social, and economic decline, thereby creating
significant demands on patients, families, society, and service
providers [4]. Moreover, at its worst, MDD can lead to increased
risks of suicidal behavior (eg, suicidal ideation, suicide attempts,
or even suicide death), and a large proportion of depressed
individuals have suicidal ideation and suicide attempts [5-7].
According to the World Health Organization (WHO), depression
affects >300 million people and represents a major contributor
to the global burden of disease [8].

It is well documented that subthreshold depressive symptoms
(ie, not meeting the minimum diagnostic threshold for a major
depressive episode) could predispose and portend incident
MDD, and previous evidence suggests that individuals
manifesting subthreshold depressive symptoms have an
approximately 2-fold higher risk of incident MDD than those
without [9,10]. The increasing prevalence of MDD and its
associated impact on human function is a national health priority
for all countries, notably societies and health care systems in
most low- and middle-income countries (LMIC) [8]. The
additional challenge in LMIC is the observation that an
estimated <10% of individuals with MDD in LMIC receive
minimal treatment and support services [11]. Moreover, the gap
in implementation of clinical practice guidelines for MDD is
greater in LMIC than in high-income countries [12]. Early
screening for subthreshold depressive symptoms has been
reported to increase the likelihood of case identification among
affected individuals, and a positive screen for subthreshold
depressive symptoms is suggested to trigger an additional
diagnostic assessment and, thus, improve future health [13].
The American Academy of Family Physicians and US
Preventive Services Task Force recommend screening for
depression in general adults [14]. Moreover, previous evidence

indicated that early diagnosis and treatment of clinical
depressive disorder might result in better outcomes [12] and
seem to be more cost-effective [15]. In addition, early screening
for depressive symptoms and depressive disorders has the
potential to be effective. However, this had not been previously
established.

During the past 30 years across China, rapid economic
development and social change (eg, urbanization) have exposed
citizens to changing factors. These rapid changes may be a
determinant of adverse mental health problems (eg, subthreshold
depressive symptoms and MDD) [16]. In keeping with this
view, an increasing rate of depressive symptoms and mood
disorders has been reported in China. For example, a recent
national study using data from the China Mental Health Survey
among Chinese adults reported that the weighted 12-month
prevalence and lifetime prevalence of depressive disorder were
3.6% and 6.8%, respectively. Using the 2012 China Family
Panel Studies data, a separate survey reported that 37.86% of
the adult respondents experienced depressive symptoms [16].
Previous analyses from our group using data from the
School-based Chinese Adolescents Health Survey reported a
high prevalence (5.6% to 8.3%) of depressive symptoms among
Chinese adolescents [17-19]. Moreover, a previous
meta-analysis reported that the pooled lifetime prevalence of
suicidal ideation and that of suicide attempts among patients
with MDD in China were 53.1% and 23.7%, respectively [7].
However, access to mental health care in China remains
constrained and needs to be improved [20].

Cohort Study
Although 6 types of serious mental health disorders (including
schizophrenia, schizoaffective disorder, persistent delusional
disorder, bipolar disorder, mental disorders caused by epilepsy,
and mental retardation accompanied by mental disorders) are
recognized in community-based mental health management
programs in China, MDD is not included. Previous evidence
suggests that factors such as stigma-induced stress contribute
to the unwillingness to seek professional help among individuals
with depressive symptoms or MDD [21]. The increasing demand
for mental health services and the shortage of psychiatrists in
China have received the attention of Chinese policy makers and
health care professionals [22]. Accordingly, China’s public and
academic communities have reached a consensus on the need
to improve access to early screening, diagnosis, and treatment
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of depression [23]. However, few studies have been conducted
in China related to the screening and prevention of subthreshold
depressive symptoms and MDD in community residents and
the development of integrated mental health care models
connecting primary, hospital, and community care divisions.
Therefore, we performed this cohort study to estimate the
screening prevalence and related factors of subthreshold
depressive symptoms among community residents in Shenzhen,
Guangdong province, China, using a self-developed mobile
app–based integrated mental health care model and determine
the 12-month incidence rate and related factors of incident MDD
among individuals with depressive symptoms.

Methods

Study Design
Data were derived from the Depression Cohort in China (DCC)
study (Chinese Clinical Trial Registry ChiCTR 1900022145),
which is an ongoing longitudinal, population-based study for
early identification, treatment, prevention, and management of
subthreshold depressive symptoms and MDD [24]. We
developed a Toronto-based Building Bridges to Integrate Care
(BRIDGES) health care model to standardize the screening,
detection, and treatment of individuals with subthreshold
depressive symptoms or MDD in Nanshan district, Shenzhen,
to meet the mental health needs of residents and their families
[25]. With a population of approximately 2 million in an area

of 185 km2, Nanshan is one of the most densely populated
districts of Shenzhen.

Ethics Approval
The study procedures were carried out in accordance with the
Declaration of Helsinki. This study received ethics approval
from the institutional review board of the School of Public
Health, Sun Yat-sen University (L2017044), and the study
protocol was approved by the ethics review boards of all the
participating centers.

BRIDGES Health Care Model
The DCC study used a BRIDGES health care model, which
used the BRIDGES model, a project of the University of
Toronto’s departments of medicine and family and community
medicine, as a reference [25], to link mental health care delivery
among primary health care centers, a general hospital, and a
specialized mental health hospital in accordance with the health
system in Nanshan. In the integrated health care model,
individuals are screened at primary health care centers by
general practitioners (GPs) at baseline and there is a referral
gateway between primary health care centers and general and
specialized mental health hospitals in the DCC study. Those
who screen positive with subthreshold depressive symptoms at
primary health care centers will be referred to general or
specialized mental health hospitals to receive psychiatric
diagnoses within a follow-up period of a maximum of 12
months. Participants referred through this gateway do not need
to go through the hospital patient registration process and are
given priority for care at the hospital. Considering that almost
all GPs are not professional psychiatrists in China, psychiatrists
from specialist hospitals trained GPs at primary health care

centers to identify subthreshold depressive symptoms and
provide usual care, referral, and follow-up for participants with
these symptoms. Psychiatrists at hospitals provided outpatient
or hospitalized care and education programs to patients
diagnosed with MDD as well as follow-up, management, and
referrals. Moreover, in the DCC study, project managers, who
were public health physicians from general hospitals, supervised
and ensured the quality of our integrated health care
implementation process. Notably, in the DCC study, a mobile
phone app, which included screening, referral, follow-up, and
management functions, was developed and used by the GPs
from the primary health care centers, psychiatrists from
participating specialist hospitals, and project managers. Besides,
the eligible participants at the primary care centers would be
provided an account number by the GPs to access the app to
complete the screening questionnaire and follow-up assessment
when they visit the primary health care centers and hospitals in
the corresponding study stages. The study process in the DCC
study was performed through the self-developed mobile app,
and it has been reported that this digital data collection
mechanism may be a promising tool to collect data related to
other diseases and risk factors [26].

Participants
The study data were drawn from an ongoing cohort study that
began in early 2019 in which community residents are screened
when they visit primary health care centers. Approximately
90,000 residents in Nanshan district walk through the doors of
34 primary health care centers a year. Among all the people
visiting these centers, GPs selectively screen those who have
mental health–related physical complaints (eg, sleep problems
and chronic somatic pain) or are more likely to have mental
health issues based on the GPs’ clinical experience and our
study training. Our study aimed to screen individuals with
subthreshold depressive symptoms and identify patients with
MDD within limited medical resources and periods. Therefore,
a total of 4243 community residents aged 18 to 64 years living
in Nanshan were encouraged to participate in the DCC study
when visiting the 34 participating primary health care centers
at baseline, of which 177 (4.17%) residents were excluded (n=5,
2.8%, with incomplete information on depressive symptoms;
n=133, 75.1%, with diagnostic depressive disorder; and n=39,
22%, with other psychiatric disorders; Figure 1), leaving 4066
(95.83%) residents who met the DCC study criteria and were
screened for subthreshold depressive symptoms at baseline by
the trained GPs at the participating primary health care centers.
The DCC study exclusion criteria were as follows: (1) a
diagnosis of current, or history of, depressive disorder, severe
psychiatric disorder (ie, bipolar disorder, schizophrenia,
schizoaffective mental disorder, paranoid mental disorder,
mental disorders caused by epilepsy, or mental retardation), or
alcohol or drug dependence disorder; (2) pregnant or perinatal
women; (3) nonfluency in Mandarin; (4) inability to understand
questionnaires or provide consent for themselves; (5) living
outside the community; and (6) having a plan to leave Shenzhen
within 12 months.

In this study, of the 4066 residents who met the study criteria,
3168 (77.91%) screened positive with subthreshold depressive
symptoms at baseline at the primary health care centers and
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were referred to the general or specialized mental health
hospitals to receive the psychiatric diagnoses within 12 months
through the BRIDGES health care model. Psychiatric diagnoses
were provided by the trained psychiatrists using the
Mini-International Neuropsychiatric Interview (MINI;
Diagnostic and Statistical Manual of Mental Disorders, Fourth

Edition criteria). Among the patients with subthreshold
depressive symptoms, 5.97% (189/3168) were first diagnosed
with MDD during the follow-up period after the baseline
screening (Figure 1). Written informed consent explaining the
study purposes, processes, benefits, and risks was obtained from
each participant.

Figure 1. The integrated mental health care model in Nanshan, Shenzhen, in Guangdong province, China. MDD: major depressive disorder; MINI:
Mini-International Neuropsychiatric Interview; PHQ-9: Patient Health Questionnaire-9.

Measures

Subthreshold Depressive Symptoms
In the DCC study, subthreshold depressive symptoms were
measured using the Patient Health Questionnaire-9 (PHQ-9), a
widely used self-report measure in clinical and research settings
that screens for depressive symptoms over the past 2 weeks
[27]. The Cronbach α for PHQ-9 was .80 in this study. The
PHQ-9 consists of 9 items, each addressing specific symptoms
of depression during the past 2 weeks, and the scores for each
item range from 0=not at all to 3=nearly every day, with a
maximum score of 27. Higher scores were indicative of more
severe depressive symptomatology. In this study, participants
with a PHQ-9 score of ≥5 and without current, or a history of,
depressive disorders were operationalized as having
subthreshold depressive symptoms [24,28,29].

Ascertainment of Incident MDD
Participants with subthreshold depressive symptoms were
referred to hospitals to receive the diagnosis of MDD within 12

months. The MINI, a Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, Text Revision–based
validated structured diagnostic psychiatric interview, was used
by psychiatrists to diagnose a current MDD and exclude other
diagnoses [30].

Independent Variables
Sleep duration was assessed by the question, How many hours
do you usually sleep each day? Anxiety symptoms were assessed
by the Generalized Anxiety Disorder Scale-7 [31], which has
been validated and extensively used in Chinese studies with
satisfactory psychometric properties [32]. The Cronbach α was
.92 with our sample. The 7 items’ total score ranges from 0 to
21, with higher scores indicating more severe anxiety
symptomatology.

Well-being was measured using the 5-item World Health
Organization Well-Being Index (WHO-5), which is a positively
worded scale designed to measure the level of subjective
well-being over the past 2 weeks on a 6-point scale ranging
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from 0 (not present) to 5 (constantly present), leading to a raw
score ranging from 0 (absence of well-being) to 25 (maximal
well-being) [33]. The Cronbach α for WHO-5 was .94 in this
study.

Insomnia symptoms were assessed with the Insomnia Severity
Index, which consists of 7 items, with each item scored from 0
to 4, for a maximum of 28 points. Higher scores represent
greater insomnia levels [34], and the Cronbach α was .93 with
our sample.

Adverse life events were measured using the Stressful Life
Events Screening Questionnaire (SLESQ), which has been
validated in Chinese studies [35], and the Cronbach α was .74
in this study. The SLESQ includes 12 items, each with a
dichotomous response option (0=no and 1=yes). Higher scores
reflect the experience of more adverse life events.

Resilience was measured using the Connor-Davidson Resilience
Scale (CD-RISC), which comprises 25 items, with each rated
on a 5-point scale ranging from 0 (not at all true) to 4 (true
nearly all of the time). The Cronbach α for CD-RISC was .95
in this study. The CD-RISC yields a total resilience score
ranging from 0 to 100, with higher scores indicating greater
resilience [36].

The sociodemographic variables included in this study were
age, sex (1=male and 2=female), ethnicity (1=Han Chinese and
2=Chinese minorities), education level (1=junior high school
or below, 2=senior high school, and 3=college or above), living
arrangement (1=living alone, 2=living with family, and 3=living
with others), marital status (1=unmarried, 2=married,
3=divorced, and 4=widowed), lifetime smoking (assessed by
the question, Have you ever smoked a cigarette? Responses
were coded as 1=yes and 2=no) [37], onset age of smoking,
lifetime drinking (assessed by the question, Have you ever
consumed at least one alcoholic drink of any kind? Responses
were coded as 1=yes and 2=no) [37-39], and onset age of
drinking. History of comorbidities (including hypertension,
diabetes, heart disease, stroke, thyroid disease, tumor, and
others) were also collected (responses coded as 1=yes and 2=no).

Statistical Analysis
Data were described as means (SDs) for normally distributed
continuous variables and as medians (IQRs) for nonnormally
distributed continuous variables, and frequency with percentage
was used to describe categorical variables. Baseline
characteristics were summarized according to baseline
depressive symptoms. Mann-Whitney U tests or 2-tailed t tests
for continuous variables and chi-square tests for categorical
variables were conducted to compare baseline sample
characteristics between participants with a PHQ-9 score of <5
and those with a PHQ score of ≥5, as appropriate. Univariate
and multivariate logistic regression models were performed to
explore the potential factors related to subthreshold depressive

symptoms at baseline, and odds ratios (ORs) with 95% CIs were
estimated. All the variables shown to be significantly associated
with subthreshold depressive symptoms by the univariate logistic
regression models were entered into the multivariate logistic
regression models. Moreover, the 12-month incidence rate of
MDD among participants with subthreshold depressive
symptoms was calculated. Univariate and multivariate Cox
proportional hazards models were performed to explore the
potential factors related to incident MDD, and hazard ratios
(HRs) with 95% CIs were also reported. All the variables shown
to be significantly associated with incident MDD by the
univariate Cox proportional hazards models were incorporated
into the multivariate Cox proportional hazards models. In
addition, we also explored the associations of observed risk
factors with incident MDD using 3-knotted restricted cubic
spline regression models, and the P values for the test of
linearity hypotheses were reported. Moreover, regarding the P
values calculated from the multivariate logistic regression
models or multivariate Cox proportional hazards models, the
false discovery rate was calculated to address the concern of
potential type I errors and multiple hypotheses testing. The false
discovery rate–adjusted P value was indicated by q, and the
results were considered nominally significant when q<.10 [40].
The multiple imputation by chained equations method was
applied for missing data [41]. All statistical analyses were
conducted using Stata software (version 14.1; StataCorp LLC)
and R statistical software (version 4.0.2; R Foundation for
Statistical Computing). All statistical tests were 2-sided, and
P<.05 was considered statistically significant.

Results

Baseline Sample Characteristics
The sample characteristics of all included participants at baseline
are shown in Table 1. Among the 4066 participants, the mean
age was 38.19 (SD 11.46) years, and 1541 (37.9%) were men;
576 (14.17%) reported an education level as junior high school
or below; 484 (11.9%) reported living alone; 1080 (26.56%)
reported lifetime smoking; 2424 (59.61%) reported lifetime
drinking; and 974 (23.95%) reported having a history of
comorbidities. The mean (SD) values of sleep duration,
Generalized Anxiety Disorder Scale-7 score, WHO-5 score,
Insomnia Severity Index score, SLESQ score, and CD-RISC
score were 6.67 (4.68), 5.24 (4.88), 13.75 (6.05), 8.25 (6.54),
0.48 (1.15), and 59.05 (23.50), respectively. Of the 4066
participants, 3168 (77.91%) had a PHQ-9 score of ≥5. The
differences between the groups with and without subthreshold
depressive symptoms were not significant regarding the
distribution of age, sex, ethnicity, lifetime smoking, and onset
age of smoking. The characteristics of each item of the PHQ-9
among participants at baseline are presented in Multimedia
Appendix 1.
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Table 1. Baseline characteristics of participants according to subthreshold depressive symptom status (N=4066).

P valueaParticipantsVariable

PHQ-9 score≥5 (n=3168)PHQ-9 score<5 (n=898)Total

.6438.14 (11.66)38.35 (10.74)38.19 (11.46)Age (years), mean (SD)

.67Sex, n (%)

1195 (37.72)346 (38.53)1541 (37.9)Male

1973 (62.28)552 (61.47)2525 (62.1)Female

.76Ethnicity, n (%)

3053 (96.37)869 (96.77)3922 (96.46)Han Chinese

111 (3.50)29 (3.23)140 (3.44)Chinese minorities

——b4 (0.1)Missing

<.001Education level, n (%)

492 (15.53)84 (9.35)576 (14.17)Junior high school or below

768 (24.24)198 (22.05)966 (23.76)Senior high school

1901 (60)615 (68.49)2516 (61.88)College or above

——8 (0.2)Missing

<.001Living arrangement, n (%)

401 (12.66)83 (9.24)484 (11.9)Living alone

2295 (72.44)723 (80.51)3018 (74.23)Living with family

378 (11.93)69 (7.68)447 (11)Living with others

——117 (2.88)Missing

<.001Marital status, n (%)

819 (25.85)178 (19.82)997 (24.52)Unmarried

2223 (70.17)704 (78.4)2927 (72)Married

104 (3.28)13 (1.45)117 (2.88)Divorced

22 (0.69)3 (0.33)25 (0.61)Widowed

.27855 (27)225 (25.06)1080 (26.56)Lifetime smoking (yes), n (%)

.9319.49 (5.15)19.52 (6.20)19.50 (5.39)Onset age of smoking (years), mean (SD)

.021858 (58.65)566 (63.02)2424 (59.61)Lifetime drinking (yes), n (%)

.00819.09 (4.94)19.72 (4.90)19.23 (4.93)Onset age of drinking (years), mean (SD)

.02785 (24.78)189 (21.05)974 (23.95)History of comorbidities (yes), n (%)

.70312 (9.85)84 (9.35)396 (9.74)Hypertension

.99131 (4.14)37 (4.12)168 (4.13)Diabetes

.5937 (1.17)8 (0.89)45 (1.11)Heart disease

.3212 (0.38)1 (0.11)13 (0.32)Stroke

.67103 (3.25)26 (2.9)129 (3.17)Thyroid disease

.2129 (0.91)4 (0.45)33 (0.81)Tumor

.02261 (8.24)52 (5.79)313 (7.7)Other

<.0016.50 (3.99)7.25 (6.54)6.67 (4.68)Sleep duration (hours per day), mean (SD)

<.0016.34 (4.91)1.37 (1.86)5.24 (4.88)Anxiety symptoms, mean (SD)

<.0010.56 (1.24)0.18 (0.65)0.48 (1.15)Adverse life events, mean (SD)

<.00118.35 (4.49)12.45 (5.80)13.75 (6.05)Well-being, mean (SD)

<.0019.61 (6.56)3.45 (3.47)8.25 (6.54)Insomnia symptoms, mean (SD)
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P valueaParticipantsVariable

PHQ-9 score≥5 (n=3168)PHQ-9 score<5 (n=898)Total

<.00156.05 (21.69)68.56 (26.36)59.05 (23.50)Resilience, mean (SD)

aMann-Whitney U test or 2-tailed t tests for continuous variables and chi-square tests for categorical variables were conducted to compare baseline
sample characteristics between participants with and without subthreshold depressive symptoms, as appropriate.
bNot available.

Factors Associated With Subthreshold Depressive
Symptoms
Univariate logistic regression models reported that participants
with education levels of junior high school or below (OR 1.26,
95% CI 1.05-1.50) and senior high school (OR 1.90, 95% CI
1.48-2.43) had higher risks of having subthreshold depressive
symptoms than those with education level of college or above.
Participants living with family (OR 0.66, 95% CI 0.51-0.84)
were less likely to report subthreshold depressive symptoms
than those living alone. Lifetime drinking (OR 1.20, 95% CI
1.03-1.40) and a history of comorbidities (OR 1.24, 95% CI
1.03-1.48) were positively associated with subthreshold
depressive symptoms, as were anxiety symptoms (OR 1.78,
95% CI 1.70-1.87), insomnia symptoms (OR 1.30, 95% CI
1.27-1.32), and adverse life events (OR 1.73, 95% CI 1.52-1.96).

The onset age of drinking (OR 0.98, 95% CI 0.96-0.99), sleep
duration (OR 0.88, 95% CI 0.83-0.94), general well-being (OR
0.81, 95% CI 0.79-0.82), and resilience (OR 0.98, 95% CI
0.97-0.98) were negatively associated with subthreshold
depressive symptoms.

After incorporating all significant variables from the univariate
analyses, the multivariate logistic regression model demonstrated
that only anxiety symptoms (adjusted OR [AOR] 1.63, 95% CI
1.42-1.87) and insomnia symptoms (AOR 1.13, 95% CI
1.05-1.22) were associated with an increased risk of
subthreshold depressive symptoms. General well-being (AOR
0.93, 95% CI 0.87-0.99) was negatively associated with the risk
of subthreshold depressive symptoms. Moreover, these factors
were still significantly associated with subthreshold depressive
symptoms after correcting for multiple testing (Table 2).
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Table 2. Factors associated with subthreshold depressive symptoms among baseline participants.

Model 2bModel 1aVariable

qdP valueAdjusted OR (95% CI)P valueORc (95% CI)

N/AN/AN/Ae.641.00 (0.99-1.01)Age (1-year increase)

N/AN/AN/A.660.97 (0.83-1.13)Male (reference=female)

N/AN/AN/A.690.92 (0.61-1.39)Ethnicity (reference=Chinese minorities)

Education level (reference=college or above)

.78.431.48 (0.57-3.88).011.26 (1.05-1.50)Junior high school or below

.89.751.13 (0.54-2.38)<.0011.90 (1.48-2.43)Senior high school

Living arrangement (reference=living alone)

.96.890.92 (0.30-2.84).0010.66 (0.51-0.84)Living with family

.39.130.54 (0.24-1.21).481.13 (0.80-1.61)Living with others

Marital status (reference=widowed)

N/AN/AN/A.450.63 (0.19-2.12)Unmarried

N/AN/AN/A.170.43 (0.13-1.44)Married

N/AN/AN/A.901.09 (0.29-4.15)Divorced

N/AN/AN/A.251.11 (0.93-1.31)Lifetime smoking (reference=no smoking)

N/AN/AN/A.931.00 (0.97-1.03)Onset age of smoking (1-year increase)

.89.651.33 (0.39-4.59).021.20 (1.03-1.40)Lifetime drinking (reference=no drinking)

.39.150.96 (0.91-1.01).0090.98 (0.96-0.99)Onset age of drinking (1-year increase)

.78.481.26 (0.67-2.36).021.24 (1.03-1.48)History of comorbidities (reference=no comorbidities)

.71.330.98 (0.94-1.02)<.0010.88 (0.83-0.94)Sleep duration (1-hour increase)

<.001<.0011.63 (1.42-1.87)<.0011.78 (1.70-1.87)Anxiety symptoms (increase in score by 1)

.09.020.93 (0.87-0.99)<.0010.81 (0.79-0.82)Well-being (increase in score by 1)

.007.0011.13 (1.05-1.22)<.0011.30 (1.27-1.32)Insomnia symptoms (increase in score by 1)

.89.760.96 (0.74-1.24)<.0011.73 (1.52-1.96)Adverse life events (increase in score by 1)

.99.991.00 (0.99-1.01)<.0010.98 (0.97-0.98)Resilience (increase in score by 1)

aThe univariate logistic regression models were the unadjusted models.
bThe multivariate logistic regression models incorporated all significant variables from the univariate analyses.
cOR: odds ratio.
dThe false discovery rate–adjusted P value.
eN/A: not applicable.

Factors Associated With Incident MDD Among
Participants With Subthreshold Depressive Symptoms
Of the 3168 residents screened with subthreshold depressive
symptoms at baseline, 189 (5.97%) met the first major
depressive episode criterion between March 2019 and March
2020; the 12-month incidence rate of MDD among participants
with subthreshold depressive symptoms was 5.97% (189/3168;
Multimedia Appendix 2). Table 3 highlights the factors
associated with incident MDD. The univariate Cox proportional
hazards models reported that lifetime drinking (HR 1.51, 95%
CI 1.10-2.06), a history of comorbidities (HR 2.05, 95% CI
1.44-2.91), anxiety symptoms (HR 1.24, 95% CI 1.21-1.27),
insomnia symptoms (HR 1.15, 95% CI 1.13-1.18), and adverse
life events (HR 1.37, 95% CI 1.28-1.47) were positively
associated with elevated risks of incident MDD. General

well-being (HR 0.80, 95% CI 0.78-0.83) and resilience (HR
0.98, 95% CI 0.97-0.99) were negatively associated with
incident MDD. After incorporating all significant variables from
the univariate analyses, the multivariate Cox proportional
hazards models demonstrated that a history of comorbidities
was independently associated with a 49% increased risk of
incident MDD (adjusted HR [AHR] 1.49, 95% CI 1.04-2.14)
and anxiety symptoms (AHR 1.13, 95% CI 1.09-1.17) were
positively associated with incident MDD. General well-being
was associated with a decreased risk of incident MDD (AHR
0.90, 95% CI 0.86-0.94). Moreover, these associations were
still significant after correcting for multiple testing.

In addition, we used restricted cubic splines to flexibly model
and visualize the associations of anxiety symptoms and
well-being with the risk of incident MDD (Multimedia Appendix
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3). A linear and positive association between the anxiety
symptoms’ total score and risk of incident MDD was also found
(P for nonlinearity=.90), and a nonlinear and negative

association between the well-being scores and risk of incident
MDD was observed (P for nonlinearity=.01).

Table 3. Factors associated with incident major depressive disorder among participants with subthreshold depressive symptoms.

Model 2bModel 1aVariable

qdP valueAdjusted HR (95% CI)P valueHRc (95% CI)

N/AN/AN/Ae.731.00 (0.99-1.02)Age (1-year increase)

N/AN/AN/A.100.77 (0.56-1.05)Male (reference=female)

N/AN/AN/A.400.73 (0.36-1.50)Ethnicity (reference=Chinese minorities)

Education level (reference=college or above)

N/AN/AN/A.500.86 (0.55-1.33)Junior high school or below

N/AN/AN/A.991.00 (0.70-1.42)Senior high school

Living arrangement (reference=living alone)

N/AN/AN/A.010.70 (0.46-1.06)Living with families

N/AN/AN/A.991.00 (0.59-1.71)Living with others

Marital status (reference=widowed)

N/AN/AN/A.250.48 (0.14-1.67)Unmarried

N/AN/AN/A.070.33 (0.08-1.12)Married

N/AN/AN/A.640.73 (0.19-2.78)Divorced

N/AN/AN/A.931.02 (0.73-1.40)Lifetime smoking (reference=no smoking)

N/AN/AN/A.981.00 (0.96-1.04)Onset age of smoking (1-year increase)

.92.920.98 (0.68-1.42).011.51 (1.10-2.06)Lifetime drinking (reference=no drinking)

N/AN/AN/A0.390.99 (0.96-1.02)Onset age of drinking (1-year increase)

.07.031.49 (1.04-2.14)<.0012.05 (1.44-2.91)History of comorbidities (reference=no comorbidities)

N/AN/AN/A.361.01 (0.99-1.03)Sleep duration (1-hour increase)

<.001<.0011.13 (1.09-1.17)<.0011.24 (1.21-1.27)Anxiety symptoms (increase in score by 1)

<.001<.0010.90 (0.86-0.94)<.0010.80 (0.78-0.83)Well-being (increase in score by 1)

.07.051.03 (1.00-1.07)<.0011.15 (1.13-1.18)Insomnia symptoms (increase in score by 1)

.07.051.09 (1.00-1.19)<.0011.37 (1.28-1.47)Adverse life events (increase in score by 1)

.78.671.00 (0.99-1.02)<.0010.98 (0.97-0.99)Resilience (increase in score by 1)

aThe univariate logistic regression models were the unadjusted models.
bThe multivariate logistic regression models incorporated all significant variables from the univariate analyses.
cHR: hazard ratio.
dThe false discovery rate–adjusted P value.
eN/A: not applicable.

Discussion

Principal Findings
This prospective cohort study used a mobile app–based
integrated mental health care model to link mental health care
delivery among primary health care centers, a general hospital,
and a mental health hospital in Nanshan, Shenzhen, and identify
populations at high risk and factors contributing to elevated
risks of subthreshold depressive symptoms and incident MDD
among Chinese residents in Nanshan.

Of the 4066 community residents meeting the DCC study
criteria, 3168 (77.91%) screened positive for subthreshold
depressive symptoms at baseline in evaluations by GPs using
the PHQ-9 at primary health care centers [42]. This rate was
higher than the prevalence reported in a previous study among
adults in mainland China aged ≥45 years between 2011 and
2012 (26%) [43] and in a study among community people with
≥1 chronic conditions in Hong Kong between 2009 and 2011
(17%) [29]. The aforementioned differences may be attributed
to the use of different scales. Another explanation for these
results may be that the rapid economic growth and social change
in recent years were accompanied by a general increase in
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psychological pressure and stress in Shenzhen, one of the
fastest-growing cities in China [44]. In addition, the higher
screening rate observed in this study might also be explained
by the successfully implemented integrated mental health care
model. It means that the participants in the DCC study were not
randomly selected, and they were invited for subthreshold
depressive symptoms screening when they visited the
participating primary health care centers for some physical
health problems (eg, somatic and sleep problems), which were
prevalent comorbidities in depressive symptoms and depressive
disorder [45,46]. Moreover, most of the 4066 participants
meeting the DCC study criteria had higher education levels
(n=2516, 61.88%), were women (n=2525, 62.1%), and had
lifetime drinking (n=2424, 59.61%) or a history of comorbidities
(n=974, 23.95%), and these features had been reported to be
possibly associated with depression development [29,47,48].

The univariate logistic regression models demonstrated that a
lower level of education, lifetime drinking, a history of
comorbidities, anxiety symptoms, insomnia symptoms, and
adverse life events were positively associated with subthreshold
depressive symptoms. In contrast, residents living with family,
having an older onset age of drinking, having longer sleep
duration, and having higher resilience were less likely to
experience subthreshold depressive symptoms [49-52]. Our
findings are consistent with the available evidence. The findings
from the univariate analyses will be helpful for identifying
community residents who may be at risk of subthreshold
depressive symptoms. We should focus on high-risk groups
who present with the aforementioned adverse characteristics.
Although some previous evidence suggested that higher
education levels were positively associated with an increased
risk of depressive symptoms [47], others reported that depression
was significantly more prevalent among those with a low
education level [53]. These mixed results may be related to the
different classification of education levels, the variety in sample
characteristics (eg, age or biological gender), or the different
socioeconomic environments. In this study, the observed finding
of the unadjusted association between education level and
subthreshold depressive symptoms may be related to the
possibility that individuals with a lower education level in
Shenzhen were more likely to struggle in their lives than those
having an education level of college or above; therefore, they
might be more likely to contend with emotional disturbance.
Moreover, after incorporating all significant variables into the
multivariate logistic regression models, the results showed that
only anxiety and insomnia symptoms were significantly
associated with an increased risk of subthreshold depressive
symptoms, whereas general well-being was negatively
associated with a risk of subthreshold depressive symptoms in
this community sample. These findings may indicate that anxiety
or insomnia symptoms are the core factors that influence the
risk of subthreshold depressive symptoms. These symptoms
may be the most important modifiable risk factors, and specific
attention should be paid to populations experiencing anxiety or
insomnia symptoms. It has been reported that anxiety and
depressive symptoms overlap in various domains. For example,
negative emotions and cognitive distortions may be the core
causes or symptoms of anxiety and depressive symptoms, with
differences in terms of severity [54]. Long-term anxiety

symptoms are likely to lead to the onset of depressive symptoms
[55]. A non–mutually exclusive explanation for the association
between insomnia symptoms and depressive symptoms is sleep
loss, resulting in cognitive and emotional impairments through
the hyperactivity of the hypothalamic-pituitary-adrenal axis or
increasing levels of inflammatory markers, which are possible
common pathophysiological mechanisms of subthreshold
depressive symptoms [56,57].

Regarding the situation of MDD in China, Huang et al [44]
reported that the weighted 12-month prevalence of MDD was
3.6% among Chinese households between 2013 and 2015; Chen
et al [58] found that the incidence of MDD was 4% among
Chinese university students between 2007 and 2008. Taken
together, a novel finding of this cohort study is the observed
higher 12-month incidence rate of incident MDD among Chinese
residents with subthreshold depressive symptoms (189/3168,
5.97%). The increased rate of incident MDD reported in this
study may be attributed to the increased risks of developing a
depressive disorder among individuals with subthreshold
depressive symptoms compared with the general population
[9,10]. Another explanation might be related to the fact that the
follow-up period of some participants in this study occurred
during the COVID-19 pandemic. The emergence of this global
event has created an environment where many determinants of
poor mental health are exacerbated, and depressive disorders
had increased globally in 2020 because of the COVID-19
pandemic [59]. Our previous study using data from the DCC
study also reported that the COVID-19 pandemic had a highly
significant and negative impact on a population with
subthreshold depressive symptoms [24]. In addition, this
observed incidence rate of MDD might also indicate that
implementing an app-based integrated mental health care model
might be helpful for early detection of populations at high risk
of the first episode of MDD.

Moreover, the univariate Cox proportional hazards models
showed that lifetime drinking, a history of comorbidities, anxiety
symptoms, insomnia symptoms, and adverse life events might
predict an increased risk of incident MDD. A higher level of
subjective well-being and resilience may predict a decreased
risk of incident MDD. Findings from the univariate analyses
may provide evidence for identifying populations at high risk
for incident MDD and modifiable factors among individuals
with subthreshold depressive symptoms. In addition, after
accounting for all significant variables, the multivariate analyses
indicated that only a history of comorbidities and anxiety
symptoms were associated with an increased risk of incident
MDD among populations with subthreshold depressive
symptoms; a higher level of well-being significantly predicted
decreased incident MDD risk. Furthermore, restricted cubic
spline models demonstrated a linear and positive association
between anxiety symptoms and the risk of incident MDD.
Well-being was negatively associated with incident MDD in a
nonlinear fashion, meaning that although individuals with lower
general well-being might be at a higher risk of incident MDD,
whereas those with a higher level of well-being might be less
likely to develop MDD, the HR for incident MDD did not
linearly decrease by the level of well-being. These findings
suggest that recognizing and preventing individuals with a
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history of comorbidities or anxiety symptoms from developing
MDD may be the focus of targeted intervention efforts, and a
strategy of cultivating well-being might be a promising first
step. A possible explanation for the association between a
history of comorbidities and incident MDD is that depressive
disorder is prevalent in patients with a physical disorder
(particularly in those with severe conditions such as diabetes
and stroke), and this comorbidity largely contributes to a poorer
quality of life, worsening outcomes, higher medical costs, and
more significant disability of the physical disorders [60]. Similar
to the results of subthreshold depressive symptoms, a significant
association between anxiety symptoms and incident MDD was
examined. Comorbid anxiety symptoms are common in patients
with depressive disorder, and it has been widely reported that
these disorders may share common underlying pathophysiology
[61]. Moreover, the observed protective effects of well-being
on incident MDD may be explained by its effects on positive
psychological functioning, capturing one’s level of positive life
satisfaction and a sense of purpose in life [62]. Besides, a model
promoted by Keyes [63] also implied that individuals
experiencing many psychopathology symptoms were more
likely to experience a low level of well-being and vice versa.
Previous longitudinal studies have also shown the predictive
value of well-being, specifically on depressive disorders [64].
Moreover, a previous study also provided possible evidence
that supporting an eHealth intervention using a mobile app
designed to improve the well-being of adults may be helpful
for treating depressive symptomatology [65]. Hitherto, our
findings suggest that targeted interventions to increase
well-being may be effective in protecting against the risks of
developing a depressive disorder.

Limitations
Several limitations need to be addressed. First, only community
residents in Nanshan, Shenzhen, were involved in this study;
thus, the findings may not be fully generalizable to other regions.
Second, the study sample was drawn from the DCC study, which
recruited participants from the participating primary health care
centers, and the study sample was not randomly selected.
Therefore, this study had selection and sampling bias and the
estimated screening prevalence of depressive symptoms among
adults in Shenzhen might be overestimated. Third, we did not
estimate the 12-month incidence rate of MDD among individuals

without subthreshold depressive symptoms. Although it may
be rare for individuals without depressive symptoms to exhibit
a 12-month incidence of MDD, these populations may present
different illness characteristics in the presence of MDD. Fourth,
the variable of PHQ-9 was used as a dichotomous variable (ie,
having or not having depressive symptoms) in this study, and
we would like to use a different method to estimate the severity
of depressive symptoms (ie, the polytomous variable of PHQ-9)
in our future study. To reduce the risk of developing MDD,
early screening of vulnerable populations and implementation
of effective interventions targeting these symptoms are highly
recommended. The strengths of this study included the
longitudinal design, the large representative community-based
sample, and the use of a clinically validated diagnostic interview
(ie, MINI) to diagnose MDD.

Conclusions
Using a mobile app–based integrated mental health care model,
this study found that the screened prevalence of subthreshold
depressive symptoms among community residents in Nanshan,
Shenzhen, was high. More specifically, we reported that 5.97%
(189/3168) of the individuals with subthreshold depressive
symptoms developed MDD within 12 months. In addition,
anxiety symptoms were associated with an increased risk of
subthreshold depressive symptoms and incident MDD among
the community residents, and the presence of a history of
comorbidities may predict the elevated risk of incident MDD.
Moreover, a higher level of general well-being might decrease
the risks of subthreshold depressive symptoms and incident
MDD. The results from our study highlight the following: (1)
the 12-month incidence rate of MDD among populations with
subthreshold depressive symptoms is high, and screening earlier
on in the illness trajectory of individuals with subthreshold
depressive symptoms and recognizing high-risk factors may
lead to earlier detection and treatment of MDD; (2) more
attention should be paid to vulnerable populations with adverse
characteristics (eg, anxiety symptoms, insomnia symptoms, or
adverse life events); and (3) the implementation of an integrated
mental health care model (ie, linking community, primary health
care centers, and hospitals) in China might be helpful for training
GPs to provide essential mental health services, improving
community residents’ access to mental health care as well as
the timely referral and management of patients with MDD.
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Abstract

Background: Globally, suboptimal dietary choices are a leading cause of noncommunicable diseases. Evidence for effective
interventions to address these behaviors, particularly in young adults, is limited. Given the substantial time young adults spend
in using social media, there is interest in understanding the current and potential role of these platforms in shaping dietary behavior.

Objective: This study aims to explore the influence of social media on young adults’ dietary behaviors.

Methods: We recruited 234 young adults aged 18-24 years and living in Australia, using market and social research panels.
We applied a digital ethnography approach to collect data from web-based conversations in a series of forums, where participants
responded to different health-themed questions related to health behavior change and persuasion on social media. We conducted
a qualitative thematic analysis.

Results: Participants described how social media influenced their decisions to change their health behaviors. Access to social
support and health information through web-based communities was juxtaposed with exposure to highly persuasive fast-food
advertisements. Some participants expressed that exposure to web-based health-focused content induced feelings of guilt about
their behavior, which was more prominent among women. Fast-food advertisements were discussed as a contributor to poor
health behaviors and indicated as a major barrier to change.

Conclusions: Young adults reported that social media is highly persuasive toward dietary behavior through different pathways
of social influence. This suggests that social norms on the web are an important aspect of changing young adults’health behaviors.
The commercialization of social media also encourages poor health behaviors, largely through fast-food advertisements. Future
social media–delivered dietary interventions should acknowledge the social and environmental factors that challenge the ability
of young adults to make individual health behavior improvements. Care should also be taken to ensure that future interventions
do not further elicit guilt in a way that contributes to poor mental health within this community.

(J Med Internet Res 2022;24(5):e28063)   doi:10.2196/28063
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Introduction

Young Adults’ Health and Nutrition
The prevalence of noncommunicable diseases is increasing
globally, and they have become a leading health concern. It is
known that suboptimal diets with low intake of fruits and
vegetables and high intake of processed fatty foods are
contributing to this trend [1]. Therefore, it is concerning that
the diet quality of young adults typically reduces as they
navigate the challenging shift from adolescence to adulthood
[2]. Transitioning away from school and family resources toward
workforce or further study has a strong and lasting impact on
a young adult’s dietary behaviors [3,4]. Studies show that many
young adults prioritize other aspects of their lives over healthy
eating, which may be perceived as expensive and
time-consuming for an age group that typically has low income
[5,6]. The transitional nature of young adulthood can also
present challenges in creating targeted and effective dietary
interventions to reach this population [4]. Previous research has
shown that young adults conceptualize health more broadly
than physical health or the prevention of chronic disease and
value mental, social, financial, and spiritual aspects [7]. As such,
to develop engaging, feasible, and acceptable approaches that
target dietary behaviors in this age group, the focus needs to
extend beyond long-term health and should incorporate holistic
views and short-term benefits [7].

Previous qualitative studies suggest that dietary behaviors during
young adulthood are strongly influenced by internal perceptions
and social norms [5,8,9]. Young adults were found to base their
food choices on what they perceived their friends or family were
eating, highlighting the power of socially normative messages
in this domain [9]. Social media has become a key component
of the social environment of young adults [8,10,11]. The ability
to share, comment on, and react to other users’ posts increases
interactions in this setting [12]. Social media delivers a constant
stream of social input to young adults and has become a place
for them to view and compare themselves with idealized
versions of both their peers’ and strangers’ lives [7]. A recent
systematic review indicated that image-related comparisons on
social media may negatively impact the body image of young
adults and drive poor eating behaviors such as restriction or
overeating [13].

Social Media and Nutrition
In 2018, a total of 99% of Australians aged 18-29 years used
social media regularly, with 89% of them accessing their
accounts at least once daily [14]. High rates of social media use
have led food brands and companies to use social media to
enhance their engagement with young adults [15]. Many
fast-food companies use largely unregulated social media
advertising regimes to promote energy-dense nutrient-poor
foods that are shared throughout young adult peer networks
[8,15]. Social media influencers have emerged as key players
in these marketing strategies [16,17]. They are recognized as
people who hold persuasive power by sharing their lives on
various platforms and forming emotional connections with their
audiences [16,17]. As such, companies work with influencers
who provide paid product reviews to their audiences to boost

the company’s sales and consumer engagement rates [17]. Some
influencers exclusively post health and lifestyle content;
however, many of these health-focused influencers lack
professional accreditation and may post misleading nutrition
advice that is not evidence-based [18]. Currently, experts in
nutrition are becoming less trusted [19], and social media users
are more likely to engage with and trust health-focused content
from influencers than that from food industry or health
promotion [20]. Hence, commentary from influencers has a
relatively large impact on the values, beliefs, and behaviors of
consumers regarding nutrition in both positive and negative
ways [18].

The ability of social media to influence young adult audiences
has also sparked interest from public health practitioners as a
potential platform for health promotion [21]. Social media has
previously been shown to influence health knowledge, with
some studies identifying its positive influence on young adults
through access to healthy recipes and exercises [10,11,22]. A
recent systematic review identified that social media–delivered
nutrition interventions that target adolescents and young adults
lead to significant dietary improvements in 11 of 16 studies
[11]. However, many of the interventions used were complex,
with social media often being part of a secondary component,
thus making it difficult to distinguish the true impact [11]. Our
systematic review evaluated the efficacy of social
media–delivered nutrition interventions in young adults only
and identified that engagement with social media content varied
greatly between 3% and 69% [22]. Young adults preferred to
use social media passively, in a unilateral interaction, receiving
information rather than sharing information [22]. Young adults
were also not comfortable with talking about their weight on
the web, highlighting the need to avoid weight-centric narrative
in health promotion [22]. In 2 separate studies, we also found
that social media users engage more frequently with food
industry and lifestyle brands than with health promotion [20,23].
This highlights the need to develop more effective social
media–delivered health promotion tools to encourage healthy
behaviors in Australian young adults. Thus, the impact of social
media on dietary behaviors must be further explored, and its
persuasive abilities must be further understood.

This Study
Phase 1a of the Communicating Health project seeks to gain
insight into the use and application of social media, as it relates
to 12 health-related and eating-related topics. This will allow
for the identification of the channels, tones, and content-types
that have the greatest potential for health promotion
development. To understand how to develop effective social
media–delivered health promotion tools, first, it is important to
explore whether social media is currently impacting young adult
dietary behaviors, and if so, how it is being used as a platform
for persuasion. As such, this study aims to investigate what
prompts young adults to make positive health and nutrition
behavior changes and to understand the influence of social media
as a persuasive medium on young adults’ health and nutrition
behaviors.
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Methods

Web-Based Conversations
This study is part of the larger Communicating Health project
[24], which is a multistage mixed methods study that explores
the dietary behaviors and social media use of Australian young
adults. It aims to develop health promotion strategies using
social marketing techniques. The data used in this study form
a part of the formative phase of the Communicating Health
project, phase 1a, which involved web-based conversations that
explored young adults’ health, eating behaviors, and social
media use [24]. An outline of all 4 phases of the Communicating
Health project has been published previously [24]. The
qualitative web-based conversations were hosted by an
independent market research field house over a 4-week period.
The web-based conversations were prompted by questions posed
by the market research facilitators in moderated and secure
web-based chat rooms. This method is based on digital
ethnographic principles to understand how the digital aspects
of society interact with the other material, sensory, and social
aspects of human existence [25,26]. As a responsive data
collection technique commonly used in consumer behavior
research, web-based conversations allowed participants to
interact with each other for a longer period than that allowed in
traditional focus groups or interviews [27].

Ethics Approval and Consent to Participate
Phase 1a received ethics approval from the RMIT Business
College Human Ethics Advisory Network (project number
20489) and the Monash University Human Research Ethics
Committee (project number 7807). Participants consented to
anonymized findings being published when they completed the
patient information and consent form before participating in the
study. Ethics approval for this project was granted by the
Monash University Human Research Ethics Committee (project
ID 19417).

Recruitment
Guided by previous studies with similar methodologies [28],
the recruitment target was 200 young adults aged 18-24 years,

living in Australia, and using social media at least twice a day.
The recruitment period was from May 2017 to June 2017. This
process was facilitated by an Australian Research
Society–certified field house [29]. Young adults who had
previously provided consent to participate in the research by
signing up to market research panels were invited to participate
in this study. Participants were from 3 research panels that were
accredited by the International Organization for Standardization
[30-32].

Panel members were sent an email invitation to complete a short
screening questionnaire to assess their eligibility. Then, those
who were eligible were asked to complete a profiling survey
for collecting demographic information, self-reported weight

and height (to calculate BMI [kg/m2]), social media use, and
interest in health. Health interest (low or moderate and high)
was determined by the median value of the following question
asked in the profiling survey: “On a scale of 1-7 where 1 means
‘Strongly Disagree’ and 7 means ‘Strongly Agree’, please
indicate how strongly you agree with the following statement
- I take an active interest in my health.” The profiling survey
was completed by 234 participants, who were then provided a
link through email to sign up to the web-based conversation
website. The participant flow diagram is shown in Figure 1.
Then, the participants were stratified into 4 communities based
on their age (18-21 years and 22-24 years) and interest in health
(low or moderate and high). Those with low interest in health
were grouped separately from those with moderate and high
interest in health and, then, further divided by age, leading to
4 groups with 42-60 participants each. Profiling was set to
achieve approximately equal number of participants in all groups
and an approximately nationally representative distribution of
gender and location (both Australian State or Territory and
location type; ie, metropolitan and regional locations) [33]. All
4 communities had access to the same forums but could only
interact with the members within their community. The dropout
rate was high, which was expected for this age group. Therefore,
a referral system was established, in which existing participants
could refer a friend, who was then screened and profiled in the
same way.
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Figure 1. Participant flow diagram.

Data Collection
The web-based conversations were conducted on a private
web-based forum portal from May 10, 2017, to June 6, 2017.
There were 20 forums in total (each took approximately 5
minutes to complete), 3 short polls, and an ongoing journal
entry to which the participants were asked to contribute at least
four times. The participants were also asked to complete 2
different challenges. The first challenge invited the participants
to come up with a creative way to make more young adults to
eat more fruits and vegetables. The second challenge asked the
participants to persuade someone to kick-start a healthy lifestyle,
using ≤160 characters. Then, the participants were able to see
each other’s ideas and comment on their favorites. These
different aspects of the web-based conversations explored
different areas of health, nutrition, and social media, and
participants responded to prompts from the market research

moderators. The forums were released at different times but
remained open for the 4-week period. Owing to different aspects
being released on separate weeks, there were different numbers
of participants who completed each forum (Figure 1). As per
the standard practice by Australian Market and Social Research
Society Limited, the participants were reimbursed for their time
with a gift voucher worth Aus $100 (US $74.9) upon completion
of all aspects of the web-based conversations, with a further
Aus $100 (US $74.9) given to the 5 most descriptive and
detailed forum responses from each web-based community (ie,
20 in total). This study reports on 2 of the forums that formed
the web-based conversations: catalysts for change (referred to
as change) and persuasion on social media (referred to as
persuasion). These were chosen for analysis because they
discussed health behavior change and persuasion on social
media, which aligned with the research aim of this study. Table
1 describes the prompt questions used in both forums.
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Table 1. Forum prompt questions.

Logic of enquiryDiscussion guideForum title

An exploration of what prompted lasting health be-
havior change in the young adult participants and
whether social media played a role in this process.

Catalysts for change • Have you changed anything recently to make you happier?
Healthier?

• What triggered that change?
• How did you go about making that change?
• Did it change the dynamic within your friendship circle?
• Have you kept up with that change? (for how long – or probe for

that?) What (if anything) was pulling you back to your old ways?
• Did social media give you any inspiration? Help? Hinder? Did

anything else or any other tools play a role too (eg, apps, websites
or even just people...)?

To determine whether the participants viewed social
media as a persuasive medium and to understand
some of the factors that influenced its persuasiveness.

Persuasion on social
media

• Can you think of times when you have used social media to per-
suade others to do something?

• Can you think of times when you have been persuaded?
• More broadly, can you think of how social media has influenced

things you do in relation to health and healthy lifestyle?

Data Analysis
Descriptive analyses of the profiling survey data were conducted
(Table 2). We undertook a thematic analysis of the forum
responses using open coding and inductive techniques in
alignment with a constructivist interpretation. As detailed in
Table 3, this was guided by the systematic 6-step approach by
Braun and Clarke [34]: data familiarization, generating initial
codes, searching for themes, reviewing themes, defining and
naming themes, and, finally, producing the report. This process
enabled the large data set to be broken down into small units
of comparison (codes) and rebuilt into themes that provided a
systematic description of the participants’ experiences of health
behavior change and social media use. A constant comparison
approach was used to identify themes associated with healthy
eating and other health behaviors [35]. Within this approach,
each data point was compared with pre-existing data points to
identify commonalities that existed within and between the
participants’ responses. These commonalities became codes,
and then, similar codes were grouped into broader themes that

encapsulated the data set. Investigator triangulation was used
to reduce subjectivity and enhance the rigor of the research
findings [36]. As such, double-blind coding was conducted by
2 authors (VF and AM), who both coded each data set
independently and, then, met to discuss their findings and reach
an agreement. The researcher and primary coder of this study
(VF) had a background in biomedical science and belonged to
the age group of the participants. Growing up with social media,
her empathetic connection to the study allowed her to extract
details that may have otherwise been missed. The other coder
(AM) had a disciplinary background in nutrition, which may
have influenced her perception of the participants’ responses.
The different backgrounds of each coder allowed the data to be
examined from 2 different perspectives, which decreased
subjectivity in the interpretation of the results. Although the
forums occurred separately, data from both forums were
analyzed together as overlapping themes were identified. Owing
to different prompts in each forum (Table 1), some forums
contributed more to certain themes than others.
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Table 2. Demographic information of the participants who completed the change forum (n=150a).

Participants, n (%)Variable and category

Gender identity

87 (58)Women

62 (41.3)Men

1 (0.7)Nonbinary, gender-fluid, or genderqueer

Age (years); health interest level (low or moderate and high)

38 (25.3)18-21; low

47 (31.3)18-21; moderate and high

31 (20.7)22-24; low

34 (22.7)22-24; moderate and high

State

1 (0.7)Australian Capital Territory

45 (30)New South Wales

1 (0.7)Northern Territory

21 (14)Queensland

10 (6.7)South Australia

4 (2.6)Tasmania

42 (28)Victoria

26 (17.3)Western Australia

Language spoken at home

42 (28)Culturally and linguistically diverse

108 (72)English

BMI (kg/m2)

16 (10.7)<18.5 (underweight)

82 (54.7)18.5-24.9 (healthy weight)

33 (22)25-29.9 (overweight)

19 (12.7)≥30 (obese)

Currently studying

47 (31.3)No

103 (68.7)Yes

Current level of study

7 (4.7)High school (year 12)

12 (8)Technical and further education, college, or diploma

75 (50)University undergraduate course

9 (6)University postgraduate course

aOf the 150 participants who completed the change forum, 148 (98.7%) participants completed the persuasion forum.
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Table 3. Approach to thematic analysis [34].

How it applied to the analysis of both forums: catalysts for change
(change) and persuasion on social media (persuasion)

OutlineStep

Full read through of the data set and noting
emerging concepts and codes.

1—Data familiarization • Each forum was read through twice.
• Emerging patterns and potential codes were noted for each.

Systematic identification and coding of rele-
vant phenomena to generate a long list of
codes.

2—Generating initial codes • A total of 3 rounds of coding were conducted for each forum.
• Round 1

• Inductive line-by-line coding: each line of the data set was
labeled based on its content, identifying novel, and expected
codes.

• Similar codes were collapsed and redundant codes (ie,
scarcely present in the data set) were deleted, resulting in 57
codes for the change forum and 76 codes for the persuasion
forum.

• Round 2
• Key elements were focused on (change: drivers of health

behavior change; persuasion: how social media acted persua-
sively); emerging themes were noted.

• Codes were further collapsed, resulting in 54 codes for the
change forum and 72 codes for the persuasion forum.

• VF and AM met to discuss the change forum—high level of
agreement; more explicit coding was needed for health be-
haviors beyond nutrition (exercise, smoking, and alcohol) in
VF’s codes.

• Round 3
• Codes in the change forum were drawn out more distinctly,

and coding for the persuasion forum focused on the impact
of persuasion on health behaviors; emerging themes were
noted.

• VF and AM met to discuss the persuasion forum and had
complete agreement.

• Final collapsing and deleting resulted in 61 codes in each
forum.

Codes are compared and grouped into common
themes. Considering the relationships between
codes, emerging subthemes are generated.

3—Searching for themes • Relationships between codes within each forum were considered
to develop appropriate themes. Theme maps were generated in a
hand-written format, using sticky notes to move codes around
until they fit in the most logical sequence. These candidate themes
were approved by AM with some slight adjustments to be made
in the change forum.

All themes are reviewed for their relevance to
the overall data set. Themes must be internally
homogenous (contain similar codes) and exter-
nally heterogeneous (each theme is distinct).

4—Reviewing themes • Candidate themes were assessed for coherence (internal homogene-
ity) and distinction (external heterogeneity) in 2 steps:
• All extracts within each code were reviewed to ensure that

they fit logically and were coherent.
• The data set was reread against the theme map to ensure that

the themes were valid and representative of the overall data
set. Any previously missed extracts were coded: change fo-
rum (2 new codes) and persuasion forum (0 new codes).

The essence of what a theme captures within
the data set is formed with textual evidence
identified to portray each point. Each theme
has a clear scope and succinct heading.

5—Defining and naming
themes

• All themes were revised with textual evidence obtained from the
data set to support each included code. Dot-point summaries were
written for each theme and subtheme to capture their meaning,
which were later developed into more comprehensive outlines.
Theme and subtheme headings were developed. Throughout the
process, a large degree of overlap emerged between the change
and persuasion forums. As such, the themes were readjusted to
combine the 2 analyses.

The themes are collated into a written report
that provides a description of the data set using
extracts from the data set.

6—Producing the written
report

• An integrated analysis of the change and persuasion forums was
synthesized by incorporating textual evidence and written expla-
nations to present the findings of the data set.
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Results

Participant Characteristics
The characteristics of the participants based on self-reported
data are presented in Table 2. Each forum had a different
completion rate; change was completed by 76.9% (150/195),
and persuasion was completed by 75.9% (148/195). Of the 150
respondents, most were women (n=87, 58%), reported moderate
or high interest in health (n=81, 54%), had a healthy BMI (n=82,
54.7%), and were currently studying (n=103, 68.7%). Most

participants lived in New South Wales (45/150, 30%) or Victoria
(42/150, 28%) and spoke English at home (108/150, 72%).

Thematic Analysis

Overview
Following a manual thematic analysis of both forums, the data
sets were collated to develop 4 major themes from key recurring
concepts. These included (1) peer support, (2) access to
influencers and web-based communities, (3) advertising, and
(4) constant exposure to content (Textbox 1).

Textbox 1. A brief description of the major themes from the data set.

Theme 1: peer support

• Many participants described that social media provided them with access to support from their real-world peers who helped them to make and
maintain a health behavior change. Alternatively, peer influence sometimes led to negative health behaviors such as buying fast food. Overall,
participants simply wanted to be involved in what their peers were doing, whether this meant attending an exercise class together or buying fast
food.

Theme 2: access to influencers and web-based communities

• Health-focused communities managed by persuasive social media influencers were considered by many participants as sources of support for
making positive health behavior changes. Some participants believed that these communities enhanced their willpower, whereas other participants
shared that they influenced their health attitudes but not their health behaviors. These communities also tended to promote an image-based
perspective of health, which evoked feelings of guilt in some participants.

Theme 3: advertising

• Participants described social media newsfeeds that were flooded with advertisements, which they found persuasive. This included health products;
however, fast-food advertisements had a more dominant presence. Promotions based on taste and affordability prompted fast-food purchases,
which some participants viewed as lack of willpower.

Theme 4: constant exposure to content

• The design of social media to constantly expose its users to content was described as highly persuasive. Repeated exposure to health-themed
content made the participants more conscious of their own health behaviors. Some participants explained that constantly viewing health content
alongside fast-food advertisements made them feel conflicted and guilty if they consumed fast food.

Peer Support
The young adults in our study noted that their peers influenced
their health behaviors through both direct communication on
the web and exposure to the content they posted on social media
feeds. A participant shared the following:

One of my friends would always message me to double
check I was having breakfast and would always ask
me what I had because she could tell when I was
lying. [change forum; female; aged 18-21 years; low
interest in health]

Participants reported feeling influenced to make health behavior
improvements when their peers posted on social media about
their own positive changes. This was exemplified by a
participant who wrote the following:

I also sometimes get influenced to be fitter when
people share on social media their own health
transformations. I then reconsider my lifestyle and
see what I can do to be more active and healthy
myself. [persuasion forum; male; aged 18-21 years;
low interest in health]

Many participants shared that peer influence on social media
drove both positive and negative health behaviors based on the
content being shared:

Knowing what my friends eat...can encourage me to
eat certain things. When a person shares an exercise
[post], I am more inclined myself to exercise...when
a friend makes a comment on a [Fast food brand
name removed]’s post, I am more inclined to check
out their deals. [persuasion forum; male; aged 22-24
years; moderate and high interest in health]

Some participants, most of whom were men, also shared their
health activities with peers on social media to reach out for
support and hold themselves accountable. A participant
explained the following:

To put myself out there on social media really gave
me the confidence and gumption to stick to my routine.
[persuasion forum; male; aged 22-24 years; low
interest in health]

Access to Influencers and Web-Based Communities
In addition to receiving peer support from friends or
acquaintances, the participants also experienced community
support through health-focused pages or communities on social
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media, which were often managed by health-focused influencers.
These communities provided participants with access to useful
diet and lifestyle information and motivated them by providing
a sense of unity and connection with others. A participant shared
the following:

Social media has had an extremely positive influence
on me when it comes to maintaining a healthy
lifestyle...It’s 24/7 access to help, reassurance and
motivation. [persuasion forum; female; aged 22-24
years; moderate and high interest in health]

Female participants with moderate and high interest in health
more commonly discussed social media as a positive influence.

The participants also described willpower as an important
moderator of the influence that social media content had on
their behavior. A participant believed the following:

If I try hard enough to work on my eating and doing
more exercise then I will be able to be like them
[models] with their hundreds of likes on their photos.
[persuasion forum; male; aged 18-21 years; moderate
and high interest in health]

Web-based health communities could motivate these highly
driven participants to remain self-disciplined and self-reliant,
which helped them to resist negative external influences such
as fast-food advertisements. A participant explained the
following:

I find it’s easier to stay motivated if I stay home and
in routine (without access to bad food of course), and
interact regularly with the online fitness/health
community. [change forum; female; aged 22-24 years;
moderate and high interest in health]

This was most often discussed by participants aged 18-21 years,
with moderate and high interest in health. In contrast, some
participants revealed that health-focused communities influenced
their attitudes toward health, but not always their behaviors. A
participant shared the following:

I’m following many health and ‘fitspo’ blogs and
pages which teach me simple recipes and exercise
regimes- now whether I actually follow them or not
is another question. [persuasion forum; female; aged
18-21 years; low interest in health]

This concept was most often described by women aged 18-21
years, with low interest in health.

A disadvantage of social media health-focused communities
described by some participants was their tendency to portray
health in an “image-fueled way” (persuasion forum; female;
aged 18-21 years; moderate and high interest in health). For
some participants, this led to feelings of self-doubt from upward
comparisons with photos of others on the web. This was
exemplified by a participant who wrote the following:

Seeing health/fit looking people on social media...can
either inspire people to be healthier or they can
discourage people as their body/lifestyle/look is
unattainable. [persuasion forum; female; aged 18-21
years; moderate and high interest in health]

Participants aged 18-21 years more readily associated guilt with
health content on social media. The female participants were
largely discouraged by this guilt, whereas the male participants
discussed that upward comparisons motivated them to make a
change.

Other participants described an awareness that their repeated
exposure to social media health-focused influencers affected
their outlook on which health behaviors they adopted:

While I love hiking and outdoors activities i’m not
sure whether that’s entirely due to my own interests
or because I see social media influencers with the
perfect life doing things like that too...maybe I feel
like that’s what having a healthy balanced life is like
because that’s how it’s portrayed on social media.
[persuasion forum; female; aged 22-24 years; low
interest in health]

Some participants also expressed indifference or disinterest
toward social media in general. A participant stated the
following:

Social media hasn’t really changed anything, because
I don’t really like sharing my thoughts and activities
through social media. [change forum; male; aged
22-24 years; moderate and high interest in health]

This viewpoint was more commonly described by male
participants. Similarly, most participants did not engage with
social media as a means to actively interact with others, but
used it as a purely observational platform. This was most
commonly observed in those participants who were aged 22-24
years, with moderate or high interest in health.

Advertising
Participants reported that advertisements on social media also
had an impact on their drive to make a health behavior change.
Many participants described being drawn to health products
that advertised benefits such as weight loss, feeling better, or
affordability. A participant was allured by a detox tea, as it
claimed “to help prevent bloating, slim your tummy and give
you extra vitamins” (persuasion forum; female; aged 18-21
years; low interest in health). Participants aged 18-21 years,
with low interest in health, more often discussed the persuasive
effects of social media advertisements. Exposure to
advertisements from large corporations that appeared randomly
on participants’newsfeeds were more often discussed than paid
influencer content or products.

Fast-food advertisements were described as having a dominant
presence on social media newsfeeds, which influenced the
participants’ food choices. A participant explained the following:

Most ads on Facebook influence my health
negatively...as they are usually for unhealthy food
options. [persuasion forum; male; aged 22-24 years;
low interest in health]

This notion was discussed more often by female participants
and those aged 18-21 years. Male participants more commonly
referred to cost-based advertisements of fast food as persuasive:
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These [fast-food] meals are cheap and easy, [and]
although they’re[sic] aren’t healthy I know they will
taste good. This [fast-food] advertising is very
persuasive as it makes me believe that I am hungry
and I can not[sic] stop thinking about the new
promotion. [persuasion forum; male; aged 18-21
years; moderate and high interest in health]

Some participants who revealed the difficulties in resisting
fast-food advertisements viewed their temptation as a lapse in
self-discipline. A participant remarked the following:

I may have been ‘persuaded’ (read ‘reminded of my
weak will’) to purchase [fast food brand name
removed] on several occasions. [persuasion forum;
male; aged 18-21 years; low interest in health]

Constant Exposure to Content
The participants described that being frequently exposed to
health-themed or food-themed content was a highly influential
aspect of social media. They believed that the way content was
presented on social media was more persuasive than the content
itself, explaining that they were more likely to engage with
something if it appeared frequently in their newsfeeds. This was
exemplified by a participant who shared the following:

While social media can be used as a platform...to
persuade, I really thing [sic] social media...does most
of the persuading [itself]. [persuasion forum; female;
aged 18-21 years; moderate and high interest in
health]

Although this was discussed in reference to fast-food
advertisements, it was more often applied to health content,
which encouraged some participants to be more
health-conscious:

I see a lot about healthy lifestyle and fitness in my
social media feeds and I think that constant exposure
has made me much more conscious of the choice I
make, and a bit more aware of exercising and eating
healthy. [persuasion forum; female; aged 22-24 years;
low interest in health]

Although constant exposure to both general and health-themed
content increased engagement in healthy behaviors in most
participants, a participant described that they “didn’t want to
engage in something that was being shoved in my face every
time I opened Facebook, Twitter, and even Instagram”
(persuasion forum; female; aged 18-21 years; low interest in
health).

Some participants described that the cohabitation of health
content and food temptation on the web made them feel guilty
about their health behaviors. Their repeated exposure to these
conflicting health ideals placed side-by-side evoked poor mental
health and body image:

In relation to health and lifestyle it [social media]
has not at all helped because it always shows videos
of tasty unhealthy recipes and ads for [Fast food
brand name removed] and [Fast food brand name
removed]...It also then shows me photos of tall, tan,
skinny models which makes me feel so bad about

eating all the fast food. [persuasion forum; female;
aged 18-21 years; low interest in health]

Discussion

Principal Findings
This study aimed to contribute to a growing body of research
that defines the interplay between young adults’health behaviors
and social media. Specifically, this study aimed to address
current gaps regarding what prompts young adults to make
positive health and nutrition behavior changes and to understand
how social media acts as a platform for persuasion in this
process. Our study found that peer support was crucial in
shaping young adults’ health behaviors and that using social
media to both message friends and view their posts prompted
change. Web-based health-focused communities were also
identified as a source of support, and health-focused influencers
at their helm were found to play a prominent role in persuasion.
Other persuasive aspects of social media included fast-food
advertisements and constant exposure to content through
newsfeeds. These aspects influenced participants’ health
behaviors, particularly regarding purchasing fast food or being
more conscious of dietary choices.

The participants of this study highlighted social influence as a
key driver of health behavior change in social media–based peer
interactions. The significance of real-world peer influence on
young adults’ health behavior change is well established in the
literature [37-39]. The results of this study suggest that young
adults also find valuable social support in web-based
environments. For example, seeing peers posting about their
own healthy behaviors inspired some participants to follow their
lead. In contrast, participants were also persuaded to purchase
fast food if their friends were sharing posts from these brands.
As such, this study indicates that young adults are likely to align
their health behaviors with the actions of their peers, regardless
of whether it is a positive or negative action. These findings are
supported by social cognitive theory, which posits that people
will mimic their peers to gain social acceptance [40]. Moving
forward, targeting peer networks rather than individuals may
enhance social media–delivered health promotion techniques.
For this to be done effectively, further research may be needed
to gain a greater understanding of how peer networks
communicate on social media.

In addition to peers, the participants also identified
health-focused influencers and web-based communities as
having persuasive power over their dietary behaviors. Past
research indicates that lifestyle brands, including influencer
pages, on Facebook and Instagram have higher levels of
engagement than both food industry and health promotion pages
[20,23]. Their engagement is likely increased by their use of
relatable content, positive emotional messages, paid promotions,
and simple diet and exercise tricks that promise happiness by
achieving appearance-related goals [20,23,41]. Our results
moderately support this narrative, as some participants discussed
influencers, particularly health-focused influencers, as a source
of motivation to make and maintain positive health behavior
change. However, some participants also explained that content
from health-focused influencers only altered their attitudes
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toward health and did not lead to tangible behavior changes.
Moreover, advertisements from large companies were discussed
more often as a source of persuasion than influencers or
influencer-promoted products in this study. These issues have
recently been exemplified in the Girls Make Your Move
campaign, which received funding from the Australian
Department of Health to increase the involvement of girls aged
12-21 years in sport [42]. Although influencers were involved
in the social media promotion of this campaign, other techniques
such as viewing advertisements on YouTube or interacting with
campaign posts on social media platforms led to more tangible
behavior changes [42]. Moreover, the Australian Federal Health
Minister recently launched an investigation into the campaign
after learning that some of the influencers involved were also
sponsored by alcohol brands and displayed racist or homophobic
behavior on the web [43]. Moving forward, public health
organizations need to remain cautious about engaging with
influencers on social media for health promotion. Furthermore,
our study suggests that additional research may be needed to
determine the extent of influence caused by influencers,
regarding young adults’ health behavior change, particularly
when competing with mainstream brands for attention.

Social media environments have become heavily
commercialized, and many companies pay for greater exposure
to maximize their reach among young adults [44,45].
Advertisements delivered on social media is poorly regulated
compared with traditional advertisements, making young users
increasingly vulnerable to the persuasive tactics used by large
corporations [46]. The participants of this study discussed that
viewing fast-food advertisements on social media often led them
to purchase fast food. The social media newsfeeds are designed
such that the participants were constantly exposed to this
content, which they found to be a key aspect of their persuasive
abilities. Research has demonstrated that passively receiving
advertisements on social media increases brand engagement
and product sales, even if consumers did not have interest in
the product initially [8,47]. Our study also showed that exposure
to health-focused content in this manner led participants to be
more aware of their health behaviors. It could be deduced that
it was not the content that each individual was viewing that was
persuasive, but their repeated exposure to it. The content that
an individual views on their social media feeds is curated by an
algorithm that predicts their likes, interests, and needs based on
their behavior on the web [48], which leads to the creation of
echo chambers [49]. Consequently, the more often an individual
or their peers engage with social media–delivered fast-food
advertisements, the more often they will be shown this content.
In contrast, if an individual engages with health-focused content
more regularly, this content will be displayed for them more
often, which can lead to more positive health behaviors. A key
issue for future social media–delivered health promotion to
overcome will be ensuring that individuals with low interest in
health also receive important health information that otherwise
may not be selected for them in their echo chambers, owing to
their patterns of behavior on the web.

Regardless of the heavily commercialized and persuasive setting
of social media, another finding of this study was that the
participants still viewed their health behaviors as an individual

responsibility. This was encapsulated in the participants’beliefs
that their ability to achieve a healthy lifestyle as shown to them
by health-focused influencers was solely dependent on their
work ethics and willpower. As described by a participant,
“giving in to the temptation” of fast-food advertisements was
viewed as an indicator of their own weak will, rather than the
persuasive tactics used by the fast-food brand. This outlook is
well documented in the literature and indicates an association
of moral values with an ability to practice positive health
behaviors [50-53]. Instead of approaching healthy lifestyles
from this neoliberal meritocratic perspective, creating a more
health-promoting environment on social media may garner
greater community awareness of and involvement in healthy
behaviors [37,39,54]. A way to achieve this may be to introduce
regulation around social media–delivered advertising campaigns,
such as limiting the number of times fast-food advertisements
can appear on an individual’s newsfeed or using fact-checking
systems for health-related posts. Policy reforms regarding social
media may also help health promotion to reach a wider range
of consumers.

Another key finding of this study was the association of guilt
with content from health-focused communities on social media,
which is well established in the literature [10,18,55,56]. Young
adults are increasingly looking toward health-focused
communities for diet and lifestyle guidance, which can have
serious consequences related to mental health and body image
[10,18,55-58]. They often place greater value on appearance
than on health and idealize lean physiques formed through
restrictive diet and exercise regimes [55,58,59]. Research
indicates that visual comparisons with these body ideals can be
detrimental to young adults’ self-image and lead to poor mental
health [13,55,59-61]. Other studies, including the systematic
literature review by Rounsefell et al [13], indicate a link between
these comparisons and disordered eating behaviors such as
dieting or restricting food and overeating [18]. Participants in
this study shared their own feelings of guilt when they were
unable to follow the advice of health-focused influencers or
achieve their health goals. The coexistence of health-focused
content with fast-food advertisements on participants’newsfeeds
only exacerbated this condition. Previous findings from our
Communicating Health project indicate a moral association
with dietary behaviors [53]. In combination with this study,
these findings suggest that people may perceive health-focused
influencers as the angel on one shoulder and fast-food
advertisements as the devil on the other shoulder. Those who
follow health-focused pages are shown a message that makes
them believe that it is more moral to practice healthy behaviors.
When they are unable to follow through with these behaviors,
for example, owing to the persuasive impact of fast-food
advertisements, this may lead to cognitive dissonance and guilt,
as seen in some of our participants.

This study also indicated a gendered response to guilt from
viewing health content on social media. Female participants
more often discussed the detrimental effects of health content
and felt discouraged by upward comparisons, whereas male
participants found these to be motivational. These findings
contribute to an emerging conversation regarding the impact of
health-focused social media content on different genders
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[18,62,63]. Women are often perceived to be more vulnerable
to the negative impacts of health-focused content on social
media, as our own study indicates, and have previously been
shown to access diet-related and exercise-related social media
posts more commonly than men [64]. However, a growing body
of literature suggests that these notions may be caused by gender
norms that reduce the likelihood of men openly sharing their
experiences with negative body image [18,62,63]. Male
participants in the qualitative study by Easton et al [18] revealed
negative impacts similar to those experienced by women, a
pattern further indicated by a recent cross-sectional survey by
DiBisceglie et al [62]. Moreover, a recent study identified that
men were featured and objectified in health and fitness content
on social media almost as often as women [65]. Further research
is needed to clarify whether a meaningful gender-based
difference exists in the way that web-based health-focused
content is consumed. However, care should be taken to ensure
that future social media–delivered health interventions avoid
appearance-based health messages to protect young adults’
mental health.

Limitations
This study had some limitations. As our data collection was
completed during the examination period of Australian
Universities, challenges regarding recruitment and participant
dropout emerged. Consequently, our participants may not be
generally representative of the Australian population. Our
sample also included more women than men and a large
proportion of students and young adults who were well educated.
Our analysis technique included searching for commonalities
among the data, which may mean that the experiences of women
and students were captured more strongly than those of others.
However, we also spent time in contrasting discrepant cases to

ensure that less common but still important themes were
captured. The conversational design of the forum also may have
introduced groupthink, social comparison bias, and recall bias.
The dropout rate and different numbers of participants
completing each forum may indicate participant fatigue in
completing the web-based conversations over an extended
period. Moreover, participants may have defined positive or
negative health behaviors differently from each other owing to
the subjective nature of the topic. Finally, this study was
conducted at a particular time with a particular group of
Australian young adults. Social media, among other
technologies, evolves rapidly. Hence, further research will be
necessary as the platforms grow and change.

Conclusions
This study contributed to a greater understanding of the role of
social media in health behavior change among young adults.
Social factors play a key role in prompting positive health
behavior changes. Future studies should develop a greater
understanding of social interactions and peer networks in a
web-based environment to guide the development of integrated
health promotion techniques. The persuasive effect of social
media on participants’health behaviors was largely attributable
to advertisements and constant exposure to content. This study
suggests that young adults view health as an individual
responsibility and place great value on self-discipline. A shift
toward minimizing external pressures through policy changes
and regulation of advertisements needs to be encouraged. Policy
reform may also assist health promotion in reaching social media
users who are disinterested in health. Finally, future social
media–delivered health interventions need to be mindfully
developed to ensure that they do not further elicit guilt among
social media users.
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Abstract

Background: Online false or misleading oral health–related content has been propagated on social media to deceive people
against fluoride’s economic and health benefits to prevent dental caries.

Objective: The aim of this study was to characterize the false or misleading fluoride-related content on Instagram.

Methods: A total of 3863 posts ranked by users’ total interaction and published between August 2016 and August 2021 were
retrieved by CrowdTangle, of which 641 were screened to obtain 500 final posts. Subsequently, two independent investigators
analyzed posts qualitatively to define their authors’ interests, profile characteristics, content type, and sentiment. Latent Dirichlet
allocation analysis topic modeling was then applied to find salient terms and topics related to false or misleading content, and
their similarity was calculated through an intertopic distance map. Data were evaluated by descriptive analysis, the Mann-Whitney
U test, the Cramer V test, and multiple logistic regression models.

Results: Most of the posts were categorized as misinformation and political misinformation. The overperforming score was
positively associated with older messages (odds ratio [OR]=3.293, P<.001) and professional/political misinformation (OR=1.944,
P=.05). In this context, time from publication, negative/neutral sentiment, author’s profile linked to business/dental office/news
agency, and social and political interests were related to the increment of performance of messages. Although political
misinformation with negative/neutral sentiments was typically published by regular users, misinformation was linked to positive
commercial posts. Overall messages focused on improving oral health habits, side effects, dentifrice containing natural ingredients,
and fluoride-free products propaganda.

Conclusions: False or misleading fluoride-related content found on Instagram was predominantly produced by regular users
motivated by social, psychological, and/or financial interests. However, higher engagement and spreading metrics were associated
with political misinformation. Most of the posts were related to the toxicity of fluoridated water and products frequently motivated
by financial interests.
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Introduction

The analysis of big data originating from people’s production
and consumption of online dental information can contribute
to recognizing the needs of distinct populations, aiding the
planning and implementation of public health actions [1,2].
Within this context emerged the concept of infodemiology,
defined as “the science of distribution and determinants of
information in an electronic medium with the ultimate aim to
inform public health and public policy” [3]. Specifically, internet
users have adopted social media to perform queries and express
their concerns, doubts, and advice about oral health conditions
[4,5]. However, while these behaviors are desirable to provide
empowerment and autonomy for individuals toward health
education and decision-making [6,7], the content overabundance
of social network ecosystems poses a challenge to the public to
filter relevant posts, which leads to the consumption of false
information and, consequently, the development of damaging
health beliefs [8-10]. In this way, previous studies demonstrated
that Instagram could be a significant source of health
information, including several issues such as COVID-19 and
vaccination [11], especially considering the increased popularity
of this platform in recent years [12,13].

In this scenario, online false or misleading content propagates
the discouragement of the consumption of fluoride-containing
water and oral care products concerning their relevance, safety,
and harmful consequences [14]. Notably, antifluoridation
information is broadly shared on social media, deceiving people
against fluoride’s economic and health benefits [15]. Moreover,
some characteristics of these false or misleading posts, such as
the sense of innovation and the negative sentiment charges,
favor the diffusion of falsehoods in contrast to trustworthiness
[16,17]. In parallel, fluoride refusal is a growing phenomenon
observed in dental offices, possibly generated or reinforced by
online misinformation [18]. Divergently, there is robust
scientific evidence on the beneficial effects of fluoridated water,
dentifrices, and mouthwashes to prevent the demineralization
and promote the remineralization of dental tissues. Fluoride is
considered the most effective measure to reduce the incidence
and prevalence of dental caries [19-21], which is the most
prevalent oral disease worldwide, affecting the permanent and
deciduous teeth of approximately 2.3 billion people and 532
million children, respectively [22].

Thus, the adoption of digital strategies to manage the oral health
information disorder on social media is mandatory. Toward this
end, the aim of this study was to characterize the false or
misleading fluoride-related content on Instagram, regarding
authors’ and posts’ features, interaction and spreading metrics,
and the sentiment of posts.

Methods

Study Design
This longitudinal and retrospective infodemiology study
analyzed and characterized the false or misleading
fluoride-related content of 500 English posts on Instagram. A
total of 3863 posts ranked by users’ total interaction were
retrieved by CrowdTangle, of which 641 were screened for the
inclusion criteria. All posts were made available on Instagram
between August 2016 and August 2021. Two independent
investigators (ML and TSM) analyzed these posts qualitatively
to define the authors’ interests, profile characteristics, content
type, and sentiment of posts. Topic modeling methods were
applied to find salient terms and topics related to false or
misleading fluoride content. Finally, statistical analysis was
performed as described in detail below.

Ethics Considerations
This study did not require institutional review board approval
from the Council of Ethics in Human Research of Bauru School
of Dentistry because federal regulations do not apply to research
using publicly available data that does not involve human
subjects. It should be emphasized that the raw data presented
in this manuscript have been anonymously disclosed in an open
data repository [23].

Search Strategy, Data Collection, and Preprocessing
Data Set
CrowdTangle is an online analytics and insights tool owned by
Meta Inc that enables the study of several social media metrics
such as the number of posts, data, profile information, type of
posts, total interaction (sum of the number of likes, comments,
and views in a post), and overperforming score through specific
keywords. It is also possible to access posts from distinct
periods, languages, and social media, besides ranking them into
various measures.

The overperforming score is a post’s performance regarding its
actual interaction divided by its expected interaction according
to the number of followers of the author’s profile (ie, how many
ordinary followers the post reached). In this way, positive scores
are associated with good performance posts, reaching a larger
user’s number than simply the number of the author’s followers,
and negative scores convey the opposite. Briefly, the algorithm
of CrowdTangle generates benchmarks to identify these
expected values using the last 100 posts from a given account.
For this calculation, the top and bottom 25% posts are dropped
and then the mean number of interactions are calculated with
the middle 50% of posts in different time intervals (15 minutes
old, 60 minutes old, 5 hours old, etc). Subsequently, when the
account in question publishes a new post, the platform compares
the post metrics to the calculated average and multiplies the
difference by the weights in each dashboard [24].
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The search strategy (“fluoride free”+”fluoride-free”) was defined
from exploratory analyses of hashtags and terms related to a
higher volume of posts that discouraged fluoride use on
Instagram. A data set related to 3863 posts was downloaded as
a CSV file on September 15, 2021, regarding specific language
(English) and time frame (August 2016 to August 2021), and
ranked by total interaction. The period for the collection was
determined from the availability of data observed in a
preliminary analysis using the search strategy on CrowdTangle
and the number of worldwide Instagram users [25]. Furthermore,
posts were ranked by total interaction to guarantee the inclusion
of those accessed by a considerable volume of Instagram users
(ie, those influencing a number of individuals not relativized
by the potential of authors to achieve an audience).

Before the qualitative and natural language processing analyses,
the raw data set was preprocessed in two ways depending on
the type of investigation. First, the data set was screened to
obtain a feasible number of posts (n=500), enabling a robust
qualitative manual evaluation to feed artificial
intelligence–based models, and preventing expected
mischaracterization associated with automated tools. Thus, an
investigator (ML) read a sample of collected posts (n=641) in
full to obtain a list of the first 500 posts ranked by total
interaction that satisfied the following inclusion criterion:
nonrepeated false or misleading content published in English.
The investigator excluded 139 posts due to repetition and 2
posts that were not published in English. It is noteworthy that
this process aimed to characterize posts containing false or
misleading content with the highest engagement rates on
Instagram.

To ensure the quality of topic modeling analysis, another
investigator (IZH) performed an additional preprocessing of the
words of 500 selected posts, removing symbols, special
characters, punctuations, URLs, numbers, personal pronouns,
and keywords of the search strategy.

Data Analysis

Qualitative Analysis
The false or misleading fluoride posts were characterized
through passive qualitative analysis [26], examining information
patterns and interaction metrics. This approach was directed by
the most accepted definitions of the categories of information
disorder, as follows: (1) misinformation, defined as false
information determined based on a grounding of truth and
applies only to informationally oriented content [27-29]; (2)
fake news, defined as intentionally misleading and biased
representational information for the benefit of the messenger
sender, which contains false information, with or without a
blend of one or more components of omitted important
information, a decontextualized content, misleading headlines,
or clickbait [30]; (3) disinformation, defined as information that
is false and deliberately created to harm a person, social group,
organization, or country [27,28]; and (4) conspiracy theories,
which are attempts to explain the ultimate causes of significant
social and political events and circumstances with claims of
secret plots by two or more powerful actors [31].

Additionally, false or misleading online content can be
motivated by distinct types of interest such as financial (profiting
from information disorder through advertising), political
(attempts to influence public opinion due to political positions),
social (connecting with a particular group online or offline),
and psychological (seeking prestige or reinforcement) [27]. The
identification of specific motivations could be a reliable and
objective indicator of authors’ intentionality, regarding that its
determination is only based on the subjective judgment of online
content founded on researchers’ perspectives [27]. However,
according to Poe’s law, the clues left by content makers are
often inadequate to differentiate between honest and dishonest
mistakes (ie, the authors’ intentions to deliberately produce or
share misleading content to deceive people cannot be
categorically identified) [8,32]. Regarding the aforementioned
difficulties to establish the specific type of information disorder,
misinformation was characterized by two trained and calibrated
investigators (ML and TSM) (intraclass correlation coefficient
for absolute concordance varying from 0.85 to 0.92), according
to the following criteria: author’s profile (regular users, business,
dental office, or news agency), type of content (commercial or
noncommercial), author’s interest (social, psychological,
financial, and/or political), and sentiment (negative, neutral, or
positive). Commercial content was detected when associated
with a business, dental office, and news agency, or with regular
users identified as influencers for promoting the sales of dental
products. Both investigators were trained by the discussion of
representative characteristics of posts. The calibration of
individual judgment criteria was confirmed by the independent
classification of 10% of posts (n=50). The posts that
investigators divergently qualified were reassessed until
consensus. Additionally, the combination of the author’s profile
(dental office or others) and the detection of political interests
(yes or no) defined the categories of information disorder,
grouped as misinformation (posts from regular users without
political interests), professional misinformation (posts from a
dental office without political interests), and political
misinformation (posts from authors with political interests).

Natural Language Processing
Topic modeling is an unsupervised machine learning method
that is effectively used to identify patterns within a large corpus
of unstructured documents, as previously observed in the health
information area [33,34]. Interestingly, researchers who apply
unsupervised algorithms do not need to previously define issues
in topic modeling, corroborating with the automatized evaluation
of social media data sets [35]. Besides a faster analysis, this
process allows for identification that would not have been
achieved by manual inspection because it is less prone to human
biases [36].

We applied latent Dirichlet allocation (LDA) topic modeling
using Python 3 in a Google Colab interface to determine the
main salient terms and topics from the studied data set,
examining the relationship between similar and different content.
Synthetically, LDA is a probabilistic and word count–based
model that analyzes the frequency of words to determine distinct
topics [33]. Given the number of topics K, LDA algorithms may
generate a keyword list that is most relevant to each topic
individually. Although this analysis does not provide a complete
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meaning of social media posts, it can contribute to a good
overview of issues, facilitating data interpretation [37]. A
detailed description of the LDA model is provided elsewhere
[38].

We defined the ideal number of topics based on the metric
proposed by Nikolenko et al [39] for qualitative studies. Thus,
a higher coherence score represents topic modeling with better
quality, simplifying the interpretation of outputs. In this way,
the coherence values were computed for K topics, where K
ranges from 2 to 50, before eventually narrowing down the
consideration range to 3-15 topics. We then carefully examined
the models with the highest coherence values and selected that
with the most significant score [35,40]. Finally, the topics’
distances were calculated to establish their similarity through
an intertopic distance map.

Statistical Analysis
Statistical analysis was performed using the Statistical Package
for Social Sciences (v. 21.0). First, the variables were
dichotomized as follows: time from publication (≤859 or >859
days), categories of information disorder (misinformation or
professional/political misinformation), authors’ profile (regular
users or business/dental office/news agency), sentiment
(negative/neutral or positive), type of content (commercial or
noncommercial), type of publication (video or photo), total
interaction (≤1179 or >1179), overperforming score (≤1.38 or
>1.38). The continuous variables were dichotomized from their
median values. Additionally, dental offices, news agency, and
business profiles were dichotomized on the same side because
of their common financial background.

The data normality and homogeneity were determined through
the Kolmogorov-Smirnov test and Levene test, respectively.

Subsequently, as data were nonnormally distributed, the
comparison of total interaction and overperforming score of
dichotomized variable groups was performed by the
Mann-Whitney U test. The differences in the distribution of
dichotomized variables according to the categories of
information disorder were assessed by the Cramer V test.

Additionally, multiple logistic regression models were developed
to evaluate the association of overperforming scores and total
interaction with distinct variables. Only factors with significant
Wald statistics in the simple analyses were included in the
multiple regression models. For all analyses, P<.05 was
considered significant.

Results

As shown in Table 1, in general, the posts were predominantly
commercial, produced by regular users, expressing positive
sentiment, and published as an album/photo. The types of
interests identified among the 500 selected posts were social
(n=500, 100.0%), psychological (n=492, 98.4%), financial
(n=421, 84.2%), and political (n=79, 15.8%). Considering the
specific interests and authors’ profiles, the investigators
categorized the posts as misinformation (n=413, 82.6%),
political misinformation (n=79, 15.8%), and professional
misinformation (n=8, 1.6%).

Table 1 presents the comparison of total interaction and
overperforming scores with the distinct dichotomized variable
groups. A significantly higher number of total interaction was
found for noncommercial content items, whereas a significantly
higher overperforming score was detected for >859 days,
professional/political misinformation, business/dental
office/news agency profiles, and negative/neutral sentiment.
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Table 1. Comparison of total interaction and overperforming scores between dichotomized variable groups.

P valuesaOverperforming scoreTotal interactionPosts
(N=500), n
(%)

Variable

Overperform-
ing score

Total in-
teraction

Median (IQR)Mean (SD)Median (IQR)Mean (SD)

<.001.64Time from publication

1.10 (3.22)1.95 (7.48)1149 (1265)2720 (5031)250 (50.0)≤859 days

1.89 (3.57)6.15 (18.27)1222 (1633)2292 (3404)250 (50.0)>859 days

.01.36Types of interest

1.33 (4.63)4.23 (15.20)1160 (1473)2468 (4168)421 (84.2)Social, financial, and psychological

1.98 (4.46)3.11 (5.15)1271 (1138)2710 (4449)79 (15.8)Social and political

<.001.46Author’s profile

1.06 (3.05)1.65 (13.79)1189 (1486)2701 (4759)296 (59.2)Regular users

3.59 (6.40)7.54 (13.84)1155 (1278)2224 (3511)204 (40.8)Business/dental office/news agency

.004.71Sentiment

2.30 (4.62)3.54 (5.66)1263 (1118)2699 (5003)77 (15.4)Negative/neutral

1.33 (4.52)4.15 (15.14)1164 (1490)2471 (4160)423 (84.6)Positive

.54.009Type of content

1.63 (1.63)1.98 (4.36)1554 (2240)3408 (5687)95 (19.0)Noncommercial

1.35 (5.02)4.54 (15.49)1144 (1279)2295 (3878)405 (81.0)Commercial

.61.54Type of publication

1.70 (4.96)2.26 (3.95)1218 (2017)2835 (4090)45 (9.0)Video

1.38 (4.77)4.23 (14.72)1174 (1414)2474 (4319)455 (91.0)Photo

aMann-Whitney U test (P<.05 considered statistically significant).

Table 2 summarizes the distribution of distinct dichotomized
variable groups according to the categories of information
disorder. Accordingly, the overperforming score and
noncommercial content were significantly higher among
professional misinformation and political misinformation

groups. Furthermore, political misinformation was frequently
posted by regular users with negative/neutral sentiment. By
contrast, misinformation commonly presented commercial
content with positive feelings.
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Table 2. Distribution of dichotomized variable groups according to the categories of information disorder.

P valueaφPolitical misinformation
(n=79), n (%)

Professional misinforma-
tion (n=8), n (%)

Misinformation (n=413),
n (%)

Variable

.210.79Time from publication

35 (44.3)6 (75.0)209 (50.6)≤859 days

44 (55.7)2 (25.0)204 (49.4)>859 days

.0040.149Overperforming

30 (37.9)1 (12.5)221 (53.5)≤1.38

49 (62.1)7 (87.5)192 (46.5)>1.38

.0030.154Author’s profile

49 (62.1)0 (0)247 (59.8)Regular users

30 (37.9)8 (100)166 (40.2)Business/dental office/news agency

<.0010.712Sentiment

59 (74.7)0 (0)18 (4.3)Negative/neutral

20 (25.3)8 (100)395 (95.7)Positive

.390.061Total interaction

34 (43.1)4 (50.0)212 (51.3)≤1179

45 (56.9)4 (50.0)201 (48.7)>1179

<.0010.493Type of content

47 (59.5)6 (75.0)42 (10.2)Noncommercial

32 (40.5)2 (25.0)371 (89.8)Commercial

.010.136Type of publication

14 (17.7)0 (0)31 (7.5)Video

65 (82.3)8 (100)382 (92.5)Photo

aCramer V test (P<.05 considered significant).

Table 3 displays the results of the multiple logistic regression
model for overperforming score. Overperforming was positively
associated with older posts and professional/political

misinformation. Notably, total interaction did not show
significant Wald statistics for any factor in the simple analysis.

Table 3. Multiple logistic regression model for overperforming score (>1.38).

P valueORb (95% CI)Wald statisticBa (SE)Variable

<.0013.293 (2.274-4.768)39.841.192 (0.189)Time from publication (>859 days)

.051.944 (1.005-3.758)3.9000.664 (0.336)Information disorder (professional/political misinformation)

.690.867 (0.434-1.731)0.163–0.143 (0.335)Sentiment (positive)

.100.5462.717–0.605 (0.367)Constant (y-intercept)

aUnstandardized coefficient.
bOR: odds ratio.

We adopted an exploratory process to select the topic modeling
algorithm with the best performance concerning the coherence
score. Figure 1 depicts these values from different number of

topics, demonstrating the most significant value for 7 topics
(0.54).

J Med Internet Res 2022 | vol. 24 | iss. 5 | e37519 | p.336https://www.jmir.org/2022/5/e37519
(page number not for citation purposes)

Lotto et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 1. Coherence scores for distinct numbers of topics.

Thus, the LDA algorithm was executed with all posts (N=500)
through the configuration K=7, which generated 7 different
fluoride-related topics. Based on the salient keywords of each
topic, we attributed a brief description to determine their
meaning and subsequently stratified them regarding the main
issues, as presented in Table 4. Figure 2 shows the topics’
distances to establish their similarity through an intertopic
distance map. There was higher proximity of topics 3, 4, and
5; a similarity between topics 1 and 7; and a considerable
distance of topics 2 and 6 from the others. Overall, the topics
that emerged from the analysis were related to discouraging the
consumption of fluoridated products and water by adults and
children, justified by their toxicity, using arguments on the

improvements of oral health habits (topics 1 and 7), side effects
of fluoride (topic 2), the use of dentifrice containing natural
and/or vegan ingredients (topics 3, 4, and 5), and propaganda
of fluoride-free oral care products (topic 6).

The most representative words of each topic were employed to
determine its issues, depending on the specific context of posts,
as verified in the manual analysis. For example, the word
“giveaway” was linked to posts about dentifrices containing
natural and/or vegan ingredients because several authors
promote draws of this kind of products, as follows: “It is
GIVEAWAY TIME! Baby care is simplified with Dr. Brown’s
wide range of health and hygiene products.”
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Table 4. Fluoride-related salient topics stratified according to number of posts, most frequent words, issues, and examples.

ExamplesIssuesMost frequent wordsPosts, nTopic

“Do your kids enjoy brushing their teeth?! My boys used to
fight it until we made it a fun routine!! @grinnatural has now
become part of our routine and not only has it helped our kids
oral care but has also become a fun activity they look forward
to!”

Improvements of oral health
habits

Love, Day, Use, Product, Body,
Skin, Time, Natural, Get, Feel,
Help, Work, Life, Know, Try

1151

“Intentional poisoning of the municipal water sources with
toxic fluoride and other toxins/heavy metals of primary source
for pineal gland calcification”

Side effects of fluorideWater, Drink, Health, Body,
Level, Use, Filter, Pineal Gland,
Study, High, Know, Brain,
Cause, Bone, Source

622

“Brush-brush the germs away from your baby’s teeth with the
help of Mee Mee’s Fluoride Free Strawberry Flavour Tooth-
paste”

Use of dentifrice containing
natural/vegan ingredients

New, Ingredient, Love, Ad,
Clean, Formula, Kid, Fresh, Tar-
get, Adult, Know, Try, Smile,
Toothpaste, Flavor

323

“The Grounded Activated Charcoal Teeth Powder is a 100%
natural and fluoride free teeth whitening formula to brighten
your teeth shade, remove plaque, cleanse the mouth, remove
toxins & make your mouth feel sparkling clean”

Use of dentifrice containing
natural/vegan ingredients

Natural, Whiten, Charcoal,
Product, Smile, Activate Char-
coal, Use, Vegan, Giveaway, In-
gredient, White, Toothbrush,
Winner, Follow, Coconut

934

“#ad Chloe’s favorite part of her morning routine is brushing
her teeth. Thankfully @toms_of_maine makes brushing her
teeth fun with their Silly Strawberry toothpaste. Chloe loves
the delicious taste and I love that it’s natural free from artificial
flavors, colors and preservatives”

Use of dentifrice containing
natural/vegan ingredients

Kid, Brush, Brush Tooth, Love,
Baby, Fun, Toothbrush, Fruit,
Natural, Ad, Flavor, Routine,
Start, Child, Safe Swallow

775

“Make the Switch, to an all-natural oral care products from
Garners Garden (@garnersgarden)! Protect your gums and
teeth from cavities and bad bacteria!”

Propaganda of fluoride-free
oral care products

Oral Care, Gum, Mouth, Product,
Mouthwash, Bacteria, Disease,
Cavity, Oral, Plaque, Bad, Natu-
ral, @Garnensgarden, Breath,
Garnens Garden

936

“How many of you guys Oil Pull? It's one of my favorite ways
to detox and keep my teeth healthy/white”

Improvements of oral health
habits

Organic, Use, Tongue, Add, Oil,
Healthy, Daily, Toxin, Routine,
Clean, Coconut Oil, Brush, Day,
Tap, and Antibacterial

287
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Figure 2. Intertopic distance map of the topic modeling analysis. Note that the bubbles are denominated according to the number of the specific topic.
PC: principal component.

Discussion

Principal Findings and Comparison With Prior Work
These findings indicate that the predominant false or misleading
fluoride Instagram posts were categorized as misinformation
(n=413) and political misinformation (n=79). In this context,
several characteristics were related to the increment of
overperforming scores of messages, such as time from
publication, negative or neutral sentiment, business/dental
office/news agency author’s profile, and social and political
interests. In particular, older messages (odds ratio [OR]=3.29)
and professional/political misinformation (OR=1.94) were
associated with better performance of spreading among
Instagram users. Remarkably, commercial content was
significantly more prevalent in the misinformation category
than in the professional and political misinformation categories.
Furthermore, regular users preponderantly published political
misinformation presenting negative or neutral sentiment,
whereas misinformation was linked to positive commercial
posts. The messages generally addressed the toxicity of
fluoridated products and water, focusing on improving oral
health habits, side effects of fluoride, dentifrice containing
natural and/or vegan compounds, and propaganda of
fluoride-free oral care products. Although previous studies have
analyzed fluoride-related information on social media, including
Instagram [13-15,17,41], this study differs regarding only

focusing on analyses of false or misleading fluoride information,
identified based on contemporary concepts and methods on
information disorder.

From these outcomes, we confirmed that oral health information
seekers engage more with political fluoride misinformation,
even after excluding the influence of time as a confounding
factor. Indeed, social media consumers tend to connect with
others similar to themselves regarding political ideology [42].
People motivated by specific political overviews, influenced
by personal characteristics such as beliefs and values, are
predisposed to be more interactive with congruent arguments
and assimilate them uncritically (confirmation bias) [43,44].
Thus, greater political homophily is associated with increased
user interaction since it reinforces similar ideologies [45]. It is
important to note that individuals are susceptible to believing
and sharing misinformation regardless of their underlying
political creed [44].

Moreover, LDA topic modeling categorized most of the political
misinformation in topic 2, covering the possible side effects
from fluoride toxicity, as exemplified by the following posts:

over three hundred studies have found that fluoride
is literally a neurotoxin

fluoridated water provides no benefits, only risks.
Babies given fluoridated water in their formula may
have reduced IQ scores.
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This demonstrates that Instagram users were strongly influenced
by concerns and fears surrounding fluoridated products and the
water supply, interacting with negative sentiment posts that
emphasized the adverse health aspects of fluoride. These
outcomes are in agreement with posts of Twitter users [17].

The positive impact of the time of availability of posts on
overperforming scores is an expected result because users have
more opportunities to access these posts in comparison to more
recent posts. Likewise, authors’ profiles linked to economic
activities, such as companies, dental offices, and news media,
usually structure their messages to attract customers, besides
probably paying money to promote their content on Instagram,
which increases people’s engagement and thus raises content
diffusion. Surprisingly, we detected financial interest in most
posts, including a substantial portion of regular users (digital
influencers) that publicized fluoride-free products. Moreover,
several salient topics that emerged from modeling were closely
connected to brands. Indeed, the distribution of information
disorder often has a close relationship with economic gains [27].
Specifically, our findings suggest that the antifluoridation
proposals strongly connect with financial concerns beyond the
above-discussed ideological aspects. In this sense, distinct oral
care companies have been focused on developing products that
meet the individual wishes of consumers, even with the absence
of scientific evidence [46].

Practical Implications
These findings can support the development of methods and
models to automatically identify false or misleading content
items and assess their propagation on social media. In addition,
outcomes such as topic modeling can subside the elaboration
of eHealth and mobile health fluoride-related educational
approaches to guide social media users toward the consumption
of adequate online oral health information [47]. In this context,
dental professional teams need to be conscious of
fluoride-related misinformation toward improving the quality
of their relationship with patients. Additionally, universal access
to oral health, improving eHealth and electronic literacy, and
offering high-quality dental information are desirable to prevent
the consumption of deceptive messages. Certainly, policymakers
should recognize the negative influence of these false posts on
communities, creating guidelines and laws to control the spread

of information disorder. Specifically, social media managers
should be encouraged to develop mechanisms for screening
posts to detect false or misleading content before considering
messages eligible for sponsorship, avoiding the dissemination
of misinformation. Despite the difficulties in determining the
authors’ intentions, society needs to start discussing education
measures and possible penalties for misinformation propagators,
within the confines of democratic values, mainly when
disseminated by health professionals.

Limitations
This study has some limitations. First, we collected the sample
from a specific search strategy composed of two keywords,
limiting the findings’ generalization to all false or misleading
fluoride content. However, we performed an exploratory analysis
to determine the most representative keywords with the greatest
spread for the thematic analysis in data collection. Second, the
two independent investigators analyzed only 500 posts due to
work restrictions associated with human analysis, in accordance
with previous dental studies [4]. In addition, the manual labeling
of data sets is imperative to training artificial intelligence models
for natural processing language tasks, ensuring high accuracy
and data generalizability [48]. Third, as previously described,
we cannot differentiate misinformation from other types of
information disorder because of the incapacity of determining
authors’ intentionality objectively and precisely [49].
Notwithstanding, the characterization of misinformation was
improved, verifying the association of specific interests and
authorship with interaction metrics. Fourth, these interpretations
were based on content published in English. Although English
is the most spoken language worldwide, cultural aspects likely
influenced the detection of falsehoods.

Conclusions
False or misleading fluoride posts available on Instagram were
predominantly characterized as misinformation produced by
regular users motivated by social, psychological, and/or financial
interests; however, misinformation with social and political
interests was associated with higher engagement and spreading
metrics. In general, the content of posts was related to the
toxicity of fluoridated water and products, frequently motivated
by financial interests.
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Abstract

Background: Online medical consultation is an important complementary approach to offline health care services. It not only
increases patients’ accessibility to medical care, but also encourages patients to actively participate in consultation, which can
result in higher shared decision making, patient satisfaction, and treatment adherence.

Objective: This study aims to explore multilevel factors that influence patient activeness in online medical consultations.

Methods: A data set comprising 40,505 patients from 300 physicians in 10 specialties was included for multilevel analysis.
Patient activeness score (PAS) was calculated based on the frequency and the proportion of patient discourses to the total frequency
of doctor-patient interactions. Intraclass correlation coefficients were calculated to identify between-group variations, and the
final multilevel regression model included patient- and physician-level factors.

Results: Patients were not equally active in online medical consultations, with PASs varying from 0 to 125.73. Patient
characteristics, consultation behavioral attributes, and physician professional characteristics constitute 3 dimensions that are
associated with patient activeness. Specifically, young and female patients participated more actively. Patients’ waiting times
online (β=–.17; P<.001) for physician responses were negatively correlated with activeness, whereas patients’ initiation of
conversation (β=.83; P<.001) and patient consultation cost (β=.52; P<.001) in online medical consultation were positively
correlated. Physicians’ online consultation volumes (β=–.10; P=.01) were negatively associated with patient activeness, whereas
physician online consultation fee (β=.03; P=.01) was positively associated. The interaction effects between patient- and
physician-level factors were also identified.

Conclusions: Patient activeness in online medical consultation requires more scholarly attention. Patient activeness is likely to
be enhanced by reducing patients’waiting times and encouraging patients’ initiation of conversation in online medical consultation.
The findings have practical implications for patient-centered care and the improvement of online medical consultation services.

(J Med Internet Res 2022;24(5):e35557)   doi:10.2196/35557

KEYWORDS

patient; physician; online medical consultation; patient activeness

Introduction

Online medical consultation is increasingly being chosen by
patients as an alternative to traditional health care services. It
is an electronic format for doctor-patient interaction, connecting
both parties of medical services through text, pictures, and

videos [1-3]. The development of online medical consultation
is a result of rapid technological advancement and broad market
demand [2,4,5]. Specifically, online medical consultation has
been emphasized during the COVID-19 pandemic to prevent
cross-infection or to implement social distancing rules as
encouraged by many governments [6]. Given its advantages in
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removing temporal and spatial barriers and documenting the
medication process, online medical consultation is sometimes
more appealing to patients than offline medical encounters [2,7].
According to the global market estimate reports, the market
share of online medical consultation was US $3.9 billion in
2020 and is estimated to reach US $16.0 billion by 2026 [8].

Although online medical consultation has been widely
recognized for its potential, its strengths remain
underappreciated. An overlooked benefit is its encouragement
of patient activeness. Patient activeness is an emerging term to
describe patients’ active participation in managing their health
and wellness. Patients often participate in their medical visits
by seeking and providing information, asserting their preferences
or opinions, and expressing their concerns [9]. Through these
formats, patients can gain more knowledge and control over
their health, leading to improved health outcomes [7]. Patient
activeness has also been found to have significant impacts on
shared decision making, patient satisfaction, and treatment
adherence [10-12].

Following the patient-centered approach, online medical
consultation may empower patients with more opportunities to
actively participate in the health care–seeking process. First,
patients can express themselves extensively without feeling
rushed in online medical consultation. Patients can deliver
unlimited messages in the text format without being interrupted
by the physician or another patient [1,13]. Second, patients who
feel tense and shy in the offline setting might be freer to disclose
themselves, given that the absence of a visual audience may
allow them to let go of their sense of being watched or
embarrassed [13]. Third, patients can access the internet or other
resources for additional information in online medical
consultation, enhancing their ability to participate in online
medical conversations with their physicians [2,7]. The internet
can help patients bridge the information gap with their
physicians and ask more meaningful questions. As a result of
these features of online medical consultation, the online
doctor-patient communication process can be transformed from
paternalism to partnership, encouraging patient activeness [14].

Traditionally, health providers play a paternalistic role in China,
only providing information and treatments they consider
necessary and useful for patient recovery [15]. This leads to
patients being viewed as passive, rarely offering an opinion,
and not participating in medical decision making [16]. Most
offline consultations last for less than 5 minutes, and the patient
participates only minimally during the consultation [17,18].
Like many other countries, China has seen an increase in the
demand for online medical care. According to a report published
by consultancy iiMedia Research [4], the market for online
medical care in China was US $8.41 billion in 2019. Chinese
internet users who use online medical services have increased
threefold from 2015 to 2020, with a total of 661 million users.
Most online medical consultation platforms offer text
consultation, telephone consultation, and video consultation.
Telephone consultations and video consultations are both
synchronous, while text consultations are asynchronous.
However, the most common form of online consultation among
patients is text consultation due to several reasons, including
the fact that most physicians conduct consultations during their

spare time, scheduling appointments for a telephone or video
consultation is challenging, and the cost of telephone or video
consultations are high [18].

This study aims to investigate factors that influence patient
activeness during online medical consultation in China. Despite
its popularity, online medical consultation remains in its infancy
in China [12]. Patients’ active participation in online medical
consultation could increase their preference and satisfaction
with the service. As online medical consultation involves
interpersonal and environmental dynamics [19,20], this study
examines the multilevel factors that influence patient
participation in online consultation.

Methods

Data Collection and Research Design
Data for this study were collected from a third-party online
medical consultation platform, Health 160, a pioneering online
medical service provider. Established in 2005, it has served
over 170 million patients associated with 610,000 physicians.
Anonymous and deidentified consultation data were obtained
from this platform, complying with the users’consent to privacy
policies. A multistage sampling scheme was conducted, where
the top 10 disease specialties were selected on the basis of their
popularity first, and then 30 physicians were selected at random
within each disease specialty. Between May 2019 and May
2020, these 300 physicians’consultation records were retrieved,
yielding 57,378 consultations from 40,505 patients. Given that
some patients had more than 1 order for consultation in the
sample, the first record for a specific patient was utilized.

A hierarchical data structure was used in this study, with patients
nested within physicians within disease specialties. The 40,505
consultation records were considered as the first layer of the
research, which included patient characteristics and consultation
behavior data, and 300 physician-level data as the second layer
of the research.

Ethics Approval
The study protocol was approved by the institutional review
board at Shenzhen University (approval number 2020028).

Measure
Patient activeness was measured by the patient activeness score
(PAS), which expresses the proportion of patient discourses to
the total frequency of doctor-patient communication in online
medical consultation. The formula of calculating PAS is as
follows:

PAS = n × [n/(n+m)]

where n and m refer to the numbers of patient discourses and
physician expressions for each consultation, respectively. Given
the highly skewed distribution of PAS from 0 to 125.73, a
logarithmical transformation was used for each score: f(x) =
ln(x+0.01), which reduced the variability of scores to [–4.61 to
4.83], denoted as logPAS.

First-Level Variables
Patient demographics and the consultation behavioral
characteristics constitute the first-level factors of analysis.
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Patient demographics include gender and age, and the
consultation behavioral characteristics include patients’waiting
time for response, patients’ initiation of consultation, and patient
cost for consultation service. Patients’waiting time for response
refers to how long they waited for the doctor to respond after a
consultation has been initiated. The time was primarily measured
in seconds and then converted to log10: f(x) = log10(x). Patients’
initiation of consultation was dummy coded as whether the
conversation was started by the patient or the physician (patient
= yes, physician = no). In addition, the online consultation
services on the Health 160 platform are generally paid, but some
free consultation services are provided to promote service use,
facilitate user trials, and aid in the prevention and control of the
COVID-19 epidemic during the time the data were collected.
Thus, the patient cost for consultation service was also dummy
coded as paid or free.

Second-Level Variables
In our study design, physician-level factors were considered
second-level variables to investigate the effect of group
heterogeneity on patient activeness. These factors included
physician demographics and professional characteristics. The
demographic variables included physician age (in years) and
gender (1 = female, 0 = male). Their professional characteristics
were indicated by their online consultation volumes and fees.
Online consultation volume refers to the number of patients
who have consulted the physician online. Given that the online
consultation volumes ranged from 3 to 3916, they were
log-transformed to values with a base of 10 and the range was
0.48-3.59. The consultation fee was recoded as an ordinal
variable, ranging from 0 (0 CNY) to 6 (over 50 CNY [US
$7.72]).

Third-Level Variables
Specialty-related factors were deemed as the third-level variable.
The 10 different specificities were coded as categorical variables
for analysis. The descriptive statistics of first-, second-, and
third-level variables are shown in Table 1.

Statistical Analysis
Multilevel regression analysis was used to analyze the nested
study design. Generally, multilevel regression analysis is
considered convenient for modeling the possible contributions
of contextual factors at higher levels. An initial analysis
comprising a 3-level model that incorporated patient (Level 1),
physician (Level 2), and disease specialty (Level 3)
characteristics was first conducted. To identify whether the
higher levels were critical to explaining the data, the intraclass
correlation coefficient (ICC) was estimated (denoted as ρ), an
indication of how much variation in the outcome variable can
be explained by between-group variation. The ICC number
ranges from 0 to 1, with higher values indicating a greater
variance between groups. Statisticians suggested that a variance
of 0.059 might be used as an experience criterion to determine
whether the between-group difference was large enough to be
regarded as above average [21]. At the specialty level, the ICC
was evaluated to be 0.018, indicating a low level of clustering
effect within disease specialties in which physicians were

similar. About 13% of the variation was attributed to variation
at the physician level (ie, ICC ρ = [0.017 + 0.105]/[0.017 +
0.105 + 0.848] = 0.126). Thus, a 2-level analysis was applied,
ignoring the specialty level, with patients nested within
physicians.

In our specific analysis, the effect of each predictor on the
outcome variable was first analyzed using univariate regression.
Second, 2-level predictors were included successively in the
nested models, testing the relative contribution of each with
multiple regression analysis. For each independent variable, the
variance inflation factors were found to be below 1.80,
indicating that the collinearity between independent variables
could safely be ignored without experiencing multicollinearity
problems.

In addition, several cross-level interactions were identified
between physician- and patient-level factors that might influence
patient activeness. For instance, patients’ waiting time for
response was supposed to be related to physician online
consultation volumes, patients’ initiation of consultation was
supposed to be related to physician gender, and patient cost for
consultation service was supposed to be related to physician
online consultation fee. During the interaction analysis, the
centering of the explanatory variables is advantageous when a
multilevel model contains interactions, given that it provides a
clear interpretation of interaction terms and facilitates
computation and convergence [22]. In this study, a grand mean
centering, subtracting the mean from all values, was performed
for each variable involved in the interactions. All statistical
analyses were performed using R, version 3.6.

Results

Sample Characteristics
Of the 40,505 patients included in this study, there are twice as
many female patients (n=28,057, 69.27%) as male patients
(n=12,448, 30.73%). The median (IQR) proportion score of
patient discourse during consultation [n/(n+m)] was 0.54
(0.50-0.66). The frequency of patient discourse (n) during
consultation ranged from 0 to 178, and the frequency of patient
and physician discourses (n+m) in total during consultation
ranged from 1 to 227.

Among the 300 physicians, there existed slightly more females
(n=163, 54%) than males (n=137, 46%). One-third of physicians
were attending physicians (97/300, 32.33%), and nearly
two-thirds held the higher management titles of chief physicians
(81/300, 27.00%) and deputy chief physicians (104/300,
34.67%). The majority of consultations (34,024/40,505, 84%)
were initiated by physicians. The median (IQR) patients’waiting
time for response was 7350 (1486-23,974) seconds, which is
roughly 2 hours. Approximately one-fourth (9820/40,505,
24.4%) of patients received free online consultation. Of the 300
physicians, 19.00% (n=57) did not charge at all and the majority
(n=213) did not charge over 50 CNY (US $7.85), whereas 10%
(n=30) charged over 50 CNY (US $7.85). As of May 2020, the
median (IQR) level of physicians’ online consultation volume
reached 94.5 (43-211.75) patients (Table 1).
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Table 1. Characteristics of first-, second-, and third-level variables.

ValuesCharacteristics

Patient-level characteristics (N=40,505)

Patient demographics

27 (11-33)Age, median (IQR)

Gender, n (%)

12,448 (30.73)Male

28,057 (69.27)Female

Patient consultation behavioral characteristics

7350 (1486-23,974)Patients’ waiting time for response (seconds), median (IQR)

Patients’ initiation of consultation, n (%)

6318 (15.60)Yes

34,187 (84.40)No

Patient cost for consultation, n (%)

30,685 (75.76)Paid

9820 (24.24)Free

Physician-level characteristics (N=300)

Physician demographics

44 (37-51)Age, median (IQR)

Gender, n (%)

137 (45.67)Male

163 (54.33)Female

Professional title, n (%)

81 (27.00)Chief physician

104 (34.67)Deputy chief physician

97 (32.33)Attending physician

18 (6.00)Other

Physician professional characteristics

94.5 (43-211.75)Physician online consultation volume, median (IQR)

Physician online consultation fee (CNY), n (%)a

57 (19.00)0

12 (4.00)1-10

94 (31.33)11-20

52 (17.33)21-30

12 (4.00)31-40

43 (14.33)41-50

30 (10.00)≥51

Disease specialties (N=40,505), n (%)

7975 (19.69)Dermatology

6840 (16.89)Gynecology

5017 (12.39)Pediatrics

3982 (9.83)Endocrinology

3942 (9.73)Traditional Chinese Medicine

3263 (8.06)Obstetrics
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ValuesCharacteristics

2918 (7.20)Urology

2562 (6.33)Stomatology

2516 (6.21)Psychiatric

1490 (3.68)General surgery

aCNY = US $0.16.

Factors Associated With Patient Activeness During
Online Medical Consultation
The correlation matrix of physician- and patient-level variables
and their univariate effects on logPAS is shown in Table 2. No
strong linear correlations existed between the predictor variables,
given that all the Pearson correlation coefficients were between
–0.1 and 0.5. In the bivariate models, the effects of almost all

factors were significant (P<.001), except for physician age.
Thus, the next step for multilevel regression included them all
as predictors. Our model included the physician’s age as a
control variable, given that it was associated with the use of
online medical consultation service in previous studies [22],
although it failed to exert a significant effect in the univariate
analysis (P=.45).

Table 2. Univariate regression result and correlation matrix for the variables of the study (N=40,505).

Correlation matrixUnivariate regressionVariable

987654321logPASa

1–0.00b1. Patient age

10.25b0.04b2. Patient gender

10.03b–0.02b–0.21b3. Patients’ waiting time for response

10.06b–0.02b–0.03b0.92b4. Patients’ initiation of consultation

10.11b–0.08b–0.04b0.02b0.49b5. Patient cost for consultation

10.23b0.03b0.12b0.04b0.07b0.006. Physician age

10.01–0.02c0.03b0.01c0.26b0.03b0.30b7. Physician gender

10.07b0.39b0.30b0.02b0.000.06b–0.03b–0.08b8. Physician online consultation volume

10.52b–0.06b0.34b0.46b0.06b0.05b–0.05b–0.06b0.01b9. Physician online consultation fee

aPAS: patient activeness score.
bP<.001.
cP<.01.

Multilevel Models
Two-level regression analyses using maximum likelihood
estimation were conducted to model how patient- and
physician-level factors were associated with patient activeness
in online medical consultations. In Table 3, the full model
includes first-level factors, such as patient demographics and
consultation behavioral factors. Specifically, these consultation
behavioral factors were considered explanatory variables with
random slopes at the patient level, controlling for age and
gender. To simplify random-slopes models, correlations between
intercepts and slopes were removed by assuming that the random
effects (intercepts and slopes) are independent. All first-level
factors were significantly associated with patient activeness.
Patients’ waiting time for response (β=–.17; P<.001) during
consultations showed a negative association with patient
activeness, whereas patients’ initiation of consultation (β=.83;
P<.001) and patient cost for consultation (β=.52; P<.001) were
positively associated with activeness.

In addition, all physician-related variables except age showed
a substantial effect. In terms of gender, patients communicating
with female (β=.09; P=.01) physicians scored higher on the
activeness measure. Physicians’ online consultation volume
(β=–.10; P=.01) was negatively associated with patient
activeness, whereas physician online consultation fee (β=.03;
P=.01) was positively associated with patient activeness.

Also shown in Table 3 are the estimates from the full model
with cross-level interactions between patients and physicians.
The deviance difference test produced a chi-square of 15.5
(df=3; P=.001), indicating that the full model should be preferred
compared with Model B without interactions (Multimedia
Appendix 1). All the 3 proposed interactions were statistically
significant at .05. The coefficient for the interaction between
patients’ waiting time for response and physician online
consultation volume was 0.05. The coefficient for the interaction
between patients’ initiation of consultation and physician gender
was –0.08, and the coefficients for the interaction between
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patient cost for consultation service and physician online
consultation fee was 0.03.

To better illustrate the interactive effect between patients’
waiting time for response and physician online consultation
volumes on patient activeness, physician online consultation
volume was categorized into 3 categories: low, medium, and
high. Figure 1 unveils that the negative relationship between
patients’ waiting time for response and patient activeness was
negatively moderated by physicians’ online consultation
volumes (β=.05; P=.01). The longer patients waited for
response, the less likely they were to actively participate in
online medical consultation. In addition, patients tended to be
even less active if their physicians had larger online
consultations volumes than those with fewer volumes.

In the interaction between patients’ initiation of consultation
and physician gender, Figure 2 illustrates that the relationship
between patients’ initiation of consultation and patient activeness

was negatively moderated by physician gender (β=–.08; P=.03).
Patient activeness was substantially higher during online medical
consultations initiated by patient themselves than by the
physician. Particularly, when patients initiated the conversation,
logPAS increased by 0.799 in the female physician condition
and by 0.874 in the male physician condition. This interactive
effect also suggests that when physicians initiated the
conversation after the consultation has been launched, female
physicians are likely to encourage patients to participate more
actively than male physicians.

Figure 3 illustrates that the positive relationship between patient
cost for consultation and patient activeness was positively
moderated by physician online consultation fee (β=.03; P=.03).
Patients who paid for their consultations were more likely to
participate during online medical consultation. A higher
physician online consultation fee was associated with more
patient activeness from the paid patient.

Table 3. Multilevel models for patient activeness with individual- and physician-level factors (N=40,505 patients and 300 physicians).

Full modelModel

Coefficient (standard error)Variable

0.75 (0.10)aIntercept

Patient level

–0.00 (0.00)aPatient age

0.06 (0.01)aPatient gender

–0.17 (0.01)aPatients’ waiting time for response

0.83 (0.02)aPatients’ initiation of consultation

0.52 (0.03)aPatient cost for consultation service

Physician level

0.00 (0.00)Physician age

0.09 (0.04)cPhysician gender

–0.10 (0.04)bPhysician online consultation volume

0.03 (0.01)cPhysician online consultation fee

Cross-level interaction

0.05 (0.02)cPatients’ waiting time for response × physician online consultation volume

–0.08 (0.03)cPatients’ initiation of consultation × physician gender

0.03 (0.01)cPatient cost for consultation service × physician online consultation fee

101,969.6Akaike information criterion

101,933.6Deviance

aP<.001.
bP<.01.
cP<.05.
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Figure 1. Interaction effects of patients’ waiting time for response and physician online consultation volumes (POCVs) on patient activeness. Note:
Mean POCV is the average value of physicians’ online consultation volume. Higher and lower POCV were calculated by taking the mean POCV ± its
SD.

Figure 2. Interaction effects of patients’ initiation of consultation and physician gender on patient activeness.
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Figure 3. Interaction effects of patient cost for consultation and physician online consultation fee on patient activeness.

Discussion

Principal Findings
This study adopted a multilevel analysis to uncover factors
associated with patient activeness in online medical consultation.
Using a data set of 40,505 patients from 300 physicians in 10
specialties, this study found that patients were not equally active
when participating in online medical consultation. Patient
characteristics, consultation practices, and physician professional
attributes are associated with patient activeness, such that (1)
young and female patients tended to be more active in online
medical consultation; (2) short waiting times, high cost, and
patients’ initiation of conversation were associated with higher
patient activeness; (3) patients consulting with female physicians
and physicians with relatively low online consultation volumes
were more likely to actively participate in online medical
consultation. The disparities in patient activeness do not only
result from patient autonomy, but also from the interaction
between physician professional practices and online consultation
contexts. This study has implications for other low- and
middle-income countries where medical resources are limited
and hospital burdens are high.

This study found that the characteristics of the patients may be
associated with their activeness. The age of the patients is
associated with their activeness, echoing previous studies that
found older patients were fearful or less confident in the “digital
world” [23]. Older patients are more likely to believe and follow
physicians’ instructions, given that they often view doctors as
responsible for medical decisions rather than themselves [24].
Furthermore, this study found that female patients were more
likely to participate in online medical consultations. These
results are consistent with other gender studies in the health
care field, such that men are frequently underengaged with

medical decision making due to masculinity concerns [23] and
poor communication skills [25]. Nevertheless, we could not
conclude that men and older patients are not necessarily
incapable or unwilling to participate in online medical
consultation. Given the advantages of patient activeness in
shared medical decision making and treatment adherence [26],
more men and older patients should be encouraged to actively
participate during consultation.

In addition, this study suggests that patients’ waiting time for
response, initiation of conversation, and service cost were
significant factors influencing patient activeness in online
medical consultation. Previous studies have shown a negative
relationship between waiting time and patient satisfaction in
the offline settings [27], and the ability to save time is regarded
as the most evident benefit for patients using online medical
consultation services [28]. However, this study reveals that
patients’ median waiting time for an online physician response
is approximately 2 hours in China, which is longer than most
studies conducted in offline settings [27,29]. This challenges
the naïve idea that online medical consultation typically saves
time for patients. Given that most online medical consultation
transpires in an asynchronous and discontinuous manner, online
medical consultation could cost more time. Under this
circumstance, it is important to recognize that responding timely
becomes an even crucial factor for both patient activeness and
patient satisfaction [1]. Moreover, patients’ initiation of
conversation in online medical consultation was positively
associated with their activeness. In a traditional medical setting,
physicians tend to be in the dominant position, initiating the
conversation. Online communication grants patients the option
to initiate the communication and indicate personal preferences.
Patients who took the initiative to break the silence or make
greetings demonstrate positive intentions for establishing rapport
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with subsequent interactions, facilitating possible joint decision
making [26]. Last but not least, cost for consultations is also
associated with patient activeness. In contrast to free patients,
patients who paid for consultation services were more likely to
participate, given that their perceived input was higher and they
expected better outcomes [30]. The patients who paid higher
fees might be more motivated to actively participate in the
interaction with physicians to maximize the high cost and make
better medical decisions.

The study also shows that a physician’s demographics and
professional characteristics are associated with patient
activeness. Patients who communicated with female doctors,
instead of male doctors, were likely to be more active in online
medical consultation. There have been several qualitative studies
on how a physician’s communication efforts can establish
understanding and rapport with patients and encourage patient
activeness [31]. Women physicians tend to have longer
consultation time, engage in more partnership building, and are
more interested in psychosocial aspects of health [25], allowing
patients to become more engaged during consultation. Moreover,
physicians with high online consultation volumes tended to
discourage patients from participating more actively. It is a
dilemma that many patients prefer to seek care from experienced
chief physicians who have treated a large number of patients in
China [32], but the chief physicians might not have enough time
to interact with their specific patient because of the volume of
patients. Patients lose their enthusiasm for active participation
if they wait long for a physician with a large number of online
consultations, as they may understand the physician’s workload
and expect less attention from him/her [33]. These findings
validate the gender effect of physicians and suggest that the

dynamics of patient-physician interactions are closely related
to patient behaviors. Physicians are encouraged to play an
integral part in increasing patient activeness during online
consultation process.

Limitations
This study is not without limitations. Because of limited patient
characteristics in our data set, we failed to identify more personal
factors that may be associated with patient activeness.
Furthermore, despite the high number of patients involved in
this study, only 300 physicians from 10 different specialties
were included. To verify current findings, future studies with
a larger pool of physicians are required. In addition, text analysis
can be synchronously conducted along with this study design
to closely examine the interactive dynamics between patients
and physicians during online medical consultation.

Conclusion
Relying on a multilevel analysis of 40,505 patients and 300
physicians, this study is among the early studies that identified
a triangular model related to patient activeness in online medical
consultation. The triangular factors include patient
characteristics, consultation behavioral attributes, and physician
professional characteristics. This study suggests that reducing
patients’online waiting time and encouraging patients’ initiation
of consultation are related to the increase of patient activeness
in low- and middle-income countries. The findings of this study
have practical implications for expanding patient-centered
services and improving patient experiences with online
consultation services to reduce the pressure and burden of offline
medical services.
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Abstract

Background: Telemedicine technology is a growing field, especially in the context of the COVID-19 pandemic. Consult Station
(Health for Development) is the first telemedicine device enabling completely remote medical consultations, including the
concurrent collection of clinical parameters and videos.

Objective: Our aim was to collect data on the multisite urban and suburban implementation of the Consult Station for primary
care and assess its contribution to health care pathways in areas with a low density of medical services.

Methods: In a proof-of-concept multisite prospective cohort study, 2134 consecutive patients had teleconsultations. Consultation
characteristics were analyzed from both the patient and practitioner perspective.

Results: In this study, the main users of Consult Station were younger women consulting for low-severity seasonal infections.
Interestingly, hypertension, diabetes, and preventive medical consultations were almost absent, while they accounted for almost
50% of consultations with a general practitioner (GP). We showed that for all regions where the Consult Station was implemented,
the number of consultations increased as GP density decreased. The study of practitioner characteristics showed GPs from
metropolitan areas are motivated to work with this device remotely, with a high level of technology acceptability.

Conclusions: The multisite implementation of Consult Station booths is suitable for primary care and could also address the
challenge of “medical deserts.” In addition, further studies should be performed to evaluate the possible contribution of Consult
Station booths to limiting work absenteeism.

(J Med Internet Res 2022;24(5):e33507)   doi:10.2196/33507

KEYWORDS

telemedicine booth; primary care; cost-benefit; absenteeism from work; health care system; telemedicine; consultation; remote
medical consultation; proof-of-concept; general practice
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Introduction

Alongside the development of the internet and connected tools
over the past 2 decades, a rise in the development of eHealth
technologies has been observed, facilitating remote
communication between patients and caregivers [1,2]. This
technological advancement meets the increasing need for more
patient-centered medicine. Geographical, temporal, financial,
cultural, and digital access issues are at the heart of these
changes. Several digital communication systems and devices
for telemedicine have been previously reported (eg, interactive
voice response, SMS text messages, emails, interactive video,
home-based videoconferencing, personal monitoring devices,
and personal health records) [1,3-5].

However, telemedicine is not yet ubiquitous and there are
ongoing debates on how to improve the quality of patient care.
This is particularly true for teleconsultations [6,7]. Some general
practitioners (GPs) remain skeptical of telemedicine, with
emerging questions on cost-effectiveness, its impact on health
outcomes and care, and its usefulness for people with chronic
conditions or young, healthy people. For example, in France,
the national health insurance has reimbursed teleconsultations
since 2019 under specific conditions linked to the standard
health care pathway for primary care and GPs [8], but its use
was still limited in late 2019. Before the COVID-19 pandemic,
many other barriers to adopting teleconsultations worldwide
were identified, including barriers related to staff and
programmers, patients (age and level of patient education), and
practitioners (training, resources, type of device, ethics,
confidentiality, and accountability) [6,9].

The year 2020 was seriously impacted by the global spread of
COVID-19, which necessitated the promotion of new health
care initiatives and a reorganization of telemedicine to meet
patients’ expectations for broader access [10-14]. The
unstructured and opportunistic implementations of many
telemedicine devices and protocols during the pandemic have
cast light on the urgent need for standardization [15,16]. In
France, the COVID-19 pandemic has accelerated the use of
telemedicine, leading to better and wider reimbursement not
only for GPs and specialists, but also for nurses, speech
therapists, and midwives [17,18].

To date, none of the telemedicine technologies reported involve
a single application that enables patients and physicians to
conduct a comprehensive measurement of medical parameters.
In 2009, Consult Station, a French telemedicine booth, was
created and developed by Health for Development (H4D) to
meet the growing needs of telehealth; it combines remote
consultations, measurement of medical parameters, and
diagnostic tools in a single location, and includes a dedicated
training program for physicians.

In this proof-of-concept study, we report a multisite
implementation of the Consult Station booth for primary care
in France and its contribution to health care pathways in the
context of generalization of telemedicine devices.

Methods

Study Design and Population
This was a multisite prospective observational cohort study that
consecutively included all patients aged ≥18 years who had a
teleconsultation via Consult Station in France from September
16, 2019, to January 31, 2020, with no exclusion criteria and
no patient exclusion in the data analysis.

Ethics Approval
Informed consent was obtained from each patient before
inclusion. Data extraction was anonymized. This
noninterventional study obtained the approval of the local ethics
committee for collecting and analyzing data (Avicenne hospital,
number CLEA-2018-019; 020-019).

Description of Consult Station
H4D is a company specifically dedicated to clinical telemedicine
[19] and it created the Consult Station booth in 2009. This
European Class 2 certified autonomous medical device [20] has
functions dedicated to the automated measurement of several
medical parameters (weight, height, BMI, measures of pain,
temperature, blood pressure, cardiac frequency, and oxygen
saturation) and includes several diagnostic tools (pain scale,
electrocardiogram, stethoscope, dermatoscope, audiometry,
capillary glycemia, and otoscope). It has a video interface that
enables remote consultations with a physician (Multimedia
Appendix 1). There are two modes of teleconsultation: a
self-performed checkup and a clinically assisted teleconsultation
(deployed in this study). A team of 15 physicians was
specifically trained on using the Consult Station booth before
the booths were implemented. The physicians’ training program
was funded by H4D. Systematic cleansing, adapted to the
COVID-19 pandemic, was performed by a trained technical
agent between each patient. New booths are to include a UV-C
lamp, which shortens the cleansing process to less than 3
minutes.

Access to Consult Station
Consult station booths were implemented on the premises of
large companies and town halls, and employees were informed
of the device’s availability and told they had free access to it.
When patients wanted a teleconsultation, they had to connect
to an appointment booking website provided by H4D and agree
to privacy and confidentiality rules. In accordance with the
French law on teleconsultations, an appointment must be given
to the patient within 48 hours. If necessary, a distant care
manager helped the patient schedule the teleconsultation. There
were no restrictions on the use of the device and there was no
need to be referred by a practitioner to book an appointment.

GP and Patient Characteristics
GPs were recruited on a voluntary basis and systematically
trained. The GP characteristics collected for this study were
age, gender, medical specialty, location of private practice, and
time devoted to teleconsultations per week.

For each patient, data were collected by the physician during
the teleconsultation. Data collected included age, gender, date,
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location of consultation (ie, Paris, Paris suburbs, or other
regions), reasons for consultation, and classified consultation
diagnosis according to the International Classification of
Diseases, Tenth Revision (ICD-10).

Statistical Analysis and GP Density Indicators
Categorical data were expressed as numbers and proportions,
while continuous data were expressed as mean (SD) or median
(IQR) as appropriate.

The number of teleconsultations was assessed according to the
local GP density per 100,000 inhabitants [21] and then according
to the localized potential accessibility (LPA) to a GP for cities
and rural administrative areas [22]. LPA is a composite indicator
that considers both GP proximity and GP availability; it is the
ratio of the number of completed consultations to the number
of available consultations per inhabitant. An LPA value <2.5
per year is used by the French Ministry of Health to define the
term “medical deserts” [23].

The data were analyzed and graphics were generated using R
statistical software (version 4.0.0; R Foundation for Statistical
Computing).

Results

Teleconsultation Characteristics
A total of 2134 teleconsultations were carried out from
September 16, 2019, to January 31, 2020. The teleconsultations
were distributed over weekdays as follows: 419 (20%) on
Mondays, 450 (21%) on Tuesdays, 411 (19%) on Wednesdays,
454 (21%) on Thursdays, and 400 (19%) on Fridays. Medical
parameters measured and diagnostic tools used were as follows:
weight (344/2134, 16%), height (n=344, 16%), BMI (n=344,
16%), temperature (n=1450, 68%), blood pressure (n=1351,
63%), cardiac frequency (n=823, 38.5%), oxygen saturation
(n=823, 38.5%), electrocardiogram (n=14, 0.6%), stethoscope
(n=896, 42%), dermatoscope (n=156, 7%), and otoscope (n=924,
43%). A teleprescription was issued for 1567 (73%) patients.
A sick leave certificate was issued for 42 (3%) patients.
Complete data, including the reasons for teleconsultation, were
available for 1746 (82%) patients. Overall, 98% (1715/1746)
of the teleconsultations were conducted in full, while 2% (n=31)
of teleconsultations were abandoned as a result of connection
issues. Table 1 shows the distribution of the reasons for
teleconsultation. Cough disorders, pain, joint diseases, and
rhinitis were the most frequently provided reasons.

Table 1. Distribution of the reasons for teleconsultation among 1715 patients.

Patients, n (%)Reasons for teleconsultation

Mild infectious diseases

343 (20)Cough disorders

154 (9)Rhinitis

137 (8)Fever, unspecified

103 (6)Functional urinary symptoms

Pain

187 (11)Unspecified pains

137 (8)Joint diseases/pain

51 (3)Unspecified abdominal pain

51 (3)Headache

Asthenia, skin, and allergy

67 (4)Asthenia

51 (3)Skin disorders

86 (5)Unspecified allergy

Prevention care and certificate

51 (3)Prescription renewal

120 (7)Prevention

343 (20)Laboratory results

154 (9)Othera

aOther included unspecified visual disorders (n=19), gynecological disorders (n=17), unspecified vertigo (n=17), pregnancy (n=16), unspecified screening
(n=15), nausea or vomiting (n=14), unspecified sleep disorders (n=8), myalgia (n=8), and psychological demands (n=7).

Use of Consult Station by Women
The main users of Consult Station were younger women with
a mean age of 38.7 (SD 10.3; range 20-77) years. Table 2 shows

the patient characteristics. The mean teleconsultation duration
was 18 (SD 1.2) minutes. Overall, the diagnostic categories
most often observed were otorhinolaryngology, osteoarticular
pain, and routine clinical examinations, with no difference
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between women and the whole cohort. Prevention advice
(vaccination, laboratory results, and addiction counseling)
concerned only 2% (34/1715) of the patients. None of the

patients consulted for hypertension- or diabetes-related
follow-ups. Referral following a consultation did not occur for
58% (995/1715) of teleconsultations.

Table 2. Characteristics of 1715 consecutive patients with teleconsultations.

Women (N=1230), n (%)Whole cohort (N=1715), n (%)Variable

Age cohorts (years)

722 (59)948 (56)20-39

488 (40)723 (42)40-59

20 (1)34 (2)≥60

Gender

N/Aa1230 (72)Women

N/A475 (28)Men

Diagnostic domains for teleconsultation

555 (45)756 (44)Otorhinolaryngology

129 (11)189 (11)Osteoarticular

111 (9)187 (11)Normal clinical examination

77 (6)112 (7)Pneumonology

66 (6)77 (5)Dermatology

58 (5)77 (5)Urology

33 (3)52 (3)Gastroenterology

27 (2)45 (3)Ophthalmology

27 (2)35 (2)Abnormal laboratory results

28 (2)35 (2)Neurology

25 (2)34 (2)Prevention

24 (2)29 (2)Gynecology

13 (1)26 (2)Cardiovascular/high blood pressure

15 (1)18 (1)Psychiatry

9 (0.7)12 (1)Asthenia

8 (0.6)10 (0.5)Dental

4 (0.3)6 (0.3)Endocrinology/diabetes

4 (0.3)6 (0.3)Sexually transmitted infection

7 (0.6)8 (0.5)Missing data

Consultant recommendations

716 (58)994 (58)No orientation

273 (22)387 (23)General practitioner

115 (9)159 (9)Complementary examination

70 (6)104 (6)Specialist

42 (3)53 (3)Other health professional

7 (0.6)10 (0.5)Emergency department

7 (0.6)8 (0.5)Missing data

aN/A: not applicable.
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Consult Stations Were Mainly Deployed in
Low-to-Moderate GP Density Areas
A total of 31 Consult Station booths were implemented in France
for primary care management, mainly on the premises of large
companies (≥5000 employees) and local authorities, with one
of them set up inside a town hall (Figure 1). In the Île-de-France
region (ie, Paris and its suburbs), 24 (77%) booths were
implemented. The GP density of these areas ranged from
96/100,000 to 248/100,000 inhabitants (mean 149.7, SD 27).
We classified GP density into 3 categories as follows: low
density (96-137), moderate density (138-159), and high density
(≥160). We observed that the Consult Station booths were
located mainly in moderate-density (16/31, 52%) or low-density
areas (11/31, 35%).

We then considered a French composite indicator for access to
a GP, namely LPA, which provides the completed number of
GP consultations per patient in relation to the number of
available GP consultations. Medical deserts are defined by an
LPA value under 2.5 per year, which applies to 5.1% of France,
while the national LPA value is 3.7 (range 1.4-12.1). Using this
threshold of 2.5, none of the Consult Station booths were in a
medical desert. We then further classified LPA into 3 categories
as follows: low LPA (2.5-3.2), moderate LPA (3.3-4.0), and
high LPA (≥4.1). This showed that 19% (6/31) and 55% (17/31)
of the Consult Station booths were located in moderate- or
low-LPA areas, respectively.

Figure 1. Implementation of Consult Station booths according to general practitioner density in France (left panel) and in the Île-de-France region (ie,
Paris and its suburbs; right panel).

Consult Station Could Improve Access to Practitioners
Table 3 shows the number of teleconsultations recorded for 28
Consult Station booths according to local GP density and LPA.

The number of teleconsultations was high in the Paris suburbs
where GP density is low (124 GPs/100,000 inhabitants) and the
LPA value is moderate (3.3 consultations/year). Across France,
the number of teleconsultations increased as GP density
decreased (Figure 2A). In contrast, access to teleconsultation
also increased as the LPA indicator increased (Figure 2B). This
suggests that access to routine GP consultations was not a
hindrance to the use of teleconsultations.

The mean age of the 15 GPs was 39 (SD 8.5, range 30-60) years
and 10 (80%) GPs worked in high-LPA areas. The number of

years since the GPs’ graduation ranged from 3-35 years. Of the
participants, 60% (9/15) worked in a mixed setting, in both
private practice and a hospital, and 47% (7/15) worked in a
group practice. None had been previously trained for
teleconsultations, but 3 of them reported occasional experiences
in teleconsultation. Reasons provided by the doctors for their
choice to practice telemedicine included the following: the
innovative aspect of this device, collaborative work,
diversification of their activity, and provision of care to people
in medical deserts. For 73% (11/15) of them, the COVID-19
pandemic had not influenced their perception of teleconsultation
and 87% (13/15) would recommend teleconsultation to other
colleagues. It is worth noting that they were urban practitioners,
as none worked in a low-LPA area (Multimedia Appendix 2).
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Table 3. Number of teleconsultations with the Consult Station according to general practitioner density and LPA (N=2134).

Mean LPAcC/D ratiobMean general practitioner densityaTeleconsultations, n (%)Area

High (4.5)0.9High (248)222 (10)Paris (center)

High (4.6)4.4Moderate (148)660 (31)Other regions

Moderate (3.3)10Low (124)1252 (59)Paris suburbs

aGeneral practitioner density in number per 100,000 inhabitants in France.
bC/D ratio: number of consultations/mean general practitioner density per 100,000 people.
cLPA: localized potential accessibility.

Figure 2. Scatter plot of the number of teleconsultations according to (A) GP density or (B) LPA. GP: general practitioner; LPA: localized potential
accessibility.

Discussion

Principal Findings
The Consult Station booth is the first telemedicine device
enabling completely remote medical teleconsultation with

concurrent collection of clinical parameters, as otherwise
teleconsultations are often limited to telephone consultations
[24-26]. With real-time measurement of several medical
parameters, the use of diagnostic tools, and video consultations,
Consult Station is a good option when face-to-face consultations
are not possible [26]. The COVID-19 pandemic contributed to
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an acceleration of teleconsultation acceptance and to the
restructuring of pre-existing telehealth care devices or pathways.
The Consult Station is a particularly original device appropriate
for further health care standardization.

In our study, seasonal infections of low severity were the main
reason for teleconsultations among younger patients.
Interestingly, hypertension, diabetes, and preventive medical
teleconsultations were almost absent, whereas they accounted
for almost 50% of in-person consultations with a GP in France
[27]. The Consult Station could offer a new, convenient health
care pathway for younger patients with nonsevere health needs.
Further studies are required to determine whether this new,
convenient primary care pathway could help reduce visits to
hospital emergency departments [28,29]. The results from our
study could further the debate on the cost-effectiveness of
telemedicine in wealthy countries. Interestingly, only 11%
(188/1715) of the patients used the device for a routine clinical
examination. Although our proof-of-concept study was not
designed to determine whether teleconsultation leaned toward
treatment of chronic diseases or more routine conditions, the
Consult Station could be of great interest for systematic yearly
checkups, particularly in areas with low GP density.
Furthermore, a recent study had shown that patients with chronic
conditions are open-minded toward alternative modes of
telemedicine [11], including their use for treating mental
conditions [30].

Most of the patients were younger working women of
childbearing age. This gender ratio might be explained by
women being overrepresented in the use of the internet and
telemedicine [11,15] and because time-saving is a major factor
for telemedicine usage [31]. Appointments within 48 hours,
convenient health care access comparable to private practice,
and flexibility could all contribute considerably to patient
satisfaction and acceptance of the Consult Station health care
system, as reported with other telemedicine devices [32,33].
Furthermore, the system could help limit absenteeism from
work due to illness if booths are implemented in the workplace
as in our study [34,35]. In a recent study, the authors found that
the rate of absenteeism from work was 3% among 5465
employees, with 56% of absences from women [35]. The rate
of sick leave reached 28% overall and was 76% for younger
women. In 2018, the annual mean cost of absenteeism from
work was estimated at €4059 (US $4460) per individual in
France [36], affecting 3.6% of employees. For a large company
of at least 5000 employees, this would amount to a cost of
€730,000 (US $802,198). In comparison, the minimum annual
cost of a Consult Station booth would be €43,320 (US $47,604).

This amount includes annual maintenance fees (€10,000, US
$10,989), the annual cost equivalent to a full-time technical
agent (€21,892, US $24,057) to clean the booth between each
patient, and an amortization of the booth over 7 years
(€11,428/year, total cost €80,000; US $12,558/year, total cost
US $87,912). This could be an advantageous financial operation
for companies to prevent work absenteeism. The question of
work absenteeism should be addressed in a dedicated study
including social and economic patient characteristics.

With the emergence of COVID-19, Consult Station could also
be used to help manage patient flows in compliance with barrier
measures [37,38].

With a multisite implementation, we believe that Consult Station
booths could contribute to addressing the challenge of medical
deserts. Even though they were largely implemented on business
premises and none were in medical deserts, there was no real
bias linked to the geographical distribution of Consult Station
booths in our study, since 36% were implemented in areas with
low GP density.

From the patients’ perspective, the device offers easy access to
doctors even in areas with low GP density. This implies a
willingness among practitioners from metropolitan areas to
respond to this challenge. Our study results showed a high level
of technology acceptability among practitioners and our
teleconsultation device addressed several of the barriers
previously identified by GPs for the use of telemedicine. With
acceptance by both patients and GPs, this type of
teleconsultation device provides proof of concept for the
generalization of telemedicine, and could succeed where public
health policies have failed to address the growing problem of
access to care in underpopulated rural areas [36]. Although our
study was not designed to evaluate the impact of our device on
vulnerable populations, we believe that it does not limit their
health care access, as the health care system in France now
enables reimbursement for teleconsultations for all patients.

Conclusions
The multisite implementation of Consult Station booths is
suitable for primary care, but it also could meet the challenge
of medical deserts. Although various types of telehealth or
telemedicine facilities were already available in early 2020, the
COVID-19 pandemic has highlighted the need for
videoconsultations using remote tools such as those included
in the Consult Station. In addition, further studies should be
conducted to evaluate the possible contribution of Consult
Station booths to limiting work absenteeism.
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Abstract

Background: Exposure and response prevention, a type of cognitive-behavioral therapy, is an effective first-line treatment for
obsessive-compulsive disorder (OCD). Despite extensive evidence of the efficacy of exposure and response prevention (ERP)
from clinical studies and in real-world samples, it is still underused as a treatment. This is likely due to the limits to access to
care that include the availability of adequately trained therapists, as well as geographical location, time, and cost barriers. To
address these, NOCD created a digital behavioral health treatment for OCD using ERP delivered via video teletherapy and with
technology-assisted elements including app-based therapy tools and between-session therapist messaging.

Objective: We examined treatment outcomes in a large naturalistic sample of 3552 adults with a primary OCD diagnosis who
received NOCD treatment.

Methods: The treatment model consisted of twice-weekly, live, face-to-face video teletherapy ERP for 3 weeks, followed by
6 weeks of once-weekly brief video teletherapy check-ins for 30 minutes. Assessments were conducted at baseline, at midpoint
after completion of 3 weeks of twice-weekly sessions, and at the end of 6 weeks of brief check-ins (endpoint). Longitudinal
assessments were also obtained at 3, 6, 9, and 12 months after endpoint.

Results: Treatment resulted in clinically and statistically significant improvements, with a 43.4% mean reduction in
obsessive-compulsive symptoms (g=1.0; 95% CI 0.93 to 1.03) and a 62.9% response rate. Treatment also resulted in a 44.2%
mean reduction in depression, a 47.8% mean reduction in anxiety, and a 37.3% mean reduction in stress symptoms. Quality of
life improved by a mean of 22.7%. Reduction in OCD symptoms and response rates were similar for those with mild, moderate,
or severe symptoms. The mean duration of treatment was 11.5 (SD 4.0) weeks, and the mean total therapist time was 10.6 (SD
1.1) hours. Improvements were maintained at 3, 6, 9, and 12 months.

Conclusions: In this sample, representing the largest reported treated cohort of patients with OCD to date, video teletherapy
treatment demonstrated effectiveness in reducing obsessive-compulsive and comorbid symptoms and improved quality of life.
Further, it achieved meaningful results in less than half the total therapist time compared with standard once-weekly outpatient
treatment, an efficiency that represents substantial monetary and time savings. The effect size was large and similar to studies of
in-person ERP. This technology-assisted remote treatment is readily accessible for patients, offering an advancement in the field
in the dissemination of effective evidence-based care for OCD.
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Introduction

Obsessive-compulsive disorder (OCD) is a prevalent and
disabling psychiatric disorder, affecting 2.3% of individuals
during their lifetimes [1]. Typically chronic if untreated, OCD
is markedly detrimental to one’s quality of life [2]. Yet, OCD
can be treated effectively with psychotherapy or
pharmacological interventions [3]. Exposure and response
prevention (ERP), also known as exposure and ritual prevention,
is a type of cognitive-behavioral therapy (CBT) that consistently
demonstrates efficacy for OCD in numerous controlled trials
and is also effective in less controlled clinical settings [3-7].
Based on this research evidence, ERP is considered a first-line
treatment for OCD [8,9].

However, ERP requires specialty-trained therapists and thus is
not readily available to everyone with OCD because of limited
numbers of trained therapists, as well as cost and geographical
limitations [10]. Indeed, the majority of individuals with OCD
and related anxiety conditions are unable to access
evidence-based psychotherapy [11]. Moreover, ERP typically
requires over 25 hours of therapist time per patient [12] to
achieve meaningful results; thus, when delivered in its most
common format of once-weekly outpatient therapy, it could
take 6 or more months.

To address the challenges of delivering ERP in terms of barriers
to access and associated cost and time, NOCD has developed
a digital behavioral health treatment program using video
teletherapy. Remote ERP for OCD, delivered by video or
telephone, has been demonstrated to significantly improve OCD
symptoms [13]. Two head-to-head comparisons with in-person
treatment in adults and adolescents show only small differences
in outcome [14,15]. One of the several vital advantages of
remote treatment is that therapists can readily interact with
patients in the specific settings that most trigger their obsessional
thoughts, images, or urges, for example in the home. This allows
for administering in-session exposures that otherwise could be
difficult or impossible to reproduce in an office setting.
Although therapists in traditional face-to-face treatments can
visit patients’ homes and other nonoffice settings to administer
exposures and help patients practice response prevention, this
is logistically challenging and inefficient due to the travel times
involved. Moreover, as of 2022, approximately 83% of the
world’s population (6.5 billion) owns a smartphone [16], and
this grows yearly.

NOCD’s treatment approach was inspired by a treatment
previously tested in an open clinical trial [17] (N=33) that used
the NOCD app integrated with brief in-person therapy. This
trial tested a treatment protocol designed to minimize therapist
time while increasing therapy intensity compared with

once-weekly ERP sessions. It is possible that greater symptom
reduction earlier in treatment, which may occur with more
intensive treatment, could portend better ultimate clinical
outcomes [18-20]. In a 2020 trial conducted by Gershkovich et
al [17], there were high satisfaction ratings: 68.2% were “very”
and 31.8% “mostly” satisfied with the services received. The
treatment resulted in a mean reduction in OCD symptoms of
38.9%, with a response rate (≥35% reduction in OCD symptoms)
of 52%. Mean therapist time was 6.7 (SD 1.52) hours total per
patient.

We designed a treatment model for NOCD to treat patients with
OCD using exposure and response prevention, with similar
intensity, and to be able to reach as many as possible in the
general community. To provide accessibility, all sessions were
conducted remotely with video teletherapy. To provide
additional support, enhance adherence, and potentially improve
efficacy, every patient had access to between-session contact
with their therapist via messaging. Further, a large online OCD
community was available for further support through group
message boards and scheduled support group sessions. In
addition, peer support from individuals who had completed
NOCD treatment was available to patients prior to starting
treatment. The objective of this study was to examine treatment
outcomes in a large naturalistic sample of 3552 adults with a
primary OCD diagnosis who received NOCD treatment from
January 1, 2020, to June 30, 2021.

Methods

Diagnostic Evaluations and Inclusion and Exclusion
Criteria
Patients initially contacted the NOCD intake team as
self-referrals or as referred from their health plans. They
underwent diagnostic assessments by licensed clinical
psychotherapists, who had received standardized training from
NOCD in the evaluation and treatment of OCD using ERP. The
diagnostic assessment consisted of a comprehensive clinical
evaluation, including biopsychosocial elements of their history,
and a standardized, semistructured diagnostic evaluation using
the Diagnostic Interview for Anxiety, Mood, and Obsessive
Compulsive and Related Neuropsychiatric Disorders
(DIAMOND) [21]. Individuals who met DIAMOND criteria
for OCD (consistent with Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition [22]) as their primary disorder
were treated. The majority of those who scored a 7 (“extreme”)
on the DIAMOND clinician-rated severity scale were referred
to higher levels of care, including intensive outpatient programs,
partial hospitalization programs, or residential treatment
programs (exceptions were made on a case-by-case basis for a
small number of individuals [n=16] whom the therapist and
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clinical leadership deemed may benefit from treatment by
NOCD). Other situations that resulted in referral at the time of
diagnostic assessment included active substance use disorders
or comorbid uncontrolled psychiatric disorders or symptoms
(eg, mania, psychosis, or active suicidality), deemed to
potentially interfere with treatment, on a case-by-case basis.
Although the current analysis is of patients 18 years and older,
NOCD treated those 5 years of age and older (results from the
child and adolescent cohort are forthcoming). There was no
upper limit on age. Medicated or unmedicated individuals were
treated.

Treatment Model
The NOCD treatment model consisted of twice-weekly
60-minute remote ERP video sessions for 3 weeks. After this,
patients had 6 weeks of once-weekly 30-minute video
“check-in” sessions to guide ongoing ERP homework
assignments conducted by the patients.

Therapists were trained and instructed to follow this framework
for treatment but were allowed some flexibility to add sessions,
if needed. In addition, between sessions, all patients had access
to as-needed asynchronous text messaging with their therapists
5 out of 7 days per week to obtain guidance with exposures and
response prevention. Patients had 24 hours per day and 7 days
per week access to the online NOCD community, consisting of
a forum of individuals around the world self-identified as having
OCD, providing support and advice through online (monitored)
postings. The NOCD app was available for patients to use during
treatment; it provided tools for patients, in collaboration with
their therapists, to create exposure hierarchies and do exposure
exercises. Patients could also read and post messages in the
NOCD community through the app.

All sessions were conducted via Zoom (US Health Insurance
Portability and Accountability Act–compliant version). Patients
could join the sessions via any personal computer or portable
electronic device. For billing purposes, both the therapist and
patient needed to be on video throughout the session. Aside
from their electronic device, there was no other hardware
required for either patients or therapists. Therapists were trained
to not proceed with sessions if adequate sound and video quality
could not be achieved, and in these scenarios, to reschedule in
a timely manner. Additionally, during traditional daytime
business hours (when most sessions were held) there was live
technical support available to therapists to assist patients with
troubleshooting if there were connectivity issues.

Therapists had Master’s, PhD, or PsyD degrees, and were
licensed in the states in which they provided remote treatment.
Therapists received training by NOCD to conduct ERP and
were provided ongoing group and individual supervision by
experienced NOCD clinical leadership team members. All
NOCD therapists received 3 days of intensive training on OCD,
ERP, and application of ERP to OCD. After this training, there
are several assessments that all clinicians must pass, including
quizzes, a mock diagnostic session, a mock education session,
and mock ERP sessions. As therapists go live, the clinical
leadership team observes them in their first through fourth
sessions randomly to see live examples of their diagnostic skills,
provision of psychoeducation, and proficiency in the

development of ERP hierarchies. The full-time therapists attend
2 hours per week of clinical supervision or case consultation as
well as a 3-, 6-, 9-, and 12-month clinical advising review of
their cases.

Assessments
Assessments were emailed to patients as links and were
conducted at the initial diagnostic assessment, at treatment
midpoint (after 6 twice-weekly therapy sessions), and the
endpoint (after 6 weekly 30-minute check-in sessions). The use
of patient-rated scales as the outcome variables of interest
reduced the risk of therapist bias that may occur with
clinician-rated scales. Follow-up assessments were sent to
patients at the therapy visit closest in time to 3, 6, 9, and 12
months after their endpoint assessment. The majority of these
follow-up sessions were 30-minute brief check-in sessions, as
most had transitioned to less frequent visits (30-minute check-ins
twice monthly to once every 3 months).

Dimensional Obsessive-Compulsive Scale (DOCS) [23] is a
20-item self-report measure of OCD symptom severity across
four domains: contamination, responsibility for harm or
mistakes, unacceptable thoughts, and incompleteness or
symmetry. The DOCS has shown good psychometric properties,
including strong convergent validity with the Yale-Brown
Obsessive Compulsive Scale (r=0.54) and the
Obsessive-Compulsive Inventory—Revised (r=0.69), and is
sensitive to the effects of treatment.

The DIAMOND severity scale [21] is a 2-item clinician-rated
assessment of the overall severity of an individual’s emotional
distress and functional impairment related to OCD symptoms.
The clinician makes separate ratings of an individual’s emotional
distress and functional impairment on a scale ranging from 1
(Normal) to 7 (Extreme), and the higher of the two ratings is
taken as the total severity score.

Depression, Anxiety, and Stress Scales (DASS-21) [24] is a
21-item self-report measure of symptoms of depression, anxiety,
and stress. It has been widely used in previous research and has
consistently shown good psychometric qualities.

Quality of Life Enjoyment and Satisfaction
Questionnaire—Short Form [25] is a 14-item self-report
assessment of quality of life across a variety of life domains. It
has demonstrated good psychometric properties in previous
research.

Statistical Analyses
All data were deidentified prior to analysis. We analyzed data
for those patients who completed at least the initial and the
endpoint outcome assessments for the DOCS, the primary
outcome measure. The majority also had a midpoint assessment.
Data analysis was conducted using a linear mixed model (in
part to handle missing data) with assessment time point as a
fixed factor, patient as a random factor, and DOCS as the
primary dependent variable. Secondary outcome analyses for
the DASS-21 subscales of depression, anxiety, and stress, and
the Quality of Life Enjoyment and Satisfaction
Questionnaire—Short Form, were analyzed using the same
model. A tertiary outcome was follow-up symptom severity
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ratings on the DOCS at 3, 6, 9, and 12 months from the endpoint
assessment; this was also conducted using linear mixed models
with assessment time point as a fixed factor (initial, 3-month,
6-month, 9-month, and 12-month time points), patient as a
random factor, and DOCS as the primary dependent variable.
Statistical significance was determined using an alpha of .05.
Outcome analyses were conducted using SPSS version 27.0.0.0
(IBM Corp). We calculated Hedges g effect sizes using R (R
Foundation for Statistical Computing).

Ethical Considerations
The analysis conducted in this study did not require research
ethics board review as it does not meet the criteria for Human
Subject Research as defined by federal regulations for human
subject protections, 45 CFR 46.102(e); this is a secondary
analysis of de-identified data from clinical records, obtained
and analyzed retrospectively, and was not the result of a research
intervention or interaction.

NOCD’s Privacy Policy complies with the UK Data Protection
Act of 2018, as well as the European Union’s General Data
Protection Regulation privacy law. All patients who are treated
by NOCD must accept NOCD’s Privacy Policy, which discusses
how personal data are used, by whom, and for what purpose.

Results

Sample
We analyzed data collected from patients who started treatment
between January 1, 2020, and June 30, 2021. (It is important to

note that this date range was chosen to capture outcomes from
when NOCD started enrolling substantial numbers of patients
until the treatment protocol introduced minor changes in late
August 2021; individuals who started as late as June 30, 2021,
for example, would have finished treatment before these came
into effect.)

We analyzed data from adults (aged ≥18 years) with a diagnosis
of OCD who had at least an initial and endpoint assessment
with the primary outcome measure, the DOCS. Data from 3552
patients who met these criteria were analyzed. Those who had
fewer than 5 sessions were excluded (representing <0.1% of
the sample), as this indicated that the treatment was likely
interrupted, and outcomes were not available. The mean age
was 29.9 (SD 9.3) years, range 18-79 years (Figure 1). In terms
of gender, 55.88% (1985/3552) identified as female and 37.56%
(1334/3552) identified as male (6.56% [233/3552] indicated
nonbinary or another gender-expansive identity or did not
provide this information). Regarding comorbidities, 36.4%
(1293/3552) had a comorbid anxiety disorder, 32.8%
(1165/3552) had a comorbid mood disorder, 10.3% (366/3552)
had a comorbid OCD-related disorder, 5.3% (188/3552) had a
trauma and stress-related disorder (posttraumatic stress disorder
or acute stress disorder), 1.8% (64/3552) had a substance use
disorder, 11.2% (398/3552) had another comorbid disorder, and
62% (2202/3552) had no comorbid disorders (Table S3 in
Multimedia Appendix 1).

Figure 1. Age distribution.
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NOCD App Use, Messaging, and NOCD Web-Based
Community Posts
The app was used by 3529/3552 (99.4%) of patients at least
once, and 3515/3552 (99%) sent at least one text message.
Further, 1932/3552 (45.6%) made at least one community post.
The mean number of app usages was 454.7 (SD 852.8), and the
mean number of community posts was 55.8 (SD 282.0).

Treatment Duration
The mean treatment duration was 11.54 (SD 3.96) weeks
(median=10.71, mode=9), the mean number of therapist sessions
was 13.0 (SD 1.3; median=13.0, mode=13), and the mean
number of therapist hours was 10.6 (SD 1.1; median=10.5,
mode=10.5). Of the total 3552 sample, 53% (n=1883) had >14
sessions before the 3-month follow-up; of these, the mean
number of 60-minute sessions was 7.7 (SD 2.0; the mean for
those with 13 sessions was 7.0, SD 1.0) and the mean number
of 30-minute check-in sessions was 9.1 (SD 1.7; the mean for

those with 13 sessions was 5.8, SD 0.9). This amounts to a mean
total of 16.8 (SD 2.2) sessions in those with >14 sessions; the
majority of the additional sessions, if they were conducted, were
check-in sessions.

OCD Symptom Results
NOCD treatment resulted in a significant decrease in
patient-rated OCD symptoms (DOCS scores; F6646.02=2810.08,
P<.001; initial to endpoint Hedges g=1.0: “large” effect size).
On the total sample level, DOCS scores improved from a mean
of 26.0 (SD 12.3) to a mean of 14.7 (SD 9.8), representing a
mean 11.3-point decrease (43.4%). On the individual patient
level, the median DOCS score improvement was 45%. Note
that we report the median for the individual score change rather
than the mean, as it is a better representation of the central
tendency for percentage change for these data. This is due to
the fact that individuals’ scores can worsen more than 100%
but cannot improve more than 100%, which can result in a
skewed distribution (Figure 2).

Figure 2. Changes in obsessive-compulsive disorder symptoms as assessed by the Dimensional Obsessive-Compulsive Scale (DOCS) with treatment
(P<.001 for DOCS_mid compared with initial scores and P<.001 for DOCS_end compared with initial scores).

By midpoint, there were also statistically significant
improvements; DOCS scores improved to a mean of 18.6 (SD
10.6), representing a mean 7.3-point decrease (28.2%). On the
individual patient level, median DOCS score improvement was
30.8%.

Further, 62.9% (2234/3552) met the criteria as full “responders,”
defined as a ≥35% reduction in OCD symptoms [26]. A total
of 74.2% (2636/3552) met the criteria as achieving either partial
(25%-35% reduction) or full response.

Follow-up Scores at 3, 6, 9, and 12 Months
Of the whole 3552 sample, 1633 (46%) did a 3-, 6-, 9-, or
12-month follow-up. At 3, 6, 9, and 12 months post the endpoint
assessment, most patients had maintained their improvements
in all symptom and quality of life domains. This was evidenced
by mean DOCS, DASS depression, DASS anxiety, DASS stress,
and QLESQ-SF scores at 3, 6, 9, and 12 months, which were
similar to scores at the endpoint of treatment and remained
significantly different from the initial assessment (Figure 3 and
Tables S1 and S2 in Multimedia Appendix 1).
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Figure 3. Longitudinal follow-up of obsessive-compulsive disorder symptoms as assessed by the Dimensional Obsessive-Compulsive Scale (DOCS;
P<.001 for DOCS_end, DOCS_3m, DOCS_6m, DOCS_9m, and DOCS_12m compared with initial scores).

Depression, Anxiety, Stress, and Quality of Life Results
Treatment resulted in significant improvements on the DASS
depression (F6647.79=972.91, P<.001; initial to endpoint Hedges
g=0.66), DASS anxiety (F6659.83=1162.76, P<.001; initial to

endpoint Hedges g=0.76), DASS stress (F6645.12=1387.22,
P<.001; initial to endpoint Hedges g=0.87), and the QLESQ-SF
(F6156.13=1140.66, P<.001; initial to endpoint Hedges g=0.76)
(Figure 4 and Tables 1 and 2).

Figure 4. Changes in depression, anxiety, stress, and quality of life with treatment. DASS: Depression, Anxiety, and Stress Scales; DEPR: depression;
QLESQ: Quality of Life Enjoyment and Satisfaction Questionnaire; **P<.001 compared with initial scores.
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Table 1. Clinical assessments by treatment time point.

Median 95.0%
CI, upper
bound

Median 95.0%
CI, lower
bound

MedianMean 95.0%
CI, upper
bound

Mean 95.0%
CI, lower
bound

SDMeanMissing, nValid, nOutcome scale and assessment
time point

DOCSa

25242426.425.512.326.003552Initial

18171719.018.210.618.65153037Midpoint

13121215.014.49.814.703552Endpoint

DASSb depression

14121214.814.110.414.513551Initial

108810.59.98.710.25203032Midpoint

8668.68.17.98.4263526Endpoint

DASS anxiety

12101012.411.88.312.113551Initial

10888.88.46.78.65193033Midpoint

8666.76.35.96.5243528Endpoint

DASS stress

22202019.919.8.819.723550Initial

16141415.414.97.715.15193033Midpoint

14121212.912.47.312.6243528Endpoint

QLESQc

59575757.756.616.257.1833469Initial

68666665.063.914.964.57882764Midpoint

71707069.067.915.168.42573295Endpoint

aDOCS: Dimensional Obsessive-Compulsive Scale.
bDASS: Depression Anxiety and Stress Scale—21.
cQLESQ: Quality of Life Enjoyment and Satisfaction Questionnaire—Short Form.
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Table 2. Changes in OCD,a depression, anxiety, and stress symptoms and quality of life by assessment time point.

Hedges g
95% CI,
upper
bound

Hedges g
95% CI,
lower
bound

Hedges
g effect
size

Sig.btdfPercent-
age
change

Score
change 95%
CI, upper
bound

Score
change 95%
CI, lower
bound

SEScore changeOutcome scale and
assessment

DOCSc

0.690.630.66<.001–45.716680.86–28.4–7.0–7.70.2–7.4Midpoint

1.030.931.00<.001–73.976583.44–43.4–11.0–11.60.1–11.3Endpoint

DASSd depression

0.510.450.48<.001–29.166696.36–30.4–4.1–4.70.1–4.4Midpoint

0.690.620.66<.001–42.966571.51–42.5–5.9–6.40.1–6.2Endpoint

DASS anxiety

0.530.460.50<.001–29.116715.28–29.9–3.4–3.90.1–3.6Midpoint

0.800.720.76<.001–47.656572.55–46.4–5.4–5.90.1–5.6Endpoint

DASS stress

0.630.550.59<.001–32.236702.45–23.4–4.3–4.90.1–4.6Midpoint

0.910.830.87<.001–51.966554.35–35.8–6.8–7.30.1–7.0Endpoint

QLESQe

0.590.520.55<.00129.476227.2513.58.27.20.37.7Midpoint

0.790.720.76<.00146.986107.2520.312.111.10.211.6Endpoint

aOCD: obsessive-compulsive disorder.
bSig.: significance probability.
cDOCS: Dimensional Obsessive-Compulsive Scale.
dDASS: Depression Anxiety and Stress Scale–21.
eQLESQ: Quality of Life Enjoyment and Satisfaction Questionnaire—Short Form.

Post Hoc Analysis of Outcomes Stratified by Starting
Clinician-Rated Severity Level
To determine how treatment response differed by different initial
severity levels of OCD, we used the DIAMOND scale at the
initial assessment to stratify patients into three groups of severity
ratings: “Mild” (severity score of 2 or 3), “Moderate” (severity
score of 4 or 5), or “Severe” (severity score of 6 or 7). Moreover,
of the 3552 patients, 596 (17%) were missing DIAMOND
severity scale scores. Of these, there was a median 46.86%
reduction in DOCS scores and a 64.3% response rate. For DOCS
scores, on the individual patient level, the Mild group (n=679,
19%) had a median 50.0% reduction, the Moderate group
(n=2079, 59%) a median 42.9% reduction, and the Severe group
(n=198, 6%) a median 44.6% reduction. Response rates from
the DOCS were 68.8% for Mild, 60.7% for Moderate, and 61.6%
for Severe.

Discussion

Patients with OCD treated with digital teletherapy using ERP
show significant improvement in symptoms. OCD symptoms
were reduced by 43.4%. Moreover, 62.9% (2234/3552) were
classified as full responders, and 74.2% (2636/3552) had partial
or full response. Treatment also resulted in improvements in
the common comorbid symptoms of depression, anxiety, and
stress and resulted in a significant improvement in quality of

life. This provides evidence that a single, focused OCD
treatment can result in an overall reduction of multiple disabling
and distressing symptoms and improve the lives of patients.
This is notable considering the fact that OCD is a chronic illness
that individuals on average have for 11 years before receiving
treatment [27]. Long-term follow-up data at 3-, 6-, 9-, and 12
months post treatment showed overall maintenance of gains
from the initial treatment period.

These results demonstrate not only the magnitude of the effect
of this treatment model on OCD and comorbid symptoms but
also its efficiency in terms of cost and time savings. The time
frame of these improvements was less than 12 weeks and less
than 11 total therapist hours, on average. This is less than half
the total therapist time and less than half of the duration of
traditional once-weekly outpatient ERP [12]. This has the
potential for substantial cost savings for patients and third-party
payors such as health insurers.

This treatment format was inspired by a treatment previously
developed and tested [17] to provide evidence-based ERP
treatment for OCD, in a manner that is efficient in terms of total
therapist time. The OCD symptom reduction results in the
current NOCD-treated sample are similar to those achieved in
that study. Yet, direct comparisons are limited by the fact that
the current sample was from a “real-world” clinical setting rather
than a controlled research setting with more selective inclusion
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and exclusion criteria. Other differences that preclude direct
comparisons include, but are not limited to, the fact that NOCD
used the patient-rated DOCS scale, whereas the previous study
used the clinician-rated Yale-Brown Obsessive-Compulsive
Scale [28] as the primary outcome measure. Further, NOCD
treatment consisted of face-to-face teletherapy rather than
in-person therapy.

There are other important additional elements of treatment in
the NOCD model that impact patient experience and may have
influenced outcomes. Additional support for patients was
available between sessions through patient-therapist SMS
messaging. Patients also had 24-hour access to NOCD’s
web-based support community, consisting of messaging boards
from others with OCD and organized around common OCD
subtypes. This allows people to find others who experience
similar symptoms, which can help reduce the sense that their
OCD symptoms are a rare or unique type of OCD and therefore
difficult to treat or may not even be OCD. This can be an
important experience for those with OCD, given the broad and
heterogeneous content of obsessional thoughts [29]. In addition,
only a limited number of subtypes such as those involving
contamination or washing, checking symptoms, and ordering
or symmetry are typically described in the literature and are
widely known, so certain OCD symptoms might be missed or
misidentified by clinicians, family members, and patients
themselves. In addition, patients had peer support from former
patients who had completed NOCD treatment. When used, this
would occur in the interval between contacting the initial call
center for NOCD and their first diagnostic appointment with
their therapist. The peer support may encourage people to follow
through with scheduling and attending their first assessment
meeting and beginning treatment. This additional support may
be particularly useful due to the fact that ERP can be challenging
for individuals to engage in; this is because, by necessity, ERP’s
therapeutic mechanisms are predicated on inducing distress
(exposures) and eliminating behaviors that temporarily relieve
distress (response prevention) but that perpetuate the cycle of
obsessions and compulsions. Future investigations will quantify
if, and to what degree, these additional digital and personal
treatment elements affected clinical outcomes and patient
experience.

Technology assistance likely played an important role in this
treatment’s ability to both engage and treat a large number of
patients in wide-ranging geographic locations and to achieve a
high mean rate of symptom improvement and a high rate of
treatment response. Teletherapy using video allows people in
remote locations to access treatment and to be able to complete,
in-session, in vivo exercises in places and situations that are
most relevant to, or triggering of, their symptoms. Previous
studies of remote therapy demonstrate effect sizes that are
similar to controlled studies of in-person treatment (see the
meta-analysis [13]). The effect size for OCD symptom severity
reduction in the current analysis of g=1.0 (“large” effect size)
(95% CI .93 to 1.03) is similar to that found in a recent
meta-analysis of controlled studies of ERP vs psychological
placebo (g=1.13, 95% CI 0.71 to 1.55; 10 studies) [5].
Importantly, the current results are observed in a cohort that is
one to two orders of magnitude larger than previous controlled

ERP studies [5], providing strong evidence that virtual
face-to-face ERP can be at least as effective as in-person ERP.

While most previous studies of ERP efficacy have come from
clinical research trials, a meta-analysis of effectiveness studies
of CBT in real-world clinical settings found an effect size for
reduction of OCD symptoms across 11 studies of d=1.32 (95%
CI: 1.19 to 1.45) [7]. A study published more recently examined
CBT outcomes in an outpatient setting and found a mean 47.09%
reduction in OCD symptoms on the Obsessive-Compulsive
Inventory—Revised (n=451 at baseline and n=235 post
treatment, effect size d=1.18) [30]. However, some differences
limit direct comparisons to the current results because other
studies used different OCD outcome rating scales (primarily
the clinician-rated Yale-Brown Obsessive-Compulsive Scale
or the patient-rated Obsessive-Compulsive Inventory—Revised
rather than the DOCS) and had much smaller sample sizes.

Aside from video teletherapy, there are other technology-based
features of this treatment that may have enhanced patient
engagement. This includes integrated SMS messaging that
allowed for increased continuity of treatment; patients could
obtain advice and assistance when doing homework assignments
in between sessions or when encountering unexpected situations
that lead to obsessions and distress. This both helps keep
treatment momentum and helps patients feel a more continuous
sense of support. Further, the NOCD app has built-in tools for
creating ERP hierarchies for exposure treatment planning. In
addition, there are tools such as distress ratings to track progress
during exposures and to track exposure-to-exposure progress,
all of which can be visualized graphically by the patients and
therapists. In this sample, almost all used the NOCD app and
almost half made at least one post in the online community,
with an average of approximately 56 posts per person. The
specific effects of these technology features, as well as the
effects of peer support and online community support, can be
measured and evaluated in future analyses.

Another finding of note in this analysis was that symptom
improvements were relatively similar for those with mild,
moderate, and severe OCD symptoms. Overall mean symptom
improvements were thus not driven only by those, for example,
on the milder end of the symptom severity spectrum. Rather,
the treatment model works well for those with a wide range of
baseline symptoms, including those with severe OCD.

There are several limitations of this analysis, which are mostly
due to its observational nature. Data were missing for some
patients for certain rating scales (Table 1). Although all
therapists received training in conducting ERP from NOCD’s
curriculum and learned the overall structure of the treatment
model, therapy sessions were not videotaped to ensure treatment
fidelity and consistency from therapist to therapist, as in a
research study. However, therapists were regularly audited in
terms of outcomes, patient feedback, and patient retention and
were assisted in improving in any of these areas if necessary.
Another limitation to the generalizability of the results is that
the treatment model allowed for some flexibility; for example,
therapists sometimes extended treatment beyond the 3 weeks
of twice-weekly therapy or 6 weeks of once-weekly brief therapy
check-ins if they deemed it important for patient improvement.
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Another limitation is the use of the DOCS as the primary OCD
outcome measure. As a patient-rated measure, it depends on
patients’ understanding of their symptoms in the framework of
OCD. This could be problematic if patients do not recognize
that some of their experiences are OCD symptoms, or if they
believe that some experiences are OCD symptoms when they
are not, which can result in erroneously low or high scores,
respectively. This is a limitation, however, of all OCD rating
scales to varying degrees. In addition, the majority of those
whom therapists determined in the initial diagnostic assessment
to have “extreme” OCD symptoms on the DIAMOND severity
scale (aside from n=16 for whom exceptions were made on a
case-by-case basis) were not treated and were instead referred
to a higher level of care. Thus, although outcomes were similar
for those with mild to severe cases, there is less certainty about
generalization to those with extreme OCD severity. Another
limitation is that 3-, 6-, 9-, and 12-month follow-up data were

not available for many who completed the treatment. Thus, it
remains unknown whether the proportions of those for whom
3-, 6-, 9-, and 12-months follow-up data were not provided
represented individuals who were doing worse and sought other
treatment, or were doing much better and did not see the need
to continue these sessions. Further, even for those who provided
data during this follow-up period, some may have engaged in
other concurrent treatments.

In sum, ERP delivered in a technology-assisted video teletherapy
treatment format results in clinically significant symptom and
quality of life improvements in a real-world sample, on a large
scale. This can provide a readily accessible means of obtaining
effective, evidence-based treatment of OCD. Further, the
relatively efficient treatment that is delivered can represent
substantial cost savings for patients and third-party payors over
traditional weekly outpatient face-to-face ERP.
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Abstract

Background: In recent years, the rapid development of information and communications technology enabled by innovations
in videoconferencing solutions and the emergence of connected medical devices has contributed to expanding the scope of
application and expediting the development of telemedicine.

Objective: This study evaluates the use of teleconsultations (TCs) for specialist consultations at hospitals in terms of costs,
resource consumption, and patient travel time. The key feature of our evaluation framework is the combination of an economic
evaluation through a cost analysis and a performance evaluation through a discrete-event simulation (DES) approach.

Methods: Three data sets were used to obtain detailed information on the characteristics of patients, characteristics of patients’
residential locations, and usage of telehealth stations. A total of 532 patients who received at least one TC and 18,559 patients
who received solely physical consultations (CSs) were included in the initial sample. The TC patients were recruited during a
7-month period (ie, 2020 data) versus 19 months for the CS patients (ie, 2019 and 2020 data). A propensity score matching
procedure was applied in the economic evaluation. To identify the best scenarios for reaping the full benefits of TCs, various
scenarios depicting different population types and deployment strategies were explored in the DES model. Associated break-even
levels were calculated.

Results: The results of the cost evaluation reveal a higher cost for the TC group, mainly induced by higher volumes of
(tele)consultations per patient and the substantial initial investment required for TC equipment. On average, the total cost per
patient over 298 days of follow-up was €356.37 (US $392) per TC patient and €305.18 (US $336) per CS patient. However, the
incremental cost of TCs was not statistically significant: €356.37 – €305.18 = €51.19 or US $392 – US $336 = US $56 (95% CI
–35.99 to 114.25; P=.18). Sensitivity analysis suggested heterogeneous economic profitability levels within subpopulations and
based on the intensity of use of TC solutions. In fact, the DES model results show that TCs could be a cost-saving strategy in
some cases, depending on population characteristics, the amortization speed of telehealth equipment, and the locations of telehealth
stations.

Conclusions: The use of TCs has the potential to lead to a major organizational change in the health care system in the near
future. Nevertheless, TC performance is strongly related to the context and deployment strategy involved.

(J Med Internet Res 2022;24(5):e32002)   doi:10.2196/32002
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Introduction

In recent years, the rapid development of information and
communications technology (ICT) has contributed to expanding
the scope of application and expediting the development of
telemedicine [1]. Initially, telemedicine was mainly developed
to tackle medical desertification in remote areas and as a useful
tool in the context of natural and human-made disasters [2-4].
The primary objective of telemedicine was to enhance patients’
access to care by offering the opportunity for patients located
in remote areas to gain fast and distant access to medical
expertise through the use of ICT [3]. More recently, the
COVID-19 crisis has been a turning point in the development
of telemedicine and has drastically accelerated its adoption. The
use of telemedicine has soared, with 486,369 teleconsultations
(TCs) performed in France during the last week of March 2020,
against an average of 10,000 TCs per week before the
COVID-19 crisis [5].

Telemedicine is a generic term gathering several heterogeneous
subcategories, such as TC, telemonitoring, teleassistance, and
tele-expertise [6]. Focusing on TCs, one can further distinguish
between video TC and TC using a telehealth station [7]. The
former refers to a TC involving a patient and a distant physician
using a videoconferencing solution. Videoconferencing solutions
dedicated to TCs are software programs that include various
types of services. The latter refers to a TC involving, on the one
hand, a patient accompanied by a medical professional and, on
the other hand, a distant physician. A telehealth station is a piece
of hardware that includes a videoconferencing solution and a
variety of connected medical devices (eg, a stethoscope, a
handheld camera, an ultrasound scanner, an electrocardiogram).
The connected medical devices are handled by the medical
professional who is accompanying the patient, and they allow
real-time transmission of data to the distant physician for
interpretation. In France, many telehealth stations have been
installed in nursing homes or in drug stores. This process has
been facilitated by rider 6 to the French agreement for nurses,
which recognized accompaniment by nurses as a medical act
with an associated fee per TC [8]. Similarly, rider 15 to the
French convention of pharmacists sets a flat-rate remuneration
based on the annual volume of TCs completed [9].

In the scientific literature, the use of TCs has been intensively
studied from a variety of perspectives and in a variety of
contexts. Many studies have questioned the relative quality of
care of a TC compared with a physical consultation (CS) by
conducting randomized controlled trials. A few of these studies
have used generic health measures such as quality-adjusted life
years [10,11]. Nevertheless, TCs were found to have no impact
on such long-term patient outcomes. To increase the likelihood
of detecting small changes in quality of care, other studies have
relied on various disease-specific measures (eg, diagnostic
accuracy, reduction in wound size, blood glucose level) [11-13].
Overall, these studies have tended to demonstrate that the use
of TCs is a safe alternative to CSs, providing a noninferior level
of quality in a variety of contexts. The question of quality of

care has also been investigated from the patient perspective
through questionnaires concerning satisfaction and
patient-reported outcomes. A recent randomized controlled trial
on orthopedic consultations based on the 3-level version of the
EuroQol 5-dimensional system (EQ-5D-3L) found no difference
in perceived quality of care [14]. Regarding patient satisfaction
with TCs, several surveys have been conducted (ie, both disease
specific or nondisease specific), indicating a high level of
satisfaction [15-17].

Many economic evaluations have also been conducted through
cost analysis or cost-effectiveness analysis. Five reviews of the
existing literature on economic evaluations addressing studies
prior to 2010 failed to reach any reliable conclusion, arguing
that economic evaluations of telemedicine were less adherent
to methodological standards than evaluations in other fields (eg,
featuring a lack of information on the costing methodology, the
perspective of the evaluation, and sensitivity analysis) [6,18-21].
In a recent literature review focusing on telemonitoring, the
French Authority for Health observed a substantial increase in
the methodological quality of evaluations compared with a
previous review conducted by the Authority in 2013 [6,22].
More recently, 2 literature reviews addressed studies published
during the period 2014-2020. One of these was a scoping review
that included 50 economic evaluations of telemedicine [23],
which was found to result in cost savings of 53%, 50%, and
32% in cost-minimization, cost-effectiveness, and cost-utility
analyses, respectively. These analyses tended to identify
increased productivity through a reduction in consultation time;
however, such a reduction might be offset by the associated
increase in administrative overhead. Furthermore, a reduction
in resource consumption is unlikely to result in cost savings
under an activity-based payment scheme. The scoping review
substantiated several scenarios in which telemedicine could
lead to cost savings, such as when medical patient transportation
could be avoided. The other literature review was an umbrella
review that included 18 systematic reviews on costs or
cost-effectiveness analysis [24]. Among the 18 systematic
reviews included, 7 concluded that telemedicine was cost saving,
4 concluded that telemedicine was more expensive, and the
remaining 7 reviews were unable to reach a conclusion due to
heterogeneity in the outcome measures and the poor quality of
the cost data. Overall, the heterogeneity in the conclusions
among the studies included in these 2 literature reviews may
partially be explained by the variety of diseases and contexts
in which telemedicine was evaluated. Moreover, the multitude
of diseases investigated independently in a disease-specific
setting prevented many studies from considering the
amortization of telemedicine equipment as the rate of equipment
utilization for other diseases was unknown.

In this context, the aim of this study is twofold. First, this study
intends to provide an economic evaluation of the use of TCs
for specialist consultation at hospitals through a cost analysis.
Second, we conduct a performance evaluation based on a
discrete-event simulation (DES) with key performance indicators
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(KPIs) such as costs, travel time, and resource time
consumption.

In fact, several studies have employed simulation and modeling
techniques to assess the performance and facilitate the
deployment of telemedicine in a variety of contexts. Modeling
techniques such as Petri nets have been used to describe health
care systems formally with the purpose of performance
evaluation. A generic modeling approach to alarm management
workflows in health care was proposed by Fanti et al [25] using
UML (uniform modeling language) for communication and
colored timed Petri nets for simulation. The framework was
shown to have high potential capability for describing large and
complex health care systems. Dotoli et al [26] proposed a
continuous Petri net framework to describe the structure and
dynamics of an emergency cardiology department. In the same
paper, the model allowed for the generation of an optimization
problem and a simulation model. Dotoli et al [27] also used
UML activity diagrams and Petri nets to improve the
management of hospital departments, and proposed a case study
on a pulmonary department. The authors claimed that their base
model could be used to design and size any hospital department.
Hamana et al [28] used Petri nets to model patient care pathways
along with information flows. The authors proposed a
performance evaluation approach through Petri net simulation,
taking into account degraded modes related to information
communication problems.

Regarding simulation, such an approach was used to facilitate
the deployment of a telemedicine program in Mexico that
consisted of a mobile unit aimed at providing TCs with a distant
expert to people in extreme poverty or remote locations [29].
Based on a DES, the authors built a flexible model to calibrate
the resources (eg, physicians, mobile units, satellite coverage)
to increase the program’s utilization rate. Similarly, Qiao et al
[30] proposed a DES model to calibrate the resources (eg, TC
rooms at hospitals and physicians) to minimize patient waiting
times. Considering empirical TC flows from the Henan
Telemedicine Center of China, they proposed an optimal sizing
of the resources for that hospital. From a theoretical perspective,
another study explored the optimal allocation of resources (eg,
TC rooms, experts) that would minimize waiting times in the
provision of TCs [31]. Based on queuing theory, the findings
of the study indicated that the combination of the number of
experts and TC rooms does indeed have a decisive impact on
the queue length and that the impact of TC rooms is much larger.
In a different context, a study investigated the use of TCs as a
way for specialists to review patient referrals to remove
inappropriate patients from specialist queues [32]. Using a DES
approach and data from a rheumatology clinic, the authors found
that without TCs, lead times were very long, and the use of TCs
as a triage tool was found to be very effective in increasing the
performance of the system. Based on a French experiment on
telemedicine in geriatrics launched in 2006, a study employed
a system dynamics approach through a parametric
scenario–based model to compare the performance of a system
without telemedicine with 3 alternative scenarios involving the
use of telemedicine (eg, TCs only, tele-expertise only, and both
TCs and tele-expertise) [33]. Assuming that quality of care with
telemedicine and quality of care without telemedicine are

comparable, they considered KPIs such as total health care costs,
carbon dioxide equivalent emitted, and total medical time
available. Their findings favored the tele-expertise scenario for
increasing the total medical time available, while the scenario
combining tele-expertise and TCs tended to be superior in terms
of total costs and environmental aspects.

The uniqueness of our study lies in part in the combination of
an economic evaluation of TCs through a cost evaluation and
a performance evaluation that uses a DES approach. The cost
analysis seeks to determine whether the way in which TCs were
deployed at a much larger scale during the early stages of the
COVID-19 pandemic (ie, early 2020) was a cost-saving strategy,
and the DES approach explores the performance associated with
several alternative scenarios for future deployment. The DES
approach also substantiates the importance of resources other
than cost in the evaluation, such as medical time and
administrative time. Our evaluation framework is not disease
specific and, instead, considers any eligible specialty. Our study
thus contributes to the literature on economic evaluations by
investigating in more detail the issue of telemedicine equipment
amortization by taking into account all specialties that might
benefit from investments in this equipment. Moreover, we
compare patients’ care pathways over a 298-day period of
follow-up in the economic evaluation, which allows us to shed
light on changes in the demand for (tele)consultations.
Furthermore, to the best of our knowledge, our study is the first
to distinguish between TCs using a videoconferencing solution
and TCs using a telehealth station. This distinction allows us
to investigate various scenarios for the future deployment of
TCs based on the relative intensity of use of CSs, video TCs,
and TCs using a telehealth station within the eligible population.
However, we are able to make this distinction only in the DES
approach; in the economic evaluation, video TCs and TCs using
a telehealth station are merged into a single group as it was not
possible to obtain the relevant information at the individual
level in the data. Our approach substantially differs from that
of studies investigating the best allocation of resources given a
flow of TCs because we evaluate the performance associated
with various levels of intensity of TC use (ie, which lead to
different TC flows) given a population.

Methods

Positioning of the Problem
In this paper, we propose a generic model of TC use, taking
into account 3 alternatives: (1) classical CSs (pathway 1), (2)
TCs using a videoconferencing solution (pathway 2), and (3)
TCs using a telehealth station (pathway 3). To formally define
the corresponding patient pathways, we propose a Petri net
model illustrated in Figure 1. Pathways 1, 2, and 3 are
represented using a different color: blue, green, and yellow,
respectively.

Source transition t0 models the arrival of consultation requests
in the system. Place p0 models the choice between classical CSs
(the patient is not eligible for a TC, transition t1), TCs using a
videoconferencing solution (transition t′1), and TCs using a
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telehealth station (transition t″1). Places pdoctor, padmin_staff,
pambulance, and pnurse model the resources taken into account.

In pathway 1, transition t2 models the activation of 2 parallel
activities related to the consultation itself (pathway p2-t6) and
administrative work (pathway p6-t9). The patient goes to the CS
using his/her personal vehicle (transitions t3 and t5) or an
ambulance (transitions t7 and t8). Transition t4 models the CS
with a doctor. The patient then exits the system (sink transition
t6). Finally, transition t9 models administrative tasks executed
in the background.

In pathway 2, transition t′1 models the activation of 2 parallel
activities related to the consultation itself (p′1-t′3) and
administrative work (p′3-t′10). The video TC is performed with
a doctor (transition t′2). Then, the patient may need a classical
CS and be redirected to place p1 in pathway 1. Otherwise, the
patient exits the system (sink transition t′3). If the patient is new
(pathway p′3-t′7), the administrative tasks and consultation are
longer than the pathway (t′8-t′10).

Figure 1. Petri net of patient pathways. CS: physical consultation; TC: teleconsultation.

In pathway 3, transition t″1 models the activation of 2 parallel
activities related to the consultation itself (pathway p″1-t″7) and
administrative work (pathway p″7-t″13). If the nurse is sick (place
p″1), the patient is redirected to a classical CS. Otherwise, the
patient goes to the equipment location using a personal vehicle

(transitions t″2 and t″6) or an ambulance (transitions t″8 and t″9).
Then, the nurse sets up the equipment and opens the session
(transition t″3), the doctor performs the consultation (transition
t″4), and the nurse closes the session (transition t″5). The patient
then exits the system (sink transition t″7). Finally, depending
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on whether the patient is new (t″10-t″11) or not (t″12-t″13),
administrative tasks with different durations are performed.

Based on this formal model, the problem addressed in this paper
consists of proposing control policies to optimize the operations
of the global system. Such control policies are strongly
connected to decision p0, that is, how to assign a pathway to a
patient taking into account his/her characteristics. Traveling
durations and the amount of available resources (doctors,
administrative staff, ambulances, and nurses) are also taken into
account. The proposed model followed the recommendation of
the French Authority for Health to capture organizational
changes induced by health technologies, for example, by
considering changes in processes (eg, the appointment process,
consultation process) induced by the use of TCs [34].

Data
In this study, we used 3 data sets to obtain detailed information
on the characteristics of patients, the characteristics of patients’
residential locations, and the usage of telehealth stations. First,
we identified all patients who had at least one CS or TC with a
specialist at the Clinique Mutualiste de Saint-Etienne private
hospital from January 2019 to September 2020. This clinic
specializes in surgeries related to fields such as urology,
orthopedics, digestive medicine, gynecology, and treatment of
obesity, with 15% of its practice dedicated to cancer. The clinic
also has a geriatric department and a dementia center. From
January 2019 to March 2020 (the beginning of the COVID-19
pandemic in France), telemedicine was not part of Clinique
Mutualiste medical practice. As the pandemic increased in
severity, all French hospitals were forced to limit care to patients
with COVID-19 or urgent illness. Therefore, all surgical
interventions and care for low emergency cases were postponed.
To stay in touch with patients and to ensure psychological
follow-up, especially if the patients had cancer, obesity
problems, or dementia or needed anesthetic advice before a
surgery that cannot be postponed, Clinique Mutualiste
established a telemedicine program. This program consisted of
2 telemedicine cabins with competent nurses outside the clinic
for patients who needed a total examination and special visual
software that could be downloaded by patients on their phone
or computer. All practitioners working in all medical specialties
were taken into account. Other telehealth stations were also
introduced in 10 nursing homes around the clinic within the
Loire department.

The inclusion criteria were having at least one (tele)consultation
during the period of follow-up and that the (tele)consultations
were performed before or after a hospital stay. The link with a
hospital stay is required to obtain information on patient
characteristics from patient records. We relied on a fixed period
of follow-up to have the same chance of observing a
(tele)consultation for each patient. To maximize the number of
TCs included in the sample, we retained the period of follow-up
of 165 days before hospitalization and 133 days after
hospitalization (see Multimedia Appendix 1 for more details).
For each patient, the information recorded included the
residential location of the patient, his/her age, gender, ICD-10
(International Statistical Classification of Disease and Related
Health Problems, tenth revision) diagnostic codes (see

Multimedia Appendix 2 for more details), care unit (eg,
ambulatory, gynecology, urology, neurology), and date of
discharge as well as the date of each (tele)consultation. We also
computed the travel distance and travel time by car between
patients’ residential municipalities and the private hospital.

Second, we included aggregate information about patients’
residential locations from open access data sets managed by the
National Institute of Statistics and Economic Studies (INSEE).
We obtained information about the municipalities, such as the
population density and median standard of living (in euros)
within each municipality in mainland France.

Finally, we included data on the usage of telehealth stations in
the department of Loire from an application programming
interface (API) provided by HOPI Medical. The information
recorded included the date of each TC performed using a
telehealth station and the TC time (minutes).

Ethics Approval
This study was conducted in accordance with the ethical
principles for medical research involving human subjects
developed in the Declaration of Helsinki by the World Medical
Association (WMA). The study received approval in France
from the National Ethics Committee (CESREES N°2809078
bis, CNIL N°921041).

Economic Evaluation (Cost Analysis)
We first conducted a cost analysis of the use of TCs versus CSs
over 298 days of follow-up (see Multimedia Appendix 1). The
analysis was conducted from a health care system perspective.
In fact, using a retrospective data set, it was not possible to
retrieve data on informal care, which prevented us from
considering a collective perspective. Based on the
recommendations of the French Authority for Health, costs were
not discounted since the time horizon was less than 12 months
[35].

The 2 strategies being compared are as follows:

• TC patients: patients having at least one TC during the
follow-up period. TCs performed using a videoconferencing
solution or a telehealth station were merged in the same
group as it was not possible to distinguish between the 2
types of TCs at the individual level in the data.

• CS patients (the control group): patients having solely CSs
during the follow-up period.

An important feature of the economic evaluation is that we
evaluated the cost differences over patients’ care pathways (ie,
298 days of follow-up). Therefore, a TC patient might also have
had CSs during his/her care pathway, and these CSs are taken
into account in the total cost. By doing so, we evaluated a mixed
organization of care in which patients might be treated with
both TCs and CSs during their care pathway. The incremental
cost between our 2 groups of interest is computed. Based on
the recommendations of the French Authority for Health, we
considered direct production costs only (ie, costs of the resources
required for the production of the interventions evaluated). All
costs are valued in euros (2020 data). The total cost for patient
i is computed as follows based on the cost inputs presented in
Table 1:
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where NbConsulti is the number of (tele)consultations (all

specialties) during the period of follow-up; pTC Station is the
probability that a TC was performed using a telehealth station;
NbTCi is the number of TCs (all specialties) during the period

of follow-up; pmedTravel is the share of medical patient

transportation; pVSL, pTaxi, and pAmb are the probability of using
a light health vehicle (VSL), a taxi, or an ambulance,
respectively, if a patient uses medical transportation; disti is the
cumulative distance traveled by patient i during the period of
follow-up; VSL(), TAXI(), and AMB() are the functions
returning the cost of transportation by a VSL, a taxi, and an
ambulance, respectively, for a specified distance (see
Multimedia Appendix 3 for more details); NbTeleStation is the

number of telehealth stations; MonthlyEquipmentDevice includes
the cost of a full telehealth station, cost of installation, cost of
consumable medical equipment, and cost of medical staff

training. To take into account the period of usage and the
depreciation of the TC equipment, this cost is converted into a
monthly cost over the entire period of usage (eg, 60 months if

full depreciation at 5 years is assumed); MonthlyEquipmentWallet

includes the cost of a telehealth station (wallet), cost of
consumable medical equipment, and cost of medical staff
training; MaintenanceCost is the cost of maintenance of a
telehealth station (monthly); MedEquipment is the medical
equipment per telehealth station; NbMonth is the number of

months (time window) of the study; NTC is the number of
patients who had at least one TC. The frequency was computed
before any matching procedure or censoring procedure (ie,
period of follow-up) to take into account the real/observed TC
usage during the study period; NbDoctors is the number of
doctors trained to use TCs within the hospital; MonthlySoftware
is the cost of the videoconferencing solution (per month and
per user); and CostHeadphone is the cost of a headphone and
camera per user.
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Table 1. Main cost inputs and other inputs (in euros [2020 data])a.

SourcesValueInputs

Financial data, private hospital in Saint-EtienneTCb station equipment costs

21,686.4Telehealth station, full station (per station)

10,200Telehealth station, wallet (per station)

360Medical equipment (per station)

1680Installation cost (per station)

1020Training (per team of 4 medical professionals)

90Maintenance (per month per station)

360Consumable medical equipment (per year or per 200 TCs)

Financial data, private hospital in Saint-EtienneVideo TC equipment costs

70Software and storage server (per month per user)

110Camera and headphone (per user)

Patient transportation costs

[36]0.523Nonmedical patient transportation (cost/kilometer)

Multimedia Appendix 3See Multimedia
Appendix 3

Medical patient transportation

(Tele)consultation costs (per consultation)

[37]35.83Average cost for a specialist (tele)consultation (including average out-of-

pocket fees)a

[8]12Tariff for nurse accompaniment during a TC

Other inputs

Assumption0.36Share of medical patient transportation

Data, nursing homes in the department of Loire
(Aésio group)

12Number of telehealth stations

Data, nursing homes in the department of Loire
(Aésio group)

0.5Share of telehealth stations with connected devices

Data, nursing homes in the department of Loire
(Aésio group)

1Number of teams of 4 medical professionals per telehealth station

Assumption5 yearsDepreciation rate of TC equipment

Data, HOPI Medical0.2656Probability that a TC was performed using a telehealth station (PTC Station)

Data, private hospital in Saint-Etienne30Number of doctors using TCs

aCosts were reported in 2017 euros in the report from the French National Health Insurance, and were expressed in 2020 euros using the international
Classification of Individual Consumption by Purpose (COICOP 06.2.1.2.1) discount rate. €1 = US $1.1 (2020 data).
bTC: teleconsultation.

The cost evaluation for CS patients includes the average cost
for a specialist CS (including average out-of-pocket fees)
multiplied by the number of CSs observed during the period of
follow-up as well as the cost of patient transportation. We
computed the average cost for a specialist CS, including average
out-of-pocket fees, based on open access data for 2017 taken
from the French National Health Insurance report [37]. Since
the latest data set available was from 2017, the average cost in
2020 euros was expressed using the COICOP 06.2.1.2.1 discount
rate. Nonmedical transportation was valued using the official
cost per kilometer according to French legislation [36]. Medical
transportation was valued for each transportation mode (eg,
VSL, Taxi, Ambulance) according to the conventional tariffs
set by the French National Health Insurance [38-40]. Then, the

average medical transportation cost was computed as the sum
of each transportation cost weighted by its probability of use.
The probability of use of each transportation mode was derived
from a report by the French Directorate for Research, Studies,
Assessment, and Statistics (DREES) based on 2018 health
expenses data [41]. Finally, transportation costs were computed
as the sum of medical and nonmedical transportation costs
weighted by the assumed share of patients using medical
transportation. For TC patients, the cost evaluation further
included TC equipment costs, the training of medical staff, and
the fee for nurse accompaniment in cases where a telehealth
station was used. Cost inputs were retrieved from financial data
taken from the private hospital in Saint-Etienne (France). To
overcome the problem posed by the fact that we could not
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distinguish between the 2 types of TCs (ie, video versus
telehealth station) in the data, the tariff for nurse accompaniment
was weighted with the probability that a TC was performed
using a telehealth station. While we do not observe the type of
TC (ie, video versus telehealth station) at the individual level,
data from HOPI Medical allow us to compute the share of TCs
performed using a telehealth station. The investment in TC
equipment is assumed to be fully depreciated in 5 years, and
we assume in the economic evaluation a constant rate of
utilization of TC equipment during that period. Additionally,
the cost of TC equipment is spread over the real number of
patients who had a TC before any exclusion criteria were
applied.

In the comparison of costs between our 2 groups of interest,
selection bias is likely to occur, induced by the fact that not all
patients are eligible for the use of TCs, depending on their
individual or disease characteristics. In the economic evaluation,
we need to control for this selection bias because the potential
differences in characteristics could introduce bias when
evaluating the costs. To that end, we rely on a propensity score
matching procedure to select a representative control group
[42,43]. The propensity score is the conditional probability that
a patient will be part of the treatment group (ie, part of the TC
patient group), conditional on observable characteristics. This
conditional probability is used as a unidimensional indicator of
patient characteristics. In other words, 2 patients with a similar
propensity score should have similar characteristics (ie,
characteristics involved in the estimation of the propensity
score). We determined this probability by fitting the following
logit model through maximum likelihood estimation:

where the latent variable y* = X′β + ; the parameter vector β is
obtained through maximum likelihood estimation; and follows
a logistic distribution. The matrix of patient characteristics X′
includes age, gender, the travel time to the hospital, the median
standard of living, population density, the care pathway type,
the ICD-10 chapter, and the care unit. The decision regarding
which variables to include in the logit model should not be based
on their expected predictive power. If the propensity score model
was designed as a classifying model and assuming a high
accuracy of that model, the matching procedure would fail to
balance patient characteristics because the patients in the
treatment group would have a probability close to 1 and the
patients in the control group would have a probability close to
0. Instead, one should include all variables suspected of inducing
selection bias between the 2 groups being compared. We then
conducted a 1:1 matching procedure by matching each TC
patient to the closest CS patient in terms of the propensity score.

To take into account the uncertainty surrounding the point
estimation of the incremental cost, we conducted a probabilistic
sensitivity analysis. We used a nonparametric bootstrap
procedure with 1000 replications [44]. Nonparametric
bootstrapping is a resampling procedure where each bootstrap
sample is generated by a random sample with replacement from
the initial data set. This method is widely used in statistics to
obtain the distribution of a point estimate. We also conducted

a deterministic sensitivity analysis to explore the sensitivity of
the mean difference in cost to the variations in several cost
inputs through a tornado diagram.

Performance Evaluation (DES)
We implemented the Petri net model presented in Figure 1 using
a DES approach. The population was generated by randomly
selecting each agent with replacement from the 2020 clinical
database described in the “Data” section. The model was
simulated over a 5-year period (253 working days per year) to
cope with the assumed amortization time of TC equipment. The
eligibility criteria for TC patients were based on agents’
attributes (eg, ICD-10 chapters, care units), excluding from the
eligible population attributes never observed for TC patients in
the data. Finally, conditional on the eligible population, agents
were dispatched among the 3 consultation types based on
probabilities. Considering that patients older than 80 years old
are less likely to be eligible for video TCs, we assumed that for

this subpopulation, the probability Pvisio is upper bounded at

0.3. Thus, in scenarios in which Pvisio exceeds 0.3, the residual

probability Pvisio – 0.3 is attributed equivalently to PCS and PTC

Station. Table 2 provides a full description of the calibration of
the parameters.

In the simulation, we assumed a maximum capacity of resources
(medical transportation, doctor, nurse, and administrative staff
times) and tracked their level of use. For telehealth stations,
however, we specified a limited capacity. We assumed that each
station could handle a maximum of 7 TCs per day. When the
daily workflow exceeds the maximum capacity, the agent is
redirected to a CS.

This study is not restricted to a single specialty or disease, and
it aims to evaluate the use of TCs from an organizational
perspective. Therefore, in accordance with the existing literature
(see the “Introduction” section), we assume that the clinical
effectiveness of TCs and CSs is comparable among patients
eligible for TC [10-14]. This assumption does not negate the
fact that not all patients are eligible for the use of TCs,
depending on individual or disease characteristics. Thus, we
consider the KPIs in Textbox 1 in the performance evaluation
of the system.

We conducted 3 experiments and an extra validation experiment
(ie, base scenario), which are summarized in Table 3. In
experiment 1, we explored the performance of the model

associated with all combinations of probabilities PCS, Pvisio, and

PTC Station. These probabilities reflect the intensity of use of each
type of consultation, and thus, they allow us to evaluate the
performance associated with various degrees of deployment of
each TC type. As the use of video TCs and TCs using telehealth
stations is subject to substantial initial investments (ie, fixed
costs), it is a particularly insightful factor in examining variation
in performance based on the volume (ie, probabilities) of each
type of TC. This experiment will, for example, highlight the
minimum volume of video TCs and TCs using a telehealth
station required to amortize the videoconferencing system and
telehealth stations, respectively.
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Table 2. Parameters of the simulation model.

SourceValueParameters

Clinical dataPoisson(89.953782) in 2020Arrival rate (per day)

Clinical data (number of first TC/number of TC pa-
tients)

0.2368Probability that a new patient first had a TCa (to be multiplied
by 1/number of TCs per patient to convert at the consult level)

Clinical data (1/number of TC per patient)0.8512Probability of a first TC (not previously registered by the doctor)

Clinical data0.9507Probability of having a CSb (PCS)c

Clinical data0.0362Probability of having a video TC (Pvisio)d

Data, HOPI Medical0.0131Probability of having a TC using a telehealth station (PTC Station)e

CSs

Clinical dataIndividual agent travel timeTravel time (1 way)

Secretary staffTriangular(1, 2, 1.5)Appointment scheduling time

[45]Triangular(16.9, 29.1, 20)CS time (doctor)

Video TCs

Consult time reduced by 52.6% for otorhinolaryngol-
ogy [15]

Triangular(8, 9.47, 13.78)Consultation time (doctor)

Secretary staff, private hospital in Saint-EtienneTriangular(1, 2, 1.5)Appointment scheduling time (admin)

Secretary staff, private hospital in Saint-EtienneTriangular(8, 10, 9)Appointment scheduling time for new patients (admin)

Secretary staff, private hospital in Saint-EtienneTriangular(1, 2, 1.5)Registration time for a first TC (doctor)

Clinical data0.0672Probability of having a CS within 7 days after a TC

TCs using a telehealth station

Assumption0Travel time (1 way)

Protocol private hospitalTriangular(8, 12, 10)Preparation time (nurse)

Data HOPI MedicalLognormal(2.1888426,
0.57548749, 3.0333333)

Consultation time (doctor)

Protocol private hospitalTriangular(3, 7, 5)Closing time (nurse)

Assumption0.05/number of teams per
telehealth station

Probability of canceling the TC due to the sick leave of a
nurse

Department of Anesthesia of a private hospital in
Saint-Etienne

Triangular(2.5, 4.5, 3.5)Appointment scheduling time (admin)

Triangular(10, 15, 12.5)Appointment scheduling time for new patients (admin)

aTC: teleconsultation.
bCS: physical consultation.
cPCS: CS probability.
dPvisio: video TC probability.
ePTC Station: TC using a telehealth station probability.
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Textbox 1. Key performance indicators considered in the performance evaluation of the system.

Cost key performance indicator

When an agent exits the system, we compute the total cost based on the agent’s characteristics (eg, distance traveled) and care pathway based on the
same formula used in the economic evaluation. We then sum each total cost over all agents in a simulation run to obtain the overall total cost of the
system. Similarly, we compute the average cost associated with each consultation type to obtain the cost per physical consultation (CS), cost per video
teleconsultation (TC), and cost per TC using a telehealth station.

Resource usage key performance indicator

Includes doctor, administrative staff, and nurse times (minutes). When an agent consumes a resource, we keep track of the level of consumption by
taking a random draw from the distributions in Table 2.

Transfer key performance indicator

The number of patients transferred to a CS after a video TC or after a TC using a telehealth station due to the unavailability of the station or the sick
leave of a nurse.

Volume of (tele)consultation key performance indicator

The number of CSs, video TCs, and TCs using a telehealth station completed.

Travel time key performance indicator

The total travel time and travel time avoided (minutes). We compute the travel time avoided for each agent engaging in a TC (ie, either using a video
TC or via a telehealth station) as the distance he/she would have traveled to the clinic based on his/her characteristics.

Table 3. Descriptions of the experiments.

Experiment 3Experiment 2Experiment 1Base scenarioDescription

Simulation features

20202020Replication count

1,821,6001,821,6001,821,6001,821,600Replication length (minutes)

Parameters variation

Combination summing to oneb0 (0.01) 1Combination summing to oneb0.9507P CSa

Combination summing to oneb0Combination summing to oneb0.0362P visioc

Combination summing to oneb1 – PCSCombination summing to oneb0.0131P TC Stationd

0.3610.360.36Share medical transport

12121212Number of telehealth stations

1111Number of teams of nurses per station

Population variation

89.9520.6489.9589.95Poisson daily arrival rate

No restrictionAge >80No restrictionNo restrictionAge (years)

Distance<20; 20≤Distance<50;
Distance≥50

13.06No restrictionNo restrictionDistance (km)

aPCS: physical consultation probability.
bPCS, Pvisio, PTC Station as long as PCS + Pvisio + PTC Station = 1.
cPvisio: video teleconsultation probability.
dPTC Station: teleconsultation using a telehealth station probability.

The aims of experiments 2 and 3 are similar to those of
experiment 1, but these experiments address specific
subpopulations. Experiment 2 focused on a population composed
of elderly people (ie, age >80 years) in nursing homes. This
subpopulation is assumed to not be eligible for video TCs and
to be medically transported whenever a CS is needed. Based
on the observed distances in our data, we assume that nursing
homes are located 13.06 km from the clinic. The primary aim
of this experiment was to determine whether the use of telehealth
stations is more or less efficient for this subpopulation,

considering that these individuals are on average located closer
to the clinic but cannot use personal transportation. Experiment
3 split the population into 3 groups: patients living within 20
km, between 20 km and 50 km, and more than 50 km from the
clinic, and it replicated experiment 1 for each subpopulation.
The objective of this experiment is to shed light on the
performance of video TCs or TCs using telehealth stations
depending on whether the clinic is attractive in an urban,
peri-urban, or remote area and to determine the associated
break-even points.
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Finally, we conducted an extra validation experiment by
simulating the base scenario. In this scenario, the parameters
are calibrated to reflect the behaviors observed in the data (eg,
the intensity of use of each TC type). This validation experiment
serves as a robustness check by comparing the observed
distribution of the population characteristics with the simulated
distributions.

Results

Economic Evaluation (Cost Analysis)
We initially observed 532 patients who received at least one
TC (ie, TC patient group) and 18,559 CS patients. The TC
patients were recruited during a 7-month period (ie, 2020 data)
versus 19 months for the CS patients (ie, 2019 and 2020 data).
When censoring the data to have the same period of follow-up
for each patient in the sample, the sample size fell to 424 TC

patients and 13,202 CS patients. Ultimately, the matched sample
used in the economic evaluation included 404 patients in each
group. However, we used the initial (full) data set to calibrate
the parameters in the DES model.

The number of CSs or TCs is likely to have a substantial impact
on the total cost per patient. Figure 2 depicts the density of the
number of (tele)consultations and the time between consultations
per patient for our 2 groups of interest in the matched sample.
The average number of (tele)consultations over the period of
follow-up per patient was 2.94 for CS patients and 3.53 for TC
patients. Interestingly, an unpaired 2-sample t test testing the
equality of means indicated a significantly higher number of
(tele)consultations for TC patients than for CS patients (P<.001).
Similarly, the average time between consultations for CS
patients was 46.5 days, compared with 43.3 days for TC patients.
However, an unpaired 2-sample t test indicated no significant
difference in means (P=.17).

Figure 2. Number of (tele)consultations and time between consultations per patient (matched sample). CS: physical consultation; TC: teleconsultation.

As anticipated, we did indeed observe wide differences in
individual or disease characteristics between TC and CS patients,
which tended to confirm the presence of selection bias (Table
4). For example, Table 4 shows that 49.1% (208/424) of TC
patients engaged in (tele)consultations before and after
hospitalization, compared with 36.06% (4761/13,202) of CS
patients. This distortion in the consultation care pathway might
bias the results if left as it stands because it would artificially
increase the relative number of (tele)consultations received by
TC patients compared with CS patients. The same issue is likely
to occur for the wide differences observed between the 2 groups
in ICD-10 chapters and care units.

Table 4 shows a good quality of the propensity score matching
procedure in balancing the characteristics between our 2 groups
of interest. Indeed, while we initially observed wide differences,
after matching by the propensity score, there were no longer
any differences in ICD-10 chapters, care units, or CS care
pathways between TC and CS patients. The matching procedure
inherently balanced the sample size of the 2 groups.

A description of the average total cost computed in the matched
sample for TC patients and CS patients is provided in Table 5.
On average, the total cost per patient over the period of
follow-up was €356.37 (US $392) per TC patient and €305.18
(US $336) per CS patient. Interestingly, regarding the
composition of the total cost, the cost associated with the tariff
of (tele)consultations is higher for TC patients (ie, by €25 [US
$28]) than for CS patients. This result confirms the finding in
Figure 2, which shows a significantly higher number of
(tele)consultations for TC patients (P<.001). By contrast, the
average cost of transportation per patient is lower for TC patients
(ie, by €72.5 [US $80]) than for CS patients. The cost of
transportation for TC patients is greater than 0 because 85.4%
of TC patients (362/424) had both CSs and TCs during the
period of follow-up. Finally, based on the observed TC
utilization rate in the study period, the total cost per TC patient
includes an additional cost of €98.76 (US $109) for the TC
equipment.
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Table 4. Patient characteristics before and after matching by the propensity score.

After 1:1 matching by the PSBefore matching by the PSaPatient characteristics

P valued
CS patients
(n=404)

TC patients
(n=404)P valued

CSc patients
(n=13,202)

TCb patients
(n=424)

.5660.2660.93.9861.4861.50Age

.29192 (47.52)207 (51.24).237119 (53.92)216 (50.94)Female, n (%)

.29212 (52.48)197 (48.76).236083 (46.08)208 (49.06)Male, n (%)

.5625.3224.12.3823.2124.25Travel time to hospital (minutes)

.3319,92119,779.2919,87319,765Median standard of living (€e)

.3510.499.45.819.629.49Population density

Care pathway consultation, n (%)

.7867 (16.58)70 (17.32).043363 (25.47)89 (20.99)After hospitalization

.65121 (29.95)127 (31.44)<.015078 (38.46)127 (29.95)Before hospitalization

.53216 (53.47)207 (51.24)<.014761 (36.06)208 (49.06)Both

ICD-10f chapter, n (%)s

—g0 (0)0 (0).2151 (0.39)0 (0)Certain infectious and parasitic diseases

.7491 (22.52)95 (23.51)<.011679 (12.72)100 (23.58)Neoplasms

—0 (0)0 (0).5115 (0.11)0 (0)Diseases of the blood and blood-forming organs

.5817 (4.21)14 (3.47).03255 (1.93)15 (3.54)Endocrine, nutritional, and metabolic diseases

—0 (0)0 (0).811 (0.01)0 (0)Mental disorders

.562 (0.50)1 (0.25).02236 (1.79)1 (0.24)Diseases of the nervous system

—0 (0)0 (0)<.01774 (5.86)0 (0)Diseases of the eye

.8790 (22.28)88 (21.78)<.011003 (7.60)92 (21.70)Diseases of the circulatory system

—0 (0)0 (0).1566 (0.50)0 (0)Diseases of the respiratory system

.5379 (19.55)72 (17.82).232676 (20.27)76 (17.92)Diseases of the digestive system

.991 (0.25)1 (0.25).08157 (1.19)1 (0.24)Diseases of the skin and subcutaneous tissue

.2055 (13.61)43 (10.64)<.012524 (19.12)45 (10.61)Diseases of the musculoskeletal system

.5246 (11.39)52 (12.87).0011106 (8.38)55 (12.97)Diseases of the genitourinary system

—0 (0)0 (0).861 (0.01)0 (0)Pregnancy, childbirth, and the puerperium

.561 (0.25)2 (0.50).0416 (0.12)2 (0.47)Congenital malformations, deformation

.467 (1.73)10 (2.48).46412 (3.12)10 (2.36)Symptoms not classified elsewhere

.320 (0)1 (0.25).008286 (2.17)1 (0.24)Injury, poisoning

.1115 (3.71)25 (6.19)<.011944 (14.73)26 (6.13)Factors influencing health status

Care unit, n (%)

—0 (0)0 (0).001339 (2.57)0 (0)Ambulatory emergency

.33130 (32.18)143 (35.40)<.013427 (25.96)143 (33.73)Ambulatory

.7658 (14.36)55 (13.61).0062397 (18.16)55 (12.97)Short stay

—0 (0)0 (0)<.011 (0.01)1 (0.24)Anesthesia

—0 (0)0 (0)<.010 (0)1 (0.24)Other

.9149 (12.13)48 (11.88).331539 (11.66)56 (13.21)Digestive system

.561 (0.25)2 (0.50)<.01974 (7.38)2 (0.47)Sleep assessment

.562 (0.50)1 (0.25).18110 (0.83)1 (0.24)Gastroenterology

.2314 (3.47)21 (5.20).26566 (4.29)23 (5.42)Gynecology
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After 1:1 matching by the PSBefore matching by the PSaPatient characteristics

P valued
CS patients
(n=404)

TC patients
(n=404)P valued

CSc patients
(n=13,202)

TCb patients
(n=424)

.652 (0.50)3 (0.74).0136 (0.27)4 (0.94)Medicine

.765 (1.24)6 (1.50).10117 (0.89)7 (1.65)Neurology

—0 (0)0 (0).3922 (0.17)0 (0)Ophthalmology

.0831 (7.67)19 (4.70)<.011741 (13.19)19 (4.48)Orthopedics

—0 (0)0 (0).861 (0.01)0 (0)Radiology

—0 (0)0 (0).04193 (1.46)1 (0.24)Resuscitation

.991 (0.25)1 (0.25).001384 (2.91)1 (0.24)Monitoring unit

.5667 (16.58)61 (15.10)<.01712 (5.39)66 (15.57)Urology

.9944 (10.89)44 (10.89)<.01643 (4.87)44 (10.38)Vascular disease

aPS: propensity score.
bTC patients: patients having at least one teleconsultation.
cCS patients: patients having only physical consultations.
dStudent t test of the difference between TC and CS patients (P value); see Multimedia Appendix 2 for a description of the ICD-10 chapters.
e€1 = US $1.1 (2020 data).
fICD-10: International Statistical Classification of Disease and Related Health Problems, tenth revision.
gNo observations.

Table 5. Composition of the total cost (matched sample, in euros [2020 data]).

CSb patientsTCa patientsComposition

Share (%)cRangeMean (SD)Share (%)cRangeMean (SD)

45.5635.83-537.45105.27 (65.9)36.7639.02-478.54130.25 (75.52)(Tele)consultation cost

39.4720.44-6964.79132.33 (410.13)19.410-1121.6587.91 (99.24)Medical transportation (1)

14.972.05-5272.4867.57 (311.37)7.890-831.1339.45 (65.49)Nonmedical transportation (2)

54.4422.49-12237.27199.91 (721.12)27.30-1952.78127.36 (162.85)(1)+(2) Total transportation

N/AN/AN/A35.94N/Ad98.76 (0)TC equipment

10058.32-12774.72305.18 (753.53)100137.78-2233.88356.37 (213.58)Total cost per patiente

aTC: teleconsultation.
bCS: physical consultation.
cShare: percentage of the total cost.
dN/A: not applicable.
eDetails about the computation of the total cost per patient are provided in the “Methods” section.

The incremental cost of TCs can thus be computed as follows:

where are the average of the total costs per TC patient and
CS patient, respectively. Overall, the use of TC increased the
total cost per patient by €51.19 (US $56) over the period of
follow-up.

The probabilistic sensitivity analysis (ie, nonparametric
bootstrapping with 1000 replications) allowed us to compute
the 95% CI of the point estimation of the incremental cost. The
bootstrap procedure captures a strong uncertainty surrounding
the incremental cost estimation, which leads to a wide 95% CI.

The results of the deterministic sensitivity analysis are presented
as a tornado diagram in Figure 3. The share of patients with
medical transportation is found to have the largest effect on the
incremental cost. Indeed, the use of TCs would be comparable
in terms of total cost if 100% of the patients were assumed to
be medically transported. Similarly, assuming a 10-year time
to full depreciation of TC equipment, the incremental cost would
fall to €28 (US $31) per patient. In the tornado diagram, we
included a scenario in which the cost of the videoconferencing
software would be free to reflect the economic model of some
companies. Indeed, to increase TC station sales, some companies
were observed to offer the videoconferencing solution for free
as a loss leader product. Under this scenario, the incremental
cost would decrease on average to €23.6 (US $26).
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Figure 3. Tornado diagram. TC: teleconsultation; VSL: light health vehicle.

Performance Evaluation (DES)
Figure 4 displays the 30 least expensive and the 15 most

expensive combinations (PCS, Pvisio, and PTC Station) in experiment
1 and indicates their total cost (top) and resource consumption
(bottom).

Recall that the triplet of probabilities reflects the intensity of
use of each type of consultation. For example, (.3,.5) means

that PCS=0.3, Pvisio=0.5, and PTC Station=1 – 0.3 – 0.5=0.2. Using
this triplet of probabilities, we simulate an organization of care
in which on average, among the population eligible for TC,
30% of consultations are CSs, 50% are video TCs, and 20% are
TCs using a telehealth station. Thus, by taking all combinations
of this triplet, we simulate a multitude of organizations of care
that combine the use of CS, video TC, and TC using a telehealth
station (see the “Methods” section for more details). The 14
most expensive scenarios depict situations in which there was

an investment in telehealth stations (PTC Station>0) or a

videoconferencing solution (ie, Pvisio>0), but in which the
intensity of use of TCs remained very low (ie, <1% of the
eligible population). Interestingly, the scenario reflecting the
intensity of use of each type of consultation observed in the

data (PCS=0.9507, Pvisio0.0362, PTC Station=0.0131) is found to
be a more expensive organization of care than a scenario without

any TCs (PCS=1). Comparing the 14 most expensive scenarios
and the scenario without any TCs, one can see that the total cost
is substantially lowered in the organization of care with a high
intensity of use of video TCs or TCs using telehealth stations.

The least expensive scenario (Pvisio=1) is obtained when all

eligible patients are treated through a video TC. Even when PCS

is set to 0, there is an incompressible volume of CSs because

the probabilities (PCS, Pvisio, PTC Station) are conditional on the
eligible population.

Regarding this aspect, Figure 5 shows that the incompressible
volume of CSs is higher when relying solely on video TCs
compared with scenarios mixing the use of video TCs and TCs
using telehealth stations. The reason is that elderly people are
assumed to be less eligible for video TCs, with a maximum

probability Pvisio=0.3, as well as because of a positive probability
of transfer to a CS at the end of a video TC. Thus, the second

least expensive scenario (PCS=0, Pvisio=0.9, PTC Station=0.1)
expands the eligible population and reduces the number of
transfers by treating a fraction of the population with TC
stations. Additionally, Figure 5 shows that the total number of
(tele)consultations completed is slightly higher in scenarios
with a higher intensity of video TCs. The reason is that some
patients are redirected to a CS after their video TC and due to
the lower eligibility of elderly people.

However, the sorting of the scenarios based on their total cost
has no relationship with their sorting based on the resource time
consumption because such consumption is excluded from the
total cost computation from a health care sector perspective
(Figure 4, bottom). Our results indicate that the use of TCs is
time saving for doctors but is time consuming for administrative
staff compared with an organization without any TCs. Overall,
we found that the use of a videoconferencing solution is time
saving because the decrease in doctor time more than
compensates for the increase in administrative time. However,
scenarios involving the use of telehealth stations also consume
nurse time. Taking into account this extra resource, these
scenarios tend to be time consuming in terms of total resources
and time due to the substantial consumption of nurse time when

PTC Station>0.2, which largely compensates for the associated
decrease in doctor time. Ultimately, the scenario relying solely

on video TCs (Pvisio=1) minimizes the total cost and total
resource time consumption while maximizing the total number
of (tele)consultations completed for a given population.
Nevertheless, relying solely on video TCs does not strictly
dominate a combination of video TCs and TCs using telehealth
stations because it does not minimize the total travel time KPI
(Figure 6). Indeed, the use of TCs (ie, either video TCs or TCs
using telehealth stations) naturally leads to substantially lower
total travel times compared with CSs. Nevertheless, in this
respect, TCs using telehealth stations are even more effective
than video TCs. The reason is that a positive share of patients
is transferred for CSs after an initial video TC (ie, increased
volume) and because of the lower eligibility of elderly people
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for video TCs, which expands the incompressible volume of
CSs.

Figure 7 depicts the average cost per (tele)consultation type for
a given volume of (tele)consultations completed. The average
cost per CS is €60.91 (US $67; range 60.01-60.98) and is
broadly constant as there is no fixed investment cost for this
consultation type. It only varies with the cost of patient
transportation depending on the distances traveled to the hospital
by patients in the generated population. Thus, CSs are subject
to constant returns to scale. By contrast, the average cost per
video TC and per TC using a telehealth station drastically
decreases over the number of TCs of each type completed. These
inverse function shapes (ie, convex shapes) reflect the initial
investment (ie, fixed cost) in a videoconferencing solution or

in telehealth stations, which are more or less amortized
depending on the number of TCs completed. This implies that
the total cost functions for video TCs and TCs using telehealth
stations are homogenously of degrees lower than 1. In other
words, there are substantial scale economies when investing in
a videoconferencing solution or a telehealth station. Thus, the
minimum volume required to amortize the videoconferencing
solution and telehealth station (ie, with 12 stations) investments
is 2969 video TCs and 13,604 TCs using a telehealth station,
respectively. At these break-even points, the average cost per
CS equals the cost per video TC and per TC using a telehealth
station. In other words, the videoconferencing solution is
amortized if at least 2.3 video TCs per day are completed on
average at the hospital (Table 6). Similarly, a telehealth station
is amortized if at least 0.9 TCs per station per day are completed.

Figure 4. Bar plot of total cost (upper) and resource time utilization (lower) (experiment 1). CS: physical consultation; TC: teleconsultation.
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Figure 5. Bar plot of the volume of (tele)consultations for the scenarios used for experiment 1 (same sorting order as Figure 4). CS: physical consultation;
TC: teleconsultation.

Figure 6. Bar plot of the total travel time (experiment 1). CS: physical consultation; TC: teleconsultation.
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Figure 7. Average total cost (cost per (tele)consultation) for the general population (experiment 1). TC: teleconsultation.

Table 6. Break-even levels for amortization of TC equipment.

Per TC station12 TC stationsVisio TCbBreak levelsa

0.9/day10.8/day2.3/dayExperiment 1 (population level)

2.4/day28.3/day3.5/dayExperiment 3 (subpopulation: urban)

0.7/day8.8/day2/dayExperiment 3 (subpopulation: peri-urban)

0.3/day3.3/day1.2/dayExperiment 3 (subpopulation: remote)

0.2/day2.95/dayN/AcExperiment 2 (subpopulation: nursing homes)

aThe break-even point for the amortization of video TC equipment if we restrict the population to urban agents is 3.5 TCs per day over 5 years (253
working days per year). Computation: 4442 video TCs/1265 working days.
bTC: teleconsultation.
cN/A: not applicable.

In experiments 2 and 3, we replicated experiment 1 within
subpopulations to substantiate the potential variation in
amortization speed. The subpopulations included elderly people
in nursing homes (experiment 2) and people living in urban,
peri-urban, and remote areas (experiment 3). Table 6 displays
the break-even points for each subpopulation. The
videoconferencing solution is amortized if at least 3.5, 2, and
1.2 video TCs per day are completed for an urban, peri-urban,
and remote subpopulation, respectively. Thus, the characteristics
of the population that composed the market share of the hospital
did indeed have a substantial impact on the amortization speed
of the videoconferencing solution. The same pattern can be
observed for the amortization of telehealth stations, depending
on whether the stations are located in urban, peri-urban, and
remote areas, with break-even points of 2.4, 0.7, and 0.3 TCs
per station per day, respectively. These results substantiate the
importance of the location of telehealth stations, which
drastically affects the economic profitability of these stations.
Finally, our findings indicate that telehealth stations are even
more profitable when they are located in nursing homes, with
a break-even point of 0.2 TCs per station per day. The economic

profitability of telehealth stations was not as straightforward
because nursing homes were located relatively close to the
hospital (13.06 km on average), which could have increased the
break-even point, as is the case for the urban subpopulation.
Nevertheless, the fact that nursing home residents are medically
transported whenever physical transportation is needed largely
offsets the impact of short distances on the total cost.

Finally, the results of the validation experiment are presented
in Multimedia Appendix 4, which shows that our simulation
strategy worked well in generating a population with
characteristics similar to those of the observed population.
Similarly, the share of TCs observed in the data is broadly
comparable to the simulated share. The volume of
(tele)consultations is naturally substantially higher in the
simulation than the observed volumes because we considered
a 5-year simulation window against a 7-month period of
observations for the 2020 data. We could not consider the
transfer KPI or cost KPI in the validation experiment because
they were not observed in the data.
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Discussion

Principal Findings
In this study, we conducted an evaluation of the use of TCs for
consultations with specialists at a hospital. Using data on
(tele)consultations for any eligible specialty, the key feature of
our evaluation framework is the combination of an economic
evaluation through a cost analysis and a performance evaluation
through a DES approach that distinguishes between 2 types of
TCs.

Regarding the cost analysis, the use of TCs was found to
increase the total cost per patient by €51.19 (US $56) over a
298-day follow-up (Table 5). Naturally, the fixed cost of
investment in a videoconferencing solution and in telehealth
stations was one of the main driving factors of the incremental
cost. Nevertheless, the incremental cost was also found to be
driven by a higher number of (tele)consultations per patient
(Figure 2). Thus, our results indicate that during the study
period, TCs were used as a complement to CSs rather than as
a substitute. A probabilistic sensitivity analysis through a
bootstrap procedure indicates a strong uncertainty surrounding
the point estimation of the incremental cost. Interestingly, the
deterministic sensitivity analysis sheds light on the substantial
impact of the share of patients with medical transportation on
the incremental cost. Indeed, there would no longer be a
difference in total cost per patient if 100% of patients were
medically transported whenever a CS was needed (Figure 3).
The incremental cost was also found to be sensitive to other
cost inputs, such as the volume of TCs completed and the
number of TC stations.

The sensitivity of the relative cost of TCs compared with CSs
suggests a potential heterogeneity in the profitability of this
strategy based on the level of deployment (eg, the volume of
TCs completed, the number of telehealth stations) and the
characteristics of the population (eg, the share of medical
transportation). To delve into this heterogeneity, in this paper,
we propose a flexible model for evaluating the performance of
various scenarios for future TC deployment using a DES
approach. Our findings support the notion that the system
obtains the worst performance in terms of total cost in scenarios
in which there was an investment in telehealth stations or a
videoconferencing solution but in which the intensity of use of
TCs remained very low (ie, <1% of the eligible population;
Figure 4). The poor performance of these scenarios in terms of
costs is induced by the substantial initial investment (ie, fixed
costs) in a videoconferencing solution or telehealth stations that
is spread over a low volume of TCs. By contrast, scenarios
relying intensively on video TCs or TCs using telehealth stations
were found to be cost saving compared with the scenario without
any TCs owing to the presence of substantial scale economies
when investing in TC equipment, while CSs are subject to
constant returns to scale. Thus, assuming a 5-year life span of
TC equipment (ie, 253 working days/year), the
videoconferencing solution and a telehealth station would be
amortized (ie, break-even point) if at least 2.3 video TCs and
0.9 TCs using a telehealth station per station were completed
each day, respectively (Table 6). Our results also substantiate

a strong heterogeneity in the economic profitability of each TC
type based on the population characteristics. Indeed, the
videoconferencing solution would require a break-even point
of 3.5 video TCs per day in an urban population, 2 video TCs
per day in a peri-urban population, and 1.2 video TCs per day
in a remote population. Thus, the amortization speed when
investing in a videoconferencing solution is strongly correlated
with the target population of the hospital. Similarly, the location
of telehealth stations (ie, relative to the hospital location)
drastically affects their break-even points, with daily minimum
volumes per station of 2.4, 0.7, and 0.3 for TCs using telehealth
stations located in urban, peri-urban, and remote areas,
respectively. Interestingly, telehealth stations were found to be
even more profitable when located in nursing homes, with a
break-even point of 0.2 TCs per day per station. Indeed, even
if nursing homes were often located relatively close to the
hospital (ie, average distance of 13.06 km), the fact that their
residents would need medical transportation whenever a CS
was needed drastically reinforced the economic profitability of
telehealth stations in this context.

Limitations
This study also has several potential limitations. We used a
retrospective data set to conduct the economic evaluation, and
assignment to the treatment and control groups could not be
randomized. To overcome this potential risk of selection bias,
we conducted 1:1 matching based on the propensity score to
derive a pseudorandomized data set. The configuration of our
study (ie, a large control group) was suitable for relying on such
matching methods, and the matching showed a good
performance in balancing the covariates between our 2 groups
of interest (Table 4). We could also not distinguish between
video TC and TC using telehealth stations at the individual level
in the data because we only observed the share of patients using
telehealth stations. We thus had to merge these 2 types of TCs
into the same group in the economic evaluation and account for
this distinction only in the performance evaluation. Similarly,
we lacked other individual data, such as data concerning patient
transportation mode and the level of out-of-pocket fees for
patients, which we replaced by average data at the national level.
Another potential limitation concerns the study period, with
data on TCs completed in the early stages of the COVID-19
crisis. The fast adoption of telemedicine during that period, as
well as the pressure on the health care system, could have had
an impact on the behaviors observed in the data. For example,
the COVID-19 crisis might have affected the volume of each
TC type observed in the data due to the strategy of delayed
medical care adopted by many countries to save medical
resources [46]. Nevertheless, in this regard, the strength of this
study lies in the fact that it is the first to evaluate the use of TCs
and the way in which they were used during the study period
through an economic evaluation, as well as the fact that this
study explores various scenarios for future deployment through
a DES approach. Thus, our goal in the DES approach was
specifically to explore various levels of intensity of TC use and
to assess their relative performance.
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Comparison With Prior Work
In the existing literature, there is no overall consensus regarding
the performance of TCs in terms of cost or resource consumption
[23,24]. The difficulty of reaching a consensus may partially
be explained by the variety of diseases and contexts in which
telemedicine has been evaluated. Our results support the notion
that the performance of TCs is strongly correlated with the
characteristics of the targeted population and the volume of TCs
completed. Thus, to reap the full benefit of TC, one needs to
identify the most profitable scenarios. In this regard, our results
are in line with previous studies and tend to show that the use
of TC could be particularly profitable when medical
transportation could be avoided [23]. Interestingly, our results
also substantiate the claim that telehealth stations could be
particularly profitable when located in nursing homes. Indeed,
even if nursing homes were located relatively close to the
hospital in the case study, the fact that their residents would
need medical transportation whenever a CS was needed
drastically reinforced the economic profitability of telehealth
stations in this context.

Furthermore, while the multitude of diseases investigated
independently in a disease-specific setting prevented many
studies from considering the amortization of telemedicine
equipment, we consider any specialty eligible for TC
[6,18-21,23,24]. By so doing, our results substantiate a strong
correlation between the break-even levels for TC equipment
and the characteristics of the targeted population (ie, their
location relative to the hospital). As an illustration, a hospital
treating patients living in a radius of 20 km would have to
perform 3 times more TCs compared with a hospital treating
patients living more than 50 km away to amortize a
videoconferencing solution, all else being equal. Similarly, a
TC station located close to a hospital (ie, within 20 km) would
require 8 times more TCs to be amortized than one located in
a remote area (avoiding travel distances >50 km). These findings
have important practical implications and substantiate the claim

that the strategy of deployment for a TC program should take
into account the characteristics of the population and the
geographical spread of hospitals and patients within the territory.

Regarding resources other than cost, a recent literature review
argued that the use of TCs could provide increased productivity
through reduction in consultation time, which might, however,
be offset by administrative overhead [23]. In this regard, our
results support the notion that the reduction in doctor time
resulting from TCs (ie, use of either a videoconferencing
solution or a telehealth station) largely offsets the increase in
administrative time consumption. Moreover, in the simulation,
by distinguishing between video TCs and TCs using telehealth
stations, we shed light on another important resource: nurses.
When considering nurse time consumption, our findings indicate
that the net effect on resource time consumption could result in
increased time. However, an increase in resource time
consumption is unlikely to affect the total cost from a health
care perspective under an activity-based payment scheme.
Nevertheless, these variations in resource consumption should
be taken into account to calibrate resources properly when
introducing a new telehealth station.

Conclusions
To conclude, the use of TCs has the potential to lead to a major
organizational change in the health care system in the near
future. Nevertheless, the performance of TCs in terms of cost
reduction is strongly related to the context and deployment
strategy. Decision makers should, for example, pay attention
to the volume of TCs they expect to achieve as well as the
characteristics of the targeted population when investing in a
TC solution because they have a decisive impact on its economic
profitability. Furthermore, while the organizational and
economic impacts of TCs are 2 major aspects to be taken into
account in future TC development, there are several other
important aspects not covered in this study that should be taken
into account, such as patients’ satisfaction and access to care
as well as adoption by health care professionals.
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Abstract

Background: Web-based symptom checkers are promising tools that provide help to patients seeking guidance on health
problems. Many health organizations have started using them to enhance triage. Patients use the symptom checker to report their
symptoms online and submit the report to the health care center through the system. Health care professionals (registered nurse,
practical nurse, general physician, physiotherapist, etc) receive patient inquiries with urgency rating, decide on actions to be
taken, and communicate these to the patients. The success of the adoption, however, depends on whether the tools can efficiently
support health care professionals’ workflow and achieve their support.

Objective: This study explores the factors influencing health care professionals’ support for a web-based symptom checker for
triage.

Methods: Data were collected through a web-based survey of 639 health care professionals using either of the two most used
web-based symptom checkers in the Finnish public primary care. Linear regression models were fitted to study the associations
between the study variables and health care professionals’ support for the symptom checkers. In addition, the health care
professionals’ comments collected via survey were qualitatively analyzed to elicit additional insights about the benefits and
challenges of the clinical use of symptom checkers.

Results: Results show that the perceived beneficial influence of the symptom checkers on health care professionals’ work and
the perceived usability of the tools were positively associated with professionals’ support. The perceived benefits to patients and
organizational support for use were positively associated, and threat to professionals’ autonomy was negatively associated with
health care professionals’ support. These associations were, however, not independent of other factors included in the models.
The influences on professionals’ work were both positive and negative; the tools streamlined work by providing preliminary
information on patients and reduced the number of phone calls, but they also created extra work as the professionals needed to
call patients and ask clarifying questions. Managing time between the use of symptom checkers and other tasks was also challenging.
Meanwhile, according to health care professionals’ experience, the symptom checkers benefited patients as they received help
quickly with a lower threshold for care.

Conclusions: The efficient use of symptom checkers for triage requires usable solutions that support health care professionals’
work. High-quality information about the patients’ conditions and an efficient way of communicating with patients are needed.
Using a new eHealth tool also requires that health organizations and teams reorganize their workflows and work distributions to
support clinical processes.

(J Med Internet Res 2022;24(5):e33505)   doi:10.2196/33505
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adoption; symptom checker; triage; health care professional; survey; online health; digital health; health organizations; health
care
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Introduction

Background
Web-based symptom checkers are promising tools that provide
help to patients seeking guidance on health problems [1].
Algorithm-assisted symptom checkers ask patients questions
about their symptoms and may provide them with potential
diagnoses, inform them about the urgency of seeking care, and
direct them to appropriate care settings [2].

Many health organizations have started using symptom checkers
to guide patients to the most appropriate course of action [2-5].
Notably, evidence of the diagnostic accuracy and impacts of
web-based symptom checkers remains scarce [1], but they may
supplement resource-intensive telephone triage lines common
in primary care [2]. Recently, the COVID-19 pandemic has
created pressure to use web-based symptom checkers to avoid
face-to-face contact and preserve urgent care capacity [6,7].

Patients are generally highly satisfied with symptom checkers
[1]. In a survey study involving the Isabel Symptom Checker,
most patients perceived it to be useful for diagnosis [8]. They
often used the symptom checker to better understand the reason
for their symptoms and to decide whether to seek in-person
health care. Users of the Erdusyk Symptom Checker also
acknowledged its usefulness to avoid unnecessary visits to
general practitioners [3].

However, the impact of symptom checkers on the urgent care
system and the wider scope of health care is not known [1]. For
example, triage advice is generally risk averse, encouraging
patients to seek care for conditions in which self-care would be
more appropriate [2]. In a recent study, only 5 out of 15
symptom checkers were found to be superior to the accuracy
of laypersons, and the services were suspected to increase
resource use in health care [9]. Moreover, symptom checkers
are most often used by younger, more educated, and female
patients [1,6].

As technology develops, the performance of symptom checkers
can be expected to improve [2]. However, their success depends
on health care professionals’ acceptance and the influence of
symptom checkers on their workflow [10]. Health care
professionals also influence patients’ adoption of eHealth
services with their endorsement [11,12].

The goal of this survey study is to identify health care
professionals’ experiences of symptom checker use in triage
and analyze factors influencing their support for these tools.
The two examined symptom checkers are used to help patients
in obtaining appropriate care, but only one of them provides
the patient with immediate information on conditions that
correspond to their symptoms. Patients report their symptoms
online and submit the report to the health care center through
the symptom checker. Health care professionals (registered
nurse, practical nurse, general physician, physiotherapist, etc)
receive patient inquiries with urgency rating, decide on actions
to be taken, and communicate these to the patients. The findings
provide a better understanding of how symptom checkers can
support efficient clinical work. Sustainable use of eHealth tools
requires engagement of both professionals and patients [13].

Therefore, we also study whether professionals’ support is
manifested in their interactions with patients.

Research Model
The research model is based on the previous version that was
tested in the preimplementation phase of a patient portal [14].
Similar to what was found in the preimplementation phase, we
hypothesize the following notions after implementation, when
the symptom checkers are used in health care organizations:

Hypothesis 1: the perceived usability of the symptom checker
is positively associated with health care professionals’ support
for the symptom checker.

Hypothesis 2: the positive influences on the work are positively
associated with health care professionals’support for a symptom
checker.

Hypothesis 3: the positive influences on patients are positively
associated with health care professionals’support for a symptom
checker.

Hypothesis 4: the perceived threat to professional autonomy is
negatively associated with health care professionals’ support
for a symptom checker.

In the preimplementation phase, expectations of good
implementation practices in the work unit were positively
associated with professionals’ support [14]. Accordingly, we
hypothesize the following:

Hypothesis 5: organizational support for the use of the symptom
checker is positively associated with professionals’ support for
a symptom checker.

Professionals’ endorsement of eHealth tools is crucial in a
patient’s decision to adopt health technology [15]. To test
whether professionals’support is manifested in their interactions
with the patients, we hypothesize the following:

Hypothesis 6: health care professionals’ support for a symptom
checker is positively associated with professionals’ promotion
of the tool to the patients.

Hypothesis 7: health care professionals’ support for a symptom
checker is positively associated with their provision of
instruction to patients on the use of the tool.

Methods

This study was designed as a cross-sectional survey of the health
care professionals using symptom checkers for triage in Finland.
A web-based questionnaire was developed to identify the
experiences of health care professionals, including nurses,
physiotherapists, and physicians.

Study Setting
Both web-based symptom checkers studied have been adopted
in Finnish public primary care. They are used to help patients
in obtaining appropriate care. Inquiries coming into primary
care can be digitally managed through the services instead of
traditional phone-based triage. Patients report their symptoms
online, and if they wish, they submit a report to health centers.
The symptom checkers assess the urgency of care, and, if
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needed, guide patients to contact emergency care. Health care
professionals (usually nurses) receive a list of inquiries with
urgency rating to decide on actions to be taken and communicate
these to the patients. Professionals may also inquire further
information from patients or forward the task to a physician or
another professional if needed. Detailed information on the
symptom checkers following the guideline extension for
evaluation of interventions with an artificial intelligence
component [16] is in Multimedia Appendix 1.

In the first symptom checker, Omaolo oirearvio, the patient first
chooses a symptom checker that best describes their condition,
such as low-back pain, urinary tract infection, or upper
respiratory tract infection. In March 2020, the number of the
symptom checkers had increased to 16, including a generic
symptom checker that is not specific to any certain symptoms.
While diagnosis can only be made by a medical doctor in
Finland, Omaolo oirearvio provides information on health
problems that correspond to the patient-reported symptoms and
recommendations for self-care. Professionals evaluate the
patient’s inquiry by reading a provided summary of the
symptoms, relate them to the patient’s medical records, and
contact the patient using the messaging functionality. Unlike
the other symptom checkers, the triage process of the urinary
tract infection and COVID-19 symptom checkers can be entirely
digitalized. A patient can reserve a COVID-19 test or reserve
a prescription for urinary tract infection using the symptom
checkers.

Omaolo oirearvio has been evaluated to be easy to use and
understandable to most patients [17]. At the beginning of March
2020, Omaolo oirearvio was adopted in 79 municipalities,
including the largest cities in Finland. In 2020, the use by health
care provider organizations was increased to cover 69% of the
Finnish population. The average number of patient users was
120,000 per week from March to September 2020. A total of
1,937,469 responses were recorded into the most frequently
used Omaolo COVID-19 symptom checker in 2020 [18].

The second symptom checker, called Klinik Access, is a generic
tool with a visualization of human body on the starting page.
The patient first chooses the locus of the symptom and then
proceeds with the reductionary dynamic form, which adapts the
selections on each page for spawning the next set of possible
responses onto the next page. Health care professionals receive
all information gathered from the patient and an inquiry
summary including preliminary diagnoses and urgency
estimates. For the health care provider organizations, the tool
allows symptom checking and urgency assessment to prioritize
patient care [5]. The tool was adopted in 26 municipalities and
private health care provider organizations in 2016-2019. The
average number of patient users was 33,000 per week in 2020.

Questionnaire
Two earlier surveys were used as models for the current study.
The first identified health care professionals’ expectations of
the patient portal Omaolo, which also includes oirearvio
symptom checker [19]. The second survey focused on the health
care professionals’ first experiences with Omaolo oirearvio
[20]. In this new version of the questionnaire, health care
professionals were asked to evaluate their experiences with

Omaolo oirearvio or Klinik Access symptom checkers
(Multimedia Appendix 2).

The questionnaire included existing validated survey items for
measuring health care professionals’ support for the symptom
checkers [21-23], their usability [24], and their influence on
professional autonomy [25]. In addition, participants were asked
to rate whether the symptom checkers had brought the planned
benefits to their work and to patients. The use of these measures
was piloted in the previous survey studies [14,20]. Two
statements were made regarding professionals’ endorsement of
the tool to patients: how often they had (1) recommended the
use of and (2) instructed patients in the use of the symptom
checker. For analysis, these variables were recoded into binary
variables (never or at least once). Moreover, 2 open-ended
questions were posed in relation to the benefits and challenges
brought about by the symptom checkers to respondent’s unit or
own work, which are as follows. (1) In your opinion, what
challenges does the symptom checker bring to your unit or to
your work? (2) In your opinion, what benefits does the symptom
checker provide to your unit or your own work? To elicit
background information, participants were asked about their
age, gender, profession, how often they had used the symptom
checkers during the previous month, and whether they had
participated in the planning of the symptom checkers.

Data Gathering
Data were gathered from February to September 2020 after the
symptom checkers had been used in the 36 health organizations
from 10 to 32 months. The project manager of each of the
organizations sent the questionnaire link via email to the health
care professionals who used Omaolo oirearvio. A manager of
Klinik Healthcare Solutions, which developed Klinik Access,
sent the survey invitation to the health care organizations using
it. To encourage participation, 50 movie tickets for Oirearvio
users and 3 tablet computers for Klinik Access users were raffled
off.

Ethics Approval
The study protocol was reviewed and approved by Aalto
University Research Ethics Committee (reference
95_03.04_2019_DigiIN).

Data Analysis
Statistical analysis was performed for the quantitative data.
Descriptive statistics and reliability analyses were performed
for all study variables (Multimedia Appendix 3). The Cronbach
alpha scores for the scales were all above .75 indicating good
internal consistency [26]. We fitted an ordinary least squares
regression with robust standard errors to study the association
of key independent variables, namely, benefits to professionals’
work, threat to autonomy, benefits to patients, usability, and
organizational support for use with the dependent variable,
namely, professionals’ support for the symptom checker. First,
we fitted the univariate analyses for each independent variable
to check its association with the dependent variable. Second, a
model was formulated with all key variables as independent
variables. Third, we added adjustments for age, gender, the
symptom checker solution used, profession, participation in
planning, and frequency of use. In addition, logistic regression
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models were fitted to study the association of the professionals’
support for the symptom checker with their promotion of it to
patients and their instruction of patients in its use. These models
were also adjusted for age, gender, the symptom checker
solution used, profession, participation in planning, and
frequency of use. In all analyses, P values below the .05
threshold were considered significant. When fitting the
multivariate models, independent variables were added
simultaneously. To test for multicollinearity, we calculated the
variance inflation factors for independent variables. They were
all below 2.5, indicating that multicollinearity was not a concern
in this study [27].

Qualitative data were content analyzed using Atlas.ti analysis
tool. Open coding was used to identify themes in the data
without predefined categories. Using in vivo coding, the
respondents’ words were used to define the themes to ensure

that they represent the original intended meaning of the
respondents.

Results

Respondents
The characteristics of the respondents are presented in Table 1.
The respondents well represented Finnish health care
professionals in terms of age, gender, and profession [28]. For
example, the mean age in our sample was 42.7 years (43.0 in
eligible population in Finland), and the proportion of female
participants was 90.7% (88.0% in Finland). Doctors were
underrepresented in comparison to nurses; in our sample, there
was a little more than 1 doctor per 10 nurses, while in 2014,
this number was 2.5 doctors per 10 nurses in Finland. This may
be due to the large number of nurses as direct users of the
symptom checkers.

Table 1. Respondent characteristics (n=639).

ValuesCharacteristics

42.7 (11.5)Age (years), mean (SD)

Gender, n (%)

577 (90.3)Woman

41 (6.4)Man

21 (3.3)Other or not reported

Profession, n (%)

477 (74.7)Nurse, public nurse, or practical nurse

54 (8.5)Doctor

41 (6.4)Physiotherapist

67 (10.5)Other

Participated in planning, n (%)

568 (88.9)No

58 (9.1)Yes

13 (2)Does not know or not reported

Has provided feedback, n (%)

400 (62.6)No

225 (35.2)Yes

14 (2.2)Does not know or not reported

Frequency of use, n (%)

209 (32.7)Every day during the last month

244 (38.2)Every week during the last month

97 (15.2)1-2 times during the last month

75 (11.7)Less than monthly but have tried

14 (2.2)Never used

Factors Influencing Professionals’ Support for a
Symptom Checker
Table 2 presents the results of the linear regression analyses
testing the association of independent variables with

professionals’ support for the symptom checkers. In the
univariate analysis (not shown in the table), all key variables
were associated with professionals’ support. All associations
were positive, except for the association of threat to autonomy
with support, which was negative. When added to a multivariate
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model (Model A), the associations of benefits to professionals’
work, usability, and benefits to patients with professionals’
support for the symptom checker remain, while the associations
of organizational support for use and threat to autonomy
disappear.

The independent variables account for 52% of the variation in
support. The statistically significant association of benefits to

patients with support disappears when adjustments for age,
gender, profession, participation in planning, and frequency of
use (Model B) are made. The associations of benefits to
professionals’ work and usability with support remain after
adjustments. Thus, the results support hypotheses 1 and 2, but
only partially support hypothesis 3. No support was found for
hypotheses 4 and 5. Age, gender, and participation in planning
were not associated with professionals’ support.

Table 2. Regression model results—association of independent variables with professionals’ support. Robust standard errors were used. Continuous
variables were used as continuous standardized variables.

Model BModel AVariable

P valueß (SE)P valueß (SE)

<.001.39 (.07)<.001.37 (.06)Benefits to professionals’ work

.34–.03 (.03).46–.02 (.03)Threat to autonomy

.16.06 (.04).04.08 (.04)Benefits to patients

<.001.27 (.05)<.001.27 (.05)Usability

.52.02 (.03).55.02 (.03)Organizational support for use

.18.00 (.00)N/AN/AaAge

.55–.06 (.10)N/AN/AGender (category reference: woman)

.81–.02 (.08)N/AN/ASolution (category reference: Klinik)

N/AN/AN/AN/AProfession (category reference: nurse, midwife, or public
health nurse)

.004.27 (.09)N/AN/ADoctor

.44.09 (.12)N/AN/APhysiotherapist

.40–.09 (.11)N/AN/AOther

.56–.06 (.11)N/AN/AParticipated in planning (category reference: yes)

N/AN/AN/AN/AFrequency of use (category reference: every day during the
last month)

.047–13 (.07)N/AEvery week during the last month

.27–.10 (.09)N/AN/A1-2 times during the last month

.54–.06 (.10)N/AN/ALess than monthly but have tried

.26–.20 (.17)N/AN/ANever used

N/A.52N/A.52R-squared

aN/A: not applicable.

Association of Professionals’ Support With Their
Recommendation of the Tool to Patients and Provision
of Instruction Regarding Its Use
The results of the logistic regression models (Multimedia
Appendices 4 and 5) show that support for the symptom
checkers was associated with both professionals’
recommendation to the patients and their provision of instruction
to patients regarding use of the symptom checkers. The
associations were maintained even when adjustments for gender,
age, profession, symptom checker solution, and participation
in the planning of the solution were made. Hypotheses 6 and 7
were thus supported.

Perceived Benefits and Disadvantages of the Symptom
Checkers
Of the total 639 health care professionals, 216 (33.8%)
responded to the open-ended questions. Most of the health care
professionals (164/216, 75.9%) reported both benefits and
disadvantages of the symptom checkers, 30/216 (13.9%)
perceived only disadvantages, and 22/216 (10.2%) perceived
only benefits.

Table 3 summarizes the benefits of the symptom checkers that
health care professionals described in their responses to the
open-ended questions. The symptom checkers were perceived
to be beneficial for work, as they streamline the work in various
ways, such as by providing preliminary information on patients
and by decreasing telephone work. Patients were able to receive
help expeditiously by using symptom checkers. The symptom
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checkers were considered to lower the threshold for care, and
the self-care instructions were perceived useful for patients.

The most frequently mentioned challenges were related to the
characteristics and use of the symptom checkers (Table 4). The
results of the assessment provided by the symptom checkers
were perceived to be inaccurate and unfocused, so the
professionals still needed to call patients and ask clarifying
questions.

Users of the symptom checkers found it challenging to use the
services alongside other work tasks, as switching between tasks

is troublesome. Patients contacted them using several channels,
which were a symptom checker, calling, and visiting. Evidently,
the symptom checkers did not clearly inform patients how a
health care professional will contact them.

Many also mentioned that patients cannot use the symptom
checker, or that they do not understand the questions or
wordings. Health care professionals were also concerned that
older patients are unable to use the service. They suggested that
the services should be advertised more, as patient usage is low.

Table 3. Perceived benefits of the symptom checkers evaluated.

Mentions, n (%)Themes

Facilitates health care professionals’ work

75 (11.7)Streamlines work by providing preliminary information on patients

52 (8.1)Reduces the number of phone calls

27 (4.2)Makes work flexible, a patient case can be handled at a suitable time slot

12 (1.9)Comprehensive preliminary information on patients

5 (0.8)Patients’ own descriptions of the symptoms can be used in medical reports

5 (0.8)Fluent communication with patients

5 (0.8)Gives variety to the work

5 (0.8)Reduce the number of visits

The symptom checker is beneficial for patients

49 (7.7)Patients receive help easily and quickly

22 (3.4)Supports self-management

20 (3.1)Lowers threshold for care

19 (3.0)Urinary tract infection and sexually transmitted disease symptom checkers are especially useful

18 (2.8)Uniforms quality of triage

8 (1.3)Useful during the COVID-19 pandemic
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Table 4. Perceived disadvantages of the symptom checkers evaluated.

Mentions, n (%)Themes

The symptom checker is not working in an optimal way

74 (11.6)Communicating with patients is time-consuming or cumbersome

56 (8.8)There is a need to call patients and ask clarifying questions

54 (8.5)Provides inaccurate results

49 (7.7)Cumbersome to use or it should be more automatic

36 (5.6)Not interoperable with patient health records

19 (3.0)Too sensitive

16 (2.5)Provides a poor summary; it is difficult to identify essentials

15 (2.3)It is easier and faster to evaluate a patient’s condition (eg, breathing over the phone)

14 (2.2)Appointments are challenging to make via the symptom checker

13 (2.0)Signing in repeatedly is slow

The workflow with the symptom checker is not optimal

66 (10.3)Is included among many other tasks, and managing time between different tasks is challenging

53 (8.3)Creates extra work or slows down working

17 (2.7)The method for organizing work is unclear; a commonly agreed course of action for responding to patients is missing

31 (4.9)Patients contact using several channels

Patients have difficulties with the symptom checker

33 (5.2)Not all patients are able to use symptom checkers (eg, older people)

30 (4.7)Few patients use symptom checkers; there should be more advertising

14 (2.2)Patients do not know how to use the symptom checker

10 (1.6)Patients do not understand all the questions or wordings of the service

2 (0.3)It is not clear for patients how professionals contact them

8 (1.3)Health care professionals need more experience or do not know how to use the symptom checker

7 (1.1)Resistance to change

Discussion

Principal Findings
The results indicate that in the sustained use of the symptom
checkers for triage, benefits to health care professionals’ work,
and usability were the most important factors influencing
professionals’ support for the tool. Benefits to patients were
also positively associated with health care professionals’support
for symptom checkers as has previously been found in the
implementation phase [14]. However, the association weakened
when the control variables were added to the model.

Organizational support for use was positively associated, and
threat to professionals’ autonomy was negatively associated
with health care professionals’support. These associations were,
however, not independent of professionals’ perceptions of
usability and benefits to work. Organizational support may have
already been incorporated to the perception of the technology’s
usability and benefits in work [29].

The open-ended question responses of the professionals deepen
understanding of the underlying reasons for the associations
found in the quantitative analysis. The influences on
professionals’ work were seen both positive and negative; the

tools streamlined work by providing preliminary information
on patients and reduced the number of phone calls, but they
also created extra work as the professionals needed to call
patients and ask clarifying questions. The need to ask more
questions arose from the experienced inaccuracy of the symptom
checkers and unclear assessment reports. Health care
professionals also reported that patients do not always know
how to use symptom checkers, or they may not understand all
the wordings of the service.

Based on the health care professionals’ experiences, symptom
checkers are beneficial for patients as they receive help quickly
with lower threshold. Moreover, the services support
self-management. The experienced benefits of symptom
checkers of sensitive diseases, such as sexually transmitted
diseases, suggest that one of the potentials of the symptom
checkers may be to lower the threshold for care in such cases,
as suggested by Johansen et al [30]. The perceived uniform
quality of triage is also beneficial to patients as all essential
questions are asked regardless of the skill level of the health
care professional. Symptom checkers were perceived to be
particularly beneficial during the COVID-19 epidemic. In fact,
during the second wave, 1,550,000 people used the Omaolo
COVID-19 symptom checker [18].
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Comparison With Prior Work
Consistent with earlier studies that focused on professionals’
attitudes, usability and utility were the most common factors in
promoting adoption by health care professionals [14,31,32].
For symptom checkers, their effective utility in professionals’
work was critical. This is in line with earlier findings that the
fit between clinical work tasks and the technology design has
a significant influence on the adoption of health innovations
[10,33]. In agreement with our results, Entezarjou et al [34]
found that automated patient interview can streamline clinical
work. However, our results support an earlier interpretation that
intelligent triage tools may also increase professionals’
workload, as the information provided by patients via these
tools entails gaps and uncertainty in data [35].

In line with this study, Cajander et al [36] found that digital
communication with patients may in some cases slow down the
assessment of care need. However, in their study, nurses found
digital communication to be emotionally less stressful than
phone calls. Better care for patients has been found to be an
important benefit of eHealth services from professionals’ [34,37]
and leaders’ point of view [38]; nonetheless, in the acceptance
models, benefits to patients have been overlooked [39].

Professionals’ experience of the inaccuracy of the assessment
reports may have emerged from many sources, such as how
they perceived patients’ use of symptom checkers. As
Marco-Ruiz et al [3] mentioned, the accuracy of the symptom
checkers depends on how well patients are able to communicate
their symptoms with the tools. Based on their interview study,
Tsai et al [40] found that patients sought explanations for the
results obtained from web-based symptom checkers. They
showed that better explanations and more transparent results
improved patient trust on the diagnostic quality of the results
and helped them come up with better decisions.

Limitations
The limitations of this study are related to the cross-sectional,
single-informant design, as well as the omission of likely
relevant contextual factors in the models. First, this study relied
on professionals’self-reported perceptions of symptom checkers.
The single-informant design may lead to inflation of the strength
of relationships. To mitigate this problem, the measures
validated in previous studies were applied. Second, in this study,
we were not able to perform a longitudinal analysis of the
implementation of the symptom checkers in the organizations.
To address the dynamic nature of information technology
implementation, we compared our findings with professionals’

perceptions of another eHealth tool studied in the
preimplementation phase in Finland. The findings allowed us
to come up with preliminary suggestions on which factors
explain professionals’ support for an eHealth tool in the
preimplementation phase as opposed to the use phase. Third,
to limit the length of the questionnaire, we were not able to
include all relevant contextual factors in our analysis. The
factors that may offer support for symptom checkers are, for
instance, the competence of the professionals in using these
tools [13,41] and vision for the future development of the tools
[19], among others. However, as various symptom checkers are
used across many health care contexts and numerous purposes,
the research results may not be generalizable to other settings.

Future Directions for Research and Practice
The findings suggest that more research is needed on the
successful blended use of digital and traditional communication
channels by professionals in triage. In addition, many health
care professionals were concerned that not all patients,
particularly the older people, are able to use symptom checkers;
usage statistics confirm that 20- to 29-year-olds were the largest
user group [18]. Thus, future studies are needed to support the
wider adoption of symptom checkers and health equity.
Furthermore, the transparency and explainability of symptom
checkers are worth studying in the future from health care
professionals’ point of view.

The results imply that it is imperative to develop symptom
checkers that are usable and support health care professionals’
work. Furthermore, health organizations and teams need to
carefully reorganize the work processes and distribution of work
so that the use of symptom checkers is smoothly integrated
among other tasks. For example, the phone and digital work
can be allocated to health care professionals every other week.
In addition, health organizations need to ensure that patients
are well instructed, are aware that the professionals will contact
them, and know that they do not need to initiate contact using
several channels simultaneously.

While this research did not investigate the specific tasks different
health care professionals perform using the symptom checkers,
it is likely that the tasks in the initial and more specialized
screening of patient inquiries differ between professional groups.
To better understand the potential of symptom checkers to
supplement resource-intensive telephone triage lines common
in primary care, more research on division of tasks between
different professional groups in symptom checker–supported
triage is needed.
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Abstract

Background: Increased mobile phone penetration allows the interviewing of respondents using interactive voice response
surveys in low- and middle-income countries. However, there has been little investigation of the best type of incentive to obtain
data from a representative sample in these countries.

Objective: We assessed the effect of different airtime incentives options on cooperation and response rates of an interactive
voice response survey in Bangladesh and Uganda.

Methods: The open-label randomized controlled trial had three arms: (1) no incentive (control), (2) promised airtime incentive
of 50 Bangladeshi Taka (US $0.60; 1 BDT is approximately equivalent to US $0.012) or 5000 Ugandan Shilling (US $1.35; 1
UGX is approximately equivalent to US $0.00028), and (3) lottery incentive (500 BDT and 100,000 UGX), in which the odds
of winning were 1:20. Fully automated random-digit dialing was used to sample eligible participants aged ≥18 years. The risk
ratios (RRs) with 95% confidence intervals for primary outcomes of response and cooperation rates were obtained using log-binomial
regression.

Results: Between June 14 and July 14, 2017, a total of 546,746 phone calls were made in Bangladesh, with 1165 complete
interviews being conducted. Between March 26 and April 22, 2017, a total of 178,572 phone calls were made in Uganda, with
1248 complete interviews being conducted. Cooperation rates were significantly higher for the promised incentive (Bangladesh:
39.3%; RR 1.38, 95% CI 1.24-1.55, P<.001; Uganda: 59.9%; RR 1.47, 95% CI 1.33-1.62, P<.001) and the lottery incentive arms
(Bangladesh: 36.6%; RR 1.28, 95% CI 1.15-1.45, P<.001; Uganda: 54.6%; RR 1.34, 95% CI 1.21-1.48, P<.001) than those for
the control arm (Bangladesh: 28.4%; Uganda: 40.9%). Similarly, response rates were significantly higher for the promised
incentive (Bangladesh: 26.5%%; RR 1.26, 95% CI 1.14-1.39, P<.001; Uganda: 41.2%; RR 1.27, 95% CI 1.16-1.39, P<.001) and
lottery incentive arms (Bangladesh: 24.5%%; RR 1.17, 95% CI 1.06-1.29, P=.002; Uganda: 37.9%%; RR 1.17, 95% CI 1.06-1.29,
P=.001) than those for the control arm (Bangladesh: 21.0%; Uganda: 32.4%).

Conclusions: Promised or lottery airtime incentives improved survey participation and facilitated a large sample within a short
period in 2 countries.

Trial Registration: ClinicalTrials.gov NCT03773146; http://clinicaltrials.gov/ct2/show/NCT03773146
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Introduction

It is well evidenced that low- and middle-income countries are
undergoing demographic and epidemiologic transitions; there
is an increasing burden from noncommunicable diseases such
as hypertension, diabetes, stroke, and other diseases [1,2]. Four
mostly modifiable risk factors primarily contribute to this high
noncommunicable disease burden—unhealthy diets, physical
inactivity, tobacco use, and excessive alcohol consumption
[3,4]. Continuous surveillance and monitoring of these risk
factors are crucial to prevent and control noncommunicable
diseases [5]. However, collecting data for noncommunicable
disease risk factor surveillance is challenging in low- and
middle-income countries due to the level of effort, time, and
money required for face-to-face interviews and associated data
management, analysis, and reporting [6].

High-income countries implement telephone interviews to obtain
population-level estimates for health-related outcomes [7,8].
Participation in telephone surveys has declined in recent years
in high-income countries, and other survey methods (eg,
web-based) are also used to collect health-related data. Although
most low- and middle-income countries do not have the
infrastructure for conducting landline- or web-based surveys,
increased access and ownership of mobile phones in low- and
middle-income countries provide the opportunity to use mobile
phone numbers for household surveys [9]. Throughout the
COVID-19 pandemic, mobile phone surveys have been used
to collect data on a broad range of topics [10-13].

There are several options for delivering mobile phone surveys:
SMS text messaging, call center interviews by a human operator,
and interactive voice response [14]. Interactive voice response
is a mobile phone survey method wherein respondents use their
mobile phone keypad to select answers from prespecified
options (eg, “press 1 if you are male; press 2 if you are female”).
Incentives for mobile phone surveys, often delivered as cash,
coupons, vouchers, or airtime balances, have been shown to
increase survey participation [15]. It could also be considered
as compensation for the time spent by participants. Incentives
may reduce the amount of time required for data collection by
recruiting the optimum number of participants in a shorter time
period. In high-income countries, where there is a larger body
of evidence on a range of different survey types, providing an
incentive beforehand typically produces better survey response
than promised or lottery incentives across a [16-18]; however,
overall findings have been mixed, and some studies [19,20]
show that providing incentives does not improve participation.
Past studies [21-24] from low- and middle-income countries
have also shown similar mixed results. Studies [21,22] have
also shown that delivering incentives to everyone, than using a
lottery, can increase participation and reduce cost; there have
been limited number of studies [23,24] examining the impact

of different incentive amount on the overall survey cost, and
investigating these factors would be helpful in understanding
the feasibility of mobile phone surveys for future data collection.
We aim to fill in these gaps in the literature by assessing the
effect of different airtime incentive approaches on the
cooperation, response, contact, and refusal rates of an interactive
voice response survey for noncommunicable disease behavioral
risk factors.

Methods

Study Design
We conducted a randomized controlled trial in Bangladesh (an

area of approximately 148,000 km2 with an estimated population
of 160 million [25]) and Uganda (an area of approximately

241,000 km2 with an estimated population of 40 million [25]).
In 2017, mobile phone subscription rates were 83 and 55
subscribers per 100 people in Bangladesh and Uganda,
respectively [9].

In this trial, incentives were delivered as airtime (ie, mobile
phone balance). Participants were randomized to 1 of 3 study
arms: no incentive (control arm), a promised airtime incentive
of 50 Bangladeshi Taka (US $0.60; 1 BDT is approximately
equivalent to US $0.012) or 5000 Ugandan Shilling (US $1.35;
1 UGX is approximately equivalent to US $0.00028) for
completing the interactive voice response survey, or lottery
incentive (500 BDT and 100,000 UGX), wherein the odds of
winning were 1:20. The conduct, analysis, and reporting of
results were performed in accordance with Consolidated
Standards of Reporting Trials guidelines [26].

Participants
Participants were sampled using a fully automated random-digit
dialing method [27]. Briefly, the country codes along with the
3-digit sequence specific to the mobile network operator were
used as the base for potential mobile phone numbers. The
remaining 7 digits were generated randomly. Respondents who
self-reported being aged 18 years or older were eligible for the
trial. The survey was programmed to have a designated local
number appear on the respondent’s caller ID screen.

Randomization and Masking
The automated randomization process was performed within
the interactive voice response platform to cover all mobile phone
networks in both countries. Participants were randomized after
selecting the survey language but prior to consent (Figure S1
in Multimedia Appendix 1). Due to the nature of the study
design, participants were informed about the incentive during
the survey introduction and, therefore, were not blinded to study
arm allocation. Statisticians involved in data cleaning and
analysis were blinded to participant allocation.
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Procedures
The overall procedures were similar in both countries.
Interactive voice response surveys were sent only once to each
phone number, and calls were made between 8 AM and 8 PM
local time. Respondents who picked up the phone were
instructed to select a language from a list of languages: Bangla
or English in Bangladesh and Luganda, Luo, Runyakitara, or
English in Uganda. Candidate participants listened to a
description of the survey objectives and requirements for the
incentive (ie, survey completion) as applicable (Table S1 and
Figure S1 in Multimedia Appendix 1). Participants were told
that they would not incur any expenses by answering the survey.
Age-eligibility was confirmed (ie, “Are you 18 years or older?
If yes, press 1; if no, press 3“). Age-eligible candidates were
provided the consent disclosure statement and asked to authorize
their participation by pressing the 1 button on the mobile phone.
Participants answered demographic and noncommunicable
disease questions, and only those who completed the survey
received the incentive. Participants were instructed to press the
star key to repeat any questions.

Demographic data on age, gender, education, and location were
collected to perform subgroup analysis (ie, to identify
differences in participation by those characteristics).
Noncommunicable disease questions were grouped into 5
modules: tobacco use, alcohol consumption, dietary habits
(including consumption of fruits, vegetables, and salt), physical
activity, and medical conditions (including hypertension and
diabetes). Because respondents could end the interview before
finishing all modules, the order of the noncommunicable disease
modules was randomized to minimize attrition and to ensure
that data reporting errors were as randomly distributed as
possible. Questions within a module were not randomized in
order to maintain skip patterns. The questionnaire was adapted
from standardized surveys [28], and initial cognitive testing and
user groups were conducted with people who identified
themselves as being from a low- and middle-income country at
Johns Hopkins University [29]. A series of key informant
interviews and focus group discussions were also conducted in
each country to assess the comprehensibility and accuracy of
translated questionnaires and to improve the usability of the
interactive voice response platform.

Ethical Approval
Johns Hopkins Bloomberg School of Public Health, Makerere
University School of Public Health, The Uganda National
Council for Science and Technology, and The Institute of
Epidemiology Disease Control and Research institutional review
boards approved the study protocol (number NCT03773146).
The study was registered (NCT03773146), and the study
protocol has been published elsewhere [30].

Outcomes
The primary outcomes of this trial were response rates 4 and
cooperation rates 1, as defined by the American Association for
Public Opinion Research (Table S2 in Multimedia Appendix
1) [31]. Response rate calculations included partial and complete
surveys in the numerator. Cooperation rate was calculated as
the proportion of complete interviews from all eligible

respondents, but the calculation did not include people who
immediately hung up or who did not answer the age question
in the denominator. Secondary outcomes were contact rate 2
and refusal rate 2 [31]. The cooperation rate was the number of
complete interviews divided by the sum of complete, partial,
and noninterviews. Complete interviews were defined as
respondents who answered at least 4 of the 5 noncommunicable
disease modules. Partial interviews were defined as respondents
who answered between 1 and 3 noncommunicable disease
modules. Noninterviews included refusals (ie, participants who
ended the survey at the consent question) and break-offs (ie,
participants who were 18 years or older but did not complete
an noncommunicable disease module). The response rate was
calculated as the number of complete and partial interviews
divided by the total number of complete and partial interviews,
refusals, break-offs, and the estimated proportion of
age-eligibility unknown calls (individuals who initiated the
survey but did not answer the age question). The estimated
proportion of unknown eligibility was obtained from the
proportion of participants who responded to the age-screening
question and indicated they were 18 years or older. Calls were
classified as ineligible if the individual indicated an age below
18 years or did not pick up the phone. As a secondary analysis,
contact refusal and response rates were calculated without
applying e for the unknown participants.

Statistical Analysis
Demographic characteristics of complete interviews were
described by study arms and compared using chi-square tests.
Using the control arm as the reference category, risk ratios (RR)
and 95% confidence intervals were calculated for contact,
response, refusal, and cooperation rates with log-binomial
regression [32]. To assess any potential effect modification of
incentives on cooperation rates, the log-binomial models were
extended and interaction terms with education, gender, age, and
location were tested. We did not assess any effect modification
for response rates because its equation included disposition
codes for Unknown (participants who did not answer any of the
demographic questions).

We calculated pooled risk ratios for different incentive arms
using random-effects meta-analysis [33]. The heterogeneity

statistic (ie, I2) was estimated using the Mantel-Haenszel

method. The I2 statistic indicates the proportion of variability
in effect that resulted from heterogeneity instead of chance or

sampling error. A lower I2 statistic suggests lower
heterogenicity. We calculated the direct delivery cost per
complete survey, which included the cost of airtime used to
deliver the survey and the incentive amount, as applicable. We
summed the total call durations by arm and multiplied by
per-minute airtime cost (US $0.04 in Bangladesh and $0.10 in
Uganda) to produce the estimated cost per completed survey.
Stata (version 14.0; StataCorp LLC) was used to analyze data.
An α=.05 was assumed for all tests of statistical significance.

Sample Size
We used the same assumptions to calculate required sample
sizes for the trial in both countries. With a 30% cooperation
rate of the control arm, 5% type 1 error, and 80% power, 376
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participants were required to complete the interview for each
study arm in order to detect a 10% difference between control
and incentive arms. The total required sample size (ie, complete
surveys) was 1128 in each country. As recommended [34], we
did not inflate the sample for multiple comparisons.

Results

From June 14, 2017 to July 14, 2017, a total of 1165 compete
interviews were obtained from 546,746 phone calls in

Bangladesh (Figure 1). In Uganda, 178,572 calls were made
between March 26 and April 22, 2017 to obtain 1248 complete
interviews (Figure 2). In both countries, the sociodemographic
characteristics of complete interviews were similar across study
arms (Table 1). Of 1165 respondents in Bangladesh, 89.4%
(n=1042) respondents were male. Of 1248 respondents in
Uganda, 76.0% (n=948) respondents were male. Most
respondents were between the ages of 18 to 29 years old—74.4%
(867/1165) and 71.0% (886/1248) in Bangladesh and Uganda,
respectively.

Figure 1. Consolidated Standard of Reporting Trial diagram of study participants in Bangladesh.

Figure 2. Consolidated Standard of Reporting Trial diagram of study participants in Uganda.
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Table 1. Demographic characteristics of complete interviews by study arm.

Uganda (n=1248), n (%) or nBangladesh (n=1165), n (%) or n

Lottery incentive
(n=412)

Promised incentive
(n=472)

Control (n=364)Lottery incentive
(n=359)

Promised incentive
(n=413)

Control (n=393)

Sex

315 (78.7)357 (77.6)276 (77.5)320 (89.1)369 (89.4)353 (89.8)Male

85 (21.3)103 (22.4)80 (22.5)37 (10.3)44 (10.7)39 (9.9)Female

N/AN/AN/Aa2 (0.6)0 (0.0)1 (0.3)Other

12128000Missing

Age group (years)

303 (75.6)326 (71.0)257 (72.2)275 (76.6)291 (70.5)301 (76.6)18-29

92 (23.0)124 (27.0)91 (25.6)71 (19.8)109 (26.4)75 (19.1)30-49

3 (0.8)7 (1.5)6 (1.7)9 (2.5)9 (2.2)10 (2.5)50-69

3 (0.8)2 (0.4)2 (0.6)4 (1.1)4 (1.0)7 (1.8)70+

11138000Missing

Education attempted

59 (14.5)63 (13.5)65 (18.3)28 (20.7)34 (25.4)29 (22.3)None

107 (26.3)114 (24.4)83 (23.4)107 (79.3)100 (74.6)100 (76.9)Primary

169 (41.5)209 (44.8)146 (41.1)N/AN/AN/ASecondary

72 (17.7)81 (17.3)61 (17.2)N/AN/AN/ATertiary or higher

0 (0.0)0 (0.0)0 (0.0)0 (0.0)0 (0.0)1 (0.3)Refused

559224279263Missing

Location

227 (56.3)250 (54.1)178 (49.7)180 (50.1)222 (53.8)225 (57.2)Urban

176 (43.7)212 (45.9)180 (50.3)179 (49.9)191 (46.2)165 (42.0)Rural

0 (0.0)0 (0.0)0 (0.0)0 (0.0)0 (0.0)3 (0.8)Refused

9106000Missing

Language

N/AN/AN/A355 (98.9)410 (99.3)390 (99.2)Bangla

66 (16.0)68 (14.4)56 (15.4)4 (1.1)3 (0.7)3 (0.8)English

248 (60.2)260 (55.2)213 (58.5)N/AN/AN/ALuganda

29 (7.0)50 (10.6)36 (9.9)N/AN/AN/ALuo

69 (16.8)93 (19.8)59 (16.2)N/AN/AN/ARunyakitara

010000Missing

aN/A: not applicable.

The sociodemographic characteristics of respondents with
complete and partial interviews were similar in both countries,
with the exception of a significant difference in age distribution
in Bangladesh (P=.002); complete interviews had higher
proportion of respondents aged 18 to 29 years old than partial
interviews (Table S3 in Multimedia Appendix 1). The median
time spent completing the interactive voice response survey
was 15 minutes 8 seconds (IQR 14 minutes 8 seconds to 16
minutes 15 seconds) and 13 minutes 38 seconds (IQR 12
minutes 39 seconds to 14 minutes 45 seconds) in Bangladesh
and Uganda, respectively. The direct costs of airtime, and
incentives where applicable per complete interview were $3.89

and $3.16 in the control arm, $3.90 and $3.91 in the promised
incentive arm, and $4.05 and $4.12 in the lottery incentive arm,
in Bangladesh and Uganda, respectively (Table 2).

Cooperation and response rates were significantly higher in the
promised incentive arm (cooperation: 413/1051, 39.3%; RR
1.38, 1.24-1.55, P<.001; response: 588/2222, 26.5%, RR 1.26,
95% CI 1.14-1.39, P<.001) and in the lottery arm (cooperation:
359/980, 36.6%; RR 1.28, 95% CI 1.15-1.45, P<.001; response:
544/2220, 24.5%; RR 1.17, 95% CI 1.06-1.29, P=.002)
compared with those for the control arm (cooperation: 393/1383,
28.4%; response: 675/3216, 21.0%). In Uganda, the cooperation
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and response rates were higher than those in Bangladesh. Rates
were significantly higher in the promised (cooperation: RR 1.47,
95% CI 1.33-1.62, P<.001; response: RR 1.27, 95% CI
1.16-1.39, P<.001) and lottery arms (cooperation: RR 1.34,
95% CI 1.21-1.48, P<.001; response: RR 1.17, 95% CI
1.06-1.29, P=.001) compared with those for the control arm. In
both countries, cooperation and response rates were similar
when using equations that did not include the estimated
proportion of age-eligible participants in the unknown
disposition code (Table S4 in Multimedia Appendix 1). In both
countries, subgroup analyses showed that participant gender,
age, education, and location did not modify the intervention’s
effect on cooperation rate (Tables S5 and S6 in Multimedia
Appendix 1).

Pooling Bangladesh and Uganda participants showed that the
promised incentive (pooled RR 1.42, 95% CI 1.32-1.53,
P<0.001) and lottery incentive (pooled RR 1.31, 95% CI
1.21-1.41, P<0.001) significantly improved cooperation rate
compared with no incentive (Figure 3). Similarly, response rates
were significantly higher in the promised incentive (pooled RR
1.26, 95% CI 1.18-1.35, P<0.001) and lottery incentive (pooled

RR 1.17, 95% CI 1.09-1.25, P<0.001,I2=0.0%) arm compared
with that in the control arm. Overall, any incentive significantly
improved cooperation rates by 37% (pooled RR 1.37, 95% CI
1.29-1.44, P<0.001) and response rates by 22% (pooled RR
1.22, 95% CI 1.18-1.28, P<.001), and these results were highly

consistent (cooperation: I2=12.1%, P=.33; response: I2=0.0%,
P=.47).

Table 2. Disposition codes and survey rates by study arm.

UgandaBangladesh

Lottery incentivePromised incentiveControlLottery incentivePromised incentiveControl

412472364359413393Complete interview, n

133131201185175282Partial interview, n

Refusal

9496145265296402Refusal

11689181171167306Breaks-off

751742938176916712615Unknown other, n

684675854124011711833Estimated unknowna

Ineligible, n

795999402465587Under age

47,66747,66747,667152,495152,494152,494Call did not connectb

10,15710,15610,15626,11326,11326,114Connected, but no language

selectionb

4.123.913.164.053.903.89Average cost (US $) per complete

interviewc

52.5053.9051.1044.1047.3043.00Contact rate

1.03 (0.96-1.10)1.05 (0.99-1.13)Ref1.03 (0.97-1.09)1.10 (1.04-1.17)RefRisk ratio (95% CI)

.43.11Ref0.40.002RefP value

37.9041.2032.4024.5026.5021.00Response rate

1.17 (1.06-1.29)1.27 (1.16-1.39)Ref1.17 (1.06-1.29)1.26 (1.14-1.39)RefRisk ratio (95% CI)

.001<.001Ref.002<.001RefP value

14.6012.7018.7019.6020.8022.00Refusal rate

0.78 (0.67- 0.92)0.68 (0.57- 0.80)Ref0.89 (0.80- 0.99)0.95 (0.85- 1.05)RefRisk ratio (95% CI)

.002<.001Ref.04.30RefP value

54.6059.9040.9036.6039.3028.40Cooperation rate

1.34 (1.21-1.48)1.47 (1.33-1.62)Ref1.28 (1.15-1.45)1.38 (1.24-1.55)RefRisk ratio (95% CI)

<.001<.001Ref<.001<.001RefP value

aEstimated proportion of unknown cases that were age-eligible was 70.1% for Bangladesh and 91.0% for Uganda.
bEvenly distributed to each study arm due to randomization occurring after language selection.
cOnly includes cost of the call based on time participants spent on the survey plus airtime incentive, as applicable.
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Figure 3. Pooled risk ratios for cooperation and response rate by study arm.

Discussion

In this study, the promised and lottery incentive arms had higher
response and cooperation rates than control arms (ie, no
incentive arm) in both Bangladesh and Uganda. Given that the
pooled analysis showed that the incentives were highly
consistent at increasing these survey rates in two culturally and
geographically distinct low- and middle-income countries, the
provision of airtime incentives may be a useful mechanism to
increase interactive voice response survey participation in other
low-resource settings.

There are very few studies [4,35] that have examined the use
of airtime incentives in low- and middle-income countries. Our
study adds significant knowledge to the growing body of
literature on the impact of incentive amount on mobile phone
survey in these countries. A previous study [4] similarly found
that both promised and lottery airtime incentives significantly
improved the completion rate of a random-digit dialing
interactive voice response survey in Zimbabwe. In Mozambique,
the lottery incentive, but not the promised incentive, increased
completion rates [35].

A study [36] from Honduras also found that providing either
US $1 or $5 of airtime significantly improved response rates
compared with the no incentive arm. Another study [22] showed
that providing an airtime incentive of at least 50 BDT in
Bangladesh and 5000 UGX in Uganda improved survey

participation compared to people without any incentive and also
reduced the number of incomplete interviews.

Our interactive voice response survey data collection was quick
and inexpensive. In Bangladesh, we collected 1165 complete
interviews in 21 days at a cost of approximately US $4.00 per
complete interview. In Uganda, 1248 complete interviews were
collected in 18 days at a cost under US $4.00 per complete
interview. Our findings are similar to those from a random-digit
dialing interactive voice response survey in Ghana collected
9469 complete interviews in 27 days at a cost of US $4.95 per
complete interview [37]. The average cost of a competed
interview is much lower than the average cost of such a
household survey, this indicates that the mobile phone survey
could be cost-effective compared to household surveys. For
instance, Lietz and colleagues [38] estimated the average cost
of per completed interview of the Nouna Health and
Demographic Survey in rural Burkina Faso as approximately
US $25. Although the specific objectives of that survey were
broader and required a longer amount of time than our survey,
future studies should compare the average cost of conducting
an interview in such mobile phone surveys. In Bangladesh, our
use of an airtime incentive to motivate participants to complete
the interview became cost-neutral compared to the control arm.
The savings in cost was due to the decreased number of partial
interviews and, therefore, fewer phone calls. We did not see a
similar finding in Uganda where the promised (US $1.35) and
lottery (US $28) incentive amounts were higher than those in
Bangladesh (promised: US $0.60; lottery: US $6.00). The
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difference in promised incentive amount may also account for
some differences in participation rate by country. Specifically,
people may not initiate a survey if the promised incentive
amount appears low, which would ultimately reduce
participation. Future work could manipulate the odds of winning
the lottery and its amount to ensure the incentive is cost-neutral
or even cost-saving [39].

Our cooperation and response rates were calculated in a
standardized manner using American Association for Public
Opinion Research guidelines [31], which allows for comparison
with other studies. In a nationally administered random-digit
dialing interactive voice response survey, with persons ≥18
years in Ghana, in which no incentives were provided, contact
(39%) and response (31%) rates were similar to those observed
in our control arms for Bangladesh and Uganda [37]. However,
we observed higher refusal and lower cooperation rates in
Bangladesh (refusal: 22%; cooperation: 28%) and Uganda
(refusal: 19%; cooperation: 41%) than what was observed in
Ghana (refusal: 7%; cooperation: 59%). These differences may
be explained by variations in the eligibility criteria, length of
survey, and the classification of disposition codes for complete,
break-offs, refusals, and partial interviews. For instance, L’Engle
and colleagues [37] defined complete interviews as responding
to all survey questions, while we defined complete as 4 out of
5 modules.

There are a range of ethical considerations in mobile phone
survey [40]. Our survey started with an introduction that
included the purpose of the study, the sponsoring agency, time
commitment, and that the data would be kept confidential.
Participants were offered an opportunity to consent to the survey
by pressing a button on their mobile phone and were allowed
to refuse to answer any question. Additional studies that evaluate
alternative ways to consent participants are needed to maximize
participant’s understanding of the study [41]. Additionally, there
has been considerable discussion on the ethics of incentives and
health research [42,43]. Our use of incentives was informed by
in-country stakeholders, amounts used were less than a day’s
working wage and were not paired with risky or unsafe behavior.
Nonetheless, we believe important to acknowledge that efforts
to optimize use of incentives, in general, should be informed
not only by cost-effectiveness considerations. Incentives that
insufficiently reflect response burden, or that, perhaps in rare
cases, have the potential to unduly influence or induce
participation, ought to be avoided.

We observed a higher proportion of male, young (ie, 18 to 29
years old), or urban residents compared to general population
in both countries. This finding was similar to those of
random-digit dialing interactive voice response surveys

conducted in Afghanistan, Ethiopia, Ghana, Mozambique,
Tanzania, and Zimbabwe [35,37,44]. Male gender, younger
age, higher education, and urban residence have been found to
be associated with mobile phone ownership in low- and
middle-income countries, including East Africa [45] and
Bangladesh [46]. This does raise concerns about the ability to
generate nationally representative estimates (ie, generalizability
of the findings). Advances in sampling and statistical
methodology may be required for such estimates. Quota
sampling could be used to ensure a more equal distribution of
the sociodemographic characteristics [47]. Others have found
that weighted estimates of noncommunicable disease indicators
collected via mobile phone survey approximate household
collected data [48].

This study has several strengths. First, the randomization was
automated and embedded within the interactive voice response
platform. This safeguarded against misallocation of participants
to study arm which could bias response and cooperation rates.
Second, we employed standardized protocols and questionnaires
in both countries and used the same technology platform to
deliver interactive voice response surveys to afford for
cross-country comparisons. Lastly, our sampling frame consisted
of all known mobile network operators in each country; thereby
minimizing potential selection bias.

In addition to underrepresentation from some sociodemographic
populations, this study has some limitations. First, there was a
substantial number of phone calls in Bangladesh and Uganda
where we were unable to determine the status of the phone
numbers. Calling people randomly can also reduce response.
We could not determine if the phone numbers we called were
active or inactive numbers [49]. As randomization to study arm
occurred after participants picked up the phone, we chose to
designate these phone calls as nonworking numbers. This
decision inflates our contact, response, and refusal rates, but
has no effect on the cooperation rate. Second, although not an
issue in Bangladesh where 99% of the respondents took the
interactive voice response survey in Bangla, our survey was
only available in 3 of the 6 major language groups in Uganda
[50]. This might lead to some selection error due to
unavailability of the preferred language and would have larger
implications for nationally representative surveys [35]. We did
not check the quality of collected data as that was not the main
purpose of this study; future studies should investigate that.

We investigated the response, contact, and cooperation rates of
2 different incentive structures compared to providing no
incentives in 2 geographically and linguistically, distinct
countries. We observed that providing either type of incentive
enhanced survey participation and minimized associated costs.
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Abstract

Background: Cognitive testing in large population surveys is frequently used to describe cognitive aging and determine the
incidence rates, risk factors, and long-term trajectories of the development of cognitive impairment. As these surveys are
increasingly administered on internet-based platforms, web-based and self-administered cognitive testing calls for close
investigation.

Objective: Web-based, self-administered versions of 2 age-sensitive cognitive tests, the Stop and Go Switching Task for
executive functioning and the Figure Identification test for perceptual speed, were developed and administered to adult participants
in the Understanding America Study. We examined differences in cognitive test scores across internet device types and the extent
to which the scores were associated with self-reported distractions in everyday environments in which the participants took the
tests. In addition, national norms were provided for the US population.

Methods: Data were collected from a probability-based internet panel representative of the US adult population—the
Understanding America Study. Participants with access to both a keyboard- and mouse-based device and a touch screen–based
device were asked to complete the cognitive tests twice in a randomized order across device types, whereas participants with
access to only 1 type of device were asked to complete the tests twice on the same device. At the end of each test, the participants
answered questions about interruptions and potential distractions that occurred during the test.

Results: Of the 7410 (Stop and Go) and 7216 (Figure Identification) participants who completed the device ownership survey,
6129 (82.71% for Stop and Go) and 6717 (93.08% for Figure Identification) participants completed the first session and correctly
responded to at least 70% of the trials. On average, the standardized differences across device types were small, with the absolute
value of Cohen d ranging from 0.05 (for the switch score in Stop and Go and the Figure Identification score) to 0.13 (for the
nonswitch score in Stop and Go). Poorer cognitive performance was moderately associated with older age (the absolute value of
r ranged from 0.32 to 0.61), and this relationship was comparable across device types (the absolute value of Cohen q ranged from
0.01 to 0.17). Approximately 12.72% (779/6123 for Stop and Go) and 12.32% (828/6721 for Figure Identification) of participants
were interrupted during the test. Interruptions predicted poorer cognitive performance (P<.01 for all scores). Specific distractions
(eg, watching television and listening to music) were inconsistently related to cognitive performance. National norms, calculated
as weighted average scores using sampling weights, suggested poorer cognitive performance as age increased.
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Conclusions: Cognitive scores assessed by self-administered web-based tests were sensitive to age differences in cognitive
performance and were comparable across the keyboard- and touch screen–based internet devices. Distraction in everyday
environments, especially when interrupted during the test, may result in a nontrivial bias in cognitive testing.

(J Med Internet Res 2022;24(5):e34347)   doi:10.2196/34347
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cognitive tests; internet; probability-based; web-based; executive function; response speed; self-administered test; mobile phone

Introduction

Background
Internet-based surveys have received widespread attention as
methods of large-scale data collection in many fields of health
research. Although internet surveys have traditionally focused
on the collection of self-reported data (eg, participants’
subjective attitudes, health behaviors, and self-reported medical
conditions), interest in the ability to conduct objective testing
of cognitive abilities over the internet has substantially increased
in recent years [1-4]. Cognitive capacities are relevant to
people’s ability to understand and act on information and serve
as a basis for higher-order functioning and well-being.
Large-scale monitoring of cognitive abilities is necessary to
determine incidence rates, risk factors, and long-term trajectories
of the development of cognitive impairment associated with
chronic conditions [5] and normal cognitive aging [6].

Tests of cognitive functioning are often included in large
population surveys administered face to face or over the
telephone [7,8]. Compared with these conventional assessment
strategies, large-scale internet-based cognitive testing has many
potential benefits. Internet surveys have the obvious advantages
of lower labor costs and quicker turnaround while achieving
demographic representations of the population similar to those
of traditional surveys [9]. Similar to conventional computerized
testing where a psychometrist is present [10], web-based
cognitive testing achieves higher precision and data quality
because of electronic scoring compared with human-based
scoring (eg, stopwatch), especially in timed assessments. Given
that web-based cognitive tests are self-administered, do not
require an examiner to be present, and eliminate manual entry
of data, they can be much more flexibly and efficiently
administered compared with conventional cognitive test formats
[11]. Participants can be tested at various times on their own
computers or mobile devices in their homes or in other daily
environments; responses can be automatically routed and test
responses stored electronically, thus making data available to
researchers or other interested stakeholders in near real time.
This allows for data collection with much larger and more
diverse participant samples [3,12].

Notwithstanding the potential advantages of web-based
cognitive testing, there are many open questions about the
accuracy of its administration. Self-administered web-based
cognitive tests reduce the level of standardization often seen in
tests administered by trained professionals, which involves
precisely controlled test environments and standardized
equipment. The lack of standardization is particularly fraught
for tests that are timed. Cognitive functioning scores may
potentially differ markedly depending on participants’computer

skills and the used device [13,14], such as whether the test is
taken on a laptop computer with a physical keyboard versus a
tablet or smartphone without a keyboard [1,15]. Moreover,
although self-administered web-based testing increases
flexibility and convenience of test administration in participants’
daily lives, this comes with the potential costs of excessive
measurement errors and biases associated with environmental
influences (eg, the location where the test is taken and
interruption by people or devices). To mitigate potential biases,
it has been recommended that web-based cognitive tests should
be specifically designed for unmonitored settings with clear
instructions and consistent administration across operating
systems, browsers, and devices [16]. Furthermore, as normative
data may not be comparable across different modes of
administration, norms should be made accessible specifically
for web-based cognitive testing and generated from large and
representative samples [13]. To date, available web-based
cognitive tests have been predominantly developed for detecting
age-related cognitive impairments in small and selected samples
and lack normative information that could be applied in
population-based studies [1,3].

To facilitate large-scale cognitive testing in the digital era, we
developed web-based self-administered tests of perceptual speed
and executive functioning in an existing US representative
internet survey panel—the Understanding America Study
(UAS). Panelists in the UAS complete monthly surveys and
assessments on their own devices in everyday environments,
providing an opportunity to evaluate the performance of these
measures in a large and diverse sample. This allowed us to
explore the extent to which the use of different web-based
devices and environmental influences (eg, location or
distractions) affects the precision of cognitive test scores and
develop nationally representative norms for use in
population-based research. Many web-based surveys and panels
are opt-in samples recruited on the web, such as through
Facebook advertisements. Using such a sample would
potentially risk overrepresenting individuals with stronger
connections to digital technology who are younger and have a
higher socioeconomic status. To avoid such biases, the UAS
recruits panel members using traditional methods (sampling
addresses from the United States Postal Service Delivery
Sequence File and initially contacting sampled individuals by
postcards and letters) and provides them with a tablet and
internet connection if they do not have access to the internet.

We focus on 2 cognitive domains—perceptual speed and
executive functioning—that involve the speed of answering
questions. Perceptual speed refers to how long an individual
requires to take in information, understand it, and begin to act
on it. It is typically measured as the time required to perceive
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and respond to visual information. Executive functioning entails
the cognitive skills used to control behavior. Key executive
functions include response inhibition (resisting automatic
impulses to act), interference control (suppressing attention to
unwanted information), and mental set shifting (being able to
change perspectives) [17]. Both perceptual speed and executive
functioning are fundamental cognitive skills that are distinct
from other cognitive domains such as verbal, spatial, and
memory abilities in that they are more sensitive to stress,
depression, lack of sleep, and poor physical health [17-19].
Thus, they can be important mediators in health-related studies
[20]. Although performance can be improved with training and
practice [17,21], these skills decline with age [22] and serve as
critical indicators of healthy aging or potential flags of
impairment. Declines in perceptual speed have also been shown
to portend other cognitive changes in older adults [23].
Furthermore, their time-dependent nature and proneness to
environmental influences make them sensitive to errors or biases
potentially induced by platform differences or everyday
environments.

Objectives of This Study
Our study had 3 objectives. The first was to examine differences
in cognitive test scores across different web-based devices and
the relationships between cognitive test scores and participant
age. To do so, we asked the UAS panelists to complete the
cognitive tests both on a keyboard-based computer (desktop or
laptop) and on a device with a touch screen (tablet or
smartphone) in a randomized order if both device types were
available or complete the same test twice if only one type of
device was available. The second objective was to study the
extent to which test scores are related to environmental
influences in everyday life, such as the location at which the
test occurs and momentary distractions. The third objective was
to provide test score norms based on a nationally representative
sample in which individuals with cognitive impairment or
potential dysfunction were not screened in or out. It is worth
noting that there is no clinical gold standard; thus, these norms
are not intended for clinical purposes, and thus, cognitive
impairment cutoffs are outside the scope of our work.

Methods

Participants
The data for this study were collected as part of the UAS [24],
a probability-based internet panel maintained at the University
of Southern California [25]. In contrast to convenience (opt-in)
panels, where participants self-select as members, UAS panelists
are recruited through nationwide address-based sampling. This
recruitment strategy relies on samples drawn with a known
probability of selection from a US Postal Service list of all
households in the nation, which tends to overcome many biases
in population parameters estimated from convenience panels
[26,27]. Participants without prior internet access are equipped
with broadband internet and a tablet, which is important, given
that internet access tends to be lower among older Americans
and those with lower education [28]. UAS members are asked
to complete 1 to 2 web-based assessments per month on various
topics, including psychosocial well-being, economic concerns,

retirement planning, decision-making strategies, and cognitive
assessments. All active members of the UAS internet panel
were asked to participate in these assessments, and no specific
inclusion or exclusion criteria were applied for participation in
this study.

The participants provided electronic informed consent for
participation.

Measures

Executive Functioning
We selected the Stop and Go Switching Task (SGST) developed
for telephone administration by Lachman et al [7,29], which
was implemented in the Midlife in the United States national
longitudinal study. In the original phone-administered version,
the experimenter says the word red or green, and the participant
responds by saying either stop or go. The SGST comprises
several conditions that are administered in series. In the normal
condition, the participant responds stop to red and go to green.
It is followed by a reverse condition where the participant
responds go to red and stop to green. These 2 baseline
conditions are followed by a mixed condition in which
participants switch back and forth between normal and reverse
instructions. The switch trials are the first response after the
participant has to change from one condition to another.
Nonswitch trials are those that do not involve a change in
instructions. The participants practice each condition before
beginning. Then, latencies are measured (based on audio
recordings of the telephone assessments) between the cue and
the response for the normal, reverse, switch, and nonswitch
trials. The median response time in each type of trial is used as
a score for one’s cognitive ability. The baseline normal condition
measures choice reaction time, the reverse condition requires
response inhibition, and the mixed condition requires task
switching all of which are aspects of executive functioning [7].

Perceptual Speed
The test of perceptual speed that we selected was the Figure
Identification test, which was originally developed as a
paper-and-pencil test. This is based on the work of Thurstone
[30] on primary mental abilities. The participant sees a target
figure on top of 5 horizontally aligned similar figures. All figures
are in black and white and vary in complexity, with some but
not all representing recognizable objects (eg, an abstract dog or
boat). The task is to identify 1 figure among the 5 that exactly
matches the target as quickly as possible while being accurate.
Perceptual speed is measured by counting the number of figures
correctly circled on paper within a preset time limit. The
paper-and-pencil version of the Figure Identification test has
long been used as part of the Dureman and Sälde battery [31],
especially in studies of cognitive aging [32].

Web-Based Adaptation of the Cognitive Tests

Prior Adaptation for the Web
Developers had already taken steps to develop web-based
versions of both cognitive tests. As much as possible, they
emulated the original tests, except that the stimuli were
presented on an electronic visual display (rather than on paper
or via telephone) and responded to by pressing keys on a

J Med Internet Res 2022 | vol. 24 | iss. 5 | e34347 | p.424https://www.jmir.org/2022/5/e34347
(page number not for citation purposes)

Liu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


keyboard or buttons on a touch screen (rather than circling
responses on paper or responding verbally), and responses and
reaction times were electronically captured. For the Figure
Identification test, respondents pressed the correct answer rather
than circling the correct answer on a sheet of paper showing the
figures (personal communication, Johansson). For SGST,
participants view the word red or green and respond by pressing
the S (stop) or G (go) key rather than answering verbally.
Viewing words rather than viewing, for example, a red or green
disk, eliminates the issues of color blindness. To minimize the
motor component in response time, participants were encouraged
to keep their fingers on the keys (JJ McArdle, CA Prescott, EE
Walters, GG Fisher, B Helppie McFall, K Peters, unpublished
user documentation, May 15, 2018). Administration of the
version, as developed by JJ McArdle, CA Prescott, EE Walters,
GG Fisher, B Helppie McFall, and K Peters (unpublished user
documentation, 2018), to a sample of 408 participants who
completed the SGST both by phone and web found longer
response times for web than for phone for normal and reverse
baseline conditions, longer response times for phone than for
web for switch trials, and no difference for nonswitch trials (R
McCammon, personal communication, January 11, 2022).

Further Adaptation in This Study
The UAS team administers surveys using the NubiS data
collection tool, an open-source, secure data collection, storage,
and dissemination system [33] developed at the Center for
Economic and Social Research, University of Southern
California. Surveys in NubiS are conducted in a web browser
environment designed to optimize the harmonization of the
survey experience across a wide variety of devices and browsers.
This avoids the need to accommodate changes in the device or
the web browser environment. Given the specific user interaction

mechanisms of the web-based cognitive tests, the surveys were
further refined to be administered on both devices with a
keyboard and mouse (eg, desktop or laptop computers) and
touch screen-based devices (eg, tablets or smartphones). For
keyboard-based devices, the interface responds to keys pressed
on the keyboard or mouse clicks. For touch screen–based
devices, the interface incorporates buttons for the possible
answer keys, which, when pressed, simulate the behavior of
their respective keyboard or mouse counterparts.

Figure 1 presents selected screenshots of the web-based versions.
At the beginning of each test, participants were given a brief
introduction to the task (see the left panels in Figure 1), followed
by a demonstration (right panels). After the demonstration,
practice trials were provided with automated feedback before
participants were asked to start the test. In the feedback,
participants were told whether their answer was correct or
incorrect; if incorrect, they were shown the correct answer and
were given another practice trial. The participants were also
instructed to set aside the uninterrupted time to complete the
tasks.

For both tests, item latencies were recorded in the client browser
as time lapsed, in milliseconds, between the moment of screen
fully loaded to the moment that an answer key was pressed or
the button was clicked (captured through a JavaScript onkeyup
event). The event of a fully loaded screen or page is captured
by a JavaScript document-ready expression from the client’s
browser. In this way, browser speed differences displaying the
page are excluded from the latency data, as is the time spent on
the server-client interaction. This ensures that any differences
in platform or browser speed in displaying or internet speed do
not affect the recorded response latencies.
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Figure 1. Screenshots of the introductory (left) and demonstration (right) pages of web-based versions of the Stop and Go Switching Task (top) and
the Figure Identification test (bottom).

Pilot Testing of the Web-Based Versions
A combined total of 964 UAS panelists were initially recruited
for a sequence of pilot tests and to provide feedback about their
experiences while performing the web-based tests. Feedback
was provided by respondents at the end of the pilot surveys via
closed-ended questions about the usability of various devices,
clarity of instructions, and an open-ended text box for additional
comments. The authors (JD, SS, YL, EM, and MG) used
descriptive statistics to examine responses to the feedback

questions and indicators such as item and survey nonresponse,
break off, and level of compliance with written directions.
Several refinements were made during the iterative process,
informed by the pilot data and participant feedback. First, the
number of practice sessions for the SGST was increased from
1 to 3 practice sessions for the baseline and reverse conditions
after 2 initial demonstrations to ensure that all participants were
fully aware of the specifics of the test for all trials. Second, the
wording of the instructions was refined to increase clarity in
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response to participant feedback. Third, we simplified the
presentation and layout on the screen by eliminating superfluous
elements (eg, a refuse button) on the screen. We also minimized
the number of different keys and streamlined the number of
hand motions that the participants needed to use throughout the
tests. For example, in the SGST, when a respondent is asked to
keep their fingers on certain keys on the keyboard, using the
spacebar to move to the next page is more natural than pressing
the next button, which requires operating a mouse (see the top
left panel in Figure 1).

Main Study Procedures and Measures

Overview
To compare the test performance when using a device with a
keyboard and mouse versus a touch screen, we designed a study
in which participants were asked to complete the tests twice in
separate modules. Those who had access to both device types
were randomized into using a keyboard and mouse first and
touch screen second, or vice versa, whereas participants who
had access to only 1 of the 2 types were asked to complete the
tests twice on the same device. Leveraging the within-person
design resulted in a much reduced and nonrepresentative sample
(1770 instead of 6129 for SGST and 1892 instead of 6717 for
the Figure Identification test). Therefore, our primary analyses
were based on the participants’ first completed test (ie, based
on a between-person comparison across device types). However,
we also report results from sensitivity analyses conducted in a
reduced sample of participants who provided data for the
within-person comparison across device types, which is in line
with the original study design.

The types of devices used by participants were monitored using
Mobile Detect, a hypertext preprocessor–based tool for
analyzing and classifying browser user agent strings [34]. When
entering each test session, the tool automatically analyzed the
browser user agent string to determine the device type, and the
survey instructed the participants to confirm or switch devices
if the detected type was inconsistent with the assigned type.
The SGST and Figure Identification tests were administered
separately, which were an average of 10.6 (SD 53.1) days apart.

SGST Scoring
The SGST included 10 normal and 10 reverse baseline trials,
as well as 23 nonswitch and 6 switch trials. Following prior
research using the telephone-administered version [7], each of
these 4 types of tasks was scored using median response times
across all trials within each trial type to reduce the effects of
outlier responses. Participants who failed to meet an acceptable
level of overall accuracy (at least 70% correct trials) were not
scored. Higher scores indicate slower median response times
and, thus, poorer executive functioning. The test items were
simple enough that anyone could answer them correctly when
spending sufficient effort. The response times then measured
the concepts of interest as the amount of effort required to
respond. When a respondent answers many items incorrectly,
it, therefore, likely indicates problems such as carelessness or
inattention, which may correspond to rushing through the items,
making the response times less valid measures of the concepts
we intended to measure. To guard against this, we followed the

literature and excluded respondents with too many incorrect
items. There is a trade-off between validity at the individual
level and representativeness and the overall sample size. We
considered several cutoffs and, based on descriptive analyses
of early data extracts, concluded that 70% best balanced the 2
objectives in this trade-off.

Figure Identification Test Scoring
In the original paper-and-pencil version, the Figure Identification
test was administered in 2 sets of 30 items each. Participants
were given 120 seconds per set to complete as many items as
they could, and the final score was the total number of figures
that a person had solved correctly within the preset time limits
[31]. In this study, administering the test on the web made it
unnecessary to terminate the test after a preset time limit, as we
were able to set posterior time limits [35]. Therefore, we asked
participants to complete all 60 figures. To eliminate potential
order effects, the figures were grouped into 6 blocks of 10, and
the order of the blocks was randomized. We used the median
and IQR of the item-level response times obtained from the
pilot data as proxies of item difficulty and discrimination
measures when creating the blocks of items. The 6 items with
the lowest median were randomly assigned to the 6 blocks, and
so were the remaining items. To ensure the resulted blocks were
comparable, we repeated this process 500 times and chose a
combination with a similar overall median and IQR across
blocks.

To derive a final Figure Identification test score, we used a
posterior time limit of 90 seconds per 30-item set as preliminary
analyses indicated ceiling effects when the original 120-second
limit was used, with many participants obtaining scores
approaching the maximum possible score. It is well-known that
electronic responses tend to be faster than paper-based because
of differences in item presentation and response format (eg,
pressing a key instead of marking a mark with a pen) [36]. Thus,
the final score was the total number of correctly identified
figures within 2×90 seconds. As with the SGST, we required
that a respondent had at least 70% correct figures to be scored.
The rationale was to screen out inattentive responders as our
prior research has shown that having <70% figures incorrect
on the Figure Identification test is an indicator of careless,
inattentive responding and likely yields invalid test results [37].
Extreme outlier response times >30 seconds (99.80th percentile
across all responses) were removed from the data and did not
count toward the respondent’s correctly solved figures. Higher
scores on the test reflect a faster perceptual speed.

Although, in combination, the scoring of the Figure
Identification test reflects both the speed and accuracy of
responses, it is also of interest to examine these components
separately. To date, it is not known whether device differences
or environmental influences in self-administered web-based
cognitive tests affect response speed, response accuracy, neither,
or both. Therefore, as a secondary set of scores derived from
the test, we also examined (1) response inaccuracy (ie, the
percentage of figures a respondent had incorrect) and (2)
participants’ response latency (ie, the median response time of
all accurate trials) as separate outcome measures. For both
measures, higher scores reflected worse performance.
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Posttest Survey on Readability and Screen Navigation
After each test session, the participants were asked about their
experiences. This included (1) how clearly they were able to
see the text, buttons, or figures (very clearly, not very clearly,
and not clearly at all); (2) difficulty navigating the screen such
as tapping, clicking, or needing to scroll (very easy, somewhat
easy, somewhat difficult, and very difficult); and (3) the overall
experience (eg, needing to scroll or move the screen to see all
content, content obscured by something else, or no technical
difficulties). They were also provided an open-ended text box
to leave additional comments.

Environmental Influences
Information on participants’ current location and momentary
distractions was collected via self-report immediately after each
session of the cognitive test. A single item asked the participants
where they were when they completed the test (at home or their
residence, at work, at school, in a public place, riding a car or
other transportation, or walking outside), which was recoded
as being at home (1) or not (0). To assess momentary
distractions, participants were asked about other activities they
performed while they completed the test (talking to other people,
listening to music or podcasts, watching television, playing
games, following content on the internet, texting, or checking
their email). Each activity option was coded as yes (1) or no
(0). Finally, participants were asked whether they were
interrupted by anything while completing the test (answers: yes
or no).

Demographic Variables
Demographic information was collected quarterly from the UAS
survey panel. This included sex, age, race and ethnicity,
education, and household income. The mean age of participants
in this study was 49.6 (SD 15.8, range 18-101) years for the
analysis of the SGST and 50.5 (SD 16.0, range 18-102) years
for the Figure Identification test. Approximately three-fifths
were female (3620/6129, 59.06% for SGST; 4021/6717, 59.86%
for Figure Identification), approximately two-thirds were White
(4030/6119, 65.86% for SGST; 4323/6708, 64.45% for Figure
Identification), slightly less than half had a bachelor’s degree
or more (2732/6127, 44.59% for SGST; 2797/6715, 41.65%
for Figure Identification), and approximately three-fifths had a
household income of ≥US $50,000 (3730/6113, 61.01% for
SGST; 3922/6701, 58.53% for Figure Identification).

Analysis Strategy
The analyses were conducted separately for the collected SGST
and Figure Identification test data. For primary analyses of each
cognitive test, we included all participants who completed at
least one session of the test and responded correctly to at least
70% of the trials, regardless of the type of device used.
Sensitivity analyses examined within-person differences in test
scores among the smaller group that completed the tests on both
device types. Demographic characteristics were compared across

device ownership groups using the Pearson chi-square test. A
comparison of the cognitive scores across the keyboard- and
touch screen–based devices was performed in 2 ways. First, we
used Cohen d as a measure of the standardized mean difference.
We considered the standardized mean difference to be small
with d=0.20, medium with d=0.50, and large with d=0.80 [38].
Second, Pearson correlation was used to quantify the association
between the cognitive scores and the respondent’s age, where
scatterplots were inspected to detect potential nonlinear
relationships. Cohen q was used to quantify differences in the
age correlation across device types, where values of 0.10, 0.30,
and 0.50 can be interpreted as small, medium, and large effects,
respectively [38]. To understand the association between
cognitive scores and environmental influences, multivariable
regression was used with age as a covariate. We controlled for
age in this analysis to avoid omitted variable bias, given that
cognitive performance is hypothesized to decline as one’s age
increases, and environmental influences may also be related to
age. Effects at P<.05 were considered statistically significant.
Finally, US population norms for cognitive scores were
computed as weighted mean cognitive scores for different age
groups using standard UAS survey weights [39]. All analyses
were performed using Stata (version 16) and SAS (version 9.4).

Ethics Approval
This study was approved by the institutional review board of
the University of Southern California (UPS 14-00148).

Results

Descriptive Characteristics of the Analysis Sample
For the SGST, among the 9453 panelists invited to participate,
7410 (78.39%) completed the device ownership survey. Of
those 7410 individuals, 7039 (94.99%) completed the first
session, and 6129 (82.71%) correctly responded to at least 70%
of the trials and received a score; one case was excluded from
the analysis because of a lack of information about the device
they used. For the Figure Identification test, 9445 were invited,
and 7216 (76.4%) participants completed the device ownership
survey. Of those 7216 individuals, 6879 (95.33%) completed
the first session, and 6717 (93.08%) correctly identified at least
70% of the figures and were analyzed. A small proportion of
the participants (194/7292, 2.66% for SGST; 9/6888, 0.13%
for the Figure Identification test) dropped out after the practice
trials.

Table 1 shows the demographic composition of the analytic
samples overall and by the devices owned. Those with only a
touch screen device were younger, had lower education, had
lower household income, and were less likely to be male or
White than those with only a keyboard device. Individuals who
had both types of devices tended to have higher education and
household income and were slightly younger and more likely
to be White than single-device owners.
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Table 1. Demographic characteristics of the study samples.

P valueFigure Identification test (n=6717)P valueStop and Go Switching Task (n=6129)Participant characteristics

Mobile only,
n (%)

Keyboard only,
n (%)

Both devices,
n (%)

Mobile only,
n (%)

Keyboard only,
n (%)

Both devices,
n (%)

(n=2200)(n=1172)(n=3345)(n=1942)(n=959)(n=3228)

<.001<.001Age (years)

475 (21.59)100 (8.53)684 (20.45)443 (22.81)99 (10.3)687 (21.28)18-34

520 (23.64)156 (13.31)703 (21.02)474 (24.41)129 (13.5)688 (21.31)35-44

433 (19.68)165 (14.08)635 (18.98)365 (18.8)154 (16.1)623 (19.3)45-54

408 (18.55)280 (23.89)643 (19.22)368 (18.95)226 (23.6)591 (18.31)55-64

287 (13.05)293 (25)516 (15.43)225 (11.59)239 (25)501 (15.52)65-74

77 (3.5)178 (15.19)164 (4.9)67 (3.45)110 (11.5)134 (4.15)≥75

<.001<.001Race

1289 (58.59)850 (72.53)2184 (65.29)1183 (60.92)692 (72.3)2155 (66.76)Non-Hispanic White

204 (9.27)72 (6.14)237 (7.09)167 (8.6)46 (4.8)210 (6.51)Non-Hispanic Black

514 (23.36)130 (11.09)519 (15.52)422 (21.73)115 (12)490 (15.18)Hispanic

190 (8.64)119 (10.15)400 (11.96)168 (8.65)104 (10.9)367 (11.37)Non-Hispanic other

<.001<.001Sex

750 (34.09)604 (51.54)1342 (40.12)695 (35.79)482 (50.3)1332 (41.26)Men

1450 (65.91)568 (48.46)2003 (59.88)1247 (64.21)477 (49.7)1896 (58.73)Women

<.001<.001Education

724 (32.91)267 (22.78)478 (14.29)592 (30.48)203 (21.2)433 (13.41)High school or less

921 (41.86)415 (35.41)1113 (33.27)817 (42.07)322 (33.6)1028 (31.85)Some college

553 (25.14)490 (41.81)1754 (52.44)532 (27.39)434 (45.3)1766 (54.71)Bachelor or more

<.001<.001Household income (US $)

671 (30.5)216 (18.43)453 (13.54)541 (27.86)159 (16.6)396 (12.27)≤24,999

558 (25.36)283 (24.15)598 (17.88)481 (24.77)233 (24.4)573 (17.75)25,000-49,999

579 (26.32)420 (35.84)1167 (34.89)537 (27.65)343 (35.9)1139 (35.29)50,000-99,999

390 (17.73)247 (21.08)1119 (33.45)381 (19.62)221 (23.1)1109 (34.36)≥100,000

Readability and Test Experience
Of the 6129 and 6717 participants who met the 70% correctness
threshold to be in the analysis samples for the SGST and the
Figure Identification tests, 5901 of 6129 (96.28 for SGST) and
6492 of 6715 (96.68% for the Figure Identification test) reported
seeing the text and buttons very clearly, 5746 of 6129 (93.75%
for SGST) and 6372 of 6714 (94.91% for the Figure
Identification test) considered it very or somewhat easy to
navigate the screen, and 5231 of 6129 (85.35% for SGST) and
6075 of 6710 (90.54% for the Figure Identification test) reported
that the text and buttons fit on the same screen with no technical
difficulties, respectively. Those who completed the session but
did not meet the 70% correctness threshold reported somewhat
more problems. For the SGST, 73.7% (671/910) reported seeing
the content very clearly, 72.7% (662/910) considered it very or
somewhat easy to navigate, and 66% (598/906) had no technical
difficulties; for the Figure Identification test, 63.8% (88/138)
reported seeing the content very clearly, 70.8% (97/137)

considered it very or somewhat easy to navigate, and 54.8%
(74/135) had no technical difficulties.

Comparison of Cognitive Scores Across Device Types
The results of the primary analyses of SGST are shown in the
top panel of Table 2. The average SGST scores, which are the
median response times for each type of trial, ranged from 0.92
to 1.53 seconds. The switch trials were the slowest, and the
nonswitch trials were the fastest. The difference across device
types was small on average, with scores on touch screen devices
being 0.03 to 0.06 seconds slower than on keyboard devices.
Standardized mean differences (Cohen d) ranged from 0.05 (for
switch trials) to 0.13 (nonswitch trials), which is below the
threshold of 0.20 for a small effect. All 4 scores were positively
correlated with age (correlations ranged from 0.32 to 0.50),
indicating a slower performance with higher age. The age
correlations were similar across platforms; Cohen q for
differences in age correlations ranged in absolute value from
0.01 (for switch trials) to 0.09 (for reverse baseline trials), which
is below the threshold of 0.10 for a small effect.
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Table 2. Comparison of cognitive scores and their correlation with age across device types.

Cohen qCorrelation with ageCohen d (95% CI)Values, mean (SD)Cognitive scores

Touch screenKeyboardTouch screenKeyboard

Stop and Go Switching Taska

0.070.320.380.07 (0.02 to 0.12)1.09 (0.80)1.04 (0.56)Baselineb

−0.090.430.350.10 (0.05 to 0.15)1.16 (0.59)1.10 (0.58)Reverse baselineb

−0.030.500.480.13 (0.08 to 0.18)0.97 (0.34)0.92 (0.32)Nonswitchb

0.010.340.350.05 (−0.01 to 0.10)1.53 (0.63)1.50 (0.70)Switchb

The Figure Identification testc

−0.17−0.49−0.610.05 (0.01 to 0.10)41.96 (8.36)41.51 (8.43)The Figure Identification test scored

0.00−0.05−0.040.32 (0.27 to 0.37)7.40 (5.70)5.70 (4.97)Percentage figures incorrecte

0.150.450.56−0.13 (−0.18 to −0.08)4.53 (1.74)4.76 (1.78)Median response timesb

aFor Stop and Go Switching Task, keyboard n=2820 and touch screen n=3309.
bMeans and SDs are presented for seconds.
cFor the Figure Identification test, keyboard n=3182 and touch screen n=3309.
dMeans and SDs are presented for the number of figures.
eMeans and SDs are presented for percentage.

As shown in the bottom panel of Table 2, the average Figure
Identification test scores were very similar across device types,
with a mean score of 41.5 (SD 8.43, possible range 0-60) for
keyboard and 41.96 (SD 8.36) for touch screen devices (d=0.05).
The scores showed pronounced negative correlations with age
(r=−0.61 when completed on a keyboard device and r=−0.49
when completed on a touch screen device). The age relationship
was stronger for the keyboard than for the touch screen
(q=−0.17, just less than halfway between a small and medium
effect size). The results for the secondary Figure Identification
outcome measures suggested that participants made more
mistakes when using a touch screen device (average percent
incorrect figures 7.4, SD 5.70) than when using a keyboard
device (average percent incorrect figures 5.7, SD 4.97; d=0.32,
just less than half way between a small and medium effect),
whereas response times were faster on average when using a
touch screen device (mean of median response times 4.53, SD
1.74) than when using a keyboard device (mean of median
response times 4.76, SD 1.78; d=0.13, a small effect). Older
age was weakly associated with a lower percentage of incorrect
figures (r=−0.044 for keyboard and r=−0.045 for touch screen;
q=0.001) and strongly associated with slower responses (r=0.56
for keyboard and r=0.45 for touch screen; q=0.15). No
meaningful nonlinear trend was observed between age and
SGST or the Figure Identification test scores.

As a sensitivity check, we also conducted a within-person
comparison of test scores among the smaller subgroup of
participants who completed the cognitive tests consecutively
on both device types. This analysis included 46.44%
(1770/3811) of SGST participants and 55.76% (1892/3393) of
Figure Identification test participants who owned both device
types, took the test twice using a keyboard and touch screen
device, and met the 70% correctness threshold for both sessions.
Multimedia Appendix 1 Table S1 shows that respondents who

met these criteria were younger on average; had higher
education; had a higher household income; were more likely
White; and (for the SGST sample) more likely male compared
with respondents who owned both device types but did not meet
the criteria. As shown in Multimedia Appendix 2 Table S2,
respondents included in the within-person comparison showed
somewhat faster response times on the SGST and better scores
on the Figure Identification test (for both device types) compared
with the full analysis sample. Within-person analyses of mean
differences between devices largely replicated the results in the
full sample, with effect sizes that were somewhat more
pronounced for SGST and slightly smaller for the Figure
Identification test. Correlations of the cognitive scores across
device types were moderate to large, ranging from 0.37 (baseline
trials in SGST) to 0.83 (median response times in the Figure
Identification test).

Environmental Influences
Participants were allowed to take the cognitive tests at the time
and location of their preferences. Hence, although they were
instructed to set aside some uninterrupted time before the tests,
it is possible that the participants experienced distractions during
testing. Using self-reports on environmental factors, Table 3
shows that approximately 89.6% (5486/6123 for the SGST
sample) and 89.57% (6020/6721 for the Figure Identification
test) of the participants took the tests at home. Approximately
12% to 13% of participants (779/6122, 12.72% for the SGST
sample; 828/6718, 12.33% for the Figure Identification test)
reported being interrupted while completing the test. Watching
television (930/6101, 15.24% for the SGST sample; 962/6696,
14.37% for the Figure Identification test), listening to music or
podcasts (518/6101, 8.49% for the SGST sample; 576/6696,
8.6% for the Figure Identification test), and talking with others
(398/6101, 6.52% for the SGST sample; 483/6696, 7.21% for
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the Figure Identification test) were the most frequently reported
distractors.

Tables 4 and 5 report the results of the regression analysis
relating cognitive scores to potential distractions while
controlling for age. Being interrupted during the SGST task was
associated with significantly (P<.01) poorer performance on all
subtests, with median response times being 0.07 (nonswitch
trials) to 0.15 (switch trials) slower for participants who reported
being interrupted. Watching television was predictive of slower
responses on the nonswitch (0.03 seconds slower; P=.02) and
switch trials (0.06 seconds; P=.007), and texting or checking
email was predictive of slower responses on switch trials (0.23
seconds; P=.02). For the Figure Identification test, being
interrupted during the task was associated with lower scores
(0.89 fewer figures identified during the time limit; P=.002),
as were watching television (1.44 fewer figures identified;
P<.001), texting or checking email (2.87 fewer figures; P<.001),
and playing another game during the task (4.21 fewer figures;
P=.047). The results for the secondary Figure Identification test
outcomes showed that watching television and following content
on the internet were associated with a higher percentage of
incorrect figures, whereas being interrupted, watching television,

and texting or checking email were associated with slower
median response times.

We also examined the association between environmental
influences and age. If environments and distractions varied by
age, this could at least partially account for the observed age
differences in cognitive test scores. Younger age was
significantly associated with a greater likelihood of taking the
test away from home (r=.12, P<.001, both for the SGST and
the Figure Identification test samples), being interrupted (r=.04,
P<.001, SGST; r=.05, P<.001, Figure Identification test), talking
(r=.09, P<.001, SGST; r=.12, P<.001, Figure Identification
test), listening to music (r=.08, P<.001, SGST; r=.08, P<.001,
Figure Identification test), following content on the internet
(r=.05, P<.001, SGST; r=.04, P=.001, Figure Identification
test), and texting or checking email during the test (r=.03,
P=.008, Figure Identification test only). However, these factors
did not meaningfully affect the relationship between age and
cognitive scores. When comparing zero-order correlations
between age and cognitive test scores with partial correlations
that controlled for environmental influences, the correlations
differed by less than q=0.01 for all tests.

Table 3. Frequency distribution of environmental influence factors.

Figure Identification test (n=6721), n (%)SGSTa (n=6123), n (%)Environmental influences

828 (12.32)779 (12.72)Interrupted during test

6020 (89.57)5486 (89.6)Being at homeb

962 (14.31)930 (15.19)Watching television

576 (8.57)518 (8.46)Listening to music or podcast

483 (7.19)398 (6.69)Talking to others

45 (0.67)42 (0.69)Texting or checking email

41 (0.61)41 (0.67)Following content on internet

11 (0.16)7 (0.11)Playing another game

aSGST: Stop and Go Switching Task.
bAlternative responses to being at home included taking the test at work, at school, in a public place, riding a car or other transportation, or walking
outside.

Table 4. Regression results associating environmental distractors with the Stop and Go Switching Task performance (N=6095).

SwitchNonswitchReverse baselineNormal baselineEnvironmental influences

P valueb (SE)P valueb (SE)P valueb (SE)P valueb (SE)

<.0010.15 (0.03)<.0010.07 (0.01)<.0010.08 (0.02).0060.08 (0.03)Interrupted during test

.610.01 (0.03).130.02 (0.01).540.01 (0.02).810.01 (0.03)Being at home

.0070.06 (0.02).020.03 (0.01).110.03 (0.02).500.02 (0.02)Watching television

.80−0.01 (0.03).840.00 (0.01).770.01 (0.03).330.03 (0.03)Listening to music or podcasts

.440.03 (0.04).990.00 (0.02).350.03 (0.03).49−0.03 (0.04)Talking to others

.020.23 (0.10).930.00 (0.05).130.13 (0.09).420.09 (0.11)Texting or checking email

.970.00 (0.10).83−0.01 (0.05).340.08 (0.09).860.02 (0.11)Following content on the internet

.080.41 (0.24).340.11 (0.11).97−0.01 (0.21).290.26 (0.25)Playing another game
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Table 5. Regression results associating environmental distractors with the Figure Identification test performance (N=6687).

Median response timePercentage incorrectFigure Identification test scoreEnvironmental influences

P valueb (SE)P valueb (SE)P valueb (SE)

.0030.18 (0.06).16.0.31 (0.22).002−0.89 (0.28)Interrupted during test

.240.07 (0.06).53−0.14 (0.22).54−0.18 (0.29)Being at home

<.0010.23 (0.05).010.49 (0.19)<.001−1.44 (0.25)Watching television

.220.08 (0.07).09−0.40 (0.24).720.11 (0.31)Listening to music or podcasts

.240.09 (0.08).820.06 (0.28).09−0.60 (0.36)Talking to others

<.0010.98 (0.23).05−1.70 (0.88).007−2.87 (1.06)Texting or checking email

.850.05 (0.25).012.29 (0.88).87−0.19 (1.13)Following content on the internet

.200.60 (0.46).600.86 (1.65).047−4.21 (2.13)Playing another game

Norms
After applying the sampling weights developed for the UAS
panel, we computed the norms for the two cognitive tests that

were representative of the general US population. Tables 6 and
7 show the weighted averages of test scores by age group with
95% CIs, including participants who reported being distracted.

Table 6. Weighted averages of the Stop and Go Switching Task scores with 95% CI by age group (N=5933).

Switch average (95% CI)Nonswitch average (95% CI)Reverse baseline average (95% CI)Baseline average (95% CI)Age group (years)

1.25 (1.22-1.29)0.76 (0.75-0.77)0.88 (0.86-0.90)0.80 (0.78-0.82)18-34

1.36 (1.32-1.40)0.84 (0.82-0.85)0.98 (0.95-1.00)0.90 (0.86-0.93)35-44

1.55 (1.48-1.62)0.94 (0.92-0.96)1.11 (1.08-1.14)1.04 (1.00-1.07)45-54

1.61 (1.56-1.67)1.04 (1.02-1.07)1.28 (1.23-1.33)1.29 (1.15-1.42)55-64

1.86 (1.80-1.92)1.20 (1.16-1.24)1.50 (1.43-1.57)1.44 (1.36-1.52)65-74

2.01 (1.88-2.14)1.22 (1.16-1.29)1.49 (1.38-1.61)1.50 (1.35-1.64)≥75

Table 7. Weighted averages of the Figure Identification test scores with 95% CI by age group (N=6492).

Median response time (95% CI)Percentage incorrect (95% CI)The Figure Identification test score (95% CI)Age group (years)

3.56 (3.48-3.64)7.01 (6.64-7.39)47.79 (47.27-48.31)18-34

4.03 (3.93-4.14)6.72 (6.34-7.11)45.01 (44.45-45.56)35-44

4.74 (4.62-4.88)6.80 (6.34-7.25)40.69 (40.10-41.28)45-54

5.20 (5.06-5.34)6.62 (6.19-7.04)38.44 (37.89-38.98)55-64

5.88 (5.73-6.03)6.40 (5.95-6.86)35.52 (35.04-36.00)65-74

6.44 (6.18-6.71)6.53 (5.83-7.23)33.58 (32.80-34.36)≥75

Discussion

Principal Findings
Surveys are increasingly being administered over the internet,
posing questions about the quality of web-based information.
This is especially true for measures of cognition. Cognitive tests
have traditionally been administered in controlled environments
under the supervision of a trained psychometrist, whereas
administration in web surveys is potentially subject to spurious
differences related to the type of device used by the respondent
and distractions outside the control of the survey agency
[13,16,40]. Nevertheless, assessing participants’ cognitive
abilities in large, nationally representative samples is often
desirable [7,8]. In this paper, we studied web-based versions of
2 types of speeded cognitive tests—a switching test (SGST) to

measure executive functioning and a matching test (Figure
Identification test) to measure perceptual speed—in a nationally
representative sample of US adults.

We developed the tests and their implementation iteratively
through pilot tests and feedback from the participants in those
pilots. Importantly, we imposed no restrictions on the system
or hardware requirements, with the goal of broadly
accommodating all devices that participants might have
available. The final versions worked well for a large majority
of participants in the full sample, and most participants reported
experiencing no difficulties seeing the text and buttons clearly
or navigating the screens. Somewhat greater difficulties with
the self-administered tests were reported among the smaller
subsets of participants who either did not finish the tests or
provided <70% accurate answers and were, therefore, not scored.
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It is also noteworthy that the rate of participants who did not
meet this accuracy criterion was about twice as high (910/7039,
12.93%) for the SGST administered in this study compared with
a previous report of telephone-administered SGST (262/4268,
6.1%) [7]. Further investigation revealed that 36.4% (332/912)
of the excluded SGST sample failed in almost all the reverse
baseline trials. This group’s accuracy rate was high for the
normal baseline trials as well as the practice trials of the reverse
baseline condition. They also performed reasonably well in
trials alternating between normal and reverse conditions (ie,
switch and nonswitch trials), which suggests that these
respondents might have mistakenly applied the normal baseline
rules to the reverse baseline trials. For future respondents, we
further modified the instructions by reiterating the reverse
baseline rules between the practice and scorable trials of the
same condition. As the development of web-based cognitive
tests in the UAS is an ongoing process, further reduction of the
remaining technical difficulties could continue to optimize test
administration to ensure that the tests work as intended for all
participants.

To compare any device effects, we asked individuals who had
both a keyboard-based device and a touch screen–based device
to perform the tests once on each device, for which we
randomized the order. Successfully implementing this
experimental study design component ultimately proved
challenging as participants did not own both devices, did not
agree to complete the tests on both devices, or did not use both
devices as instructed, which resulted in a much reduced and
nonrepresentative sample. This highlights the challenges
frequently associated with executing randomized experiments
in the context of large-scale internet panels [41]. Nevertheless,
when comparing participants’scores for the first session, which
yielded a very high participation rate, we found that keyboard-
and touch screen-based devices yielded very similar scores in
terms of participants’ average cognitive performance. This was
corroborated by the results from within-person analyses in the
subsample of participants who successfully completed the
experimental study design.

We found that older age was associated with worse scores on
both cognitive tests, regardless of the device type. The observed
worsening of scores was evident over the full adult age range,
consistent with the theoretically expected age-normative
cognitive trajectories [42]. Although we cannot rule out that the
relationship with age is partially because of differences in
familiarity with digital devices, the correlations between age
and cognitive scores were consistent in magnitude with those
previously reported for the original tests administered with
traditional assessment formats. Scores on the SGST have been
reported to correlate with age at 0.34 when the test was
administered via telephone in the Midlife in the United States
study [7], consistent with the correlations (ranging from 0.32
to 0.50) observed in this study. Similarly, age correlations for
the traditional paper-and-pencil administered Figure
Identification test ranged from −0.46 to −0.55 across waves in
the Swedish Adoption/Twin Study of Aging [23,43], comparable
in magnitude to those in this study (range −0.49 to −0.61).
Furthermore, the tests themselves require only minimal
familiarity with digital devices (pressing a specific key or

button), which UAS members likely had already acquired in
previous surveys in which they participated.

To date, only a few studies have examined the influence of
different test settings on cognitive test scores [12,44]. To study
the potential effects of the lack of a controlled environment, we
asked the participants about their location and the number of
potential distractions in day-to-day life during the testing.
Although participants were allowed to complete the tests in any
location, the vast majority completed them in their home
environment, in part because data collection took place during
the COVID-19 pandemic between November 2020 and April
2021. This may have reduced environmental influences to some
extent. Nevertheless, a nontrivial number of participants were
interrupted during the test or engaged in simultaneous activities
that could be distracting, especially watching television or
listening to music. Furthermore, our regression analyses showed
that many of these environmental factors significantly affected
the cognitive test scores. To evaluate the magnitude of these
effects, apart from their statistical significance, it is useful to
view them in the context of the corresponding age effects on
cognitive scores. For the Figure Identification test, being
interrupted was associated with a reduction of 0.89 figures
correctly solved within the time limit (Table 5), which is
approximately the same amount as the reduction in the Figure
Identification test scores that would be expected for 3 years
increase in age (Table 7). Similarly, for the SGST, being
interrupted reduced participants’performance by approximately
0.08 to 0.15 seconds on average (Table 4), which corresponds
with a performance reduction that would be expected for
approximately 4 to 9 years increase in age (Table 6). This
suggests that environmental distractions may have a nontrivial
yet modest biasing impact when using observed cognitive scores
in population-based research.

These environmental distractions occurred despite our
instructing respondents to set aside uninterrupted time to
complete the cognitive tasks. We developed an expanded
warning about potential interruptions that concludes by requiring
the participant to respond affirmatively that now is a good time
to complete the tasks. We recommend that this approach be
incorporated by other researchers using remote testing.

Our study had several limitations that should be considered.
First, a nontrivial number of UAS panelists were not scored as
they did not meet the accuracy threshold. Further investigation
is important to understand the reasons (eg, to what extent this
was because of inattentiveness vs the participants’ lack of
capability to complete the tasks) and the extent to which this
introduced systematic bias in this study. Second, we developed
tests in a probability panel, which mitigates the digital divide
known to be associated with socioeconomic status by providing
internet-connected devices to those who need them. However,
it is possible that participants with low computer skills and
poorer cognitive functioning were less likely to participate in
this study. Third, our sample was predominantly
English-speaking; the very small proportion of Spanish-speaking
participants did not allow meaningful analyses or comparisons
across language subgroups. Although the cognitive tests studied
in this paper are less language dependent than many other
commonly used neurocognitive tests, caution should be taken
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when generalizing the study findings to specific subpopulations.
Fourth, although the comparison of scores across device types
was the primary objective of this study, there are many
fine-grained differences within each of the device types (eg,
screen or display size, keyboard, and touch screen functionality)
that we did not examine, which could affect cognitive test
scores. Fifth, although our sample included a group of older
adults aged ≥75 years, the sample sizes were relatively small
(311/6129, 5.07% for SGST; 419/6717, 6.24% for the Figure
Identification test). Findings specific to this age group, such as
the norms on cognitive scores, should be validated in larger
samples in the future. Finally, our results suggest a small but
unignorable impact of environmental distractions on test
performance, which is an inherent problem for self-administered
tests in general. In part, such inattentiveness may also lead to
some participants failing to meet the accuracy threshold. Future
studies are indispensable to detangle inattention from incapacity
and explore ways of improving attention and reducing
distractions.

Conclusions
Keeping these caveats in mind, we conclude that our rigorously
developed cognitive measures are not unduly biased by the

relative lack of standardization associated with web-based
cognitive testing environments. The degree of error introduced
by variations in devices and environments does not undermine
the sensitivity of the measures used to detect group differences
for research purposes. At the same time, we caution that the
errors may be substantial enough to impede the accuracy of
clinical decisions for individuals.

Our normative data, as presented, are suitable for interpreting
SGST and the Figure Identification test results from future
studies of English-speaking speaking US adult populations. To
date, very few studies have provided normative data for
web-based self-administered cognitive tests, and the quality of
the norms provided here benefits from sampling weights
developed within an existing probability-based sample and from
larger sample sizes compared with previously reported
web-based cognitive test data [1,3,4,12]. However, we also note
that the samples used here are smaller than those used for
validating and norming psychological tests in other areas such
as quality of life research [45]; therefore, these numbers should
be used with caution until more experience with these tests in
web surveys has been gained.
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Abstract

Background: eHealth applications for stroke are a growing area of research that has yielded promising results. However, little
is known about how stroke survivors engage with the internet, social media, and other digital technologies on a day-to-day basis.

Objective: This study had three main objectives: to describe the type, frequency, and purpose of technology use among a cohort
of low-morbidity stroke survivors; to investigate associations between social media use and participant factors, including
sociodemographics, physical function, and independence in activities of daily living; and to investigate associations between
stroke-related health risk factors and the use of the internet to search for health and medical information.

Methods: This study is a secondary analysis of data obtained during a national randomized controlled trial—Prevent 2nd Stroke.
The participants were stroke survivors recruited from 2 Australian stroke registries who completed 2 telephone-administered
surveys to collect data on demographics and stroke characteristics; health risk factors (diet quality, physical activity, blood pressure
medication, alcohol intake, anxiety and depression, and smoking status); physical functioning; independence in activities of daily
living; and questions about what technology they had access to, how often they used it, and for what purposes. Participants were
eligible if they had no more than a moderate level of disability (modified Rankin score ≤3) and had access to the internet.
Multivariable logistic regression was used to assess the associations between social media use and sociodemographics, physical
function, and independence in activities of daily living as well as associations between stroke-related health risk factors and the
use of the internet to search for health and medical information.

Results: Data from 354 participants were included in the analysis. Approximately 79.1% (280/354) of participants used the
internet at least daily, 40.8% (118/289) accessed social media on their phone or tablet daily, and 46.4% (134/289) looked up
health and medical information at least monthly. Women were 2.7 times more likely to use social media (adjusted odds ratio
2.65, 95% CI 1.51-4.72), and people aged >75 years were significantly less likely to use social media compared with those aged
<55 years (adjusted odds ratio 0.17, 95% CI 0.07-0.44). Health risk factors were not found to be associated with searching for
health- or medical-related information.

Conclusions: The internet appears to be a viable platform to engage with stroke survivors who may not be high-morbidity to
conduct research and provide information and health interventions. This is important given that they are at high risk of recurrent
stroke regardless of their level of disability. Exploring the technology use behaviors and the possibility of eHealth among survivors
who experience higher levels of morbidity or disability because of their stroke is an area of research that warrants further study.
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Introduction

Background
Stroke is a leading cause of death and disability around the
world [1]. Recurrent strokes are estimated to account for
approximately one-quarter of all stroke incidents [2]. Data from
the United States [3], United Kingdom [4], and Australia [5]
suggest that stroke survivors do not receive adequate support
and information on secondary stroke prevention following acute
treatment. There is a need to develop better ways of reaching
stroke survivors to involve them in health research as well as
to deliver support and health information. Technology may be
a part of this solution.

eHealth refers to health services or information that are delivered
or enhanced through the use of the internet and related
technologies [6]. eHealth has many potential applications in
stroke prevention and care. Telerehabilitation has been one of
the main areas of eHealth application in stroke and has been
identified in multiple systematic reviews as a potential
alternative or adjunct to usual rehabilitation [7-9], especially in
the context of COVID-19 [10]. eHealth interventions aimed at
reducing cardiovascular risk factors have shown promising
results in glycemic control, achieving smoking cessation, diet
and weight management, and increasing physical activity, and
are generally acceptable and feasible [11-14]. A recent
systematic review found that information and communication
technology interventions aimed at stroke survivors and their
carers are likely to provide some benefit, although the
heterogeneity in study design and outcomes measured makes
it difficult to draw nuanced conclusions [15].

Digital tools used in research studies, such as social media, data
mining, email, and SMS text messaging, may be effective ways
to engage stroke survivors in research. Digital tools are
increasing in popularity for recruiting and retaining participants
in randomized controlled trials, with the number of published
studies doubling in the past decade [16]. Social media is a type
of technology that is increasingly being used as a recruitment
tool [17]. Little is known about how stroke survivors, who may
be experiencing cognitive or physical disabilities, engage with
social media and other technologies. Limitations on typing as
well as a tendency for others’ attention to focus on a person’s
disability have been associated with negative experiences for
people with physical disabilities using social media [18].

The percentage of Australians using the internet to access health
services has more than doubled from 22% in 2014-2015 to 46%
in 2016-2017 [19]. Approximately 40% of Australians aged
>55 years have accessed the internet for this purpose [19]. A
study from the United States found that 57% of patients with
acute coronary syndrome who had accessed the internet in the
past 4 weeks reported web-based health information seeking
[20]. However, there are no data available on web-based health

and medical information seeking in people who have
experienced stroke. A previous study on the web-based health
information–seeking behaviors of people with chronic disease
found that the third most common thing people searched for
was lifestyle information such as diet and exercise [21]. It is
possible that people who have experienced stroke are also
looking to the internet for lifestyle information about health risk
factors related to recurrent stroke, such as physical activity, diet,
alcohol use, smoking, anxiety, and depression [22-24].

Despite the increasing popularity of eHealth use in this group,
little is known about how stroke survivors engage with
technology. A recent cross-sectional survey of stroke survivors
(n=248) and carers (n=127) in the United States found that 81%
of stroke survivors and 97% of carers had internet access and
that smartphones were the most common device used to access
the internet [25]. Beyond this, although information and
communication technology interventions aimed at stroke
survivors and their carers are likely to provide benefits, there
is little information available about how stroke survivors use
technology in their day-to-day lives [15]. A better understanding
of this general use would assist in understanding how many
people with lived experience of stroke have the potential to
engage with eHealth programs or research.

Objectives
This study examined how a sample of Australian survivors of
stroke who participated in a web-based secondary stroke
prevention trial used technology. This study had three main
objectives: (1) to describe the type, frequency, and purpose of
technology use among a cohort of survivors of stroke; (2) to
investigate associations between social media use and participant
factors, including sociodemographics, physical function, and
independence in activities of daily living; and (3) to investigate
associations between stroke-related health risk factors (physical
activity, diet, alcohol intake, smoking, and psychological
distress) and using the internet to search for health and medical
information.

Methods

Study Design
This study is a secondary analysis of cross-sectional data
obtained during a national randomized controlled trial—Prevent

2nd Stroke [26,27]. Details regarding the study design and
methods have been published elsewhere [26]. In short, trial
participants (N=399) were recruited from the Australia-wide
Australian Stroke Clinical Registry (AuSCR) and the Hunter
Stroke Research Volunteer Registry (HSRVR), which recruits
stroke survivors from the Hunter region of New South Wales.

The baseline survey was administered via a computer-assisted
telephone interview and included questions about participant
demographics, stroke characteristics, health risk behaviors, and

J Med Internet Res 2022 | vol. 24 | iss. 5 | e33291 | p.439https://www.jmir.org/2022/5/e33291
(page number not for citation purposes)

Clancy et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/33291
http://www.w3.org/Style/XSL
http://www.renderx.com/


mood. The participants were then randomly allocated (1:1) to
the intervention group, who received 12 weeks of access to the

Prevent 2nd Stroke web-based program, or to the control group,
who received internet addresses of readily available, generic
web-based health programs designed for the general population.
Six months after the initial baseline survey, a follow-up
computer-assisted telephone interview survey was conducted
(n=356), which included questions about the use of computers,
tablets, phones, and the internet.

Ethics Approval
Ethical approval was obtained through the University of
Newcastle Human Research Ethics Committee (H-2017-0051).

Participants
The AuSCR and HSRVR each used the eligibility criteria to
screen their registrant databases and sent invitation packs on
behalf of the study team to potentially eligible individuals.
Individuals were eligible to take part in the study if they were
aged ≥18 years, were part of the AuSCR or HSRVR, had had
their most recent stroke in the previous 6-36 months, were fluent
in English, and had access to the internet via a home device (eg,
computer, tablet, or smartphone) or were willing to use public
internet services (eg, public library). The participants were
required to be able to walk without assistance and have no more
than a moderate disability and so were ineligible if they scored
≥4 on the modified Rankin Scale [28].

Measures
Some measures were taken during the baseline survey either
because they were static measures or to reduce the chance of
health risk factor measures being affected by the intervention.
The following measures were taken at the baseline survey.

Demographic and Stroke Characteristics
Age (<55, 55-64, 65-74, and >74 years), sex (male or female),
weekly personal gross income (low: <Aus $399 [US $291.72],
mid: Aus $400-$999 [US $292.45-$730.39], and high: ≥Aus
$1000 [US $731.12]), whether they identify as Aboriginal or
Torres Strait Islander or both, country of birth (Australia or
other), stroke type (stroke or transient ischemic attack), and yes
or no to whether it was their first stroke event.

Diet Quality
The Australian Recommended Food Score questionnaire was
administered to assess usual diet quality, and scores were
categorized as needs work (<33), getting there (33-38), excellent
(39-46), or outstanding (≥47) [29].

Physical Activity
The Godin Leisure-Time Exercise Questionnaire was used to
assess physical activity levels. The participants’ responses were
scored as active (≥24), moderately active (14-23), or sedentary
(0-13) [30].

Blood Pressure Medication
Respondents were asked Are you on blood pressure
medications? with response options yes, no, and don’t know.

Alcohol Intake
The Alcohol Use Disorders Identification Test–Consumption
was used to assess alcohol intake, and respondents with a score
of ≥3 in women or ≥4 in men were considered to be drinking
at potentially risky levels [31].

Psychological Distress, Anxiety, and Depression
The Patient Health Questionnaire–4 is an ultrabrief screening
scale used as a measure of psychological distress and to screen
for anxiety and depression [32]. Psychological distress was
measured using all 4 questions and a score range of 0-12, with
higher scores indicating greater psychological distress. Anxiety
was measured using items 1 and 2, and depression was measured
using items 3 and 4. A score of ≥3 for either pair of items was
considered positive for anxiety or depression, respectively.

Smoking Status
Respondents were asked do you currently smoke tobacco
products? with response options being yes, daily; yes, once a
week; yes, less than once a week; and no [33]. This was used
to determine the current smoking status of the participants.

Physical Functioning and Independent Living
The Barthel Index was used to assess physical functioning
[34,35], where a score of 100 was considered independent, a
score of 91-99 was considered slight dependence, and a score
of 61-90 was considered moderate dependence. The
Instrumental Activities of Daily Living was used to assess
independent living ability [36], where a score of 8 was
considered independent living, a score of 7 was considered
mostly independent living, and a score of 0 to 6 was considered
requiring assistance.

The technology-related measures were taken during the
follow-up survey as this was the only stage at which they were
asked. The potential effects of the intervention on these
responses are discussed in the Data Analysis section. The
participants were asked about what technology they had access
to (including if it was internet-enabled); frequency of internet
use; and how often they used their mobile phone or tablet for
different purposes such as sending and receiving calls and SMS
text messages, social media use, and accessing health- and
medical-related information. These measures were adapted from
the Australian Rural Mental Health Study [37] and the Pew
Internet & American Life Poll 2012 Health Tracking Survey
[38]. The survey questions used are presented in Multimedia
Appendix 1.

Data Analysis
Descriptive statistics were used to describe the participants’
access to technology, frequency of internet use, and purpose
and frequency of use of a mobile phone or tablet. This included
frequencies with percentages of nonmissing observations for
categorical variables and mean with SD values for continuous
variables.

Logistic regression modeling was used to identify associations
between social media use and stroke survivor demographics,
psychological distress, physical functioning, and independent
living. Logistic regression modeling was also used to identify
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whether the presence of health risk factors was associated with
the use of a mobile phone or tablet to look for health- or
medical-related information. Adjusted odds ratios (AORs) with
95% CIs and P values are provided. P<.05 was considered
statistically significant.

The items regarding technology use were asked after the sample
had participated in a trial encouraging technology use. To assess
whether this affected the results (ie, overestimating typical use),
logistic regression modeling was used to identify associations
between group allocation and answers to the technology-related
questions. No significant difference between groups in terms
of how they used their mobile phone or tablet was found. There
was a significant (P=.02) association between allocation and
frequent use of internet (ie, once a week or more), with frequent
internet use being 3.1 (95% CI 1.2-8.0) times more likely for
people allocated to the intervention group than to the control
group. However, because of the low number of participants who
were infrequent internet users (25/354, 7.1%) and the fact that
it did not appear to affect the responses used in the other logistic
regressions on social media use and health and medical
information, we determined that it was more appropriate to

retain the larger sample size for this study than to exclude those
in the intervention group.

Statistical analyses were programmed using R (version 4.0.2;
R Foundation for Statistical Computing) [39].

Results

Participant Characteristics
Of the original 399 trial participants, 2 (0.5%) did not fully
complete the follow-up survey and missed the
technology-related questions, 38 (9.5%) were unable to be
contacted for the follow-up survey, and 5 (1.3%) withdrew from
the trial for personal reasons relating to their own health or care
for others. In total, 354 participants completed the follow-up
survey (333/354, 94.1% from the AuSCR and 21/354, 5.9%
from the HSRVR). Most participants were male (231/354,
65.3%), and their average age was 68 (SD 12) years. Most
participants were born in Australia (272/354, 76.8%). Table 1
shows the characteristics of the 354 participants who completed
the follow-up survey.
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Table 1. Sociodemographic and health risk factor characteristics of the participants (N=354).

ValuesaCharacteristic

68 (12)Age (years), mean (SD)

Age categories (years), n (%)

41 (11.6)<55

71 (20.1)55-64

136 (38.4)65-74

105 (29.7)>74

231 (65.2)Men, n (%)

Income (Aus $; US $), n (%)

97 (27.4)Low (<399; <291.72)

139 (39.3)Mid (400-999; 292.45-730.39)

87 (24.6)High (≥1000; ≥731.12)

30 (8.5)Do not know or did not answer

1 (0.3)Aboriginal or Torres Strait Islander or both (yes), n (%)

272 (76.8)Country of birth (Australia), n (%)

Stroke type, n (%)

216 (61)Stroke

125 (35.3)TIAb

13 (3.7)Do not know

History of previous stroke, n (%)

328 (92.7)No, first episode

15 (4.2)Yes, had TIA before

5 (1.4)Yes, had stroke before

6 (1.7)Do not know

Diet quality (ARFSc score), n (%)

77 (21.8)Needs work (<33)

65 (18.4)Getting there (33-38)

152 (42.9)Excellent (39-46)

101 (28.5)Outstanding (≥47)

Physical activity (GLTEQd score), n (%)

116 (32.8)Sedentary (0-13)

101 (28.5)Moderately active (14-25)

179 (50.6)Active (≥24)

Blood pressure medication, n (%)

111 (31.4)No

275 (77.7)Yes

10 (2.8)Do not know

Potentially risky drinking (AUDIT-Ce), n (%)

207 (58.5)No

189 (53.4)Yes

Anxiety (PHQ-4f score), n (%)

348 (98.3)Low (0-2)
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ValuesaCharacteristic

46 (13)Anxiety (3-6)

Depression (PHQ-4 score), n (%)

347 (98)Low (0-2)

46 (13)Depression (3-6)

16 (4.5)Current smoker (yes), n (%)

Physical functioning (Barthel Index), n (%)

298 (84.2)Independent (100)

71 (20.1)Slight dependence (91-99)

24 (6.8)Moderate dependence (61-90)

Independent living (IADLg score), n (%)

326 (92.1)Independent living (8)

39 (11)Mostly independent living (7)

31 (8.8)Requiring assistance (0-6)

aNot all n values add up to 354 because of missing data.
bTIA: transient ischemic attack.
cARFS: Australian Recommended Food Score.
dGLTEQ: Godin Leisure-Time Exercise Questionnaire.
eAUDIT-C: Alcohol Use Disorders Identification Test–Consumption.
fPHQ-4: Patient Health Questionnaire–4.
gIADL: Instrumental Activities of Daily Living.

Type, Frequency, and Purpose of Technology Use
Table 2 shows the participants’ access to technology. Most
participants (319/354, 90.1%) had access to a computer with
internet access, and 73.4% (260/354) had access to a mobile
phone with internet access.

Table 3 shows the frequency of internet use among the whole
sample of participants, with most accessing the internet at least
daily (280/354, 79.1%) and only 4.8% (17/354) answering that
they did not use the internet.

Table 4 shows the purpose and frequency of use of the
participants who answered yes to having access to a mobile
phone or tablet with internet access in Table 2 (289/354, 81.6%).
Half of these participants used their mobile phone or tablet to
access social media networking sites at least weekly (149/289,
51.6%), whereas 46.4% (134/289) looked for health- or
medical-related information at least monthly. Mobile phones
and tablets were used daily for communication purposes,
including phone calls (234/289, 81%), text messages (203/289,
70.2%), and emails (139/289, 48.1%).

Table 2. Access to technology at home or elsewhere (N=354).

Yes, n (%)Access to technology

319 (90.1)Computer with internet access

260 (73.4)Mobile phone with internet access

209 (59)Tablet device with internet access

113 (31.9)Webcam

73 (20.6)Mobile phone without internet access

13 (3.7)Tablet device without internet access

5 (1.4)Computer without internet access

2 (0.6)None of the above
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Table 3. Frequency of internet use, including email (N=354).

Total, n (%)Frequency of internet use

174 (49.2)Several times a day

106 (29.9)Every day

33 (9.3)Several times a week

16 (4.5)Once a week

7 (2)Once a month or less

17 (4.8)I do not use the internet

1 (0.3)Do not know

Table 4. Purpose and frequency of use of mobile phone or tablet (N=289).

Do not know,
n (%)

Daily, n (%)Weekly, n (%)Monthly, n (%)Less than
monthly, n (%)

Never, n (%)

1 (0.3)234 (81)32 (11.1)12 (4.2)4 (1.4)6 (2.1)Making or receiving phone calls

1 (0.3)203 (70.2)52 (18)4 (1.4)6 (2.1)23 (8)Sending or receiving SMS text messages

1 (0.3)196 (67.8)43 (14.9)6 (2.1)7 (2.4)36 (12.5)Accessing the internet

3 (1)169 (58.5)36 (12.5)14 (4.8)12 (4.2)55 (19)Using apps

0 (0)118 (40.8)31 (10.7)5 (1.7)8 (2.8)127 (43.9)Accessing social media networking sites (eg,
Facebook, Twitter, or Instagram)

1 (0.3)139 (48.1)62 (21.5)13 (4.5)13 (4.5)61 (21.1)Sending or receiving emails

0 (0)58 (20.1)95 (32.9)66 (22.8)30 (10.4)40 (13.8)Taking pictures (photos)

1 (0.3)18 (6.2)53 (18.3)63 (21.8)42 (14.5)112 (38.8)Looking for health- or medical-related information

1 (0.3)70 (24.2)45 (15.6)20 (6.9)15 (5.2)138 (47.8)For entertainment (eg, music, watching videos,
or Netflix)

Associations Between Participant Characteristics and
Social Media Use
Table 5 shows the multivariable regression results for outcome
use of phone or tablet to access social media networking sites.
It includes only the participants who answered yes to having
access to a mobile phone or tablet with internet access in Table
2 (289/354, 81.6%). After accounting for the other variables in
the model, age and sex showed a statistically significant

association with social media use, with younger persons and
women more likely to use social media. Women were 2.7 times
more likely to use social media compared with men (AOR 2.65,
95% CI 1.51-4.72). Being aged >55 years was associated with
lower odds of using social media compared with those aged
<55 years; however, only the highest age category (≥75 years)
was significantly different from <55 years (AOR 0.17, 95% CI
0.07-0.44). None of the other variables assessed showed a
statistically significant association.
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Table 5. Multivariable regression results for outcome use of phone or tablet to access social media networking sites (N=289).

MultivariableUse of social media via phone or tablet, n (%)Variable

P valueORa (95% CI)YesNo

.001153 (100)135 (100)Age categories (years)

—b31 (20.3)10 (7.4)<55

0.46 (0.18-1.11)35 (22.9)29 (21.5)55-64

0.50 (0.21-1.15)68 (44.4)52 (38.5)65-74

0.17 (0.07-0.44)19 (12.4)44 (32.6)>74

.001154 (100)135 (100)Sex

—83 (53.9)100 (74.1)Male

2.65 (1.51-4.72)71 (46.1)35 (25.9)Female

.83154 (100)135 (100)Income (Aus $; US $)

—44 (28.6)38 (28.1)Low (<399; <291.72)

1.03 (0.54-1.96)54 (35.1)52 (38.5)Mid (400-999; 292.45-730.39)

1.29 (0.61-2.74)46 (29.9)33 (24.4)High (>999; >730.39)

0.80 (0.29-2.21)10 (6.5)12 (8.9)Do not know or refused

.87153 (100)134 (100)Psychological distress (PHQ-4c score)

—116 (75.8)100 (74.6)None (0-2)

0.84 (0.42-1.68)24 (15.7)24 (17.9)Mild (3-5)

1.04 (0.40-2.76)13 (8.5)10 (7.5)Moderate or severe (6-12)

.83154 (100)135 (100)Physical functioning (Barthel Index)

—120 (77.9)104 (77)Independent (100)

0.83 (0.40-1.71)26 (16.9)24 (17.8)Slight dependence (91-99)

0.75 (0.21-2.68)8 (5.2)7 (5.2)Moderate dependence (61-90)

.91154 (100)135 (100)Independent living (IADLd score)

—134 (87)117 (86.7)Independent living (8)

1.16 (0.42-3.21)10 (6.5)10 (7.4)Mostly independent living (7)

1.25 (0.39-4.17)10 (6.5)8 (5.9)Requiring assistance (0-6)

aOR: odds ratio.
bThere was no comparison in these cells.
cPHQ-4: Patient Health Questionnaire–4.
dIADL: Instrumental Activities of Daily Living.

Associations Between Health Risk Factors and Health
Information Searching
In the multivariable regression conducted to determine whether
the use of a phone or tablet to find medical information was
related to the presence of health risk factors, no results were
significant. None of the health risk factor variables were
associated with searching for medical information on the web
on a phone or tablet.

Discussion

Principal Findings
This study found that most participants owned a computer,
mobile phone, or tablet with internet access and accessed the

internet at least daily. Internet access was a requirement for
participation; therefore, these are unsurprising results for this
particular cohort. Daily activities on these devices for most of
the sample included making or receiving phone calls, sending
or receiving SMS text messages, accessing the internet, or using
apps. Most also accessed social media at least weekly (149/289,
51.6%), and almost half of them accessed health- or
medical-related information at least monthly (134/289, 46.4%).

We found that stroke survivors, including those in older age
groups, frequently use the internet for a number of purposes. A
previous US study of stroke survivors with a similar average
age (64 years) reported that 81% had access to the internet, with
most accessing it for >5 hours per week [25], whereas a Danish
study of 100 people who were patients in a stroke unit found
that 87% reported having access to an internet-enabled device
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at home [40]. In 2016-2017 in Australia, 55% of the general
population aged >65 years had used the internet in the last 3
months, an increase on the 46% from 2012 to 2013, and
two-thirds had accessed it for health services [19]. This shows
that, although internet use among older people may be lower
than among the rest of the population, there is still a significant
proportion of older people engaging with it, and this use is on
the rise. The increasing rates of stroke among younger adults
cannot be ignored when examining technology use among stroke
survivors. Hospitalization rates for acute ischemic stroke have
increased significantly between 2003 and 2012 among men
(41.5%) and women (30%) aged between 35 and 44 years [41].
With the rate of internet access among this group at 96% [19],
it is important to consider this younger age group in the
development of internet-based interventions. It can be inferred
that, with the increasing number of young people experiencing
stroke, in combination with the increasing use of the internet
by older age groups and the already significant use of the
internet in the current stroke survivor population, digital literacy
among those who have experienced stroke will only become
more prevalent. As digital literacy increases and more health
and medical information and interventional programs are
available on the web, a targeted effort is needed to ensure that
stroke survivors who are interested in these sorts of programs,
including those who face communication difficulties, are not
left behind.

Previous research has found that stroke-related information
provision for people with lived experience of stroke is
insufficient [42,43]. More than 50% of stroke survivors have
self-reported an unmet need for stroke information [4]. In
Australia, only 63% of patients in inpatient stroke rehabilitation
services receive education about stroke, lifestyle management,
secondary stroke prevention, and recovery [5]. With many stroke
survivors having access to the internet, it is not unreasonable
to assume that some are looking on the web to fill these
information gaps. Approximately 46.4% (134/289) of our sample
used their mobile phones or tablet devices to look up health or
medical information at least once a month. This is congruent
with previous research that found that 57% of patients with
acute coronary syndrome who had accessed the internet in the
past 4 weeks had used it for web-based health information
seeking [20]. The quality and accessibility of the information
available to stroke survivors on websites are mixed [44], and
much of this information does not meet the recommended
readability guidelines for stroke survivors [45]. Some people
who have experienced stroke also turn to unregulated options
such as web-based forums for information [46]. With many
stroke survivors lacking adequate stroke-related information
and turning to the internet for additional health and medical
information, there is a need to ensure that the information
available on the web is not only accurate and appropriate but
also accessible for this population.

Although digital health presents opportunities for greater reach
to promote health, it is not a one-size-fits-all solution. It is likely
to be most suited to those with lower morbidity or disability,
with people who are more greatly affected by stroke requiring
more intensive resources [47]. Nonetheless, all stroke survivors
are at higher risk of recurrent stroke than the general population

[48], and all avenues should be explored to reduce their risk of
recurrent stroke. This study suggests that there is an opportunity
to use digital health applications to reduce the risk of recurrent
stroke among survivors with low levels of disability. Further
studies will be required to explore this application in people
who experience greater morbidity and disability as a result of
stroke.

Among our sample of low-morbidity stroke survivors, we
investigated whether there was a relationship between the
presence of health risk factors (diet quality, physical activity,
blood pressure medication, alcohol intake, anxiety and
depression, and smoking status) and using the internet to search
for health-related information. However, we did not find any
associations. This may be due to a number of reasons, such as
the survey questions used not being specific enough; individuals
not being aware of their risk or not seeing their behavior as
problematic; or participants obtaining that type of information
elsewhere, such as a managing general practitioner. However,
most of this sample looked for health information on the web
regardless of their health risk factors. This presents a clear
opportunity to provide another mode of education and
engagement around health risk factors and risk of recurrent
stroke in a population that often misses out on receiving
secondary stroke prevention education [4,5].

Social media platforms are also of increasing interest to health
researchers [49]. They offer a low or no-cost means of observing
and reaching both diverse and narrow audiences with the
possibility of multidirectional communication [49]. Social media
was identified as an effective recruitment tool in a randomized
controlled trial for hypertension [50]. In the general Australian
population, 51% of people aged >65 years who had accessed
the internet in the last 3 months had accessed social media
during this time [19]. We had similar findings within our sample,
with just over half of the participants (149/289, 51.6%) accessing
social media sites at least weekly, whereas 43.9% (127/289)
did not access them at all. On the basis of our results, researchers
looking to use social media to observe or access stroke survivor
populations may face more difficulty accessing male stroke
survivors and those aged ≥75 years. Social media may be a
feasible platform for recruiting some groups of stroke survivors.

Strengths and Limitations
This study provides data from a large national sample of stroke
survivors. The participants in this study were technology users
by nature given their recruitment to a web-based secondary
stroke prevention trial where the use of an internet-enabled
device and email were required. They were also a relatively
well cohort compared with the general stroke population, with
high levels of independence and limited disability because of
the eligibility requirement of a modified Rankin score of ≤3.
Unfortunately, this means that the trial excluded many of those
who are significantly affected by their stroke-related
impairments and cannot be generalized to the Australian stroke
survivor population as a whole. More research into the internet
use behaviors of those with greater levels of disability and
dependence, as well as how specific impairments may affect
the use of the internet, is warranted. However, this study does
provide an indication of the patterns of technology use among
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more able stroke survivors who are already internet users and
willing to participate in internet-based research. This population
still requires support in managing their health risk factors, and
this research is beneficial for better understanding how to access
them and deliver appropriate care.

The questions assessing social media use, accessing health- and
medical-related information, and other device-related activities
were also only asked in the context of mobile phone and tablet
use. The questions did not account for alternative modes of
internet access such as a desktop or laptop computer, which
may lead to an underrepresentation of stroke survivor
engagement with these activities.

Conclusions
The internet may be a viable platform to engage with stroke
survivors experiencing low levels of disability for health
interventions, information, and research. This is important as
all stroke survivors are at higher risk of stroke than the general
population and require secondary stroke prevention support and
education. Exploring the technology use behaviors and
possibility of eHealth with people who experience greater levels
of disability following stroke is an area of research that warrants
further study.
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Abstract

Background: Considered a facet of behavioral impulsivity, response inhibition facilitates adaptive and goal-directed behavior.
It is often assessed using the Stop-Signal Task (SST), which is presented on stand-alone computers under controlled laboratory
conditions. Sample size may consequently be a function of cost or time and sample diversity constrained to those willing or able
to attend the laboratory. Statistical power and generalizability of results might, in turn, be impacted. Such limitations may
potentially be overcome via the implementation of web-based testing.

Objective: The aim of this study was to investigate if there were differences between variables derived from a web-based SST
when it was undertaken independently—that is, outside the laboratory, on any computer, and in the absence of researchers—versus
when it was performed under laboratory conditions.

Methods: We programmed a web-based SST in HTML and JavaScript and employed a counterbalanced design. A total of 166
individuals (mean age 19.72, SD 1.85, range 18-36 years; 146/166, 88% female) were recruited. Of them, 79 undertook the
independent task prior to visiting the laboratory and 78 completed the independent task following their laboratory visit. The
average time between SST testing was 3.72 (SD 2.86) days. Dependent samples and Bayesian paired samples t tests were used
to examine differences between laboratory-based and independent SST variables. Correlational analyses were conducted on
stop-signal reaction times (SSRT).

Results: After exclusions, 123 participants (mean age 19.73, SD 1.97 years) completed the SST both in the laboratory and
independently. While participants were less accurate on go trials and exhibited reduced inhibitory control when undertaking the
independent—compared to the laboratory-based—SST, there was a positive association between the SSRT of each condition
(r=.48; P<.001; 95% CI 0.33-0.61).

Conclusions: Findings suggest a web-based SST, which participants undertake on any computer, at any location, and in the
absence of the researcher, is a suitable measure of response inhibition.

(J Med Internet Res 2022;24(5):e32922)   doi:10.2196/32922
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Introduction

Considered a facet of behavioral impulsivity, response inhibition
refers to the capacity to withhold, interrupt, or delay a prepotent
behavioral response and is a key element of executive function
[1-4]. Also termed “inhibitory control” or cognitive control,”
it facilitates adaptive and goal-directed behavior [5]. The
Stop-Signal Task (SST), a commonly employed measure of
response inhibition [6], has been used to examine the inhibitory
control of healthy adults and children [7-9], older adults [10],
and clinical groups [11]. It is routinely used to show how
individuals diagnosed with attention-deficit/hyperactivity
disorder (ADHD) [12] and substance use disorders (SUDs)
[13,14] tend to be characterized by heightened impulsivity.
While there is abundant literature examining the psychometrics
of the task when it is undertaken on dedicated computers under
laboratory conditions [15-17], it is unclear if performance on
web-based versions of the task differs as a function of the testing
environment.

Although there are several variants of the SST, they all
fundamentally assess the ability to suppress a motor response
that has already been initiated [18-21]. In all cases, individuals
must respond rapidly to frequently appearing (go) stimuli but
inhibit responses to others (stop signals) presented much less
often [17,21-23]. The imbalance in the occurrence of each type
of stimulus creates a response prepotency that manifests in a
difficulty inhibiting responses when required. The go component
of the SST is essentially a 2-choice reaction time (RT) task that
involves the electronic presentation of 1 of 2 stimuli (for
example, X or O). In response, participants are required to press
the corresponding letter on a keyboard as quickly as
possible—this generates a go RT. The stop component of the
task typically occurs on 25% of trials and comprises the
presentation of a stop signal—in the form of an auditory tone
or visual indicator—designed to inform participants that they
must withhold (or inhibit) their response to the stimulus on that
trial. The period between the presentation of the go stimulus
and the stop signal is known as the stop-signal delay (SSD)
[21,24]. Although initially usually set at 250 milliseconds, the
onset of the SSD varies dynamically in a stepwise manner on
each trial and as a function of participant performance. In this
way, successful inhibition approaches 50% accuracy by the end
of the task. Stop-signal reaction time (SSRT) is often the main
variable of interest in the SST and represents the difference
between mean go RT and the average SSD [20,21].

The SST is typically programmed using common software
packages and has traditionally been presented on stand-alone
computers in controlled research settings [23]. This assists in
ensuring that task presentation is consistent across participants
and variability—related both to computer hardware or software
and the testing environment—is minimal. Participants are thus
generally required to visit the laboratory in order to take part
in studies using this tool. They may even be tested individually.
This gives rise to two potential limitations: sample size becomes
a function of cost or time constraints, and sample diversity is
restricted to those willing and able to attend the laboratory. In
turn, this may impact power and means findings may not be
generalizable to the wider population. Moreover, COVID-19

restrictions have meant that in-person testing is frequently
unavailable or hampered by the need to implement social
distancing, cleaning or sanitizing, and personal protective
equipment protocols. While such procedures may have
unintended consequences that impact the quality of the data,
they are also likely to be costly and time-consuming [25]. This
may further exacerbate sample size and diversity issues.

These limitations may potentially be overcome through
web-based testing. While there has been a substantial increase
in the popularity of using the internet as a medium for
conducting research in social psychology—which appears to
have resulted in larger samples and increased statistical power
[26]—this trend has been less evident in the cognitive arena,
possibly owing to validity and reliability concerns [27,28].
Nonetheless, researchers have, more recently, begun to examine
whether participants perform in similar ways when undertaking
web-based cognitive tasks independently versus in the laboratory
[29-32]. Results of these studies suggest that while main effects
remain the same, there might be some timing and accuracy
offsets related to participant concentration and hardware or
software variability in uncontrolled testing environments
[29,31]. To date, the SST has not been the subject of such an
investigation. The aim of this study was therefore to investigate
whether performance on a web-based version of the SST differed
as a function of the testing environment. Data were collected
prior to the onset of the COVID-19 pandemic. Informed by
findings in similar previous studies [29,31], we hypothesized
the independent web-based SST—that is, the SST performed
outside the laboratory, on any computer, and in the absence of
any researcher—would be characterized by decreased go and
stop accuracy, increased go omissions and go errors, and longer
SSRTs, as compared to the laboratory-based SST carried out
on the web. Additionally, relative to the laboratory-based SST,
intraindividual variability would be greater in the independent
task. Nonetheless, given that other studies have also found
acceptable comparability between independent and
laboratory-based cognitive tasks [29-32], we expected that there
would be a robust positive relationship between independent
and laboratory-based SSRTs.

Methods

Recruitment and Procedure
Participants were 166 individuals (mean age 19.72, SD 1.85,
range 18-36 years; 146/166, 88% female) who completed this
study as part of their undergraduate psychology studies.
First-year psychology students at the University of Melbourne
are encouraged to take part in studies being conducted within
the School of Psychological Sciences. Students receive course
credit as reimbursement for their time.

On signing up for the study (via a School of Psychological
Sciences research participation landing page), participants were
randomly assigned to either first complete the web-based SST
in the laboratory or independently. The independent condition
was thus completed in counterbalanced order, with half of the
participants undertaking the task prior to visiting the laboratory
and the other half doing it following their laboratory visit. In
both cases, consent was obtained via a web-based form, and
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links to the task were emailed to the participants. In the
laboratory, participants also completed alcohol and substance
use surveys.

Measures

Substance Use
Participants completed the Alcohol Use Disorders Identification
Test (AUDIT), which assesses alcohol intake, problems, and
dependence with reference to the preceding 6 months [33].
Harmful use of licit and illicit drugs was assessed using the
Alcohol, Smoking and Substance Involvement Screen Test
(ASSIST), which assesses frequency of use and associated
problems over the previous 3 months [34].

Inhibitory Control
The web-based SST was programmed using HTML (version
5) and JavaScript client-side along with PHP and MySQL
server-side for data storage and management [35]. The task is
run on Windows or Mac desktop or laptop computers and
supported by all major browsers. Initial instructions are provided
across 2 screens in a white 20-point Sans Serif font on a black
background (Figure 1). The task consists of a practice block of
32 trials and 3 blocks of 64 experimental trials. Practice trials
have an intertrial interval (ITI) of 4250 milliseconds, while
experimental trials have ITI of 2250 milliseconds (Figure 2).
The fixation cross and stimuli are rendered in 100- and 150-point
Serif font, respectively. Trial-by-trial feedback is provided
during the practice block, while block-based feedback is given
during experimental trials. Within-task prompts or feedback are
provided in white and colored 25-point Serif font on a black
background. During the practice block, the following trial-based
prompts or feedback are provided:

• Fixation cross screen: Get ready
• Go stimuli presentation screen: Press X (or O) as fast as

possible
• Stop stimuli presentation screen: Do not press any key
• Successful go with response time < 500 milliseconds: Hit

(green text)
• Successful go with response time ≥ 500 milliseconds: Hit

(but try to go faster) (yellow text)
• Go omission: Miss (you must go faster) (red text)

• Incorrect go: Miss (incorrect keystroke) (red text)
• Following three consecutive go omissions: WARNING: You

MUST respond to X/O go stimuli as fast as possible (red
text)

• Successful inhibition on a stop trial: Successful stop – Well
done! (green text)

• Unsuccessful inhibition on a stop trial: Unsuccessful stop
– try not to respond to stop trials! (red text)

• Blank screen: Wait

During experimental blocks, the only trial-based prompt
provided occurs if participants neglect to respond to 3
consecutive go trials. In this case, participants are warned: You
MUST respond to X/O go stimuli as fast as possible (red text).
At the end of both the practice and experimental blocks,
participants are provided with the following block-based
feedback: number of incorrect responses to go stimuli; number
of missed responses to go stimuli; mean reaction time to go
stimuli (where this is ≥500 milliseconds, participants are warned
Too slow! Respond faster); percentage of correctly suppressed
responses on stop trials; and seconds left to wait (10-second
countdown to the next block).

Go stimuli comprise random presentation of letters X or O that
map to corresponding keyboard letters. A stop signal in the form
of a white box surrounding the go stimuli appears on 25% of
randomly selected trials. Stop signals are not presented on
consecutive trials. The initial SSD is set at 250 milliseconds
and adjusts dynamically as a function of the participant response;
successful inhibitions result in a 50-millisecond increase in the
SSD, while unsuccessful inhibitions decrease it by 50
milliseconds. Variables of interest may include go accuracy,
omissions, and errors; average go RT; intraindividual SD; stop
accuracy; mean SSD; average RT on unsuccessful stop trials;
and SSRT [21]. SSRT is derived when the mean SSD is
subtracted from average go RT; greater SSRTs denote reduced
inhibition ability [22]. Participants are excluded if the mean RT
of either correct or incorrect failed stops (ie, failed stops where
the key press does or does not respectively accord with the
stimulus) is greater than the mean go RT [21]. They are also
excluded if the stop accuracy is less than 25% or greater than
75%, go errors are greater than 10%, or if SSRT is less than 50
milliseconds [17].
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Figure 1. Initial instructions (provided across 2 screens) for the web-based Stop-Signal Task.

Figure 2. Schematic representation of Go and Stop trials in the practice and experimental blocks of the web-based Stop-Signal Task. Practice trials
have an inter-trial interval (ITI) of 4250 milliseconds and comprise a blank screen (1000 milliseconds), fixation cross (250 milliseconds), stimulus
presentation (1000 milliseconds), and feedback screen (2000 milliseconds). Experimental trials have an ITI of 2250 milliseconds and comprise a blank
screen (1000 milliseconds), fixation cross (250 milliseconds), and stimulus presentation (1000 milliseconds).

Data Analysis
To achieve a medium to small effect with α=.01, an a priori
power analysis conducted using G*Power 3.1 [36] indicated a
total sample size of 115 was required to achieve a power of
80%. A greater number of participants (ie, n=166) were recruited
to account for potential exclusions. Participants who did not
complete both components of the study (n=9) were excluded
from the analysis; this left 79 participants who had undertaken

the independent task prior to visiting the laboratory and 78
participants who completed the independent task following their
laboratory visit. Further, participants were excluded if they did
not meet SST inclusion criteria when undertaking the task in
the laboratory (n=14) or independently (n=24; Figure 3).

Regarding the SST, given possible variations in timing related
to the operating system and browser being used (particularly
during the independent component), the program was designed
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to capture timing information from the internal timing device,
or real-time clock (RTC), of each computer. RTCs are known
to be highly accurate [37]. Meta-SSD thus refers to RTC-derived
SSD, as opposed to programmed SSD; average SSRT was
calculated as mean meta-SSD subtracted from the mean go RT
(also timed via the RTC) [21]. There were very strong
correlations between laboratory-based meta-SDD (mean 250.23,
SD 72.64, range 132.33-484.25 milliseconds) and programmed
SSD (mean 249.32, SD 72.65, range 131.25-483.33
milliseconds) (r>0.99, P<.001) and between independent
meta-SSD (mean 223.11, SD 62.86, range 94.45-438.52
milliseconds) and programmed SSD (mean 219.06, SD 62.82,
range 92.71-437.50 milliseconds) (r>0.99, P<.001).

The Kolmogorov-Smirnov test suggested that both independent
(P=.20) and laboratory-based (P=.20) SSRTs were normally
distributed. Independent t tests were conducted to determine if
there were any differences between participants who did or did
not meet the SST inclusion criteria. Dependent samples t tests
were used to consider differences between laboratory-based and
independent SST variables. Where multiple t tests were
employed, a critical P value of .005 was adopted to control for

multiple comparisons. Effect sizes were computed for t tests
using Cohen d and were interpreted in accordance with Cohen
guidelines: small effect=0.20, medium effect=0.50, and large
effect=0.80 [38]. Bayesian paired samples t testing was
additionally conducted to determine the probability of the
alternative hypothesis [39]. We adopted the default priors as
set by JASP for the Bayesian analyses. In JASP, the prior
distribution is defined by a Cauchy distribution centered on zero
with a width or scale of 0.707 for t tests. Results are presented
in terms of Bayes factor BF10, which represents the probability
of the observed data given the alternative hypothesis [40]. Bayes
factors greater than 1 provide evidence for the alternative
hypothesis: values of 1-3 imply anecdotal evidence, values of
3-10 imply moderate evidence, values of 10-30 imply strong
evidence, and values of >30 imply very strong evidence [41].
Bayes factors less than 1 provide evidence for the null
hypothesis: values of 0.33-1 imply anecdotal evidence, values
of 0.10-0.33 imply moderate evidence, values of 0.03-0.10
imply strong evidence, and values of <0.03 imply very strong
evidence [41]. Data files are available on the Open Science
Framework [42].

Figure 3. Study Participation Flowchart.

Ethics Approval
This study was performed in line with the principles of the
Declaration of Helsinki. The University of Melbourne Human
Ethics Committee approved this study (1954220). All
participants provided informed consent. In doing so, they
acknowledged reading a plain-language statement that explains
that aggregated group level data from this study may be
published or presented at conferences.

Results

After exclusions, data from 123 participants (mean age 19.73,
SD 1.97, range 18-36 years; 111/123, 90% female) were
available for analysis. The Fisher exact test revealed that neither

males nor females were excluded to a significantly greater extent
in either the laboratory-based (P=.66) or independent (P=.48)
conditions. There were no significant differences between
participant samples that did or did not meet the inclusion criteria
for the laboratory-based SST with regard to age (t155=–0.45;
P=.65; r=0.04), years of education (t155=–0.35; P=.73; r=0.03),
AUDIT score (t155=0.31; P=.76; r=0.03), or ASSIST score
(t155=0.10; P=.92; r=0.01). There were also no significant
differences between participant samples that did or did not meet
the inclusion criteria for the independent SST on age (t155=0.73;
P=.47; r=0.06), years of education (t155=–1.20; P=.23; r=0.10),
AUDIT score (t155=0.47; P=.64; r=0.04), or ASSIST score
(t24.20=–1.36; P=.19; r=0.27). There was no significant
correlation between the SSRT—whether derived from the
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laboratory-based or independent SST—and age, years of
education, AUDIT score, or ASSIST score (Table 1).

Average time between SST testing was 3.72 (SD 2.86) days.
Table 2 shows the mean (SD) values of laboratory-based and
independent SST variables, differences between variables, and
the results of Bayesian analyses. Overall, there was a significant
positive correlation between laboratory-based and independent
SSRT (r=0.48; P<.001; 95% CI 0.33-0.61). In the group that
completed the independent task prior to visiting the laboratory
(n=63), there was a slightly stronger association between
independent (mean 267.45, SD 35.84 milliseconds) and

laboratory-based (mean 239.54, SD 32.37 milliseconds) SSRT
(r=0.53; P<.001; 95% CI 0.39-0.65). There was no significant
difference between independent (mean 97.54, SD 1.93) and
laboratory-based (mean 97.95, SD 2.01) go accuracy (t62=–1.57;
P=.12) in this group. The relationship between laboratory-based
and independent SSRT was marginally less strong in the group
(n=60) that completed the independent task (mean 257.21, SD
36.59 milliseconds) after visiting the laboratory (mean 241.56,
SD 39.03 milliseconds; r=0.45; P<.001; 95% CI 0.30-0.58).
There was a significant difference between independent (mean
96.68, SD 2.62) and laboratory-based (mean 97.96, SD 1.80)
go accuracy (t59=–4.23; P<.001) in this group.

Table 1. Demographic statistics and Pearson correlation coefficients with laboratory-based and independent stop-signal reaction times (n=123).

Correlation with SSRTaValue, mean (SD)Characteristics

P valueIndependent stop-signal
task, r

P valueLaboratory-based stop-
signal task, r

.450.07.340.0919.73 (1.97)Age (years)

.540.06.940.0113.50 (1.07)Education (years)

.070.17.100.154.60 (4.50)Alcohol Use Disorders Identi-
fication Test score

.080.16.050.174.07 (8.68)Alcohol, Smoking and Sub-
stance Involvement Screen
Test score

aSSRT: stop-signal reaction time (Go reaction time – meta–stop signal delay).

Table 2. Laboratory-based and independent Stop-Signal Task (SST) variables plus differences between variables.

Bayes factorCohen d95% CIP valuet test (df)SST, mean (SD)Variables

IndependentLaboratory-based

242.35a0.370.43 to 1.24<.0014.12 (122)97.12 (2.33)97.96 (1.90)Go accuracy

0.160.09–5.13 to 15.52.321.00 (122)485.56 (60.88)490.75 (62.71)Go reaction time (millisec-
onds)

0.110.04–0.29 to 0.18.66–0.44 (120)0.67 (1.35)0.61 (0.99)Go omissions

362.27a0.39–1.13 to –0.41<.001–4.24 (120)2.22 (1.97)1.43 (1.59)Go errors

2.26a0.306.64 to 61.05.022.48 (69)413.44 (82.88)431.43 (87.46)Go errors reaction time
(milliseconds)

0.220.12–8.10 to 1.76.21–1.27 (122)86.20 (22.60)83.03 (26.09)Intraindividual SD

1.080.200.05 to 0.93.032.23 (122)49.61 (2.12)50.10 (2.32)Stop accuracy

0.220.12–3.22 to 14.56.211.26 (120)446.04 (51.81)452.04 (53.27)Failed (correct key) stop re-
action time (milliseconds)

1.180.40–1.24 to 99.94.062.01 (24)339.29 (80.89)379.58 (58.23)Failed (incorrect key) stop
reaction time (milliseconds)

718.50a0.4014.98 to 39.26<.0014.42 (122)223.11 (62.86)250.23 (72.64)Meta stop-signal delay (as
timed by each participant’s
computer; milliseconds)

9050000a0.60–28.48 to
–15.36

<.001–6.61 (122)262.45 (36.43)240.53 (35.64)Stop-signal reaction timeb

(milliseconds)

aEvidence for the alternative hypothesis.
bStop-signal reaction time = Go reaction time – meta–stop-signal delay.
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Discussion

Principal Findings
In this study, we sought to ascertain whether performance on a
web-based version of the SST differed as a function of the
testing environment. Using a counterbalanced design, we
investigated if there were differences between variables derived
from the task when it was undertaken independently—that is,
outside the laboratory, on any computer, and in the absence of
researchers—versus when it was performed under laboratory
conditions. In keeping with our hypothesis, we found that there
was a positive correlation between independent and
laboratory-based SSRT. Indeed, this relationship was stronger
when the independent SST was completed prior to the
laboratory-based measure. Correlations were largely consistent
with SSRT test-retest reliabilities reported in other
(laboratory-based) studies involving healthy participants
(r=0.43-0.65) [15,43]. As expected, the independent SST yielded
significantly lower go accuracy, increased go errors, and longer
SSRTs. Regardless of condition, however, there was no
difference in go RT, go omissions, stop accuracy, or
intraindividual variability. Bayesian analyses provided very
strong evidence in support of the alternative hypothesis in the
case of go accuracy, go errors, and SSRT; there was moderate
evidence in support of the null hypothesis in the case of go
omissions and intraindividual variability. Data could be
consistent with either the alternative or null hypothesis in the
case of stop accuracy.

Results were largely consistent with an emerging body of
evidence examining how the testing environment impacts
performance on web-based cognitive tasks. In a study that
compared the independent versus fully supervised performance
of older adults on web-based tasks assessing attention, memory,
and elements of executive function, correlations ranged
r=0.42-0.64 [32]. In younger participants, correlations of
r=0.40-0.73 have been reported between test results obtained
in person and digitally in assessments of recognition, memory,
planning, and attention [31]. As with this study, researchers
have noted that these correlations accord with test-retest values
reported in the psychometric literature.

Our findings lend some support to the efficacy of employing
an independent web-based SST to assess response inhibition in
the healthy population. Traditionally, SST data are collected in
the laboratory using the same stand-alone computer across all
participants so as to reduce variability related to setting and
computer hardware or software [23]. This means, however, that
participants must visit a research laboratory to take part in
studies using this task, and, often, they must be assessed
individually. As a consequence, sample size and diversity may
be limited. This, in turn, impacts statistical power and the
generalizability of the findings. Moreover, these issues may be
amplified given the advent of the COVID-19 pandemic and
associated government-mandated restrictions. A web-based
version of the SST, which ensures that the task is accessible to
virtually any person at any location, may minimize these
limitations.

Web-based survey–based psychological assessment has been
recognized as a cost-effective, efficient, and psychometrically
sound means of recruiting large, diverse samples [26,28,44-48].
Web-based versions of cognitive tasks may similarly allow for
greater participation in cognitive psychological research. For
instance, they will likely enable a greater number of persons
located in rural and remote communities to participate in
cognitive studies. In terms of SUD-focused research, this may
be especially useful in a nation such as Australia, where people
living in rural and remote communities consume alcohol at
harmful levels or use illicit drugs to a greater extent than those
living in urban locations [49]. In fact, the web-based SST was
recently used in a study focusing on at-risk drinking and
vulnerability for transition to dependence [50]. Researchers
secured a large sample (N=814) that was representative of the
wider Australian population in terms of country of birth and
first language; importantly, more than 10% of the sample
heralded from rural or remote regions [50]. Web-based cognitive
tasks might additionally facilitate easier access to other
hard-to-reach samples—such as older individuals, persons living
with mobility issues, culturally diverse groups, or those in
treatment [46,47,51]—that tend to be underrepresented in
psychological research [52-56].

As web-based studies have been found to foster an increased
sense of anonymity and confidentiality among participants,
potentially decreasing social response bias and increasing the
accuracy of data [47], participants subject to discrimination or
stigma might be more willing to take part in cognitive research
when protocols are entirely web-based. Where sensitive
information pertaining to drug and alcohol use is collected, this
is likely to be particularly useful [57]. Finally, web-based
cognitive tasks would make collaboration between researchers
located in different geographical regions more streamlined,
providing participants in any country with ready access to the
same protocols.

Limitations and Further Research
While our results are promising, the independent condition was
characterized by a greater number of exclusions (24/157, 15%)
than the laboratory-based condition (14/157, 9%). This may
have been due to timing and accuracy offsets related to
participant concentration or hardware or software variability in
uncontrolled testing environments. Nonetheless, exclusion rates
were consistent with those cited in other (laboratory-based) SST
studies (4%-17%) [17,43,58]. Interestingly, the association
between independent and laboratory-based SSRT was stronger
when participants completed the task on their own devices prior
to visiting the laboratory. This accords with findings in other
similar studies examining comparability between independent
and laboratory-based cognitive tests [30]. It may be that when
undertaking the SST for the first time, participants find
laboratory-based testing relatively more stressful—owing to
increased researcher supervision, for instance—than when
completing the task independently. This may induce a greater
degree of task fatigue such that performance is attenuated when
it is undertaken the second time. This accords with the
significant difference between laboratory-based and independent
go accuracy in the group that completed the task in the
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laboratory prior to undertaking it independently. It would be
interesting to examine this proposition further in future.

Regardless, participants exhibited reduced inhibitory control
when undertaking the independent SST. This may be owing to
the uncontrolled nature of the testing environment in this
condition. Response inhibition performance is diminished when
attention is compromised, such as when fatigued or under high
working memory load [59,60]. To minimize the impact of
potential environmental distractors during the independent SST,
instructions to participants should include explicit directives to
undertake the task at quiet locations. Underperformance owing
to nonserious testing attitudes might be an issue [61]. Although
this is likely to have been randomized across the whole sample,
it would be interesting to determine whether more (or less)
impulsive individuals are more susceptible to this phenomenon
in future studies. Variability might also emerge owing to the
use of different computers and browsers, as well as internet
speed [61]. While participants used a surprisingly constrained
range of operating systems and browsers when undertaking the
task independently (73% used Mac operating systems while
Google Chrome or Safari was the browser of choice for 94%),
these differed somewhat from those used in the laboratory
(Windows, 100%; Google Chrome, 100%). Nonetheless, it is
important to remember that behavioral measures of impulsivity
are designed to capture transient fluctuations in impulsivity,
and variations in performance are expected arise in response to
various stimuli and environmental conditions [1,62,63]. As
such, SSRT data might be expected to vary between sessions.

Several other limitations should be noted. As the study was
advertised via a research participation webpage hosted by the
Melbourne School of Psychological Sciences, most participants
were undergraduate psychology students. The majority were
thus female, and age was positively skewed. Although we can
make preliminary assertions regarding the validity of the
web-based SST, further research is required to determine
whether it satisfactorily reveals changes in response inhibition
across the lifespan or if it detects response inhibition deficits in
clinical settings. Future studies could consider examining how
individuals diagnosed with ADHD or SUDs, for instance,
perform on the task as a function of environment or as compared
to more traditional forms of the SST. Promisingly, however,
the SSRT values reported in this study were consistent with
those reported in both a recent meta-analysis [64] and in a
psychometric study involving only healthy individuals [65].

Conclusions
While further testing is required to determine the association
between independent and laboratory-based SST variables among
individuals diagnosed with clinical conditions, our findings
nevertheless suggest that response inhibition can be measured
by a web-based SST undertaken outside the laboratory, on any
computer, and in the absence of any researcher. The task could,
in future, be used as part of a wider battery of assessments
conducted entirely digitally and might thus assist in contending
with methodological limitations pertaining to sample size and
diversity.
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Abstract

Background: Experts agree that the promotion of (digital) health literacy should be an integral part of the school curriculum.
However, promoting (digital) health literacy within the German school system is difficult because (digital) health education is
not a mandatory school subject in all the German states. Therefore, experts suggest that (digital) health literacy could be addressed
as part of the mandatory framework for digital education and digital literacy in schools developed by the German Conference on
Education Ministries and Cultural Affairs (Kultusministerkonferenz).

Objective: The goal of this study was to evaluate a newly developed e-learning course that was designed to improve (digital)
health literacy in school-age children and concurrently to teach skills specified in the mandatory framework for digital education
and digital literacy in schools. It was hypothesized that participants’ health literacy and digital health literacy levels would be
higher after completing the e-learning course than they were before doing the course. Furthermore, it was hypothesized that after
completing the e-learning course, participants’ subjective and objective knowledge in the domain of (digital) health literacy would
be higher than it was before doing the course.

Methods: The pre-post measurement study was conducted online. After participants (N=323) gave their informed consent to
participate in the study, they provided demographic information and answered all measures (premeasurement). Following this,
participants had 7 days to complete the e-learning course. After finishing the e-learning course, participants answered all the
measures again (postmeasurement).

Results: To test the hypotheses, Bayesian paired samples t tests (1-sided) were conducted. After completing the e-learning
course, participants showed higher health literacy levels. Specifically, they showed higher competency levels in the domains of
theoretical knowledge (Bayes factor [BF]–0=676,000; δ=–0.316), practical knowledge (BF–0=92,300; δ=–0.294), critical thinking
(BF–0=7.42e+13; δ=–0.482), self-awareness (BF–0=11,500,000; δ=–0.345), and citizenship (BF–0=266,000; δ=–0.306). Furthermore,
participants achieved higher digital health literacy levels. Specifically, they achieved higher competency levels in the domains
of information searching (BF–0=2.339; δ=–0.135), evaluating reliability (BF–0=2.03e+11; δ=–0.434), and determining relevance
(BF–0=316,000; δ=–0.308). Moreover, participants demonstrated higher subjective (BF–0=3.58e+82; δ=–1.515) and objective
knowledge (BF–0=3.82e+97; δ=–1.758) in the domain of (digital) health literacy.

Conclusions: The newly designed e-learning course provides an easy way for schools and teachers from all German states to
integrate (digital) health literacy education into their school curriculums and lessons. The evaluated course is especially attractive
because it was designed to improve (digital) health literacy and at the same time to teach skills specified in the mandatory
framework for digital education and digital literacy in schools developed by the German Conference on Education Ministries and
Cultural Affairs (Kultusministerkonferenz).

(J Med Internet Res 2022;24(5):e37523)   doi:10.2196/37523
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Introduction

Health literacy describes people’s ability to evaluate and apply
health information in the context of disease prevention and
health promotion [1]. Health literacy is one central component
of digital health literacy, which refers to people’s ability to
effectively use health information derived from online and
electronic sources [2]. In recent years, health literacy has become
a major public concern because studies have shown that it is
linked to various health outcomes and behaviors [3-7]. People
with low health literacy, for example, show poorer dieting
habits, are less physically active, smoke more frequently, have
more sick leave days, and rely more heavily on the health care
system [7]. Furthermore, digital health literacy has become an
increasingly important topic because people regularly turn to
the internet when searching for health information [8-12]. In
such situations, people are often confronted with inaccurate
online health information and therefore need the ability to
evaluate the trustworthiness of information sources and the
credibility of their information [10,13-18]. Teaching adequate
evaluation strategies seems especially important because
laypeople often base their trustworthiness judgments on factors
like the enthusiasm of an information source and their tone of
voice [19].

In Germany, health literacy has decreased since 2014 [5,6]. A
representative survey published in 2021 found that 58.8% of
the German population had low health literacy levels and 75.8%
had low digital health literacy levels [6,7]. When searching the
internet for health information, it is especially important to
decide whether the information is reliable and whether it is
written with commercial interests [20]. However, 82.6% of the
German population find it difficult or very difficult to decide
whether information is reliable and 82% report it as difficult or
very difficult to assess whether information is written with
commercial interests [7]. Even university students, who
represent a well-educated subgroup of the German population,
find it difficult to decide whether online health information is
reliable and written with commercial interests [21]. Such results
may arise because information evaluation strategies are not well
enough embedded within the German school system and even
preservice teachers have problems adapting to the digitization
of the educational system [22]. Data from the Program for
International Student Assessment, for example, show that during
their entire school experience, only 54.3% of the students were
taught how to decide whether to trust information from the
internet. Furthermore, only 48.7% of the students were taught
how to detect whether information is subjective or biased, and
only 45.2% had the capacity to distinguish facts from opinions
[23].

Such results are unfortunate because teaching (digital) health
literacy to school-age children has the potential to improve
various health outcomes later in life [24,25]. Furthermore,
schools seem to be an ideal place to promote (digital) health
literacy because they can reach almost all children within a

society [26-28]. In line with this argumentation, the World
Health Organization argues that health literacy should be an
integral part of the school curriculum [29]. Furthermore, a recent
concept paper from the World Health Organization Regional
Office for Europe specifically stresses the importance of
addressing health literacy as well as digital health literacy in
schools [30]. For Germany, addressing (digital) health literacy
in schools seems especially important because German pupils
demonstrate particularly low health literacy levels compared to
pupils from other European countries [31]. However, promoting
(digital) health literacy in schools is difficult because (digital)
health education is not a mandatory school subject in all German
states. To address this issue, experts suggest that (digital) health
literacy could be addressed as part of the mandatory framework
for digital education and digital literacy in schools, which was
developed by the German Conference on Education Ministries
and Cultural Affairs (Kultusministerkonferenz) [32,33].

In line with these suggestions, the independent, nonprofit
foundation Stiftung Gesundheitswissen developed the free
e-learning platform Gesundweiser.de to teach (digital) health
literacy to school-age children. On the platform, visitors can
receive information on the topic of (digital) health literacy.
Furthermore, they can take part in a free e-learning course. The
course was designed to improve (digital) health literacy and at
the same time to teach skills specified in the mandatory
framework for digital education and digital literacy in schools
[32]. Even though there are various reasons why (digital) health
literacy should be taught in schools [34], research has shown
that many school-based health interventions end after external
funding stops [35]. To facilitate the permanent implementation
of an intervention, it is important to design interventions that
recognize the specific needs of schools and teachers [36].
Therefore, the e-learning course was designed to be applicable
in various types of schools and subjects. Since the course is
self-explanatory and no active supervision is required, it is
especially suitable as a homework exercise that can be
completed within a set amount of time. Within the course,
participants learn how they can evaluate health information on
the internet. The provided material was created by a
multiprofessional team, including health and e-learning
specialists, and was derived from professional guidelines (eg,
Guideline for the Development of Evidence-based Patient
Information) [37]. The aim of this study was to test the following
hypotheses:

• Hypothesis 1: Participants’ health literacy levels will be
higher after completing the e-learning course than they were
before completing the e-learning course.

• Hypothesis 2: Participants’digital health literacy levels will
be higher after completing the e-learning course than they
were before completing the e-learning course.

• Hypothesis 3: Participants’ subjective knowledge in the
domain of (digital) health literacy will be higher after
completing the e-learning course than it was before
completing the e-learning course.
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• Hypothesis 4: Participants’ objective knowledge in the
domain of (digital) health literacy will be higher after
completing the e-learning course than it was before
completing the e-learning course.

Methods

Sample
German pupils between the age of 16 and 20 years were
recruited from all German states and different types of schools
via an online panel provided by a market research company
(SPLENDID RESEARCH GmbH). The German school system
is highly complex. Within the 16 German states, various types
of schools, subjects, and core curriculums exist. To serve a wide
range of pupils, the course was not designed for a specific type
of school and core curriculum. Instead, it was designed for
pupils between the age of 16 and 20 years. Since 16-year-old
pupils typically attend the 10th grade, the course can be used
in diverse types of schools with a 10th grade (eg, Hauptschulen,
Realschulen, Gesamtschulen, Gymnasien). Furthermore, it can
be used in higher grades (eg, Gesamtschulen, Gymnasien) and
vocational schools (Berufsschulen) as well. As compensation
for participating in the study, participants received a 60€
(exchange rate in January 2022: 1€ ≈ USD 1.1342) online shop
voucher. An a priori power analysis using G*Power (University
of Düsseldorf) indicated that a total of 272 participants was
needed to detect a small-to-medium effect with satisfactory
power (specifications: test family = t tests; statistical test =
means: differences between 2 dependent means [matched pairs];
type of power analysis = a priori: compute required sample size
– given α, power, and effect size; tail(s)=1; effects size dz=0.2;
α err prob=.05; power [1–β err prob]=0.95) [38]. To compensate
for possible participant exclusions and data collection problems,
it was decided to oversample slightly.

Ethical Considerations
Before data collection, the study protocol was submitted to the
ethics committee of the Berlin Medical Association (Eth-68/21).
The ethics committee had no ethical or professional objections
to the study protocol.

Procedure
Data collection took place between December 2021 and January
2022. The pre-post measurement study was conducted online
using an online platform for data collection provided by a market

research company (SPLENDID RESEARCH GmbH). Prior to
the study, participants received detailed information about the
context, purpose, and procedures of the study. Furthermore,
they were informed that they could opt out of the study at any
time. After participants gave their informed consent to
participate in the study, they provided demographic information
and answered all measures (premeasurement). Following this,
participants had 7 days to complete the e-learning course.
Because the course was not designed for a specific type of
school and subject, it can be used in various contexts. Since the
course is self-explanatory and no active supervision is required,
it is especially suitable as a homework exercise that can be
completed within a set amount of time. To simulate such a
homework exercise, participants were given 7 days to complete
the course. During this 7-day period, participants could use any
device to complete the course and they could start and pause
the course as often as they liked. Simulating a homework
exercise by giving participants the opportunity to complete the
course within 7 days has the advantage that it increases
ecological validity. However, it also creates methodological
disadvantages that will be discussed in the limitations section.

Within the course, participant learned how they could evaluate
health information on the internet. The provided material was
created by a multiprofessional team, including health and
e-learning specialists, and was derived from professional
guidelines (eg, Guideline for the Development of
Evidence-based Patient Information) [37]. Furthermore, the
material was designed to address the competence areas
mentioned in the mandatory framework for digital education
and digital literacy in schools with a special focus on the
competence areas: (1) searching, processing, and storing; (2)
problem solving and acting; and (3) analyzing and reflecting
[32,33]. The e-learning course consists of 8 mandatory modules,
3 optional modules, and a final test. Internal analyses show that
it takes about 4 minutes to complete the shortest module and
18 minutes to complete the longest module. The entire course
can be completed in about 2 hours. Table 1 shows the length of
the e-learning course modules according to internal analyses.
Figure 1 shows a screenshot of the e-learning portal
Gesundweiser.de. Figure 2 provides an overview of the
e-learning course modules. After finishing the e-learning course,
participants answered all the measures again (postmeasurement).
At the end of the study, participants were thanked for their
participation and received their online shop voucher.
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Table 1. Length of the e-learning course modules according to internal analyses.

Length (min)Course module

14Mandatory module 1

18Mandatory module 2

6Optional module 1

6Mandatory module 3

9Mandatory module 4

6Optional module 2

14Mandatory module 5

12Mandatory module 6

9Mandatory module 7

4Optional module 3

11Mandatory module 8

11Final test

120Complete course

Figure 1. Screenshot of the e-learning platform Gesundweiser.de.
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Figure 2. Overview of the e-learning course modules.

Measures

Health Literacy
To assess health literacy, the Health Literacy for School-Age
Children Instrument was used [39,40]. This 10-item instrument
comprises 5 subscales assessing competencies in the fields of
theoretical knowledge (2 items: eg, “I am confident that I have
good information about health”), practical knowledge (2 items:
eg, “I am confident that when necessary I find health-related
information that is easy for me to understand”), critical thinking
(2 items: eg, “I am confident that I can usually figure out if
some health-related information is right or wrong”),
self-awareness (2 items: eg, “I am confident that I can give
reasons for choices I make regarding my health”), and
citizenship (2 items: eg, “I am confident that I can judge how
my own actions affect the surrounding natural environment”).
Participants rated all items on scales ranging from 1 (strongly
disagree) to 4 (strongly agree). For each subscale, a total score
was generated by calculating the mean.

Digital Health Literacy
To assess digital health literacy, 3 of the 7 subscales of the
Digital Health Literacy Instrument were used [11,20]. The 3
subscales assessed competencies in the fields of information
searching (3 items: eg, “When you search the internet for
information on health, how easy or difficult is it for you to make
a choice from all the information you find?”), evaluating
reliability (3 items: eg, “When you search the internet for
information on health, how easy or difficult is it for you to
decide whether the information is reliable or not?”), and
determining relevance (3 items: eg, “When you search the
internet for information on health, how easy or difficult is it for

you to decide if the information you found is applicable to
you?”). Participants rated all items on scales ranging from 1
(very hard) to 4 (very easy). For each subscale, a total score
was generated by calculating the mean.

Subjective (Digital) Health Literacy Knowledge
To assess subjective knowledge in the domain of (digital) health
literacy, participants indicated their agreement with 5 items (eg,
“I can explain which content-related characteristics are
indicative of reliable health information on the internet)”. The
items focused on content covered throughout the e-learning
course. Participants rated all items on scales ranging from 1
(strongly disagree) to 6 (strongly agree). A total score was
generated by calculating the mean.

Objective (Digital) Health Literacy Knowledge
To assess objective knowledge in the domain of (digital) health
literacy, participants answered 15 multiple-choice questions,
such as “What does the phrase ‘evidence-based’ mean?” with
response options (1) reviewed by experts, (2) based on scientific
evidence and proof, (3) based on personal views and
experiences, and (4) rated as helpful by a certain number of
users. The multiple-choice questions focused on content covered
throughout the e-learning course. Depending on the
multiple-choice question, 1 to 4 of the responses were correct.
For each correctly answered multiple-choice question,
participants received 1 point. A total score was generated by
adding up all points (minimum=0; maximum=15). The original
data set contains further variables that have not been described
because they exceed the scope of this study.
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Statistical Analysis
For all analyses, the statistical software JASP, version 0.16.1
(University of Amsterdam), was used [41]. To test the
hypotheses, Bayesian paired-samples t tests (1-sided) were
conducted with the following specifications: alternative
hypothesis (measure 1 < measure 2), Bayes factor (BF10), test
(student), missing values (exclude cases per dependent variable),
and prior (default Cauchy scale=0.707). These specifications
imply that the results will report Bayes factors in favor of the
alternative hypotheses (measure 1 < measure 2). Following a
commonly used classification scheme, Bayes factors above 1
will be interpreted as anecdotal (1-3), moderate (3-10), strong
(10-30), very strong (30-100), or extreme (>100) evidence for
the alternative hypothesis compared to the null hypothesis in
light of the observed data [42]. Bayes factors below 1 will be
interpreted as evidence for the null hypothesis. For all analyses,
a Bayes factor robustness check is provided. The robustness

check “provides an assessment of the robustness of the Bayes
factor under different prior specifications: if the qualitative
conclusions do not change across a range of different plausible
prior distributions, this indicates that the analysis is relatively
robust” [43]. Further information on the interpretation of Bayes
factors in medical contexts and nontechnical introductions to
Bayesian inference with JASP can be found elsewhere [42-44].

Results

Sample Characteristics
A total of 340 participants completed the study; 17 participants
were excluded from data analysis because of data collection
problems or because they did not finish the e-learning course.
Therefore, the final sample contained 323 (188 females, 132
males, 3 diverse) participants from all German states with an
average age of 17.88 (SD 1.22) years. Table 2 shows the sample
distribution by state, type of school, and grade.
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Table 2. Sample distribution by state, type of school, and grade.

Sample, nCharacteristic

State

30Baden-Württemberg

41Bayern

11Berlin

6Brandenburg

1Bremen

16Hamburg

34Hessen

7Mecklenburg-Vorpommern

33Niedersachsen

78Nordrhein-Westfalen

12Rheinland-Pfalz

6Saarland

22Sachsen

7Sachsen-Anhalt

7Schleswig-Holstein

12Thüringen

Type of school

1Hauptschule

23Realschule

2Sekundarschule

37Gesamtschule

134Gymnasien

78Berufsschule

24Berufsfachschule

15Fachoberschule

9Other

Grade

08th

79th

4510th

5711th

10012th

4713th

67Other

Findings
Table 3 provides descriptive statistics of the premeasurements
and postmeasurements.
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Table 3. Descriptive statistics of the premeasurements and postmeasurementsa.

95% Credible intervalSEMean (SD)Measure

Health literacy

2.750-2.8690.0302.810 (0.542)Theoretical knowledge (pre)

2.952-3.0640.0283.008 (0.510)Theoretical knowledge (post)

2.952-3.0820.0333.017 (0.598)Practical knowledge (pre)

3.150-3.2650.0293.207 (0.526)Practical knowledge (post)

2.697-2.8200.0312.759 (0.565)Critical thinking (pre)

3.043-3.1710.0333.107 (0.587)Critical thinking (post)

2.792-2.9200.0322.856 (0.583)Self-awareness (pre)

3.031-3.1460.0293.088 (0.523)Self-awareness (post)

2.788-2.9120.0322.850 (0.567)Citizenship (pre)

2.993-3.1120.0303.053 (0.543)Citizenship (post)

Digital health literacy

2.650-2.7830.0342.716 (0.607)Information searching (pre)

2.745-2.8690.0312.807 (0.566)Information searching (post)

2.456-2.5880.0342.522 (0.603)Evaluating reliability (pre)

2.775-2.9070.0342.841 (0.605)Evaluating reliability (post)

2.587-2.7150.0322.651 (0.583)Determining relevance (pre)

2.792-2.9140.0312.853 (0.557)Determining relevance (post)

(Digital) health literacy knowledge

3.393-3.6270.0593.510 (1.068)Subjective (pre)

5.124-5.2790.0395.202 (0.708)Subjective (post)

5.528-6.1560.1605.842 (2.870)Objective (pre)

10.779-11.2650.12411.022 (2.221)Objective (post)

aHealth literacy measures ranged from 1 (low score) to 4 (high score); digital health literacy measures ranged from 1 (low score) to 4 (high score);
subjective (digital) health literacy knowledge ranged from 1 (low score) to 6 (high score); and objective (digital) health literacy knowledge ranged from
0 (low score) to 15 (high score).

Health Literacy
It was hypothesized that participants’ health literacy levels
would be higher after completing the e-learning course than
they were before completing the e-learning course. The results
show extreme evidence for the hypothesis. After completing
the e-learning course, participants reported higher competencies
in the fields of theoretical knowledge (extreme evidence,
BF–0=676,000; δ=–0.316), practical knowledge (extreme

evidence, BF–0=92,300; δ=–0.294), critical thinking (extreme
evidence, BF–0=7.42e+13; δ=–0.482), self-awareness (extreme
evidence, BF–0=11,500,000; δ=–0.345), and citizenship (extreme
evidence, BF–0=266,000; δ=–0.306). The corresponding prior
and posterior distribution plots, effect sizes, and Bayes factor
robustness checks are shown in Figure 3 (theoretical
knowledge), Figure 4 (practical knowledge), Figure 5 (critical
thinking), Figure 6 (self-awareness), and Figure 7 (citizenship).
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Figure 3. Health literacy: theoretical knowledge. BF: Bayes factor.

Figure 4. Health literacy: practical knowledge. BF: Bayes factor.

Figure 5. Health literacy: critical thinking. BF: Bayes factor.
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Figure 6. Health literacy: self-awareness. BF: Bayes factor.

Figure 7. Health literacy: citizenship. BF: Bayes factor.

Digital Health Literacy
It was hypothesized that participants’ digital health literacy
levels would be higher after completing the e-learning course
than they were before completing the e-learning course.
Depending on the measured domains, the results vary from
anecdotal to extreme evidence for the hypothesis. After
completing the e-learning course, participants reported higher

competencies in the fields of information searching (anecdotal
evidence, BF–0=2.339; δ=–0.135), evaluating reliability (extreme
evidence, BF–0=2.03e+11; δ=–0.434), and determining relevance
(extreme evidence, BF–0=316,000; δ=–0.308). The
corresponding prior and posterior distribution plots, effect sizes,
and Bayes factor robustness checks are shown in Figure 8
(information searching), Figure 9 (evaluating reliability), and
Figure 10 (determining relevance).
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Figure 8. Digital health literacy: information searching. BF: Bayes factor.

Figure 9. Digital health literacy: evaluating reliability. BF: Bayes factor.

Figure 10. Digital health literacy: determining relevance. BF: Bayes factor.
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Subjective (Digital) Health Literacy Knowledge
It was hypothesized that participants’ subjective knowledge in
the domain of (digital) health literacy would be higher after
completing the e-learning course than it was before completing

the e-learning course. The results show extreme evidence
(BF–0=3.58e+82; δ=–1.515) for the hypothesis. The
corresponding prior and posterior distribution plot, effect size,
and Bayes factor robustness check are shown in Figure 11.

Figure 11. (Digital) health literacy knowledge: subjective. BF: Bayes factor.

Objective (Digital) Health Literacy Knowledge
It was hypothesized that participants’ objective knowledge in
the domain of (digital) health literacy would be higher after
completing the e-learning course than it was before completing

the e-learning course. The results show extreme evidence
(BF–0=3.82e+97; δ=–1.758) for the hypothesis. The
corresponding prior and posterior distribution plot, effect size,
and Bayes factor robustness check are shown in Figure 12.

Figure 12. (Digital) health literacy knowledge: objective. BF: Bayes factor.

Discussion

The goal of this study was to evaluate a newly developed
e-learning course available on the e-learning platform
Gesundweiser.de and its potential to promote (digital) health
literacy in school-age children. It was hypothesized that
participants’ health literacy (hypothesis 1) and digital health
literacy levels (hypothesis 2) would be higher after completing
the e-learning course than they were before completing the
e-learning course. Furthermore, it was hypothesized that

participants’subjective (hypothesis 3) and objective knowledge
(hypothesis 4) in the domain of (digital) health literacy would
be higher after completing the e-learning course than it was
before completing the e-learning course. The results support all
4 hypotheses. After completing the e-learning course,
participants achieved higher health literacy levels. More
specifically, they reached higher competency levels in the
domains of theoretical knowledge, practical knowledge, critical
thinking, self-awareness, and citizenship. Furthermore,
participants achieved higher digital health literacy levels. More
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specifically, they reached higher competency levels in the
domains of information searching, evaluating reliability, and
determining relevance. Moreover, participants demonstrated
higher subjective and objective knowledge in the domain of
(digital) health literacy after completing the e-learning course.

There are several reasons why these results are encouraging,
and 2 of them seem especially important. First, experts have
long argued that (digital) health literacy should be taught to
school-age children [24-28]. At the same time, however, there
are not many German-language interventions available to
promote (digital) health literacy that have been scientifically
evaluated and proven to work. The e-learning platform
Gesundweiser.de closes this gap by providing a scientifically
evaluated e-learning course for school-age children that is freely
available for pupils, parents, teachers, and all other interested
parties. Second, experts have argued that the promotion of
(digital) health literacy should be an integral part of the school
curriculum [29,30]. However, promoting (digital) health literacy
within the German school system is difficult because (digital)
health education is not a mandatory school subject in all German
states. Therefore, experts suggest that (digital) health literacy
could be addressed as part of the mandatory framework for
digital education and digital literacy in schools, which was
developed by the German Conference on Education Ministries
and Cultural Affairs (Kultusministerkonferenz) [32,33]. Because
the presented e-learning course was designed to improve
(digital) health literacy and at the same time to teach skills
specified in the mandatory framework for digital education and
digital literacy in schools, it provides an easy way for schools
and teachers from all German states to integrate (digital) health
literacy education into their school curriculums and lessons.

Even though the results of this study show that the e-learning
course available in the e-learning platform Gesundweiser.de
has the potential to promote (digital) health literacy in
school-age children, there are limitations to the generalizability
of the results. Three limitations seem especially important. The
first limitation concerns the age of the study participants. All
study participants were aged 16 to 20 years. Because previous
research has shown that age might influence the suggestibility
to misinformation, source monitoring, and digital literacy, the
results of this study may not be generalized to younger age
groups [45-47]. Therefore, future research should replicate this
study with study participants younger than 16 years to explore
whether the e-learning course can also promote (digital) health
literacy in younger age groups.

The second limitation concerns the methodological approach
that was chosen. This study employed a pre-post measurement
study design. This means that study participants answered all
measures both before and after completing the e-learning course.
One of the main advantages of this methodological approach
is that it can reduce random noise. In some circumstances,
however, this methodological approach might reveal the aim
of the study to the participants. After completing questionnaires
about their (digital) health literacy and answering knowledge
questions about (digital) health literacy, participants might have
guessed that the study was designed to test whether the provided
e-learning course has the potential to improve (digital) health
literacy. This, in turn, might have induced a demand effect that
influenced participants’ evaluations and learning motivation
[48]. Therefore, future studies should test the rationale of this
study with a different methodological approach. For example,
a between-subject experimental design could be chosen in which
participants are randomly assigned to an experimental or control
group and answer the dependent measures just once at the end
of the study.

The third limitation concerns the setting in which participants
could complete the e-learning course. To simulate a homework
exercise, participants were given 7 days to complete the course.
During this 7-day period, participants could use any device to
complete the course and they could start and pause the course
as often as they liked. Simulating a homework exercise by giving
participants the opportunity to complete the course within 7
days has the advantage that it increases ecological validity.
However, it also creates methodological disadvantages. It cannot
be guaranteed, for example, that participants completed the
course without any help from parents or friends. Furthermore,
learning results might be influenced by the number of times
participants started and paused the course and by whether
participants completed the optional modules. Following the
principle of data parsimony, data collection focused on the
variables that were most relevant for hypothesis testing and no
data were collected regarding the number of times participants
started and paused the course and whether participants
completed the optional modules. To ensure that participants
complete the course without any external help and to investigate
the effects of completing the optional modules and pausing and
restarting the course, future studies could repeat this study in a
laboratory setting and control for the described variables.

 

Acknowledgments
This research was supported by the independent, nonprofit foundation Stiftung Gesundheitswissen. The data sets generated and
analyzed during this study are available from the corresponding author on reasonable request.

Authors' Contributions
LK, EMB, AE, and RS contributed to the conceptualization of the study and to the study design. SPLENDID RESEARCH GmbH
was responsible for data acquisition. LK and EMB were responsible for analysis and interpretation of data. LK was responsible
for drafting the manuscript. LK, EMB, AE, and RS were responsible for revising the manuscript critically for important intellectual
content. LK, EMB, AE, and RS approved the revision of the manuscript to be published.

J Med Internet Res 2022 | vol. 24 | iss. 5 | e37523 | p.475https://www.jmir.org/2022/5/e37523
(page number not for citation purposes)

König et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Conflicts of Interest
All authors are employees of the independent, nonprofit foundation Stiftung Gesundheitswissen and were involved in the
development and evaluation of the e-learning platform Gesundweiser.de.

References
1. Sørensen K, Van den Broucke S, Fullam J, Doyle G, Pelikan J, Slonska Z, (HLS-EU) Consortium Health Literacy Project

European. Health literacy and public health: a systematic review and integration of definitions and models. BMC Public
Health 2012 Jan 25;12:80. [doi: 10.1186/1471-2458-12-80] [Medline: 22276600]

2. Norman CD, Skinner HA. eHealth Literacy: Essential Skills for Consumer Health in a Networked World. J Med Internet
Res 2006 Jun 16;8(2):e9 [FREE Full text] [doi: 10.2196/jmir.8.2.e9] [Medline: 16867972]

3. Berkman ND, Sheridan SL, Donahue KE, Halpern DJ, Crotty K. Low health literacy and health outcomes: an updated
systematic review. Ann Intern Med 2011 Jul 19;155(2):97-107. [doi: 10.7326/0003-4819-155-2-201107190-00005] [Medline:
21768583]

4. Neter E, Brainin E. Association Between Health Literacy, eHealth Literacy, and Health Outcomes Among Patients With
Long-Term Conditions. European Psychologist 2019 Jan;24(1):68-81. [doi: 10.1027/1016-9040/a000350]

5. Hurrelmann K, Klinger J, Schaeffer D. Comparison of Health Literacy of the Population in Germany between 2014 and
2020. Gesundheitswesen 2022 Jan 28:1-10. [doi: 10.1055/a-1709-1011] [Medline: 35098501]

6. Schaeffer D, Berens E, Vogt D, Gille S, Griese L, Klinger J, et al. Health Literacy in Germany - Findings of a Representative
Follow-up Survey. Dtsch Arztebl Int 2021 Oct 29;118(43):723-728 [FREE Full text] [doi: 10.3238/arztebl.m2021.0310]
[Medline: 34551856]

7. Schaeffer D, Berens E, Gille S, Griese L, Klinger J, Sombre SD, et al. Gesundheitskompetenz der Bevölkerung in Deutschland
vor und während der Corona Pandemie: Ergebnisse des HLS-GER 2. Bielefeld, Germany: Universität Bielefeld,
Interdisziplinäres Zentrum für Gesundheitskompetenzforschung; 2021.

8. Prestin A, Vieux SN, Chou WS. Is Online Health Activity Alive and Well or Flatlining? Findings From 10 Years of the
Health Information National Trends Survey. J Health Commun 2015;20(7):790-798. [doi: 10.1080/10810730.2015.1018590]
[Medline: 26042588]

9. Baumann E, Czerwinski F, Rosset M, Seelig M, Suhr R. How do people in Germany seek health information? Insights
from the first wave of HINTS Germany. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz 2020
Sep;63(9):1151-1160. [doi: 10.1007/s00103-020-03192-x] [Medline: 32666180]

10. König L, Jucks R. Effects of Positive Language and Profession on Trustworthiness and Credibility in Online Health Advice:
Experimental Study. J Med Internet Res 2020 Mar 10;22(3):e16685 [FREE Full text] [doi: 10.2196/16685] [Medline:
32154786]

11. Kolpatzik K, Mohrmann M, Zeeb H. Digitale Gesundheitskompetenz in Deutschland. Berlin, Germany: KomPart; 2020.
12. Samerski S, Müller H. Digital health literacy in Germany - requested, but not supported? Results of the empirical study

TK-DiSK. Z Evid Fortbild Qual Gesundhwes 2019 Aug;144-145:42-51. [doi: 10.1016/j.zefq.2019.05.006] [Medline:
31307911]

13. Stadtler M, Winter S, Scharrer L, Thomm E, Krämer N, Bromme R. Selektion, Integration und Evaluation. Psychologische
Rundschau 2017 Jul;68(3):177-181. [doi: 10.1026/0033-3042/a000361]

14. König L, Breves P. Providing health information via Twitter: professional background and message style influence source
trustworthiness, message credibility and behavioral intentions. JCOM 2021;20(04):A04. [doi: 10.22323/2.20040204]

15. Swire-Thompson B, Lazer D. Public Health and Online Misinformation: Challenges and Recommendations. Annu Rev
Public Health 2020 Apr 02;41:433-451. [doi: 10.1146/annurev-publhealth-040119-094127] [Medline: 31874069]

16. König L, Jucks R. Hot topics in science communication: Aggressive language decreases trustworthiness and credibility in
scientific debates. Public Underst Sci 2019 May;28(4):401-416 [FREE Full text] [doi: 10.1177/0963662519833903]
[Medline: 30843467]

17. König L, Jucks R. Influence of Enthusiastic Language on the Credibility of Health Information and the Trustworthiness of
Science Communicators: Insights From a Between-Subject Web-Based Experiment. Interact J Med Res 2019 Aug
12;8(3):e13619 [FREE Full text] [doi: 10.2196/13619] [Medline: 31411138]

18. König L, Jucks R. When do information seekers trust scientific information? Insights from recipients’ evaluations of online
video lectures. Int J Educ Technol High Educ 2019 Feb 13;16(1):1-21. [doi: 10.1186/s41239-019-0132-7]

19. König L. Podcasts in higher education: teacher enthusiasm increases students’excitement, interest, enjoyment, and learning
motivation. Educational Studies 2020 Jan 07;47(5):627-630. [doi: 10.1080/03055698.2019.1706040]

20. van der Vaart R, Drossaert C. Development of the Digital Health Literacy Instrument: Measuring a Broad Spectrum of
Health 1.0 and Health 2.0 Skills. J Med Internet Res 2017 Jan 24;19(1):e27 [FREE Full text] [doi: 10.2196/jmir.6709]
[Medline: 28119275]

21. Dadaczynski K, Okan O, Messer M, Leung AYM, Rosário R, Darlington E, et al. Digital Health Literacy and Web-Based
Information-Seeking Behaviors of University Students in Germany During the COVID-19 Pandemic: Cross-sectional
Survey Study. J Med Internet Res 2021 Jan 15;23(1):e24097 [FREE Full text] [doi: 10.2196/24097] [Medline: 33395396]

J Med Internet Res 2022 | vol. 24 | iss. 5 | e37523 | p.476https://www.jmir.org/2022/5/e37523
(page number not for citation purposes)

König et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1186/1471-2458-12-80
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22276600&dopt=Abstract
https://www.jmir.org/2006/2/e9/
http://dx.doi.org/10.2196/jmir.8.2.e9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16867972&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-155-2-201107190-00005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21768583&dopt=Abstract
http://dx.doi.org/10.1027/1016-9040/a000350
http://dx.doi.org/10.1055/a-1709-1011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35098501&dopt=Abstract
https://doi.org/10.3238/arztebl.m2021.0310
http://dx.doi.org/10.3238/arztebl.m2021.0310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34551856&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2015.1018590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26042588&dopt=Abstract
http://dx.doi.org/10.1007/s00103-020-03192-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32666180&dopt=Abstract
https://www.jmir.org/2020/3/e16685/
http://dx.doi.org/10.2196/16685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32154786&dopt=Abstract
http://dx.doi.org/10.1016/j.zefq.2019.05.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31307911&dopt=Abstract
http://dx.doi.org/10.1026/0033-3042/a000361
http://dx.doi.org/10.22323/2.20040204
http://dx.doi.org/10.1146/annurev-publhealth-040119-094127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31874069&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/0963662519833903?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/0963662519833903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30843467&dopt=Abstract
https://www.i-jmr.org/2019/3/e13619/
http://dx.doi.org/10.2196/13619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31411138&dopt=Abstract
http://dx.doi.org/10.1186/s41239-019-0132-7
http://dx.doi.org/10.1080/03055698.2019.1706040
https://www.jmir.org/2017/1/e27/
http://dx.doi.org/10.2196/jmir.6709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28119275&dopt=Abstract
https://www.jmir.org/2021/1/e24097/
http://dx.doi.org/10.2196/24097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33395396&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


22. König L. Lehramtsstudierende: Ihre Meinungen zur Digitalisierung im Bildungssystem und zu den Unterrichtsfächern
Programmieren und Unternehmertum. MedienPädagogik 2020 May 11:68-85. [doi: 10.21240/mpaed/00/2020.05.11.x]

23. OECD. 21st-Century Readers: Developing Literacy Skills in a Digital World. Paris, France: OECD Publishing; 2021.
24. Bröder J, Okan O, Bollweg TM, Bruland D, Pinheiro P, Bauer U. Child and Youth Health Literacy: A Conceptual Analysis

and Proposed Target-Group-Centred Definition. Int J Environ Res Public Health 2019 Sep 14;16(18):3417 [FREE Full
text] [doi: 10.3390/ijerph16183417] [Medline: 31540040]

25. Okan O. The importance of early childhood to address equity and health literacy development in the life-course. Public
Health Panorama 2019;5(2):170-176 [FREE Full text]

26. Paakkari L, Inchley J, Schulz A, Weber M, Okan O. Addressing health literacy in schools in the WHO European Region.
Public Health Panorama 2019;5:186-190 [FREE Full text]

27. Videto DM, Dake JA. Promoting Health Literacy Through Defining and Measuring Quality School Health Education.
Health Promot Pract 2019 Nov;20(6):824-833 [FREE Full text] [doi: 10.1177/1524839919870194] [Medline: 31465242]

28. St Leger L. Schools, health literacy and public health: possibilities and challenges. Health Promot Int 2001 Jun;16(2):197-205.
[doi: 10.1093/heapro/16.2.197] [Medline: 11356758]

29. World Health Organization. Shanghai declaration on promoting health in the 2030 Agenda for Sustainable Development.
Health Promot Int 2017 Feb 01;32(1):7-8. [doi: 10.1093/heapro/daw103] [Medline: 28180270]

30. Health literacy in the context of health, well-being and learning outcomes – the case of children and adolescents in schools.
World Health Organization Regional Office for Europe. 2021. URL: https://tinyurl.com/3mv8cns9 [accessed 2022-05-11]

31. Paakkari L, Torppa M, Mazur J, Boberova Z, Sudeck G, Kalman M, et al. A Comparative Study on Adolescents' Health
Literacy in Europe: Findings from the HBSC Study. Int J Environ Res Public Health 2020 May 19;17(10):3543 [FREE
Full text] [doi: 10.3390/ijerph17103543] [Medline: 32438595]

32. Kultusministerkonferenz. Bildung in der digitalen Welt. Berlin, Germany: Sekretariat der Kultusministerkonferenz; 2016.
33. Schulenkorf T, Krah V, Dadaczynski K, Okan O. Addressing Health Literacy in Schools in Germany: Concept Analysis

of the Mandatory Digital and Media Literacy School Curriculum. Front Public Health 2021;9:687389 [FREE Full text]
[doi: 10.3389/fpubh.2021.687389] [Medline: 34291029]

34. Paakkari L, Okan O. Health Literacy-Talking the Language of (School) Education. Health Lit Res Pract 2019
Jul;3(3):e161-e164 [FREE Full text] [doi: 10.3928/24748307-20190502-01] [Medline: 31410386]

35. Herlitz L, MacIntyre H, Osborn T, Bonell C. The sustainability of public health interventions in schools: a systematic
review. Implement Sci 2020 Jan 06;15(1):4 [FREE Full text] [doi: 10.1186/s13012-019-0961-8] [Medline: 31906983]

36. Dadaczynski K, Paulus P, Nieskens B, Hundeloh H. Gesundheit im Kontext von Bildung und Erziehung – Entwicklung,
Umsetzung und Herausforderungen der schulischen Gesundheitsförderung in Deutschland. Z f Bildungsforsch 2015 Jan
28;5(2):197-218. [doi: 10.1007/s35834-015-0122-3]

37. Lühnen J, Albrecht M, Hanßen K, Hildebrandt J, Steckelberg A. Guideline for the Development of Evidence-based Patient
Information: insights into the methods and implementation of evidence-based health information. Z Evid Fortbild Qual
Gesundhwes 2015;109(2):159-165. [doi: 10.1016/j.zefq.2015.03.004] [Medline: 26028454]

38. Faul F, Erdfelder E, Lang A, Buchner A. G*Power 3: a flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav Res Methods 2007 May;39(2):175-191. [doi: 10.3758/bf03193146] [Medline: 17695343]

39. Paakkari O, Torppa M, Kannas L, Paakkari L. Subjective health literacy: Development of a brief instrument for school-aged
children. Scand J Public Health 2016 Dec;44(8):751-757. [doi: 10.1177/1403494816669639] [Medline: 27655781]

40. Felder-Puig R, Teutsch F, Ramelow D, Maier G. Gesundheit und Gesundheitsverhalten von österreichischen Schülerinnen
und Schülern. Vienna, Austria: Bundesministerium für Arbeit, Soziales, Gesundheit und Konsumentenschutz; 2019.

41. JASP team. JASP, version 0.16.1 (computer software). Amsterdam, The Netherlands: University of Amsterdam; 2022.
42. Kelter R. Bayesian alternatives to null hypothesis significance testing in biomedical research: a non-technical introduction

to Bayesian inference with JASP. BMC Med Res Methodol 2020 Jun 05;20(1):142 [FREE Full text] [doi:
10.1186/s12874-020-00980-6] [Medline: 32503439]

43. van Doorn J, van den Bergh D, Böhm U, Dablander F, Derks K, Draws T, et al. The JASP guidelines for conducting and
reporting a Bayesian analysis. Psychon Bull Rev 2021 Jun;28(3):813-826 [FREE Full text] [doi: 10.3758/s13423-020-01798-5]
[Medline: 33037582]

44. Quintana DS, Williams DR. Bayesian alternatives for common null-hypothesis significance tests in psychiatry: a non-technical
guide using JASP. BMC Psychiatry 2018 Jun 07;18(1):178 [FREE Full text] [doi: 10.1186/s12888-018-1761-4] [Medline:
29879931]

45. Choi W, Stvilia B. Web credibility assessment: Conceptualization, operationalization, variability, and models. J Assn Inf
Sci Tec 2015 May 13;66(12):2399-2414. [doi: 10.1002/asi.23543]

46. Jin K, Reichert F, Cagasan LP, de la Torre J, Law N. Measuring digital literacy across three age cohorts: Exploring test
dimensionality and performance differences. Computers & Education 2020 Nov;157:103968. [doi:
10.1016/j.compedu.2020.103968]

47. Mitchell KJ, Johnson MK, Mather M. Source monitoring and suggestibility to misinformation: adult age-related differences.
Appl Cognit Psychol 2002 Jan;17(1):107-119. [doi: 10.1002/acp.857]

J Med Internet Res 2022 | vol. 24 | iss. 5 | e37523 | p.477https://www.jmir.org/2022/5/e37523
(page number not for citation purposes)

König et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.21240/mpaed/00/2020.05.11.x
https://www.mdpi.com/resolver?pii=ijerph16183417
https://www.mdpi.com/resolver?pii=ijerph16183417
http://dx.doi.org/10.3390/ijerph16183417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31540040&dopt=Abstract
https://apps.who.int/iris/handle/10665/327054
https://apps.who.int/iris/handle/10665/327055
https://journals.sagepub.com/doi/10.1177/1524839919870194?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/1524839919870194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31465242&dopt=Abstract
http://dx.doi.org/10.1093/heapro/16.2.197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11356758&dopt=Abstract
http://dx.doi.org/10.1093/heapro/daw103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28180270&dopt=Abstract
https://tinyurl.com/3mv8cns9
https://www.mdpi.com/resolver?pii=ijerph17103543
https://www.mdpi.com/resolver?pii=ijerph17103543
http://dx.doi.org/10.3390/ijerph17103543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32438595&dopt=Abstract
https://doi.org/10.3389/fpubh.2021.687389
http://dx.doi.org/10.3389/fpubh.2021.687389
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34291029&dopt=Abstract
https://journals.healio.com/doi/abs/10.3928/24748307-20190502-01?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.3928/24748307-20190502-01
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31410386&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-019-0961-8
http://dx.doi.org/10.1186/s13012-019-0961-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31906983&dopt=Abstract
http://dx.doi.org/10.1007/s35834-015-0122-3
http://dx.doi.org/10.1016/j.zefq.2015.03.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26028454&dopt=Abstract
http://dx.doi.org/10.3758/bf03193146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17695343&dopt=Abstract
http://dx.doi.org/10.1177/1403494816669639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27655781&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-020-00980-6
http://dx.doi.org/10.1186/s12874-020-00980-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32503439&dopt=Abstract
http://europepmc.org/abstract/MED/33037582
http://dx.doi.org/10.3758/s13423-020-01798-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33037582&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-018-1761-4
http://dx.doi.org/10.1186/s12888-018-1761-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29879931&dopt=Abstract
http://dx.doi.org/10.1002/asi.23543
http://dx.doi.org/10.1016/j.compedu.2020.103968
http://dx.doi.org/10.1002/acp.857
http://www.w3.org/Style/XSL
http://www.renderx.com/


48. Charness G, Gneezy U, Kuhn MA. Experimental methods: Between-subject and within-subject design. J Econ Behav Organ
2012 Jan;81(1):1-8. [doi: 10.1016/j.jebo.2011.08.009]

Abbreviations
BF: Bayes factor

Edited by A Mavragani; submitted 23.02.22; peer-reviewed by T Schulenkorf, K Cronan, CF Lai; comments to author 18.03.22;
accepted 19.04.22; published 16.05.22.

Please cite as:
König L, Marbach-Breitrück E, Engler A, Suhr R
The Development and Evaluation of an e-Learning Course That Promotes Digital Health Literacy in School-age Children: Pre-Post
Measurement Study
J Med Internet Res 2022;24(5):e37523
URL: https://www.jmir.org/2022/5/e37523 
doi:10.2196/37523
PMID:35576572

©Lars König, Eugenia Marbach-Breitrück, Anne Engler, Ralf Suhr. Originally published in the Journal of Medical Internet
Research (https://www.jmir.org), 16.05.2022. 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. 5 | e37523 | p.478https://www.jmir.org/2022/5/e37523
(page number not for citation purposes)

König et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.jebo.2011.08.009
https://www.jmir.org/2022/5/e37523
http://dx.doi.org/10.2196/37523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35576572&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

A Short Intervention and an Interactive e-Learning Module to
Motivate Medical and Dental Students to Enlist as First
Responders: Implementation Study

Victor Taramarcaz1*, BSc; Tara Herren1*, MSc; Eric Golay1, DAS; Simon Regard1, MD; Sébastien Martin-Achard2,

DAS; Francois Mach3, MD; Nicolas Schnetzler1, BSc; Gaëtan Ricci1, BSc; Ido Zamberg4, MD; Robert Larribau1,

MD; Marc Niquille1, MD; Mélanie Suppan4, MD; Eduardo Schiffer4, MD, PhD; Laurent Suppan1, MD
1Division of Emergency Medicine, Department of Anesthesiology, Clinical Pharmacology, Intensive Care and Emergency Medicine, University of
Geneva Hospitals and Faculty of Medicine, Geneva, Switzerland
2Save a Life, Swiss Emergency Responders Association, Geneva, Switzerland
3Cardiology Department, University of Geneva Hospitals and Faculty of Medicine, Geneva, Switzerland
4Division of Anesthesiology, Department of Anesthesiology, Clinical Pharmacology, Intensive Care and Emergency Medicine, University of Geneva
Hospitals and Faculty of Medicine, Geneva, Switzerland
*these authors contributed equally

Corresponding Author:
Laurent Suppan, MD
Division of Emergency Medicine
Department of Anesthesiology, Clinical Pharmacology, Intensive Care and Emergency Medicine
University of Geneva Hospitals and Faculty of Medicine
Rue Gabrielle-Perret-Gentil 4
Geneva, 1211
Switzerland
Phone: 41 223723311
Email: laurent.suppan@hcuge.ch

Abstract

Background: Prompt and proficient basic life support (BLS) maneuvers are essential to increasing the odds of survival after
out-of-hospital cardiac arrest. However, significant time can elapse before the arrival of professional rescuers. To decrease these
delays, many countries have developed first responder networks. These networks are composed of BLS-certified lay or professional
rescuers who can be dispatched by emergency medical communication centers to take care of those who experience out-of-hospital
cardiac arrest. Many systems are, however, limited by a relatively low number of active first responders, and first-year medical
and dental students may represent an almost untapped pool of potential rescuers. On top of providing an enhanced BLS coverage
to the population, this could also help medical students be better prepared to their future role as certified health care providers
and address societal expectations regarding health care students.

Objective: Our objective was to describe the impact of a short motivational intervention followed by a blended BLS course
(e-learning and practice session) designed to motivate first-year medical and dental students to enlist as first responders.

Methods: A short, web-based, motivational intervention presenting this project took place, and first-year University of Geneva,
Faculty of Medicine students were provided with a link to the study platform. Those who agreed to participate were redirected
to a demographic questionnaire before registering on the platform. The participants were then asked to answer a second questionnaire
designed to determine their baseline knowledge prior to following an interactive e-learning module. Upon completion, a web-based
booking form enabling them to register for a 1-hour practice session was displayed. These sessions were held by senior medical
students who had been trained and certified as BLS instructors. The participants who attended these practice sessions were asked
to answer a postcourse questionnaire before receiving the certificate enabling them to register as first responders.

Results: Out of the 529 first-year students registered at University of Geneva, Faculty of Medicine on January 14, 2021, 190
(35.9%) initially agreed to participate. Moreover, 102 (19.3%) attended the practice sessions, and 48 (9.1%) had completed all
training and enlisted as first responders on the dedicated platform, Save a Life, at 6 months (July 14, 2021). Postcourse confidence
in resuscitation skills was associated with a higher likelihood of registering as first responder (P=.03). No association was found
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between prior BLS knowledge and the probability of registering to a practice session (P=.59), of obtaining a course completion
certificate (P=.29), or of enlisting as first responder (P=.56).

Conclusions: This study shows that a motivational intervention associated with a short BLS course can convince medical
students to enlist as first responders. Further studies are needed to understand the rather low proportion of medical students finally
registering as first responders.

International Registered Report Identifier (IRRID): RR2-10.2196/24664

(J Med Internet Res 2022;24(5):e38508)   doi:10.2196/38508

KEYWORDS

basic life support; cardiopulmonary resuscitation; first responder; undergraduate medical education; out-of-hospital cardiac arrest;
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Introduction

Background
According to the World Health Organization, ischemic heart
disease is the current leading cause of death worldwide [1], and
most out-of-hospital cardiac arrests (OHCAs) are linked to this
condition [2]. Survival and neurological outcomes greatly
depend upon the prompt provision of basic life support (BLS)
maneuvers and on the availability of automatic external
defibrillators (AED) [3-6]. In Geneva, Switzerland, BLS
maneuvers were only provided in 40% of OHCA cases between
2009 and 2012, according to a retrospective study published in
2018 [7]. This proportion is lower than that found on average
in Europe [2], and there is, consequently, considerable room
for improvement.

To enable the provision of BLS maneuvers prior to the arrival
of professional rescuers, first responder systems have been
created in many regions of the world. These systems allow
emergency medical dispatchers to send adequately trained
individuals to take care of OHCA situations before the arrival
of professional help. Although different technological solutions
have been developed, some of which are currently used in
Switzerland, most operate according to the same principles. In
general, first responders receive a notification on their
smartphone through a specific app. The ones who are both
available and within a 3-km radius of the scene receive the exact
coordinates after accepting the mission. This allows a timely
provision of BLS maneuvers by adequately trained responders
and, consequently, higher survival rates [8-12]. The major
functional limitation of these platforms is related to the number
of registered first responders, their location, and their
availability. By raising the sheer number of first responders, a
country or state could increase its overall coverage and
henceforth improve OHCA outcomes. In Switzerland, the state
of Ticino was first to launch a first responder system in 2005
[13]. Since then, other systems have been developed throughout
the country, and most of the 26 Swiss states now run their own
first responder organization [14]. In Geneva, the first responder
platform, Save a Life, enables any adult in possession of a valid
BLS-AED certificate to register as first responder [15]. Recently
created, Save a Life counted only 260 active first responders in
2019, its first year of activity [16].

Medical students may represent an almost untapped pool of
potential first responders. Previous studies have shown that

first-year medical students feel that they would be expected to
act in case of an emergency but feel unprepared to face OHCA
situations [17]. This lack of confidence seems legitimate as their
BLS knowledge is not much more advanced than that of the
general population [4]. Giving these novice students the
opportunity to gain solid knowledge about first aid procedures
could increase their confidence, motivating them to join a first
responder platform and thereby potentially increasing the rate
of BLS maneuvers initiated prior to the arrival of professional
rescuers.

Objective
The main objective of this study was to describe the impact of
implementing a short motivational intervention and a blended
learning path designed to motivate first-year medical and dental
students to enlist as first responders. To be able to enlist as first
responders, students were required to follow an e-learning
module, attend a practice session, and answer multiple
questionnaires.

Methods

Study Design
This was a prospective implementation study based on a research
protocol published on November 6, 2020 [18]. When relevant,
methods and results are reported according to the Checklist for
Reporting Results of Internet E-Surveys [19].

Ethical Considerations
A declaration of “no objection” was issued by the local ethics
committee (Req-2020-01143) as this project did not fall within
the scope of the Swiss Federal Act on Research involving
Human Beings [20]. This project was also approved by the vice
dean of undergraduate education at the University of Geneva,
Faculty of Medicine (UGFM).

Participants and Enrollment
The target population consisted in a convenience sample
including all UGFM first-year medical and dental students.
Those who were already registered as first responders were
excluded. No financial incentive was given to promote
participation. The whole learning path was completely free, and
students were informed that they would be granted a specific
BLS-AED certificate upon a successful completion of the
training program. This certificate had a 1-year validity and only
allowed them to register on the Save a Life platform.
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Two senior medical students presented the project to all these
students on January 14, 2021. The presentation, which was
originally intended to take place live in an auditorium at the
beginning of a lecture about atherosclerosis, was held online
because of restrictions linked to the COVID-19 pandemic. It
was broadcasted as part of this lecture through the university’s
web-based platform on which all courses could be followed live
or on-demand. The presentation included an overview of the
project and the learning path, an estimate of its duration, and a
presentation of the Save a Life first responder system [15]. The
URL linking to the study site was also shown on the last slide
of the presentation. The study URL was also sent to all medical
and dental students through a mailing list a few hours after the
presentation (Multimedia Appendix 1). Theoretically, this
official UGFM mailing list should have included all first-year
medical and dental students. However, subscribing to this list
was not mandatory, and the university’s policy allows anyone
in possession of a University of Geneva email address to
subscribe to any mailing list. This made it impossible to
ascertain that the whole population could be reached. A second
and last email reminder promoting registration was sent to the
whole mailing list on March 8, 2021.

Web-Based Platform
A specific web-based study platform was developed using the
Joomla 3.9 [21] content management system (Open Source
Matters). This platform hosted the questionnaires, the e-learning
module, and was used to manage the registration process for
the practice sessions. All questionnaires were created using
Community Surveys 5.5 (CoreJoomla). Three authors
thoroughly tested the platform prior to study inception. All
collected data were stored on an encrypted MySQL database
(MariaDB 5.5.5) located on a Swiss server and handled in
accordance with the European General Data Protection
Regulation [22].

Consent and Initial Questionnaire
The URL provided to the students led to an introductory page
designed to determine whether they were already registered as
first responders, which was the first of the two exclusion criteria

(Table 1 and Multimedia Appendix 2). Those who met this first
criterion were nevertheless given the possibility of following
the e-learning module. All the other participants were redirected
to a form designed to gather their informed consent and
determine whether our second and last exclusion criteria were
met (ie, not being part of the target population). A disclaimer
(Multimedia Appendix 3) detailing the study design and data
handling procedures was displayed at the top of the main page,
and participants had the possibility of reading and downloading
a comprehensive 3-page document (Multimedia Appendix 4)
including additional details. The contact information of 4
investigators was provided to enable them to directly ask further
questions.

Students who refused to participate were prompted to give a
reason and were nevertheless allowed to access the e-learning
module (Table 1 and Multimedia Appendix 2). They were
offered the possibility of following the practice sessions upon
completion of the module and could therefore obtain a course
completion certificate and join the first responder system
regardless of their willingness to participate in the study.

Those who did not meet the exclusion criteria and agreed to
participate were redirected to a short registration form, which
was composed of 3 fields only: first name, last name, and email
address. The students’ identities were collected to allow the
creation of nominative certificates. Email addresses were used
to directly contact the participants, give them information
regarding the practice sessions, and send them their BLS
certificate provided they had successfully completed the whole
learning path. The participants were informed that they could
withdraw from the study at any time.

After registration, the participants were asked to fill out a
precourse questionnaire (Table 2 and Multimedia Appendix 5)
designed to gather demographic data and assess initial
BLS-AED knowledge. The questionnaire was adapted from a
study by Sturny et al [4] and based on the 2015 International
Consensus on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science With Treatment Recommendations
[6].

Table 1. Screening questionnaire and consent form (survey page number 1).

Type of questionSurvey field and question

Already filled the questionnaire or exclusion criteria

Yes/noAlready a first responder?

Demographics

Yes/noStudent at UGFMa?

OpenIf no: current professional status?

Consent

Yes/noAgree to participate?

MAQbIf no: reasons for refusal?

Yes/noIf no: access to the e-learning module?

aUGFM: University of Geneva, Faculty of Medicine.
bMAQ: multiple answer question.
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Table 2. Precourse questionnaire.

Type of questionSurvey page, field, and question

1—Demographics

Open (Regexa)Year of birth

MCQbGender

MCQMedical, biomedical, or dental medicine student

MCQFormer student or graduate of another health care profession

MCQTarget specialty

2—General BLSc knowledge

Yes/noEver heard of BLS or ACLSd before

OpenMeaning of AEDe,f

Open (Regex)Year of the last BLS guidelines update

OpenPhone number of the emergency medical communication centerf,g

3—Prior BLS experience

MAQhPrior BLS training

Yes/noWish for additional BLS training

4—Specific BLS knowledge

MAQCriteria used to recognize OHCAf,g,i

OrderingBLS-sequencef,g

MCQArtery for pulse assessmentf

MCQCompression depthf,g

MCQCompressions: ventilation ratiof

MCQCompression ratef,g

Yes/noCompression-only CPRf,g,j

MCQForeign body airway obstructionf

aA Regex validation rule was used to avoid invalid entries.
bMCQ: multiple choice question (only one answer accepted).
cBLS: basic life support.
dACLS: advanced cardiovascular life support.
eAED: automatic external defibrillator.
fItems used to calculate the 10-point score (initial BLS knowledge).
gItems used to calculate the 6-point score (essential BLS knowledge).
hMAQ: multiple answer question (more than one answer accepted).
iOHCA: out-of-hospital cardiac arrest.
jCPR: cardiopulmonary resuscitation.

e-Learning and Practice Sessions
After completing this questionnaire, participants were granted
access to an interactive e-learning module developed under
Storyline 3 (Articulate Global, LLC). This e-learning was
adapted from a similar module used to teach BLS-AED
procedures to second-year UGFM students. It was designed to
last 30 minutes, but no time limit was set for its completion.

The objectives of this e-learning module were designed
according to the Swiss Resuscitation Council guidelines for the

training of BLS-AED providers [23] and adapted according to
the COVID-19 pandemic guidelines [24]. The goal of this
module was to enable students to (1) identify a cardiorespiratory
arrest, (2) recall the emergency numbers and alert professional
help, (3) identify threats to their own safety, (4) acquire the
knowledge necessary to perform high-quality cardiopulmonary
resuscitation (CPR), and (5) use an AED. To ensure an optimal
focus, all these subjects were presented in an interactive way.

After completing the e-learning module, the participants were
able to register for the practice sessions. These sessions lasted
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1 hour and were limited to 4 participants according to the
regional COVID-19 regulations in effect at the time [25,26].
Seventeen senior medical students acted as instructors during
these sessions. For the purpose of this study, these senior
students had been trained and certified as BLS-AED instructors
according to the Swiss Resuscitation Council guidelines between
January and March 2021. Owing to the availability of training
rooms and instructors, a total of 128 training slots were available
between February 8, 2021, and April 30, 2021. The instructors
were provided with a comprehensive checklist to ensure that

all critical points had been covered and mastered by the
participants even though the actual structure of the session was
left at their discretion.

Final Questionnaire and Certification
The participants who successfully completed the practice
sessions were sent an email inviting them to fill a postcourse
questionnaire (Table 3 and Multimedia Appendix 6). A course
completion certificate was delivered to all the participants who
completed this last questionnaire.

Table 3. Postcourse questionnaire.

Type of questionSurvey page, field, and question

1—Opinion

Yes/noAppreciation

MAQaIf yes: positive thoughts

MAQIf no: negative thoughts

Free textGeneral comments

2—Confidence

Likert scale (1-5)Precourse confidence for OHCAb management

Likert scale (1-5)Postcourse confidence for OHCA management

Likert scale (1-5)Factors contributing to confidence

Likert scale (1-5)Factors contributing to lack of confidence

Free textOther comments on confidence

3—First responders

Yes/noIntention to register as first responder

Likert scale (1-5)If yes: contributing factors

Likert scale (1-5)If no: impeding factors

Free textOther factors

4—Improvement

Free textSuggestion for improvement

aMAQ: multiple answer question.
bOHCA: out of hospital cardiac arrest.

Deviations From the Research Protocol
The research protocol had to be adapted to cope with unforeseen
realities. First, since the course during which the study was
presented was web-based, a QR code was not created, and a
short URL was displayed. Second, Joomla 3.10 had not been
released at the time this study started, and the platform was
developed under Joomla 3.9. In addition, we added a postcourse
questionnaire after the publication of the research protocol to
evaluate the participants’ confidence and gather information
regarding the practice sessions. Therefore, minor modifications
were made to the second questionnaire for consistency purposes.
Furthermore, in line with the previous study by Sturny et al [4],
we computed a 6-point score focusing on “essential
BLS-knowledge.” Finally, rather than using already-trained
BLS instructors, we decided to specifically train senior medical
students for that purpose.

Outcomes
The primary outcome was the number of first-year students who
had enlisted as first responders on the Save a Life platform by
July 14, 2021 (ie, exactly 6 months after the course presenting
our study was held). Secondary outcomes were the number of
participants who agreed to participate, registered on the
platform, began the e-learning module, completed this module,
registered for practice sessions, attended these sessions, and
obtained a certificate. The evolution of their confidence and the
association of postcourse confidence with the probability of
registering on the Save a Life platform were also analyzed.

Even though the web-based platform was thoroughly tested
before study inception, we could not rule out the occurrence of
technical difficulties. Therefore, all technical difficulties were
recorded and reviewed. Free comments were also analyzed.
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Statistical Analysis
Data were extracted to comma-separated value files, and Stata
17.0 (StataCorp LLC) was used for data curation and statistical
analysis. The curated data file is available as Multimedia
Appendix 7. The different proportions of students are presented
using descriptive statistics (n [%]). The items used to calculate
the prior BLS knowledge scores can be found in Table 2. Each
item was worth 1 point, with no differential weighting. After
assessing the normality (first graphically, then using the
Kolmogorov-Smirnov test), Student t test was used to determine
whether there was a difference in the interest in further training
according to prior BLS knowledge (using both the 10-point and
6-point scores). The same test was used to assess the probability
of obtaining a certificate and of registering as first responder
according to prior BLS knowledge. The Student t test was also
used to describe whether postcourse confidence was different
between those who enlisted as first responders and those who
did not. A paired t test was performed to assess the evolution
of student confidence before and after the course. Factors
reported as affecting confidence in resuscitation skills and
motivation to enlist as first responders according to the questions
based on the 5-point Likert scales are described graphically.
The preplanned sensitivity analysis—which was designed to
determine if differences existed between the students who
immediately accepted to participate and those who rallied the
study after following the e-learning module—was not performed
as there were no participants in this latter group. A P value of
less than .05 was considered significant.

In addition to the preplanned analyses, we performed a
qualitative analysis of the comments obtained through the
postcourse questionnaire. The participants were able to leave
free comments in 4 different sections (Table 3). Because
responses were sometimes entered in inappropriate sections, all
comments were pooled before being sorted by theme.
Representative answers were translated using DeepL Translator
(DeepL) and added to the results section. We also analyzed the
emails sent by medical students regarding the technical
difficulties they had encountered.

Results

A total of 529 medical and dental students were registered at
UGFM at the time this study started (8 more than that stated in
the original study protocol). Figure 1 shows the different steps
and the associated proportions. By July 14, 2021, 48/529 (9.1%)
students had completed the whole process and enlisted as first
responders on the Save a Life platform. This was a slightly lower
proportion than initially expected according to the original
protocol (10%, 53/529) [18].

The characteristics of the 162/529 (30.6%) students who
completed the first questionnaire are detailed in Table 4. The
respondents unanimously answered that they wished for more

BLS training. No association was found between prior BLS
knowledge and the probability of registering to a practice session
(P=.59), of obtaining a course completion certificate (P=.29),
or of enlisting as first responder on the Save a Life platform
(P=.56). The proportion of dental students who completed the
first questionnaire was significantly lower than that of medical
students (7/55, 12.7% vs 155/474, 32.7%; P=.002).

Of the 124 participants who completed the e-learning module,
28 (22.6%) reported problems with the component used to
register for practice sessions. Help was provided by email, and
all problems were solved manually by the study team. Moreover,
10/107 (9.3%) students who had registered for a practice session
did not show up. They were all contacted to determine the reason
preventing them from attending the practice sessions, but none
of them answered our request for information.

Most of those who attended the practice sessions answered our
postcourse questionnaire (90/97, 92.8%). There was a significant
increase in confidence regarding OHCA management skills
after following the learning path (4.2, SD 0.6 vs 2.1, SD 0.9;
P<.001). The majority of the students who answered the
postcourse questionnaire reported that they were willing to sign
up as first responders (83/90, 92.2%). Factors affecting student
confidence and their motivation to enlist as first responders are
shown in Figures 2-5.

Those who felt more confident after the course were more likely
to register as first responders (registrants had a mean confidence
of 4.3, SD 0.5 vs 4.0, SD 0.6; P=.03).

All the students who completed the postcourse questionnaire
had a positive opinion of the learning path (90/90, 100%) and
all of them would have recommended this course to other
first-year students. Moreover, 30/90 (33.3%) students left a total
of 40 comments in the dedicated sections of the postcourse
questionnaire. Most were positive feedbacks regarding the
project (29/40, 72.5%). Three other themes were identified,
which were course duration, integration of the course in the
standard curriculum, and availability of a face-to-face course
during the COVID-19 pandemic. Many students (15/40, 37.5%)
thought that the course was too short and that there was not
enough time for hands-on practice. One student commented,
“1 hour is too short! Sessions scheduled for a little longer
(1h30-2h) would allow us to be less stressed by time and to
practice better.“ Some students (5/40, 12.5%) considered that
such a course should be mandatory during the first year of their
curriculum. Finally, a few students (3/40, 7.5 %) declared that
attending this course had been a unique occasion to have
face-to-face training during the COVID-19 pandemic. A student
commented that “It was really super interesting and rewarding!!!
And it was really nice to be able to do some practice,” while
another wrote that it was “A pleasure to see people in these
times.”
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Figure 1. Study flowchart. AED: automatic external defibrillator; BLS: basic life support.
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Table 4. Characteristics of the 162 participants who answered the first questionnaire.

P valueDid not enlist as FR (n=114)Enlisted as FRa (n=48)Characteristics

.8820.1 (4.7)20.3 (4.1)Age (years), mean (SD)

.71Gender, n (%)

30 (26.3)14 (29.2)Male

84 (73.7)34 (70.1)Female

0 (0)0 (0)Other

.95Curriculum, n (%)

109 (95.6)46 (95.8)Medical

5 (4.4)2 (4.2)Dental

Knowledge score, mean (SD)

.564.9 (1.6)5.1 (1.7)10-point score

.192.4 (1.1)2.6 (1.0)6-point score

.2480 (70.2)38 (79.2)Already followed a BLSb course, n (%)

N/Ac114 (100)48 (100)Wishes for more BLS training, n (%)

aFR: first responder.
bBLS: basic life support.
cN/A: not applicable.

Figure 2. Factors contributing to an increased confidence in resuscitation skills.
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Figure 3. Factors limiting student confidence in resuscitation skills. CPR: cardiopulmonary resuscitation.

Figure 4. Factors motivating students to enlist as first responders. CPR: cardiopulmonary resuscitation.

J Med Internet Res 2022 | vol. 24 | iss. 5 | e38508 | p.487https://www.jmir.org/2022/5/e38508
(page number not for citation purposes)

Taramarcaz et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 5. Factors preventing students from enlisting as first responders. CPR: cardiopulmonary resuscitation.

Discussion

Main Considerations
This implementation study shows that less than 9.1% (n=48)
of first-year UGFM medical and dental students enlisted as first
responders after following a short motivational intervention and
being offered the opportunity of following a blended learning
path including an asynchronous e-learning module and hands-on
practice. This proportion was slightly lower than the 10% target
we had aimed at according to our original protocol [18].

Numerous reasons might explain this lower-than-expected result.
First, even though the presentation was a success with almost
half the promotion connecting to the platform, it took place
rather late in the academic year, and practice sessions were
scheduled even later. Therefore, because these junior students
are under considerable pressure given the high failure rate, many
might have elected to prioritize their revisions for the final
exams over joining the first responder system regardless of their
interest. Future studies will need to assess whether earlier
inception can lead to higher registration rates. Second, while
we strived to shorten the practice sessions in an attempt to
increase the participation rate, some students might have felt
that these sessions were too short to allow them to master BLS
procedures. This might have prevented some participants from
registering as first responders. Finally, a rather high proportion
of students experienced technical difficulties with the
registration component. Despite the help provided by email,
this issue may have increased attrition at this stage.

The restrictions linked to the COVID-19 pandemic context may
have played a role in our study. As all faculty courses were
web-based, our first intervention was aired on the university
streaming platform allowing students to skip it at will. This

format also prevented us from interacting with the students and
from answering their questions right away, and all further
communications were carried out by email. While these elements
might have contributed to a lower participation rate, the fact
that we offered one of the few face-to-face courses might have
played in our favor. Indeed, some comments showed that the
students who participated suffered from a lack of social
interaction and felt that the practice session was an almost
unique occasion to discover the university premises and to
directly talk to their peers. To assess the impact of these changes
in the academic curriculum and given the relatively high
enthusiasm showed by some students, this learning path will
be offered once again during the academic year 2021-2022.

The confidence of the participants regarding their resuscitation
skills was significantly improved, and the contributing factor
most often reported by the students was a better knowledge of
the subject. In our study, a higher confidence was associated
with a higher probability of registering as first responder.
However, less than two thirds of the students who completed
the whole training process and obtained a course completion
certificate had enlisted as first responders at 6 months.
Interventions further strengthening student confidence in their
resuscitation skills could help increase this proportion, and their
impact should be assessed through further studies. Nevertheless,
since people who feel more confident in their abilities are also
more likely to act when faced with a stressful emergency [27],
the participants who decided not to enlist as first responders
might still be more likely to perform CPR if needed after
following the learning path. This could prove particularly
valuable since many studies show that BLS knowledge and
skills are often limited in health care workers and students.
Furthermore, starting resuscitation courses sooner during the
medical curriculum could be advantageous since resuscitation
skills tend to improve according to the number of BLS training
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sessions [28,29]. In addition, the majority of students who
reported wanting to enroll as first responders cited a desire to
help as a main contributing factor. If the benefits of teaching
BLS-AED courses during the first year of medicine curriculum
could have an important impact on public health, generalizing
this principle to mandatory school could have an even bigger
one. Taking a step back from health care students, the European
Resuscitation Council (ERC) recommends teaching CPR to
children, preferably before the age of 12 years, in order to create
long-lasting psychomotor skills and remember a short sequence
of action over time. By doing so, targeting schoolchildren would
be a way to increase the number of bystanders capable of
performing CPR before the arrival of professional help and
decrease the time of no flow [30].

In the past few years, the development of web-based courses
has been expanding quickly, and the COVID-19 pandemic has
increased this phenomenon even further [31]. Given the high
potential number of interested students, the limited time
available in the schedule of first-year medical and dental
students, and the context of the COVID-19 pandemic, we believe
that using an asynchronous distance e-learning module for the
theoretical part of the course was particularly appropriate. Many
studies have compared traditional didactic methods with
e-learning interventions, the main limit being the huge variability
of e-learning formats [32-34]. Among other parameters,
interactivity and gamification mechanisms have been shown to
affect the impact of e-learning interventions. Interactive
e-learnings and serious games have been used in a few studies
in Geneva and have demonstrated their superiority to the control
group using usual course format [35,36]. While such modules
have been shown to be useful to teach CPR procedures and
decrease the time spent in workshops, they cannot replace
hands-on practice [37].

Limitations
Apart from our main limitation (ie, the adaptation of our study
to the pandemic context with the subsequent limited interaction
with first-year UGFM students), other limitations must be
acknowledged. First and foremost, our design did not include
a comparator, the lack of which prevented us from determining
whether a certain type of motivational intervention would have
been more effective than another. In addition, the type of
learning path could also influence the intention of registering
as first responder. Nevertheless, this study was carried out in
accordance with our original protocol, and the limited number
of first-year UGFM students would have limited the power of
our study had a comparator been included. Moreover, 6 months
represent a rather long delay between the initial intervention
and the assessment of the number of UGFM students who had
enlisted as first responders. However, more than 3 months had

elapsed between the initial intervention and the last practice
sessions, and it is improbable that elements other than our
learning path would have prompted medical students to enlist
as first responders given the high workload associated with their
end-of-year exams, which were scheduled less than 2 months
after the last practice session had been completed.

There is also bias in the answers to the questionnaires as the
students participating in the study were interested beforehand
and could not fully represent the knowledge of the whole
promotion. Furthermore, we asked the participants about their
confidence during the postcourse questionnaire, which is a
recollection bias, as the students may have had a misperception
of their confidence, overestimating or underestimating their
abilities.

Perspectives
Our initiative is in line with the concept of “systems saving
lives” developed by the ERC [38]. Promoting and perpetuating
such initiatives should help achieve the recommended number

of available first responders, which is 10/km2 according to ERC
guidelines [38,39]. To further increase the awareness of medical
and dental students regarding the importance of BLS-AED
procedures, 2 studies regarding resuscitation skills of medical
students will be conducted during the academic year 2021-2022
at UGFM. The first one will evaluate the impact of our
intervention on BLS knowledge in second-year medical students.
The second study will follow a very similar protocol as the
present one and assess the effect of the intervention after
addressing the weaknesses identified. Therefore, the
questionnaires will be slightly modified, and the motivational
intervention will take place sooner in the academic year to avoid
interference with final revisions and exams. The effect of
less-constraining COVID-19 restrictions on participation will
be assessed in the course of this study.

Conclusion
After following a short motivational intervention, less than 10%
of first-year medical and dental students enlisted as first
responders after completing a blended learning path including
an asynchronous e-learning module and hands-on practice.
Including these future health care professionals in the first aid
system early in their career and increasing the sheer number of
potentially available first responders could help enhance survival
and neurological outcomes in those having a cardiac arrest and
participate in the building of their professional identity as a
secondary benefit. Further studies are needed to understand the
low proportion of medical and dental students finally enlisting
as first responders and to determine whether different or
additional teaching methods could increase this proportion.
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Abstract

Background: Long COVID is an emerging public health concern. A growing number of individuals are experiencing prolonged,
multifaceted health challenges and accompanying social impacts after COVID-19 infections. Support services in the United
Kingdom remain insufficient and fraught with complexity. Responding to persistent gaps in care, patients joined forces in online
peer support groups. However, little is known about how these groups impact patients with long COVID and their lived experiences
of the condition.

Objective: The aim of this study is to explore the roles that online peer support groups take on and the impact they have on
patients experiencing and recovering from long COVID in the United Kingdom. In doing so, this study aims to identify ways to
inform future long COVID care, including online peer support and broader long COVID care structures.

Methods: I conducted 11 semistructured interviews virtually on Zoom in July 2021. Participants had long COVID, were
UK-based, and used long COVID online peer support groups. Topics discussed in interviews included what led participants to
these groups, experiences within them, and feelings about the roles that the groups took on. I analyzed the results by manually
conducting thematic analysis.

Results: Long COVID online peer support groups had numerous roles, significantly impacting users. I identified 5 themes and
13 subthemes through thematic analysis. The identified themes were as follows: (1) filling professional care gaps, (2) societal
awareness, (3) engagement behavior, (4) diversity, and (5) social connections. Given the void of professional support, those
experiencing long COVID gained some benefit from these groups. However, participants emphasized notable concerns about the
all-encompassing roles these groups embody and speculated over potential improvements.

Conclusions: If used appropriately, online peer support groups could be immensely beneficial for patient well-being, beyond
simply filling gaps in long COVID care. However, it appears many groups take on more than they can manage and become
potentially harmful. Through prioritizing patient voices, long COVID care could be restructured to maximize peer support’s
benefits within broader care structures.

(J Med Internet Res 2022;24(5):e37674)   doi:10.2196/37674
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Introduction

Context of Long COVID

Prevalence and Impact
The COVID-19 pandemic has significantly impacted the UK
population. As of March 29, 2022, there had been 20,986,171
confirmed COVID-19 cases and 164,974 deaths within 28 days
of a positive COVID-19 test [1,2]. However, as Tim Spector
(creator of the ZOE COVID Symptom Study app) noted in May
2020, there is a misconception that “if you are not dead you are
fine,” thus leaving continued suffering unacknowledged [3].

Long COVID encapsulates both “ongoing symptomatic
COVID-19” (symptoms experienced for 4-12 weeks from
infection) and “post-COVID-19 syndrome” (symptoms 12 or
more weeks from infection) [4]. Prevalence estimates in the
United Kingdom from a survey completed on March 5, 2022,
indicated that 1.7 million people in private households were
actively experiencing long COVID symptoms without an
alternative explanation [5]. An estimated 784,000 (45%) of
those reporting long COVID stated they had COVID-19 over
a year prior, and 74,000 (4%) reported it had been at least 2
years since their COVID-19 infection [5]. However, long
COVID prevalence estimates vary widely and largely depend
on self-reported data [6,7]. A study from February 2021 found
that roughly 30% of patients with COVID-19 experienced
long-lasting symptoms, even 9 months after infection [8]. This
uncertainty is amplified by the widespread unavailability of
COVID-19 testing early on. Long COVID may not be
considered without confirmed COVID-19 infection [9]. With
England’s “Living with COVID-19” plan removing access to
universal free COVID-19 tests from April 1, 2022 [10], long
COVID’s impacts may be further clouded as many will not have
a positive test to document a prior infection.

Long COVID symptoms appear systemic, impacting multiple
bodily systems with varying severity [4,11,12]. A survey
uncovered 203 long COVID symptoms [11]. Common
symptoms include immense fatigue, cognitive dysfunction
(“brain fog”), palpitations, peripheral neuropathy, depression,
breathing difficulties, autonomic dysfunction, and new-onset
allergies [6,11,13]. This incomplete list mirrors long COVID’s
all-encompassing nature, unsettling assumptions that long
COVID can be simplified into a single unidirectional illness
trajectory.

In an Office for National Statistics survey in June 2021, roughly
57% of those self-reporting long COVID reported negative
impacts on their well-being and 30% reported negative impacts
on work [14]. Compared to those not experiencing long COVID
(or any COVID-19 infection), those with long COVID fared
worse across numerous indicators, such as anxiety and loneliness
[14]. Long COVID does not impact everyone equally [5,6,13].
Women appear twice as likely to experience long COVID than
men [15]. The 35-49-year age group was most likely to report
long COVID [5], with increased risk for lower-income groups
[6]. Preexisting disability and health conditions appear to
increase risk [5], particularly existing lung conditions [6].

However, current data should be approached with caution as
research is evolving.

Definitions and Medicalization
The term “long COVID” was created as a hashtag (#LongCovid)
by Elisa Perego in May 2020, naming her turbulent COVID-19
experience [16,17]. This phrase’s popularity grew quickly,
shifting into news and research [16]. Notably, there remains
uncertainty around long COVID’s definitions. The World Health
Organization defines long COVID as symptoms lasting more
than 3 months from initial COVID-19 infection [18]. However,
the definition from the National Institute for Health and Care
Excellence (NICE) used before expands this timeline to
symptoms lasting more than 4 weeks [4]. Given that this
research focuses on the UK population and corresponding data,
I am utilizing NICE’s definition. Additionally, this broader
definition avoids unduly excluding patients who require essential
services, particularly while long COVID remains poorly
understood. Patients had to fight for long COVID recognition,
medicalizing the condition. Historically, experts drove
medicalization: situating natural experiences within
biomedicine’s purview [19,20]. Recently, patients have driven
this phenomenon [21], as with long COVID. Long COVID is
speculated as being the first illness defined solely through
patients’ social media communications [9,16]. Patients achieved
validity through “illness reification,” defining suffering through
shared experience [21], thus accessing medical legitimization
and care.

Existing Health Care Response
The National Health Service (NHS) has attempted to provide
long COVID support. In the summer of 2020, NHS England
launched “Your COVID Recovery,” a website connecting
patients with health care providers (HCPs) primarily advising
self-management [22]. In October 2020, the NHS announced
“post-COVID assessment clinics” [22]. The latest data indicate
there are 90 specialist clinics in England [23]. There appear to
be no clinics currently in Scotland or Wales [24-26]. Northern
Ireland only announced specialist clinics in November 2021
[27]. Patient experience reflects these gaps, exacerbated by HCP
dismissal and geographical variations in care (“the postcode
lottery”) [9,12,28-30]. In June 2021, the NHS published “Long
COVID: The NHS Plan for 2021/22” [22]. However, the
real-world rollout and impacts of this plan are not yet known.

Role of Peer Support
Given care gaps, many long COVID online peer support groups
emerged on social media [31]. Peer-led interventions are
multifaceted and often used for the management and prevention
of various conditions, including HIV/AIDS, diabetes, and
adjustment to chronic illness [32,33]. Increasingly, individuals
seek medical advice and support online [21,34,35]. In 2012,
Ziebland and Wyke identified 7 ways online sources impact
patient experiences positively and negatively, including around
information, support, health care usage, and creating illness
narratives [35]. Although the online landscape has changed
substantially due to social media’s rapid recent growth since
Ziebland and Wyke conducted their research, it provides strong
foundations for this study.
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Importance of This Study
Long COVID research remains sparse [12], focusing on
symptomology and social impacts. However, research into
support strategies’ impacts is lacking. This study aims to address
these epistemological gaps. There is temporal importance: as
more people get COVID-19, more will experience long COVID.
Cumulative burdens on health care accentuates the need to
explore support possibilities.

This study’s aim is to explore the role of online peer support
groups in UK adults’ recovery from long COVID, focusing on
2 objectives. The primary objective is to explore the impact
these groups have on patients and their experiences within these
spaces. The secondary objective is to identify ways these online
peer support groups can be situated within broader long COVID
recovery planning.

Methods

Study Design
I chose qualitative methods to generate richer data, unpacking
participants’experience [36]. Semistructured interviews afforded
flexibility; participant responses could shape the interview
trajectory [36], while permitting a topic guide (Multimedia
Appendix 1). I utilized a phenomenological approach in order
to prioritize elucidation of participants’ lived experiences and
unpacking of complexities [37,38].

I aimed to recruit 10-12 participants. The decision surrounding
sample size was the result of practical constraints, including a
condensed time frame for my master’s thesis schedule and
burdens placed on me as a researcher with long COVID
conducting this research individually. I contacted administrators
from 1 Slack and 7 Facebook groups containing over 7500
members for permission to post my recruitment poster, ensuring
the post’s appropriateness [39]. Of those, 3 (43%) Facebook
groups and the Slack group allowed me to post my recruitment
poster. I also shared the poster on my social media to increase
exposure.

I used convenience sampling, selecting participants on a
first-come, first-served basis. I successfully recruited 11
participants before closing recruitment on July 19, 2021. I only
included UK-based adults. Adults have greater control over
health-related decisions, and it allowed for focused discussion
within the UK health care context.

Data Collection
I conducted 11 interviews between July 14 and 27, 2021, lasting
26-78 minutes (averaging 49.5 minutes). All participants were
offered 2 interviews to ensure they felt their narrative was fully
heard, although all opted for 1. I conducted interviews using
Zoom, a practical alternative for remote data collection [40,41].
Although initially chosen due to the pandemic, Zoom interviews
provided notable advantages. Severe long COVID may preclude
travel, reducing participant diversity [41]. It also allowed me
to reach people beyond London where support may be less
concentrated. Additionally, videoconferencing facilitated more
rapport compared to telephone interviews [41]. Only 1

participant kept their video off; however, I kept mine on so they
could see my reactions.

I recorded the interviews through Zoom, manually transcribing
them on Microsoft Word aided by Express Scribe and an
external foot pedal. I transcribed verbatim, reproducing how
words were spoken using Poland’s abbreviations [42]. This
notation style includes the following: short pauses indicated
with dots in parentheses, for example, “(.)” or “(..)”; relaying
speech from others and sharing the internal narrative indicated
by “(mimicking voice)”; and overlapping speech indicated by
a hyphen when the interjection occurs, and the dialogue of the
second speaker begins with “(overlapping)” [42]. I
cross-checked transcripts against original recordings to ensure
validity. I chose to not amend the grammar in participants’
speech in either the transcripts or the writeup. I aimed to capture
how words were spoken without “cleaning” the speech with my
own biased, uniquely molded, conversational, and linguistic
paradigm. To aid clarity in writeup, I used “[…]” to indicate
omitted dialogue.

Data Analysis
After data collection, I utilized reflexive thematic analysis to
deeply explore experiences within long COVID online peer
support groups that have not yet been formally brought to light.
I approached analysis with a constructivist epistemology,
stipulating that knowledge is generated through social
constructions and variable interpretations [43].

Using Braun and Clarke’s guidance [44], I conducted thematic
analysis manually. I coded each transcript inductively—data
driven, not using predetermined code lists [36,44]. From my
initial code list, I formed related categories using Microsoft
Excel. These categories were then grouped into potential themes
and subthemes. I refined potential themes, identifying those
related specifically to this research [44]. Using Excel, I
organized all coded data extracts into each subtheme. I saved
documents to provide a comprehensive audit trail of my
decision-making throughout the coding process.

Additionally, as I was the sole researcher and interpreter of the
data, I engaged in peer debriefing to improve this study’s
credibility [45,46]. Peer debriefing is the “process of exposing
oneself to a disinterested peer in a manner paralleling an analytic
session and for the purpose of exploring aspects of inquiry that
might otherwise remain only implicit within the inquirer’s mind”
[45]. I chose a peer for this process who is a former colleague
with experience in qualitative public health research and with
whom I have a relationship built on honesty and trust [47]. We
engaged in this process in the final stages of data analysis and
reporting to provide additional perspectives on my codes,
increase my awareness of any oversights or biases entering the
analysis, and troubleshoot redefining my themes.

Ethical Considerations
The London School of Hygiene & Tropical Medicine’s MSc
Research Ethics Committee granted ethics approval for this
study (reference numbers 25478, 25478-1, and 25478-2).

The study conformed to the ethical principles of the Declaration
of Helsinki. Participants received an information sheet
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(Multimedia Appendix 2) containing comprehensive study
information and my contact details. Following sufficient time
for questions or clarification, I obtained informed consent from
all participants. Forms, recordings, and transcripts were stored
securely. Additionally, I used pseudonyms to protect each
individual’s identity owing to the small number of participants
in the study.

All efforts were made to ensure interviews were private, though
this could not be guaranteed with participants joining Zoom
calls from their chosen locations (often, their homes). I was in
a private room with headphones and began interviews by
enquiring about the risk of their privacy being compromised.
If there was a risk, I planned to collaboratively create a code
word [48]. Use of this word would have facilitated a
conversational shift and prompt friendly close.

Moreover, as participants in my study all experienced long
COVID, some may have found interviews exhausting. I
reassured them they could manage symptoms, as needed,
including ending interviews early. Additionally, interviews
could have emotional impacts [36,49], particularly if participants
struggled to obtain support in their long COVID journey. I sent
participants a document for additional support and guidance,
using resources available at the time (Multimedia Appendix 3).
Lastly, I checked in with participants to ensure they were not
feeling distressed as we concluded the interviews [49].

Reflexivity and Positionality
As a young adult woman with preexisting health conditions and
long COVID following COVID-19 in March 2020, I embodied
both researcher and patient. My positionality uniquely impacted
the coproduction of knowledge [50,51], providing valuable
depth. As an insider, I had the benefit of acute awareness of the
issue and understanding language used by participants in
describing their experience [52]. Of course, there was a risk of
my own biases in analysis and interpretation, such as overseeing

data that I take for granted [53,54] or inadvertently allowing
my experiences to influence my approach [54]. I avoided these
issues by ensuring I considered possible biases in advance and
was self-reflexive throughout. Additionally, in engaging in peer
debriefing with someone who did not have long COVID, the
risk of any subconscious biases influencing data analysis was
reduced [45].

I embodied my illness by sitting on the floor during interviews
and disclosing it at multiple times. This openness strengthened
my connection with participants and broke down research’s
traditional unequal power dynamics [51,55]. In being open,
participants could ask about my long COVID journey [55].
These questions allowed for a more natural conversational
environment, though they shifted conversation off track at times.
Additionally, I found myself internalizing the intense emotions
[55], particularly when a participant’s journey mirrored my
own. I had to create a space where I could step back after
interviews to protect my well-being.

Results

Summary
From the interviews, I identified 5 themes and 13 subthemes
(see Figure 1). Participants, whose characteristics are described
in Table 1, had varying long COVID experiences. In total, 10
(91%) of 11 participants used Facebook for their online support
(each with over 7500 members); Jessica used a small WhatsApp
group (of roughly 22 group members).

The analysis revealed overarching commonalities between
participants’ reflections of these long COVID online peer
support groups, which was well articulated by James: “[…] it’s
something that’s there, but it’s not what’s needed.” The
intricacies of their experience within these groups and the roles
groups take on are unpacked in the upcoming themes.
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Figure 1. Conceptual thematic map. The hierarchy of concepts identified in thematic analysis are represented here: overarching concepts (bolded and
underlined text boxes), themes (bolded text boxes), and subthemes (plain text boxes).

Table 1. Participant characteristics (N=11).

Support group membership
(approx), n

When they joined the support
group(s) (approx)

Date of (suspected)

COVID-19
Participant-identified
genderAge group (years)

Participant
(pseudonym)

2October 2020September 2020Woman30-39Chloe

1January 2021June 2020Man30-39James

1August 2020May 2020Woman40-49Jessica

3March 2021February 2021Woman50-59Claire

3January-March 2021October 2020Woman30-39Emma

3-4February-March 2021March 2020Man30-39Oliver

3April 2021January 2021Woman30-39Mia

3April 2021January 2021Woman20-29Emily

1June 2021March 2020Woman30-39Natalie

1March 2021February 2021Man50-59Will

1March 2021October 2020Woman30-39Sophia

Theme 1: Filling Professional Care Gaps

Inadequate Health Care Support
Central to many participants’ narratives was how they turned
to online peer support groups after facing an “abyss of silence”
[Natalie] from HCPs, feeling let down by health systems.

[…] she said (mimicking voice) I think you probably
do have long COVID. And that was like full stop. I

kind of paused waiting for some - there was nothing.
[Natalie]

Although there are (limited) NHS long COVID clinics,
participants reported challenges accessing them. For some, there
were no clinics nearby that HCPs could refer them to; for others,
access remained fraught with complexity.

I’ve been refused access for being too unwell (.) for
the COVID clinic, that they say I need a (.) respiratory
referral. But I was refused a respiratory referral
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because I was too well. […] I’m just sat in the middle.
[James]

The oversight on long COVID care led participants to compare
to services offered for other conditions. James noted how with
HIV, “at the end of the day there is always somewhere for
someone to turn.” Natalie further critiqued the lapses in care
more broadly, noting that “often charities and support groups
end up filling all the gaps.”

HCPs (gatekeepers to further care) frequently dismissed
concerns as mental health issues; patients were “getting
gaslighted for that” [Oliver]. Others reported how HCPs
repeatedly overlooked otherwise concerning symptoms, opting
not to investigate the cause and instead stating, “(mimicking
voice) it’s long COVID you just need to (.) um recover” [Chloe].
This lack of adequate attention frustrated participants who were
forced to take control over their recovery.

On the groups, some participants wanted more HCP involvement
for moderation and “to like answer questions” [Emily].
However, others were content with limited HCP interference,
being worried that medical presence “would take away from
what the group actually is, which is peer support, isn’t it?”
[Mia]. Jessica’s experience on the small WhatsApp group
reflected a similar sentiment to Mia’s:

Researcher: And are these doctors and medical
professionals - are they part of the group at all? Or
is the group just the patients recovering?

Jessica: Um (.) so originally they’re the ones that
started it off originally. And then once everybody was
sort of introduced, they left and you know - it was so
that we could talk about things that were worrying
us, without somebody from the medical field […].

Knowledge Generation and Distribution
Owing to insufficient medical care, online peer support groups
became spaces to share therapies and management techniques.
Both Oliver and Natalie used similar language, highlighting the
gaps groups aimed to fill:

At the moment we’re all kind of swinging in the dark
and kind of hoping to find something […]. [Oliver]

Mia noted how what was shared in these groups was “actually
ahead of the medical information,” coming from patient
expertise. Many participants reported gratitude there was advice
available, primarily beneficial when no alternatives existed.

However, some were concerned over the lack of content control,
meaning they “just take everything with a pinch of salt” [Oliver].
There was palpable frustration regarding potential implications
of unregulated content, particularly on social media where “it
can be hard to-to differentiate between what is a sensible piece
or post and what is a post that’s maybe got ulterior motives to
it” [Will].

[…] people might be trying to be helpful, but I think
it’s dangerous to try and be too helpful. Because you
[…] don’t know what their symptoms are, you don’t
know what their situation is, you shouldn’t be saying

take this take that, because (.) someone could do
something stupid and kill themselves. [Will]

To avoid risks, several participants used information to signpost
HCP discussions, with HCPs as “their safety net” [Sophia].
Although Mia noted risks of overprioritizing medical
knowledge:

But then again, (sigh) because there’s a lack of
evidence base, there’s an argument there for who is
the health professional then? [Mia]

This contentious relationship between experts and participants
in these groups was tangible.

Theme 2: Societal Awareness

Existing Support Networks
It was clear that discussing long COVID with others was
challenging. A few participants expressed fears of burdening
loved ones.

[…] my daughter would go (mimicking voice) you
alright? And I’d go nope! And I’d just start crying.
And that’s when I thought (.) I can’t keep putting
everything on her […]. [Claire]

Others reported feeling friends were not understanding, tiring
of the topic, or underplaying the issues. For Sophia, leaving the
house to vote was viewed differently by those without long
COVID:

That felt like maybe the biggest thing I’d done in a
week or a month or something. But (.) to my friend
group that aren’t (.) like (.) COVID sufferers or aren’t
really aware of how bad it is, they sort of read that
and go (mimicking voice) really? That’s an
achievement?

Numerous participants reported that support from others with
long COVID provided different, more attuned, support:

[…] when it comes from people who have gone
through the same thing, it feels a little bit more as in
it’s realistic and it will happen. [Jessica]

As a result, these peer support groups provided notable
advantages to participants’ existing support networks.

Importantly, online support groups also provided spaces for
loved ones to better understand long COVID from patients’
perspectives. James’ wife used the space “because I think she
was getting a bit frustrated in that (.) (deep inhale) that there is
nothing out there that you can just kind of, pick up and read
about” [James].

Advocacy
Simply the existence of groups validated the condition’s
importance. Chloe stated:

I think the groups bringing it to light, that there is so
many thousand people feeling this way means that
someone’s gonna have to step up and do something.

Additionally, groups facilitated petition sharing and encouraged
research, which was deeply valued by participants.

J Med Internet Res 2022 | vol. 24 | iss. 5 | e37674 | p.498https://www.jmir.org/2022/5/e37674
(page number not for citation purposes)

DayJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


[…] thank God we’ve got people, you know, fighting
for us and pushing this research forwards. Because
it is an important topic […]. [Mia]

However, participants felt that groups had limited scope for
impact due to societal power dynamics:

[…] on the Facebook groups it is literally Joe Bloggs,
it’s no (.) people that have power to change things?
[Oliver]

When considering where power truly lies, some participants
wished for greater government action to provide adequate
services, including to have a hand in support groups.

I almost think the Department of Health needs to take
a little bit of (..) um control, […] things like the
COVID clinics was just - they were completely
underfunded before they even start. […] Um (…) we
need some sort of, I don’t know, register is probably
not the right thing, but some way of identifying people
- um (.) traffic-lighting them into support groups. The
right support groups for the right people. [James]

Theme 3: Engagement Behavior

Temporal Variation
Engagement in the online peer support groups was fluid.
Participants joined groups at different times, elucidating
different expectations of perceived benefit.

[…] it’s sometimes too soon to be reaching out
because I know I didn’t do anything on the group
until probably Christmas time. Because I just wanted
to see how I would go. […] Whereas I think if you’re
too invested (..) you’re never gonna feel like yourself
again if you’re constantly reading everyone else
feeling miserable. [Chloe]

For some, engagement changed over time: “[…] it’s tapered
off” [Jessica], they “dip into every now and then” [Will], or,
like Oliver, they engaged differently after accessing long
COVID clinics.

Group Participation
Participants engaged depending on their individual journeys,
particularly if they felt their “experiences might be relevant to
the question they’ve asked” [Will] or if they “can give some
value” to questions asked [Chloe]. Indeed, there was a clear
desire to give back to others, either through applying their
professional expertise or in offering support.

[…] if I read it and I’ve taken the time to read it, and
it’s something that’s resonated with me, I’ll always
try and comment back to them and just give them back
a little bit of the support that I’ve found from posting
on there. [Sophia]

Impact of Mood
Notably, engagement behavior depended on mood and varied
immensely between participants. Some participants used these
groups when feeling low:

Because (.) at that point I think you need a wee boost.
[Chloe]

However, others actively avoided seeing group content in these
moments:

[…] on a day when I’m not feeling great I probably
avoid looking at it? Um, as much as possible.
[Natalie]

This discrepancy created an interesting tension, further
highlighting how participants held different expectations of the
groups’ utility.

Theme 4: Diversity

International Reach
Participants in Facebook groups all noted the international
catchment. Several participants highlighted this diversity’s
benefits:

I thought it’d be good to hear from other medical
systems as well, maybe they’ve got other ideas or
different ways of tackling this. [Natalie]

However, others expressed potential pitfalls of this global reach,
including different terminology causing confusion,
overwhelming information, and confronting more stories of
suffering. Mia expressed this commonly held sentiment:

[…] sometimes when you’re enlightened to other
people’s struggles in other countries, when you’re
unwell yourself mentally, it can have quite a big
impact I think.

Different Stages of Recovery
Groups contained people at all stages of long COVID, with
widely varying symptoms and experiences. Many participants
compared their experience to others, eliciting a spectrum of
emotions. When comparing durations of their illness, there was
palpable anxiety and even hopelessness for potential prolonged
suffering from reading others’ tumultuous journeys.

[…] people aren’t being negative, and they’re just
saying how long their journey is, that to me I think,
well I don’t think I can do this for another like (.) 6
months. [Emma]

Sometimes it worries me a bit because there’s people
on there who’ve had these symptoms for 18 months,
and I’m thinking oh my God, please no. [Mia]

Others expressed frustration when group members complained
about comparatively shorter long COVID journeys.

[…] when you get people that have, that have lost
their taste for 4 or 5 weeks and really, really moaning,
and I think (.) I know it’s horrible, but some days I
think, like, I think some people are a lot further down
the line than that. [Emma]

Conversely, several participants recognized the benefits of
success stories in the groups in providing “hope that there’s
light at the end of the tunnel” [Emily]. However, those who
recovered often left the online peer support groups. Participants
proposed possible reasoning, speculating that “it could trigger
some like feelings and memories” [Oliver]. Therefore, success
stories were not considered heavily prevalent.
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Indeed, when discussions arose surrounding comparing severity
of suffering against others in the groups, James noted he found
it challenging “just reading the posts because it-it brings up
memories of kind of when I was (.) more unwell.” Additionally,
some participants reported that seeing reports of worse suffering
elicited specific feelings:

[…] a part of me feels a little bit guilty when I read
that, and I think oh (chuckles), why am I moaning
about my kind of, minor symptoms. [Natalie]

Therefore, where participants were in their recovery journeys
impacted their experience in the groups.

Administration and Moderation
Having peer support groups on relatively open platforms, such
as Facebook, unsurprisingly led to discussion around access
and moderation. Many groups utilized gatekeeping questions
to allow access. Some participants valued this relative privacy.
However, James, Oliver, and Mia all expressed concerns; people
could simply lie to get into groups. Therefore, this added (albeit
imperfect) security held an important purpose in safeguarding
users who reasonably believed they were sharing concerns
among peers rather than the general public.

Additionally, immense burdens were placed on administrators
and moderators for these support groups:

Especially if it’s just like 1 person that’s just decided
to make a group that’s all of a sudden got 5000 people
with 2000 posts a day. [James]

Sophia believed responsibility ought to be shared across group
members, as “the admins are also people suffering with long
COVID,” to avoid overburdening these few individuals.

Theme 5: Social Connections

Finding Others
Every participant reported joining groups to feel less alone, with
several stating, “I was the only kind of person that I knew around
me who’d had COVID” [Emily]. There was appreciation for
social media’s ability to facilitate connection:

[…] thank God we’ve got all of this online stuff - […]
Because if this paned-pandemic had happened when
I was a child or whatever, we wouldn’t have any of
it! [Claire]

However, James’ experience provided an intriguing caveat to
the expectation that these platforms can inherently improve
connectedness:

Just feeling pretty isolated with it all, and okay, there
are other people going through this, but (..) (sigh)
That - again it’s (.) that anonymity of different people
it (.) it doesn’t really feel - although there is a-a (.)
some camaraderie in there, it does kind of almost
have that negative impact of feeling kind of more
alone (chuckles), conversely.

Indeed, this increased connection with strangers on the internet
was not always perceived as a benefit but rather a notable risk.

[…] people are able to get so much detail about you
as a person, so sometimes, that does stop me on
commenting on things […]. [Mia]

[…] if someone wants to talk to me about COVID,
they can talk to me about it on the group […] I would
prefer to do that in an open forum, where there are
admins and if, you know, someone does step over the
line, I can sort of say, whoa, too far. So I just - I just
delete any private request messages that come
through. Um, but I think […] there are a lot of
vulnerable people in those groups that (.) that may
not do that, and therefore then could become a target
of various different things. [Sophia]

Numerous participants wished for different support group
structures to better and more naturally facilitate social
connection. Many wanted in-person support, saying that “it
would be nice just to sit in a room with 3 or 4 other people and
chat through stuff” [James], and Emily noted that this structure
could facilitate socializing after periods of isolation.

In the absence of in-person options, either owing to COVID-19
risk or geographical variation among those needing support,
several participants noted potential benefits of smaller Zoom
calls:

[…] it’s nicer to interact with someone with say face
to face than it is over a keyboard, isn’t it? [Will]

Importantly, some participants wanted smaller groups (either
in their current format or as face to face). However, Sophia did
not want to lose the unique benefits that larger and more diverse
groups provide:

[…] some of the articles that I’ve found most useful
are articles that people have posted because they’ve
got completely different issues to me.

Reassurance
In finding others, participants felt validated and reassured that
they were not alone. Several participants used similar language
reflecting fears that their symptoms may be psychosomatic.
These groups provided spaces to reassure them that these fears
were unfounded.

[…] it was nice to know that people were going
through exactly the same thing, that it was wasn’t
(…) almost (.) in my head. [Jessica]

But when you see huge volumes of other people
reporting the same kind of symptoms, […] it
reinforces, and you think well actually, this isn’t
something that I just made up, […] I’m not being a
hypochondriac or, losing my mind. [Natalie]

Impact on Mental Well-Being
Overall, participants felt these groups helped support their
mental well-being in the absence of other care: as
encouragement, validation, or an outlet. Chloe’s description of
the groups was particularly salient:

[…] these have been a lifeline for so many people,
because (.) when the medical services were failing,
this was a beacon of light for people.
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Participants reported that groups provided support and “would
lift” them [Chloe], and they were spaces for unpacking
challenging emotions among peers who could better understand.

I just had to turn down my dream job because I’m not
well enough to do it. And I just (.)- I was at the bottom
of a pit. […] And I just needed to wallow. And that
sort of - it gave me somewhere that I could wallow,
even though I always try to be positive […]- I just
need a few days to wallow in self-pity, and then I’ll -
then I’ll be alright again. [Sophia]

However, for many participants, these groups negatively
impacted their sense of mental well-being and forced them to
navigate the groups with particular attention to the emotional
toll.

[…] sometimes it can be a little bit overwhelming. I
feel sometimes a little bit bombarded with the amount
of, sort of, everyone sharing their, sort of,
outpourings, of you know. I’ve literally had people
saying they feel suicidal, and - […] You know, that’s
quite tough to-to read. [Natalie]

Sounds a bit selfish really, but you know, it’s nice to
check in when you need it really, and to contribute
when you need to. Um and then step away from. [Mia]

Evidently, these peer support groups imperfectly filled gaps out
of necessity. Natalie posed an insightful question on concerns
around mental health provision more broadly:

[…] is that filling a void where there should be more
mental health support being offered? And, as we
know, particularly in this country, there is no mental
health support on the NHS, it’s pretty much
nonexistent. [Natalie]

Similarly, several participants expressed how peer support had
been, or they wish it had been, in past experiences to help
improve their mental well-being. Natalie shared how she was
left searching for support after a terrorist attack:

I knew other people were struggling and other people
were then being impacted. […] And I think at times
it would’ve been really nice to have been able to talk
about the experience with them? And kind of, share
it, and then - obviously not to dwell on it too much,
but just share it, kind of deal with it, and then, be able
to move on […].

When utilized appropriately, peer support could provide
immense value in helping people heal and move forward, while
supporting their mental well-being.

Discussion

Filling the Gaps: What Led People to Groups?
The results evidence how online peer support groups took on
vast roles, exemplified in Figure 1, significantly impacting users.
Largely, why participants turned to these groups reflected the
existing literature, particularly for contested conditions where
dismissal is common [9,56]. Participants focused on how online
peer support groups filled health care gaps, frequently reporting
how HCPs dismissed concerns and disregarded long COVID

lived realities. These groups then allowed for condition
validation and formed a sense of solidarity against a medical
field that is providing insufficient support, as Barker identified
with online groups for fibromyalgia [21].

Furthermore, participants’ attempts to seek support reflected
experiences by patients with long COVID outside this study,
often facing this “postcode lottery” [9,30]. Even when those
with long COVID received care, many encountered insufficient
compassion or low quality of care [9,12]. James’ experience of
being “sat in the middle” is all too common. Participants were
left with little choice but to seek out support groups, stumbling
upon those on Facebook. Equally, participants reported that
they struggled to talk about long COVID with loved ones who
could (or would) not understand: a common issue with contested
conditions [57-59]. As Allen et al [58] noted with online support
for long-term conditions, participants here joined these groups
to directly compensate for various unmet needs, whether they
be medical, informational, or emotional. The unprompted
language of feeling “in the dark” that Natalie and Oliver both
used was particularly noteworthy, emphasizing these vast
knowledge gaps that online peer support groups had to fill.

Complexity and Tensions: Unpacking Varying
Experiences
Participants used online peer support groups for social
connection through shared experience, as in the literature
[35,60]. A notable dichotomy was some used groups if they
were feeling low, while others avoided them in these moments.
Deciding when to engage elucidates participants’ different
expectations of perceived benefit. Similarly, engagement was
fluid: Participants felt fewer benefits over time, their access to
external support changed (for better or worse), or their
symptoms fluctuated. Therefore, the flexibility afforded by
online peer support groups was distinctly advantageous in
providing control [35,61]. Additionally, participants felt
empowered when they could support others, as upheld by the
literature [62,63]. Of course, individuals in this scenario could
face undue burdens [62], though participants did not indicate
this, perhaps as responsibility was shared across many group
members.

Online support groups provided reassurance. Many participants,
like Jessica and Natalie, feared symptoms were all in their head,
and thus searched for validation in online peer support groups.
Similar to Ziebland and Wyke [35], participants felt a sense of
support in these groups, particularly in proving they were not
the only ones experiencing this challenging and complex
constellation of symptoms. Sharing similar symptomology
allowed participants to make sense of their experiences
[9,35,59]. Patients coming together around shared illnesses
reflects Rabinow’s concept of “biosociality” [64] heavily
influenced by Foucault’s “biopolitics,” where bodies are
governed through quantification and management [65]. In
sharing experiences and knowledge, these groups created
“biosocial communities” [66]. Within these communities,
“identity work” can occur [59]: members discuss and navigate
complex interplays between their condition, society, and self,
which brings profound psychological benefit [59].
Unsurprisingly, peer support groups provided space for
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emotional support [32,35,56,59,67]. Chloe noted how even just
having people write supportive comments profoundly benefited
her emotional well-being.

However, in addition to emotional support, participants reported
emotional impacts driven by the diversity of long COVID
experiences encapsulated in groups, including hope, fear, guilt,
and frustration. Participants’experiences reflected Mazanderani
et al’s [68] concept of being “differently the same” to negotiate
shared illness experience. Participants described their
relationship to others in online peer support groups as both
beneficial and harmful, reflecting Festinger’s “social comparison
theory” in setting up distinctions against others [69]. In this
theory, Festinger [69] noted that people tend to use comparisons
to others as a means of better conceptualizing their own
situations. In the context of these peer support groups,
participants engaged in these social comparisons in various
ways. Several participants expressed hope when seeing success
stories, an example of upward comparison that helped them
visualize the possibility of improvement and thus potentially
increased their desire to improve themselves to reach that same
goal [70,71]. However, others noted the limited positive
outcomes shared in groups, potentially causing fear of
sufferings’ inevitability and undue stress [72]. Notably, however,
upward comparison could cause harm, leading to feelings of
jealously and negatively impact self-esteem [71,73,74]. Here,
participants were frustrated when seeing those with fewer or
less severe symptoms express narratives of deep despondence.
Although participants noted users were permitted to use groups
in this manner, it dismissed varying experiences. Furthermore,
there was evidence of downward comparison in these groups,
when individuals look to those who are worse off [75]. This
form of comparison caused participants to often feel fear of
prolonged suffering, particularly when confronted with
narratives from people who experienced long COVID for
materially longer than themselves. Interestingly, participants
also engaged in downward comparison when they perceived
their symptoms to be less “severe” than those of others. This
comparison elicited feelings of guilt, though it also created a
more implicit sense of gratitude that their experience was not
as severe as it could have been.

In contrast to setting situations apart from others, Shiner [76]
notes that a central benefit of peer support is the relationality
of the peer, particularly in regard to their life experiences.
However, with this similarity that emerges inherently in support
groups based on particular conditions, there is a notable risk of
overidentifying with other’s experiences. Ziebland and Wyke
[35] identified this risk when investigating the impact of sharing
illness experience online. Here, Chloe similarly voiced concerns
of people joining online peer support groups too early in their
journeys, thus becoming trapped by their suffering.

Who Is the Expert? Examining the Patient-Expert
Relationship
Participants felt forced into taking control over their recovery
rather than relying on “experts.” In doing so, they reflected Rose
and Novas’ [66] use of “biological citizenship.” Individuals are
expected to take greater responsibility over their health and
greater self-management [66]. Participants reported attempts to

fill medical gaps through sharing therapies. Some emphasized
potential risks of this activity more than others, highlighting
varying recovery approaches. Some tried what others with long
COVID suggested, as it was the only practical advice available;
others were hesitant to try unverified ideas, thus creating a
conflict. Interestingly, numerous participants used a similar
language to Oliver: they took “everything with a pinch of salt.”
This repeated language emphasizes how participants in online
peer support groups had to determine safety of suggestions
themselves, reflecting burdens placed unduly on patients to
critically appraise content. This finding was similar to what
Ziebland and Wyke [35] had previously identified; there can
be little to distinguish the relative trustworthiness of content
that is shared in online spheres.

Patients provided unique forms of knowledge based on
embodied illness experience [59,77], often afforded greater
credibility by other patients [63]. It is worth invoking
Kleinman’s [78] disease versus illness distinction: disease as
the biological mechanisms doctors focus on and illness as the
“innately human experience of symptoms and suffering.” Long
COVID has impacts beyond corporeal disease definitions
prioritized by biomedicine; instead, it embodies illness narratives
with implications felt heavily at the experiential level. It is
therefore unsurprising that these groups attempted to provide
both daily functioning and medically oriented support,
potentially at a faster rate than would be gained from HCPs
[59]. Of course, as many participants noted, there are significant
risks with this role: information is no longer authenticated, and
significant harm can arise.

Furthermore, participants reported how online peer support
groups could be ahead of biomedicine, challenging biomedical
and societal assumptions [9,59]. Traditionally, expert authority
is not based on patient experiences [35], though participants in
these long COVID support groups subverted this narrative. This
process is common with contested conditions where patients
become “lay experts” [21,59,77,79], unsettling biomedicine’s
authority [59,79]. Although professionalization is considered
beneficial in empowering patients [59], the results from this
study unveil a slightly different story. Of course, having the
ability to retain control is essential to avoid becoming entirely
disempowered by a dismissive health care system. Nevertheless,
embodying expert roles should not necessarily be strived for.
Many participants expressed frustration at how people were
forced into this role. Despite lay expertise’s benefits, there is
continuing conflict between professional and lay experts. Several
participants reported taking information from groups to HCPs
to guide discussion and advocate for care: a dynamic previously
identified in giving patients greater control over care [35,59,80].
Indeed, this behavior could help patients avoid unnecessary
tests and appointments [35]. However, HCPs can react
negatively if patients’ ideas conflict with their recommendations
[81]. Additionally, HCPs remain gatekeepers to care [21]. As
a result, interventions available to participants were often limited
to over-the-counter medications and at-home exercises.

Improving the Groups: Participant’s Desires
The literature indicates that online peer support groups offer
comparable support to in-person support, with distinct
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advantages (eg, asynchronous and greater anonymity) [35,61].
Conversely, participants in this study expressed that face-to-face
peer support would enhance the experience, facilitating greater
connectivity and emotional support without restricted
communication “over a keyboard” [Will]. This real-world
connection could avoid a potential pitfall of online peer support
groups that Ziebland and Wyke [35] identified, where users
could get too absorbed in the virtual world at the detriment of
their external social worlds. Additionally, participants wished
for smaller groups, struggling to feel connected to others in
large global groups. Jessica’s overwhelmingly positive
experience in her small WhatsApp group could reflect what
other participants desired: a closer-knit community with
naturally fostered social connection. The craving for more
in-person connection may be partially due to reduced
face-to-face connection throughout COVID-19 lockdowns; as
Emily stated, these groups could aid transitions back into
socializing.

Furthermore, the responsibility placed (as participants noted,
unduly) on those experiencing long COVID brought up
questions about where responsibility ought to lie. With
self-management, peers could inappropriately be considered
replacements to medical services [32]. Jessica’s experience is
an interesting point of comparison. In her case, doctors set up
the WhatsApp group and then left, allowing participants to
engage without oversight. She appreciated this setup greatly.
Those in the Facebook online peer support groups often wished
for more professional involvement, either in setup or in content
moderation. Having a professional moderator is atypical in
online peer support groups, but it can promote engagement [60].
Participants made it clear that there were notable flaws alongside
the benefits in the current structure and content of these groups.
However, Natalie’s commentary on peer support in other
contexts highlights how, if used appropriately, these groups
could have immense benefit for those with long COVID.

Limitations
The relatively small sample size that I used owing to the
practical constraints discussed previously had implications on
the study. Results may not fully capture the range of experiences
that individuals may have in these groups, though it became
clear after the first few interviews that consensus was emerging
around possible themes. Additionally, the smaller sample size
allowed for rich qualitative data generation, providing valuable
insights as research begins to explore these online peer support
groups in long COVID recovery.

Additionally, selection bias is a risk as individuals volunteered
to participate: volunteers’experiences may not be representative
of others. In addition, in sharing my recruitment poster in larger
groups to increase outreach, I missed smaller groups. In using

a first-come, first-served recruitment methodology due to
significant time limitations within my master’s timeline,
diversity of participants was limited to those who responded
promptly to my recruitment poster. Consequently,
generalizability to others in all long COVID online peer support
groups is limited.

Furthermore, Zoom interviews had limitations. Individuals with
lower technology literacy or limited access to required
technology may have been excluded [40]. In addition, 6
interviews experienced technical difficulties. However, I used
these technical challenges to build rapport, easing tensions,
breaking down power hierarches, and promptly problem-solving
together [41].

Implications
These results fit into the wider discourse, with implications for
global public health policy, practice, and research. This study
could encourage improvements in the United Kingdom’s long
COVID programs to reflect patient needs rather than perceived
needs from policy makers and HCPs: embedding appropriate
peer support within broader and accessible medically oriented
care. Although this study’s UK focus permitted more directed
analysis, many groups were international, suggesting possible
universality of long COVID care shortfalls. Insights here could
aid stakeholders globally in designing, implementing, or
participating in long COVID care and peer support specifically.
However, this study’s findings may not be entirely transferrable
to different health care and sociocultural contexts. For example,
in countries with health care systems requiring out-of-pocket
payments or complex insurance policies, the reasons to use and
the importance of these peer support groups may differ without
the same “safety net” of the United Kingdom’s universal health
care system. Further research from other countries is essential.

This paper provides an overview of experiences in long COVID
online peer support groups. Future research could delve deeper
into each subtheme or could explore these groups’ roles and
importance among those often marginalized in health care
provision (including ethnic minorities, lower socioeconomic
groups, and those with disabilities).

Conclusion
Online peer support groups were a lifeline but insufficient. They
were imperfect but were needed to fill immense gaps in health
care and social support. This study fills epistemological gaps
on lived experience of long COVID: beyond corporeal suffering
into ways people navigate their newfound reality with a medical
field that has yet to catch up. As more attention is given to the
condition, hopefully the dark clouds obscuring long COVID
will begin to lift, paving the way for more attuned and
appropriate care.
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Abstract

Background:  Multidisciplinary rounds (MDRs) are scheduled, patient-focused communication mechanisms among
multidisciplinary providers in the intensive care unit (ICU).

Objective: i-Dashboard is a custom-developed visualization dashboard that supports (1) key information retrieval and
reorganization, (2) time-series data, and (3) display on large touch screens during MDRs. This study aimed to evaluate the
performance, including the efficiency of prerounding data gathering, communication accuracy, and information exchange, and
clinical satisfaction of integrating i-Dashboard as a platform to facilitate MDRs.

Methods: A cluster-randomized controlled trial was performed in 2 surgical ICUs at a university hospital. Study participants
included all multidisciplinary care team members. The performance and clinical satisfaction of i-Dashboard during MDRs were
compared with those of the established electronic medical record (EMR) through direct observation and questionnaire surveys.

Results: Between April 26 and July 18, 2021, a total of 78 and 91 MDRs were performed with the established EMR and
i-Dashboard, respectively. For prerounding data gathering, the median time was 10.4 (IQR 9.1-11.8) and 4.6 (IQR 3.5-5.8) minutes
using the established EMR and i-Dashboard (P<.001), respectively. During MDRs, data misrepresentations were significantly
less frequent with i-Dashboard (median 0, IQR 0-0) than with the established EMR (4, IQR 3-5; P<.001). Further, effective
recommendations were significantly more frequent with i-Dashboard than with the established EMR (P<.001). The questionnaire
results revealed that participants favored using i-Dashboard in association with the enhancement of care plan development and
team participation during MDRs.
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Conclusions:  i-Dashboard increases efficiency in data gathering. Displaying i-Dashboard on large touch screens in MDRs may
enhance communication accuracy, information exchange, and clinical satisfaction. The design concepts of i-Dashboard may help
develop visualization dashboards that are more applicable for ICU MDRs.

Trial Registration: ClinicalTrials.gov NCT04845698; https://clinicaltrials.gov/ct2/show/NCT04845698

(J Med Internet Res 2022;24(5):e35981)   doi:10.2196/35981

KEYWORDS

Intensive care unit; multidisciplinary round; visualization dashboard; large screen; information management strategy; electronic
health record; medical record; digital health; dashboard; i-Dashboard; electronic medical record; information exchange

Introduction

Medical care in intensive care units (ICUs) consumes a
substantial part of the income of many countries worldwide,
and the enormous burden continues to grow [1,2]. Integrated
multidisciplinary teamwork, a patient-centered model of care
in which intensivists and other members from relevant
disciplines provide critical care as a team, effectively
complements intensivist care and improves outcomes for
critically ill medical and surgical patients [3,4]. Multidisciplinary
rounds (MDRs; also called interprofessional rounds) are
mechanisms that involve scheduled discussion among
multidisciplinary providers, including physicians, registered
nurses, nurse practitioners (NPs), respiratory therapists (RTs),
pharmacists, and dietitians, to review clinical information,
exchange opinions, and develop a plan of care [5]. Because
effective communication among providers is essential to
high-quality patient care, failures during this process may
potentially impact the safety and outcomes of ICU patients
[5-7].

Understanding causes that potentially impede interdisciplinary
communication during MDRs may facilitate improvement in
the communication quality among multidisciplinary providers.
Based on a systematic review of evidence-informed practices
for ICU MDRs, poor retrieval of patient information has been
identified as a barrier that hinders information exchange [5].
Currently, clinicians manually access patient information from
disparate modules in information systems, and data aggregated
into electronic medical record (EMR)-generated printouts or
handwritten notes are verbalized in MDRs [8,9]. A recent study
revealed that nearly 40% of verbalized laboratory data are
inaccurately communicated during MDRs, and only 7.8% of
data misrepresentations that precipitate erroneous clinical
decisions can be detected [8].

One of the objectives of the technological advancements applied
to critical care is simplifying all the avenues of information
[10]. It appears that visualization dashboards (also called EMR
viewers) have great potential to be the solution as these
dashboards are known for the efficiency of clinical information
management [9,11-13]. Notably, compared to the standard EMR
environment, introducing visualization dashboards may not
improve perceived satisfaction with MDRs, such as information
presentation or team participation and communication [12]. A
possible problem is that displaying dashboards on small
monitors positioned on a trolley or bedside computers may give
unequal access to data and cause a body orientation shift of
providers from other participants to monitors [14], thus

potentially hampering interdisciplinary communication during
MDRs. In addition, because of unequal EMR access for
real-time data viewing to recognize errors and the inability to
simultaneously listen, process, and verify data, the
multidisciplinary care team relies disproportionately on the
intensivist to detect data misrepresentations that potentially lead
to medical errors [8]. In the era of rapid development of
information technology, an integrated information management
strategy to facilitate information retrieval and enhance
interdisciplinary communication in MDRs remains to be
explored.

In this study, we aimed to develop a user experience–oriented
platform as an integrated solution to assist MDRs. The
i-Dashboard is a care team–designed, patient-centered
visualization dashboard in which information extracted from
different sources was reorganized on the basis of the requirement
of different disciplines or transformed into time-series data as
needed. During MDRs, i-Dashboard is displayed on
wall-mounted large touch screens to bring effective visualization
to the multidisciplinary care team. We assumed that i-Dashboard
might aid prerounding data gathering, and integrating
i-Dashboard displayed on large touchscreens during MDRs
might enhance interdisciplinary communication. Thus, the
efficiency, communication accuracy, information exchange,
and clinical satisfaction of integrating i-Dashboard as a platform
to facilitate MDRs were evaluated.

Methods

Design and Participants
The study was conducted in a 1300-bed university hospital that
offers first-line and tertiary referral services for a population of
approximately 1.8 million individuals in southern Taiwan. A
cluster-randomized controlled trial was conducted in 2 of the 4
surgical ICUs with 10 and 8 beds. The established EMR
(control) and i-Dashboard (intervention) were randomly assigned
as tools to facilitate prerounding information collection and
MDRs in the 2 units and exchanged at 2-week intervals.

Before this trial, MDRs have been carried out in the study units
for ~5 years. An integrated multidisciplinary care team is
composed of at least 1 intensivist, a registered nurse, an NP, an
RT, a pharmacist, and a dietitian. All these providers attend
MDRs held on a regular schedule 3 times a week. MDRs are
conducted only for patients who stay for more than 7 days
because patients receiving surgical ICU care for more than 7
days have a high rate of in-hospital mortality [15], and ~75%
of patients have a length of stay for 7 days or less in study units.
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Ethical Considerations
This study was registered with ClinicalTrials.gov
(NCT04845698). The study protocol was approved by the
institutional review board of National Cheng Kung University
Hospital (B-ER-110-040). Informed consent was obtained from
all participants in the study. This study is reported in accordance
with the CONSORT-EHEALTH (Consolidated Standards of
Reporting Trials of Electronic and Mobile HEalth Applications
and onLine TeleHealth) checklist (Multimedia Appendix 1)
[16].

Established EMR
The established EMR environment applied in the ICU includes
the Philips IntelliSpace Critical Care & Anesthesia information
system (ICCA; Philips) and the Hospital Information System
(HIS) developed by the institutional Department of Information
Technology and its subsystems, including the Laboratory
Information System (LIS) and the Picture Archiving and
Communication System (PACS). Philips ICCA is an
ICU-specific EMR system that provides information essential
for critical care [17]. Patient data are organized by data category
(demographics, vital signs, laboratory data, etc) in a series of
tabs or window panels. The HIS supports text data key-in and
patient order entry.

Development and Architecture of i-Dashboard
This study evaluated the performance of the first version of
i-Dashboard. The i-Dashboard (Advantech) was
custom-developed under the guidance of multidisciplinary
professionals, including physicians, registered nurses, NPs, RTs,
pharmacists, and dietitians, rather than only physicians because
information for MDRs needs may vary on the basis of the
clinical role. Every health care provider working in the surgical
ICU participated in developing i-Dashboard. Different
professionals held preparatory meetings of their own. Before
i-Dashboard was formally implemented for clinical use, the
structure and layout were repeatedly revised and tailored to
achieve broad acceptance among directors of multidisciplinary
providers in the ICU.

The architecture of i-Dashboard is summarized in Multimedia
Appendix 2. In the static mode, the i-Dashboard was designed
to substitute as a station whiteboard with lists of patients,
information to aid emergency evacuation, and on-duty
physicians, nurses, and NPs. Patient-level data in i-Dashboard
were modified from the MDR checklist and digitally
transformed. Therefore, data were preidentified and retrieved
from different origins in the established EMR environment,
especially ICCA. Instead of database-centered displays, these
data were reorganized on the basis of the requirements of
different professionals or disciplines to form dashboard pages
(ie, an overview page and an RT-pharmacist-dietitian page) and
element blocks. In addition to colored signaling for values
outside the reference ranges, i-Dashboard was designed to
support built-in automated calculation of severity scores (eg,
Simplified Acute Physiology Score II and Sequential Organ
Failure Assessment) and visualization of time-series data to
expedite navigation of patient condition. Time-series data (eg,
vital signs, laboratory data, or severity scores) that were
transformed into line charts can be accessed through the
hyperlinks located at the left upper corner of element blocks on
the overview page. The pages of time-series data were designed
to support both fixed (eg, last 24 hours or last 3 days) and
relative custom time frames are available.

The technical details underlying i-Dashboard are summarized
in Figure 1. We used a Windows 10 PC as the visualization
platform to support i-dashboard. A K8s-based WISE-PaaS 4.0
platform (Advantech) facilitates the integration of diverse
devices and communication protocols, making data exchange
and system development agile. The entire platform was
developed and deployed on 6 VMware servers, each with a
256-GB hard drive and 32-GB memory, and a 24-core Intel
Xeon Gold 6248R 3.00 GHz processor. The servers received
the data from the Philips ICCA, HIS, and LIS database servers.

In the study units, both the established EMR and i-Dashboard
can be accessed through desktop computers with 17- or 22-inch
monitors or mobile platforms.
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Figure 1. Transfer of the IntelliSpace Critical Care & Anesthesia information system (ICCA), Hospital Information System (HIS), and Laboratory
Information System (LIS) data to i-Dashboard. ETL: Extract-Transform-Load. PaaS: Platform as a Service. WISE-PaaS 4.0: brand name of the platform
belonging to Advantech.

Prerounding Preparation and MDR With the
Established EMR
Prerounding data gathering and MDRs have long been
standardized with a structured script for reporting (Multimedia
Appendix 3). Without i-Dashboard, NPs accessed the established
EMR systems, including ICCA, HIS, LIS, and PACS, for data
gathering through desktop computers.

MDRs took place outside the patient rooms. To facilitate
situation awareness of other participants, NPs delivered the oral
case presentation and data communication based on the
structured script, including basic information, catheter placement
and their duration, vital signs, laboratory data, medications,
input or output and nutrition, critical values, major image
findings, consultations, and other major events (Multimedia
Appendix 3). The intensivist summarized active problems,
solicited feedback from nurses, RTs, pharmacists, and dietitians,
and, if needed, provided in-depth knowledge on the
pathophysiology of the current patient condition. The goals of
care were documented.

Prerounding Preparation and MDRs With i-Dashboard
To ensure effective implementation of i-Dashboard, we prepared
education materials (Multimedia Appendix 2) in the form of
brief presentations for all the health care providers working in

study units. Subsequently, the use of i-Dashboard was tested
consistently for 4 weeks.

As shown in Figure 2, i-Dashboard serves as a platform to
facilitate MDRs. NPs accessed i-Dashboard for data gathering
through desktop computers. Instead of ~20 geographically
fragmented windows and panels in our established EMR
systems, at-a-glance presentations of highly relevant information
were displayed on i-Dashboard.

During MDRs, all MDR participants gathered in front of a
55-inch 4K interactive touch screen, approximately 3 m away
with clear sightlines. The touch screen allowed users to enter
different pages of i-Dashboard using the finger to tap hyperlinks.
The i-Dashboard served as a visualization aid for exchanging
information and opinions. With the overview page in
i-Dashboard, the NP carried out patient presentation and data
communication. The NP accessed time-series data (eg,
laboratory data) through the hyperlinks on the overview page.
Time-series data can be rearranged on the basis of different time
frames as requested. In addition, the RT, pharmacist, and
dietitian could take turns operating i-Dashboard and use the
RT-pharmacist-dietitian page to demonstrate valuable
information of their professionals. Finally, the intensivist used
i-Dashboard to facilitate bedside teaching. The goals were
documented after consensus was reached.
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Figure 2. i-Dashboard as a platform to facilitate multidisciplinary rounds. (A) Data access through i-Dashboard on different devices (eg, desktop
computers and mobile platforms). (B) i-Dashboard displayed on wall-mounted large touch screens as a visualization aid during multidisciplinary rounds.

Data Collection
Two NPs who were not directly involved in MDRs and patient
care were trained to audit the processes. The 2 NPs have 8 and
6 years of ICU experience, respectively. The 2 observers were
temporarily exempted from clinical work during the study
period. To ensure adequate training in the study methodology,
personnel piloted data collection and evaluation of
communication accuracy were performed by the 2 observers
and supervised by the senior investigator (CHL) during a 4-week
run-in period. The 2 observers performed in-field observation
and audio recordings and audited the process together using a
standardized form (Multimedia Appendix 4) to reduce the
possibility of losing any useful information and to ensure the
correct assessment. Before MDRs, observers measured the
amount of time for prerounding data gathering by the NP using
the built-in stopwatch app on mobile phones. Subsequently,
observers arrived before the start of MDRs and refrained from
participating in the discussion during MDRs. Clinical
characteristics of patients, information on patient disease
severity, and therapeutic interventions during MDRs and
established care plans were collected through EMR.

Primary Outcomes
Primary outcomes of interest included time of data gathering
before MDRs and communication accuracy during MDRs. The
amount of time that NPs spent gathering clinical data before
rounding was recorded. Communication accuracy was evaluated
on the basis of the items listed on the standardized form
(Multimedia Appendix 4) through direct field observation and
audio recordings. Spoken information was compared with EMR
data captured by screenshots taken prior to patient presentations.
Data communication, including laboratory and nonlaboratory
data, was considered inaccurate (ie, data misrepresentation)
when the values or data were not correctly reported. For
laboratory data communication, only abnormal laboratory data
points (outside the reference ranges) were assessed. Laboratory
misrepresentations were further classified into several categories
as previously defined [8], including omission, old data, pending
results, misinterpretation, and erroneous values.

Secondary Outcomes
Secondary outcomes included information exchange, using
effective recommendations initiated by RTs, pharmacists, and

dietitians as an index, and clinical satisfaction on i-Dashboard.
The recommendations initiated by RTs, pharmacists, and
dietitians, as exemplified in Multimedia Appendix 5, were
considered effective on the condition that they were successfully
adopted into the care plan documented in the EMR. Clinical
satisfaction with i-Dashboard as an information management
tool was investigated using Likert scale–based questionnaires
(Multimedia Appendix 6) from previously validated survey
instruments with minor modifications [12]. Questionnaire 1 was
designed to capture the perceived efficiency, accuracy, and
safety of the established EMR and i-Dashboard was
implemented when used to prepare for data gathering and to
assist MDRs. The responses were grouped into four dimensions:
task productivity, task innovation, customer satisfaction, and
management control. Questionnaire 2 was designed to identify
intention to use and personal impact of i-Dashboard as a result
of i-Dashboard implementation. At the immediate end of the
study, the 2 surveys were administered in hard copy form to
study participants. Each participant responded only once.

Sample Size Estimation and Statistical Analysis
Before the trial began, it was estimated that 12 MDRs would
be observed per unit in a 2-week period. To estimate the required
sample size, we used a cluster-randomized controlled trial design
to account for the positive intraclass correlation expected among
members of the same group or cluster. Observational pilot data
for prerounding data gathering were collected. The results
showed that the mean time difference between the use of the
established EMR and i-Dashboard was 3 (variance 4) minutes.
The intraclass correlation coefficient of this pilot study was
0.47. The corresponding estimations were treated as true
parameters. Thus, enrolling approximately 144 patients during
24 unit-weeks would provide a power of 90% at a type I error
rate of 0.05 to detect an intervention effect of 3 minutes between
groups. Categorical variables were analyzed using the chi-square
test or Fisher exact test as needed. Continuous variables and
the Likert scale were analyzed using the Mann-Whitney U test.
Statistical analyses were performed using R software (version
3.4.3; The R Foundation). A 2-tailed P value of <.05 was
considered statistically significant.
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Results

Participants
Between April 26 and July 18, 2021, there were 173 admissions

to the 2 study units. A total of 90 multidisciplinary providers
(Table 1) participated in MDRs for the 25 individual patients
(Table 2); 78 MDRs were performed with the established EMR
environment, whereas 91 MDRs were performed with
i-Dashboard (Figure 3).

Table 1. Characteristics of the 90 multidisciplinary providers.

Value, n (%)Variable

Sex

75 (83.3)Female

15 (16.7)Male

Profession or discipline

9 (10.0)Physician

6 (6.7)Nurse practitioner

51 (56.7)Nurse

20 (22.2)Respiratory therapist

2 (2.2)Pharmacist

2 (2.2)Dietitian

Intensive care unit experience (years)

3 (3.3)<1

20 (22.3)1-2

15 (16.7)3-4

31 (34.4)5-9

21 (23.3)>10
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Table 2. Clinical characteristics of the 25 patients.

ValueVariable

70 (58-73)Age (years), median (IQR)

Age distribution (years), n (%)

7 (28.0)<60

17 (68.0)60-79

1 (4.0)>80

Sex, n (%)

11 (44.0)Female

14 (56.0)Male

Specialty, n (%)

8 (32.0)General surgery

11 (44.0)Neurosurgery

5 (2.0)Cardiovascular surgery

1 (4.0)Trauma surgery

Type of admission, n (%)

10 (40.0)Medical

7 (28.0)Scheduled surgical

8 (32.0)Unscheduled surgical

Acute Physiology and Chronic Health Evaluation II score on admission, n (%)

1 (4.0)<15

21 (84.0)15-34

3 (12.0)>35

2 (8.0)Mortality, n (%)
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Figure 3. Study flowchart. EMR: electronic medical record, MDR: multidisciplinary round.

Primary Outcomes
Disease severity, in terms of severity scores, and therapeutic
interventions at the day of MDRs were not different between
the 2 groups (Table 3). The median time for prerounding data
gathering was 10.4 (IQR 9.1-11.8) minutes and 4.6 (IQR 3.5-5.8)
minutes per patient using the established EMR and i-Dashboard
(P<.001; Table 3), respectively, indicating a reduction of 5.8
(95% CI 5.2-6.4) minutes when using i-Dashboard.

Regarding communication accuracy during MDRs (Table 3),
data misrepresentations were significantly less frequent in MDRs

with i-Dashboard (median 0, IQR 0-0) than with the established
EMR environment (median 4, IQR 3-5; P<.001). In addition,
both laboratory and nonlaboratory data misrepresentations were
reduced using i-Dashboard compared with the established EMR.
Among audited laboratory results, only one misrepresentation
(0.2%) occurred among 577 data points with i-Dashboard. In
contrast, 163 (32.3%) misrepresentations occurred in 505 data
points with the established EMR environment (P<.001), and
the majority (95.1%) of these misrepresentations were omissions
(155 data points).
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Table 3. Disease severity and therapeutic intervention at the moment of MDRs and outcomes with the established EMR environment and i-Dashboard.

P valuei-Dashboard (n=91)Established electronic medical
record (n=78)

Variable

Severity scoring, median (IQR)

.957 (5-8)6 (5-8)Modified Early Warning Score

.9250 (42-62)52 (39-61)Simplified Acute Physiology Score II

.577 (4-11)8 (5-11)Sequential Organ Failure Assessment

.1933 (30-39)35 (32-38)Therapeutic Intervention Scoring System-28

Therapeutic intervention, n (%)

.5686 (94.5)72 (92.3)Mechanical ventilation

.0832 (35.2)18 (23.1)Vasoactive drug support

.100 (0)3 (3.8)Mechanical support

.5730 (33.0)29 (37.2)Total parenteral nutrition

.4323 (25.3)24 (30.8)Complicated wound management

.7313 (14.3)11 (14.1)Dialysis-requiring renal failure

Outcome

<.0014.6 (3.5-5.8)10.4 (9.1-11.8)Time spent on data gathering (minutes), median (IQR)

<.0010 (0-0)4 (3-5)Data misrepresentation, median (IQR)

<.0010 (0-0)2 (1-3)Laboratory data

<.0010 (0-0)2 (1-3)Nonlaboratory data

<.001Effective recommendations, n (%)

15 (16.5)16 (20.5)0

34 (37.4)41 (52.6)1

25 (27.5)18 (23.1)2

17 (18.7)3 (3.8)3

Secondary Outcomes
Regarding information exchange (Table 3), the proportions of
0 and 1 recommendations were lower in MDRs with
i-Dashboard than with the established EMR, whereas the
proportions of 2 and 3 recommendations were higher in MDRs
with i-Dashboard than with the established EMR. The number
of effective recommendations was significantly higher in MDRs
with i-Dashboard than with the established EMR (P<.001).

A total of 76 health care providers (Table S1 in Multimedia
Appendix 7) responded to the survey request of clinical
satisfaction of i-Dashboard (response rate=84.4%). Grouping
results of responses to Questionnaire 1 in term of task
productivity, task innovation, customer satisfaction, and
management control are shown in Table 4, and details are shown

in Table S2 in Multimedia Appendix 7. Grouping results
revealed that i-Dashboard was superior to the established EMR
in task productivity (mean 15.91, SD 2.28 vs 14.14, SD 2.35;
P<.001). Further, i-Dashboard was superior to established EMR
in task innovation (12.11, SD 1.92 vs 10.41, SD 1.97; P<.001),
customer satisfaction (16.68, SD 2.02 vs 15.62, SD 2.27;
P=.002), and management control (16.75, SD 2.21 vs 15.03,
SD 2.30; P<.001). These findings suggest that i-Dashboard
outperformed the established EMR across the 4 dimensions.

Finally, survey responses to questionnaire 2 (Table S3 in
Multimedia Appendix 7) suggested that these participants were
willing to use i-Dashboard continuously in association with the
enhancement of situation awareness, care plan development,
and team participation, and with a reduction in workload and
complexity.
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Table 4. Grouping results of responses to questionnaire 1 in terms of task productivity, task innovation, customer satisfaction, and management control
(n=76).

P valuei-Dashboard, mean (SD)aEstablished electronic medi-

cal record, mean (SD)a
Question

<.00115.91 (2.28)14.14 (2.35)Task productivity

4.17 (0.70)3.68 (0.79)Q1. _____ provides information catching up with condition changes.

4.12 (0.59)3.82 (0.69)Q4. I get the information that I need in time using _____.

4.20 (0.69)3.61 (0.80)Q5. I get the information that I need using _____ easily.

3.42 (1.04)3.04 (0.93)Q9. _____ makes data gathering difficult.

<.00112.11 (1.92)10.41 (1.97)Task innovation

3.58 (1.07)2.91 (1.00)Q10. Data gathering with _____ was a mentally demanding task.

4.25 (0.66)3.75 (0.77)Q14. Communication and opinion exchange in MDRsb is enhanced using
_____.

4.28 (0.65)3.75 (0.73)Q15. Developing care plans relies on joint decisions by team members
using _____.

.00216.68 (2.02)15.62 (2.27)Customer satisfaction

4.29 (0.61)4.12 (0.63)Q2. _____ provides information that meets my demand for following
MDRs.

4.16 (0.63)4.00 (0.71)Q3. _____ provides me sufficient information for patient care.

4.03 (0.63)3.87 (0.68)Q6. I am satisfied with the accuracy of the data using _____.

4.21 (0.60)3.63 (0.83)Q13. _____ makes me fully understanding the situation and goal of each
patient.

<.00116.75 (2.21)15.03 (2.30)Management control

4.25 (0.61)3.78 (0.70)Q7. The information presented by _____ is clear.

4.29 (0.63)3.67 (0.76)Q8. The information presented in the format of _____ is effective and
useful.

4.07 (0.62)3.87 (0.62)Q11. The information presented using _____ during MDRs was accurate.

4.15 (0.60)3.71 (0.71)Q12. The presentation of patient information during MDRs using _____
was organized.

aValues in Q9 and Q10 were calculated by reverse scoring.
bMDR: multidisciplinary round.

Discussion

Principal Findings
The i-Dashboard was developed as a structured, process-oriented
information platform for MDRs, where the efficiency of data
retrieval, fidelity of data communication, and satisfaction of
interdisciplinary communication are all requisites. Through a
comprehensive evaluation of the performance of i-Dashboard,
we found that under similar disease complexity, i-Dashboard
may increase efficiency in prerounding data gathering compared
to the established EMR. More importantly, displaying
i-Dashboard on large touch screens in MDRs may enhance
communication accuracy, information exchange, and clinical
satisfaction.

Clinical Aspects
Information overload has been a severe problem in the ICU
[18]. Critical care providers express frustration with the
difficulty in organizing data, especially quantitative dynamic
data (eg, deteriorating serum creatinine levels during acute

kidney injury), and become overwhelmed by data overload
[9,12,13,19]. In time-sensitive care environments, such as the
emergency department and the ICU, visualization may provide
information that can be readily perceived, easily recognized,
and processed expeditiously into inferences [20]. In addition,
visualization through dashboards may provide memory aids
[11,13,20]. Implementing visualization dashboards in the clinical
setting may improve data display and reduce cognitive overload
among clinicians [7,9,11,13,21].

This study proposes the notion that large-screen visualization
dashboards may improve data communication and information
exchange during ICU MDRs. In the emergency department,
large-screen visualization dashboards help health care providers
find the desired information without wasting time [20,21]. In
our study, i-Dashboard displayed on large, wall-mounted
monitors could present well-organized data visually for the
multidisciplinary care team during MDRs and thus avoid data
misrepresentations through verbal communication. Compared
with small computer monitors, a large screen display effectively
prevents unequal access to data and seems more likely to

J Med Internet Res 2022 | vol. 24 | iss. 5 | e35981 | p.517https://www.jmir.org/2022/5/e35981
(page number not for citation purposes)

Lai et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


establish consensus. Thus, effective visualization through
i-Dashboard displayed on large screens contributes to a better
perception of information for decision-making by the
multidisciplinary care team. When considering the user
experience, dashboard visualization may improve the perception
and comprehension of patient-level information [20], thereby
removing barriers that hinder information exchange.
Additionally, the concern regarding the prohibitive cost for
large interactive touch screens [14] has been greatly attenuated.

Comparison With Previous Work
Visualization dashboards can inform decision-making and
support behavior change in public health and health care services
[22-25]. A recent review of the literature suggests that the
strength of evidence on the effect of ICU visualization
dashboards remains low [9]. Of the 4 available randomized
controlled trials, only Pickering et al [12] found a significant
improvement compared to the pre-existing EMR environment.
Time spent for prerounding data gathering efforts is practical
to evaluate information tools on MDRs [7]. In their study,
participants who had access to the AWARE dashboard
significantly decreased the data gathering time from 12 to 9
minutes per patient (P<.03). In this study, we estimated a
reduction of ~60 mouse clicks per patient using i-Dashboard
versus the established EMR before the trial. For experienced
NPs, this improvement can be translated to a 6-minute reduction,
compatible with what has been observed (5.8 minutes) during
the trial. Health care providers can reduce cognitive fatigue in
the data extraction process and pay attention to more productive
information.

The ICU is a dynamic environment in which multiple
information pathways and personnel interactions facilitate
patient care. Specially trained health care professionals in the
ICU rely on interdisciplinary communication to make effective
clinical decisions. Reliance on a single individual in patient data
communication during MDRs represents a coping strategy for
an EMR system that does not automatically provide an effective
visualization display of the data needed [8]. Consistent with
previous studies [8], we found that verbally shared
communication of patient data during MDRs was prone to errors
and inaccuracies, and most of the laboratory misrepresentations
were omissions. Regardless of laboratory or nonlaboratory data,
these misrepresentations could be almost eliminated using
i-Dashboard as a visualization aid for MDRs.

While structured presentation using checklists and explicit
definitions of each health care provider’s role may facilitate
MDRs, allied health care provider perceptions of not being
valued by rounding intensivists have been recognized as an
unfavorable factor that impairs the productivity of MDRs. In
MDRs with i-Dashboard, participants of different professions
had a space and time interval of their own, thereby enhancing

the sense of participation and collaboration. i-Dashboard may
help the RT, pharmacist, and dietitian focus on expressing their
thoughts explicitly, as other participants could obtain numerical
information from the visualization aid. Their inputs were thus
more likely to be valued and adopted by the multidisciplinary
care team. The positive impacts of i-Dashboard on objective
outcomes were corroborated by the increased perception of
situation awareness and team participation in participants, as
revealed in the questionnaire results.

We found that after the study period, health care providers in
study units started to propose novel ideas that might improve
the usability of i-Dashboard (eg, rearranging the layout and
increasing laboratory items). A recent study has demonstrated
valuable experience regarding the evolution process of an
emergency department dashboard, which has undergone several
significant revisions to respond to feedback from users [21].
Currently, we are developing the second version of i-Dashboard.

Limitations
Our findings must be interpreted within the context of the study
limitations. First, traditional study outcomes in critical care,
such as mortality and length of stay, were not evaluated in this
study. No conclusion can be achieved regarding the effect of
i-Dashboard on patient outcomes. Further studies are warranted
in this respect. Second, the designers of i-Dashboard were part
of the team that conducted the study and assessed the outcomes.
Successful implementation of dashboards greatly relies on user
experience. However, the participation of this paper’s authors
in the development process potentially leads to biases in
assessing outcomes [26]. Finally, i-Dashboard was
custom-developed with reference to our established EMR
environment. Therefore, it is difficult to extrapolate our study
findings directly into ICUs of other hospitals, possibly limiting
their generalizability. Nevertheless, visualization dashboards
are intended to reduce the time spent on the data gathering
process and improve situation awareness and navigation [11,21].
The promising results of i-Dashboard obtained in a mature MDR
environment suggest that these design concepts may help
develop or modify visualization dashboards in the ICU more
applicably for MDRs through technological advancements.

Conclusions
In conclusion, we developed i-Dashboard as an information
management platform for MDRs. The implementation of
i-Dashboard can increase efficiency in prerounding data
gathering. As a visualization aid, i-Dashboard displayed on
large screens enhances communication accuracy and information
exchange during MDRs. Establishing care team–designed
visualization dashboards as an integrated information platform
may reinforce the communication quality of MDRs, thus
potentially improving the workflow process in the ICU.
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HIS: Hospital Information Systems
ICCA: IntelliSpace Critical Care & Anesthesia information system
ICU: intensive care unit
LIS: Laboratory Information System
MDR: multidisciplinary round
NP: nurse practitioner
PACS: Picture Archiving and Communication System
RT: respiratory therapist
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Abstract

Background: Social media recruitment for clinical studies holds the promise of being a cost-effective way of attracting
traditionally marginalized populations and promoting patient engagement with researchers and a particular study. However, using
social media for recruiting clinical study participants also poses a range of ethical issues.

Objective: This study aims to provide a comprehensive overview of the ethical benefits and risks to be considered for social
media recruitment in clinical studies and develop practical recommendations on how to implement these considerations.

Methods: On the basis of established principles of clinical ethics and research ethics, we reviewed the conceptual and empirical
literature for ethical benefits and challenges related to social media recruitment. From these, we derived a conceptual framework
to evaluate the eligibility of social media use for recruitment for a specific clinical study.

Results: We identified three eligibility criteria for social media recruitment for clinical studies: information and consent, risks
for target groups, and recruitment effectiveness. These criteria can be used to evaluate the implementation of a social media
recruitment strategy at its planning stage. We have discussed the practical implications of these criteria for researchers.

Conclusions: The ethical challenges related to social media recruitment are context sensitive. Therefore, social media recruitment
should be planned rigorously, taking into account the target group, the appropriateness of social media as a recruitment channel,
and the resources available to execute the strategy.

(J Med Internet Res 2022;24(5):e31231)   doi:10.2196/31231

KEYWORDS

social media; clinical studies; clinical trials; ethics; recruitment

Introduction

Effective patient recruitment has been one of the most cited
barriers to clinical studies [1,2]. Up to 60% of trials are delayed
or canceled because of a lack of enrollment [3-5]. In the recent
past, social media recruitment has been successfully used for
different clinical studies (eg, smoking cessation [6], type 1
diabetes [7], and HIV [8]), which has raised hopes for the
improvement of the research process, quality, and efficiency.

The COVID-19 pandemic has further enhanced the use of social
media platforms.

However, researchers are calling for a more thorough evaluation
of recruitment effectiveness, quality, and cost-effectiveness [9],
as well as their ethical, legal, and social implications. Recent
publications have raised doubts about whether social media can
be used for recruitment purposes while preserving fundamental
cornerstones of research ethics and biomedical ethics, as
reflected in the US Health Insurance Portability and
Accountability Act, the General Data Protection Regulation of
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the European Union, the Declaration of Helsinki, and the
Belmont Report, to name a few examples [3,10-15].

Few scholars have examined the unique ethical, legal, and social
issues arising from social media recruitment at a metalevel.
Gelinas et al [3] have provided an overview of the ethical issues
related to social media recruitment in research. They mainly
addressed concerns related to user privacy and investigator
transparency and provided practical recommendations for
internal review boards and investigators. In particular, they
claimed that social media recruitment should follow the same
standards as traditional recruitment strategies. In this review,
we aim to continue this work but take a broader view of the
ethical issues that might arise with regard to social media
recruitment.

We explore the uniqueness of social media recruitment
compared with more traditional forms of patient recruitment.
In doing so, we consider the novel architectures of social media
platforms and the possibilities they offer for recruitment
communication compared with prior web-based and offline
one-to-one and one-to-many communication channels, such as
email recruitment or billboard recruitment. Our analysis is based
on the benefits and challenges of complex community-based
communication opportunities that unfold based on different
privacy settings. We also examine the application of machine
learning techniques for predictive analytic purposes of user
behavior based on central databases [16].

We aim to target researchers involved in clinical studies who
are considering incorporating social media into their recruitment
strategies. Specifically, we seek to provide a comprehensive
overview of the ethical issues to be considered from conceptual
and empirical perspectives (including the potential benefits and
risks) and provide practical recommendations on how to take
these issues into account when using social media as a
recruitment tool. Therefore, our recommendations are
formulated with a view toward practical application.

Methods

We conducted a structured, nonsystematic review of the
empirical evidence available for social media recruitment and
its links to ethical challenges. First, we broadly reviewed the
normative and empirical scientific literature on social media
recruitment. Then, we identified relevant papers based on their
abstracts through searches in interdisciplinary databases
(PubMed [MEDLINE], Web of Science, Google Scholar, and
the university library catalogs of the Technical University
Munich and Ludwig-Maximilian University Munich) using the
initial keywords social media AND recruitment AND clinical
trial*. We also screened the references of the relevant articles.
From the publications relevant to social media recruitment, we
collected all relevant ethical issues and grouped them
thematically according to the principles of biomedical ethics
[17], namely, autonomy, justice, nonmaleficence, and
beneficence. We then checked the ethical issues for conceptual
completeness using 2 well-established normative frameworks
for research ethics as conceptual guidance [18,19]. These
frameworks guide important concepts of state-of-the-art
biomedical and ethical research, such as privacy, informed

consent, specific protection of the vulnerable, and other potential
risks relevant in this context. After identifying conceptually
relevant ethical benefits and challenges, we performed additional
literature searches to gain more focused insights into the
available empirical literature on these benefits and challenges
related to social media recruitment for clinical studies. The
details of these searches are available in Multimedia Appendix
1.

We present our results in 3 thematic chapters that investigate
the benefits of social media recruitment for clinical studies and
the associated ethical challenges (part A). As ethical benefits
and challenges are highly context sensitive and require a
thorough risk-benefit analysis for each clinical study, we used
our findings to identify 3 dimensions that should be considered
in an ethical assessment of any clinical study considering social
media recruitment (part B). In the Discussion section, we
analyze the practical implications of these dimensions in the
context of clinical studies.

Results

Part A: Benefits and Challenges of Social Media
Recruitment in Clinical Studies

Trust, Transparency, and Autonomy

Benefit: Promoting Trust, Transparency, and Autonomy

Conceptual and empirical research has encouraged the claim
that social media can promote trust, transparency, and autonomy
in research studies. For instance, the options for bilateral and
multilateral interactions on social media enable participants to
learn about the results of the clinical study in which they
participate [20,21], which increases trust and transparency
[22,23]. This allows for an individually adapted level of
engagement between participants and researchers “in an era
where the patients are collaborators and there is a continuum
of need from paternalism to complete autonomy” [24]. Thus,
when intended as an instrument to improve autonomy, social
media provides an opportunity to promote patient empowerment
[21]. In the realm of patient-led research and citizen science,
social media can serve as a platform to bring researchers,
patients, and other stakeholders together and foster collaboration
[25,26]. This includes researchers being transparent about what
data are collected and asking for feedback on the study results,
thereby encouraging patient engagement [27]. As health data
become increasingly accessible to individual patients outside
the clinical setting, this is particularly important. However,
data-rich medicine also gives rise to challenges for health care
professionals and patients alike, such as supporting digital data
practices or contextualizing them meaningfully [28]. In-depth
and continuous exchanges between participants and researchers
are needed to promote trust, transparency, and autonomy, which
could be included in a study’s recruitment process.

Recruitment process reports suggest that using social media
improves autonomous decision-making with regard to study
participation by offering the possibility of multiple contact
points over time, which reduces time pressure and supports
informed decision-making [23,29]. Moreover, information can
be presented multimodally (visual, aural, or tactile), which could
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improve the understanding of study-related information [30].
Reports of users sharing study-related content on their social
media accounts, as well as analyses of responses and reactions
on social media, have empirically demonstrated how perceived
trust and transparency can be fostered on social media [31,32].
However, there are several ethical challenges, including issues
related to the tension between information, nudging, and
persuasion (refer to the Challenge: Information, Persuasion,
and Nudging section), informed consent issues (refer to the
Challenge: Informed Consent section), privacy and data security
issues (refer to the Challenge: Privacy and Data Security
section), and low digital literacy (refer to the Challenge: Digital
Literacy section).

Challenge: Information, Persuasion, and Nudging

The boundaries between information and persuasion, as well
as between education and advertisements, are ambiguous.
Information processing has a direct effect on cognitive and
emotional responses, motivation, and persuasion to action [33].
The concept of nudging people into beneficial behaviors [34]
provides a potential framework that ethically justifies a certain
level of persuasion, as long as it serves the best interest of the
person. The nudging concept has been discussed
extensively—and controversially—in the context of public
health [35-38], informed consent in the clinic [39,40], and when
providing incentives for research participation. More recently,
it has also been discussed in terms of promoting
privacy-preserving behavior in social media users [41-43].
Although the definition and scope of nudges are subject to
debate, we refer to nudging as used by VanEpps et al [44], who
suggested 3 forms of interventions to nudge research
participation. The first form is simply providing information
about the study, which is disadvantageous as it might lead to a
lower recruitment accrual than other forms of nudging.
Moreover, information can be provided in more or less
persuasive ways, and what is perceived as appropriate
information provision is highly context dependent. In any event,
transparency regarding social media–related activities and
interventions is an important prerequisite for any social media
activity related to a clinical study [15] (see also Challenge:
Informed Consent section).

The second form of nudging is choice architecture. For example,
default choices might increase recruitment effectiveness but
lead to informed consent issues that are unacceptable in the
context of clinical studies. However, a recent study among
surrogate decision-makers in an intensive care unit setting found
no statistical difference between the 2 offers of choice
architecture or any evidence of undue and unjust inducements
[45].

The third form of nudging includes monetary or other incentives.
This might lead to undue or unjust inducement and needs to be
assessed in a context-specific manner [46,47]. Social nudging
in the form of rewarding goal attainment has shown positive
effects on individuals’ willingness to act in a group’s interest
in the context of vaccine uptake [48]. However, empirical
evidence concerning the effectiveness of these forms of nudging
in the context of clinical study recruitment is limited and
requires further investigation.

There has been little discussion concerning the implications of
nudging and ethical assessments between informing users of
the existence of a clinical study and persuading them to
participate through monetary incentives or persuasive language.
This needs further evaluation, as social media recruitment for
clinical studies potentially combines impersonal communication
methods with individual decision-making for medical
interventions.

Challenge: Informed Consent

In the context of social media recruitment, informed consent
processes must consider (1) when consent is required, (2) in
what instances digital consent is sufficient, and (3) what
educational and administrative hurdles are necessary to ensure
that consent is informed [49].

Regarding the requirement of consent, Gelinas et al [3] called
for specific consent when a participant’s social network was
used for further recruitment, as such methods might reveal
private health-related information to a participant’s social
network. This consent acknowledges the context-specific
adjustment of the informed consent process in different types
of social media recruitment activities.

Regarding digital consent, empirical studies have suggested
that web-based consent is potentially problematic as users are
already used to agreeing to terms and conditions without
informing themselves about the details [50]. Moreover, the
informed consent processes that are applied vary depending on
the study design. In web-based survey studies, consent is
obtained directly on the web after the user is redirected from
the social media platform to an external survey or intervention
website [51,52]. In contrast, in randomized controlled trials,
consent is typically sought offline after checking the eligibility
criteria and before study enrollment [53,54]. Thus, current
informed consent practices in medical studies using social media
recruitment focus on consent after initial recruitment on social
media. However, several authors have lamented the lack of
guidelines concerning informed consent processes during or
before recruitment for clinical trials via social media [3,55].

Regarding educational and administrative hurdles, the
effectiveness of electronic forms of consent has been compared
empirically with traditional paper-based forms. No universal
best practices for e-consent have emerged [56,57]. Moreover,
although previous studies have compared different forms of
consent [58,59], there is a lack of studies that empirically
examine the consent process in the context of social media
recruitment for clinical studies.

Challenge: Privacy and Data Security

An extensive body of literature has investigated the complex
and multifaceted concept of privacy; however, none of the
existing definitions are universally applicable [60,61]. Here,
we refer to the concept of information privacy, which is
understood as a subset of privacy in general (refer to the studies
by Smith et al [60] and Bélanger and Crossler [62] for
comprehensive reviews on information privacy). This paper
follows the definition of privacy proposed by Bélanger and
Crossler [62]: the “desire of individuals to control or have some
influence over data about themselves.” Social media recruitment
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might conflict with this desire, for instance, when researchers
or other potential participants tag individuals on social media
recruitment posts without their permission and thereby
unwillingly link them to a specific study or disease on a public
platform [3,63]. Most importantly, recruiting researchers and
other social media users may unknowingly cause such privacy
violations (see the Challenge: Digital Literacy section). As with
any other form of data collection, the researcher is responsible
for avoiding the disclosure or loss of information collected on
social media in connection with a clinical study [15]. However,
researchers do not have control over the data shared on these
platforms, making data management potentially challenging
[49].

Many social media platforms offer features that advertise to a
defined target population and use inaccessible algorithms to
select them. For instance, Facebook’s proprietary algorithm
uses machine learning to infer the advertisements that should
be displayed based on users’previous behavior [64,65]. A recent
study showed that feeding machine learning algorithms with
user data risks unforeseeable correlations that might be misused
for predictive analytics [66]. Mühlhoff [67] argued that these
algorithms have the potential to not only disclose details about
a user’s future behavior but also estimate details that users have
not disclosed about themselves based on combinations of known
data points (eg, stated preferences, demographics, and relations
with other users). Thus, a social media platform can learn
potentially sensitive information that a user does not want to
disclose, posing a privacy challenge. Regulations for these
procedures are lacking [68], as is empirical evidence of the
ethical and social implications of these potentially problematic
privacy issues.

Challenge: Digital Literacy

Another challenge affecting social media’s potential to improve
autonomy is the lack of digital literacy among social media
users, defined as the skills and resources that users need to
successfully navigate digital environments [69-71]. Individuals
with low digital literacy might be at a greater risk of
stigmatization or involuntary violation of their own or others’
privacy. Furthermore, low digital literacy, often in combination
with a lack of engagement on social media, may prevent
individuals from finding and participating in clinical studies
that mostly or solely use social media recruitment [31,71,72].
This may cause ethical challenges regarding the equality of
access to clinical studies (see the Challenge: Equality of Access
section). However, the importance of this issue depends on the
population being targeted, as a younger population might be
best reached via social media.

Empirical evidence suggests that many social media users lack
the skills to self-assess potential risks and harms connected to
their social media activities, especially when related to their
health status [73-75]. Surveys with health and information
technology professionals have found that low digital literacy is
commonly perceived as causing ethical challenges when social
media is used in the context of participatory health applications.
Important concerns include accidental sharing of sensitive data
and a limited understanding of what the data on social media

are used for [76] (see the Challenge: Information, Persuasion,
and Nudging section).

Justice and Nonmaleficence

Benefit: Including Marginalized Groups by Accessing
Hard-to-Reach Populations

Ethnic minorities and other marginalized groups are often
underrepresented in clinical studies, which causes the benefits
of medical research to be unequally distributed [77]. This raises
important ethical issues concerning discrimination and equitable
access to care. First, there are significant differences in the
reactions to medical procedures between subgroups of a
population, and the underrepresentation of certain groups in
clinical studies may lead to negative consequences for the safety
and efficacy evidence in underrepresented ethnic groups [78].
Second, participation in clinical studies might also lead to better
medical outcomes for study participants [79]. Third, the
unwarranted exclusion of minorities from clinical studies
represents a form of epistemic injustice—excluding certain
populations from generating knowledge may lead to a biased,
ungeneralizable body of knowledge [80].

A reason for the unequal representation in clinical studies is the
difficulty in reaching certain groups. Researchers are usually
aware of problems related to unequal representation and often
cite issues when recruiting certain subgroups within a target
group [81]. These hard-to-reach populations are often from
socially disadvantaged groups, such as those with low
socioeconomic status, ethnic minorities, or older adults
[2,52,82].

Social media may help tackle these issues by increasing the
ability of researchers to recruit hard-to-reach target populations.
Owing to the potential of social media to alleviate the problems
of unequal representation in clinical studies, Caplan and Friesen
[81] even discussed a “duty to tweet.” They stated that
researchers should reduce inequalities in clinical studies and
posited that targeted social media recruitment might be a
valuable tool to meet this obligation.

Empirical assessments suggest that social media recruitment is
effective in recruiting certain populations that are difficult to
reach using traditional methods. Specifically, studies have shown
that social media recruitment can overcome linguistic and
educational barriers and reach immigrants and low-education
and low-income populations [83,84]. In addition, social media
has been useful in recruiting low-prevalence populations [85-87]
and young individuals [15,88]. Moreover, social media
recruitment has been successfully used to target gay couples
for HIV and hepatitis B and C interventions [32,89]. As these
considerations are target group–specific, they must be assessed
separately for each study.

Social media offers researchers and participants a low-threshold
opportunity to engage with research. This is relevant from the
perspective of marginalized groups as it provides value and
allows for low-threshold access to potentially beneficial care
[79].
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Challenge: Stigmatization of Vulnerable Populations

Although vulnerability originally referred to the limited ability
of persons to give informed consent (Department of Health,
Education, and Welfare and National Commission for the
Protection of Human Subjects of Biomedical and Behavioral
Research), the term was recently extended to include a more
general definition and was applied to all those “incapable of
protecting their own interest” [19]. Although the first definition
tends to define vulnerability too narrowly, the second tends to
define vulnerability too broadly, such that all human beings
could be assigned to one vulnerable group or another [90]. To
avoid this, vulnerability (meaning the potential to cause
disproportional wrong to potential research participants [91])
should be assessed on a case-by-case basis when planning a
research study. Furthermore, uncovered vulnerabilities should
be re-examined situationally, as not every individual with a
certain characteristic is vulnerable to the same extent under the
same circumstances. This includes planning ahead for a patient’s
potential situations of vulnerability [92-95]. Clinical studies
targeting patients with characteristics that render them
vulnerable must consider thorough informed consent processes
and options to withdraw consent (refer to the Challenge:
Informed Consent section). Consequently, both the vulnerability
status and informed consent process are highly dependent on
the respective groups targeted for recruitment.

Social media recruitment occurs in a public or semipublic sphere
[63], which means that the distinction between private and
public communication is not always as transparent as in
traditional social settings. For instance, social media users might
have their own perceptions of private and public spaces on social
media [96]. Concurrently, users may not be aware of what
purposes their communication is used for or even who can
access the content they publish [63,97] (see the Challenge:
Digital Literacy section). This potentially leads to private
information being disclosed involuntarily, whereby users may
unwillingly grant access to information on their health status
to others or are unable to anticipate the potential consequences
of publicly disclosed health-related information (see the
Challenge: Privacy and Data Security section). In such
situations, social media recruitment could lead to stigmatization
[3,98]. Fear of stigmatization can be a significant barrier to
participation in clinical studies [77] but occur only if individuals
are identifiable from disease-related activities, groups, or
comments [3]. The risk of stigmatization is closely related to
privacy issues [99] and violates the principle of nonmaleficence
[17,100]. As marginalized groups are at particular risk of
stigmatization on social media, this stands in sharp contrast to
the benefit of reaching marginalized groups, as outlined in the
Benefit: Including Marginalized Groups by Accessing
Hard-to-Reach Populations section.

Empirical studies have suggested that stigmatized health
conditions are treated differently from nonstigmatized conditions
on social media, and individuals with stigmatized diseases prefer
anonymity when discussing their condition on the web
[101-103]. In general, as Boudewyns et al [104] have shown
using examples of sexually transmitted diseases, people talk
less about the health conditions to which they attach a stigma.
In this respect, interaction with clinical studies in the context

of social media recruitment might involuntarily lift this
anonymity. Conversely, other findings have suggested that
patients with stigmatized conditions turn to social media to build
relationships with other patients, acquire new information, and
receive emotional support [105-108].

Challenge: Equality of Access

Although social media makes certain traditionally hard-to-reach
populations more accessible for clinical study recruitment, it
might also lower the chances of certain participants accessing
the clinical study, particularly those underrepresented on social
media. Consequently, the recruitment strategy must consider
potential access issues, particularly when recruiting from closed
groups [15]. Various empirical evidence suggests that despite
the increasing spread of mobile devices [109,110], some groups
are less likely than others to engage with technological devices
and, therefore, have less access to social media. First, this may
be relevant to older adults, as older age is associated with poor
digital literacy [111-113] and lower internet use [114]. Second,
individuals with lower educational attainment appear to be
underrepresented on social media [15,115]. Moreover, low
socioeconomic status tends to correlate with low eHealth literacy
[116], and individuals with a low socioeconomic status tend to
use the internet in more general and superficial ways [117,118]
(see also the Challenge: Digital Literacy section). Thus,
recruitment via social media may be challenging when these
groups are targeted.

Although the ability of many social media platforms to direct
study advertisements toward defined target groups can be useful
in addressing unknown patients, it is unclear how the underlying
algorithms choose members of the target group [13,119].
Although researchers choose certain patient parameters such as
age or residential area, Facebook also uses its activity logs to
improve the target algorithm [120]. Hence, researchers have
only limited control over who is getting the advertisement and
whether this remains stable over time. Consequently, such
algorithms not only represent an ethical challenge related to
privacy (see the Challenge: Privacy and Data Security section)
but also make it difficult for researchers to control for the
equitable distribution of information and advertisements, which
provides challenges related to research quality (see the
Challenge: Research Quality section). The magnitude of this
issue depends on the social media platform and the strategy
used for recruitment and, therefore, needs a context-specific
assessment.

Beneficence

Benefit: Increasing Effectiveness and Cost-effectiveness of
Recruitment

For ethical reasons, recruitment for clinical studies should be
designed as effectively and cost-effectively as possible.
Furthermore, choosing the most cost-effective recruitment option
is key to achieving the maximum benefit from a given research
budget. Early termination of studies because of a lack of
participants puts existing study participants through pointless
risks and could impair their trust in the research [121]. However,
the lack of effective recruitment remains a persistent challenge
in clinical studies.
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According to some estimates, up to 60% of clinical trials are
delayed or canceled because of a lack of enrollment [3-5].
However, social media recruitment strategies have shown early
signs of effectiveness in various types of clinical trials [3],
including studies of HIV vaccines [8], smoking cessation studies
[6], studies of bothersome vulvovaginal symptoms [122], studies
targeting patients with type 1 diabetes [7], occipital nerve studies
[123], and studies of depression prevention [124]. A systematic
review also reported shorter recruitment periods than traditional
strategies in health research [88]. However, as success stories
are typically published more often than failures, it is expected
that the actual effectiveness depends on the target group and
recruitment strategy.

Approximately half of the studies that recruited participants for
medical research reported that social media is more
cost-effective than traditional methods [9]. In a recent review,
Brøgger-Mikkelsen et al [125] found that the median cost per
enrollee for web-based recruitment strategies was US $72, and
the median cost per enrollee for offline recruitment strategies
was US $199, with 31% (4/13) of the included studies reporting
web-based recruitment to be less cost-effective than offline
recruitment. However, clinical trials provide a specific context
as clinicians routinely come into contact with potential
participants, and inclusion criteria are usually complex and
involve clinical data [126,127].

Challenge: Research Quality

Existing evidence for recruitment effectiveness and
cost-effectiveness of social media recruitment suggests that
success is context dependent. The reasons for low recruitment
accrual include the overall presentation of the study to the
participant possibly being inappropriate or that the chosen
platform does not adequately cover the demographic profile of

the target population [49]. These issues, along with opaque
social media algorithms (refer to the Challenge: Equality of
Access section) and a digital literacy divide (refer to the
Challenge: Digital Literacy section), could lead to the low
statistical representativeness of those recruited via social media
[15,109]. Overrepresented demographics typically include higher
education, young age, and lack of immigration history [6,9,128],
leading to ethnically homogeneous samples [129]. Although
such issues of representativeness are a major concern for
population-based studies, whether such issues are applicable
depends on the target population of the clinical study. However,
social media recruitment does not necessarily lead to effective
recruitment results from either a qualitative or a quantitative
perspective.

Part B: Eligibility Criteria of Ethical Social Media
Recruitment

Overview
By reviewing the conceptual and empirical scientific literature,
we identified and analyzed the benefits and challenges of social
media recruitment for clinical studies. We found that the ethical
and practical eligibility of social media recruitment needs to be
assessed separately for each study, as ethical benefits and
challenges are highly context sensitive. On the basis of the
review of ethical issues (part A), we propose three criteria to
assess the ethical and practical eligibility of social media
recruitment (see Figure 1 for an overview): criterion X,
Information and Consent; criterion Y, Risks for Target Groups;
and criterion Z, Recruitment Effectiveness. In the following
sections, we present the practical implications of each of these
criteria and provide an example of how these criteria can be
visualized.

Figure 1. Overview of the benefits and challenges of social media recruitment (part A) and the eligibility criteria to be used for context-specific
assessments of social media recruitment strategies.

Criterion X: Information and Consent

Transparency

Several forms of transparency must be met in the context of
clinical study recruitment on social media to address potential
issues related to nudging, informed consent, and privacy.

Investigator transparency means that researchers make their
identity as researchers visible when interacting with users on
social media regarding a study [3].

Data transparency includes the disclosure of collected, stored,
and used data in study-related social media activities. A major
challenge is the nontransparent data processing on most social
media platforms, which includes black box machine learning
models to predict future behavior [64,65,67]. Open-source social
media platforms are currently not widespread and therefore
might not be suitable as an effective recruitment strategy.
Consequently, researchers often rely on private sector tools for
recruitment via social media, where they do not have complete
control or are not aware of the potential use of the data collected
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during the recruitment process. At the very least, this should be
acknowledged, and social media users should be made aware
of it, particularly in the context of clinical studies.

Information transparency is necessary to obtain informed
consent. As social media recruitment includes unique issues
related to privacy and stigma (refer to the Challenge: Privacy
and Data Security and Challenge: Stigmatization of the
Vulnerable sections; also refer to the study by Gelinas et al [3])
that differ from ethical issues arising from the clinical study
itself, we propose to distinguish between consent for social
media recruitment and traditional patient consent. For social
media recruitment, informed consent would depend on how the
participants are contacted. Platforms such as Facebook offer
several ways to access potential participants [130], such as paid
advertisements, where target groups can be specified based on
demographic characteristics, interests, and previous web-based
activities; project-specific pages, where information about the
study is posted on Facebook pages of existing groups related
to the topic of interest; and by directly contacting potential
participants via private messages [131]. In the following
sections, we expand on the questions of whether it is necessary
to obtain separate consent for social media recruitment and
whether, and to what extent, researchers are responsible for
increasing the digital literacy of social media users.

Is It Necessary to Obtain Informed Consent for the
Recruitment Process on Social Media?

We argue that this depends on the recruitment strategy. Table
1 summarizes what we consider the 4 types of recruitment

strategies that have implications for information provision and
consent. For the type A and type B strategies, no separate
consent is needed as no data are collected on the social media
platform. However, it might be necessary to supply information
about the study with a disclaimer alerting people of the potential
implications concerning their privacy if they share information
about the study with others. In contrast, type C and type D
strategies include direct contact between researchers or
research-related social media channels and (potential) research
participants. Although this holds advantages in terms of patient
engagement and trust building, it also opens up other issues as
study-related data are collected on social media platforms.
Participants should be informed about how these data will be
used in the context of the study, with whom it will be shared,
and how and when it will be deleted, and they should give
explicit consent at the beginning of the interaction. The same
applies if potential participants are actively recruited in private
groups, where they expect to be in a private environment (eg,
closed groups on Facebook). Some forms of consent, such as
through the group moderator, for contacting these individuals
on social media is an ethical imperative in these instances [3].
In type D recruitment strategies, researchers use participants’
social networks to identify and actively address other potential
research participants. Although this issue and its implications
for privacy and consent have been discussed at length by Gelinas
et al [3], we would like to add to their argument that such
recruitment strategies should be avoided in particularly
vulnerable target populations because of the increased risk of
stigmatization, harmful privacy violations, and other
psychosocial side effects [98,99].

Table 1. SMRa strategies and their implications for information and transparency.

Implications for informed
consent

Scope of target-
ed audienceCharacteristicsMethodsAim

SMR strate-
gy type

No signed consent neededTargeting a
broad audience

No engagement in the study
on social media

Advertisements and postsRaise awareness for the
study

Type A

No signed consent is need-
ed, but a disclaimer raising
awareness of disclosing
connection to the study is
required

Targeting a
broad audience

Users are encouraged to re-
veal connections to a clinical
study

Sharing of posts, advertise-
ments, and informative mate-
rial by users

Actively include social
media users in recruit-
ing participants

Type B

Explicit consent requiredTargeting a nar-
row audience

Study-related data are col-
lected on social media

Dialogs between researchers
and users or in between users;
postings in private groups

Using closed groups for
recruitment and commu-
nity management

Type C

Explicit consent required;
caution with vulnerable
groups

Targeting a nar-
row audience

Potential user information is
revealed to others; user data
collected for the study

Private messaging; active
network research of users

Using the user’s social
networks to identify
potential participants

Type D

aSMR: social media recruitment.

Are Researchers Recruiting for Clinical Studies on Social
Media Responsible for Improving the Digital Literacy of
Social Media Users?

A lack of digital literacy (refer to the Challenge: Digital Literacy
section) is connected to other ethical challenges, including
privacy and stigmatization issues and inadequate patient
information [31,71,72,109,110]. On the basis of previous
findings [73-76], researchers engaging in social media–based
recruitment for clinical studies cannot assume that potential

participants are aware of these issues. Researchers are
responsible for providing sufficient information to ensure that
potential participants do not harm themselves because of a lack
of knowledge or awareness. In practice, when using social media
recruitment only to raise awareness of the existence of a study
(type A or B; Table 1), a small disclaimer may be sufficient.
For community engagement in the context of a clinical study
(type C or D; Table 1), we recommend developing codes of
conduct in community groups and information materials in the
form of quizzes or small videos. Such materials should include

J Med Internet Res 2022 | vol. 24 | iss. 5 | e31231 | p.528https://www.jmir.org/2022/5/e31231
(page number not for citation purposes)

Zimmermann et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


information on how to protect other patients and provide
awareness of the potential risks (including privacy violations

and stigma) attached to social media use. Figure 2 illustrates
the practical differences of these recruitment types.

Figure 2. Mock recruitment strategies to illustrate recruitment types A to D. SMR: social media recruitment.

Criterion Y: Risks for Target Groups

Overview

As outlined previously, it appears that both using social media
and not using it could potentially lead to discrimination and
stigmatization. Therefore, the vulnerabilities of target groups
should be carefully assessed for web-based and offline
recruitment. Considering the broad definition of vulnerability
as the incapability to protect one’s interests [19], we propose
that the digital literacy of the target group and its risk to attract
social stigma as well as the social media recruitment type should
be taken into account.

Digital Literacy of the Target Group

The literature indicates that insufficient digital literacy is
associated with low socioeconomic and educational status and
older age [116]. Therefore, target groups meeting one or several
of these criteria should be considered vulnerable to social media
recruitment. They may be unable to access clinical studies
recruiting only on the web and be more prone to
misunderstanding the context of clinical studies in the web-based
environment. In addition, young target groups tend to
underestimate privacy issues on social media and should
therefore be contacted with particular care [74,75].

Social Stigma of Disease or Other Characteristics

Diseases or characteristics with a social or structural stigma
attached to them are varied and can depend on the sociocultural
context. These may include characteristics related to sexual
orientation [132,133], sexually transmitted diseases [134-136],
psychiatric disorders [137,138], or skin diseases [139,140].
Target groups should be carefully evaluated in terms of
stigmatized characteristics (see Multimedia Appendix 2 for
details), and protective privacy measures should be intensified

accordingly. For example, if social media recruitment leads to
the public outing of individuals experiencing stigmatized
diseases, privacy is particularly important.

Recruitment Type

Recruiting from existing participant networks (type D strategies;
Table 1) holds particular risks for target groups and should only
be considered after explicit consent is given and if the target
group is not considered vulnerable, as outlined previously.

Criterion Z: Recruitment Effectiveness

Overview

To ensure good research quality and effectiveness and avoid
unintended harm, researchers should avoid adding social media
recruitment as an explorative and inexpensive alternative to
other recruitment methods without a detailed implementation
plan. Instead, the added value of using social media should be
critically examined in the context of a specific clinical study,
and a recruitment strategy should be planned a priori when
applying for funding. Several dimensions should be considered.

Target Group Definition

When considering social media for clinical study recruitment,
the age and socioeconomic distribution of the target population
must be considered to ensure research quality and improve
equality of access. Social media recruitment should only be
used if the target group is available on these platforms.

Platform Choice

Depending on the technical features, user numbers, user groups,
policies, prices, and other characteristics, some social media
platforms might be more appropriate for clinical study
recruitment than others. These can be used differently by the
recruiter by building upon the different features offered by the
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platforms. For instance, age distribution and other user
characteristics vary considerably across platforms [7,49,115].
Therefore, it might be helpful to use multi-platform approaches
and triangulate them with other recruitment strategies to avoid
inequalities stemming from populations that are inactive on
social media or those with low digital literacy [131].

Anticipating Patient Responses

Depending on the study design, inclusion criteria, target groups,
and recruitment strategy, responses of potential participants will
be more or less numerous and accurate in terms of eligibility
criteria. For example, type A and type B recruitment strategies
target a broader audience, and more (and nonspecific) responses
might be expected than in type C and type D strategies (Table
1). The extent of patient responses must be aligned with the
resources available to respond to them, particularly when
targeting patients with chronic or severe diseases and/or very
specific inclusion criteria. For these patients, it might be harmful
if they were placing hope in a study they had heard about on
social media but then never received a response. However, it
might be overwhelming and frustrating for the personnel
responsible for patient recruitment if many of the responding
patients are not eligible for the study or if resources are not
sufficient to respond to all requests. The extent of this problem
depends on the type of clinical study.

Expertise Within the Research Team

High-quality planning and execution of social media recruitment
require specialized knowledge from the research team.
Therefore, the clinical study staff should receive formal training,
and dedicated recruiters for social media should be employed.
Interdisciplinary skills such as platform-specific expertise in
terms of use, science communication, and illustrative skills
should be required and either represented in the research team
or provided through an external provider.

The Eligibility Matrix
Depending on the context of a clinical study, the 3 eligibility
criteria might have different weights for the overall assessment
of social media recruitment. We suggest weighing the risks for

target groups (criterion Y) as particularly high as this criterion
directly corresponds to the principle of nonmaleficence
[141,142]. This criterion usually cannot be improved by an
adapted social media recruitment strategy, as it depends on the
study-specific target population. In contrast, the other two
criteria (X and Z) can be addressed in the recruitment strategy.

To visualize how the 3 eligibility criteria depend on each other,
we arranged them in a 3D matrix (Figures 3A-3C). In cases
where there are substantial risks for the target group, social
media recruitment would only be permissible in very specific
cases (eg, if it is not possible to recruit in any other way or if
alternative recruitment methods pose even greater risks). Figures
3B and 3C present 2 examples of these dependencies.

First, if the estimated risk for the target group (y-axis) is
particularly high, the estimated recruitment effectiveness (z-axis)
also needs to be high, and the informed consent procedure
(x-axis) must be extensive for social media recruitment to be
considered in a study (Figure 3B). For instance, if we want to
recruit participants who have been diagnosed with a stigmatized
disease, such as HIV or hepatitis B, the recruitment risks for
the target population (Y) are substantial (refer to the Challenge:
Stigmatization of the Vulnerable section). In this case, social
media recruitment must be both effective (X) and have a
thoroughly informed consent procedure (Z) to serve as an
appropriate recruitment method.

Second, if the overall risk for the target population (y-axis) is
estimated to be low and the estimated effectiveness (z-axis) is
very high, the range for an acceptable informed consent
procedure (x-axis) would broaden (Figure 3C). For example, if
we aim to recruit for a clinical study focusing on common
health-related behaviors such as vitamin intake and exercise or
menopausal symptoms, the risks of recruitment (Y) are lower
for the target population. If we expect moderate to good
effectiveness in recruiting through social media (X) as we are,
for instance, explicitly interested in young participants, the
informed consent procedure (Z) only needs to meet the minimum
requirements to be adequate.
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Figure 3. (A) Eligibility matrix for the assessment of social media recruitment for clinical studies. If the result of an assessment of the 3 dimensions
occurs within the green volume, social media recruitment can be considered ethical for a particular study. Suitability for using social media for recruitment
increases with the respective increase in dimensions X and Z (X: informed consent and Z: recruitment effectiveness) and decreases with a rising risk
for the target group (Y: risk for target group). (B) Dashed lines indicate an example of a high-risk target group. X indicates a very limited scope for
social media recruitment. (C) Dashed lines indicate an example of a low-risk target group. Dashes represent the scope of the informed consent procedure.

Discussion

Principal Findings
Social media recruitment can offer important benefits for clinical
studies, including reaching hard-to-reach populations; increasing
recruitment effectiveness; and supporting trust, transparency,
and autonomy. These potential advantages make it an ethical
imperative to consider this recruitment strategy as a supplement
to traditional strategies. However, potential risks strongly depend
on the study design, target population, and details of the
recruitment strategy. Therefore, each strategy should take into
account the target population and the potential risks they might
face and should be approved by an institutional review board
or ethics committee. In the context of clinical studies, it might
be worthwhile to limit social media contact with patients to
avoid enhancing the risks of privacy violations or stigmatization
and for researchers to create a thorough risk assessment and
details on how the recruitment strategy will take these risks into
account. However, as social media interactions also potentially
increase trust, transparency, and participant engagement, these
risks should be weighted context specifically.

If a clinical study targets a particularly vulnerable population,
a solution could be to target multiplicators via social media,
such as social workers or general practitioners, who then inform
the eligible patients about the study. This would lower the risk

of privacy violations and stigmatization in vulnerable groups
and provide a more beneficial risk-benefit assessment. A
potential disadvantage of this approach concerns the indirect
steps taken toward recruitment; that is, success depends on the
activity of the multiplicator. However, in clinical studies,
patients have to come into direct contact with the health care
system, and the recruitment process is not as straightforward
as it would be for web-based studies.

We identified several research gaps related to the potentially
trust-building features of social media recruitment through active
engagement, informed consent on the platform itself, and risks
of aggravated stigmatization. Relatedly, scholars have identified
a lack of ethical and regulatory guidelines, as well as missing
reporting standards, that ensure transparency related to social
media recruitment for clinical studies [143]. Collecting empirical
evidence on the perceptions of researchers, users, and patients
concerning social media recruitment for clinical studies is a
prerequisite for developing such guidelines. Furthermore, it
should be acknowledged that such guidelines are best applied
as context specific, as existing privacy and data protection
regulations differ between different regions of the world.

Some large and well-known social media platforms (eg,
Facebook and Twitter) are more frequently used for clinical
study recruitment than others. Thus, they are better documented
in empirical studies. As our analysis was partly based on
empirical cases of clinical studies that used social media
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platforms as recruitment tools, other social media platforms
might have additional ethical implications for recruitment that
were not covered in this contribution.

Conclusions
Ethical challenges related to social media recruitment are context
sensitive. We suggest that the most important challenges for
social media recruitment can be assessed by evaluating three
dimensions: the level of information and consent, risks for target
groups, and effectiveness of the recruitment strategy. These
dimensions are interconnected and should be evaluated

strategically, critically, and repeatedly. In Multimedia Appendix
2, we provide a checklist with practical recommendations for
clinical researchers considering social media recruitment.

Social media recruitment for clinical studies is becoming
increasingly common and should only be approved and executed
if planned and assessed appropriately. This is particularly
important in clinical studies, which might come with additional
ethical implications. We suggest that researchers designing a
clinical study should use the matrix we have presented to assess
a priori whether they should use social media for recruitment.
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Abstract

Background: Admissions are generally classified as COVID-19 hospitalizations if the patient has a positive SARS-CoV-2
polymerase chain reaction (PCR) test. However, because 35% of SARS-CoV-2 infections are asymptomatic, patients admitted
for unrelated indications with an incidentally positive test could be misclassified as a COVID-19 hospitalization. Electronic health
record (EHR)–based studies have been unable to distinguish between a hospitalization specifically for COVID-19 versus an
incidental SARS-CoV-2 hospitalization. Although the need to improve classification of COVID-19 versus incidental SARS-CoV-2
is well understood, the magnitude of the problems has only been characterized in small, single-center studies. Furthermore, there
have been no peer-reviewed studies evaluating methods for improving classification.

Objective: The aims of this study are to, first, quantify the frequency of incidental hospitalizations over the first 15 months of
the pandemic in multiple hospital systems in the United States and, second, to apply electronic phenotyping techniques to
automatically improve COVID-19 hospitalization classification.
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Methods: From a retrospective EHR-based cohort in 4 US health care systems in Massachusetts, Pennsylvania, and Illinois, a
random sample of 1123 SARS-CoV-2 PCR-positive patients hospitalized from March 2020 to August 2021 was manually
chart-reviewed and classified as “admitted with COVID-19” (incidental) versus specifically admitted for COVID-19 (“for
COVID-19”). EHR-based phenotyping was used to find feature sets to filter out incidental admissions.

Results: EHR-based phenotyped feature sets filtered out incidental admissions, which occurred in an average of 26% of
hospitalizations (although this varied widely over time, from 0% to 75%). The top site-specific feature sets had 79%-99% specificity
with 62%-75% sensitivity, while the best-performing across-site feature sets had 71%-94% specificity with 69%-81% sensitivity.

Conclusions: A large proportion of SARS-CoV-2 PCR-positive admissions were incidental. Straightforward EHR-based
phenotypes differentiated admissions, which is important to assure accurate public health reporting and research.

(J Med Internet Res 2022;24(5):e37931)   doi:10.2196/37931
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Introduction

Despite the ongoing COVID-19 pandemic and the dozens of
research groups and consortia worldwide that continue to utilize
clinical data available in electronic health records (EHRs),
critical gaps remain in both our understanding of COVID-19
and how to accurately predict poor outcomes, including
hospitalization and mortality [1-4].

One of the most prominent gaps in the field is how to distinguish
hospital admissions specifically for COVID-19-related
indications (eg, severe disease with respiratory failure) from an
incidentally positive SARS-CoV-2 polymerase chain reaction
(PCR) test in admissions for an unrelated reason (eg, a broken
leg). Approximately 800,000 new SARS-CoV-2 cases are being
reported daily, and approximately 150,000 patients are
hospitalized with a positive SARS-CoV-2 PCR test [5].
Misclassification of incidental COVID-19 during
hospitalizations is common [5] and raises research and public
health concerns. For example, deleterious effects on health care
system resource disbursement or utilization as well as on local
and regional social and economic structure and function can
result from inaccurate reporting of incidental cases of
SARS-CoV-2.

Misclassification in research studies occurs because patients
are usually considered COVID-19 patients if they have a recent
positive SARS-CoV-2 PCR test or the International
Classification of Diseases, Tenth Revision (ICD-10) diagnosis
code U07, which, according to guidelines, is equivalent to a
positive test [6]. This approach has been used in most
COVID-19 studies published to date [7,8] and is in line with
Centers of Disease Control and Prevention (CDC) guidelines,
which treat positive SARS-CoV-2 PCR tests as confirmed cases
[9]. Given that at least 35% of SARS-CoV-2 cases are
asymptomatic, patients seeking unrelated care are erroneously
classified as COVID hospitalizations [10-14]. The magnitude
of this misclassification has increased over time as health care
systems began to be less restrictive after the second wave and
elective surgeries were again performed starting in the second
quarter of 2021.

A potential solution is EHR-based phenotyping, which identifies
patient populations of interest based on proxies derived from

EHR observations. EHR phenotypes are developed by first
performing manual chart review to classify cases and then
applying a machine learning or statistical reasoning method to
the EHR data to create an explainable predictive model [15,16].
For example, a phenotyping study of bipolar disorder found
that true bipolar disorder is correlated with a set of several EHR
features [17]. Our previous work validated a “severe
COVID-19” phenotype in the Consortium for Clinical
Characterization of COVID-19 by EHR (4CE) network using
both chart review and comparison across sites [18,19]. 4CE is
a diverse international network of over 300 hospitals engaged
in collaborative COVID-19 research [2,20,21].

The Massachusetts Department of Public Health has recently
begun using a simple phenotype to report COVID-19
hospitalizations [22,23]. Although it is based on treatment
recommendations and not a gold standard, it illustrates the
interest in EHR-based phenotyping for COVID-19.

In this study, we utilized EHR data from 60 hospitals across 4
US health care systems in 4CE, combined with clinical expertise,
data analytics, and manual EHR chart review, to determine
whether patients admitted to the hospital and who had a positive
SARS-CoV-2 PCR test were hospitalized for COVID-19
(for-COVID-19 group) or were admitted for a different
indication and simply had an incidental positive test
(admitted-with-COVID-19 group).

Methods

Sites
We selected a sample of 4 4CE sites across the United States
to participate in the development of our for-COVID-19
hospitalization phenotype. These sites included the Beth Israel
Deaconess Medical Center (BIDMC), Mass General Brigham
(MGB), Northwestern University (NWU), and the University
of Pittsburgh/University of Pittsburgh Medical Center (UPITT).
Each site involved at least 1 clinical expert (for chart review
and manual annotation) and 1 data analytics expert (to apply
various analytic filtering approaches). Eligible patients for this
study were those included in the 4CE COVID-19 cohort: all
hospitalized patients (pediatric and adult) with their first positive
SARS-CoV-2 PCR test 7 days before to 14 days after
hospitalization [2].
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Chart Review
Each development site randomly sampled an equal number of
admissions in each quarter (BIDMC, MGB) or month (NWU,
UPITT) from their cohort of SARS-CoV-2 PCR-positive patients
over the period of March 2020 until at least March 2021
(N=1123). Clinical experts reviewed the charts in the EHRs and
recorded whether these patients were admitted for
COVID-19-related reasons, as defined later. The total number
of chart reviews per site was somewhat variable and determined
by availability of the clinical experts. Participating sites and the
number of chart reviews are listed in Table 1.

To develop chart review criteria, a 4CE subgroup met during
March-July 2021. The group consists of about 20 researchers
in 4CE, with a mixture of physicians, medical informaticians,
and data scientists. In the process, dozens of real patient charts
were considered, and edge cases were discussed until consensus
was reached on the minimal chart review necessary to determine
the reason a patient was hospitalized.

Based on the developed criteria, chart reviewers (1 per site,
except at the BIDMC, where there were 2) classified the patients
based on review of primarily the admission note, discharge
summary (or death note), and laboratory values for the
hospitalization. Each site had Institutional Review Board (IRB)

approval to view the charts locally, and only deidentified
aggregate summaries were presented to the subgroup. Each site
summarized the chart reviews in a spreadsheet that was then
linked to the site’s 4CE EHR data, wherein medical record
numbers were replaced with 4CE’s patient pseudoidentifiers,
and criteria classifications were coded as an integer. The 4CE
EHR data set is a COVID-19-related subset of raw EHR data
consisting of selected laboratory test, medication, and procedure
categories and all available ICD-10 diagnosis codes. The data
dictionary is explained in more detail in Multimedia Appendix
1. The chart review process is presented visually in steps 1-5
of Figure 1.

We developed an R script (R Core Team) at the MGB to perform
basic data summarization. This did the following: calculated
chart review summary statistics, aggregated data on ICD-10
diagnosis codes used during the hospitalization to compare to
the chart review classification, and generated a bubble plot that
visualizes the change in proportion of hospitalizations,
specifically for COVID-19, among all chart reviews over the
course of the pandemic, by month. A trendline was fitted with
locally estimated scatterplot smoothing (loess) regression using
ggplot2 and was weighted by the number of chart reviews
performed that month. Each participating health care site ran
the R script on its chart-reviewed patient cohort.

Table 1. Participating health care systems’ overall characteristics and the number and period of chart reviews performed for this study.

Chart review time period, start
date-end date

Number of chart reviews per-
formed, n

Inpatient discharges per year, nHospitals, nParticipating site

March 2020-March 202140040,7521BIDMCa

March 2020-July 2021406163,52110MGBb

March 2020-February 202170103,27910NWUc

April 2020-August 2021247369,30039UPITTd

aBIDMC: Beth Israel Deaconess Medical Center.
bMGB: Mass General Brigham.
cNWU: Northwestern University.
dUPITT: University of Pittsburgh/University of Pittsburgh Medical Center.
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Figure 1. The chart review process. (1-2) At each site, an equal number of patients admitted with a positive SARS-CoV-2 PCR test were sampled by
quarter or by month. (3-4) A chart reviewer at the site examined primarily the admission note, discharge summary (or death note), and laboratory values
for the hospitalization to classify as admitted for COVID-19, incidental SARS-CoV2, or uncertain. (5-6) These classifications were then merged with
4CE EHR data for use with shared analytic scripts in R. (7-8) The top phenotypes at each site output by the data mining algorithm were summarized,
and this was used to manually construct feature sets to be used across sites by selecting components that appeared in step 7 at multiple sites. (9) The
performance over time of the top multisite phenotypes was visualized. 4CE: Consortium for Clinical Characterization of COVID-19 by EHR; EHR:
electronic health record; ICD-10: International Classification of Diseases, Tenth Revision; PCR: polymerase chain reaction.

Phenotypes Using Hospital System Dynamics
Phenotyping
We developed an algorithm as an R script to choose phenotypes
of admissions specifically for COVID-19, using established
hospital dynamics measures of ordering/charting patterns in the
EHRs (eg, presence of laboratory tests rather than laboratory
results) [16,24]. The algorithm uses a variation of the Apriori
item set–mining algorithm [25,26]. Apriori, which has been
utilized in other EHR studies, uses a hill-climbing approach to
find iteratively larger item sets that meet some summary statistic
constraint [27,28]. Apriori, like other market basket analyses,
is advantageous when the labeled data are small, because it
discovers statistical properties of the underlying data, rather
than developing a separate predictive model that must be
evaluated. Therefore, it does not require a data split between a
training and a test set, which would further limit the sample
size. The original algorithm chose rules that maximized the
positive predictive value (PPV) and had at least a minimum
prevalence in the data set. More recent variants use other
summary statistics [29] because the PPV, which measures the
likelihood a positive is a true positive, is highly affected by
population prevalence (which shifts dramatically over time with
COVID-19). Therefore, our algorithm used sensitivity and
specificity. A visual representation of our algorithm is shown
in Figure 2. Item sets of size 1 are chosen that meet certain
minimum prediction thresholds, and then these are combined

into item sets of size 2 and again filtered by the thresholds, and
so forth up to a maximum item set size.

We applied our algorithm to find patterns in 4CE EHR data at
each site using the presence of medications, laboratory tests,
and diagnoses to select the best phenotypes. (Laboratory test
results are included in the 4CE data set but were not included
in this analysis, because it does not fit with the principles of
hospital system dynamics [HSD].) We further compared the
output at each site to see whether there were similarities (eg,
transfer learning was applicable). We considered 2 cases: data
that would be available in near-real time during a hospitalization
(laboratory tests) and data that would be available for a
retrospective analysis (including laboratory and medication
facts and diagnosis codes, which are usually not coded until
after discharge).

Sites exported phenotypes with sensitivity of at least 0.60,
ordered by specificity in descending order. (Site B applied a
slightly lower sensitivity threshold because no phenotypes with
sensitivity of at least 0.60 were available.) Specificity was
chosen as the sorting variable because it measures the
phenotype’s ability to detect and remove incidental
SARS-CoV-2 admissions—a good measure of overall
performance. Sensitivity, in contrast, measures the ability to
select for-COVID-19 admissions, which can be easily
maximized by simply selecting all patients. Groups of
phenotypes were manually summarized into conjunctive normal
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form by combining AND and OR phenotypes at each site, when
possible, and reporting a sensitivity and specificity range for
the final combined phenotype. We excluded feature sets that
were more complex but with the same performance as a simpler
feature set.

We also ran our phenotyping program to find the most predictive
individual features at each site during every 6-month period of
the pandemic, beginning January 2020. This analysis allowed
us to examine the trend of HSD as the pandemic progressed.

The final piece of analysis involved selecting multisite
phenotypes and plotting their performance over time. First, we
selected the features that appeared at multiple sites from the
best phenotypes at each site. We used these to manually
construct multisite phenotypes. We optimized these using MGB
data by manually adding/removing OR components based on
performance, because adding too many OR components
degrades the specificity. We ran these constructed phenotypes
at each site to ascertain their performance characteristics.

This data-mining process can be seen visually in Figure 1, steps
6-8.

Figure 2. Design of the phenotyping algorithm. Predictive feature sets of iteratively larger size were selected based on their sensitivity and specificity
in correctly identifying COVID-19-specific admissions using 4CE EHR data and chart reviews. We chose the following parameters after testing various
thresholds at all 4 sites: AND feature sets, x=0.40, y=0.20, p=0.30; OR feature sets x=0.10, y=0.50, p=0.20; and single features: x=y=p=0. 4CE:
Consortium for Clinical Characterization of COVID-19 by EHR; EHR: electronic health record.

Temporal Visualization of Phenotypes
We also developed a temporal visualization used at each site
(step 9 of Figure 1). The visualization shows 3 lines: a solid
line showing the total number of patients in the site’s 4CE cohort
(ie, admitted with a positive SARS-CoV-2 PCR test), a dashed
line showing the total number of those patients after filtering
to select patients admitted specifically for COVID-19 (ie,
removing all patients who do not meet the phenotyping feature
set criteria), and a dotted line showing the difference between
the solid line and the dashed line (ie, patients removed from the
cohort in the dashed line). Dots on the graph visualize the
performance on the chart-reviewed cohort. Green dots on each
line show patients who were correctly classified by the
phenotype, according to the chart review. Likewise, orange dots
on each line show incorrect classifications. Dot size is
proportional to the number of chart reviews.

Importantly, all review and analysis were performed by local
experts at each site, and only the final aggregated results were
submitted to a central location for finalization. This approach
is a hallmark of 4CE—keeping data close to local experts and
only sharing aggregated results. It reduces regulatory complexity
around data sharing and keeps those who know the data best
involved in the analysis.

All our software tools were implemented as R programs. They
were developed at the MGB and tested by all 4 sites. The code
is available as open source [30].

Ethical Considerations
IRB approval was obtained at the BIDMC (#2020P000565),
the MGB (#2020P001483), the UPITT (STUDY20070095),
and the NWU (STU00212845). Participant informed consent
was waived by each IRB because the study involved only
retrospective data and no individually identifiable data were
share outside of each site’s local study team. Site names were
anonymized (to sites A, B, C, and D) to comply with hospital
privacy policies. At the MGB and the BIDMC, any counts of
patients were blurred with a random number +/–3 before being
shared centrally. Our previous work shows that for large counts,
pooling blurred counts has minimal impact on the overall
accuracy of the statistics [31]. At all sites, any counts <3 were
censored. All other statistics (eg, percentages, differences, CIs,
P values) were preserved.

Results

Chart Review
The final chart review criteria are shown in Table 2. (See the
Methods section for details.) Across the 4 sites, 764 (68%) of
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1123 patients were admitted for COVID-19, 292 (26%) patients
were admitted with incidental SARS-CoV-2, and 67 (6%) were
uncertain (Table 3). The 4 sites included the BIDMC, the MGB,
the UPITT, and the NWU. A site-by-site breakdown, both
overall and by individual criteria, is also shown in Table 3. A
demographic characterization of the chart-reviewed cohort at
each site is shown in Table 4. Plots of the proportion of
hospitalizations specifically for COVID-19 among all chart

reviews by month over the course of the pandemic are shown
in Figure 3. Finally, Tables 5 and 6 show the top 10 ICD-10
diagnoses that were assigned to patients with a date in the first
48 hours after admission in for-COVID-19 versus
incidental-COVID-19 groups. In all results, each site is labeled
with a random but consistent letter (A, B, C, or D) to comply
with hospital privacy policies.

Table 2. Summary of the chart review criteria developed by the 4CEa subgroup of physicians, medical informaticians, and data scientists.

CriteriaChart-reviewed classification

Symptoms on admission were attributable to COVID-19, and clinicians admitted patients for
COVID-19-related care. The symptoms included:

Admitted specifically for COVID-19

• Respiratory insufficiency
• Blood clots in vital organs
• Hemodynamic changes
• Other common viral symptoms, such as cough and fever
• Admitted for non-COVID-19 issue but developed any of the above symptoms while hospitalized

The admission history was unlikely to be related to COVID-19, and clinicians did not specifically
admit the patient for COVID-19-related care. This admission could be due to:

Admitted incidentally with COVID-19

• Trauma
• Procedure or operation requiring hospitalization
• Term labor
• Alternative causes, including drug overdose, cancer progression, and nonrespiratory severe

infection

Symptoms on admission may have been related to COVID-19, and clinicians considered COVID-
19 exacerbation during hospitalization. The symptoms included:

Uncertain

• Preterm labor
• Liver dysfunction
• Graft failure
• Immune system dysfunction
• Alternative causes, including sickle cell crisis, failure to thrive, and altered mental status

a4CE: Consortium for Clinical Characterization of COVID-19 by EHRb.
bEHR: electronic health record.
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Table 3. Proportion of chart-reviewed patients admitted specifically for COVID-19 vs admitted with incidental SARS-CoV-2, overall and stratified
by site, with a detailed criteria breakdown. A detailed breakdown at site D could not be included, because their process did not record the specific criteria
for each classification. Note that cells with 0% are still included to show all the chart review criteria.

Overall (N=1123),
n (%)

Site D (N=400), n
(%)

Site C (N=247), n
(%)

Site B (N=70), n
(%)

Site A (N=406), n
(%)

Category

764 (68)Admitted specifically for COVID-19

N/Aa240 (60)180 (73)59 (84)288 (71)All

N/AN/A128 (52)36 (51)202 (50)Respiratory insufficiency

N/AN/A<3 (<5)<3 (<5)6 (1)Blood clot

N/AN/A<3 (<5)<3 (<5)<3 (<5)Hemodynamic changes

N/AN/A47 (20)19 (27)71 (18)Other symptomatic COVID-19

N/AN/A5 (2)<3 (<5)8 (2)Not admitted for COVID-19 but devel-
oped 1 of the above criteria

292 (26)Admitted incidentally with COVID-19

N/A144 (36)54 (22)9 (13)85 (20)All

N/AN/A<3 (<5)<3 (<5)18 (4)Full-term labor

N/AN/A9 (4)<3 (<5)8 (2)Procedure

N/AN/A<3 (<5)<3 (<5)<3 (<5)Trauma

N/AN/A44 (18)6 (9)50 (13)Other not COVID-19

67 (6)Uncertain

N/A16 (4)10 (4)<3 (<5)33 (8)All

N/AN/A<3 (<5)<3 (<5)<3 (<5)Immune dysfunction

N/AN/A<3 (<5)<3 (<5)<3 (<5)Early labor

N/AN/A<3 (<5)<3 (<5)<3 (<5)Liver dysfunction

N/AN/A<3 (<5)<3 (<5)<3 (<5)Graft failure

N/AN/A10 (4)<3 (<5)31 (8)Other possible COVID-19

aN/A: not applicable.
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Table 4. Demographic characterization of the chart-reviewed cohort by site. For each row, the count and percentage (in parentheses) at each site are
shown. Two sites did not report Hispanic/Latino. N values for each site are shown in the header; these might not exactly match the summation of each
category due to blurring requirements.

Site D (N=400), n (%)Site C (N=247), n (%)Site B (N=70), n (%)Site A (N=406), n (%)Category

Age (years)

11 (3)4 (1)11 (14)14 (4)0-25

76 (18)26 (10)15 (21)95 (23)26-49

135 (33)99 (40)22 (31)138 (35)50-69

90 (22)59 (24)9 (13)72 (17)70-79

81 (19)59 (24)13 (18)83 (20)80+

Race

17 (4)5 (2)2 (3)8 (2)Asian

97 (24)58 (23)9 (13)60 (14)Black

55 (14)N/AN/Aa21 (6)Hispanic/Latino

173 (42)179 (72)50 (71)78 (19)White

61 (14)5 (2)8 (11)230 (58)No information

Sex

188 (47)121 (49)42 (60)200 (50)Male

211 (52)126 (51)28 (40)200 (50)Female

aN/A: not applicable.
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Figure 3. Chart-reviewed proportion of admissions specifically for COVID-19 among all chart reviews by month at each site. The bubble size shows
the relative number of patient chart reviews performed that month. The trendline was weighted by bubble size and was performed using locally weighted
least squares (loess) regression. Note that the y axis and 95% CI limits extend above 100%.
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Table 5. Top 10 ICD-10a diagnoses among patients’ charts reviewed as admitted specifically for COVID-19, with the proportion of patients with each
diagnosis at each site. Each patient might have multiple diagnoses, and therefore, the sum might be greater than 100%.

Site D (N=240),
n (%)

Site C (N=180),
n (%)

Site B (N=59), n
(%)

Site A (N=288),
n (%)

ICD-10 diagnosis

226 (95)145 (80)54 (92)265 (92)U07.1 Covid-19

173 (70)64 (35)24 (41)125 (44)J12.89 Other Viral Pneumonia

89 (37)74 (41)16 (27)113 (39)I10 Essential (Primary) Hypertension

139 (58)56 (31)20 (34)75 (26)J96.01 Acute Respiratory Failure With Hypoxia

108 (46)69 (38)4 (7)79 (28)E78.5 Hyperlipidemia, Unspecified

94 (39)40 (22)4 (7)74 (25)N17.9 Acute Kidney Failure, Unspecified

65 (26)57 (31)<3 (<3)64 (22)K21.9 Gastro-Esophageal Reflux Disease Without Esophagitis

66 (27)44 (24)<3 (<3)56 (18)Z87.891 Personal History of Nicotine Dependence

43 (17)21 (12)15 (25)81 (29)R09.02 Hypoxemia

35 (15)39 (22)12 (20)72 (25)J12.82 Pneumonia due to COVID-19

aICD-10: International Classification of Diseases, Tenth Revision.

Table 6. Top 10 ICD-10a diagnoses among patients’ charts reviewed as admitted with incidental COVID-19, with the proportion of patients with each
diagnosis at each site. Each patient might have multiple diagnoses, and therefore, the sum might be greater than 100%.

Site D (N=144),
n (%)

Site C (N=54), n
(%)

Site B (N=9), n
(%)

Site A (N=85), n
(%)

ICD-10 diagnosis

122 (85)40 (73)5 (56)63 (74)U07.1 Covid-19

24 (17)12 (22)<3 (<11)12 (14)N17.9 Acute Kidney Failure, Unspecified

23 (15)7 (13)<3 (<11)5 (6)E11.22 Type 2 Diabetes Mellitus with Diabetic Chronic Kidney Disease

14 (11)4 (7)<3 (<11)12 (11)E11.9 Type 2 Diabetes Mellitus Without Complications

10 (6)5 (9)<3 (<11)13 (19)D64.9 Anemia, Unspecified

12 (10)<3 (<5)<3 (<11)8 (6)E87.2 Acidosis

15 (12)4 (7)<3 (<11)<3 (<2)J12.89 Other Viral Pneumonia

13 (8)4 (7)<3 (<11)6 (8)J96.01 Acute Respiratory Failure With Hypoxia

12 (7)6 (11)<3 (<11)5 (7)D69.6 Thrombocytopenia, Unspecified

6 (5)5 (9)<3 (<11)6 (7)N18.6 End-Stage Renal Disease

aICD-10: International Classification of Diseases, Tenth Revision.

Phenotypes Using Hospital System Dynamics
Each site ran our HSD program to choose phenotypes of patients
admitted for COVID-19 versus patients admitted incidentally
with COVID-19. The input of the program includes the
chart-reviewed classifications and patient-level EHR data on
the presence of 22 selected laboratory test types, 11 selected
medication categories, 12 procedure categories, and all ICD-10
diagnosis codes that are dated within 48 hours of admission.
This resulted in 1880 distinct features across all sites. (See
Multimedia Appendix 1 for more information on the data

dictionary.) The program selected 135 feature sets across all
sites using these features. These were manually reduced to 32
(23.7%) by selecting the most predictive and removing
duplicates and near-duplicates. These are summarized in Table
7, divided into phenotypes that use data that could be available
immediately (“real time”) and phenotypes using all data
available after discharge (“retrospective”). We also reported
the prevalence at each site among all SARS-CoV-2
PCR-positive hospitalizations (not just among chart-reviewed
patients), which is the proportion of patients meeting the criteria
of the feature sets.
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Table 7. Top phenotyping feature sets by specificity, with a sensitivity of at least 0.60 for detecting admissions specifically for COVID-19. The table
is grouped into feature sets involving potentially real-time data (laboratory tests) and all available data (presence of laboratory tests, medications, and
diagnosis codes). Note that laboratory test results are not included in the feature sets. Ranges are shown in the summary statistics because multiple rules
with similar performance were summarized using conjunctive normal form.

Prevalence (%)SpecificitySensitivitySitePhenotyping feature set

“Real-time” phenotypes (laboratory tests only)

67-710.850.65-0.72DCRPa AND (Total Bilirubin OR Ferritin OR LDHb) AND (Lymphocyte
Count OR Neutrophil Count) AND Cardiac Troponin

67-710.850.62-0.69DFerritin AND LDH AND Cardiac Troponin AND (INRc OR PTTd OR
Lymphocyte Count OR Neutrophil Count)

72-770.89-0.900.67-0.70ACRP AND (LDH AND/OR Ferritin) AND Cardiac Troponin

65-850.73-0.850.63-0.87AProcalcitonin OR D-dimer OR CRP OR Cardiac Troponin OR Ferritin

63-670.670.56-0.58BAny 2 of: Procalcitonin, LDH, CRP

54-580.86-0.930.26-0.37CD-dimer OR Ferritin OR CRP

“Retrospective” phenotypes (laboratory tests, medications, and diagnosis codes)

46-480.920.62-0.64DTotal bilirubin AND (Ferritin OR LDH OR Lymphocyte Count OR Neu-
trophil Count) AND diagnosis of Other Viral Pneumonia (J12.89)

50-630.82-0.880.70-0.74DDiagnosis of: Other Viral Pneumonia (J12.89) OR Acute Respiratory
Failure with Hypoxia (J96.01) OR Anemia (D64.9)

610.820.75DDiagnosis of: Other Viral Pneumonia (J12.89) OR Supplemental Oxygen
(severe)

74-770.890.70ACRP AND (LDH OR Ferritin) AND Cardiac Troponin

58-740.85-0.950.68-0.72ARemdesivir OR Procalcitonin OR Other Viral Pneumonia (J12.89) OR
Nonspecific Abnormal Lung Finding (R91.8) OR Shortness of Breath
(R06.02) OR Other COVID Disease (J12.82)

54-670.89-0.990.63-0.68BHypoxemia (R09.02) OR Other Coronavirus as Cause of Disease (B97.29)
OR Shortness of Breath (R06.02) OR Pneumonia (unspecified organism)
(J18.9) OR Acute Respiratory Failure with Hypoxia (J96.01) OR Nonspe-
cific Abnormal Lung Finding (R91.8)

52-580.79-0.860.71-0.75CD-dimer OR ferritin OR CRP OR Other Viral Pneumonia (J12.89) OR
Acute Respiratory Failure with Hypoxia (J96.01)

aCRP: C-reactive protein.
bLDH: lactate dehydrogenase.
cINR: international normalized ratio.
dPTT: partial thromboplastin time.

We examined the top individual features over time at all sites.
In the first half of 2020, a diagnosis of “Other Viral Pneumonia”
(J12.89) was the only strong predictor of an admission
specifically for COVID-19 across all 4 sites. In the second half
of 2020, the phenotyping algorithm began selecting laboratory
tests, including C-reactive protein (CRP), troponin, ferritin, and
lactate dehydrogenase (LDH). In addition, the diagnosis “Other
Coronavirus as Cause of Disease” (B97.29) began to be used
at site B. By 2021, remdesivir and the diagnosis “Pneumonia
due to COVID-19” (J12.82) additionally came into widespread
use and became predictive of admissions specifically for COVID
at site A.

Temporal Visualization of Phenotypes
We manually constructed 5 multisite phenotypes from elements
in Table 7 that appeared at multiple sites. These were evaluated

at each site: 2 variations of multisite diagnoses, 2 variations of
all multisite features, and top laboratory tests. OR rules were
favored due to better applicability across data sets (because of
different coding practices at different sites), except for laboratory
tests where the top pair of tests had high prevalence at every
site. The best-performing phenotypes in each category are shown
with their performance characteristics in Table 8, with the top
single phenotype at each site in italics. In Figure 4, we plotted
the performance of the top phenotype at each site (the boldfaced
rows in Table 8) using the temporal phenotype visualization
described in the Methods section. (The top phenotype involved
all data types at every site except site C, where diagnoses alone
performed better.)
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Table 8. The best multisite phenotyping feature sets and their overall performance characteristics. The multisite phenotypes were derived from Table
7 by selecting components of phenotypes that appeared at multiple sites.

Sensitivity, specificityDescriptionPhenotyping Feature Set

Retrospective phenotype: Diagnoses mentioned in top
feature sets at >1 site

Other Viral Pneumonia OR Acute Respiratory
Failure with Hypoxia OR Shortness of Breath OR
Abnormal Lung Finding

• Site A: 0.79,0.72
• Site B: 0.88, 0.85
• Site C: 0.69,0.90b

• Site D: 0.64,0.58

Real-time phenotype: Laboratory tests mentioned in
top feature sets at all 4 sites

CRPa AND Ferritin • Site A: 0.76,0.85
• Site B: 0.88, 0.85
• Site C: 0.42, 0.98
• Site D: 0.66, 0.55

Retrospective phenotype: All items mentioned at
multiple sites in OR feature sets

Remdesivir OR Oxygen (severe) OR Dx of Other
Viral Pneumonia

• Site A: 0.74,0.91b

• Site B: 0.81, 0.94b

• Site C: 0.60,0.92
• Site D: 0.61,0.71b

aCRP: C-reactive protein.
bThe top-performing phenotype at each site is italicized.
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Figure 4. Performance of the top phenotyping feature sets (Table 7) over time at each site. The y axis is the number of admissions per week, the x axis
is the week, and overall sensitivity and specificity are shown on each figure panel. Solid lines show the total number of weekly admissions for patients
with a positive SARS-CoV-2 PCR test. Dashed lines show the number of weekly admissions after filtering to select patients admitted specifically for
COVID-19 (ie, removing all patients who do not meet the phenotyping feature set criteria). The dotted line shows the difference between the solid line
and the dashed line (ie, patients removed from the cohort in the dashed line). Green dots indicate correct classification by the phenotype according to
chart review. Orange dots indicate incorrect classification. The dot size is proportional to the number of chart reviews. PCR: polymerase chain reaction.
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Discussion

Principal Results and Analysis
The COVID-19 pandemic has lasted for over 2 years, with
multiple waves worldwide. Although hospital systems have
been cyclically overwhelmed by patients seeking care for
COVID-19, as health care systems began to open up before the
second wave, elective surgeries were again performed starting
in the later part of 2020, and especially in the second quarter of
2021, many approached the health care system for health issues
(eg, accidents, strokes) while incidentally infected with
SARS-CoV-2 [32]. This, along with the high false-positive rate
of SARS-CoV-2 PCR tests in some situations [33-36], has led
to increasing numbers of misclassified patients in analyses of
COVID-19 characteristics and severity. This could be creating
significant detection and reporting bias, leading to erroneous
conclusions [10-13]. This study presents a multi-institutional
characterization of 1123 hospitalized patients either incidentally
infected with SARS-CoV-2 or specifically hospitalized for
COVID-19 in 4 health care systems across multiple waves using
consensus-based chart review criteria. Overall, we found that
764 (68%) of 1123 patients who tested SARS-CoV-2 positive
were hospitalized because of COVID-19 but with significant
variation during each wave of the pandemic.

We applied an item set–mining approach and established HSD
principles to phenotype SARS-CoV-2 PCR-positive patients
who were admitted specifically for COVID-19 by using data
on charting patterns (eg, presence of laboratory tests within 48
hours of admission) rather than results (eg, laboratory results)
[16,37]. HSD examines health care process data about a
hospitalization, such as ordering/charting patterns, rather than
the full data set. For example, to study severely ill patients, an
HSD approach might select patients with a high total number
of laboratory tests on the day of admission. This could be an
indirect measure of clinical suspicion of disease complexity or
severity. Previous work shows that proxies such as the total
number of laboratory tests on the day of admission or the time
of day of laboratory tests can be highly predictive of disease
course [24,37]. Our methods sorted out who was treated for
COVID-19 automatically, over time, with specificities above
0.70, even for some phenotypes discovered at a single site and
applied to all 4. We focused on specificity because the goal was
to remove false positives (ie, incidental SARS-CoV-2) from
the cohort.

Our chart review protocol illustrates that patients who were
admitted and had a positive SARS-CoV-2 PCR test were more
likely to be admitted specifically for COVID-19 when disease
prevalence was high (at least prior to Omicron). However,
during periods in which health care systems were less restrictive
(ie, resumed routine surgeries), a secondary measure/phenotype
was critical for accurately classifying admissions specifically
for SARS-CoV-2 infection.

As expected, we observed a lower proportion of hospitalizations
specifically for COVID-19 in the summer months when disease
prevalence was lower (Figure 3). One would expect this because
there were fewer overall admissions as hospitals were recovering
from the previous wave.

As expected, the top chart review criteria (Table 3) were
respiratory insufficiency in admissions specifically for
COVID-19 and other for incidental and uncertain admissions
with SARS-CoV-2. Surprisingly, 10%-20% of patients admitted
with incidental SARS-CoV-2 were diagnosed with pneumonia,
respiratory failure, or acute kidney injury (Tables 5 and 6). This
could reflect data collection issues, where some systems might
repeat past problems automatically at hospital admission. In the
case of codes for acute kidney injury, further investigation is
needed to determine whether SARS-CoV-2-associated acute
kidney injury (including COVID-19-associated nephropathy)
occurs in patients we otherwise classified as having incidental
admissions [38].

Health care systems are beginning to explore phenotyping
feature sets to report admissions specifically for COVID-19.
Starting January 2022 in Massachusetts, hospitals began
reporting the number of for-COVID-19 hospitalizations as the
count of admitted patients with both a SARS-CoV-2-positive
test and a medication order for dexamethasone [22,23]. This
simple phenotype was designed by the Massachusetts
Department of Public Health as a first attempt, and it was based
only on treatment recommendations for moderate-to-severe
COVID-19 with hypoxia. It was not validated against a gold
standard. Nonetheless, it illustrates the interest in EHR-based
phenotyping for COVID-19.

Phenotypes with diagnosis codes tended to be the
best-performing predictors of admissions, specifically for
COVID-19. This could be because diagnosis codes represent
either a clinically informed conclusion or a justification for
ordering a test (implying the clinician suspected COVID-19).
However, diagnoses are less prevalent in the population than
laboratory tests and might not cover the entire population of
admissions for COVID-19. Further, diagnoses early in
hospitalization also do not always reflect the patient’s eventual
diagnosis or hospital-related complications that are more
accurately reflected in discharge diagnoses. There was also
some heterogeneity in the diagnoses used at different sites (eg,
B97.29 “Other Coronavirus as Cause of Disease” was a top
predictor only at site B). In addition, the presence of laboratory
tests is useful for real-time detection systems because diagnosis
codes usually are assigned after discharge. Clusters of tests for
inflammatory markers (eg, LDH, CRP, and ferritin) appeared
across most sites as predictive of hospitalizations, specifically
for COVID-19, which fits intuitively because an underlying
systemic pathophysiological mechanism of SARS-CoV-2 is
thought to be an inflammatory process [39,40], and guidelines
therefore have encouraged health care providers to check
inflammatory markers on COVID-19 admissions [41,42]. Many
of these inflammatory laboratory tests are not routinely ordered
on all hospitalized patients and would therefore be expected to
help distinguish COVID-19 from other diseases. However,
laboratory protocol differences across sites may have reduced
generalizability for this metric.

Our methods generated pairs of items using OR and groups of
up to 4 using AND logical operators. Our feature sets were
somewhat vulnerable to the problem that specificity decreases
when multiple elements are combined with OR, although, in
general, OR feature sets performed better across sites because
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they could be designed to choose the top-performing elements
at each site.

In addition to site differences, we also found changing disease
management patterns over time. At the start of the pandemic,
the only predictive phenotype was a pneumonia diagnosis. As
standard COVID-19 order recommendations began to appear,
laboratory orders became more consistent and predictive. Next,
remdesivir began to be administered regularly. Finally,
COVID-19-specific ICD-10 codes began to appear.

Overall, we found that an informatics-informed phenotyping
approach successfully improved classification of for-COVID-19
versus incidental SARS-CoV-2-positive admissions, although
generalizability was a challenge. Although some transfer
learning is apparent (ie, a few phenotypes performed well across
sites), local practice and charting patterns reduced
generalizability. Specifically, phenotypes involving only
laboratory tests did not perform well at site C, because the
prevalence of these laboratory tests was low in the overall EHR
data. This could be due to a data extraction or mapping issue
in the underlying data warehouse. Site D had lower performance
than other sites on the cross-site rules but not on the site-specific
rules, perhaps highlighting less typical clinician treatment
patterns.

Any of the multisite phenotypes developed here could be
implemented as a cohort enhancement tool in hospital systems
or data research networks, and the laboratory-only phenotypes
(“CRP and Ferritin”) could be used for real-time corrections in
reporting. However, because of the changing nature of
COVID-19 and practice and coding variation across sites, these
phenotypes should be used primarily as a starting point. It is
important to run the phenotyping algorithm on each individual
site’s data to tweak the rules to optimize them for each
implementation.

Limitations
Although the current data start at the beginning of the pandemic,
they do not include the current Omicron wave nor much of the
Delta wave. We believe that the techniques introduced here (if
not the phenotypes themselves) will be applicable to these
variants, and we are planning future studies to validate this.

Our phenotypes demonstrated some transfer learning but not
enough to create a single phenotype applicable to all sites.
Technically, our system used machine learning at individual
sites, but results were manually aggregated across sites.
Emerging techniques for federated learning [43] might reduce
the manual work required and increase the complexity of
possible cross-site phenotype testing.

Finally, an inherent weakness of EHR-based research is that
EHR data do not directly represent the state of the patient,
because some observations are not recorded in structured data
and some entries in the EHR are made for nonclinical reasons
(eg, to justify the cost of a test or to ensure adequate
reimbursement for services). This is common to all EHR
research efforts, and we mitigated this limitation by developing
chart-verified phenotypes.

Conclusion
At 4 health care systems around the United States over an
18-month period starting in March 2020, we developed and
applied standardized chart review criteria to characterize the
correct classification of hospitalization specifically for
COVID-19 as compared to incidental hospitalization of a patient
with a positive SARS-CoV-2 test or ICD-10 code. Then we
applied HSD and frequent item set mining to electronic
phenotyping to generate phenotypes specific to hospitalizations
for COVID-19, and we showed how patterns changed over the
course of the pandemic. Application of this approach could
improve public health reporting, health care system resource
disbursement, and research conclusions.
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Abstract

Background: Self-guided web-based programs are effective; however, inadequate implementation of these programs limits
their potential to provide effective and low-cost treatment for common mental health problems at scale. There is a lack of research
examining optimal methods for the dissemination of web-based programs in the community.

Objective: This study aimed to compare the uptake, reach, relative costs, and adherence associated with 3 community-based
pathways for delivering a low-intensity web-based transdiagnostic mental health program. The 3 dissemination pathways were
social media advertising, advertising in general practice, and advertising in pharmacies.

Methods: Participants were recruited on the web, from general practices, or from community pharmacies; completed a screener
for psychological distress; and were offered the 4-week FitMindKit program—a 12-module psychotherapeutic intervention.
Uptake was defined as the number of participants who enrolled in the web-based program; reach was defined as the rate of uptake
per exposure; and costs were calculated based on staff time, equipment, and advertising. Adherence was assessed as the number
of modules of FitMindKit completed by the participants.

Results: Uptake comprised 1014 participants who were recruited through the 3 dissemination pathways: on the web (991/1014,
97.73%), in general practice (16/1014, 1.58%), and in pharmacy (7/1014, 0.69%). Reach was highest for social media: 1 in every
50 people exposed to web-based advertising took up the intervention compared with 1 in every 441 in general practitioner clinics
and 1 in every 1708 in pharmacies. The dissemination cost was US $4.87 per user on social media, US $557 per user for general
practitioner clinics, and US $1272 per user for pharmacy dissemination. No significant differences in adherence were observed
between the conditions, whereas all pathways showed an underrepresentation of men and linguistic diversity.

Conclusions: The web-based dissemination pathway was the most efficient and cost-effective for delivering a self-guided
internet-based mental health program to people in the community. More research is needed to identify how best to engage men
and those with culturally diverse backgrounds in web-based interventions.

Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12618001688279;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=376113

(J Med Internet Res 2022;24(5):e34769)   doi:10.2196/34769
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Introduction

Background
Depression and anxiety are common mental health problems,
with 10% to 15% of the global population experiencing a
lifetime mood disorder and 10% to 15% experiencing a lifetime
anxiety disorder, and depression and anxiety prevalence
worldwide were 3152 and 4802 per 100,000, respectively, in
2020 [1-4]. They can cause significant disability burden and
affect many domains of life, including physical, social, work,
and education [5-7]. Despite this considerable impact, more
than half of people experiencing mental disorders worldwide
do not seek professional help at onset, typically delaying care
for many years, with <10% receiving adequate treatment [8-10].
A number of factors have been identified as contributing to the
low levels of help seeking in the community, including the
accessibility of services (location and cost), mental health
stigma, and mental health literacy [11-13]. Web-based
self-guided mental health interventions have been proposed as
a way of addressing low help-seeking rates, particularly as they
can circumvent some of the barriers by providing private,
low-cost access to treatment [14]. Consequently,
community-based provision of evidence-based, low-intensity,
self-guided web-based mental health programs may assist in
increasing treatment access for people who would not otherwise
seek help [15,16].

In addition to being prevalent, depression and anxiety also have
high rates of comorbidity between them and with other mental
disorders [17]. Transdiagnostic therapeutic approaches involve
treating multiple conditions simultaneously by targeting the
core mechanisms underlying comorbid conditions (eg, negative
thinking patterns) rather than diagnosis-specific treatment [18].
Transdiagnostic programs are highly suited for web-based
dissemination and have been demonstrated to be effective in
reducing symptoms of depression and anxiety [19,20]. In
addition, self-guided interventions that do not require clinician
support have been found to be safe and effective in reducing
the symptoms of depression and anxiety [15,21,22], particularly
for people with mild to moderate symptom severity. Self-guided
interventions require minimal resources and are consequently
highly scalable [23], although clinician-guided programs
typically show stronger effects [15] and greater acceptability
[24]. Despite the availability and accessibility of effective
self-guided interventions, community uptake of web-based
mental health programs remains poor [14,25]. For example, a
naturalistic study examining uptake in the community of a
web-based depression program found that half of all visitors to
the program’s website (N=194,840) did not register for the
program [26]. Therefore, ensuring that effective programs are
implemented in the community is critical to realizing the full
potential of web-based mental health programs.

The field of implementation science focuses on how best to
implement evidence-based treatments into health care services
[27]. In addition to low uptake within the community, the

implementation of web-based mental health programs in clinical
service settings remains a challenge [16,28]. Although there is
strong evidence that both self-guided and clinician-guided
programs are effective for preventing and treating depression
and anxiety [16,28-31], only 14% of new evidence-based
interventions enter routine practice [32,33]. In addition,
successful programs are typically only implemented several
years after establishing their clinical efficacy [32,34].

The uptake of web-based mental health programs within primary
care (eg, via general practitioners [GPs]) is emerging but has
been relatively slow [35-37]. Previous research conducted in
Australia [38] examined the potential of recruiting people with
type 2 diabetes and depression into a web-based mental health
program. This study found that recruitment through general
practice (n=24 participants) was unsuccessful compared with
going through registries and word of mouth (n=196) or
web-based recruitment methods (eg, Facebook; n=520) [38].
The authors identified staff attitudes toward internet
interventions as a key barrier to recruitment through primary
care in Australia [38]. Other potential community-based settings
that offer promise in increasing uptake of internet interventions
include community pharmacies (ie, pharmacies outside of
hospitals and other care facilities), which have previously been
investigated as a potential avenue for recruitment of participants
into community health care trials [39]. However, little is known
about the potential of pharmacies to act as a pathway to
treatment for web-based mental health services. Dissemination
of internet interventions directly to end users through web-based
methods, such as social media marketing or digital apothecaries
(directories of evidence-based programs), is more common and
may be better suited to the modality and self-directed nature of
these interventions [40].

The gap between the evidence and uptake of web-based mental
health programs is exacerbated by a paucity of translational
research into how best to implement these programs within
traditional health care settings and directly in the community.
Conducted as part of a broader project targeting implementation
[41], this project addresses this research gap by testing different
pathways for disseminating the FitMindKit e-mental health
program to people experiencing symptoms of depression and
anxiety in the community. FitMindKit is a self-guided,
web-based mental health program that delivers low-intensity
transdiagnostic cognitive behavioral therapy over 4 weeks via
12 modules comprising brief videos and self-directed exercises
[42,43]. The program has been found to be effective in a
community-based trial for improving symptoms of depression,
panic disorder, and social anxiety [44]. In this study,
dissemination was tested as a specific implementation strategy
[45] to increase intervention reach and engage more people in
need of treatment with a low-threshold web-based intervention.
We compared the 3 dissemination pathways to identify which
had the greatest reach, uptake, and adherence and lowest costs.
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Hypotheses
We hypothesized that direct social media advertising on the
web would be associated with greater uptake (number of
participants screened and enrolled in the web-based program)
than recruitment via advertising using posters or tablet
computers in general practices and pharmacies. It was
anticipated that the relative reach (ratio of uptake to exposure)
would be highest in the social media pathway, whereas the cost
per enrolled participant would consequently be lower in this
pathway. In addition, we hypothesized that engagement with
the program (based on adherence; module completion) would
be lowest among people recruited through social media, as this
group had the least possibility of human contact in the
recruitment process [46]; that is, the higher uptake on the web
may come at the expense of engagement with the intervention.
We did not have any specific hypotheses regarding outcomes
for the pharmacy pathway, as this pathway has not been
investigated previously in e-mental health implementation
research. We also examined the diversity of participants
recruited via each dissemination arm to assess the relative
inclusivity of each dissemination pathway as an exploratory
analysis with no specific hypotheses.

Methods

Study Design and Participants
This project was part of a larger implementation trial [41] and
was designed to test the effectiveness of three different
dissemination pathways—(1) social media, (2) general practices,
and (3) pharmacies—in delivering an e-mental health program
(FitMindKit) to people in the community with elevated
symptoms of psychological distress. Dissemination methods
were tailored for each pathway, with different approaches to
inviting participants to complete a brief screening measure
assessing psychological distress. The tailoring involved
consulting with clinic and pharmacy staff about the most
appropriate ways of engaging their clients and optimizing social
media advertising based on past evidence [47].

Adults aged ≥18 years who were screened with elevated
psychological distress based on scores of 8 to 17 on the Distress
Questionnaire 5 (DQ5) [48], which primarily reflects symptoms
of mood or anxiety disorders [49], were eligible and invited to
use FitMindKit for a period of 4 weeks. The DQ5 is a brief
screening measure comprising 5 items describing symptoms of
common mental disorders. Participants endorsed the frequency
of each item over the past 30 days on a 5-point scale ranging
from never (1) to always (5). Total scale scores ranged from 5
to 25; low scores (5-7) indicate no or low psychological distress,
scores of 8 to 17 indicate a moderate level of psychological
distress, and scores of 18 to 25 indicate a high level of
psychological distress, based on quartiles from a previous
validation study [48]. Those who were ineligible because they
were in the low-risk category (DQ5 score=5-7) were provided
with feedback to continue monitoring their psychological
well-being and with help resources to access if their symptoms
changed. Those who were ineligible because they were in the
high-risk category (DQ5 score=18-25) were provided with
feedback strongly encouraging them to seek help from a health

professional and contact details for face-to-face,
telephone-based, and web-based mental health resources and
services.

Participants completed brief pre- and postprogram
questionnaires and received weekly email reminders to use
FitMindKit. The study was conducted from July 2018 to
December 2020; however, the social media arm was only active
from October 2018 to August 2019; therefore, only data from
this period were used for comparisons for all pathways.

Ethics Approval
The ethical aspects of this research were approved by the
Australian National University Human Research Ethics
Committee (protocol number 2017/911).

Recruitment

General Practice and Pharmacy
General practices and pharmacies located in the Australian
Capital Territory were invited to participate in the study via an
invitation letter, followed up by a telephone call and an in-person
visit. Invitations were sent to 49 general practices and 41
pharmacies. Of these, 10% (5/49) of general practices and 12%
(5/41) of pharmacies participated in the study, with the
remainder either not responding after 2 follow-ups or declining
because of lack of interest, lack of time, or limited infrastructure
(eg, no Wi-Fi connection). Promotional posters and flyers were
provided to participating general practices and pharmacies to
promote the study to patients and customers. A tablet computer
was also provided in the waiting areas of general practices and
pharmacies, where interested participants could read information
about the study, provide their consent to participate, and
complete a screening survey to assess their eligibility for the
study.

During the project, the researchers actively engaged with staff
in the participating general practices and pharmacies to identify
and remediate any barriers or difficulties they faced in
implementing the project. Key staff in practices and pharmacies
were also asked to complete a brief measure at the beginning
and end of the project to assess their experience with the
implementation process.

Social Media
Participants were recruited to the social media pathway of the
study via Facebook and Instagram advertisements. To ensure
that the geographical catchment area for this pathway was
consistent with that of the GP clinics and pharmacies, the
advertisement specifically targeted adults living in the Australian
Capital Territory aged ≥18 years. It read, “Want to learn more
about your mental health and well-being? Complete a brief
survey and 4 week online program. Participants needed for a
mental health study.” A series of images that were used on a
rotational basis accompanied the advertisements and featured
natural scenes (eg, trees, plants, and clouds). Participants who
clicked on the advertisement received a full information sheet
with details of the program, were screened, completed baseline
measures, and then randomly allocated to receive FitMindKit
(991/1986, 49.9%) or an attention control
website—HealthWatch (995/1986, 50.1%)—for 4 weeks. This
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study only included data from participants who were allocated
to the FitMindKit condition and excluded participants who were
allocated to the control condition.

Procedure

Overview
The flow of participants through the study is summarized in
Figure 1. Data for the current analyses were obtained from
screening and pretest assessments only. After obtaining informed
consent and screening, participants were directed to create an
account in the project portal using an email address and
password. Within the portal, all participants completed a

baseline questionnaire, irrespective of the dissemination
pathway. Those in the GP and pharmacy pathways were offered
the intervention, and those in the social media pathway were
randomized to receive either the intervention or an attention
control condition, although only data from participants who
received the active intervention were included in the current
analyses. Participants were sent a weekly reminder email to
encourage them to engage with FitMindKit. Following the
4-week period, participants were sent an email inviting them to
complete the postintervention assessment. They received 2
reminder emails if they did not complete the postintervention
assessment after 1 and 2 weeks.

Figure 1. Flow of participants in the study across the 3 dissemination pathways. GP: general practitioner.

FitMindKit Program
FitMindKit is a transdiagnostic web-based program comprising
brief (10-minute) therapeutic modules to reduce the symptoms
of common mental disorders. Each module comprises a brief
video (2-6 minutes) using a series of professionally designed
and animated fictional characters, some of whom share their
experience of a mental health problem and some of whom
describe specific therapeutic techniques. Each module includes
a written transcript and a subsequent written exercise that
encourages the person to practice the described therapeutic
technique. The program was adapted for this trial from a
previous version of the intervention that was tailored to symptom
profiles, with the tailoring removed because of a lack of
increased efficacy [42]. The 12 modules of the current version
of the program provide techniques predominantly based on
cognitive behavioral therapy. The program included 8 core
transdiagnostic modules (psychoeducation, getting help and
support, cognitive reframing, problem-solving, mindfulness,
managing relationships, exercise and diet, and sleep hygiene).

It also contained 4 modules designed for specific mental health
problems but focused on therapeutic targets broadly relevant to
internalizing psychopathology, including 2 depression modules
(behavioral activation and reducing rumination), 1 anxiety
module (exposure), and 1 suicidality module (distress tolerance).
The ordering of the program was self-directed, except that the
participants were required to complete the psychoeducation
module first. Participants had access to all 12 FitMindKit
modules for 4 weeks.

Measures
Uptake was assessed as the number of participants who enrolled
in the intervention and whether they completed any of the
modules. Reach was assessed as the ratio of people who took
up the intervention to those exposed to information or
advertisements for the study within each pathway, based on
estimates provided by the social media platform (Facebook and
Instagram) and estimates of patient or customer throughput
provided by the clinics and pharmacies. Relative uptake was
examined by assessing the number of people taking up the
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intervention within each pathway as a proportion of the reach
of that pathway. Another indicator of reach, inclusion, was
assessed on the basis of diversity in the characteristics of
participants from each of the dissemination pathways; that is,
no demographic groups were omitted from any of the pathways,
and user characteristics in each pathway were largely consistent
with each other and with the general population. Demographic
characteristics included gender (male, female, or other gender),
age (18-25, 26-35, 36-45, 46-55, 56-65, or >66 years), level of
education (primary school, some secondary school or year 10
equivalents, year 12, Certificate Level I-IV, diploma or associate
degree, bachelor’s degree, graduate diploma or graduate
certificate, master’s degree, and doctoral degree), employment
status (full-time, part-time or casual, unemployed, or not
working because of study, maternity leave, or retirement), and
language spoken at home (English only, English and another
language, or another language only). Clinical characteristics
included symptoms of depression (Patient Health
Questionnaire-9 score, ranging from 0 to 27) [50], generalized
anxiety (Generalized Anxiety Disorder-7 score, ranging from
0 to 21) [51], social anxiety (social anxiety disorder screener,
range 0-16) [52], panic disorder (Panic Disorder Screener, range
0-16) [52], and suicidal thinking (Suicidal Ideation Attributes
Scale, range 0-50) [53].

Costs of implementation were calculated on the basis of the
costs of research staff time to engage each dissemination
pathway and the costs of marketing (social media
advertisements, posters, flyers, and tablets) associated with each
pathway. The costs are provided in Australian dollars.
Adherence was assessed as the number of modules of FitMindKit
completed by the participants.

Data Analysis
Descriptive analyses were used to compare uptake, reach, and
costs. Adherence (module completion) was compared between
pathways using independent-sample 2-tailed t tests. The
diversity of participants was assessed by comparing participant
characteristics between the 3 pathways using chi-square statistics
for categorical variables and the Welch test for continuous
variables to account for homogeneity of variance between
pathways. SPSS (version 26; IBM Corp) was used for statistical
analyses.

Results

Uptake, Reach, and Inclusion
A total of 1014 participants were recruited into the FitMindKit
program through three dissemination pathways: social media
(991/1014, 97.73%), general practice (16/1014, 1.58%), and
pharmacy (7/1014, 0.69%). A total of 1986 participants were
recruited in the social media setting, and 991 (49.9%) were
allocated to the control condition. Figure 1 shows that the rate
of screening completion was highest in the social media

pathway. Eligibility rates were similar across pathways;
however, stark differences were seen in the rates of participants
starting the intervention, with social media participants being
considerably more likely to start the intervention.

The total potential exposure for the 3 pathways was assessed
on the basis of the reach of social media advertising and
estimates provided by the clinics and pharmacies of annual
patient or customer numbers. Staff at the GP clinics estimated
a total of 47,418 annual visits. On the basis of the Australian
average of 5.6 annual visits per person [54], this represents 8468
individuals. Pharmacy visits were harder to estimate but based
on the adult population of the catchment area (n=306,000) and
the number of community pharmacies in the region (n=80), it
was estimated that 14,345 adults visited 1 of the 5 pharmacies
annually under the assumption that 75% of the adult population
visited a community pharmacy. Reach of the social media
advertisement was 98,135 individuals, with 448,797 impressions
of the advertisements delivered.

On the basis of these estimates, 1 in every 50 people exposed
to the social media advertising took up the intervention
(991/49,068, 2.02% of individuals accounting for the control
condition), compared with 1 in every 441 in GP clinics (16/7057,
0.22% of patients over 10 months) and 1 in every 1708 in
pharmacies (7/11,953, 0.06% of customers over 10 months).
Given the low rates of uptake in GP or pharmacy settings, we
also examined the rates of screening completion as a proportion
of exposed individuals as an alternative metric of reach.
Screening completion rates were 4.91% (2408/49,068) in social
media, 3.81% (269/7057) in GP clinics, and 1.81% (216/11,953)
in pharmacies.

Table 1 presents the characteristics of the participants in each
of the 3 dissemination pathways. There were no demographic
groups that were poorly represented in any of the pathways,
except there were few participants who spoke a language other
than English, and there was an underrepresentation of men.
When comparing the inclusion of demographic subgroups across
the 3 pathways, there was some evidence that the social media
sample trended toward being younger, more women, and more
likely to speak only English. However, the only significant

demographic difference was in employment status (χ2
2=12.3;

P=.002), indicating that participants in the social media pathway
were more likely to be employed in work than those in the other
pathways. For the GP and pharmacy pathways, all of those not
working were classified as not in the labor force (eg, retired,
student, and maternity leave) rather than unemployed, whereas
in the social media pathway, 31.8% (69/217) of those not
working were unemployed. In terms of mental health symptoms,
there were significant differences in generalized anxiety
symptoms, with GP participants having less severe anxiety than
the other pathways (Welch test=7.00; P=.01), with a similar
trend observed in panic symptoms. There were no significant
differences in depression symptoms or suicidal ideation.
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Table 1. Characteristics of participants in the 3 pathways (N=1014).

P valueWelch testChi-square
(df)

Pharmacy (n=7)GPa clinic
(n=16)

Social media
(n=991)

Characteristics

.21N/Ab3.1 (1)6 (85.7)11 (68.8)841 (84.9)Gender (female), n (%)

.06N/A8.9 (2)Age group (years), n (%)

2 (28.6)4 (25)413 (41.7)18-35

2 (28.6)6 (37.5)418 (42.2)36-55

3 (42.9)6 (37.5)160 (16.1)≥56

.26N/A2.7 (1)Educational attainment, n (%)

1 (14.3)6 (37.5)437 (44.1)Less than bachelor’s degree

6 (85.7)10 (62.5)558 (56.3)Bachelor’s or higher

.002cN/A12.3c (1)Employment, n (%)

4 (57.1)7 (43.8)774 (78.1)Full-time or part-time

3 (42.9)9 (56.3)217 (21.9)Unemployed or not in labor force

.08N/A5.01 (1)Language spoken at home, n (%)

6 (85.7)12 (75)902 (91)English only

1 (14.3)4 (25)89 (9)Other languages

.360.90N/A9.57 (3.46)8.94 (5.77)10.60 (4.95)PHQ-9d depression score, mean (SD)

.01c7.00cN/A9.14 (4.56)4.75 (3.54)8.16 (4.38)GAD-7e anxiety score, mean (SD)

.063.57N/A4.14 (3.34)1.63 (2.36)3.20 (2.97)PADISf panic score, mean (SD)

.142.33N/A7.29 (1.89)4.88 (3.28)6.17 (3.80)SOPHSg social anxiety score, mean (SD)

.171.80N/A6.14 (7.76)4.69 (10.40)6.47 (8.69)SIDASh suicidal ideation score, mean (SD)

aGP: general practitioner.
bN/A: not applicable.
cP<.05.
dPHQ-9: Patient Health Questionnaire-9.
eGAD-7: Generalized Anxiety Disorder-7.
fPADIS: Panic Disorder Screener.
gSOPHS: Social Phobia Screener.
hSIDAS: Suicidal Ideation Attributes Scale.

Costs of Implementation
Social media advertising costs a total of US $8172; however,
half of these advertising costs were directed toward recruiting
participants for the control condition. Flyers and posters for
clinics and pharmacies cost US $656, along with tablets
(hardware and software) to enable screening in these settings
cost US $1932.

Staff time for the social media advertising was estimated at 30
minutes per week to oversee advertising and billing for a total
of US $734. Staff time for clinics and pharmacies was estimated
at 60 minutes per site per week, which included monthly visits
to each site to ensure the materials remained visible and the
tablets were operational, as well as the travel time and time to
maintain relationships and engagement with each site (both
during and between site visits). After accounting for travel costs
and staff time, these costs were US $7610 for the 5 GP clinics
and US $7610 for the 5 pharmacies.

On the basis of the total costs of social media dissemination
(US $4820), the cost of disseminating the intervention was US
$4.87 per user. The cost of GP clinic dissemination (US $8904)
was US $557 per user and that for pharmacy dissemination (US
$8904) was US $1272 per user.

Adherence
Users in the social media pathway completed an average of 2.21
(SD 3.40) modules compared with those in the GP pathway
(mean 3.56, SD 4.15) and in the pharmacy pathway (mean 1.14,
SD 0.99). The 2-way comparisons between pathways were not
significant (social media vs GP: t1005=1.57, P=.12; social media
vs pharmacy: t996=.83, P=.41; GP vs pharmacy: t21=1.51,
P=.15), although high rates of type II errors were likely because
of the small sample sizes.
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Discussion

Principal Findings
This study compared 3 dissemination pathways for delivering
a self-guided internet-based transdiagnostic intervention to
reduce the symptoms of depression and anxiety. The findings
supported hypotheses 1 and 2, indicating that delivering such
interventions directly to end users through web-based marketing
in social media leads to considerably greater uptake and reach
than dissemination through primary care clinics and community
pharmacies. Disseminating internet interventions to users
through the same modality as the intervention (ie, social media
dissemination) is likely to minimize behavioral gaps between
being offered an intervention and engaging with the intervention.
The disconnection between the clinic or pharmacy setting and
an internet intervention may be an insurmountable gap unless
the individual is highly motivated and supported to engage.
Despite the low intervention uptake, the results suggest that
screening for mental ill health in GP clinics and pharmacies
appears to be feasible, with completion rates similar to those in
the social media setting. By virtue of the low intervention uptake
in GP and pharmacy settings, the per user cost of delivering the
intervention was approximately 100 to 250 times greater in
these 2 settings than in social media dissemination, supporting
hypothesis 3. It appeared that GP users typically completed 1.5
modules more than social media users, although the difference
was not significant by virtue of the small sample size. Contrary
to hypothesis 4, users from the pharmacy pathway had lower
adherence rates.

Exploratory analyses revealed variations in the characteristics
of users across the 3 pathways. All pathways showed an
underrepresentation of males, greater than would be expected
based on the gender-specific prevalence of depression and
anxiety [55]. Although web-based social media users tended to
be younger (413/991, 41.7% vs 6/23, 26%), age distributions
were not significantly different across pathways. GP and
pharmacy participants were much more likely to be outside the
labor force than the general population; in Australia, 66% of
adults were employed, and 5.6% were unemployed [56], with
the remainder not in the labor force because of reasons such as
retirement or studying. This distribution most closely resembles
that of the social media pathway, with working adults
underrepresented in the other 2 pathways. Linguistic diversity
was underrepresented [57] in all pathways, particularly on social
media, which suggests that language or culture may be a barrier
to engagement with internet interventions delivered in English.

Finally, there was some indication that anxiety symptoms were
less severe among GP clinic participants than in other settings,
with significantly lower generalized anxiety scores, although
caution is needed because of the small sample size. Although
screening for general psychological distress restricted the range
of mental ill health in the sample, the findings suggest that
participants engaged through GP clinics may have less severe
anxiety than those who engaged through social media. Anxiety
may be a distinct barrier to engagement with health services,
such that recruitment in primary care may miss a sector of the

population that experiences high levels of anxiety symptoms.
Such differences were not observed for depression symptoms.

This study has several important implications for research and
for the dissemination of internet-based interventions in the
community. Clearly, for self-guided interventions, dissemination
through web-based marketing appears to be considerably more
efficient and cost-effective than dissemination through clinics
or pharmacies. This may reflect the reluctance of people to
engage with an intervention that is seen as distinct from the care
they receive from the provider. It is possible that privacy
concerns may influence decisions to engage more in public
settings than when using the internet in private settings [58].
Furthermore, the web-based modality of the intervention may
be more conducive to direct web-based dissemination than via
the use of posters. Engaging directly with an intervention
through a link may have fewer barriers to participation than
requiring typing in a link from a poster, using a QR code from
a poster, or using a shared device (noting that these data were
collected before the COVID-19 pandemic). In contrast, engaging
with a digital service advertised in a GP clinic or pharmacy may
be seen by some as having implicit professional endorsement
or greater credibility, although such effects were not observed
here. Further research to understand the motivations of users
across diverse dissemination settings may provide further
insights into the barriers to and facilitators of implementation.

Greater success in dissemination in the web-based pathway did
not result in significantly poorer adherence or a marked
restriction in the diversity of participants. Although it may be
slightly challenging to engage older adults or people from
linguistically diverse backgrounds through social media
marketing, there are methods for attracting specific subgroups
through this pathway, such as tailored advertising and targeted
platforms or groups. Nevertheless, the success of social media
dissemination appears to outweigh these potential challenges,
as the number of participants in all subgroups far exceeded those
in the other pathways.

Limitations
There were some limitations to this study. The marketing
materials were not consistent across the 3 pathways, with more
information provided in the flyers or posters than in the social
media advertising. It is possible that other marketing approaches
in GP clinics and pharmacies may be more effective. However,
we were limited by the constraints of these private, commercial
enterprises in the types of marketing we could deliver, and there
are few other methods that have been shown to be successful.
Although informal testing of marketing materials was conducted
before the study, formal testing of how the design of marketing
materials influences willingness to participate would be a useful
addition to future research. Although the catchment areas for
all pathways were matched, the numbers exposed to marketing
differed across pathways. Although we were able to estimate
and account for these differences, there may have been some
minor inaccuracies in these estimates. Furthermore, as noted
previously, the way people engage with posters and tablets in
a public setting may be different from how they engage with
an advertising link in their social media accounts. It is likely
that engagement would be considerably higher for interventions
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that are directly recommended by a clinician rather than those
from referral through marketing material within the clinic.
Although this study used a passive engagement strategy that
was not reliant on staff, it is possible that staff attitudes may
have influenced engagement, although these attitudes were not
directly assessed. Social media participants were recruited into
a randomized controlled trial of the intervention, with the current
data only reporting on those participants allocated to the active
arm of the trial. Primary care and pharmacy participants were
recruited directly to the web-based intervention, with no
comparison arm. It is possible that barriers to engagement in
trials may have contributed to differences in dissemination
outcomes for the social media arm, although these barriers are
unlikely to have improved outcomes. Cost estimates excluded
the time of staff in clinics and pharmacies. As noted, the low
numbers in the GP and pharmacy settings preclude firm
conclusions about the differences in user characteristics and
adherence. Finally, it is not clear whether these findings would

generalize to clinician-guided interventions, non–internet-based
interventions, or internet interventions for other health
conditions. Involvement of providers in the referral process or
characteristics of the health system (eg, costs and attitudes) may
also influence engagement with interventions.

Conclusions
Given the low use of web-based mental health programs but
the substantial evidence for their effectiveness, there is an urgent
need to improve the uptake of web-based mental health
interventions in the general community. This project has
identified that a web-based dissemination pathway is the most
efficient and cost-effective way of delivering self-guided
internet-based mental health programs to people in the
community without considerably sacrificing diversity of reach
or adherence. Although screening in GP clinics and pharmacies
appears to be feasible, in these settings, the behavior gap
between completing an assessment and signing up for a digital
intervention appears to be considerable.
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Abstract

Background: Digital health interventions could help to prevent age-related diseases, but little is known about how older adults
engage with such interventions, especially in the long term, or whether engagement is associated with changes in clinical,
behavioral, or biological outcomes in this population. Disparities in engagement levels with digital health interventions may exist
among older people and be associated with health inequalities.

Objective: This study aimed to describe older adults’ engagement with an eHealth intervention, identify factors associated with
engagement, and examine associations between engagement and changes in cardiovascular and dementia risk factors (blood
pressure, cholesterol, BMI, physical activity, diet, and cardiovascular and dementia risk scores).
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Methods: This was a secondary analysis of the 18-month randomized controlled Healthy Ageing Through Internet Counselling
in the Elderly trial of a tailored internet-based intervention encouraging behavior changes, with remote support from a lifestyle
coach, to reduce cardiovascular and cognitive decline risk in 2724 individuals aged ≥65 years, recruited offline in the Netherlands,
Finland, and France. Engagement was assessed via log-in frequency, number of lifestyle goals set, measurements entered and
messages sent to coaches, and percentage of education materials read. Clinical and biological data were collected during in-person
visits at baseline and 18 months. Lifestyle data were self-reported on a web-based platform.

Results: Of the 1389 intervention group participants, 1194 (85.96%) sent at least one message. They logged in a median of 29
times, and set a median of 1 goal. Higher engagement was associated with significantly greater improvement in biological and
behavioral risk factors, with evidence of a dose-response effect. Compared with the control group, the adjusted mean difference
(95% CI) in 18-month change in the primary outcome, a composite z-score comprising blood pressure, BMI, and cholesterol,
was −0.08 (−0.12 to −0.03), −0.04 (−0.08 to 0.00), and 0.00 (−0.08 to 0.08) in the high, moderate, and low engagement groups,
respectively. Low engagers showed no improvement in any outcome measures compared with the control group. Participants not
using a computer regularly before the study engaged much less with the intervention than those using a computer up to 7 (adjusted
odds ratio 5.39, 95% CI 2.66-10.95) or ≥7 hours per week (adjusted odds ratio 6.58, 95% CI 3.21-13.49). Those already working
on or with short-term plans for lifestyle improvement at baseline, and with better cognition, engaged more.

Conclusions: Greater engagement with an eHealth lifestyle intervention was associated with greater improvement in risk factors
in older adults. However, those with limited computer experience, who tended to have a lower level of education, or who had
poorer cognition engaged less. Additional support or forms of intervention delivery for such individuals could help minimize
potential health inequalities associated with the use of digital health interventions in older people.

(J Med Internet Res 2022;24(5):e32006)   doi:10.2196/32006

KEYWORDS

aging; eHealth; disparities; engagement; prevention; cardiovascular; lifestyle; risk factors

Introduction

Background
The number of people aged ≥60 years increased from 382
million worldwide in 1980 to 962 million in 2017 and is
expected to reach nearly 2.1 billion by 2050 [1]. In parallel,
there are an increasing number of cases of age-related diseases,
including cardiovascular disease (CVD) and dementia, placing
an ever-increasing burden on health and social care systems [2].
For example, the worldwide cost of dementia increased by 35%
between 2010 and 2015 to reach US $818 billion and was
estimated to exceed US $1 trillion in 2018 [3]. CVD and
dementia share many potentially modifiable lifestyle-based risk
factors, including physical inactivity, unhealthy diet, obesity,
and hypertension [4,5], offering opportunities for prevention
that could bring about huge public health gains. There is a need
to establish, using rigorously conducted research studies, the
extent to which interventions might influence behavior in the
short, medium, and longer term, providing evidence for the best
policies to reduce noncommunicable disease risk.

Digital health tools are a possible approach for delivering
preventive interventions for CVD and dementia [6,7], which,
if effective and efficient, can be rolled out at scale. However,
nonuse of digital health interventions is a fundamental problem,
with persistent reports of high discontinuation rates, even in
research studies involving atypically motivated individuals
[8,9]. Specifying the dose of nonpharmacological interventions,
in terms of engagement, is inherently more difficult than for
drug treatments, even more so for digital interventions where
use is often at participants’ discretion [8] and requires more
investment and motivation than simply taking a daily medication
[10]. Although increased engagement with digital interventions
is associated with greater improvements in health outcomes,

including behavior change, in young and middle-aged adults
[10-12], very little is known about engagement with digital
interventions [13], or its association with health outcomes, in
older people, especially in the long term.

A concern about using digital health interventions in older
populations is that they may further widen existing health
inequalities [14]. Although the use of digital technologies is
increasing in this age group, digital exclusion is still common,
particularly in individuals aged >75 years, and older adults who
do not use the internet have poorer health and lower
socioeconomic status than those who do [15]. Even among older
internet users, the levels of engagement with digital technologies
may vary and be associated with individuals’ characteristics. It
is vital to understand better how older people use and interact
with such tools and to identify potential disparities in use.

Objectives
To explore this, we drew on data from a large international trial
of an eHealth intervention designed to encourage behavior
changes for the prevention of CVD and cognitive decline in
older individuals to (1) describe engagement with the different
components of the eHealth intervention, (2) identify factors
associated with engagement, and (3) examine associations
between engagement and changes in cardiovascular and
dementia risk factors.

Methods

Setting and Participants
We analyzed data from the previously described 18-month
Healthy Ageing Through Internet Counselling in the Elderly
(HATICE) parallel group randomized controlled trial
(ISRCTN48151589) [16-18]. Between March 2015 and August
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2016, a total of 2724 dementia-free community dwellers aged
≥65 years with at least basic computer literacy and either 2 or
more CVD risk factors (hypertension, dyslipidemia, overweight,
smoking, or physical inactivity) or a history of CVD or diabetes
were enrolled in Finland, France, and the Netherlands.
Participants were randomized in a 1:1 ratio to either (1) the
intervention, a multicomponent internet-based platform designed
to encourage lifestyle changes, with remote support from a
lifestyle coach (see the Intervention section), or (2) a control
group receiving access to a simple static internet platform
containing only basic health information and no coach support.
Participants were recruited offline, primarily through a
population registry (Finland), commercial mailing lists and a
prevention center (France), and general practitioners
(Netherlands) [17,19]. The intervention had a modest but
significant beneficial effect on the trial’s primary outcome, a
composite cardiovascular risk score [17]. Clinical, demographic,
and biological data were collected during face-to-face study
visits at baseline and 18 months. Data concerning lifestyle,
mood, and health self-management were self-reported via the
study’s web-based platform at baseline and 12 and 24 months.
Adverse events were self-reported on the web-based platform
every 3 months.

Ethics Approval
The local ethical committees in each country approved the
protocol (Academic Medical Centre, the Netherlands: METC
2014_126; Northern Savonia Hospital District Research Ethics
Committee, Finland: 35/2014; Comité de Protection des
Personnes Sud Ouest et Outre Mer, France: 2014-A01287–40),
and all participants provided written informed consent.

Intervention
Intervention group participants had access to a secure
internet-based platform (Figure 1), with remote support from a
lifestyle coach trained in motivational interviewing and healthy
lifestyle advice. Full details of the development and content of
the platform have been previously published [18]. The
intervention aimed to facilitate the self-management of

cardiovascular risk factors, including hypertension, obesity,
physical inactivity, diet, smoking, diabetes, and
hypercholesterolemia, to improve the overall risk profile. It was
designed using national and European guidelines for primary
and secondary CVD prevention [20] and input from members
of the target population, health professionals, and patient
organizations [16,21,22].

After secure login, participants were able to (1) view their
individual cardiovascular risk profile (based on baseline
measurements), (2) set personal goals for lifestyle change and
make corresponding action plans, (3) monitor goals by entering
data (eg, blood pressure measurements or food diaries) and
receive graphical or automated feedback, and (4) obtain health
information from education modules (including text, videos,
and quizzes) and peer-to-peer videos. News items related to
CVD, healthy aging, or eHealth were added regularly to the
platform. All content was provided in the local language, and
advice was adapted to local guidelines where necessary. Owing
to the older age of the study’s participants and their expected
level of computer experience, the navigation structure and layout
of the intervention platform were kept as simple as possible
(Figure 1).

Coaches met with participants face-to-face at baseline and
thereafter communicated with them via a computer messaging
system. There was also a booster telephone call at 12 months.
Using motivational interviewing techniques, they supported
participants in making lifestyle changes by encouraging them
to prioritize up to 3 health factors (the home page layout then
reflected the chosen health priorities) and set at least one goal
at baseline, interact with the platform, and set additional goals
over time. Coaches also provided motivational feedback.
Participants could see a photograph and the name of their coach
when they logged in to the intervention platform (Figure 1).

The intervention was designed by the academic researchers
involved in the project. Technical development was performed
by Vital Health Software.
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Figure 1. Screenshots of the HATICE intervention platform: (A) home page and (B) measurements page. HATICE: Healthy Ageing Through Internet
Counselling in the Elderly.

Outcomes

Engagement Outcomes
Engagement with digital health interventions, similar to
engagement with serious games [23], is thought to encompass
behavioral, emotional, and cognitive factors [24-26], but there
is no consensus on how it should be measured [10]. Similar to
previous studies [10,11,27,28], we assessed engagement (only

in the intervention group) with our eHealth intervention through
system use metrics, including number and dates of logins,
number of goals set, messages sent to coaches, monitoring
measurements or goal diary entries, and percentage of advice
and education materials read.

Different studies have found different components of eHealth
intervention use, including number of logins, number of
activities completed per login, percentage of study modules
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completed, amount of goals set, and number of self-monitoring
measures, to be associated with outcomes [26,29,30], and it has
been suggested that composite measures may be the best way
to measure engagement or adherence with such interventions
[10]. Therefore, we developed a composite indicator of overall
engagement throughout the study, defined as the sum of the
points obtained for logins (0, 1, and 2 points for the first, second,
and third tertiles of total logins, respectively), number of goals
set (0: 0 points; 1: 1 point; ≥2: 2 points), sending of at least one
message to the coach (no: 0 points; yes: 1 point), entering at
least one measurement (no: 0 points; yes: 1 point), and reading
some of the advice and education materials (no: 0 points; yes:
1 point). The composite engagement score ranged from 0 to 7
points, with higher scores indicating greater engagement. It was
categorized into low (0-2 points), moderate (3-5 points), and
high (6-7 points) engagement, thus avoiding potential difficulties
with nonlinear relationships with outcome measures [26,29].
This categorization was decided before the analysis and was
intended to capture meaningful differences in engagement with
the platform use among the 3 groups (ie, low, moderate, and
high engagers). In sensitivity analyses, we categorized the
engagement scores using tertiles.

In addition, login data were used to study platform use over
time. As participants were asked to log in every 3 months to
complete an adverse event questionnaire, and at 12 and 18
months to complete study evaluations, and we could not
distinguish these logins from other types, rather than calculating
the time to last login, we calculated the time to the first
occurrence of nonuse attrition, that is, no login during the
previous month [8]. Because they only logged in once every 3
months, at most, participants who only logged in to complete
adverse event questionnaires or study evaluations (and did not
otherwise use the intervention platform) were considered to
display nonuse attrition.

Risk Factor Outcomes
The trial’s primary outcome was a composite cardiovascular
risk z score based on systolic blood pressure, low-density
lipoprotein cholesterol, and BMI [17]. Secondary outcomes
included individual components of the composite z score,
physical activity [31], dietary intake (Mediterranean Diet
Adherence Screener score) [32], and estimated cardiovascular
(Systematic Coronary Risk Estimation–Older People) [33] and
dementia (Cardiovascular Risk Factors, Aging, and Incidence
of Dementia score) [34] risk.

Predictor Variables
The following baseline variables were assessed as predictors of
engagement and nonuse attrition: age, sex, level of education,
country of residence, living status, history of CVD or diabetes,
current smoking, physical activity, hypertension, dyslipidemia,
obesity, intention to make lifestyle changes, cognition,
depressive symptoms, anxiety, chronic condition
self-management, physical performance, computer use during
the 4 weeks before baseline, and diet. Table S1 in Multimedia
Appendix 1 provides further details.

Statistical Analyses
Baseline characteristics were described using means (SD),
medians (IQR), or numbers (%) and were compared among
low, moderate, and high engagers using 1-way ANOVA or
Kruskal-Wallis tests for continuous variables and chi-square
tests for categorical variables.

Baseline predictors of overall engagement (categorized as low,
moderate, or high) were assessed using a multivariate
generalized ordered logit (partial proportional odds) model using
the Stata gologit2 command (StataCorp LP) [35]. In this model,
the proportional odds assumption (ie, that the relationship
between each pair of outcome categories was the same) was
assessed using Wald tests for each predictor variable. If the
assumption held, only 1 coefficient was calculated for the
predictor variable, as in standard ordinal logistic regression. If
it was violated, separate coefficients were calculated for the
comparison of low versus moderate and high engagement
categories and for low and moderate versus high engagement
categories. The initial multivariate model included all variables
associated with engagement in bivariate models at the .2
significance level, and the final model was determined using a
manual backward stepwise selection procedure (sequentially
eliminating variables with a P>.05).

Baseline factors associated with the first occurrence of nonuse
attrition were examined using multivariate Cox proportional
hazards models. As the proportional hazards assumption
(verified using Schoenfeld residuals) was not met in the initial
analysis, the follow-up period was split, following visual
inspection of Kaplan-Meier survival curves, into early (ie,
months 0-2) and late (ie, month 3 onward) periods, and analyses
were run separately for each period. Variable selection was
performed as for the generalized ordered logit model.

Finally, 18-month changes in the HATICE primary and
secondary outcome variables were compared between the control
group and the 3 engagement categories in the intervention group
using linear regression models, adjusted for baseline variables
associated with engagement, age, education, physical status,
and smoking. Models were further adjusted for the baseline
score of the outcome of interest if it differed significantly among
engagement groups.

All analyses were exploratory and performed using Stata
(version 14.1).

Results

Description of Engagement
The median number of logins per participant in the intervention
group (N=1389) during the 18-month follow-up period was 29
(IQR 16-48; range 0-700; Figure S1A in Multimedia Appendix
1). In comparison, the median number of logins to the static
platform in the control group (N=1335) was 12 (IQR 9-16).

Of the 1389, intervention group participants, 1194 (85.96%)
sent at least one message to their coach during the 18-month
study period (Figure S1B in Multimedia Appendix 1), and the
median (IQR) number of messages sent was 6 (2-10). The
median (IQR) number of goals set was 1 (1-2), and of the 1389
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participants, 151 (10.87%) did not set any goals, and 560
(40.32%) set 2 or more goals (Figure S1C in Multimedia
Appendix 1). Weight was the health factor most commonly
targeted by goals, followed by physical activity, and nutrition
(Figure S1D in Multimedia Appendix 1). Participants were most
likely to read advice and education pages for cholesterol, blood
pressure, and diabetes (Figure S1E in Multimedia Appendix 1).
Physical activity measurements (min/week, subjectively
reported) were the most frequent type of monitoring data
entered, followed by weight and blood pressure measurements
(Figure S1F in Multimedia Appendix 1). Additional descriptive
engagement data are provided in Table S2 in Multimedia
Appendix 1.

The median (IQR) composite engagement score was 5 (3-6),
and of the 1389 participants, 208 (14.97%) were classified as
having low engagement with the platform, 681 (49.03%)
moderate engagement, and 500 (36%) high engagement (Table
S3 in Multimedia Appendix 1). All components of platform use
significantly increased across the three categories (and tertiles;
Table S4 in Multimedia Appendix 1).

Predictors of Engagement
At baseline, participants in the low engagement category were
younger, had a lower level of education, had poorer cognitive
and physical performance, and had more depressive symptoms
than those who engaged more. They were also more often from
the Netherlands, more likely to be smokers, and less likely to
have used a computer in the preceding 4 weeks or be planning
or already acting on lifestyle change (Table 1).

In the multivariate analysis (Table 2), increasing engagement
was independently predicted by country of residence, having
short-term (ie, within the next month) plans for lifestyle change
or acting on it for more than 6 months, and regular computer
use at baseline. Furthermore, compared with those in the low
engagement category, participants in the moderate and high
engagement categories had better baseline cognitive
performance, and compared with those in the low and moderate
categories, those in the high engagement category were more
likely to be women.
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Table 1. HATICEa participants’ (intervention group) baseline characteristics by overall engagement during the trial.

P valueHigh engagement (N=500)Moderate engagement (N=681)Low engagement (N=208)

.0569.0 (67.0-72.4)69.5 (67.3-72.8)69.6 (67.5-73.9)Age (years), median (IQR)

.02244 (48.8)385 (56.5)102 (49)Men, n (%)

.02Educationb, n (%)

134 (26.8)201 (29.5)82 (39.4)Low

159 (31.8)206 (30.3)58 (27.9)Medium

207 (41.4)274 (40.2)68 (32.7)High

.006Country, n (%)

244 (48.8)402 (59.0)121 (58.2)Netherlands

69 (13.8)86 (12.6)22 (10.6)France

187 (37.4)193 (28.3)65 (31.3)Finland

.65361 (72.2)500 (73.4)146 (70.2)Living with partner, n (%)

.0030.00 (0.08)0.03 (0.58)−0.14 (0.69)Cognitive z scorec, mean (SD)

.00878 (15.6)93 (13.7)47 (22.6)SPPBd,e<10, n (%)

.0539 (7.8)54 (7.9)27 (13)Depressive symptomsf, n (%)

.164 (2-6)4 (2-6)4 (2-6)HADSg anxiety scoreh, median (IQR)

.83154 (30.9)210 (31)60 (28.9)History of CVDi, n (%)

.50101 (20.2)154 (22.7)41 (19.7)Diabetes, n (%)

.98409 (83.3)557 (83.5)170 (82.9)Hypertension, n (%)

.74480 (96.6)653 (96)201 (97.1)Dyslipidemia, n (%)

.0329 (5.9)47 (7.5)20 (12.1)Currently smoking, n (%)

.36334 (66.8)452 (66.5)128 (61.5)Physically activej, n (%)

.79185 (37)262 (38.5)82 (39.4)Obese, n (%)

.106.0 (1.9)6.2 (2.0)5.8 (2.0)MEDASk scorel, mean (SD)

.5386 (81-91)87 (81-91)87 (79-91)PIHm scoren, median (IQR)

.001Trying to change lifestyle? n (%)

30 (6)45 (6.6)25 (12)No plans

40 (8)78 (11.5)27 (13)Long-term plans

88 (17.6)82 (12)35 (16.8)Short-term plans

92 (18.4)120 (17.6)39 (18.8)Short-term acting

250 (50)356 (52.3)82 (39.4)Long-term acting

<.001Computer use in the last 4 weeks, n (%)

3 (1)18 (3)22 (11)No

276 (55)395 (58)113 (55)Yes, <7 hours/week

221 (44)267 (39)72 (35)Yes, ≥7 hours/week

aHATICE: Healthy Ageing Through Internet Counselling in the Elderly.
bLow, medium, and high education levels correspond to basic, postsecondary nontertiary, and tertiary levels, respectively.
cCognitive z score indicates average z scores of the Mini Mental Status Examination, Category Fluency, Stroop Color-Word Test, and Rey Auditory
Verbal Learning Test.
dSPPB: Short Physical Performance Battery.
eRange 0-12 points, where higher scores indicate better performance.
fGeriatric Depression Scale–15 score ≤5.
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gHADS: Hospital Anxiety and Depression Scale.
hRange 0-21, where higher scores indicate increasing symptoms of anxiety.
iCVD: cardiovascular disease.
jDefined as meeting the World Health Organization guidelines of ≥150 minutes’ moderate-intensity or ≥75 minutes’ vigorous-intensity physical activity
per week.
kMEDAS: Mediterranean Diet Adherence Screener.
lRange 0-14, where higher scores indicate higher adherence to Mediterranean diet.
mPIH: Partners in Health.
nRange 0-96, where higher scores indicate better chronic disease self-management.

Table 2. Final multivariatea generalized ordered logistic regression model showing factors significantly associated with increasing overall engagement
during follow-up (categorized as low, moderate, or high platform engagement; N=1238).

P valuecORb (95% CI)

Variables meeting the proportional odds assumptiond

.02Country

N/Af1Netherlands (refe)

.071.41 (0.98-2.02)France

.0031.55 (1.16-2.06)Finland

.002Trying to change lifestyle?

N/A1No plans (ref)

.511.20 (0.70-2.07)Long-term plans

.0022.25 (1.33-3.80)Short-term plans

.111.51 (0.92-2.50)Short-term acting

.0042.02 (1.26-3.25)Long-term acting

<.001Computer use in last 4 weeks before baseline visit

N/A1None (ref)

<.0015.39 (2.66-10.95)<7 hours/week

<.0016.58 (3.21-13.49)≥7 hours/week

Variables not meeting the proportional odds assumptiong

Low engagement (ref) vs moderate and high engagement

.311.20 (0.84-1.72)Sex (male)

<.0011.67 (1.26-2.21)Cognitive z score

Low and moderate engagement (ref) vs high engagement

.030.77 (0.60-0.98)Sex (male)

.950.99 (0.81-1.22)Cognitive z score

aThe following baseline variables were included in the initial multivariate model but did not remain significantly associated with engagement following
a backward stepwise selection procedure: age, education, current smoking, physical status (Short Physical Performance Battery), depressive symptoms
(Geriatric Depression Scale), anxiety (Hospital Anxiety and Depression Scale), and nutrition score.
bOR: odds ratio.
cP values in italics are overall Wald tests for categorical variables.
dFor independent variables meeting the proportional odds assumption, the relationship between each pair of outcome categories (ie, moderate and high
engagement vs low engagement and high engagement vs low and moderate engagement) is the same; therefore, only 1 OR is calculated per variable.
eref: reference.
fN/A: not applicable.
gFor independent variables not meeting the proportional odds assumption, separate ORs are calculated between each pair of outcome categories.
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Changes Over Time in Engagement and Its Associated
Factors
As shown in Figure 2A, intervention use (measured using logins)
declined over time. The roughly (reverse) sigmoidal
Kaplan-Meier nonuse attrition curve (Figure 2B) shows a sharp
decrease in the proportion of participants logging in at least
once during the previous month from the end of month 2
onward. In a sensitivity analysis using a 6-week nonuse attrition
definition, the curve was similar, although slightly elongated
(Figure S2 in Multimedia Appendix 1). The median time to the
first occurrence of nonuse attrition was 3 months. Of the 1389
participants in the intervention group, 465 (33.48%)
demonstrated early nonuse attrition (during months 1-2), 747
(53.78%) demonstrated late nonuse attrition (between 2 and 18
months), and 145 (10.44%) were highly consistent platform

users, logging in at least once every month for the entire
follow-up period (32/1389, 2.30% logged in every month, during
which they participated in the trial but dropped out before the
end of follow-up). The highly consistent users demonstrated
significantly higher engagement with all parts of the platform
than the other 2 groups, but even in the early nonuse attrition
group, 24.30% (113/465) logged in to the platform at least once
a month for at least 12 of the 18 months of follow-up (Table S5
in Multimedia Appendix 1).

Not using a computer regularly before baseline and a lower
baseline chronic condition self-management score predicted
early nonuse attrition, whereas living in the Netherlands and
acting on lifestyle change for <6 months at baseline predicted
late nonuse attrition (Table 3).

Figure 2. Changes in engagement over time in the intervention group: (A) total number of logins per month in the intervention group and (B) time to
nonuse attrition (ie, no login during the previous month).
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Table 3. Baseline factors associated with early (model 1) and late (model 2) nonuse attrition.

P value95% CIHRa

Model 1: early nonuse attritionb (N=1351; 448 events)

Computer use in the last 4 weeks

N/AN/Ad1None (refc)

<.0010.31-0.690.46<7 hours/week

<.0010.29-0.660.44≥7 hours/week

.030.98-1.000.99Partners in Health score (points)e

Model 2: late nonuse attritionf (N=848; 693 events)

Country

N/AN/A1Netherlands (ref)

.0010.51-0.840.66France

<.0010.47-0.690.57Finland

Trying to change lifestyle?

N/AN/A1No plans to change lifestyle (ref)

.830.66-1.400.96Long-term plans to change lifestyle

.090.96-1.781.31Short-term plans to change lifestyle

.0021.15-1.931.49Short-term acting on lifestyle change

.230.91-1.451.15Long-term acting on lifestyle change

aHR: hazard ratio.
bThe first instance of nonuse attrition during months 1 to 2. The following baseline variables were included in the initial multivariate model but did not
remain significantly associated with early nonuse attrition following a backward stepwise selection procedure: education, history of cardiovascular
disease, history of diabetes, history of hypertension, Geriatric Depression Scale score, and verbal fluency score.
cref: reference.
dN/A: not applicable.
eHigher scores indicate better chronic disease self-management.
fThe first instance of nonuse attrition from month 3 onward. The analysis included individuals who had not already undergone an episode of nonuse
attrition during the first 2 months. The following variables were included in the initial multivariate model but did not remain significantly associated
with late nonuse attrition following a backward stepwise selection procedure: education, current smoking, obesity, age, Mini Mental Status Examination
score, verbal fluency score, Stroop score, Rey Auditory Verbal Learning Test recall score, Short Physical Performance Battery score, Partners in Health
score, and Mediterranean Diet Adherence Screener nutrition score.

Association Between Engagement and Intervention
Outcomes
There was a significantly greater improvement in the HATICE
primary outcome measure, comprising systolic blood pressure,
BMI, and low-density lipoprotein cholesterol, over 18 months
in the high engagement category than in the control group
(adjusted mean difference −0.08, 95% CI −0.12 to −0.03;
P=.001), with an indication of a dose-response effect (Figure 3
and Table S6 in Multimedia Appendix 1; overall P value across
the 3 adherence groups=.005). Similarly, compared with those
in the control group, there was a significantly greater decrease

in systolic blood pressure and BMI and significantly less decline
in physical activity and Mediterranean Diet Adherence Screener
score (all indicating improvement of cardiovascular or dementia
risk) in the high engagement category over 18 months (Figure
3 and Table S6 in Multimedia Appendix 1). The results were
also numerically, if not significantly, in favor of greater
improvement in the other outcome measures, except for
Systematic Coronary Risk Estimation–Older People
(SCORE-OP), in the high and moderate engagement groups.
The results were comparable when the engagement scores were
categorized into tertiles (Table S7 in Multimedia Appendix 1).
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Figure 3. Adjusted mean difference in 18-month changes in outcome measures in low, moderate, and high engagement categories in the HATICE
intervention group compared with control group: (A) HATICE composite z-score (BMI, LDL, and SBP), (B) LDL cholesterol (mmol/L), (C) SBP (mm
Hg), (D) BMI (kg/m2), (E) moderate-intense physical activity (hours/week), (F) MEDAS score (range 0-14 points), (G) CAIDE dementia risk score
(range 0-15 points), and (H) SCORE-OP (10-year CVD mortality risk). Point estimates are the mean difference in 18-month change compared with the
control group. Bars are 95% CIs. Each model was adjusted for baseline age, sex, education, country, physical function, smoking, plans to make lifestyle
changes, computer use, and cognition and for baseline score of the outcome of interest if it differed across engagement groups. The HATICE primary
outcome measure was a composite score based on the average of 18-month changes in SBP, LDL cholesterol, and BMI z-scores. CAIDE: Cardiovascular
Risk Factors, Aging, and Incidence of Dementia; CVD: cardiovascular disease; HATICE: Healthy Ageing Through Internet Counselling in the Elderly;
LDL: low-density lipoprotein; MEDAS: Mediterranean Diet Adherence Screener; SCORE-OP: Systematic Coronary Risk Estimation–Older People;
SBP: systolic blood pressure.
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Discussion

Principal Findings
In an 18-month randomized trial in older adults, compared with
those in the control group, those in the intervention group who
engaged most with the eHealth intervention designed to
encourage lifestyle changes showed significantly greater
improvement in objectively and subjectively measured
cardiovascular and dementia risk factors. Those with low
engagement showed no difference compared with the control
group. Participants who reported that they were already working
on improving their lifestyle at baseline, or had short-term plans
to do so, were more engaged with the intervention. Those who
reported not using a computer in the month before baseline were
extremely unlikely to engage, irrespective of their intentions
regarding lifestyle change.

Although most intervention group participants engaged with
the HATICE platform to some extent (eg, 1238/1389, 89.13%
set at least one goal), some intervention components, notably
the advice and education sections, were used less frequently
than others. Interestingly, lifestyle factors (ie, weight loss and
physical activity) were the most frequent targets for goal setting,
but participants tended to read more advice and education
materials when they set a goal relating to a clinical risk factor
(ie, cholesterol, blood pressure, or diabetes), suggesting potential
differences in engagement depending on underlying motivations.

Strengths and Limitations
Our study provides comprehensive data concerning the
engagement of older adults with a tailored digital health
intervention over a relatively long period. To date, this
population has received little attention in this field. We used
data from a large international randomized controlled trial and
used multiple objective measures of engagement combined into
a composite indicator and a large range of validated predictor
and health outcome variables. Our results can be interpreted
alongside the qualitative research conducted within the same
trial [19,21,36]. A limitation is that, given the difficulty in
defining a suitable dose of eHealth interventions and a lack of
consensus in the literature on how to measure engagement [10],
our engagement indicator was arbitrarily defined after trial
completion based on the distributions of the different metrics.
However, the definition was chosen before conducting any of
the comparative analyses presented here, and it adequately
captured differences in engagement. Nonetheless, although
some participants demonstrated very high levels of engagement
with the eHealth intervention, this subsample was very small.
Therefore, we could not specifically study the associations
between this very high level of engagement and study outcomes.
In addition, our participants, who had at least basic computer
literacy (due to study eligibility criteria) and had consented to
participate in an eHealth behavior change intervention trial, are
not representative of the general older population, in which
disparities in engagement would likely be greater. However,
the multinational context and use of various recruitment methods
have increased the diversity of our population.

Comparison With Previous Work
As in younger populations, engagement declined over time in
our trial, with a typical sigmoidal pattern of nonuse attrition
indicating a curiosity plateau followed by a rejection phase [8].
Similarly, although older adults were less likely to participate
in a web-based chronic disease self-management intervention
trial than were younger adults, those who did participate engaged
with the intervention in a manner similar to the younger
participants [13]. Sustaining engagement may be vital for the
long-term effectiveness of digital health interventions, as
efficacy declines over time [6]. Automated reminders, and in
particular human support, may increase engagement. Adherence
to supervised lifestyle interventions appears greater than that
to unsupervised interventions in older populations [37], and
qualitative research with the HATICE participants underlined
the motivational role of the coaches in this trial [36]. Participants
also reported that user-friendliness, notably in terms of the
attractiveness of the platform, and technical difficulties (eg,
login problems) also influenced their engagement with the
platform [36]. Integrating digital health interventions into
primary care might enhance sustainability and provide additional
motivation to older individuals not yet considering lifestyle
changes or with reticence regarding such programs [22,36].

Similar to a Finnish computerized cognitive training intervention
for older adults [38], and as mentioned in our qualitative work
[36], previous level of computer use was the strongest predictor
of engagement with our web-based intervention, even in our
more contemporary population, in which basic computer literacy
was an inclusion criterion. The notion of computer use may
reflect both computer literacy and computer access (or quality
of access) and is likely to be an indicator of inequalities in access
to the eHealth intervention. Indeed, compared with HATICE
participants who reported regular use at baseline (N=1344),
those who did not regularly use a computer (N=43) were
significantly more likely to be older and women and to have a
lower level of cognition and education (data not shown).
Moreover, Dutch participants were less likely to be regular
computer users at baseline and engaged less with the platform
than those in France and Finland. This could reflect cultural
differences in attitudes toward behavior change, prevention,
and research participation [19,21]. Furthermore, self-selection
due to recruitment methods may have led the French and Finnish
samples to be biased toward more motivated and health-focused
individuals. Dutch participants, who were recruited via their
general practitioners and were likely influenced by medical
authority [19], appeared to be more representative of the general
population, notably in terms of education level [17].
Participants’ intentions to make lifestyle changes were also
associated with platform engagement, and better
self-management of chronic conditions was associated with a
lower risk of early nonuse attrition. Both relate to self-efficacy,
an established predictor of adherence to lifestyle interventions
[39].

Higher engagement with the HATICE intervention platform
was associated with more favorable changes in the trial’s main
cardiovascular and dementia risk outcome measures, with
evidence of a dose-response effect. Similar results have been
reported for eHealth interventions targeting various health
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conditions or behaviors in younger populations [10], but the
mechanisms (or mediators, eg, increased knowledge, motivation,
self-efficacy, or affect management) underlying such
relationships are not well understood [24,25]. Furthermore, we
assessed engagement using an aggregate indicator, suggested
to be the most useful measure of engagement [10], but it is
important to understand whether measures of frequency (eg,
logins) and intensity (eg, number of messages sent or amount
of advice and education read) of engagement and passive (eg,
reading advice and education) and active (eg, entering
measurements and sending messages) platform use all influenced
outcomes similarly. Not all forms of engagement with eHealth
interventions are necessarily associated with outcomes [29],
and the frequency of engagement may be more associated with
physical health outcomes [25], whereas intensity is more
associated with psychological health outcomes [10]. In addition,
it is important to understand whether intervention use is a valid
indicator of engagement in behavior change [24] and, if so,
through which mechanisms. Finally, engagement with eHealth
interventions may encompass more than just objective measures

of use, and factors such as interest, enjoyment, and attention
may also play a role [24,40].

Conclusions
Engaging older people in an eHealth lifestyle self-management
intervention is feasible, and greater engagement is associated
with greater improvement in biological and behavioral dementia
and cardiovascular risk factors. Further work is required to
determine more specifically the strength or type of engagement
with such interventions required to obtain a meaningful impact
on health outcomes and how best to sustain engagement over
time. Our results also suggest disparities in engagement, which,
given biases in trial participation, are likely to be accentuated
in real-world settings. Older adults with limited computer
experience, poorer cognition, and no concrete plans for lifestyle
change may require extra support to reach a level of engagement
with digital lifestyle interventions that is sufficient to bring
about health benefits or require access to alternative methods
of intervention delivery to mitigate potential health inequalities
that could be associated with the widespread roll-out of digital
health interventions in older populations.
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Abstract

Background: Wikipedia is a popular encyclopedia for health- and disease-related information in which patients seek advice
and guidance on the web. Yet, Wikipedia articles can be unsuitable as patient education materials, as investigated in previous
studies that analyzed specific diseases or medical topics with a comparatively small sample size. Currently, no data are available
on the average readability levels of all disease-related Wikipedia pages for the different localizations of this particular encyclopedia.

Objective: This study aimed to analyze disease-related Wikipedia pages written in English, German, and Russian using
well-established readability metrics for each language.

Methods: Wikipedia database snapshots and Wikidata metadata were chosen as resources for data collection. Disease-related
articles were retrieved separately for English, German, and Russian starting with the main concept of Human Diseases and
Disorders (German: Krankheit; Russian: Заболевания человека). In the case of existence, the
corresponding International Classification of Diseases, Tenth Revision (ICD-10), codes were retrieved for each article. Next, the
raw texts were extracted and readability metrics were computed.

Results: The number of articles included in this study for English, German, and Russian Wikipedia was n=6127, n=6024, and
n=3314, respectively. Most disease-related articles had a Flesch Reading Ease (FRE) score <50.00, signaling difficult or very
difficult educational material (English: 5937/6125, 96.93%; German: 6004/6022, 99.7%; Russian: 2647/3313, 79.9%). In total,
70% (7/10) of the analyzed articles could be assigned an ICD-10 code with certainty (English: 4235/6127, 69.12%; German:
4625/6024, 76.78%; Russian: 2316/3314, 69.89%). For articles with ICD-10 codes, the mean FRE scores were 28.69 (SD 11.00),
20.33 (SD 9.98), and 38.54 (SD 13.51) for English, German, and Russian, respectively. A total of 9 English ICD-10 chapters (11
German and 10 Russian) showed significant differences: chapter F (FRE 23.88, SD 9.95; P<.001), chapter E (FRE 25.14, SD
9.88; P<.001), chapter H (FRE 30.04, SD 10.57; P=.049), chapter I (FRE 30.05, SD 9.07; P=.04), chapter M (FRE 31.17, 11.94;
P<.001), chapter T (FRE 32.06, SD 10.51; P=.001), chapter A (FRE 32.63, SD 9.25; P<.001), chapter B (FRE 33.24, SD 9.07;
P<.001), and chapter S (FRE 39.02, SD 8.22; P<.001).

Conclusions: Disease-related English, German, and Russian Wikipedia articles cannot be recommended as patient education
materials because a major fraction is difficult or very difficult to read. The authors of Wikipedia pages should carefully revise
existing text materials for readers with a specific interest in a disease or its associated symptoms. Special attention should be
given to articles on mental, behavioral, and neurodevelopmental disorders (ICD-10 chapter F) because these articles were most
difficult to read in comparison with other ICD-10 chapters. Wikipedia readers should be supported by editors providing a short
and easy-to-read summary for each article.

(J Med Internet Res 2022;24(5):e36835)   doi:10.2196/36835
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Introduction

Overview
Many people consult the internet as a rapidly accessible resource
to find information [1,2]. This applies to patients who want to
educate themselves about a disease in a personal or family
context [3-5]. Studies have shown that the internet has become
a popular source of information for patients [6,7].

According to the available rankings, the web-based encyclopedia
Wikipedia is a popular domain worldwide [8,9]. The web-based
encyclopedia also appears among the top websites when
searching for health-related information on search engines such
as Google [10,11]. In December 2021, the English version of
Wikipedia contained 6,423,416 articles [12]. It is a popular
knowledge base that is consulted by many users to find out more
about diseases and conditions, as well as for self-education
purposes [13,14]. The target groups of Wikipedia are
heterogeneous and include patients, students, practitioners, and
the public [15].

Wikipedia articles can be written and edited by everyone, which
adds to their popularity [15]. Farič et al [16] found that
health-related content on Wikipedia is created by both health
specialists and laypeople. Wikipedians are driven by values and
beliefs, intrinsic motivation, and a certain sense of obligation
[16]. Although Wikipedia is a popular resource for accessing
medical knowledge [10,17], its readability is not assessed,
quality assured, or controlled before publishing. This can lead
to articles being difficult to read and understand [10,18,19],
which can result in a lack of comprehensibility and an inability
to help patients bridge the health literacy gap [20,21].

Patient education, for example, through internet searches, is an
important step in medical compliance and patient empowerment
[20,22,23]. Thus, it can influence the health care process and
patient-physician relationship either positively or negatively
[24,25]. However, to use texts as patient education materials,
they must be understandable and easy to read. Readability can
be defined as the number of school grades or years of formal
education a person has received. In the United States, the
recommended grade level for patient education materials is 7
to 8 [26].

The readability of a text can be computed using several
established metrics. Several formulas are available for English
texts [27-31], with adaptions for the German [32] or Russian
language [33]. However, manually calculating the readability
of texts is a resource- and time-consuming task.

This study assessed the readability of disease-related Wikipedia
articles written in 3 different languages. Using an automated
computation approach, one of our aims was to assess whether
Wikipedia articles are suitable as patient education materials.

Related Work
Several studies have analyzed the readability of health-related
Wikipedia pages. Before this study, we conducted a systematic

literature review to assess how readability metrics have been
used to evaluate health-related Wikipedia articles. The details
of the review are included in Multimedia Appendix 1
[10,11,17-19,34-46]. In total, 31 articles were closely evaluated.
In most publications, the readability of texts was assessed using
web-based accessible software (eg, [47]), to which texts of
English Wikipedia articles were manually copied. Furthermore,
only articles on certain diseases or health-related topics were
analyzed (eg, anatomy [34] or pediatric ophthalmology [18]
articles). In general, Wikipedia pages were difficult to read.
Some selected publications related to this study are presented
in the following paragraphs.

Brigo et al [35] assessed the readability of 41 Wikipedia articles
on epilepsy. The selected Wikipedia articles were divided into
two categories: (1) articles related to epilepsy (n=23) and (2)
articles related to antiepileptic drugs (n=18). The authors found
that average Flesch Reading Ease (FRE) values for these articles
were 30.2 (SD 8.1) and 19.6 (SD 7.6) for epilepsy and
antiepileptic drugs, respectively. Both values corresponded to
texts that were difficult to read and understand. Other classic
readability metrics were also calculated. On average, all
analyzed Wikipedia articles “[...] correspond to a 14th academic
grade level (14.3±1.7) and to 16.4±2.0 years of formal education
required to easily understand the text on the first reading.”

In 2020, Suwannakhan et al [34] selected 40 anatomy articles
from Wikipedia to analyze their readability. The assessment
showed that, on average, these articles were difficult to
understand and required at least a college education level (FRE:
mean 42.4, SD 10.8; Flesch-Kincaid Grade Level [FKGL]:
mean 12.3, SD 2.1).

In a recent study, Handler et al [36] compared the readability
of Wikipedia articles on pelvic floor disorders with that of
patient education leaflets. The authors collected 30 Wikipedia
articles and 29 leaflets. They found that Wikipedia articles
(Simple Measure of Gobbledygook [SMOG] 12.0) were
significantly (P<.001) harder to read than the patient education
material (SMOG 3.4). The authors also reported readability
values for Wikipedia articles in different categories. The
collected articles corresponded to a college-level education
needed to adequately comprehend the text.

Hutchinson et al [10] investigated the readability of texts
available on the web regarding internal medical diagnoses. In
this study, Google was used to collect data. Wikipedia appeared
among the top 5 resulting websites. The authors stated that texts
acquired from Wikipedia had an average grade level of 14.6,
which was the highest value among all sources.

Similarly, John et al [18] compared the readability of different
information available on the web on pediatric ophthalmology.
In this context, a Google search was performed, and Wikipedia,
among other websites, was searched internally for relevant
articles on this topic. A total of 34 articles were retrieved,
including 10 (29%) from Wikipedia. The authors also found
that Wikipedia was the most difficult to understand in
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comparison with other analyzed resources, with an average
grade level of 17.4 (SD 1.18).

In 2020, Shetty et al [19] conducted a search for patient
education material available on the web regarding otitis media.
The authors then assessed the readability of 6 selected websites,
including Wikipedia, with 24 patient education pages. Across
all investigated resources, Wikipedia had the highest reading
level (Gunning Frequency of Gobbledygook [FOG] 15.95,
SMOG 14.6, FKGL 12.5, Coleman-Liau Index [CLI] 12.64,
and Automated Readability Index [ARI] 11.92).

Of the 31 studies, 8 (26%) also compared the readability of
Wikipedia with other available sources (eg, patient education
brochures and websites) [11,37-43]. All of them reported
Wikipedia to be the most difficult to read among the assessed
sources.

In 2014, Kräenbring et al [44] analyzed the readability of
Wikipedia articles on pharmacology written in German. In total,
100 curricular drugs were selected from the relevant textbooks.
In the context of this study, only Wikipedia articles that
overlapped with the information provided in the textbooks were
included (n=95). The authors reported the modified FRE for
the German language by Amstad [32] and the Vienna Formula
(Wiener SachTextFormel [WSTF]) readability metrics for
Wikipedia and textbooks, respectively: “[...]RAmstad: 7.1±1.7 vs.
7.4±1.8, P=0.9; R1. WSTF: 15.4±0.5 vs.14.5±0.2, P=0.07.” In
their study, they found no significant difference between the
readability of Wikipedia and the selected textbooks. Both
sources provided information that was difficult to read and
required tertiary education for an adequate understanding of the
material.

Aims of the Study
Compared with previous research in this field, this study does
not focus on 1 particular medical subfield but includes all
disease-related Wikipedia pages in 3 languages: English,
German, and Russian [48-50]. The authors decided to focus on
the Wikipedia category Human Diseases and Disorders
(German: Krankheit; Russian: Заболевания
человека) because all articles related to diseases are
associated with this category.

In this context, four aims were defined: (1) to automatically
collect articles from Wikipedia related to the category Human
Diseases and Disorders, acquire the current state, and report
descriptive statistics such as the number of articles, sentences,
and words; (2) to categorize them into distinguishable medical
subfields using the International Classification of Diseases,
Tenth Revision (ICD-10) [51]; (3) to automatically evaluate the
readability of retrieved articles with established readability
metrics per language; and (4) to assess and compare the text
difficulty among medical fields and languages.

In the context of the second aim, ICD-10 was chosen because
(1) it has been widely adopted in many health care systems
worldwide (“all WHO member states” [52]), and (2) respective
codes are provided in many disease-related Wikipedia articles
[53-55] to provide a precise reference to a stable classification
system.

Methods

Study Design
This study comprised 2 stages. To answer the first 2 research
aims, the authors separately collected articles from English,
German, and Russian Wikipedia that belong to the category
Human Diseases and Disorders (German: Krankheit; Russian:
Заболевания человека). Furthermore,
the data collection for each language was expanded based on
the articles retrieved from the other 2 Wikipedia domains. Next,
ICD-10 codes were retrieved automatically from Wikidata, a
central, structured data knowledge base of related resources (ie,
Wikipedia), which can be read by machines. For each language,
the included articles were separated into two groups: (1) articles
that were retrieved and had an ICD-10 code assigned (group A)
and (2) articles without an ICD-10 code (group B).

Starting in 2020, a transition toward International Classification
of Diseases, Eleventh Revision (ICD-11), [56] began [57], which
is already being disseminated in the English Wikipedia edition;
however, German or Russian Wikipedia authors still refer to
ICD-10 in 2021. With no ICD-11 codes available for all 3
languages, the ICD-10 was chosen for stable comparisons.

Articles included in group A referred to Human Diseases and
Disorders for which a corresponding ICD-10 code was either
directly annotated or could be resolved. However, articles in
group B were not excluded for several reasons. Some articles
in this group referred to human diseases; however, the ICD-10
was not referred to by any of the authors of the article. Some
articles were associated with a disease (eg, symptoms, root
causes, and physiological processes) and did not have a specific
ICD-10 code. However, those were nevertheless of importance
to readers; for example, cough (German: Husten; Russian:
Кашель) and cytokine storm (German: Zytokinsturm;
Russian: Цитокиновый шторм).

In the subsequent stage, the authors used collected data from
the first stage to perform an automated readability analysis to
answer research aims 3 and 4.

Study Setting
A total of 3 static snapshots of Wikipedia’s database, dated June
30, 2021, were used to build a category graph for Human
Diseases and Disorders per language. Each of the 3
language-specific databases was queried to retrieve and analyze
the readability of all relevant plain texts. For a detailed
description of the preprocessing steps, see the Computational
Processing Steps section.

Readability Analysis

Definition
Readability [58] refers to the properties of written text with
respect to readers’ competence, motivation, and understanding
of a document [59]. It reflects the (1) complexity of a text’s
structure, (2) sentence structure, and (3) chosen vocabulary.

FRE Scale
A well-known readability formula for English is the FRE metric
[27]. To compute the FRE metric for a given text, the average
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sentence length (ASL) and average syllables per word (ASW)
must be calculated. FRE relies on the observation that short
words or sentences are usually easier to understand than longer
words.

For this analysis, three versions of FRE were applied: (1) the
original metric developed for the English language [27], (2) the
modified FRE for the German language developed by Amstad
[32], and (3) the modified FRE for the Russian language
developed by Solovyev et al [33], as shown in the following
equations:

FRE = 206.835 – (1.015 × ASL) – (84.6 × ASW)

FRE = 180 – ASL – (58.5 × ASW)

FRE = 208.7 – (2.6 × ASL) – (39.2 × ASW)

FKGL Metric
Another widely used readability metric for the English language
is the FKGL readability test [60]. It is a modified version of the
FRE and was developed to assess readability on the scale of US
school grades. This formula, similar to FRE, is based on ASW
and ASL.

In this study, the authors used two versions of FKGL: (1) the
original FKGL metric for the English language and (2) the
modified FKGL for the Russian language developed by
Solovyev et al [33], as shown in the following equations:

FKGL = (0.39 × ASL) + (11.8 × ASW) – 15.59

FKGL = (0.36 × ASL) + (5.76 × ASW) – 11.97

The Gunning FOG Index
Gunning FOG is a measure of readability that also relies on the
fact that shorter words and sentences are easier to understand.
It was developed by Gunning [28] to measure the readability
of English text. The formula is based on ASL and the percentage
of hard words—that is, ≥3 syllables—in the text, as shown in
the following equation:

Gunning FOG = 0.4 × (ASL + percentage of hard
words)

SMOG Grade Level
Another established readability formula for the English language
is SMOG. It was derived by McLaughlin [29]. It is based on
the count of polysyllabic words (p) (ie, ≥3 syllables) in samples
of 30 sentences, as shown in the following equation:

The ARI Metric
ARI is a readability scale derived from sentence difficulty and
word difficulty. It was proposed by Senter and Smith [61].
Unlike the aforementioned metrics, word difficulty is calculated
based on the character count of the word, not the syllable count,
as shown in the following equation:

ARI = 4.71 × (characters / words) + 0.5 × (words /
sentences) – 21.43

The CLI Metric
In the Coleman-Liau readability formula [30], similar to the
ARI, the difficulty of a word is calculated based on the average
number of letters per 100 words (L). In contrast, sentence
difficulty is derived from the average number of sentences per
100 words (S), as shown in the following equation:

CLI = 0.0588 × L – 0.296 × S – 15.8

Vienna Formula (WSTF)
The authors applied this metric to measure the readability of
German texts. In contrast to the FRE, the Vienna formula
(WSTF) is not an adapted version of the German language.
Instead, it relies on the work of Bamberger and Vanacek [62],
who conducted an analysis based on German texts. They derived
at least five versions of the Vienna formula for prose and
nonfictional texts. Typically, the fourth WSTF was used for
text analysis. This metric also relies on ASL and the proportion
of (complex) words with ≥3 syllables (MS), as shown in the
following equation:

Fourth WSTF = 0.2656 × ASL + 0.2744 × MS –
1.6939

Difficulty
Most metrics, apart from FRE, output school grades. This
indicates the degree of education required to understand the
text. For instance, a grade of 10 corresponds to an easily
readable text, which is suitable for readers educated to at least
10th grade and corresponds to the age of 15 to 16 years in the
US school system. The higher the grade level, the more difficult
it is to understand.

The FRE metric yields values on a scale of 0 to 100; lower
values indicate a text with a low level of readability that is
difficult to read, whereas higher values reflect an easily readable
text.

Computational Processing Steps

Stage 1: Data Collection
The following subsections describe the steps that were
conducted in stage 1 to build a data collection of relevant
disease-related articles to be included in the study.

Step 1: Graph-Based Data Retrieval From Wikipedia

We used a static snapshot of the Wikipedia database for the 3
languages of interest obtained using the website [63]. Next, we
constructed a graph data structure for each localization starting
at the main concept of Human Diseases and Disorders (German:
Krankheit, Russian: Заболевания
человека). Graph statistics for each language (ie, the
number of nodes and edges) can be found in Multimedia
Appendix 2.

This graph contains typed nodes that correspond to the structure
of Wikipedia and how different articles are interlinked among
each other, which is referred to as edges. Subsequently, to filter
articles that are related to the concept of interest according to
Wikipedia’s categorization but are irrelevant for this study, a
4-fold filtering pipeline was used:
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1. A wildcard-based category name filter to exclude full
subcategories (eg, an overview list of diseases and disorders
by country or people with rare diseases); see Multimedia
Appendix 3

2. A given name filter to exclude articles about persons.
3. A geographical filter for articles related to specific

countries, cities, or locations.
4. A stop words filter to target all articles that were not

excluded by previous filters but were nevertheless not of
interest for further evaluation (eg, different disease-related
organizations and international disease days).

For every remaining article, the attributes title, Wikipedia page
ID, and text content were collected for subsequent analyses.

Step 2: Article Retrieval From Wikidata

Article titles originating from English Wikipedia collected in
step 1 were used to retrieve corresponding articles from the
other 2 Wikipedia editions (German and Russian). For this step,
the authors used an open-source Java library, Wikidata Toolkit
(version 0.12.1; Wikimedia) [64]. English titles were used to
check for corresponding articles linked to German or Russian
Wikipedia pages. If this was the case, the corresponding articles
were retrieved and added to the respective language for data
collection. Analogously, this process was conducted for the
German and Russian articles collected in the first step.

These steps allowed us to balance the differences between
collected articles from 3 different Wikipedia domains because
of their different category structures and relations.

Step 3: ICD-10 Code Retrieval From Wikidata

The Wikidata resource comprises a structured set of metadata
that can be found in related resources; for example, Wikipedia.
This allowed the automated retrieval of corresponding ICD-10
codes for those articles for which the original authors or editors
did not annotate an ICD-10 code for the Wikipedia page for a
certain disease. This is provided through the P4229 property in
the Wikidata knowledge base.

Given every article from step 2, the processing software
automatically checked whether an ICD-10 code was provided,
and if so, it was added to the respective article in the study’s
data collection.

For a subset of articles, the ICD-10 code was provided in merely
1 or 2 of 3 Wikipedia editions. In these cases, the available code
was automatically added to the remaining corresponding articles,
for which no ICD-10 code was found in the original Wikipedia
database snapshot.

Some articles were identified as being associated with multiple
ICD-10 codes from different chapters. For example, the article
on air embolism was assigned ICD-10 codes O88.0 (obstetric
air embolism) and T79.0 (air embolism [traumatic]). Therefore,
each multi-associated article was allocated to all of its available
ICD-10 main chapters. Each duplicate was assigned only to 1
ICD-10 main chapter. For instance, the article on air embolism
was represented in the data collection twice: in ICD-10 chapters
O and T.

At the end of the first stage, a collection of Wikipedia articles
related to Human Diseases and Disorders with the following

data was retrieved for the 3 languages: title, Wikipedia page
ID, text content, and ICD-10 code in case available or resolved
through Wikidata.

Stage 2: Data Analysis
In the second stage of the study, the collected data were
analyzed.

For readability computations, the same analysis framework and
related processing steps as presented in the study by Wiesner
et al [65] was used.

In the context of this study, the raw texts of Wikipedia articles
were used as input. Next, all readability metrics described in
the Readability Analysis section were computed. A vocabulary
analysis was not performed in this study.

The analysis was conducted on a Mac OS 10.15.7 64-bit
computer with Java Runtime Environment (version 11.0.11;
Oracle Corporation).

Statistical Analysis
Data were analyzed using the statistical analysis software R
(version 3.6.3; The R Foundation; February 29, 2020) on a
MacOS 10.15.7 64-bit computer. The R package ggplot2 [66]
was used for visualization.

Several test scenarios were identified: (1) testing the readability
values of 1 language pairwise against the other 2 languages to
investigate whether there are significant differences in
readability between languages, (2) testing the readability values
of each ICD-10 chapter against the mean of all the articles per
language, and (3) testing the readability values of each ICD-10
chapter against the recommended readability level of 7 (in the
US grade scheme) for patient education material (only for
English articles).

For the first and second scenarios, an unpaired 2-tailed t test
was performed with the following test hypotheses, as shown in
the following equations:

H0: µ1=µ2

Ha: µ1≠µ2

For the third scenario, an unpaired 1-tailed t test was performed
with the hypothesis that articles from all ICD-10 chapters in
English (µ1) have significantly lower readability and thus a
higher grade level than the recommended grade level (µ2), as
shown in the following equations:

H0: µ1≤µ2

Ha: µ1>µ2

For all 3 scenarios, a significance level of α=.05 was chosen.
For the first scenario, P values were Holm adjusted [67] because
multiple t tests were conducted with the same sample.

ICD-10 chapters were only included in the comparative analyses
if the sample size was >25. This restriction was applied to ensure
the requirements of the t test.

For statistical tests, the values of FRE were used because this
was the only readability metric that could be computed for all
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languages with a compatible scale. This allowed for a
comparison of text readability of different languages.

Ethics Approval
This study does not include any studies with human participants
performed by any of the authors. For this reason, no formal
ethics approval was obtained for this study.

Results

Main Results
Wikipedia article selection and readability analysis were
conducted on November 25, 2021 (German), November 30,
2021 (English), and December 3, 2021 (Russian).

After the application of filters, 1947 articles were collected for
English, 5576 for German, and 2292 for Russian Wikipedia.
These titles were used as input for step 2 of the data collection
(see the Methods section). In total, the number of articles
included for further readability analysis for English, German,
and Russian Wikipedia was n=6127, n=6024, and n=3314,
respectively. A detailed summary per language is depicted in
Figure 1.
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Figure 1. Flow diagrams for the process of data collection for English, German, and Russian.

Sample Characteristics
The retrieved articles were categorized based on their ICD-10
codes into two groups: A and B.

The distribution of articles for each language in these groups is
presented in Table 1.

On average, articles from English Wikipedia were the longest
with regard to the number of sentences per article (group A:

mean 68.49, SD 72.96; group B: mean 52.28, SD 62.02) and
the number of words per article (group A: mean 1465.40, SD
1622.97; group B: mean 1213.17, SD 1497.12). Russian
Wikipedia articles had the highest number of complex words
per article (group A: mean 514.52, SD 734.08; group B: mean
353.89, SD 483.40).

Detailed statistics on the number of sentences, words, and
complex words per language can be found in Table 2.
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Table 1. Distribution of collected articles in groups A and B for English, German, and Russian languages.

Group B, n (%)Group A, n (%)Total, NLanguage

1892 (30.88)4235 (69.12)6127English

1399 (23.22)4625 (76.78)6024German

998 (30.11)2316 (69.89)3314Russian

Table 2. Range and mean (SD) values for the number of sentences, words, and complex words in groups A and B for English, German, and Russian
languages.

Russian, mean (SD; range)German, mean (SD; range)English, mean (SD; range)Number of words and sentences
and statistics

Group BGroup AGroup BGroup AGroup BGroup A

33.48 (44.63; 2-
662)

49.70 (65.95; 2-
826)

32.56 (51.15; 1-
653)

41.73 (61.56; 1-
1032)

52.28 (62.02; 1-
466)

68.49 (72.96; 1-
707)

Number of sentences

589.92 (815.02;
21-8790)

837.31 (1233.99;
31-16,352)

582.74 (1004.05;
18-11,515)

708.55 (1180.88;
16-21,531)

1213.17
(1497.12; 15-
11,987)

1465.40
(1622.97; 18-
14,858)

Number of words

353.89 (483.40;
15-5412)

514.52 (734.08;
20-9317)

216.65 (371.51;
4-4597)

274.91 (441.03;
9-6895)

299.16 (377.56;
4-3198)

362.77 (400.89;
3-3694)

Number of complex words

Readability Analysis

Overview
Readability analysis was performed for every article collected
in stage 1 of this study. However, 5 articles in total (English:
n=2, 40%; German: n=2, 40%; and Russian: n=1, 20%) were
excluded from the analysis because of technical inability to
compute the readability metrics for these articles.

Overall, 693 (English: n=212, 30.6%; German: n=390, 56.3%;
and Russian: n=91, 13.1%) articles were identified as being
associated with multiple ICD-10 codes from different chapters.
Consequently, in the following subsections, the reported number
of articles in different ICD-10 chapters and groups can differ
from the data reported in Table 1.

The distribution of article difficulty for groups A and B, as well
as per ICD-10 chapter, can be found in Multimedia Appendices
4-6. Box plots depicting value differences between groups A
and B, as well as among ICD-10 chapters, can be found in
Multimedia Appendices 7-9 for each computed readability
metric.

English Wikipedia
All included articles from English Wikipedia were analyzed
according to the readability metrics FRE, FKGL, SMOG, ARI,
CLI, and Gunning FOG.

The highest number of articles was assigned to ICD-10 chapter
Q (740/4471, 16.55%). The lowest number of articles was
associated with chapter W (4/4471, 0.09%). In the context of a

low number of articles per ICD-10 chapter, the respective
chapters were excluded from the comparative analysis (see
Statistical Analysis subsection).

The average number of sentences per article varied from 42.42
(ICD-10 chapter Q, SD 45.45) to 110.43 (ICD-10 chapter B,
SD 97.90); the average number of words varied from 888.76
(ICD-10 chapter Q, SD 984.97) to 2346.28 (ICD-10 chapter F,
SD 2216.12).

Chapter F had the highest grade level scores (FKGL 15.33, SD
1.53; ARI 13.87, SD 0.51; CLI 15.49, SD 0.85; SMOG 17.22,
SD 1.38; and Gunning FOG 16.92. SD 0.42) and the lowest
FRE score of 23.88 (SD 9.95) in comparison with other ICD-10
chapters, which indicates difficulty in reading texts.

The articles that were relatively easy to read were in chapter S
with an FRE score of 39.02 (SD 8.22), and all grade level indices
were <16 (FKGL 12.78, SD 1.58; ARI 13.22, SD 1.03; CLI
14.06, SD 1.15; SMOG 14.66, SD 1.34; and Gunning FOG
15.86, SD 1.29).

Figures 2 and 3 depict the distribution of readability values for
each article in chapters F and S, respectively. Each subfigure
represents the values computed using different metrics for the
same sample. In total, 76.3% (261/342) of the articles in chapter
F had an FRE value <30.00; that is, they were very or extremely
difficult to read and required a tertiary degree of education for
adequate comprehension of the text. In chapter S, only 8% (6/79)
of the articles had an FRE score <30.00, whereas 84% (66/79)
of the articles had an FRE value between 30.00 and 50.00.
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Figure 2. Distribution of values of all computed readability metrics (English) for articles from the International Classification of Diseases, Tenth
Revision, chapter F (ICD-F). ARI: Automated Readability Index; FOG: Frequency of Gobbledygook; SMOG: Simple Measure of Gobbledygook.
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Figure 3. Distribution of values of all computed readability metrics (English) for articles from the International Classification of Diseases, Tenth
Revision, chapter S (ICD-S). ARI: Automated Readability Index; FOG: Frequency of Gobbledygook; SMOG: Simple Measure of Gobbledygook.

German Wikipedia
All included articles from German Wikipedia were analyzed
according to the readability metrics FRE and WSTF.

The highest number of articles was assigned to ICD chapter Q
(1030/5092, 20.23%). The lowest number of articles were in
chapter X (3/5092, 0.06%). The lowest average number of
sentences per article was in chapter Q (26.28, SD 27.45) and
the highest was in chapter B (74.04, SD 94.26). The average
word count varied from 398.84 (ICD-10 chapter Q, SD 526.23)
to 1337.13 (ICD-10 chapter F, SD 1880.59).

For the FRE metric, the most difficult to read was chapter E,
with a score of 17.43 (SD 9.80), and the one that was relatively
easy to read was chapter S (24.60, SD 8.22). The highest WSTF
value was observed in chapter I (13.62, SD 1.13) and the lowest
was in chapter B (13.01, SD 1.24).

Figures 4 and 5 depict the distributions of the FRE and WSTF
values for each article in chapters S and E, respectively. In
chapter E, 89.7% (373/416) of the articles were very and
extremely difficult to read (FRE<30.00) compared with 76.7%
(82/107) of the articles in chapter S, which had an FRE score
<30.00.

Figure 4. Distribution of Flesch Reading Ease and Fourth Vienna Formula values for German articles from the International Classification of Diseases,
Tenth Revision, chapter S (ICD-S).
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Figure 5. Distribution of Flesch Reading Ease and Fourth Vienna Formula values for German articles from the International Classification of Diseases,
Tenth Revision, chapter E (ICD-E).

Russian Wikipedia
All included articles from Russian Wikipedia were analyzed
according to the readability metrics FRE and FKGL.

The highest number of articles was assigned to ICD chapter F
(275/2417, 11.38%); the lowest numbers were found for chapters
W and Y (each 1/2417, 0.04%). The average sentence count
per article varied from 30.42 (chapter Q, SD 32.05) to 80.60
(chapter A, SD 80.93); the average word count distribution was
489.13 (SD 571.41) to 1289.28 (SD 1468.39) in chapters Q and
B, respectively.

Chapter E was, on average, the most difficult to understand
(FRE 33.66, SD 12.73, and FKGL 13.35, SD 1.73), whereas
the easiest to read articles were in chapter O, with an FRE score
of 44.06 (SD 10.73) and an FKGL of 11.88 (SD 1.53), which
were the highest average values for these metrics per chapter
among all analyzed languages.

Figures 6 and 7 depict the distributions of the FRE and FKGL
values for each article in chapters E and O, respectively. In total,
33.4% (80/240) of the articles in chapter E had an FRE value
<30.00 (very or extremely difficult to read), whereas 57.5%
(138/240) scored on a scale between 30.00 and 50.00 (difficult
to read). A value >50.00 was observed for 9.2% (22/240) of the
chapter E articles.

In chapter O, most articles (36/41, 8%) were difficult to read
and required a college degree for comprehension. In total, 27%
(11/41) had an FRE value >50.00, whereas 10% (4/41) had a
value <30.00.

The following tables report the mean values and SDs of the
readability metrics for each locale. The mean was calculated
for groups A and B and every ICD-10 chapter (Tables 3-8). The
tables also show the number of articles included in each
category.

Figure 6. Distribution of Flesch Reading Ease and Flesch-Kincaid Grade Level values for Russian articles from the International Classification of
Diseases, Tenth Revision, chapter E (ICD-E).

Figure 7. Distribution of Flesch Reading Ease and Flesch-Kincaid Grade Level values for Russian articles from the International Classification of
Diseases, Tenth Revision, chapter O (ICD-O).
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Table 3. Mean and SD of each readability metric for groups A and B for articles from English Wikipedia (N=6127).

Gunning Frequen-
cy of Gobbledy-
gook, mean (SD)

Simple Measure of
Gobbledygook,
mean (SD)

Coleman-Liau In-
dex, mean (SD)

Automated Read-
ability Index, mean
(SD)

Flesch-Kincaid
Grade Level, mean
(SD)

Flesch Read-
ing Ease,
mean (SD)

Values, n (%)Groups

16.70 (0.78)16.12 (1.53)15.16 (1.08)13.65 (0.85)14.26 (1.80)28.69 (11.00)4233 (69.11)Aa

16.61 (0.99)16.33 (1.84)14.87 (1.38)13.57 (1.10)14.47 (2.11)29.18 (12.86)1892 (30.89)B

aIn group A, 2 articles were excluded from the analysis because of technical inability to compute the readability metrics.

Table 4. Mean and SD of each readability metric for each International Classification of Diseases, Tenth Revision, chapter individually for articles
from English Wikipedia (N=4471).

Gunning Frequen-
cy of Gobbledy-
gook, mean (SD)

Simple Measure
of Gobbledy-
gook, mean (SD)

Coleman-Liau In-
dex, mean (SD)

Automated Read-
ability Index,
mean (SD)

Flesch-Kincaid
Grade Level,
mean (SD)

Flesch Reading
Ease, mean
(SD)

Values, n (%)International
Classification
of Diseases
chapters

16.60 (1.00)15.71 (1.40)15.04 (0.87)13.67 (0.70)13.69 (1.59)32.63 (9.25)107 (2.39)A

16.64 (0.76)15.60 (1.24)14.80 (1.00)13.55 (0.83)13.53 (1.51)33.24 (9.07)95 (2.12)B

16.66 (0.80)15.80 (1.43)15.20 (1.05)13.66 (0.86)14.03 (1.69)29.91 (9.80)216 (4.83)C

16.65 (0.88)16.07 (1.61)15.17 (1.11)13.58 (0.98)14.28 (1.86)27.67 (11.72)281 (6.28)D

16.87 (0.50)16.44 (1.37)15.48 (0.78)13.83 (0.61)14.81 (1.53)25.14 (9.88)414 (9.26)E

16.92 (0.42)17.22 (1.38)15.49 (0.85)13.87 (0.51)15.33 (1.53)23.88 (9.95)342 (7.65)F

16.80 (0.56)16.37 (1.38)15.21 (0.97)13.78 (0.67)14.57 (1.64)27.90 (10.02)324 (7.25)G

16.64 (0.79)15.86 (1.54)14.99 (1.14)13.48 (1.02)13.93 (1.85)30.04 (10.57)239 (5.35)H

16.79 (0.62)16.20 (1.30)15.25 (1.04)13.77 (0.68)14.29 (1.61)30.05 (9.07)183 (4.09)I

16.52 (0.87)15.75 (1.52)15.22 (1.01)13.50 (0.92)13.94 (1.93)29.79 (11.03)118 (2.64)J

16.79 (0.63)16.20 (1.34)15.37 (0.96)13.76 (0.78)14.37 (1.60)27.48 (10.08)200 (4.47)K

16.54 (0.99)15.85 (1.67)15.04 (1.30)13.40 (1.03)13.79 (2.04)29.38 (13.61)192 (4.29)L

16.52 (1.02)15.59 (1.51)15.02 (1.31)13.44 (1.21)13.67 (1.91)31.17 (11.94)258 (5.77)M

16.61 (0.85)15.79 (1.48)15.31 (0.94)13.61 (0.82)13.93 (1.73)30.11 (9.36)158 (3.53)N

16.82 (0.51)16.36 (1.33)14.98 (1.11)13.72 (0.61)14.24 (1.54)30.21 (9.99)85 (1.9)O

16.79 (0.56)16.27 (1.26)14.95 (1.31)13.75 (0.83)14.30 (1.62)30.22 (10.30)73 (1.63)P

16.70 (0.76)16.10 (1.57)15.10 (1.10)13.60 (0.86)14.24 (1.83)28.05 (11.95)740 (16.55)Q

16.75 (0.72)16.21 (1.45)15.18 (1.00)13.73 (0.72)14.41 (1.74)28.73 (10.54)228 (5.1)R

15.86 (1.29)14.66 (1.34)14.06 (1.15)13.22 (1.03)12.78 (1.58)39.02 (8.22)79 (1.77)S

16.62 (0.94)15.98 (1.51)14.78 (1.12)13.62 (0.85)14.06 (1.86)32.06 (10.51)111 (2.48)T

17.00 (0.00)17.37 (0.66)15.57 (0.48)14.00 (0.00)15.77 (0.77)25.66 (5.18)5 (0.11)U

15.58 (1.05)14.26 (1.38)12.81 (2.62)12.87 (0.80)12.57 (1.26)43.50 (9.89)4 (0.09)W

16.67 (0.75)15.87 (1.10)15.17 (1.12)13.77 (0.51)14.50 (1.45)29.60 (8.49)5 (0.11)X

16.89 (0.24)16.73 (1.37)15.20 (0.89)14.00 (0.00)15.01 (1.66)28.41 (8.92)5 (0.11)Y

17.00 (0.00)16.56 (0.87)15.39 (0.99)14.00 (0.00)14.92 (1.14)28.90 (7.43)9 (0.2)Z

Table 5. Mean and SD of each readability metric for groups A and B for articles from German Wikipedia (N=6024).

Fourth Vienna Formula, mean (SD)Flesch Reading Ease, mean (SD)Values, n (%)Groups

13.43 (1.28)20.33 (9.98)4625 (76.8)A

13.05 (1.52)23.91 (11.49)1397 (23.2)Ba

aIn group B, 2 articles were excluded from the analysis because of technical inability to compute the readability metrics.
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Table 6. Mean and SD of each readability metric for each International Classification of Diseases, Tenth Revision, chapter individually for articles
from German Wikipedia (N=5092).

Fourth Vienna Formula, mean (SD)Flesch Reading Ease, mean (SD)Values, n (%)International Classification
of Diseases chapters

13.10 (1.22)22.91 (8.77)112 (2.2)A

13.01 (1.24)23.71 (8.14)99 (1.94)B

13.45 (1.30)19.83 (9.26)227 (4.46)C

13.52 (1.28)18.54 (10.22)311 (6.11)D

13.59 (1.17)17.43 (9.80)416 (8.17)E

13.38 (1.34)23.10 (9.50)312 (6.13)F

13.43 (1.29)20.07 (10.51)408 (8.01)G

13.23 (1.33)21.91 (10.06)282 (5.54)H

13.62 (1.13)18.60 (8.91)202 (3.97)I

13.53 (1.32)19.90 (9.39)118 (2.32)J

13.27 (1.31)21.08 (9.95)224 (4.4)K

13.30 (1.31)21.25 (10.15)206 (4.05)L

13.48 (1.16)19.80 (9.30)297 (5.83)M

13.56 (1.23)18.70 (9.09)173 (3.4)N

13.37 (1.23)22.61 (9.94)74 (1.45)O

13.60 (1.16)19.79 (8.59)65 (1.28)P

13.54 (1.29)19.25 (10.60)1030 (20.23)Q

13.61 (1.26)20.37 (9.54)268 (5.26)R

13.06 (1.30)24.60 (8.22)107 (2.1)S

13.31 (1.24)23.27 (9.55)130 (2.55)T

13.93 (1.11)20.76 (6.51)6 (0.12)U

13.34 (1.30)24.97 (7.90)5 (0.1)W

12.83 (0.83)26.47 (5.86)3 (0.06)X

13.42 (2.16)23.01 (14.15)5 (0.1)Y

13.76 (1.10)17.15 (9.97)12 (0.24)Z

Table 7. Mean and SD of each readability metric for groups A and B for articles from Russian Wikipedia (N=3314).

Flesch-Kincaid Grade Level, mean (SD)Flesch Reading Ease, mean (SD)Values, n (%)Groups

12.64 (1.84)38.54 (13.51)2316 (69.91)A

12.58 (2.10)38.82 (15.34)997 (30.09)Ba

aIn group B, 1 article was excluded from the analysis because of technical inability to compute the readability metrics.
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Table 8. Mean and SD of each readability metric for each International Classification of Diseases, Tenth Revision, chapter individually for articles
from Russian Wikipedia (N=2417).

Flesch-Kincaid Grade Level, mean (SD)Flesch Reading Ease, mean (SD)Values, n (%)International Classification of
Diseases chapters

12.16 (1.50)42.03 (11.38)83 (3.43)A

12.16 (1.32)42.22 (9.22)78 (3.23)B

12.86 (1.75)36.10 (13.01)105 (4.34)C

13.01 (1.83)36.07 (13.58)102 (4.22)D

13.35 (1.73)33.66 (12.73)240 (9.93)E

13.02 (2.02)35.68 (14.78)275 (11.38)F

12.80 (1.72)37.43 (12.76)146 (6.04)G

12.23 (1.85)41.43 (13.59)186 (7.7)H

13.04 (1.76)35.55 (13.69)117 (4.84)I

12.73 (1.69)37.99 (12.26)75 (3.1)J

12.47 (1.68)39.95 (12.03)115 (4.76)K

12.18 (1.72)41.99 (12.36)88 (3.64)L

12.58 (1.72)39.04 (12.72)119 (4.92)M

12.97 (1.75)36.43 (12.43)100 (4.14)N

11.88 (1.53)44.06 (10.73)41 (1.7)O

12.78 (2.00)37.41 (14.67)34 (1.41)P

12.21 (1.96)41.52 (14.43)234 (9.68)Q

12.55 (1.93)39.12 (14.17)162 (6.7)R

11.99 (2.00)42.97 (14.90)29 (1.1.2)S

12.04 (1.68)42.87 (11.96)76 (3.14)T

12.77 (1.10)37.52 (7.76)5 (0.21)U

10.18 (—)55.33 (—a)1 (0.04)W

11.58 (0.24)46.07 (1.43)2 (0.08)X

16.16 (—)14.07 (—)1 (0.04)Y

13.51 (1.14)32.72 (8.61)3 (0.12)Z

aNo SD could be computed for 1 article.

Further descriptive values, such as minimum and maximum
values of each readability metric, as well as mean (SD) and
minimum and maximum values of sentence and word and
complex word count for each ICD-10 chapter, can be found in
Multimedia Appendix 10.

Comparison of Readability

Comparison Among Languages
Interlanguage comparisons were conducted pairwise between
each resulting pair of the 3 languages. For this purpose, the FRE
values of all articles (ie, groups A and B) were considered. The
readability of the Wikipedia texts (English: FRE=28.84;
German: FRE=21.16; Russian: FRE=38.62) differed
significantly among these values. The results of the

corresponding unpaired 1-tailed t tests are presented in Table
9.

The distribution of articles in English, German, and Russian
Wikipedia based on their difficulty is depicted in Figure 8. The
frequency of articles in Figure 8 is lower than that of the other
2 subplots, as the total number of articles from Russian
Wikipedia is smaller than that from English and German
Wikipedia.

More than 90% (9/10) of English Wikipedia articles (5937/6125,
96.93%) had an FRE value <50.00, which signals that they are
difficult to extremely difficult to read. In total, 99.7%
(6004/6022) of articles from German Wikipedia have an FRE
value <50.00 and fall under the same category. Among the
articles included in the analysis from Russian Wikipedia, 79.9%
(2647/3313) had an FRE value <50.00.
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Table 9. Comparison of Wikipedia articles in different languages for readability difficulty.

P valueDifference of means (95% CI)Comparison

<.0017.68 (7.29 to 8.08)English vs German

<.001−9.78 (−10.34 to −9.22)English vs Russian

<.001−17.46 (−18.01 to −16.92)German vs Russian

Figure 8. Distribution of Flesch Reading Ease (FRE) values of all articles included in the analysis from English (A), German (B), and Russian (C)
Wikipedia.

Comparison Among ICD-10 Chapters
Unpaired 2-tailed t tests were conducted to investigate
differences among ICD-10 chapters compared with the average
FRE value of group A articles. This analysis was performed
separately for each language. The average FRE values of group
A articles were 28.69 (SD 11.00), 20.33 (SD 9.98), and 38.54
(SD 13.51) for English, German, and Russian Wikipedia,
respectively (Tables 3, 5, and 7). Figure 9, Figure 10, and Figure
11 depict median and mean FRE values of every ICD-10 chapter
for English, German, and Russian, respectively.

All values are below the FRE score of 70.00, which means that
no articles in English group A were easy to read. Articles with
the highest FRE scores required at least 8 or 9 years of education
for adequate text comprehension.

Significant differences were found for 9 ICD-10 chapters in
articles collected from English Wikipedia: chapter F (FRE 23.88,
SD 9.95; P<.001), chapter E (FRE 25.14, SD 9.88; P<.001),
chapter H (FRE 30.04, SD 10.57; P=.049), chapter I (FRE 30.05,

SD 9.07; P=.04), chapter M (FRE 31.17, SD 11.94; P<.001),
chapter T (FRE 32.06, SD 10.51; P=.001), chapter A (FRE
32.63, SD 9.25; P<.001), chapter B (FRE 33.24, SD 9.07;
P<.001), and chapter S (FRE 39.02, SD 8.22; P<.001).

For the German group A, all articles scored below the FRE of
55.00 and, thus, were at least fairly difficult to extremely difficult
to read. To adequately understand these articles, the reader needs
at least 10 years of prior education.

In articles collected from German Wikipedia, the average
readability values of 11 ICD-10 chapters differed significantly
from the average value of group A articles: chapter E (FRE
17.43, SD 9.80; P<.001), chapter D (FRE 18.54, SD 10.22;
P=.002), chapter I (FRE 18.60, SD 8.91; P=.006), chapter N
(FRE 18.70, SD 9.09; P=.02), chapter Q (FRE 19.25, SD 10.60;
P=.001), chapter H (FRE 21.91, SD 10.06; P=.009), chapter A
(FRE 22.91, SD 8.77; P=.002), chapter F (FRE 23.10, SD 9.50;
P<.001), chapter T (FRE 23.27, SD 9.55; P<.001), chapter B
(FRE 23.71, SD 8.14; P<.001), and chapter S (FRE 24.60, SD
8.22; P<.001).
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In total, 0.26% (6/2316) of group A articles from Russian
Wikipedia had an FRE score between 70.00 and 80.00; that is,
they were fairly easy to read and required 7 years of education
for text comprehension.

For Russian Wikipedia articles, 10 ICD-10 chapters showed a
significantly different difficulty in comparison with the group
A average value: chapter E (FRE 33.66, SD 12.73; P<.001),
chapter I (FRE 35.55, SD 13.69; P=.02), chapter F (FRE 35.68,
SD 14.78; P=.001), chapter H (FRE 41.43, SD 13.59; P=.004),
chapter Q (FRE 41.52, SD 14.43; P=.002), chapter L (FRE
41.99, SD 12.36; P=.01), chapter A (FRE 42.03, SD 11.38;
P=.006), chapter B (FRE 42.22, SD 9.22; P<.001), chapter T
(FRE 42.87, SD 11.96; P=.002), and chapter O (FRE 44.06, SD
10.73; P=.002).

For English and German, articles associated with the ICD-10
chapter S were, on average, significantly easier to read than all
articles from group A. Articles from Russian Wikipedia were,
on average, easier to read but showed no significant difference
from the mean value. Chapter S codes represent injury,
poisoning, and certain other consequences of external causes.

In contrast, articles associated with ICD-10 chapter F, which
codes mental, behavioral, and neurodevelopmental disorders,

were significantly harder to understand than an average group
A article from English and Russian Wikipedia. The respective
average value of this chapter in German Wikipedia was even
lower than that in English Wikipedia but significantly higher
than the average value of group A articles for German locale.
Thus, in all 3 Wikipedia domains, articles related to mental,
behavioral, and neurodevelopmental disorders were, on average,
very difficult to read. For adequate comprehension, readers
would need at least a college degree.

Chapter B (certain infectious and parasitic diseases), chapter
T (injury, poisoning, and certain other consequences of external
causes), chapter I (diseases of the circulatory system), and
chapter H (diseases of eye and adnexa) had significant
differences with the average readability of group A articles in
all 3 languages. In Russian and German languages, chapters B,
T, and H had significantly higher FRE values than the average,
and chapter I had lower FRE values. For the data collection of
English articles, all 4 chapters had significantly better readability
than average.

Details for every ICD-10 chapter and each language can be
found in Multimedia Appendix 10.

Figure 9. Box plot depicting Flesch Reading Ease values in each International Classification of Diseases, Tenth Revision (ICD-10), chapter for articles
from English Wikipedia. The rhombus represents the mean Flesch Reading Ease value.
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Figure 10. Box plot depicting Flesch Reading Ease values in each International Classification of Diseases, Tenth Revision (ICD-10) chapter for articles
from German Wikipedia. The rhombus represents the mean Flesch Reading Ease value.

Figure 11. Box plot depicting Flesch Reading Ease values in each International Classification of Diseases, Tenth Revision (ICD-10), chapter for articles
from Russian Wikipedia. The rhombus represents the mean Flesch Reading Ease value.
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Comparison With Recommended Grade Level
For the English language, there is a recommended readability
level of roughly 7-8 [26]. An unpaired 1-tailed t test was
performed for articles from English Wikipedia. On average,
every ICD-10 chapter had a significantly higher FKGL than the
recommended grade level of 7 (P<.001).

Further details on FKGL results can be found in Multimedia
Appendix 11.

Discussion

Principal Findings
Most articles were collected from English Wikipedia. Moreover,
the original graph from English Wikipedia had the highest
number of nodes in comparison with graphs generated from
Russian and German Wikipedia. However, only 31.78%
(1947/6127) of the articles included for the English locale were
acquired in graph-based data collection (processing step 1). The
remaining articles were collected in processing step 2 based on
cross-linking from German and Russian Wikipedia. A possible
reason for this may be the unsuitable category structure of
English Wikipedia, which prevents the construction of an
optimal graph for further processing. In contrast, German
Wikipedia and Russian Wikipedia were found to have a better
categorical structure, which led to most articles from these
localizations being collected in the first graph-based data
collection step.

Furthermore, Wikipedia articles provided good ICD-10 code
coverage for disease-related articles. Most articles (English:
4235/6127, 69.12%; German: 4625/6024, 76.78%; Russian:
2316/3314, 69.89%) were assigned to group A because an
ICD-10 code was provided.

The presence of an ICD-10 code associated with an article in
Wikipedia may encourage readers to gather further information
about the disease they are interested in. However, Wikipedia is
not a medical textbook, and annotating ICD codes to an article
is not strictly required. Moreover, it is questionable whether
layperson readers or writers would be familiar with the concept
of ICD codes. Although readers with a medical professional
background could make use of it, the question remains whether
those people are the target audience of Wikipedia.

On average, English articles in every single ICD-10 chapter
failed to meet the readability of recommendation of the
computed grade level of 7 [26].

In general, disease-related articles from all 3 Wikipedia domains
were difficult and very difficult to read: pages from Russian
Wikipedia were significantly easier to read with an overall FRE
score of 38.62 (difficult to read), followed by pages from
English (FRE 28.84) and German (FRE 21.16) Wikipedia with
very difficult-to-understand texts. The relatively
easier-to-understand ICD-10 chapter from German Wikipedia
was still very difficult to read (FRE 24.60). On average, the
least difficult chapters in English (FRE 39.02) and Russian
(FRE 44.06) were identified as difficult to read. Most of the
analyzed articles required a college to a professional level of
education for adequate comprehension. Therefore,

disease-related articles found on Wikipedia cannot be
recommended as stand-alone educational materials for patients
seeking information on the web. Nevertheless, patients will be
confronted with this, as they use search engines that present
Wikipedia pages in the top ranks [8-11].

Limitations
One of the general limitations is the choice of the readability
metric. In this study, classical readability metrics based on
sentence and word structures were used for the analysis.
However, such readability metrics provide insight into only one
aspect of the understandability of a given text. Readability
formulas ignore factors that can contribute to ease of reading
but are not based on sentence structure and word length (eg,
illustrations, sentence connection, and syntax). The role of the
reader was also not taken into consideration [68]. Several studies
have shown that other approaches to the analysis of readability
have higher concordance with human assessment than the
established readability formulas [45,46].

Moreover, the chosen readability metrics were mainly based on
the ASL and number of syllables in each word, as well as
language-specific weighting factors. However, estimating the
number of syllables in a word is not a trivial task for German
and Russian languages and does not always work reliably [69].
For this reason, the computed values could be affected by
inaccuracies in the syllable count. In this context, it should be
stressed that this affects all natural language processing analysis
tools for German and Russian text materials.

There are also several technical limitations to be mentioned in
the context of the study. First, Wikipedia graphs were generated
based on data exported from June 2021. Therefore, our findings
are valid only for that moment in time, as Wikipedia is updated
daily and exports from June 2021 may not reflect the current
situation.

Second, some relevant articles could have been missed because
of the choice of the main concept and category filtering for each
language. Similarly, some irrelevant articles could have been
included in the analysis if they were incorrectly categorized by
Wikipedia authors. However, irrelevant articles were mostly
found in group B because their ICD-10 codes were not specified.

Furthermore, Wikipedia pages can be created by anyone and
might not be strictly reviewed before publishing or making
changes. Thus, inaccuracies and inconsistencies might be the
outcomes for the readers of a page. In this context, the ICD-10
code could have been specified incorrectly. Some of the
retrieved ICD-10 codes were manually excluded or adjusted by
the authors. For instance, an article from German
Wikipedia—Computerspielabhängigkeit (English: video game
addiction; Russian: Зависимость от
комьютерных игор)—was retrieved with an
ICD-10 code C51, which stands for malignant neoplasms. In
this case, the ICD-10 code template was used incorrectly by the
authors of the article, who instead assigned an ICD-11 code
(6C51 gaming disorder) to this article. There were also articles
with falsely retrieved ICD-10 codes; for example, 0.00 was
retrieved instead of Q0.00 for the English article Anencephaly
(German: Anenzephalie; Russian: Aнэнцефалия).
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Comparison With Prior Work
Previous studies have investigated readability for a relatively
small sample of disease- or health-related English Wikipedia
pages [10,18,19,34-36]. All studies consistently found that these
are difficult to read and require at least a college degree or
higher level of education. Our study confirms that English
Wikipedia pages (still) require a college graduate degree on
average.

Kräenbring et al [44] investigated the readability of German
Wikipedia pages related to pharmacology. They found that, on
average, related articles had a WSTF value of 15.04. In our
study, disease-related pages in German showed an average
WSTF value of 13.43 (group A, SD 1.28) and 13.05 (group B,
SD 1.52). Our findings confirm that higher education is
necessary to understand German Wikipedia articles.

To the best of the authors’ knowledge, this study is the first to
analyze the disease-related content of Russian Wikipedia. No
further studies have investigated the level of readability in
comparison with other languages. As reported for English and
German localizations, our findings indicate that readers of
Russian articles require a comparatively high level of education.

In contrast to previous studies, this study analyzed the
readability of 3 different Wikipedia languages, with each sample
containing thousands of articles. In addition, this study presents
a detailed comparison of all medical subfields based on the
internationally adopted ICD-10 classification. All details of the
analyses are available in Multimedia Appendices 3-11.

Future Directions
In future work, the readability of other popular languages such
as Spanish, French, and Chinese could be investigated to check
whether differences exist. Furthermore, vocabulary analysis of
Wikipedia pages can be conducted to add another dimension
of understandability to established readability metrics, as
demonstrated in the study by Zowalla et al [69].

Moreover, a consecutive study could draw a direct comparison
of simplified versions of Wikipedia, such as Simple English
(available on the web [70]). In this context, readability levels
are expected to be significantly easier than those of regular
versions.

Although readability analysis provides valuable insights into
the understandability of texts, an investigation of content quality

(eg, using DISCERN) could be beneficial for assessing the
suitability of Wikipedia articles as educational material for
patients. Similarly, the analysis of visual elements and
information depictions could allow a more thorough
investigation in the context of this topic. However, visual
interpretation is subject to personal preferences, varies
substantially, and requires tremendous manual effort. From a
technical perspective, this is a challenge for even modern
image-processing libraries.

To increase the readability of articles, Wikipedia can provide
a built-in readability check that can serve two purposes: (1)
informing authors about the readability values of the text and,
thus, encouraging them to provide easier formulations and
descriptions and (2) informing the reader about the difficulty
of the currently displayed article.

Conclusions
For the English, German, and Russian editions, disease-related
Wikipedia pages were difficult to read and understand. For
adequate comprehension, a college degree is required to
understand articles from Russian Wikipedia, and a graduate
degree is required for readers of the English and German
Wikipedia editions.

Therefore, Wikipedia in all 3 languages cannot be recommended
as a stand-alone patient education material. It does not meet the
recommended readability for such materials written in English.
Although no such recommendations are available for German
and Russian, our findings confirm the low readability of pages
for all 3 Wikipedia localizations.

The authors of Wikipedia pages should carefully revise existing
text materials for readers with a specific interest in a disease or
its associated symptoms. Special attention should be given to
articles on mental, behavioral, and neurodevelopmental
disorders (ICD-10 chapter F) as these articles were most difficult
to read (FKGL 15.33, ARI 13.87, CLI 15.49, SMOG 17.22, and
Gunning FOG 16.92) in comparison with other ICD-10 chapters.

A built-in readability indicator could be useful for authors
contributing to Wikipedia. This would increase readability at
the text production stage and, thus, allow more people to
comprehend medical knowledge through encyclopedias, which
are freely available on the internet.
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Abstract

Background: Physical activity is an integral part of healthy aging; yet, most adults aged ≥65 years are not sufficiently active.
Preliminary evidence suggests that web-based interventions with computer-tailored advice and Fitbit activity trackers may be
well suited for older adults.

Objective: The aim of this study was to examine the effectiveness of Active for Life, a 12-week web-based physical activity
intervention with 6 web-based modules of computer-tailored advice to increase physical activity in older Australians.

Methods: Participants were recruited both through the web and offline and were randomly assigned to 1 of 3 trial arms:
tailoring+Fitbit, tailoring only, or a wait-list control. The computer-tailored advice was based on either participants’ Fitbit data
(tailoring+Fitbit participants) or self-reported physical activity (tailoring-only participants). The main outcome was change in
wrist-worn accelerometer (ActiGraph GT9X)–measured moderate to vigorous physical activity (MVPA) from baseline to after
the intervention (week 12). The secondary outcomes were change in self-reported physical activity measured by means of the
Active Australia Survey at the midintervention point (6 weeks), after the intervention (week 12), and at follow-up (week 24).
Participants had a face-to-face meeting at baseline for a demonstration of the intervention and at baseline and week 12 to return
the accelerometers. Generalized linear mixed model analyses were conducted with a γ distribution and log link to compare MVPA
and self-reported physical activity changes over time within each trial arm and between each of the trial arms.

Results: A total of 243 participants were randomly assigned to tailoring+Fitbit (n=78, 32.1%), tailoring only (n=96, 39.5%),
and wait-list control (n=69, 28.4%). Attrition was 28.8% (70/243) at 6 weeks, 31.7% (77/243) at 12 weeks, and 35.4% (86/243)
at 24 weeks. No significant overall time by group interaction was observed for MVPA (P=.05). There were no significant
within-group changes for MVPA over time in the tailoring+Fitbit group (+3%, 95% CI –24% to 40%) or the tailoring-only group
(–4%, 95% CI –24% to 30%); however, a significant decline was seen in the control group (–35%, 95% CI –52% to –11%). The
tailoring+Fitbit group participants increased their MVPA 59% (95% CI 6%-138%) more than those in the control group. A
significant time by group interaction was observed for self-reported physical activity (P=.02). All groups increased their self-reported
physical activity from baseline to week 6, week 12, and week 24, and this increase was greater in the tailoring+Fitbit group than
in the control group at 6 weeks (+61%, 95% CI 11%-133%).
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Conclusions: A computer-tailored physical activity intervention with Fitbit integration resulted in improved MVPA outcomes
in comparison with a control group in older adults.

Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12618000646246;
https://anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12618000646246

(J Med Internet Res 2022;24(5):e31352)   doi:10.2196/31352
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Introduction

Background
Physical activity is important for healthy aging. Physical activity
improves health and well-being and reduces the risk of chronic
disease [1,2]. Older adults who are physically active have
improved mobility, a reduced risk of falls, and a reduced risk
of cognitive decline [1]. However, <30% of older adults are
meeting the physical activity recommendations of 30 minutes
of at least moderate-intensity physical activity on most days
[3]. These low levels of physical activity are contributing to
Australia’s rising health costs from the aging population [4-6].
Therefore, population-based physical activity interventions with
a wide reach are required.

Web-based physical activity interventions are effective in young
and middle-aged adults [7], and they may be well suited to older
adults (aged ≥65 years). The percentage of older adults using
the internet is steadily growing. In 2016, 79% of older
Australians were already connected, of whom 85% used the
internet daily [8]. Reviews have found web-based physical
activity interventions to be effective in older adults [9-11].
However, many of the included studies used existing
interventions created for middle-aged adults rather than new
interventions specifically developed for older adults [12,13]
and included participants as young as 50 years of age [14,15].

Tailored web-based interventions that provide automated
personalized physical activity advice based on participants’
characteristics, physical activity, motivation, and environment
are effective and may be particularly suited to older adults [16].
This is because older adults have greater diversity of
health-related characteristics [3] and because they have
expressed the need for physical activity advice to be tailored
specifically to them [17]. This expressed need is in line with
findings from Ammann et al [18], who found that a tailored
web-based physical activity intervention was more effective in
older participants than in younger ones. However, very few
studies have tested the effectiveness of web-based
computer-tailored physical activity interventions created for
adults aged ≥65 years and those that have done so demonstrated
mixed results [9,11,19,20].

Tailored web-based interventions typically provide participants
with personalized advice based on self-reported physical activity
data; as such, it is possible that inaccurate advice is delivered
because of overreporting of physical activity and social
desirability bias [21]. However, commercial activity trackers
(eg, Fitbit) allow tailored advice to be based on objectively
measured physical activity [22]. A study conducted by

Vandelanotte et al [22] found physical activity advice based on
Fitbit data to be more credible and lead to greater physical
activity changes than advice based on self-reported physical
activity data in middle-aged adults. Although older adults do
not use activity trackers as frequently as younger adults [23],
use is growing steadily in this population [24]. Moreover,
multiple studies have found face-to-face, telephone, SMS text
messaging, and email advice based on activity tracker data to
be effective in older adults [9,25]. Most of these interventions
were conducted in older adults with a specific chronic illness
(patients with cardiac conditions, chronic obstructive pulmonary
disease, or osteoarthritis) and gave feedback on walking and
step counts [25]. A recent trial in older adults with no chronic
illnesses found a combined web and face-to-face intervention
based on Fitbit data to be effective [26]. However, no studies
in older adults have investigated the effectiveness of fully
automated computer-tailored physical activity advice based on
physical activity behavior recorded through a Fitbit activity
tracker [27].

Objectives
The primary aim of the study was to test the effectiveness of a
web-based computer-tailored physical activity intervention with
Fitbit (Google LLC) integration at increasing objectively
measured moderate to vigorous physical activity (MVPA) from
before to after the intervention compared with a web-based
computer-tailored physical activity intervention without Fitbit
integration and a control group in adults aged ≥65 years. The
secondary aims were to compare the web-based
computer-tailored intervention with and without Fitbit
integration and the control group on objectively measured
sedentary behavior from before to after the intervention and to
compare subjectively measured physical activity and sitting
time changes at the midintervention point, after the intervention,
and at follow-up.

We hypothesized that the web-based computer-tailored physical
activity intervention with Fitbit integration would lead to
increased objectively measured MVPA and self-reported
physical activity over time and decreased objectively measured
sedentary behavior and self-reported sitting time over time
compared with the web-based computer-tailored physical
activity intervention without Fitbit integration and a control
group.
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Methods

Study Design
A 3-arm randomized controlled trial was conducted where
participants were randomized into one of three groups: (1)
tailoring+Fitbit, (2) tailored advice only, and (3) wait-list
control. Participants completed web-based surveys at baseline
(week 0), at the midintervention point (week 6), after the
intervention (week 12), and at follow-up (week 24). Objective
physical activity and sedentary behavior were collected by
means of wrist-worn accelerometry at baseline and week 12.
More detail of the methods can be found in a protocol paper of
the trial [28].

Participants
Participants were recruited in Rockhampton (regional
Queensland), Bundaberg (regional Queensland), and Adelaide
(metropolitan South Australia), Australia, through paid
Facebook advertising, email lists, flyers, and local newsletters.
Recruitment was carried out between April 2018 and March
2019, and data collection was completed in November 2019.
Eligible participants were English-speaking adults aged ≥65
years who had internet access and basic internet confidence,
could attend 2 face-to-face appointments at one of the project
locations, and could safely increase their physical activity as
determined by the Physical Activity Readiness Questionnaire
[29] or general physician approval. Eligible participants were
those not meeting the physical activity guidelines [30], as
assessed by asking participants the following question: “Are
you currently participating in less than 30 minutes of physical
activity on 5 days a week?” Participants were ineligible if they
were already participating in another physical activity program
or had used a Fitbit activity tracker in the previous 6 months.

Sample Size Analysis
To detect differences between the 2 intervention groups and the
control group for accelerometer-measured MVPA from baseline
to after the intervention, 100 participants per group were
required. This was to detect an effect size of 0.37 based on the
average effect size of web-based physical activity interventions
for inactive adults [31]. This accounted for a dropout rate of up
to 30%. Power was set at 0.80 and the α at .05. The decision to
end participant recruitment was made by the lead (SJA) and
senior (CV) investigators because the trial was close to the
sample size goal (n=243), the remaining funds were limited,
and interest in the trial had slowed.

Procedures
Advertising materials directed prospective participants to the
landing page of the intervention website, which had more details
about study participation and access to the participant
information sheet and eligibility survey. Prospective participants
were automatically notified of their eligibility upon completion
of the survey, and eligible participants received a welcome
email. Participants were asked to complete web-based research
surveys at baseline, week 6, week 12, and week 24 through the
intervention website. Participants indicated their informed
consent through a check box at the beginning of the baseline
survey. If participants missed a survey, they were still asked to

complete later surveys. Participants were posted an
accelerometer to wear on their wrist for 7 consecutive 24-hour
days, including when sleeping and showering, at baseline and
week 12. The blinded accelerometers were only used for
research evaluation and were not part of the intervention.
Participants attended a baseline appointment to return the
baseline accelerometer and were randomly allocated to one of
the three trial arms (tailoring+Fitbit, tailored advice only, and
wait-list control). Randomization lists were created by the lead
investigator (SJA) using computer-automated block
randomization with block sizes of 15 and a 1:1:1 ratio.
Randomization was stratified by sex (male and female) and age
(<75 years and >75 years) to ensure an equal distribution of
men and women in different age groups over the intervention
arms. Using the randomization lists, the research manager (DP)
and research assistants (CW and NW) assigned the participants
by date of baseline appointment. Because of the nature of the
intervention, neither the researchers nor the participants were
blinded to group allocation. During the appointment, after
randomization, intervention group participants were shown
through the Active for Life intervention website and Fitbit
participants were provided with a Fitbit activity tracker and
shown how to sync it to the intervention website. After the
12-week intervention, participants attended another face-to-face
follow-up appointment to return the week 12 accelerometer.
Participants received up to 3 email reminders for each research
survey. If the surveys were still incomplete after the reminders,
participants were offered a voucher worth Aus $20 (US $15)
to complete them within the next few days. Participants received
a voucher worth Aus $50 (US $37) after completing all research
surveys. Wait-list participants were given access to the
intervention after completing the week 24 research survey.

Intervention
An in-depth description of the intervention can be found
elsewhere [28]. The Active for Life intervention is a 12-week
web-based program with 6 modules of tailored advice delivered
biweekly. The modules of tailored advice are computer
automated and use participant data to select appropriate
messages from a database of messages using if-then algorithms
(eg, if low self-efficacy and inactive then message on improving
self-efficacy by starting small). The advice is based on the theory
of planned behavior [32] and the social cognitive theory [33]
and includes evidence-based behavior change techniques
[34,35]. The advice encourages participants to work toward
meeting the physical recommendations of 30 minutes of
moderate-intensity physical activity on at least 5 days each
week, including 2 to 3 sessions of strength and flexibility
activity. Participants were also encouraged to limit their sitting
time to <8 hours per day and to take regular breaks from sitting.
Specifically, the advice covers the physical activity
recommendations, physical activity benefits, safety when
exercising, exercising with a chronic disease, sedentary
behavior, goal setting, action plans, self-efficacy, physical
activity barriers, social and physical environments, rewards,
habit formation, and relapse prevention. The physical activity
advice is tailored to participants’ characteristics and
environment, physical activity behavior, and psychosocial
correlates of physical activity (eg, self-efficacy and social
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support). Each module of advice included approximately 10
sections that participants scroll through, each with a paragraph
on a new subtopic (eg, Are you meeting the guidelines?, Losing

weight, and Exercise with arthritis). Some sections include a
graph or a picture (Figure 1).

Figure 1. Tailored advice sample.

The intervention website includes an action-planning tool that
participants are encouraged to complete at the end of modules
2 and 4. The tool guides participants in setting an action plan
(what, where, when, and with whom) for being active in the
following fortnight. The intervention website also includes an
exercise library where participants can access strength and
flexibility exercise plans, written by a physiotherapist, suitable
for the beginner and intermediate levels. The plans are 4 weeks
in duration, and participants can view videos of the exercises
through a link to an external website (Physitrack PLC).

Both the tailoring+Fitbit and the tailoring-only participants were
given access to the same intervention, including the 6 modules
of computer-tailored advice, action-planning tool, and exercise
library. Both groups completed a brief questionnaire at the start
of each module to inform the computer-tailored advice. The
only difference was that the tailoring+Fitbit participants were
required to sync their Fitbit activity tracker with the website to
measure their physical activity over the past 2 weeks, whereas
the tailoring-only group answered a few additional questions
that asked them to recall how many minutes of physical activity
they had completed in the past 2 weeks. All other questions (eg,
sitting time, self-efficacy, and social support) were identical.
Participants in the control group initially only received access

to the research surveys, but after completing the week 24 survey,
they also received access to the tailored advice modules,
action-planning tool, and exercise library.

Measures
Objective measurement of physical activity and sedentary
behavior was carried out by means of wrist-worn ActiGraph
GT9X accelerometers at baseline and week 12. Accelerations
were recorded at 30 Hz. Accelerometer data were processed
through ActiLife and valid wear time was set at 16 hours each
day on a minimum of 5 days. Nonwear time was assessed based
on vector magnitude using the Choi et al [36] algorithm. This
algorithm defines nonwear time as 90 consecutive minutes of
0 counts per minute, with 2-minute interruptions allowed.
Physical activity behavior was defined using vector-magnitude
cut points for older adults as determined by Kamada et al [37].
Sedentary behavior was defined as <2000 counts per minute,
light physical activity as 2000 to 8249 counts per minute, and
MVPA as ≥8250 counts per minute. Periods of sleep were
determined by the Tudor-Locke algorithm [38].

Physical activity was also assessed in all groups at baseline,
week 6, week 12, and week 24 by means of the Active Australia
Survey [39], which measures time spent walking and in MVPA
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over the previous week. Total weekly physical activity is
calculated by adding time spent walking, time spent in moderate
physical activity, and time spent in vigorous activity doubled
to account for the extra energy expenditure. The Active Australia
Survey is reliable (intraclass correlation coefficient=0.64) [40]
and validated compared with accelerometer-derived MVPA
(r=0.35) in older adults [41].

Sitting time was assessed at baseline, week 6, week 12, and
week 24 by means of the Workforce Sitting Questionnaire [42].
The questionnaire measures minutes of sitting time per week
during work, television viewing, computer use outside work,
transport, and other leisure-time activities on work and nonwork
days. Daily sitting time on work and nonwork days is calculated
by adding sitting time during all activities on work and nonwork
days, respectively. Weekly sitting time is calculated by
multiplying sitting time on work and nonwork days by the
number of days worked and not worked, respectively, and then
adding both outcomes. Average daily sitting time is calculated
by dividing weekly sitting time by 7. The Workforce Sitting
Questionnaire has adequate test-retest reliability (intraclass
correlation coefficient=0.46-0.90) and validity compared with
accelerometery (women: r=0.22-0.46, men: r=0.18-0.29) for
both work and nonwork days [42].

Participant demographics, including sex, age, marital status
(single or married or de facto relationship), height and weight
(to calculate BMI), English as main language (yes or no),
education level (primary, secondary, technical college, or
university), employment (full time, part time, or not working),
pretax household income (<Aus $41,599 [US $30,658], Aus
$41,600 [US $30,659] to Aus $64,999 [US $47,904], Aus
$65,000 [US $47,905] to Aus $103,999 [US $76,647], or ≥Aus
$104,000 [US $76,648]), and current health diagnosis (yes or
no) were measured at baseline. Internet self-efficacy as assessed
by means of the valid and reliable Internet Self-efficacy Scale
was also assessed at baseline [43]. The Internet Self-efficacy
Scale includes 8 items of internet skills on a 7-point Likert scale
ranging from 7 (strongly agree) to 1 (strongly disagree). Items
are added together to produce a summary score; higher scores
indicate higher internet self-efficacy.

Data Analysis
Analyses of primary and secondary outcomes followed the
intention-to-treat principle. Separate generalized linear mixed
model analyses were conducted to test the primary outcome of
changes in accelerometer-measured MVPA by group and to test
the secondary outcomes of changes in self-reported physical
activity, accelerometer-measured sedentary behavior, and
self-reported sitting time by group. A γ distribution with log
link was used for the analyses on accelerometer-measured

MVPA and self-reported physical activity because of positively
skewed distributions. A normal distribution with identity link
was used for the analyses on accelerometer-measured sedentary
behavior and self-reported sitting time. Group (tailoring+Fitbit,
tailoring only, and wait-list control) by time (baseline and week
12) interactions on accelerometer-measured MVPA and
sedentary behavior were analyzed. These analyses controlled
for accelerometer wear time. Group (tailoring+Fitbit, tailoring
only, and wait-list control) by time (baseline, week 6, week 12,
and week 24) interactions on self-reported physical activity and
sitting time were analyzed. A sensitivity analysis was conducted
to determine the effect of missing data on analysis outcomes.
Under the assumption of missing at random, missing values
were imputed through chained equations. The fully conditional
specification was used to create 20 imputed data sets that were
used to conduct the sensitivity analysis. Analyses were
conducted using SAS (version 9.4; SAS Institute Inc) with an
α of .05.

Ethics Approval
Ethics approval was received from the Central Queensland
University Human Ethics Committee before data collection
commenced (H16/12-321).

Results

Overview
Figure 2 shows the flow of participants through the trial. Of the
590 participants screened, 317 (53.7%) met the eligibility criteria
and 243 (41.2%) completed their baseline assessment and were
randomized. Attrition was 28.8% (70/243) at 6 weeks, 31.7%
(77/243) at 12 weeks, and 35.4% (86/243) at 24 weeks.

Table 1 shows baseline participant characteristics. Among the
243 participants, 191 (78.6%) were women; 151 (62.1%) were
from Adelaide, South Australia; 231 (95.1%) spoke English as
their primary language; 172 (70.8%) were married; 126 (51.9%)
had a university education; 178 (73.3%) were not working; 89
(36.6%) had a chronic disease; 184 (75.7%) used the internet
several times a day; and 84 (44.4%) had a household income
<Aus $40,000 (US $29,595). The average age was 69 (SD 4.32;

range 65-98) years. The average BMI was 30 (SD 28.84) kg/m2

(overweight), and the average internet self-efficacy was good
at 44 (SD 47.00) out of 56 [43]. Participants who completed
the week 12 outcomes had a lower baseline BMI (mean 28.95,

SD 5.91, kg/m2) than participants who did not (mean 31.41, SD

6.37, kg/m2). No other differences were observed for
demographics, health, or internet use between participants who
completed the week 12 outcomes and those who did not.
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Figure 2. Flowchart of study participants.
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Table 1. Baseline participant characteristics (N=243).

P valuet test
(df)

Chi-
square
(df)

Completer
(n=166)

Dropout
(n=77)

Wait-list
control
(n=76)

Tailoring
only
(n=96)

Tailor-
ing+Fitbit
(n=78)

All partici-
pants

Baseline characteristics

.62N/Aa0.3
(241)

Sex, n (%)

28 (53.8)24 (46.2)15 (21.7)19 (19.8)18 (23.1)52 (21.4)Male

113 (59.2)78 (40.8)54 (78.3)77 (80.2)60 (76.9)191 (78.6)Female

.76N/A0.6
(241)

Location, n (%)

50 (67.6)24 (32.4)14 (20.3)36 (37.5)24 (30.8)74 (30.5)Rockhampton, Queensland

11 (61.1)7 (38.9)5 (7.2)5 (5.2)8 (10.3)18 (7.4)Bundaberg, Queensland

105 (69.5)46 (30.5)50 (72.5)55 (57.3)46 (59)151 (62.1)Adelaide, South Australia

.53N/A0.6
(241)

Primary language, n (%)

159 (68.8)72 (31.2)65 (94.2)94 (97.9)72 (92.3)231 (95.1)English

7 (58.3)5 (41.7)4 (5.8)2 (2.1)6 (7.7)12 (4.9)Other

.99N/A0.02
(241)

Marital status, n (%)

49 (69)22 (31)17 (24.6)32 (33.3)22 (28.2)71 (29.2)Single

117 (68)55 (32)52 (75.4)64 (66.7)56 (71.8)172 (70.8)Married or de facto relation-
ship

.41N/A1.8
(241)

Education, n (%)

42 (68.9)19 (31.1)15 (21.7)21 (21.8)25 (32.1)61 (25.1)Secondary school

42 (75)14 (25)17 (24.6)29 (29.2)11 (14.1)56 (23)Technical college

82 (65.1)44 (34.9)37 (53.6)47 (49)42 (53.8)126 (51.9)University

.28N/A2.6
(241)

Employment, n (%)

15 (68.2)7 (31.8)7 (10.1)7 (7.3)8 (10.3)22 (9.1)Full time

25 (58.1)18 (41.9)12 (17.3)15 (15.7)16 (20.5)43 (17.7)Part time or casual

126 (70.8)52 (29.2)50 (72.5)74 (77.1)54 (69.2)178 (73.3)Not working

.32N/A1.2
(241)

Chronic disease status, n (%)

57 (64)32 (36)28 (40.6)35 (36.5)26 (33.3)89 (36.6)Yes

109 (70.8)45 (29.2)41 (59.4)61 (63.5)52 (66.7)154 (63.4)No

.39N/A1.9
(241)

Internet use, n (%)

15 (60)10 (40)4 (5.8)13 (13.5)8 (10.3)25 (10.3)Once to several times a week

26 (76.5)8 (23.5)10 (14.5)18 (18.8)6 (7.7)34 (14)Once a day

125 (67.9)59 (32.1)55 (79.7)65 (67.7)64 (82.1)184 (75.7)Several times a day

.58N/A2.0
(187)

Income,b Aus $ (US $), n (%)

18 (75)6 (25)6 (8.7)9 (9.4)9 (11.5)24 (12.7)>104,000 (>76,957)

21 (72.4)8 (27.6)9 (13)10 (10.4)10 (12.8)29 (15.3)65,000 to 103,999 (48,098 to
76,957)

33 (63.5)19 (36.5)15 (21.7)26 (27.1)11 (14.1)52 (27.5)41,000 to 64,999 (30,339 to
48,098)

62 (73.8)22 (26.2)21 (30.4)33 (34.4)30 (38.5)84 (44.4)<40,000 (<29,599)
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P valuet test
(df)

Chi-
square
(df)

Completer
(n=166)

Dropout
(n=77)

Wait-list
control
(n=76)

Tailoring
only
(n=96)

Tailor-
ing+Fitbit
(n=78)

All partici-
pants

Baseline characteristics

.520.64
(241)

N/A69.46
(4.56)

69.08
(3.77)

68.84
(3.85)

69.12
(4.93)

69.88 (4.10)69.34 (4.32)Age (years), mean (SD)

.0042.91
(237)

N/A28.95
(5.91)

31.41
(6.37)

30.52
(29.74)

29.46
(28.23)

29.34
(28.40)

29.73
(28.84)

BMI,c mean (SD)

.620.50
(241)

N/A44.17
(12.43)

43.31
(12.43)

42.65
(45.00)

44.92
(52.00)

43.74
(44.50)

43.90
(47.00)

Internet self-efficacy, mean (SD)

aN/A: not applicable.
bIncome missing (did not wish to disclose): n=54.
cBMI missing: n=4.

Table 2 and Figure 3 present the descriptives for
accelerometer-measured MVPA and sedentary behavior and
self-reported physical activity and sitting time by time and
group. MVPA slightly increased in the tailoring+Fitbit group
and decreased in the tailoring-only and control groups, whereas

sedentary behavior increased in all groups. Self-reported
physical activity more than doubled in all groups, and sitting
time decreased in the 2 intervention groups. Sitting time
remained relatively constant in the control group.

Table 2. Descriptives of physical activity and sedentary behavior by group and time (N=243).

Control group, mean (SD)Tailoring only, mean (SD)Tailoring+Fitbit group, mean (SD)

Accelerometer-measured moderate to vigorous physical activity minutes per week

139.44 (200.20)127.89 (111.30)92.75 (84.28)Baseline (n=209)

90.86 (98.00)119.56 (102.13)106.54 (127.47)Week 12 (n=141)

Self-reported total physical activity minutes per week

154.64 (214.89)170.62 (253.26)147.95 (152.69)Baseline (n=243)

230.40 (278.45)331.85 (336.85)309.31 (202.28)Week 6 (n=173)

339.02 (354.46)330.68 (256.45)353.21 (309.00)Week 12 (n=166)

362.89 (362.85)350.67 (261.73)290.19 (268.09)Week 24 (n=157)

Accelerometer-measured sedentary minutes per day

842.29 (230.64)836.91 (206.95)846.70 (242.17)Baseline (n=209)

1119.93 (149.46)1098.43 (142.60)1142.53 (173.58)Week 12 (n=141)

Self-reported sitting minutes per day

629.04 (232.46)618.47 (240.64)611.14 (236.47)Baseline (n=240)

582.11 (273.23)519.33 (234.15)546.70 (257.83)Week 6 (n=172)

653.70 (247.49)547.77 (260.35)481.14 (227.27)Week 12 (n=165)

585.30 (252.34)513.05 (253.75)475.27 (233.65)Week 24 (n=156)

Accelerometer wear time in minutes per day

1218.25 (190.86)1212.84 (197.44)1199.70 (203.04)Baseline (n=209)

1440.00 (0.00)1440.00 (0.00)1440.00 (0.00)Week 12 (n=141)
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Figure 3. Moderate to vigorous physical activity (MVPA), total physical activity, sedentary behavior, and sitting time by time and group.

Main Analyses and Sensitivity Analyses
Tables 3 and 4 show the changes in accelerometer-measured
MVPA, self-reported total physical activity,
accelerometer-measured sedentary behavior, and self-reported
sitting time by time and group. Results from the main analyses
as well as the sensitivity analyses are presented. There was an
overall time by group interaction for MVPA, but this was just
above the criterion for significance (P=.05). No significant
improvements in accelerometer-measured MVPA were observed
from baseline to after the intervention within any group;
however, the control group participants significantly decreased
their MVPA by 35%. A pairwise difference was observed
between the tailoring+Fitbit group and the control group, where
the tailoring+Fitbit group participants increased their MVPA
between baseline and week 12 by 59% more than those in the
control group. This effect remained in the sensitivity analysis;
however, the magnitude was reduced (43% difference). An
overall time by group interaction was observed for self-reported
total physical activity. All groups increased their self-reported
physical activity from baseline to week 6, week 12, and week
24, and pairwise group comparisons revealed that this increase
was 61% greater in the tailoring+Fitbit group than in the control
group at 6 weeks. The effect was smaller in the sensitivity
analysis (34% difference) and did not meet the criterion for
significance.

No overall time by group interaction was observed for
accelerometer-measured sedentary behavior. The tailoring+Fitbit
and control groups significantly increased their
accelerometer-measured sedentary behavior from baseline to
after the intervention (by 57 and 56 minutes per day,
respectively). The magnitude of these effects was lower in the
sensitivity analysis (by 34 and 38 minutes per day, respectively)
and did not meet the criterion for significance in the
tailoring+Fitbit group. No pairwise group differences were
observed. No overall time by group interaction was observed
for self-reported sitting time. The tailoring+Fitbit group
participants decreased their self-reported sitting time between
baseline and week 6, 12, and 24 (by 67, 119, and 123 minutes
per day, respectively). The tailoring-only group participants
decreased their self-reported sitting time between baseline and
week 6 and 24 (by 99 and 106 minutes per day, respectively).
These effects remained in the sensitivity analysis; however, the
magnitudes were reduced. Pairwise group comparisons revealed
that the tailoring+Fitbit group participants decreased their sitting
time between baseline and after the intervention 133 minutes
per day more than those in the control group. However, the
magnitude of effect was lower in the sensitivity analysis
(98-minute decrease per day) and did not meet the criterion for
significance.
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Table 3. Main analysis, comparison of physical activity by time and group.

Group×time
P value

P valueBaseline to 24
weeks, estimate
(95% CI)

P valueBaseline to 12
weeks, estimate
(95% CI)

P valueBaseline to 6
weeks, estimate
(95% CI)

.05——————cAccelerometer-measured moderate to vig-

orous physical activity per weeka,b

———.831.03 (0.76 to
1.40)

——Tailoring+Fitbit (n=78)

———.790.96 (0.71 to
1.30)

——Tailoring only (n=96)

———.0060.65 (0.48 to
0.89)

——Control (n=69)

———.021.59 (1.06 to
2.38)

——Tailoring+Fitbit vs control

———.061.48 (0.99 to
2.20)

——Tailoring only vs control

———.711.08 (0.73 to
1.59)

——Tailoring+Fitbit vs tailoring only

.02——————Self-reported total physical activity per

weeka

—<.0011.83 (1.44 to
2.32)

.0012.24 (1.80 to
2.77)

<.0012.31 (1.83 to
2.93)

Tailoring+Fitbit (n=78)

—<.0012.28 (1.82 to
2.87)

<.0012.19 (1.71 to
2.80)

<.0012.11 (1.64 to
2.72)

Tailoring only (n=96)

—<.0012.24 (1.61 to
3.12)

<.0011.99 (1.53 to
2.59)

.011.44 (1.07 to
1.93)

Control (n=69)

—.320.82 (0.55 to
1.22)

.521.12 (0.80 to
1.58)

.011.61 (1.11 to
2.33)

Tailoring+Fitbit vs control

—.921.02 (0.68 to
1.52)

.611.10 (0.77 to
1.58)

.051.47 (1.00 to
2.16)

Tailoring only vs control

—.180.80 (0.58 to
1.11)

.901.02 (0.74 to
1.41)

.591.10 (0.78 to
1.55)

Tailoring+Fitbit vs tailoring only

.79——————Accelerometer-measured sedentary time

per dayb,d

———.0257.50 (9.65 to
105.34)

——Tailoring+Fitbit (n=78)

———.0938.66 (–6.10 to
83.42)

——Tailoring only (n=96)

———.0356.07 (6.09 to
106.04)

——Control (n=69)

———.961.43 (–66.67 to
69.54)

——Tailoring+Fitbit vs control

———.59–17.41 (–81.02 to
46.20)

——Tailoring only vs control

———.5518.84 (–42.03 to
79.70)

——Tailoring+Fitbit vs tailoring only

———————Self-reported sitting time per dayd

.13.002–123.04 (–201.38
to –44.70)

.001–119.36 (–190.19
to –48.53)

.03–67.47 (–129.93
to –5.02)

Tailoring+Fitbit (n=78)

—.006–106.13 (–183.01
to –29.24)

.08–68.58 (–144.76
to 7.60)

.005–99.41 (–169.81
to –29.00)

Tailoring only (n=96)

—.29–37.44 (–105.7 to
30.83)

.6813.68 (–50.66 to
78.01)

.06–58.29 (–120.50
to 3.93)

Control (n=69)
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Group×time
P value

P valueBaseline to 24
weeks, estimate
(95% CI)

P valueBaseline to 12
weeks, estimate
(95% CI)

P valueBaseline to 6
weeks, estimate
(95% CI)

—.10–85.60 (–187.84
to 16.64)

.007–133.04 (–228.45
to –37.63)

.84–9.19 (–96.16 to
77.79)

Tailoring+Fitbit vs control

—.19–68.68 (–171.22
to 33.85)

.11–82.25 (–181.59
to 17.08)

.38–41.12 (134.26 to
52.02)

Tailoring only vs control

—.76–16.91 (–125.93
to 92.10

.33–50.78 (–153.91
to 52.34)

.5031.93 (–61.69 to
125.56)

Tailoring+Fitbit vs tailoring only

aReported as percentage change.
bAnalyses controlled for accelerometer wear time.
cNot available.
dReported as mean difference.
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Table 4. Sensitivity analysis, comparison of physical activity by time and group.

P valueBaseline to 24 weeks,
estimate (95% CI)

P valueBaseline to 12 weeks,
estimate (95% CI)

P valueBaseline to 6 weeks,
estimate (95% CI)

——————cAccelerometer-measured moderate to vig-

orous physical activity per weeka,b

——.261.14 (0.90 to 1.42)——Tailoring+Fitbit (n=78)

——.831.02 (1.01 to 1.06)——Tailoring only (n=96)

——.100.79 (0.60 to 1.05)——Control (n=69)

——.041.43 (1.02 to 2.01)——Tailoring+Fitbit vs control

——.121.28 (1.23 to 1.35)——Tailoring only vs control

——.471.12 (1.20 to 1.49)——Tailoring+Fitbit vs tailoring only

——————Self-reported total physical activity per

weeka

<.0012.08 (1.63 to 2.66)<.0012.36 (1.90 to 2.92)<.0012.27 (1.79 to 2.89)Tailoring+Fitbit (n=78)

<.0012.25 (1.77 to 2.86)<.0012.23 (1.72 to 2.86)<.0012.10 (1.62 to 2.72)Tailoring only (n=96)

<.0012.48 (1.84 to 3.35)<.0012.20 (1.70 to 2.89)<.0011.68 (1.27 to 2.25)Control (n=69)

.360.84 (0.58 to 1.22).711.06 (1.31 to 1.49).121.34 (0.92 to 1.93)Tailoring+Fitbit vs control

.610.90 (0.62 to 1.34).991.00 (0.69 to 1.45).281.23 (0.84 to 1.82)Tailoring only vs control

.650.93 (0.67 to 1.28).711.06 (0.76 to 1.49).661.08 (0.97 to 1.17)Tailoring+Fitbit vs tailoring only

——————Accelerometer-measured sedentary time

per dayb,d

——.0534.49 (–0.33 to 69.31)——Tailoring+Fitbit (n=78)

——.0724.12 (–2.02 to 50.27)——Tailoring only (n=96)

——.0238.09 (4.81 to 71.36)——Control (n=69)

——.88–3.60 (–52.47 to
45.27)

——Tailoring+Fitbit vs control

——.51–13.96 (–55.92 to
27.99)

——Tailoring only vs control

——.6410.36 (–32.88 to
53.61)

——Tailoring+Fitbit vs tailoring only

——————Self-reported sitting time per dayd

.009–109.73 (–191.90 to
–27.56)

.02–90.39 (–165.56 to
–15.22)

.09–56.95 (–123.61 to
–9.72)

Tailoring+Fitbit (n=78)

.02–91.71 (–171.12 to
–12.31)

.14–56.09 (–130.50 to
18.32)

.02–82.83 (–151.46 to
–14.21)

Tailoring only (n=96)

.18–55.75 (–136.57 to
25.07)

.837.57 (–64.09 to 79.24).10–62.49 (–136.69 to
11.71)

Control (n=69)

.36–53.97 (–169.52 to
61.57)

.06–97.97 (–200.78 to
4.85)

.915.54 (–90.15 to
101.24)

Tailoring+Fitbit vs control

.53–35.96 (–148.64 to
76.72)

.20–63.66 (–161.89 to
34.56)

.68–20.34 (–116.74 to
76.06)

Tailoring only vs control

.74–18.01 (–123.33 to
87.30)

.51–34.30 (–135.56 to
66.96)

.5925.89 (–68.65 to
120.43)

Tailoring+Fitbit vs tailoring only

aReported as percentage change.
bAnalyses controlled for accelerometer wear time.
cNot available.
dReported as mean difference.

J Med Internet Res 2022 | vol. 24 | iss. 5 | e31352 | p.620https://www.jmir.org/2022/5/e31352
(page number not for citation purposes)

Alley et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Discussion

Principal Findings
The main aim of the study was to determine the effectiveness
of a computer-tailored physical activity intervention with Fitbit
integration compared with a tailoring-only group and a control
group at increasing MVPA from before to after the intervention.
The second aim was to determine the effectiveness of a
computer-tailored physical activity intervention with Fitbit
integration compared with a tailoring-only group and a control
group at increasing self-reported physical activity from before
the intervention to the midintervention point, after the
intervention, and follow-up. The findings showed that there
were no significant MVPA changes in the tailoring+Fitbit group
or tailoring-only group, whereas there was a decrease in the
MVPA of the control group. MVPA increased more in the
tailoring+Fitbit group than in the control group. All groups
reported increasing their self-reported physical activity, and this
increase was greater in the tailoring+Fitbit group than in the
control group at the midintervention point. Together, these
findings support past studies that have demonstrated that
face-to-face, telephone, SMS text messaging, and email physical
activity interventions using activity trackers are effective in
older adults compared with a control group [25-27]. Most of
these past studies focused on self-monitoring of steps and
walking, whereas this study provided tailored feedback based
on activity tracker–measured light-, moderate-, and
vigorous-intensity physical activity. However, it should be noted
that the Fitbit device had 5 lights, each of them indicating an
additional 2000 steps reached for the day, which may have also
motivated this group to maintain their physical activity,
independent of the computer-tailored advice. Furthermore, the
control group participants had a higher level of MVPA at
baseline and therefore had more room to decrease their MVPA.
This may have contributed to the between-group difference
observed between the tailoring+Fitbit group and the control
group on MVPA changes at week 12. Overall, these findings
add to the literature by indicating that computer-tailored advice
based on Fitbit measurement of light, moderate, and vigorous
physical activity is likely to lead to improved physical activity
outcomes compared with a control group.

The effectiveness of the tailoring+Fitbit intervention compared
with a control group may be further improved by increasing the
frequency of the feedback provided. Larsen et al [25] conducted
a systematic review on physical activity trackers for older adults
and found that only the interventions providing daily feedback
on activity tracker data were effective. Our intervention provided
in-depth feedback and theory-based behavior change support
that would not be feasible to deliver daily. However, daily
self-monitoring feedback on minutes of light, moderate, and
vigorous physical activity might be feasible, in addition to the
biweekly computer-tailored advice. Previous interventions for
older adults have successfully delivered basic daily feedback
on steps from activity trackers through smartphone apps in
graphical and written form [44,45].

This study found no significant difference in
accelerometer-measured MVPA or self-reported physical

activity in the tailoring+Fitbit group compared with the
tailoring-only group. This is not consistent with the findings of
Vandelanotte et al [22], who found tailored advice based on
Fitbit data to be significantly more effective at increasing
self-reported physical activity compared with a tailoring-only
group in middle-aged adults. It is possible that older adults do
not benefit as much as younger adults from tailored advice based
on Fitbit data, stemming from their lower interest in
accelerometer-based activity trackers [23]. Future generations
of older adults may be more familiar and interested in
accelerometer-based activity trackers [24].

This study did not observe a difference in self-reported physical
activity or accelerometer-measured MVPA over time between
the tailoring-only and control groups. Previous research has
demonstrated the overall effectiveness of computer-tailored
physical activity advice in middle-aged adults [16], but the
evidence in older adults is mixed. It has been demonstrated by
1 study that computer-tailored physical activity advice is
effective in adults aged ≥65 years [20]. However, a study
conducted in older adults with chronic diseases [19] also found
that computer-tailored physical activity advice was not effective
at increasing objectively measured physical activity in adults
aged ≥65 years. A possible reason for these differences is the
time frame of the interventions. The effective tailored
intervention of Van Dyck et al [20] was 5 weeks in duration,
whereas the ineffective intervention of Volders et al [19] and
our intervention were 4 months and 3 months, respectively, in
duration. The longer time frame for the postintervention
assessment of these studies may have made it harder to detect
group by time effects because improvements in physical activity
tend to decline over time [16]. Intervention strategies to improve
maintenance of physical activity over time may improve the
effectiveness of computer-tailored physical activity advice in
older adults [46]. More randomized controlled trials in adults
aged ≥65 years are needed to determine the effectiveness of
computer-tailored physical activity advice in older adults. The
social cognitive theory postulates that both social support and
individual cognition (eg, self-efficacy, outcome expectancies,
and intentions) are important drivers of behavior [33]. In line
with this, social support is important for health behavior change
in older adults [47]. The lack of social support delivered through
computer-tailored physical activity programs may also partially
explain their limited effectiveness in adults aged ≥65 years.
Future computer-tailored interventions for older adults may
need to include additional components such as advice based on
activity trackers or social support components to improve
effectiveness.

The increase in objectively measured sedentary behavior in the
tailoring+Fitbit group is not in line with a meta-analysis that
found no intervention effect on sedentary behavior outcomes
for either interventions targeting physical activity alone or those
targeting both physical activity and sedentary behavior [48].
However, together these findings support that interventions
must focus on sedentary behavior change rather than physical
activity to see improvements in sedentary behavior. Our
intervention targeted physical activity; however, sedentary
behavior was briefly discussed in 2 modules where participants
were encouraged to reduce their sitting time if it was >8 hours
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a day. It is unlikely that the intervention’s focus on MVPA as
well as strength, balance, and flexibility exercises caused an
increase in sedentary activities because the control group
participants equally increased their sedentary behavior. The
discrepancy between the objectively measured and self-reported
sedentary behavior outcomes may be due to the participants’
social desirability bias [49]. The improvement in self-reported
sitting time at 12 weeks for the tailoring+Fitbit group compared
with the control group might be because the tailoring+Fitbit
group participants were more conscious about reducing sitting
time, given that their sedentary behavior was being tracked. Of
note, this did not translate into improvements in
accelerometer-measured sedentary behavior.

Strengths and Limitations
The strengths of this study include the 3-group randomized
design to determine individual effects of a tailored web-based
physical activity intervention with and without Fitbit integration
compared with a wait-list control group. The study objectively
assessed physical activity at baseline and after the intervention.
Although attrition at week 12 was moderate (77/243, 31.7%),
this is comparable to many other trials examining web-based
interventions [50-52]. Although the monetary incentive for
completing the research surveys is unlikely to have had a large
impact, it is possible that it increased participation in the
intervention itself, going by the greater engagement in the
overall study. The face-to-face meetings with researchers before
and after the intervention may have also increased engagement
in the intervention or helped to remove barriers to participation
(eg, syncing the Fitbit device to the website). Therefore, lower
engagement or additional barriers to participation may arise if
the intervention is administered without monetary incentives
or face-to-face meetings. The lack of accelerometer-assessed
MVPA data at week 24 for the main outcome measure is a
limitation. As such, we do not know whether the significant
difference between the tailoring+Fitbit group and the control
group at 12 weeks would remain at 24 weeks. The self-reported
physical activity outcomes at 24 weeks suggest that physical
activity changes were maintained in all groups, but this needs

to be interpreted with caution because of the large differences
in objectively measured and self-reported physical activity at
baseline and week 12. Participants who completed the week 12
outcomes had a lower BMI than those who dropped out.
Therefore, the findings cannot be generalized to older adults
with a higher BMI. Another limitation is the lack of a Fitbit-only
group with participants who receive a Fitbit device to track their
physical activity without also receiving any tailored advice.
This would help to determine whether the improvements in the
tailoring+Fitbit group were due to being tracked by the Fitbit
device or the combination of the tailored advice based on the
Fitbit data. The Fitbit device had 5 lights, each of them
indicating an additional 2000 steps reached for the day, which
may have also motivated this group to maintain their activity,
independent of the computer-tailored advice. Accelerometer
wear time increased between baseline and week 12. Although
analyses controlled for wear time, the increase in wear time
may have had some effect on the decrease in MVPA and
increase in sedentary behavior observed in some groups.
Furthermore, the number of participants randomized to each
group varied because of small numbers recruited within some
randomization groups (eg, older men) with block sizes within
each randomization group being 15. The control group
participants had a higher level of MVPA at baseline and
therefore had more room to decrease their MVPA. This may
have contributed to the between-group difference observed
between the tailoring+Fitbit and control groups on MVPA
changes at week 12. Finally, the conservative a priori sample
size calculation (n=300) was not met; however, we recruited
243 participants, which is comparable to similar studies [9],
and there was enough power to detect MVPA group differences
between the tailoring+Fitbit and control groups.

In conclusion, computer-tailored advice based on Fitbit
measurement of physical activity in older adults is likely to lead
to improved physical activity outcomes compared with no advice
but not compared with advice based on self-reported physical
activity. More research is needed to investigate ways to further
improve effectiveness of computer-tailored advice based on
Fitbit measurement in older adults.
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Abstract

Background: Artificial intelligence (AI) for gastric cancer diagnosis has been discussed in recent years. The role of AI in early
gastric cancer is more important than in advanced gastric cancer since early gastric cancer is not easily identified in clinical
practice. However, to our knowledge, past syntheses appear to have limited focus on the populations with early gastric cancer.

Objective: The purpose of this study is to evaluate the diagnostic accuracy of AI in the diagnosis of early gastric cancer from
endoscopic images.

Methods: We conducted a systematic review from database inception to June 2020 of all studies assessing the performance of
AI in the endoscopic diagnosis of early gastric cancer. Studies not concerning early gastric cancer were excluded. The outcome
of interest was the diagnostic accuracy (comprising sensitivity, specificity, and accuracy) of AI systems. Study quality was
assessed on the basis of the revised Quality Assessment of Diagnostic Accuracy Studies. Meta-analysis was primarily based on
a bivariate mixed-effects model. A summary receiver operating curve and a hierarchical summary receiver operating curve were
constructed, and the area under the curve was computed.

Results: We analyzed 12 retrospective case control studies (n=11,685) in which AI identified early gastric cancer from endoscopic
images. The pooled sensitivity and specificity of AI for early gastric cancer diagnosis were 0.86 (95% CI 0.75-0.92) and 0.90
(95% CI 0.84-0.93), respectively. The area under the curve was 0.94. Sensitivity analysis of studies using support vector machines
and narrow-band imaging demonstrated more consistent results.

Conclusions: For early gastric cancer, to our knowledge, this was the first synthesis study on the use of endoscopic images in
AI in diagnosis. AI may support the diagnosis of early gastric cancer. However, the collocation of imaging techniques and optimal
algorithms remain unclear. Competing models of AI for the diagnosis of early gastric cancer are worthy of future investigation.

Trial Registration: PROSPERO CRD42020193223; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=193223

(J Med Internet Res 2022;24(5):e27694)   doi:10.2196/27694
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Introduction

Gastric cancer is the fifth most common cancer and the third
leading cause of cancer deaths worldwide, contributing to 19.1
million disability-adjusted life years in 2017 [1,2]. Its primary
risk factors are Helicobacter pylori infection and a family history
of gastric cancer [3,4]. Despite advancements in endoscopic,
surgical, and systemic therapies, the global 5-year survival rate
of those with gastric cancer remains low (25%-30%) [5]. Gastric
cancer has an excellent prognosis at early stages, with a 5-year
survival rate of approximately 95%, but it has a median survival
rate of less than one year at advanced stages [6,7]. Its favorable
early prognosis is reflected in the lower mortality rates of gastric
cancer in East Asia, which can be ascribed to the implementation
of nationwide screening [8]. This reinforces the importance of
early diagnosis. However, gastrointestinal endoscopy, the
standard detection method for early gastric cancer, has an
unsatisfactory sensitivity of 70% and is operator dependent [9].
Despite efforts to increase the detection rate, a valid screening
method has yet to be developed [10,11]. The recent advancement
in artificial intelligence (AI) systems, which provides highly
accurate and efficient image recognition, may indicate a solution
to this problem.

Although significant increases in AI exist in many fields and
in health care [12-19], AI has various definitions [20]. According
to the cognitive modeling approach, AI can be seen as machines
that perform or exhibit actions corresponding to intelligence
such as human behavior [20,21]. Machine learning, a subset of
AI, involves studying how computers learn to improve task
performance through experience without being programmed.
This learning is achieved through various approaches. For
instance, support vector machines, widely used in data
classification, are machine learning algorithms that work by
calculating the best separating plane for distinguishing between
different objects. Deep learning, another machine learning
method, simulates the multiple hierarchical layers of neural
networks to make decisions based on features extracted from
massive training data. Convolutional neural networks are deep
learning algorithms primarily used in image recognition [22].

Since the breakthrough of deep learning in the 2010s, the use
of AI in clinical practice has increased dramatically [22,23],
and many studies have applied AI for screening or diagnosis
[24-27]. Several studies have provided promising results for
the AI-assisted endoscopic diagnosis of gastric cancer [28]. In
a multicenter case control study of 84,424 participants, a deep
learning–aided system demonstrated a detection rate of upper
gastrointestinal cancer comparable to that of an expert
endoscopist [29]. Other studies have investigated the diagnostic
accuracy of AI for gastric polyps and the invasion depth of
gastric cancers [30,31]. Nevertheless, the rate of detection of
early gastric cancer, which allows for prompt intervention and
increased survival rates, remains low. Multiple studies on the
AI-assisted diagnosis of early gastric cancer have been
conducted in the past 5 years, but results have been inconsistent
and highly variable. Furthermore, the role of AI in early gastric

cancer is more important than in advanced gastric cancer since
early gastric cancer is not easily identified in clinical practice;
however, to our knowledge, past syntheses appear to have
limited focus on the population with early gastric cancer. Thus,
we investigated the performance of AI-assisted endoscopic
diagnosis of early gastric cancer.

Methods

Definition
Early gastric cancer was defined as mucosal and submucosal
(T1) gastric cancer irrespective of lymph node involvement.
Studies involving advanced gastric cancer, precancerous lesions
such as intestinal metaplasia and dysplasia, and gastric cancer
without specific annotations were excluded. The accuracy of
AI was defined as the area under the hierarchical summary
receiver operating characteristic curve or the area under the
curve (AUC).

Study Search and Selection Strategy
This meta-analysis was performed according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines. We systematically searched the
PubMed, Embase, Cochrane Library, and Web of Science
databases for studies that assessed the diagnostic accuracy of
AI in early gastric cancer from endoscopic images from database
inception to June 2020. We used “gastric cancer,” “endoscopy,”
and “artificial intelligence” as relevant terms with Boolean
operators “OR” and “AND” (Multimedia Appendix 1). Two
authors, P-CC and L-YR, independently screened the study
titles and abstracts. Studies that used AI to diagnose early gastric
cancer from endoscopic images were included. Studies that did
not provide a 2×2 contingency table were not included in the
final analysis. This study was registered in PROSPERO
(registration CRD42020193223).

Study Quality Assessment and Data Extraction
The quality of the included studies was assessed independently
by 2 authors (P-CC and L-YR) on the basis of the revised
Quality Assessment of Diagnostic Accuracy Studies
(QUADAS-2), and all disagreement was resolved through
discussion with the third author (Y-NK). The assessment
included risk of bias and applicability to the QUADAS-2
domains: patient selection, index test, reference standard, and
flow and timing. From the included studies, we extracted data
on the number of endoscopic images of lesions diagnosed as
early gastric cancer (ie, true positive), the number of endoscopic
images of benign lesions misdiagnosed as malignant (ie, false
positive), the number of endoscopic images of malignant lesions
misdiagnosed as benign (ie, false negative), and the number of
endoscopic images of benign lesions correctly diagnosed as
benign (ie, true negative). We also extracted data on the country
of origin, AI methods, and image modalities used.
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Study Outcomes and Statistical Analysis
The primary outcome was the accuracy of AI to diagnose early
gastric cancer from endoscopic images. Secondary outcomes
focused on the sensitivity analysis of (a) different AI methods,
(b) endoscopic imaging modalities, (c) studies that compared
AI and endoscopist performance, (d) studies that evaluated
larger gastric lesions (>20 mm), (e) studies that simply
differentiated abnormal and normal lesions rather than using
pathological staging, and (f) studies that separated the training
and testing data sets during AI training. Sensitivity analysis was
conducted if a subgroup contained more than two studies. We
only assessed the heterogeneity of the included studies.
Following extraction, the data were primarily analyzed using
STATA 14 (StataCorp LP, StataCorp) except for subgroups
with fewer than four studies. The midas and metandi commands
were used to determine sensitivity, specificity, and AUC and
analyze the summary receiver operating characteristic (SROC)
and hierarchical summary receiver operating characteristic
(HSROC) curves. Basic formulas for the analyses were as
follows:

ln DOR = (logit TPR) - (logit FPR) (1)

proxy for the threshold = (logit TPR) - (logit FPR)
(2)

TPR of SROC =1/[1/(1+ea/(1-b))×
(FPR/(1-FPR))(1+b)/(1-b)] (3)

In the formulas, “a” is the intercept, “b” is slope, and DOR
refers to the diagnostic odds ratio. Moreover, TPR is the true
positive rate, and FPR is the false-positive rate. The modchk
tool was used to examine goodness-of-fit and bivariate normality
before SROC analysis in a bivariate mixed-effects model. The
metabias command and the pubbias syntax were used to perform
the Egger test and Deeks funnel plot asymmetry tests,
respectively. The Egger test for diagnostic meta-analysis was
based on the formula proposed by Hasselblad and Hedges, and
the formula is mainly to detect publication bias detection via
testing standard normal deviate among the included studies
[32,33].

standard normal deviate = a + b × SE(d)-1 (4)

In the regression model, with intercept “a” and slope “b,” the
standard normal deviation could be estimated by using
diagnostic d divided by SE of the diagnostic d. The metaprop
package in STATA was mainly used to synthesize the sensitivity

and specificity. I2 statistics were used to determine levels of
heterogeneity via the formula as follows:

I2 = ((Q − df)/Q) × 100 (5)

where Q refers to Cochran Q, and df is the degree of freedom.
Because R software (The R Foundation) does not restrict the
number of observations used in the meta-analysis, it was used
for sensitivity analysis if subgroups consisted of fewer than four
studies. Indeed, a meta-analysis in R could be carried out when
more than two studies report the same outcome by pooling data
with logit transformation and Clopper-Pearson interval method
(also called exact binomial interval) based on inverse variance.
Function metaprop in package meta for R was applied to carry
out sensitivity analysis, and the mada package in R was used
to calculate the pooled accuracy. Besides, the metagen package
in R was used to synthesize endoscopist performance because
of the lack of detailed data on each endoscopist.

Results

Literature Search and Review
Of the 5591 studies identified in the literature review, 5265
underwent title and abstract screening after duplication removal.
The flowchart of the literature review process was constructed
according to the PRISMA flowchart format (Figure 1). We
excluded 5132 irrelevant studies and assessed the eligibility of
the remaining 133 studies through full-text reading. Studies
evaluating nonearly gastric cancer (eg, advanced gastric cancer
and metaplasia) were excluded. Overall, 23 studies investigated
the performance of AI on early gastric cancer diagnosis from
endoscopic images. Finally, 12 studies comprising a total of
11,685 cases were included in the meta-analysis [34-45].
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Figure 1. Flowchart of the study selection process according to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
format. AI: artificial intelligence.

Study Description and Bias Assessment
Detailed information on the 12 studies is listed in Table 1. All
studies were conducted in Asia, including Japan (k=8), China
(k=2), and Korea (k=2), in or after 2012. All were case control
studies with testing data sets containing 81 to 3390 images.
Patients in 10 studies had pathological proof of early gastric
cancer, whereas in the other 2 studies, the endoscopic images
were collected through description. White light imaging (WLI),
narrow-band imaging (NBI), flexible spectral imaging color
enhancement, and mixed imaging modalities were used in 4
(33%), 2 (17), 1 (8%), and 2 (17%) studies, respectively.
Moreover, 8 (67%) studies used deep learning methods (eg,
convolutional neural networks) as their AI backbone, and 3
(25%) studies employed nondeep learning methods (support

vector machines and discriminant analysis of principal
components). Comparisons of the diagnostic performance of
AI and endoscopists were conducted in 3 (25%) studies, and 2
(17%) studies included endoscopic images of small lesions (<20
mm) in early gastric cancer. In 3 (25%) studies, the training and
testing data sets were not separated for AI training. Table 1
presents a detailed description of the 12 studies.

We also assessed the quality of the studies along with the risk
of bias according to the revised QUADAS-2 tool (Multimedia
Appendix 2). All studies, including the 3 that failed to separate
the training and testing data sets, had high bias risks for patient
selection because of their retrospective design. Moreover, 2
(17%) studies assessed early gastric cancer but did not mention
pathological staging. Thus, they were classified as having a
high risk of bias for the index test.
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Table 1. Characteristics of the included studies.

Other informationEndo-
scopist
comparison

Standard
reference

AI training
and testing da-
ta set

AIa methodImage
modality

Reference
standard

Testing im-
age num-
ber

Country
of origin

Study ID

Detected with
pathological grad-
ing prediction

NoUnclearNot separatedMultilayer neu-
ral network

Not men-

tionedb
Pathology902JapanKubota et al,

2012 [43]

Differentiated ear-
ly gastric cancer

NoPathologySeparatedSVMd (scale-
invariant fea-
ture transform)

FICEcPathology92JapanMiyaki et al,
2013 [44]

from noncancerous
tissues

Differentiated ear-
ly gastric cancer

NoPathologySeparatedPrincipal com-
ponent discrimi-

Not men-

tionedb
Pathology400ChinaLiu et al,

2016 [41]
from normal tis-
sues

nant analysis
(YCbCr color
space)

Included only de-
pressed type early

NoPathologySeparatedSVM (grey-lev-
el co-occur-
rence feature)

NBIePathology81JapanKanesaka et
al, 2018 [37]

gastric cancers that
were <10 mm in
size

—hNoPathologyNot separatedCNNg

(GoogLeNet)

WLIfPathology926JapanSakai et al,
2018 [36]

Differentiated ear-
ly gastric cancer

NoUnclearSeparatedNot mentionedNot men-

tionedj
Uncleari817JapanYamakawa

et al, 2018
[45] from nonneoplastic

tissues

Detected early gas-
tric cancer with

YesPathologySeparatedCNN

(Inception-
Resnet-v2)

WLIPathology200KoreaCho et al,
2019 [35]

pathological grad-
ing prediction

Differentiated ear-
ly gastric cancer
from gastric ulcers

NoPathologySeparatedCNNWLI, NBI,

Chromok
Uncleari1479jJapanNamikawa et

al, 2019 [34]

Differentiated ear-
ly gastric cancer

YesPathologySeparatedCNN

(VGG16 +
Resnet-50)

WLI, NBI,

BLIl
Pathology200ChinaWu et al,

2019 [39]
from gastritis and
normal tissues

—NoPathologyNot separatedCNN

(VGG16)

WLIPathology3390KoreaYoon et al
2019 [42]

Differentiated ear-
ly gastric cancer

NoPathologySeparatedCNN

(GoogLeNet)

NBIPathology258JapanHoriuchi et
al, 2020 [38]

from Helicobac-
terpylori–related
gastritis

Included only early
gastric lesions that
were <20 mm

YesPathologySeparatedCNN (Single-
shot multiBox
Detector)

WLIPathology2940JapanIkenoyama
et al, 2020
[40]

aAI: artificial intelligence.
bStudies that failed to mention imaging modalities.
cFICE: flexible spectral imaging color enhancement.
dSVM: support vector machine.
eNBI: narrow-band imaging.
fWLI: white light imaging.
gCNN: convolutional neural network.
hNot available.
iStudies that mentioned early gastric cancer but without reference to pathological staging.
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jStudies were reported in meeting abstracts.
kChromo: chromoendoscopy.
lBLI: blue laser imaging.

Diagnostic Performance of AI for Early Gastric Cancer
To assess the diagnostic ability of AI to detect early gastric
cancer from endoscopic images, we performed a meta-analysis
on the selected 12 studies. Goodness-of-fit (Figure 2A) and
bivariate normality (Figure 2B) demonstrated that the included
data were appropriate for further analysis. The pooled sensitivity
and specificity of AI were 0.86 (95% CI 0.75-0.92) and 0.90
(95% CI 0.84-0.93), respectively (Figures 2C and 2D). Empirical
Bayesian predictions were consistent with the observed
sensitivity and specificity (Multimedia Appendix 3). Highly

heterogeneous estimates (I2>90%) necessitated subgroup
analysis and sensitivity analysis. Laminated figures of the SROC
and HSROC plots indicate an AUC of 0.94 (95% CI 0.92-0.96)
with a confidence region (Figure 3A). However, the scatter
matrix (Multimedia Appendix 4) suggests that in clinical
practice, diagnosis of early gastric cancer may not substantially
benefit from AI assistance. The Deeks funnel plot asymmetry
test (Figure 3B) and Egger test (Multimedia Appendix 5) did
not detect significant publication bias in the pooled results of
AI-assisted diagnosis of early gastric cancer.

We assessed the diagnostic performance of various AI methods
and endoscopic imaging modalities for early gastric cancer
(Table 2). The pooled sensitivity and specificity in studies using
deep learning methods were 0.84 (95% CI 0.69-0.93) and 0.88
(95% CI 0.80-0.93), respectively. Studies using nondeep
learning methods had a pooled sensitivity and specificity of
0.91 (95% CI 0.86-0.95) and 0.90 (95% CI 0.87-0.93),
respectively. The accuracy of the nondeep learning group
(AUC=0.96) was higher than that of the deep learning group
(AUC=0.93; Multimedia Appendices 6 and 7).

For endoscopic imaging modalities, studies using WLI had a
sensitivity and specificity of 0.73 (95% CI 0.42-0.91) and 0.89
(95% CI 0.76-0.96), respectively. Studies using NBI reported
a sensitivity and specificity of 0.96 (95% CI 0.92-0.98) and 0.83
(95% CI 0.54-0.95), respectively. The accuracy of the NBI
group (AUC=0.96) was higher than that of the WLI group
(AUC=0.90; Multimedia Appendices 8 and 9). Table S1
(Multimedia Appendix 10) shows a comparison of the diagnostic
performance of AI and endoscopists for early gastric cancer
from the three studies (n=91).

Figure 2. Overall sensitivity and specificity of artificial intelligence–assisted diagnosis of early gastric cancer. (A) Goodness-of-fit; (B) bivariate
normality; (C) forest plot of overall sensitivity; and (D) forest plot of overall specificity. FP: false positive; TN: true negative.
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Figure 3. Summary receiver operating characteristic curve, HSROC, AUC, and the Deeks funnel plot asymmetry test of artificial intelligence–assisted
diagnosis of early gastric cancer. AUC: area under the curve; ESS: effective sample sizes; HSROC: hierarchical summary receiver operating characteristic;
SENS: sensitivity; SPEC: specificity; SROC: summary receiver operator characteristic.

Additional Analysis
We excluded some studies with a high risk of bias and
performed sensitivity analysis on the remaining studies (Tables
S2-S5 Multimedia Appendices 11-14). Furthermore, we also
examined how the results were affected by studies with unknown
AI methods. Sensitivity analyses indicated that pooled estimates
were not seriously affected by the factors (Table 2). Lower

heterogeneity and specificity were observed in endoscopist
performance when we excluded studies that only evaluated
small lesions and studies that predicted pathological staging
(Tables S2 and S3 in Multimedia Appendices 11 and 12). Lower
heterogeneity was also noted in WLI subgroups if the training
and testing data sets were separated for AI training (Table S4
in Multimedia Appendix 13). No other additional analyses
provided credible evidence.
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Table 2. Pooled sensitivity, specificity, and accuracy of the studies included in the meta-analysis and sensitivity analysis.

AUCaI2, %Specificity (95% CI)I2, %Sensitivity (95% CI)Group (studies and number of patients)

0.94970.90 (0.84-0.93)970.86 (0.75-0.92)Overall (12 studies, n=11,685)

Subgroup analysis on different AIb methods

0.93980.88 (0.80-0.93)980.84 (0.69-0.93)Deep learning (8 studies, n=10,295)

0.9600.90 (0.87-0.93)180.91 (0.86-0.95)Nondeep learning (3 studies, n=573)

Subgroup analysis on various imaging modalities

0.902990.89 (0.76-0.96)990.73 (0.42-0.91)WLIc (4 studies, n=7456)

0.959510.83 (0.54-0.95)00.96 (0.92-0.98)NBId (2 studies, n=339)

Sensitivity analysis

0.936970.89 (0.83-0.93)970.87 (0.76-0.93)Excluding studies with unknown method (11 studies, n=10,868)

0.932980.89 (0.83-0.94)970.84 (0.71-0.92)Excluding studies with sample size <100 (10 studies, n=11,512)

0.934910.90 (0.86-0.93)960.85 (0.70-0.93)Excluding studies without separation of testing data (9 studies,
n=6467)

0.923920.89 (0.83-0.93)980.84 (0.62-0.94)Excluding studies with any situation abovementioned (6 studies,
n=5477)

aAUC: area under the curve.
bAI: artificial intelligence.
cWLI: white light imaging.
dNBI: narrow-band imaging.

Discussion

Principal Findings
To our knowledge, this was the first systematic review and
meta-analysis of AI-assisted endoscopic diagnosis of early
gastric cancer. The accuracy, sensitivity, and specificity were
0.94, 0.86, and 0.90, respectively. High heterogeneity was noted.
Sensitivity analysis revealed less heterogeneity in studies using
nondeep learning AI methods and endoscopic NBI.

Our results indicate good sensitivity and specificity of
AI-assisted detection of early gastric cancer. However, high
heterogeneity was also noted among the included studies, which
may be attributed to between-study differences in machine
learning methods and imaging modalities [46]. In a
meta-analysis of AI prediction of colonic polyp histology, AI
performance was better when deep learning was used as a
backbone and when NBI was used to identify the lesions [46].
In this study, we also investigated the roles of various machine
learning methods and imaging modalities. Unfortunately, only
2 studies in the deep learning subgroup used the same deep
learning algorithm, and no two studies in the nondeep learning
subgroup classified the lesions according to the same features.
Only 6 studies specified their endoscopic imaging modalities.
Less heterogeneity was observed in the nondeep learning and
NBI groups, possibly because of the compliance of early gastric
cancer diagnosis to the vessel plus surface classification system
under NBI. This indicates that nondeep learning methods and
NBI may provide more consistent results and can be applied in
clinical practice earlier than deep learning methods and WLI.
Further investigations are warranted.

We assessed the diagnostic performance of AI and endoscopists
(n=91) for early gastric cancer detection, which was compared
in 3 studies. The endoscopists were assigned to only 1 subgroup
because of the inconsistent definitions of expert and nonexpert
endoscopists between studies. The sensitivity and specificity
of AI were 0.67 and 0.87, respectively, and those of the
endoscopists were 0.68 and 0.92, respectively. In both groups,
diagnostic performance varied widely with high heterogeneity.
The diagnostic performance of AI was better than that of WLI
compared with other studies; a meta-analysis reported a pooled
sensitivity and specificity of 48% and 67% between endoscopists
and WLI, whereas those between endoscopists and NBI were
83% and 97%, respectively [47]. In this study, AI and
endoscopist performance were comparable in individual studies,
but this effect diminished when studies were pooled. Further
research comparing AI and endoscopist performance for early
gastric cancer diagnosis is required.

Only 2 of the included studies evaluated only small lesions
[37,40]. Smaller lesions and mucosal lesions were less
accurately detected by AI [42]. Kanesaka et al [37] included
only depressed and small (<10 mm) lesions, and the AI system
of nondeep learning methods was trained using a small data set
of 126 images from NBI. In another study, early gastric cancer
lesions less than 20 mm in diameter were included in the WLI
testing data set, and the deep learning AI system was trained
using a data set of 13,584 images of early and advanced gastric
cancer [40]. Because these 2 studies used distinct materials and
methods, their findings may not be representative. The accuracy
of AI-assisted detection of small gastric cancer lesions warrants
further investigation.
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Some studies have explored the application of AI to other
aspects of gastroendoscopy. For example, Wu et al [39] used
AI to monitor endoscopic blind spots and identify regions
indicative of early gastric cancer. A randomized controlled trial
in China reported that AI reduced the rate of endoscopic blind
spots [48]. Other studies have tested the accuracy of AI in
predicting the invasion depth of gastric cancer—conventionally
assessed through endoscopic ultrasound—from endoscopic
images. In their study of AI-assisted simultaneous detection of
gastric cancer and invasion depth, Yoon et al [42] reported a
sensitivity and specificity of invasion depth of 79.2% and 77.8%,
respectively. In a study by Zhu et al [31], the predicted
sensitivity and specificity from the T1 to the T4 stage were 76%
and 96%, respectively. Nevertheless, relevant evidence is
limited, and further investigation is required.

The considerable advancement of AI in precise image
recognition challenges the roles of physicians in disease
diagnosis. AI systems offer certain advantages over physician
diagnosis, the foremost of which are faster image processing
rates and continuous work. In all included studies that specified
image processing time, that of AI systems was shorter than that
of endoscopists. AI assistance may reduce the risk of human
error that arises from performing numerous endoscopic
examinations. Moreover, the training of AI systems is
considerably faster and less complicated than that of
endoscopists. Well-trained AI systems learn from analyzing
numerous images, whereas endoscopists rely on their individual
skills and clinical experience. Training endoscopists is expensive
and time-consuming because of the steep learning curve for the
various image-enhancing techniques. In addition, AI may work
as a double-check system during or after endoscopy, given its
high sensitivity and specificity. AI allows for a second opinion,
which is particularly valuable now that gastroendoscopy has
been popularized and nationwide screening for gastric cancer
has been implemented.

Limitations
Our study had several limitations. First, all the included studies
were retrospective case control studies performed in Asia, some
of which compared early gastric cancer and normal gastric
tissues, and some compared benign gastric lesions such as ulcers
and gastritis. The possibility of selection bias cannot be ruled
out. A randomized controlled trial comparing the diagnostic
performance of AI and endoscopists for early and advanced
gastric cancer (NCT04040374) is currently underway. Second,
all the studies identified gastric lesions from still, clear,
endoscopic images; images with blood or mucus were excluded.
In daily practice, however, gastroendoscopy is recorded in video
format, and still images are only captured for suspicious lesions.
Blood, food debris, mucus, and foam, which reduce the accuracy
of AI, are commonly encountered during examination [39].
Several studies have reported excellent accuracy of AI systems
in recognizing gastric cancer from endoscopic video [39,49].
However, further studies and faster image processing rates are
necessary. Third, our pooled estimates were highly
heterogeneous, and the subgroup and sensitivity analyses did
not substantially reduce heterogeneity. The statistical
heterogeneity may be ascribed to differences in the AI methods
and endoscopic imaging techniques. These potential sources of
heterogeneity should be discussed in future research. At present,
AI may assist endoscopists in double-checking suspicious
lesions.

Conclusions
To our knowledge, this is the first meta-analysis of the
performance of AI in detecting early gastric cancer using
endoscopic images. The available evidence suggests that AI
can support the diagnosis of early gastric cancer; however, the
collocation of imaging techniques and optimal algorithm remains
unclear. Larger prospective cohort studies should be conducted
to further validate the diagnostic accuracy of AI. Moreover,
competing models of AI for the detection of early gastric cancer
are worthy of future investigation.
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Abstract

Background: Despite the increasing adoption rate of tracking technologies in hospitals in the United States, few empirical
studies have examined the factors involved in such adoption within different use contexts (eg, clinical and supply chain use
contexts). To date, no study has systematically examined how governance structures impact technology adoption in different use
contexts in hospitals. Given that the hospital governance structure fundamentally governs health care workflows and operations,
understanding its critical role provides a solid foundation from which to explore factors involved in the adoption of tracking
technologies in hospitals.

Objective: This study aims to compare critical factors associated with the adoption of tracking technologies for clinical and
supply chain uses and examine how governance structure types affect the adoption of tracking technologies in hospitals.

Methods: This study was conducted based on a comprehensive and longitudinal national census data set comprising 3623
unique hospitals across 50 states in the United States from 2012 to 2015. Using mixed effects population logistic regression
models to account for the effects within and between hospitals, we captured and examined the effects of hospital characteristics,
locations, and governance structure on adjustments to the innate development of tracking technology over time.

Results: From 2012 to 2015, we discovered that the proportion of hospitals in which tracking technologies were fully implemented
for clinical use increased from 36.34% (782/2152) to 54.63% (1316/2409), and that for supply chain use increased from 28.58%
(615/2152) to 41.3% (995/2409). We also discovered that adoption factors impact the clinical and supply chain use contexts
differently. In the clinical use context, compared with hospitals located in urban areas, hospitals in rural areas (odds ratio [OR]
0.68, 95% CI 0.56-0.80) are less likely to fully adopt tracking technologies. In the context of supply chain use, the type of
governance structure influences tracking technology adoption. Compared with hospitals not affiliated with a health system,
implementation rates increased as hospitals affiliated with a more centralized health system—1.9-fold increase (OR 1.87, 95%
CI 1.60-2.13) for decentralized or independent hospitals, 2.4-fold increase (OR 2.40, 95% CI 2.07-2.80) for moderately centralized
health systems, and 3.1-fold increase for centralized health systems (OR 3.07, 95% CI 2.67-3.53).

Conclusions: As the first of such type of studies, we provided a longitudinal overview of how hospital characteristics and
governance structure jointly affect adoption rates of tracking technology in both clinical and supply chain use contexts, which is
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essential for developing intelligent infrastructure for smart hospital systems. This study informs researchers, health care providers,
and policy makers that hospital characteristics, locations, and governance structures have different impacts on the adoption of
tracking technologies for clinical and supply chain use and on health resource disparities among hospitals of different sizes,
locations, and governance structures.

(J Med Internet Res 2022;24(5):e33742)   doi:10.2196/33742

KEYWORDS

radio frequency identification; bar coding; tracking technology adoption; smart hospital; hospital affiliation; governance structure;
location; clinical use; supply chain use

Introduction

Background
The extensive adoption of innovative tracking technologies has
left almost no industry behind. Owing to strict health care laws,
regulations, and policies, the health care industry has made great
strides in the area, with a growing number of hospitals in the
United States and worldwide beginning to reap the benefits of
tracking technologies involved in, for example, optimizing
health care processes, minimizing waste and human errors, and
enhancing operational efficiency [1,2]. Upon approval, tracking
technologies can be applied to enable health care providers to
develop technology infrastructure in hospitals, resulting in
greater efficiency in locating medications, patients, and staff in
clinical processes and in tracking equipment, enhancing
information sharing, and facilitating operations in the supply
chain management process [1-5]. One of the main drivers in
adopting tracking technologies is the meaningful use incentive
program, which provides financial incentives for health care
providers who use certified health technologies to meet a set of
use criteria specified by the Centers for Medicare and Medicaid
Services [6]. This program comprises 3 stages: stage 1 focuses
on data capture and sharing, stage 2 relates to advanced clinical
processes such as using tracking technologies for medication,
and stage 3 concerns improved outcomes. The focus of our
study is stage 2, where the adoption rate of tracking technologies
has been increasing, given that the use of autotracking
technologies to improve clinical processes has been one of the
meaningful use core measures of stage 2, since 2012, effective
in 2014 [7].

Of several applied instances in the field of tracking technology,
barcodes and radio-frequency identification (RFID) are the most
widely adopted tracking technologies [8]. Barcoding was
introduced and used successfully in the health care industry 2
decades ago [7,9]. Linear or complex barcode technologies can
encode patient, medicine, and asset information [9]. Unlike
barcodes, which can only be read in line of sight, RFID has the
advantage of using radio waves for automatic object
identification, asset tracking, and data collection and transfer
[10,11]. The implementation of RFID in the health care industry
has been relatively recent and has become one of the major
technological advancements in the future development of the
health care sector [11,12]. For example, RFID can be applied
with photosensors for smart hospitals to develop intelligent
infrastructure, enabling better interactions between health care
providers and patients and allowing more transparent and timely
access to medical data [10]. As such, tracking technologies are

essential for developing an intelligent infrastructure for current
smart hospital systems, meaning that one of the goals of this
study is to understand the factors involved in adopting tracking
technologies (eg, barcoding and RFID).

Because of the appealing potential of tracking technologies to
automate data, improve security, reduce counterfeiting and theft,
and expedite and optimize clinical processes and supply chain
management in the health care industry, their adoption in clinical
and supply chain uses has been significantly outpaced by other
widely adopted health technologies such as electronic health
record systems [8,10-14]. Studies on the factors involved in
health technology adoption are extensive in the medical, health
informatics, and information systems literature, with hospital
characteristics such as hospital size, teaching status, payer mix,
accreditation status, ownership, and hospital affiliation being
well documented as key factors influencing the implementation
levels of various health technologies [15-19]. Tracking
technologies such as RFID and barcodes have been carefully
examined, as they possess the potential to automate and
streamline processes in health care intelligence to improve
clinical decision-making, patient care, and health care
ecosystems for more accurate and efficient operations [20-22].
As such, tracking technologies, if adopted, can expedite and
optimize clinical processes and health outcomes by tracking
patients, health care workers, and hospital assets in real time
[12,21,22], minimizing man-made mistakes and negligence
[3,23-27] and delivering accurate information to health care
systems, thereby unleashing the untapped benefits of digital
innovations [3,22]. Together, they provide a solid foundation
for efficient and effective health care practices, leading to more
intelligent health care systems and operations [1,28]. Given the
critical role and promising outlook of tracking technologies in
health care, it is imperative to understand the key factors driving
their adoption, which are already readily embedded in existing
health care systems. However, to the best of our knowledge, no
previous studies have systematically examined the critical
factors that influence tracking adoption in clinical and supply
chain use contexts, meaning that immediate investigation is
required.

Within the umbrella of digital innovation, tracking technologies
share some similarities, such as adopting digital features with
other health information technologies (HITs). Nevertheless,
they display a range of unique and distinctive characteristics
that require thorough legal, clinical, and practical examination
before adoption. First, unlike other HITs, concerns over privacy
and security related to the use of tracking technologies are more
prevalent and substantial [28], in that data associated with
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tracking technologies are under tight restrictions and protection,
as per the Health Insurance Portability and Accountability Act
(eg, patient information including name, medical record number,
and date of birth) [23]. In this regard, other factors such as time
effects must be considered in the adoption process;
understandably, little research has been undertaken to explore
this because of the lack of available data. Second, previous
studies largely considered HITs in the context of clinical use,
incorporating technologies primarily used to aid clinical-focused
processes, including capture, storage, and processing of clinical
information, such as doctors’ notes, patient records, and test
results, as well as auxiliary systems for order entry and decision
support [29]. In contrast, other HIT use contexts, such as HITs
in supply chains, are generally offstage. Tracking technologies
not only augment and optimize the capabilities of HITs in
clinical use, speeding up clinical processes, for example, and
facilitating supply chain management processes to be more
cost-effective but also reduce unnecessary waste [28]. Therefore,
the key factors that affect the adoption of HITs in the clinical
process are likely to be distinctive from those contributing to
the adoption of tracking technologies in supply chains, inviting
further but separate investigations. For example, the type of
hospital affiliation can impact supply chain use but not
necessarily clinical use. Tracking technologies are also favorably
envisioned as embedded in smart hospitals and Internet of
Things–based hospitals as part of common intelligent health
care initiatives to optimize health care processes, improve
operational efficiency, and enhance safety for both patients and
medical practitioners, particularly benefiting disadvantaged
groups such as people who are disabled and older adults
[11,30-33]. For instance, an assisted living system can locate
and track people who are disabled and older adults, alert
caregivers in real time in unexpected situations, and support
daily activities for people who are disabled and older adults,
including reminding them to take their daily medications safely
[10,11,34]. Understanding the potential factors involved in the
adoption of tracking technology pinpoints the complexities
incorporated in taking full advantage of digital innovations,
ranging from resource distribution to managerial, operational,
and clinical practices central to achieving equitable and smart
health care.

Objectives
One innovation in hospital management over the past few
decades is strategic reconfiguration, which consolidates
individual, unaffiliated hospitals into multihospital systems
[35]. Previous studies have emphasized the importance of
hospital systems in health technology adoption—hospitals
affiliated with a health system can allocate more resources,
improve coordination, increase market shares, and embrace
greater financial performance and are more likely to adopt HITs,
such as electronic medical record [19,35,36]. Hospitals affiliated
with various health system types (eg, centralized vs independent
health systems) may have different governance structures,
indicating underlying mechanisms to ensure order in workflow
management, including how work arrangements are structured
(eg, structured within trustful networks, within various
governance hierarchies, or as impersonal exchanges), and may
have different service types (eg, centralized health systems with

high levels of centralization of health services and decentralized
health systems with high levels of decentralization of hospital
services) [35]. This differentiation enables varying hospital
work arrangements and health service types because of different
governance structures and further affects technology adoption
decisions. However, the general influence of governance
structure on technology adoption in different use contexts in
hospitals remains limited, and to the best of our knowledge, no
study has examined this issue systematically based on a
comprehensive data set. Our study, therefore, aims to extend
the current understanding by identifying the relationship between
hospital governance structure and tracking technology adoption.

Of the very limited number of quantitative studies previously
undertaken to explore factors involved in the adoption of
tracking technology in hospitals in the United States, Dey et al
[28] conducted an empirical study in 2010 of 86 US hospitals,
finding that both organizational and technological factors affect
decisions to adopt RFID, whereas environmental factors such
as uncertainty in a competitive market do not. Uy et al [7]
examined the adoption trends of barcodes and RFID
technologies with a larger data set of >5400 US hospitals from
2008 to 2012 and found that, in 2012, the adoption rate of
barcodes for medication administration reached 58.1%, whereas
adoption of RFIDs remained at 1.87%. Both witnessed their
highest growth in adoption of medication administration in this
period, compared with laboratory, pharmacy, and radiology use
[7]. Of previous review studies on adoption of tracking
technology, Wamba [4] conducted a comprehensive review of
22 articles published in the Journal of Medical Systems between
1997 and 2011 relating to application areas, types of benefits,
and types of issues linked to RFID technology adoption. This
review paper pointed out that the most highly published
application area was that of patient management, the most
widely discussed benefit was efficiency gain, and the most
examined issues were data management, security, and privacy.
These studies, however, were often limited by a small sample
size [28] and considered only the early adoption period for
tracking technologies (eg, 1997 to 2011 [4] and 2008 to 2012
[7]), reinforcing the notable gap in the longitudinal
understanding of such tracking technologies adopted in health
care for both clinical and supply chain use [1] and calling for
more academic attention and further investigation.

This study, therefore, took the lead as the first longitudinal
research study to empirically examine the different factors
associated with the adoption of tracking technologies in different
use contexts with more recent US hospital data sets. This was
the first study to examine the impact of governance structure
types on technology adoption in different use contexts in
hospitals. Because of the complex nature of health care settings,
we differentiate among the factors that influence the adoption
of tracking technologies in the clinical and supply chain use
contexts. Extant literature suggests that larger, urban, nonprofit,
and teaching hospitals tend to possess more advanced resources,
admit more complex patients with severe illnesses or multiple
chronic conditions, and need to manage more complicated
clinical workflows. When appropriate, these hospitals might
implement a higher level of tracking technology to facilitate
their clinical processes [37-39]. In response, we examined
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whether hospital characteristics and locations would impact
tracking technology adoption in a clinical context. Existing
studies also posit that the more centralized the health system to
which the hospital is affiliated, the more likely it is that the
hospital has more centrally organized service delivery with
higher incentives and resources such as revenue and personnel
to enhance supply chain efficiency using tracking technologies
[19,40]. As a result, we examined whether governance structure
types would affect tracking technology adoption in the context
of supply chain use. In summary, with a large US hospital-level
longitudinal data set, we aim to (1) compare critical factors
associated with the adoption of tracking technologies for clinical
and supply chain uses and (2) examine how governance structure
types affect the adoption of tracking technologies in different
use contexts in hospitals.

Methods

Data and Sample
The data sets used in this study are obtained from 3 sources:
the American Hospital Association’s (AHA) annual surveys,
the AHA’s information technology (IT) supplemental files, and
the US Bureau of Economic Analysis website. First, we
collected data from the AHA’s annual surveys to identify
hospital characteristics and obtain health system data. Second,
we used the AHA’s IT supplemental files to capture the tracking
technology implementation data. Third, we used data from the
US Bureau of Economic Analysis website to obtain gross
domestic product (GDP) per capita information [41]. The period
from 2012 to 2015 was selected because, from 2012, the Centers
for Medicare and Medicaid Services required hospitals to initiate
tracking of medications using tracking technologies, including
RFID or barcoding as part of meaningful use core measures [7].
Our final data set is a longitudinal one containing 3623 general
medical and surgical hospitals from 50 states in the United
States, from 2012 to 2015, of which 74.19% (2688/3623) of
hospitals were observed at least twice.

Dependent Variables
The 2 dependent variables used in this study are tracking
technology adoption for clinical use and supply chain use. We
constructed tracking technology in a clinical use context by
counting the number of technologies fully implemented and
replacing paper record functionality at a hospital, an approach
widely used in information systems and health care literature
[29,42]. Implementation levels of tracking technology for each
itemized technology are measured on a 6-point scale, where 1
indicates fully implemented across all units, 2 to 5 indicates
partially implemented at different levels, and 6 indicates not in
place and not considering implementing. To calculate the
implementation level for each technology function, we applied
a coding scheme to separate full implementation—technology
has completely replaced paper record functionality—from partial
or no implementation. We retained the original coding of 1 as
1 and then coded the responses between 2 and 6 as 0. There are
4 tracking technology functions in the clinical use context:
medication administration, patient verification, caregiver
verification, and pharmacy verification. Therefore, the resultant
tracking technology implementation level in a clinical use

context ranged from 0 to 4. On this scale, 0, 1, 2, 3, and 4
indicate that the hospital fully implemented none, one, two,
three, and four of the four tracking technologies, respectively.
We then applied a binary variable to code completely
implemented tracking technology in a clinical context across
all 4 technology functions, for which 1 indicates fully
implemented across all four technology functions and 0,
otherwise. We also used a binary variable to code the tracking
technology for supply chain management, as there is only 1
technology unit in this variable, for which 1 indicates fully
implemented and 0, otherwise. For example, if a hospital has
completely digitalized its tracking process using tracking
technologies for clinical use, including medication
administration, patient verification, caregiver verification,
pharmacy verification, and supply chain management, the
hospital’s clinical and supply use adoption will be coded as 1.

Independent Variables
We included 3 sets of independent explanatory variables. The
first set of variables was related to hospital characteristics, such
as hospital size, ownership, and teaching status. Hospital size
was measured based on the number of staffed beds. Hospital
ownership status was coded as a binary variable denoting
whether the hospital was a for-profit hospital. Teaching status
was also coded as a binary variable, where 1 indicated a teaching
hospital and 0, otherwise. We defined teaching hospitals as
members of the Council of Teaching Hospitals of the
Association of American Medical Colleges. The second set
included the hospital location variables. Hospital location was
measured using 3 dummy variables: metropolitan, micropolitan,
and rural regions. We also measured the state economic
condition where the hospital is located because previous studies
found that per capita GDP plays an important role in technology
adoption and use [43,44]. Thus, we assume that such a condition
would be linked to the adoption of digital innovations in health
care, which is worth examining in the context of tracking
technology. Per capita GDP was measured using GDP per capita
per state. We first ranked hospitals from high to low based on
their state GDP per capita. We then coded hospitals belonging
to the first half as economic leading state and those in the second
half as economic leveling state. The third set comprises hospital
governance structures because previous research indicates that
governance structure is significantly associated with technology
adoption [19,40]. Governance structure is measured according
to whether the hospital is affiliated with a health system and, if
so, the level of centralization in multihospital systems.
Centralized health systems have unified asset ownership of
affiliated hospitals and offer an array of products and services
[45]. As in previous research [19,40], we applied 5 dummy
variables to measure governance structure based on the
diversification of health services and products and centralization
of authority across health systems (out of health system as the
base category) [45]. These variables define whether hospitals
are (1) in centralized health systems with high levels of
centralization of hospital service delivery, physician
arrangements, and insurance product development; (2) in health
systems with highly centralized physician arrangements and
insurance product development; (3) in moderately centralized
health systems with both centralized and decentralized activities
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for hospital services, physician arrangements, and insurance
product development; (4) in decentralized health systems with
a high degree of decentralization of hospital services, physician
arrangements, and insurance product development; and (5) in
independent hospital systems with limited differentiation among
hospital services, physician arrangements, and insurance product
development.

Statistical Analysis
To examine the factors involved in the adoption of tracking
technology in both clinical and supply chain use contexts in US
hospitals, we used a mixed effects model using a population
approach. This model is an extension of the simple fixed effects
modeling to account for both fixed and random effects. This is
particularly useful when data violate the independence
assumption that arises from a hierarchical structure. For
example, in this study, there were 2 levels: between hospitals
(level 1) and within hospitals (level 2). As the data records for
this study were collected from 3623 hospitals over 4 years, the
source of variability in the observations can be attributed to
either within-hospital or between-hospital effects. Repeated
observations over the years from the same hospital are subject
to hospital-level time-invariant unobserved effects, as within a
given hospital, records are more similar. The units sampled at
the highest level (ie, hospitals in this study) were independent.
As our 2 dependent variables—tracking technology adoption
for clinical use and tracking technology adoption for supply
chain use—are binary variables, we developed a mixed effects
population logistic regression model to examine the relationships
among the adoption of tracking technologies (ie, clinical use vs
supply chain use), hospital characteristics, and governance
structure with the adjustment of time effect. Nonlinear mixed
effects modeling software (NONMEM, version 7.5.0; ICON
Development Solutions) was used for the modeling [46]. The
Laplace estimation method was applied for parameter
estimation. Perl Speaks NONMEM (PsN 4.8.0; Department of
Pharmacy, Uppsala University) was used for model diagnostics
and R (version 3.5.3) was used for data exploration before
modeling and postprocessing of the results [29].

Initially, correlations among the covariates were explored.
Exploratory graphical and statistical evaluations were performed
to identify the relationship between estimated individual random
effects and covariates. ANOVA tests for categorical covariates
and linear regression for continuous covariates were used to
identify possible univariate covariate relationships at P<.05.
Only after statistically significant covariates were identified

was the association between relevant hospital covariates and
tracking technology adoption parameters further evaluated using
a forward inclusion and backward elimination strategy, with
model selection carried out using a log likelihood ratio test at
an acceptance P value of .01 (a decrease in objective function
value>6.63) in the forward step and a P value of .001 (an
increase in objective function value >10.83) in the backward
step. The final selection of relevant covariates was based on
statistical evidence and health technology knowledge and
interpretation. The derived model was further refined based on
model convergence, parameter precision and impact of the
covariate effect. The predictive performance of the final
population logistic regression model was evaluated using visual
predictive check (VPC) plots. Plots of observed data
distributions were compared with simulated distributions to
demonstrate the model’s ability to adequately predict data on
which the model is based. VPCs were based on 1000 simulations
and stratified by the covariates of potential interest.

Results

Overview
A total of 3623 hospitals in 50 states in the United States, from
2012 to 2015, were included in this study (the complete list of
hospitals can be accessed in Multimedia Appendix 1). Of these
3623 hospitals, 928 (25.61%) were in rural areas, 3133 (86.48%)
were nonprofit hospitals, 223 (6.16%) were teaching hospitals,
and 2158 (59.56%) were affiliated with health systems, and the
mean total of the number of beds was 174 (SD 201). Detailed
demographics of the included hospitals are listed in Table 1,
and Table 2 presents the results of the adoption of tracking
technologies over time. The AHA IT supplement survey
specifies fully implemented as the status of technology that has
completely replaced paper record functionality. In this regard,
from 2012 to 2015, as per the data set, the proportion of
hospitals that have fully adopted tracking technologies in
digitalized medication administration, patient verification,
caregiver verification, and pharmacy verification in a clinical
use context increased from 36.34% (782/2152) to 54.63%
(1316/2409), whereas the proportion of hospitals that have fully
adopted tracking technologies to digitalize supply chain
management increased from 28.58% (615/2152) to 41.3%
(995/2409), demonstrating that the tracking functionality for
both clinical use and supply chain use has been increasingly
digitalized in this period.
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Table 1. Demographic information from the included hospitals (N=3623).

OverallDemographics

Location, n (%)

2019 (55.72)Metro

676 (18.65)Micro

928 (25.61)Rural

Profit, n (%)

3133 (86.47)Not-for-profit

490 (13.52)For-profit

Teaching hospital, n (%)

223 (6.15)Yes

3400 (93.84)No

State economic conditiona, n (%)

1753 (48.38)Economic leveling state

1870 (51.61)Economic leading state

Governance structure: type of hospital affiliation (HS)b, n (%)

310 (8.55)Centralized HS

54 (1.49)Centralized physician and insurance HS

276 (7.61)Moderately centralized HS

1419 (39.16)Decentralized HS

99 (2.73)Independent HS

2158 (59.56)Within HS

1465 (40.43)Out of HS

174 (201)Total bed count, mean (SD)

aEconomic leading state: top 25 states in gross domestic product per capita; economic leveling state: last 25 states in gross domestic product per capita.
bHS: health system.

Table 2. Adoption of tracking technologies in the United States from 2012 to 2015.

Tracking technologies year, n (%)Usage

2015 (N=2409)2014 (N=2277)2013 (N=2012)2012 (N=2152)

Clinical use

1316 (54.62)1190 (52.26)892 (44.33)782 (36.33)Fully implemented

1093 (45.37)1087 (47.73)1120 (55.66)1370 (63.66)Not fully implemented

Supply

995 (41.3)909 (39.92)746 (37.07)615 (28.57)Fully implemented

1414 (58.69)1368 (60.07)1266 (62.92)1537 (71.42)Not fully implemented

Tracking Technologies for Clinical Use
As shown in the VPC plots (Figure 1), the mixed effects
population logistic regression model developed could well
describe the adoption of tracking technologies for clinical use.
All the population parameters for a typical hospital (defined as
a hospital with 101 beds, not affiliated to a health system, and
not in a rural area) were precisely estimated: the intercept was
estimated to be −1.08 (relative SE 8%), and the slope was
estimated to be 0.369 (relative SE 8%; Table 3). The total beds

in natural logarithm, rural locations, and health systems were
statistically significant covariates on the intercept. The relative
univariate effects of total beds, rural locations, and health
systems on the implementation rate of tracking technologies
for clinical use are summarized as a forest plot in Figure 2.

The model developed has the potential to predict the increasing
trend in the implementation rate of tracking technologies in
clinical use over a period of years (Figure 1A). A positive
relationship was identified with hospital size (reflected by the
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total number of beds; Figure 1B). Similarly, the implementation
rate increased by a median of 1.7-fold for hospitals affiliated
with the health system relative to those that were not affiliated
(Figure 1C and Figure 2). These results imply the influence of
hospital infrastructure (both physical and organizational

structures) on the adoption of tracking technologies in clinical
use. Meanwhile, the implementation rate decreased by a median
of 32% in hospitals located in rural areas relative to those in
urban areas, showing clear evidence of location disparity (Figure
1D and Figure 2).

Figure 1. Visual predictive check plots of final population logistic regression model for the adoption of tracking technologies for clinical use over time.
(A) the influence of time on the implementation rate of tracking technologies for clinical use; (B) the influence of total beds on the implementation rate
of tracking technologies for clinical use; (C) the influence of health system on the implementation rate of tracking technologies for clinical use; (D) the
influence of location (in the rural area or not) on the implementation rate of tracking technologies for clinical use. The blue dots show observed
implementation rate; the blue error bars indicate a 95% CI in the observed implementation rate; the yellow dots and yellow solid lines show the median
implementation rate from model prediction; the yellow error bars and the yellow area indicate a 95% prediction interval for the implementation rate.
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Table 3. Parameter estimates of final population logistic regression model for the adoption of tracking technologies for clinical use.

Estimate (relative SE; %)

Fixed effects

−1.08 (8)Intercept

0.369 (8)Time effect

0.452 (10)Log total bed

−0.535 (21)Rural area

0.79 (11)Health system

Random effects

2.55 (8)Intercept

0.11 (47)Time effect

Figure 2. Forrest plot of covariate effects on the implementation rate of tracking technologies for clinical use. The solid vertical line corresponds to a
ratio of 1 and represents a typical hospital. Points and whiskers represent the estimate and 95% CI, respectively. A typical hospital is defined as a hospital
with a total of 101 beds, not part of a health system, and not in a rural area in 2012.

Tracking Technologies for Supply Chain Use
As shown in the VPC plots (Figure 3), the mixed effects
population logistic regression model developed could well
describe the adoption of tracking technologies for supply chain
use. All population parameters for a typical hospital (defined
as a nonprofit hospital with 101 beds and not affiliated with a
health system in an economic leveling state) were precisely
estimated: the intercept was estimated to be −1.72 (relative SE
6%), and the slope was estimated to be 0.3 (relative SE 10%;
Table 4). Total beds in natural logarithm, state economic
condition, and affiliation to a health system were found to be
statistically significant covariates on the intercept, and profit
status was found to be a statistically significant covariate on the

slope. The relative univariate effects of total beds, state
economic condition, and type of hospital affiliation on the
implementation rate of tracking technologies in supply chain
use are summarized as a forest plot in Figure 4.

The model developed can also predict the increasing trend in
the implementation rate of tracking technologies for supply
chain use over a period of 4 years in not-for-profit hospitals, as
well as stagnation in development among hospitals running for
profit (Figure 3A). This indicates that for-profit hospitals are
more reluctant to implement these new technologies. The
implementation rate of tracking technologies for supply chain
use grew in parallel with increasing hospital size (as reflected
by the total number of beds in the hospital; Figure 3B).
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Furthermore, implementation rates increased as hospitals
affiliated with a more centralized health system—1.9-fold
increase (odds ratio [OR] 1.87, 95% CI 1.60-2.13) for
decentralized or independent hospitals, 2.4-fold increase (OR
2.40, 95% CI 2.07-2.80) for moderately centralized health
systems, and 3.1-fold increase for centralized health systems
(OR 3.07, 95% CI 2.67-3.53), compared with hospitals not
affiliated with a health system (Figure 3D and Figure 4). When

compared with tracking technologies for clinical use, these
results demonstrate a similar impact of hospital infrastructure
on the adoption of tracking technologies for supply chain use:
hospitals with better infrastructure tend to be more responsive
in adopting tracking technologies. Surprisingly, the
implementation rate decreased by a median of 30% in hospitals
in economic leading states relative to those in economic leveling
states (Figures 3C and Figure 4).

Figure 3. Visual predictive check plots of final population logistic regression model for the adoption of tracking technologies for supply chain use over
time. (A) the influence of time on the implementation rate of tracking technologies for supply chain use; (B) the influence of total beds on the
implementation rate of tracking technologies for supply chain use; (C) the influence of state economic condition on the implementation rate of tracking
technologies for supply chain use; (D) the influence of health system on the implementation rate of tracking technologies for supply chain use. The blue
dots show observed implementation rate; the blue error bars indicate a 95% CI in the observed implementation rate; the yellow dots and yellow solid
lines show the median implementation rate from model prediction; the yellow error bars and the yellow area indicate a 95% prediction interval in the
implementation rate.
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Table 4. Parameter estimates of final population logistic regression model for the adoption of tracking technologies for supply chain use.

Estimate (relative SE; %)

Fixed effects

−1.72 (6)Intercept

0.3 (10)Time effect

0.321 (12)Log total beds

−0.428 (20)Economic leading state

1.57 (9)Centralized HSa

1.16 (11)Moderately centralized HS

0.772 (13)Decentralized or independent HS

−1.48 (15)Run for-profit effect on time effect

Random effects

3.22 (8)Intercept

—bTime effect

aHS: health system.
bData does not support the inclusion of random effect on time effect.

Figure 4. Forrest plot of covariate effects on implementation rate of tracking technologies for supply chain use. The solid vertical line corresponds to
a ratio of 1 and represents a typical hospital. Points and whiskers represent the estimate and 95% CI, respectively. A typical hospital is defined as a
not-for-profit hospital with a total of 101 beds, not part of a health system, and in an economic leveling state in 2012.

Discussion

Principal Findings
With a large US hospital-level longitudinal data set, we observed
that, from 2012 to 2015, the proportion of hospitals in which
tracking technologies were fully implemented for clinical use
increased from 36.34% (782/2152) to 54.63% (1316/2409) and
for supply chain use increased from 28.58% (615/2152) to

41.3% (995/2409). We found that larger hospitals were more
likely to fully adopt tracking technologies in both clinical and
supply chain use contexts, indicating health resource disparities
among hospitals of different sizes. We also discovered that
adoption factors affect the clinical and supply chain use contexts
differently. In the clinical use context, compared with hospitals
located in urban areas, hospitals in rural areas (OR 0.68, 95%
CI 0.56-0.80) are less likely to fully adopt tracking technologies,
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showing evidence of location disparity. In the context of supply
chain use, the type of governance structure influences tracking
technology adoption. Compared with hospitals not affiliated
with a health system, implementation rates increased as hospitals
affiliated with a more centralized health system—1.9-fold
increase (OR 1.87, 95% CI 1.60-2.13) for decentralized or
independent hospitals, 2.4-fold increase (OR 2.40, 95% CI
2.07-2.80) for moderately centralized health systems, and
3.1-fold increase for centralized health systems (OR 3.07, 95%
CI 2.67-3.53).

Comparison With Previous Work
Given that studies on the adoption of tracking technologies have
lagged in general health technology adoption studies, and studies
undertaken are either limited by a small sample size or subject
to early adoption periods, we attempted to fill this gap by
applying a census data set from 2012 to 2015 to examine the
factors involved in tracking technology adoption in both clinical
and supply chain use contexts. Using mixed effects population
logistic regression models, we identified several hospital
characteristics and governance structure factors associated with
tracking technology adoption. Consistent with previous studies
on the impact of hospital size on technology adoption [15,47],
our results show that larger hospitals are more likely to adopt
tracking technologies in both the clinical and supply chain use
contexts. In addition to considering hospital size, we found that
hospitals in health systems are more likely to adopt tracking
technologies in both clinical and supply chain use contexts. One
reason for this is that tracking technology implementation cannot
be accomplished in a single stroke. It requires the integration
of tags, readers, networks, databases, systems, and expertise
from different domains including RFID and barcode technology,
medicine, information systems development,
telecommunications, and systems integration [44]. Tracking
technology is also part of the hospital technology infrastructure
because it allows hospitals to capture, store, and streamline data
and processes and can be integrated with other HITs such as
electronic health records [48]. As infrastructure technology, the
benefit of tracking technology adoption may only be realized
in the long term. Thus, large hospitals or those within health
systems urgently need to manage more complex patients with
multiple chronic conditions with sufficient resources and
capabilities to implement tracking technology and process large
volumes of real-time data generated by the tracking technology.

In the context of clinical use, our results supplement existing
studies with additional findings, identifying that rural hospitals
are less likely to adopt tracking technologies. One possible
reason is that, in contrast to hospitals located in metropolitan
and micropolitan areas, those in rural areas tend to accept
patients with less severe and less complicated diseases, which
are more easily diagnosed and treated by local health care
providers, thus requiring less sophisticated technology for
clinical use [38]. Another possible reason is that rural hospitals
may have fewer available resources to promote and implement
new HIT functions. For example, urban and suburban hospitals
are found to have wide access to experienced technical support
staff to assist with the implementation process for new HIT
functions, resulting in more gains from the adoption of new

HIT functions [49], whereas such high-caliber personnel may
not be readily available for rural hospitals.

In the context of supply chain use, our results show that
compared with not-for-profit hospitals, for-profit hospitals are
less likely to adopt tracking technologies. Our results, shown
in Figure 3A, indicate that the implementation rate of tracking
technologies for for-profit hospitals increases and then decreases
(inverted U-shaped implementation rate) over time but increases
over time for not-for-profit hospitals. One possible reason is
that for-profit hospitals tend to pursue a high return on
investments and thus often invest more in profitable services
and avoid less profitable investments [50]. Given that supply
chain management is indirectly related to hospital revenue, the
use of tracking technologies in supply chains may not be
prioritized in their investment lists against budgets. Thus, only
for-profit hospitals that are highly motivated to reap the benefits
of tracking technology (eg, to enhance efficiency) and obtain
financial incentives from meaningful use fully implemented
tracking technologies immediately after the addition of the
autotracking medication requirement as a core measure in
meaningful use in 2012, explaining why the implementation
rate increased sharply from 2012 to 2013 for for-profit hospitals
and the acceleration rate of implementation decreased from
2013 to 2015 [6]. A surprising finding also emerges from
research that hospitals in economic leading states are less likely
to adopt tracking technologies for supply chain use. One
plausible reason is that economic leading states are generally
more populous and thus, these urban hospitals need to attend
to larger numbers of patients, thereby putting their funding
priorities more on efficiency enhancement for immediate patient
treatment, involving featured clinical processes rather than
managerial operations, such as supply chain management.

Our study also extends the current understanding of how
governance structure influences technology adoption by
identifying the relationship between governance structure types
and tracking technology adoption. We revealed that hospitals
affiliated with health systems are more likely to adopt tracking
technologies for clinical use, whereas types of hospital affiliation
do not affect the adoption of tracking technologies for clinical
use. We also find that the type of hospital affiliation affects the
adoption of tracking technologies for supply chain
use—hospitals affiliated with more centralized health systems
are more likely to adopt tracking technologies for supply chain
use. Compared with other types of hospital affiliations (eg,
decentralized or independent or moderately centralized),
centralized systems provide a higher percentage of their services
at the system level, making them more likely to have higher
incentives to increase supply chain efficiency using tracking
technologies and develop the long-term tracking
technology–related infrastructure of smart hospitals [40]. In
addition, tracking technologies adopted for supply chain use,
compared with tracking technologies for clinical use, may be
costlier, complicated, and take longer to implement, requiring
systematic and strategic planning, implementation, and
integration and a more centralized health system.

Overall, 3 implications are set out in our study for researchers,
health care stakeholders, and policy makers. First, our study
indicates that the context of technology use (ie, clinical use or
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supply chain use) influences the tracking of technology adoption.
For example, we found that for supply chain use, governance
structure types are important factors in the adoption of tracking
technologies, but this is not the case for clinical use. In other
words, there is no one-size-fits-all solution for adopting tracking
technologies in the field of health care. When examining the
impact of tracking technologies, practitioners, both academic
and practical, should develop a holistic view of the adoption
context and cannot assume that related factors can be generalized
from other contexts. Health care practitioners who aspire to
establish tracking technology–enabled (eg, RFID-enabled) smart
hospitals, for example, are in favor of implementing tracking
technologies for clinical use, facilitating information sharing,
patient identification, and medical equipment tracking, and in
supply chains to avoid drug counterfeiting and to enhance supply
chain operations [11]. However, our study shows that the factors
involved in the adoption of tracking technologies for clinical
and supply chain use may be different. Understanding
differences in adopting tracking technologies in various use
contexts will help all hospitals involved in health care to plan
and implement tracking technologies more strategically and
avoid any possible pitfalls while maximizing their benefits from
the outset. When tracking technologies are further leveraged in
conjunction with other technologies, such as electronic health
records, electronic data interchange technologies, mobile
devices, and telehealth, caution over the context in question
may still be relevant, suggesting that it is important for future
studies to examine the different use contexts (eg, clinical and
supply chain use) of tracking technologies, as highlighted in
and demonstrated by our study.

Second, similar to initial studies that examine the effects of
governance structure on longitudinal tracking technology
adoption, our results suggest that the impact of governance
structure types should be emphasized in technology adoption
studies and that the underlying mechanisms require further
investigation. For example, we identified that hospitals affiliated
with more centralized health systems are more likely to adopt
tracking technologies for supply chain use because of the
centralized hospital structure settings, allowing resources to be
prioritized and allocated to improve operational efficiency for
more efficient and streamlined use, thus serving larger patient
populations with personalized medicine. This feasibly occurs
when systematic integration and synchronization for various
solo practices are implemented in centralized smart hospital
systems. Future studies are required to investigate the underlying
mechanisms (ie, managerial support) linking technology
adoption and governance structure and examine whether the
findings of this study can be extended to other technology
innovations.

Third, our results suggest that disparities may exist in health
resources between hospitals of various sizes and governance
structures. We found that larger hospitals and hospitals affiliated
with health systems, especially more centralized health systems,
are more likely to adopt tracking technologies. Compared with
small and independent hospitals, these hospitals tend to have
more human and financial resources to become the first adopters
of advanced technologies. A potentially uneven distribution
should be given ample attention before the trend becomes so

established that it compounds the already sizable digital gap
among different types of hospitals [51]. This is extremely
important for smart hospital development, as tracking
technologies can be applied as a technology infrastructure in
smart ecosystem design. Given the increasingly important role
of tracking technologies in transforming existing health care
providers into smart hospitals, understanding the key factors
involved in tracking technology adoption provides governments
with evidence-based findings, supporting them to develop more
feasible quantified health resources with an allocation scheme
that promotes barcodes, RFID-enabled smart hospitals, and
equitable health care. Thus, our study highlights the need for
up-to-date government policies related to reasonable resource
allocation for tracking technology implementation and its use
in establishing and developing smart hospitals, including the
use of tracking technologies in patient care, drug management,
security and privacy, and tailored interventions from regulatory
bodies or policy makers.

Strengths
This study is the first longitudinal research to empirically
examine the different factors associated with the adoption of
tracking technologies in different use contexts. This is also the
first study to examine the impact of governance structure types
on technology adoption in different use contexts in hospitals.
In doing so, we provided a census assessment and longitudinal
overview of how hospital characteristics and governance
structure are related to the adoption rates of tracking technology
in both clinical and supply chain use contexts. This study
informs researchers, health care providers, and policy makers
that hospital characteristics, locations, and governance structures
have different impacts on the adoption of tracking technologies
for clinical and supply chain use and on health resource
disparities among hospitals of different sizes and with different
locations and governance structures. This study has important
managerial implications for the development of smart hospitals
using tracking technologies to establish their hospital
infrastructure and practical implications for examining the
impact of governance structure types on the adoption of other
technologies in health contexts.

Limitations and Future Directions
This study had some limitations. First, as comprehensive as the
data set was, the timeframe was limited to the period from 2012
to 2015. Despite our rationale to address the scarcity of research
into health care tracking technology by combing through details
related to the issue of tracking technology adoption since its
initial implementation in 2012 for the second stage of
meaningful use, we caution that further development could have
been in place as part of recent uptakes. Thus, it is necessary to
conduct this research in conjunction with additional data.
Second, we put in place 2 application scenarios to examine
tracking technology in the clinical and supply chain use contexts.
However, this examination has the potential for a more detailed
focus on capturing additional particulars. For example, future
research could examine the factors that influence the
implementation of different clinical uses of tracking
technologies, such as medication administration, patient
verification, caregiver verification, and pharmacy verification.
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Conclusions
This study provides a census assessment of the adoption of both
clinical and supply chain tracking technologies in US hospitals
and offers a comprehensive overview of the hospital
characteristics and governance structure associated with tracking
technology adoption. From an academic perspective, this study
unearths the staggered adoption of health tracking technology
in hospitals in various categories, suggesting that hospital
characteristics and governance structures have a significant
impact on the implementation level and rate of tracking
technology in clinical and supply chain use. It expands our
understanding of digital innovations in health care, providing

further evidence relating to tracking technology and outlining
implications that can be leveraged from a managerial point of
view. This study informs health care providers and policy
makers of the possible guidance references that tailored policies
should be in place to further promote the ongoing digital
transformation in health care, as hospital characteristics and
governance structures have different influences on the
digitalization process. These outcomes can facilitate both
academics and practitioners in putting forward future research
to further reveal the nature and scope of tracking technology in
developing smart hospitals and personalized health care in
general.
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Abstract

Background: Virtual communities of practice (VCoPs) have been used to support innovation and quality in clinical care. The
drug mifepristone was introduced in Canada in 2017 for medical abortion. We created a VCoP to support implementation of
mifepristone abortion practice across Canada.

Objective: The aim of this study was to describe the development and use of the Canadian Abortion Providers
Support-Communauté de pratique canadienne sur l’avortement (CAPS-CPCA) VCoP and explore physicians’ experience with
CAPS-CPCA and their views on its value in supporting implementation.

Methods: This was a mixed methods intrinsic case study of Canadian health care providers’ use and physicians’ perceptions
of the CAPS-CPCA VCoP during the first 2 years of a novel practice. We sampled both physicians who joined the CAPS-CPCA
VCoP and those who were interested in providing the novel practice but did not join the VCoP. We designed the VCoP features
to address known and discovered barriers to implementation of medication abortion in primary care. Our secure web-based
platform allowed asynchronous access to information, practice resources, clinical support, discussion forums, and email notices.
We collected data from the platform and through surveys of physician members as well as interviews with physician members
and nonmembers. We analyzed descriptive statistics for website metrics, physicians’ characteristics and practices, and their use
of the VCoP. We used qualitative methods to explore the physicians’ experiences and perceptions of the VCoP.

Results: From January 1, 2017, to June 30, 2019, a total of 430 physicians representing all provinces and territories in Canada
joined the VCoP and 222 (51.6%) completed a baseline survey. Of these 222 respondents, 156 (70.3%) were family physicians,
170 (80.2%) were women, and 78 (35.1%) had no prior abortion experience. In a survey conducted 12 months after baseline,
77.9% (120/154) of the respondents stated that they had provided mifepristone abortion and 33.9% (43/127) said the VCoP had
been important or very important. Logging in to the site was burdensome for some, but members valued downloadable resources
such as patient information sheets, consent forms, and clinical checklists. They found email announcements helpful for keeping
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up to date with changing regulations. Few asked clinical questions to the VCoP experts, but physicians felt that this feature was
important for isolated or rural providers. Information collected through member polls about health system barriers to implementation
was used in the project’s knowledge translation activities with policy makers to mitigate these barriers.

Conclusions: A VCoP developed to address known and discovered barriers to uptake of a novel medication abortion method
engaged physicians from across Canada and supported some, including those with no prior abortion experience, to implement
this practice.

International Registered Report Identifier (IRRID): RR2-10.1136/bmjopen-2018-028443

(J Med Internet Res 2022;24(5):e34302)   doi:10.2196/34302

KEYWORDS

mifepristone; abortion; community of practice; virtual community of practice; diffusion of innovation; learning community

Introduction

Background
Communities of practice (CoPs) are recognized as tools for
enhancing knowledge, improving practice, and supporting
innovation [1,2]. As described by Wenger et al [3], CoPs are
“groups of people who share a concern, a set of problems or a
passion about a topic and who deepen their knowledge and
expertise in this area by interacting on an ongoing basis.” In
health care, CoPs have been used to exchange information and
knowledge, support implementation of practice innovations,
build a sense of identity, and reduce professional isolation
[1,4-6]. Virtual CoPs (VCoPs) can achieve these goals among
geographically dispersed practitioners [5,7]. We hypothesized
that a VCoP could be particularly valuable to promote the
adoption of a novel medical practice (mifepristone abortion
care) introduced in Canada in 2017 and to facilitate uptake of
this practice by primary care providers, particularly those in
rural and remote regions who may have limited professional
support and resources [7-9].

Mifepristone, when used in combination with misoprostol, is
recognized internationally as the gold standard for medication
abortion [10]. Since its first approval in France in 1988,
mifepristone has been approved in more than 79 countries and
has been used by millions of people worldwide [11].
Mifepristone is safe, effective, and as a straightforward
alternative to surgical abortion has transformed the way abortion
is provided; its introduction in Canada in 2017 raised the
important question of how health care professionals could be
helped to implement this innovation.

In preparation for mifepristone’s availability in 2017, the
Contraception and Abortion Research Team-Groupe de
recherche sur l’avortement et la contraception [12] launched
the CART-Mife Study, a 4-year national implementation
research project, described elsewhere [13], that aimed to identify
and mitigate barriers to implementing mifepristone abortion
practice, particularly those affecting community-based
physicians and pharmacists. The project had two interventions:
(1) integrated knowledge translation with health policy makers
to mitigate health system barriers and support facilitators to
adoption of mifepristone abortion practice by physicians and
pharmacists and (2) a VCoP [14], which was established to
address the needs of community-based physicians and

pharmacists across Canada who were interested in adopting
mifepristone abortion practice in their professional roles.

Canada’s laws, regulations, geography, and health system
present challenges and opportunities for mifepristone abortion
practice that are distinct from those in other countries. Almost
unique in the world, Canada has no criminal law on abortion
[15]. Since 1988, abortion has been considered a medical
procedure and its need determined by the patient with their
health care provider [16]. In addition to imposing varied criminal
sanctions on abortion, most high-income countries also highly
regulate how mifepristone is prescribed and dispensed, as well
as where it is used [17-19]. Mifepristone’s initial Canadian
approval in 2015 had several similar regulatory restrictions,
most of which were removed over the 2 years after its
availability in 2017 [20,21]. Currently, many countries restrict
mifepristone provision to certain types of practitioners, such as
medical specialists or registered approved providers, or
purpose-specific facilities [22-24]. Except for the province of
Quebec [25], Canada has eliminated such restrictions and allows
prescription by any authorized prescriber (physicians and, in
most provinces, also nurse practitioners) [26]. Some countries,
including the United States, have not allowed pharmacies to
dispense mifepristone but require drug dispensing by the
prescriber or clinic [17,24]. Not so in Canada; by November
2017, mifepristone became available from pharmacies like any
other drug, to be dispensed by any pharmacist when presented
with a prescription [26]. Government health insurance plans
cover costs of the drug. The requirement for preabortion
ultrasound was removed in April 2019 [27]. Although ultrasound
is often used, clinical guidelines and mifepristone drug approvals
in most other countries, including the United States, do not
require it [10,17,19]. Canada’s lack of restrictions opened the
door for mifepristone abortion provision in community primary
care. This globally unique situation presented an opportunity
to address the considerable geographical challenges to abortion
access faced by Canadians living in rural or remote
communities, distant from the large metropolitan centers where
most abortion services are located [28]. Availability in
community primary care could provide patients with local access
to abortion through their own health care provider.

To promote widespread uptake of mifepristone abortion practice,
addressing nonregulatory barriers to implementation was also
crucial. Medication abortion care is not complicated or difficult,
but in 2017 few Canadian physicians were knowledgeable about,
or had experience with, it. Abortion is also highly stigmatized.
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The fear of negative attitudes or harassment from colleagues,
patients, and local communities could inhibit and isolate abortion
providers [29-32]. In 2017, Dawson et al [33] identified
challenges and facilitators experienced by primary care
medication abortion providers in Australia, whose publicly
funded health system and mifepristone drug approval are similar
to those in Canada. Barriers included not recognizing medication
abortion as within the physician’s scope of practice; stigma;
logistical challenges such as finding a pharmacy with the drug,
access to ultrasound, consent forms, and patient information
sheets; lack of experience, access to experts, mentorship, and
peer support; and professional isolation. In Canada, Dressler et
al [8] found that rural physicians also experienced professional
isolation and lack of training opportunities.

We theorized that information, resources, tools for practice, and
an accessible professional network to access and share
implementation enablers would enhance the ability, and perhaps
willingness, of approved health care providers (initially only
physicians and pharmacists) to provide medication abortion
care. Furthermore, we theorized that real-time collection of
reported barriers could inform health system and regulatory
decision-makers’ understanding and ability to address
unanticipated barriers. Working with national health professional
organizations, guideline committees, and government regulators,
we developed a national VCoP with these features. Our VCoP
went live in January 2017, at the same time that mifepristone
became commercially available.

Objectives
This paper describes the development of the Canadian Abortion
Providers Support-Communauté de pratique Canadienne sur
l’avortement (CAPS-CPCA) VCoP, examines its use, and
explores the perspectives of physicians, who were the only
eligible prescribers at the start of the study period, on its value
for implementing this novel clinical practice.

Methods

We adopted an intrinsic case study approach using mixed
methods during the study period January 1, 2017, to October

30, 2019. Intrinsic case studies are used to explore a specific
event or issue in depth in a real-life context [34].

Theoretical Framework for CAPS-CPCA
Our development of CAPS-CPCA was informed by the Theory
of the Diffusion of Innovation formulated by Rogers [35] as
operationalized by Greenhalgh et al [36]. Greenhalgh et al [36]
theorized that the implementation of innovations in health
systems is affected by a complex interaction of influences. These
include characteristics of the innovation (complexity,
compatibility, advantage, trialability, and observability) and the
adopter (motivation, skills, and values), system readiness for
the innovation (tension for change, innovation-system fit, and
dedicated resources), mechanisms used for implementation
(technical support and social networks), the outer context of
regulatory and sociopolitical influences, and the communication
and influence of change agents and knowledge purveyors. We
conceptualized the CAPS-CPCA VCoP as a mechanism to
support this innovation in abortion practice—in the words of
Greenhalgh et al [36], to “Help it happen”—through both social
and technical means [37] (Figure 1 [36-38]).

We anticipated that most VCoP members would share common
attitudes (homophily) and be motivated to join because of an
interest in, and commitment to, women’s reproductive health
that included abortion. The VCoP features aimed to decrease
complexity and increase compatibility of the innovation, explain
and improve the innovation’s relative advantage for adopters,
reduce its perceived risks, and create a social network to enhance
knowledge and share experience and expertise. We also used
the CAPS-CPCA VCoP as a tool to identify physician and
pharmacist experiences of health policy and systems barriers
to implementation—findings that informed the main project’s
integrated knowledge translation activities with health policy
decision-makers to mitigate or eliminate these barriers (the
regulatory and sociopolitical influences described by Greenhalgh
et al [36]), and further help these practitioners to adopt this
practice [13,37]. Integrated knowledge translation is the process
of including key stakeholders in all stages of the research
process, which in our study included discussing the barriers and
facilitators data collected through the CAPS-CPCA VCoP with
federal decision-makers in real time.
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Figure 1. Conceptual framework for diffusion of innovation (reproduced from Munro et al [37], which is published under Creative Commons Attribution
4.0 International License [39].

CoP Development
The CAPS-CPCA web-based platform (Multimedia Appendix
1) allowed members asynchronous access through their personal
account to site content (in English and French), to find
pharmacies in their community dispensing mifepristone, to post
comments and tips, or ask questions. CAPS-CPCA aimed to

encourage multidirectional interaction among members, experts,
and researchers to promote sharing information of best practice
resources and practice facilitators. Its features specifically
addressed barriers to medication abortion practice that had been
identified in the literature or were identified during the research
project [8,33] (Table 1).

Table 1. Features of the virtual community of practice addressing barriers and facilitators to mifepristone abortion uptake and related Diffusion of
Innovation constructs.

CAPS-CPCAa featureBarrier or facilitator (Diffusion of Innovation constructs addressed)

Lack of clinical knowledge (advantage, complexity, experience,
risk, and observability)

• Clinical practice guidelines and reviews
• Frequently Asked Questions
• Email Member Announcements

Tools for practice (complexity and compatibility) • Sample forms (consent, patient information, and follow-up forms, as well
as charting forms and checklists)

• Patient resources
• Billing codes

Logistical challenges (social values, trialability, diffusion and in-
fluence, and system readiness)

• Discussion Room
• Map of pharmacies stocking mifepristone
• “What’s happening in your province?”
• Member polls

Peer support and access to experts (social values, trialability, dif-
fusion and influence, and system readiness)

• Discussion Room
• Ask an Expert

Isolation and stigma (social values, trialability, diffusion and influ-
ence, and system readiness)

• Membership in CAPS-CPCA
• Discussion Room
• Ask an Expert
• Email Member Announcements
• Member polls

aCAPS-CPCA: Canadian Abortion Providers Support-Communauté de pratique canadienne sur l’avortement.

To address the desire for peer support, expert advice, and
mentorship, CAPS-CPCA had participative Discussion Room

and Ask an Expert features. Members could pose clinical or
practice-related questions and receive a response from an
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experienced Canadian abortion provider within 24 hours. To
maintain confidentiality, questions and answers were not directly
visible to all site users and all posted interactions were identified
only by the user's ID: a random number tagged with a
professional 2-letter designation (eg, 3174MD and 2061NP).
Reoccurring clinical questions were rephrased and shared with
all users through Member Announcements and Frequently Asked
Questions features.

We sought formal support from professional organizations
representing most of the anticipated providers from across
Canada (ie, family medicine, obstetrics and gynecology, nursing,
and pharmacy) for their social influence among their members
to confirm that mifepristone abortion was within their members’
scope of practice and build credibility of the VCoP. We included
their organizational logos in branding materials. Research team
members were recognized local and national experts in their
disciplines and promoted CAPS-CPCA through their
professional networks. To further inspire confidence and
minimize perceived conflict of interest, we received no industry
funding and did not disseminate industry-prepared materials.

Throughout the project we responded to member requests for
additional support; for example, we created resources such as
clinical checklists and guideline summaries [40]. Acting on
early feedback that many members preferred email notifications
rather than logging in to the website, we began emailing Member
Announcements containing brief information on policy updates,
continuing education events, common practice questions,
relevant research, and product shortages. Finally, email polls
allowed members to contribute information about the real-time
impact of health policies, such as the early requirement for
prescribers to register with the manufacturer or for a mandatory
ultrasound to initiate medication abortion, knowing that the
member’s perspective would be used to inform policy decisions.

CAPS-CPCA Member Recruitment
Vigorous recruitment was a key strategy for community building
to reduce isolation and stigma associated with abortion practice.
We invited interested physicians and pharmacists from across
Canada to join CAPS-CPCA. This recruitment occurred
primarily through a web-based medical abortion training course
hosted by the Society of Obstetricians and Gynaecologists of
Canada that, until November 2017, was a prerequisite to
prescribe or dispense mifepristone [41]. Other recruitment
occurred through continuing education events, word of mouth,
announcements from our partner organizations to their members,
at the federal drug regulator’s drug information site and in its
communications distributed to all practicing physicians, and on
the product website. After the removal of Health Canada’s
regulation for physician-only prescribing in November 2017,
CAPS-CPCA extended its membership to nurse practitioners
and midwives through their professional organizations.

Acknowledging concerns about safety and potential for
harassment, membership was restricted to licensed health
professionals (physicians, pharmacists, and later nurse
practitioners and midwives), their verified staff, health
professional trainees, and project collaborators. Internal firewalls
permitted only the licensed health professionals to access the
site’s clinical discussion and expert advice areas. Membership

requests were made on the web and vetted by the research team
by verifying the applicant’s professional license and requesting
references, if needed.

Data Sources
We collected data from three sources during the study period:

1. CAPS-CPCA website data and Member Announcements
WordPress data collected from January 1, 2017, to June 30,
2019, included member details, page views or downloads
accessible only to members, resource views or downloads
accessible from the landing page, Member Announcements
emails opened, and email poll responses. We also collected
content from Ask an Expert questions and Discussion Room
threads with physician posts.

2. Electronic surveys were completed as part of the main
CART-Mife Study by CAPS-CPCA physician members
and nonmembers who were interested in providing
medication abortion. Survey development is described
elsewhere [42]. Surveys were administered in English or
French at baseline, 6 months, and 12 months (last 12-month
survey collected in October 2019) to collect data on
clinician characteristics and practices as well as barriers
and facilitators to implementation (Multimedia Appendices
2 and 3). Follow-up surveys included 7 questions about
CAPS-CPCA participation, its importance, and suggestions
for improvement.

3. Interviews: As part of the main study, we conducted
semistructured interviews in English or French with a
national sample of abortion-providing and nonproviding
physicians, including a subset of survey respondents, as
well as health system stakeholders. Details of the qualitative
study design and results of the interviews are reported
elsewhere [13,21,25,37,43]. Interviews were conducted by
telephone in English or French by a knowledge translation
scientist (SM), physician researcher (EG), and nursing
doctoral student (CD). The interview questions probed for
domains of the Diffusion of Innovation theory. Of relevance
to CAPS-CPCA, specific questions explored VCoP
membership, how it did or did not support prescribers, and
their experience and overall thoughts about the VCoP. For
participants who had not accessed CAPS-CPCA, we asked
if joining this website would be useful (why or why not),
what information they would want from the website, and
what features they liked about other CoPs.

Although all CAPS-CPCA members representing diverse health
professions (physicians, pharmacists, nurses and nurse
practitioners, and midwives) are included in the overall site use
data, the data from surveys, interviews, and website Ask an
Expert and Discussion Room content used in this analysis relate
only to physicians, who were the only health care providers
initially eligible to prescribe mifepristone and who made up
most (430/521, 82.5%) of the eligible prescribers throughout
the study.

Data Analysis
Site metrics, CAPS-CPCA member characteristics, and
responses to survey questions were analyzed descriptively
(counts, means, medians, and percentages), and we used
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chi-square statistics to examine the association of member
characteristics with members’ reported use and perceived
importance of the VCoP with significance set at P<.05. Website
page views were aggregated from the webserver logs using
AWStats [44]. We analyzed qualitative data (website threads,
open-ended survey responses, and interviews) drawing from
directed content analysis and thematic analysis approaches,
using concepts from the Diffusion of Innovation theory as
guiding deductive codes, which we then tested and refined with
inductive coding [35,45-47]. We examined and categorized
content from Ask an Expert and DiscussionRoom threads as
related to system and regulatory, implementation and logistical,
or clinical issues. We analyzed audio-recorded, transcribed
interviews for themes related to our key objectives for this
substudy and explored physician participants’ use of the
CAPS-CPCA and their perspectives on the value of the VCoP
for implementing this clinical practice. Methods of thematic
analysis and additional results of our analysis of the interviews
are described in previous publications [21,25,43]. Using mixed
methods techniques, we triangulated our data concurrently with
individual data set analyses to compare and contrast findings
and gain a deeper understanding of how members used the
CAPS-CPCA VCoP and why [48].

Ethics Approval
The CART-Mife Study received ethics approval from the
Behavioural Research Ethics Board at the University of British
Columbia (H16-01006).

Results

Overview
Over the first 30 months, CAPS-CPCA membership grew
steadily, accepting more than 1000 members representing all
provinces and territories, including 430 physicians (Figure 2).
Of the 430 CAPS-CPCA physicians, 222 (51.6%) participated
in the baseline survey available from January 2017 until April
2019, which collected demographics and abortion experience
(Table 2). Of the 222 respondents, 170 (80.2%) were female;
156 (70.3%) were family physicians; 15 (6.8%) practiced in
regions with no abortion services before January 2017; 78
(35.1%) had no previous abortion experience; and, notably, 123
(55.4%) practiced outside metropolitan areas, although only
29.5% of the Canadian population live there [49].

Figure 2. Canadian Abortion Providers Support-Communauté de pratique canadienne sur l’avortement clinician membership over time.
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Table 2. CAPS-CPCAa virtual community of practice: characteristics of physician members who completed a baseline survey (N=222).

Values, n (%)Characteristic

Sex

170 (80.2)Female

38 (17.1)Male

6 (2.7)Other or missing

Age (years)

60 (27)<35

56 (25.2)35 to 44

53 (23.9)45 to 54

47 (21.2)>54

6 (2.7)Missing

Primary specialty

156 (70.3)Family or general practice

53 (23.9)Obstetrician-gynecologist

10 (4.5)Medical student or resident

3 (1.4)Other or missing

Province (% of Canadian population) [50]

82 (36.9)Ontario (38.6)

39 (17.6)British Columbia (13.5)

30 (13.5)Quebec (22.6)

17 (7.7)Nova Scotia (2.6)

13 (5.9)Saskatchewan (3.1)

12 (5.4)Alberta (11.6)

6 (2.7)Manitoba (3.6)

10 (4.5)Atlantic provincesb (3.9)

9 (4.1)Northern territoriesc (0.3)

4 (1.8)Missing

Residence location (% of Canadian population) [49]

94 (42.3)Large metropolitan area (71.8)

123 (55.4)Outside large metropolitan area (29.5)

5 (2.3)Missing

Previous abortion experience

78 (35.1)None

71 (32)Medical and surgical

36 (16.2)Medical only

33 (14.9)Surgical only

4 (1.8)Missing

Primary facility type

78 (35.2)Private physician office

40 (18)Community abortion or reproductive health clinic

25 (11.3)General health care community or ambulatory clinic

54 (24.3)Hospital-affiliated facility
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Values, n (%)Characteristic

5 (2.3)Other

20 (9)Missing

Other abortion services available in the community

134 (60.4)Medical and surgical

33 (14.9)Surgical only

20 (9)Medical only

15 (6.8)None

20 (9)Missing

Do you currently, or do you plan to, prescribe mifepristone?

144 (64.9)Yes

16 (7.2)No

62 (27.9)Missing

aCAPS-CPCA: Canadian Abortion Providers Support-Communauté de pratique canadienne sur l’avortement.
bNew Brunswick, Newfoundland and Labrador, and Prince Edward Island were combined because of small cell sizes.
cYukon, Northwest Territories, and Nunavut were combined because of small cell sizes.

Website Data
Website traffic is shown in Figure 3. Traffic peaked in the first
half of the study period and then declined but remained stable.
The most frequently visited pages were Helpful Resources
(2338/12,592, 18.57%, page visits), Locate a Pharmacy
(2154/12,592, 17.11%), Ask an Expert (1792/12,592, 14.23%),
and Latest News (1892/12,592, 15.03%). From January 1, 2017,
to June 30, 2019, there were more than 10,000 views or
downloads of resources, including some (ie, Prescriber and

Pharmacist Checklists and Prescriber and Pharmacist Resource
Guides) which, at the request of Health Canada, were made
openly available on the CAPS-CPCA landing page and thus
were not exclusive to members. The Prescriber Resource Guide
and Prescriber Checklist were viewed or downloaded 1759
times. Other resources accessible only to VCoP members and
most relevant to prescribers, such as consent forms, patient
information sheets, pharmacy locations, and information on
coverage for drug costs across the country, had 1263 views or
downloads.

Figure 3. Page views from January 1, 2017, to June 30, 2019, with regulatory-change dates.
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Each of the 77 email Member Announcements was opened an
average of 341.8 (SD 73.3) times. Response to 2 email polls
distributed on May 30, 2017, and March 22, 2019, was 48%
(47/99) of the physicians and 5.7% (28/489) of the prescribers
(physicians and nurse practitioners), respectively. The first poll
asked about the early requirement for physicians to register with
the pharmaceutical company to prescribe and dispense
mifepristone, similar to a current requirement in the United
States [17]. The respondents did not support this restrictive
requirement, which also violated codes of conduct of some
provincial licensing bodies [51]. It was removed the same week
that the poll results were shared with the regulatory
decision-makers. The second poll asked about the requirement
for pelvic ultrasound in the initial drug approval [20]. Of the
28 respondents, 9 (32%) said that mandatory ultrasound limited
their ability to provide mifepristone abortion. Health Canada
subsequently removed this requirement [27].

During the 30-month website data collection period, physicians
posed 38 Ask an Expert questions and there were 19 physician
posts in 14 Discussion Room threads. Of the 52 questions and
discussions, 12 (23%) related to health system or regulatory
issues such as how to access mifepristone through pharmacies
and hospitals, access to surgical abortion for failed abortions,
billing for medication abortion, and drug shortages; 12 (23%)
related to logistics of implementation, such as on-call coverage,
considerations in rural and remote areas, and overcoming
resistance of colleagues or hospitals to mifepristone abortion;
and 28 (54%) were clinical questions ranging from use of
mifepristone in specific circumstances (eg, breastfeeding, breast
cancer, and opiate user), more complicated clinical courses (eg,

lack of bleeding or persistent bleeding), and recommended
practice when clinical or laboratory resources were limited (eg,
access to ultrasound and management of Rh-negative patients).

Survey Data
CAPS-CPCA members constituted 56.3% (129/229) of the
respondents in the 6-month physician follow-up survey, with
66.7% (86/129) of these member respondents agreeing or
strongly agreeing that the VCoP was helpful (data not shown).
The 12-month follow-up surveys were completed by 224
physicians, of whom 127 (56.7%) indicated that they were still
CAPS-CPCA members (Table 3). Of these 127 members, 81
(63.8%) said that the availability of a web-based support
platform had been important or very important to them when
deciding to provide mifepristone. Perceived importance of the
VCoP was not associated with physician experience or urban
or rural location. At 12 months, 59.1% (75/127) of the
physicians intended to remain members of CAPS-CPCA. In
open-ended responses, many members commented that logging
in to the site was burdensome and that site navigation should
be improved but they valued email updates and the resources
and tools for practice. Several remarked that for clinical
concerns, they preferred local professional contacts rather than
CAPS-CPCA peers or experts because “CAPS...is less helpful
for in-the-moment clinical support.” Others recommended that
CAPS-CPCA build a centralized resource to support referrals
for needed clinical backup and a larger list of pharmacies
stocking the medication. Of the 57 respondents who said that
they were not members, 34 (58%) had not heard of CAPS-CPCA
and those who were aware of the VCoP cited no need for it and
lack of time as the main reasons for not joining.
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Table 3. Members’ opinions about Canadian Abortion Providers Support-Communauté de pratique canadienne sur l’avortement (CAPS-CPCA):
12-month–survey responses.

Values, n (%)

Respondents to 12-month survey (N=224)

127 (56.7)CAPS-CPCA members

57 (25.4)Nonmembers

40 (17.9)Missing

How important was it to know there was an online platform for support when you decided to provide mifepristone? (n=127)a

81 (63.8)Important or very important

46 (36.2)Neutral or not important

Now (after 1 year), how important has the CoPb been? (n=127)a

43 (33.8)Important or very important

70 (55.1)Neutral or not important

14 (11)Missing

Do you plan to continue to participate in CAPS-CPCA? (n=127)a

75 (59.1)Yes

13 (10.2)No

39 (30.7)Don’t know

How many times in the past 12 months have you accessed CAPS-CPCA? (n=127)a

34 (26.8)0

44 (34.6)1 to 2

25 (19.7)3 to 5

18 (14.2)>5

6 (4.7)Missing

aOnly those stating that they were members of Canadian Abortion Providers Support-Communauté de pratique canadienne sur l’avortement were asked
questions related to the virtual community of practice.
bCOP: community of practice.

By 12 months, 77.9% (120/154) of the respondents who had
ever been a CAPS-CPCA member, including 65% (34/52) with
no previous abortion experience, indicated that they had
provided mifepristone abortions (median 20, IQR 3-50).

Interview Data
Over the first year of CAPS-CPCA, we conducted interviews
with 55 physicians as part of our broader study on
implementation of mifepristone in Canada [13,21], including
33 (60%) members and 22 (40%) nonmembers, 91% (20/22)

of whom had not heard of CAPS-CPCA. Analysis identified
the following key themes about CAPS-CPCA among members:
sense of community and support, clinical usefulness of practice
tools, the importance of access to clinical support, importance
of CAPS-CPCA for keeping up to date on regulatory changes,
preference for emails for information, and concerns about
security (Textbox 1). Some interviewees were unfamiliar, or
had not engaged, with CAPS-CPCA but felt that access to
experts, practice tools, and information on regulations would
be valuable in a VCoP.
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Textbox 1. Thematic analysis of physician interviews.

Sense of community and support

• Canadian Abortion Providers Support-Communauté de pratique canadienne sur l’avortement (CAPS-CPCA) gave members a sense of community
and support, often described as a sense of a community of practitioners, spread nationwide. A participant stated, “Well, it’s just that you don’t
feel so alone” [Physician 013], and another said, “We need to have platforms that bring providers together to deal with whatever issues are
arising” [Physician 018]. Another commented, “I also sort of just like the feeling that it makes you part of a community with people with common
interests” [Physician 015]. Some felt that it was especially important for new providers and could increase their confidence to adopt the practice:
“If you were a new provider going to it you would get the guidelines...the checklists...support, if you needed it” [Physician 002]; “A great resource
to even tell people that are thinking about doing this and are feeling a little less confident” [Physician 019].

Clinical usefulness of practice tools

• Members and nonmembers agreed about the usefulness of downloadable practice support tools such as consent forms, guidelines, and checklists,
as well as a more extensive list of dispensing pharmacies. Participants who acted as informal mentors described CAPS-CPCA as their go-to
resource for educating new mifepristone providers and linking them with practice tools. In turn, participants provided suggestions on useful
practice tools, which informed how we organized and shared resources on the platform: “If anything, I would say have more handouts that you
could print off and give to patients...it would be nice to go to that abortion providers’ website and just go, ‘I know where I can find it,’ because
exactly. Sometimes, you’re scrambling” [Physician 033].

Importance of clinical support

• Members and nonmembers articulated a need for access to clinical support. Some had established and preferred local contacts: “I would feel
more comfortable just phoning up the obstetricians I have a close relationship with than to post something on a board and have people that I don’t
have [a] relationship with answer” [Physician 025]. However, they also felt that “[CAPS-CPCA is] an excellent resource and community...[to]
go get support” [Physician 006], particularly for solo or rural physicians without a local support network: “I think for people that may be more
kind of solo or in a group of family doctors, that may be a really helpful place to ask opinions on kind of situations you might come across”
[Physician 004]. A participant expressed a desire for personalized mentorship: “It would also be good to have almost like a mentor to just touch
base with every once in a while, potentially also to discuss more difficult cases” [Physician 042], and another wanted more local or regional
subgroups for direct communication among members.

Importance of CAPS-CPCA for keeping up to date with information and regulatory changes

• “I’ve no idea how I would learn about [changing regulations] though, if I weren’t on CAPS-CPCA” [Physician 016]. In early interviews,
CAPS-CPCA members indicated a preference for emails for information and “tend[ed] to go less on the website” [Physician 002] because logging
in was burdensome. However, some found the emails too frequent and even “intrusive” [Physician 013].

Concerns about security

• Physicians accepted that security issues were part of abortion care and stressed the importance of website security in that “people are pretty
cautious about sort of publicly being identified as abortion providers” [Physician 035]. Members appreciated the fact that the website was run
by known leaders as well as the process for member authentication. However, concerns about “databases where my name and info are potentially
breachable” kept a physician from joining [Physician 035]. Physicians were skeptical about pharmaceutical industry involvement in clinical
practice and a member voiced concern that CAPS-CPCA might be a “vehicle for promotion” for pharmaceutical companies [Physician 013].

Lack of awareness and engagement with the virtual community of practice

• Some interview participants were unfamiliar with CAPS-CPCA, notably French-speaking physicians from Quebec. Interviewees who were aware
of the virtual community of practice and had elected not to join did not perceive it as useful to them; for example, among highly experienced
abortion providers those not ready to implement mifepristone abortion practice, those who felt no need for the virtual community of practice,
and those who perceived that they had no time for it. A physician who had integrated mifepristone protocols and materials into their electronic
medical record felt “like there’s nothing that a support group would help me with” [Physician 025].

Discussion

Principal Findings
In our intrinsic case study, we describe the development and
use of a VCoP for mifepristone abortion providers during the
first 30 months of its availability in Canada—a jurisdiction free
of the legal and regulatory restraints present in many countries
[15,17-19]. The alignment of findings from our website, surveys,
and interviews demonstrates that CAPS-CPCA provided
important support for some physicians wanting to implement
this new practice. Our recruitment of 430 physician VCoP
members from all regions of the country shows that many
potential new medication abortion providers wanted support

when mifepristone was introduced. Although we do not know
what proportion of Canadian abortion providers these 430
physicians represent, this number is sizable. A 2012 study found
fewer than 300 physicians across Canada who were providing
abortions, most of them surgical [28]. Of our 222 CAPS-CPCA
survey respondents, 140 (63.1%) had previous abortion
experience, 111 (50%) had no experience with medication
abortion, and 78 (35.1%) were new providers who had no
experience with any type of abortion care. These findings
suggest that the number of abortion providers is increasing, and
emerging evidence supports this [52]. More than half (123/222,
55.4%) of the CAPS-CPCA survey respondents were from areas
outside the large metropolitan centers where abortion services
in Canada are concentrated [28]. New abortion providers,
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working in areas where services are lacking, could increase
equity of access to abortion for Canadians.

Recruitment to CAPS-CPCA was very low in Quebec, and most
Quebec physicians interviewed were unaware of it. System
readiness for this innovation was low and inflexible in Quebec.
The College of Physicians of Quebec placed explicit restrictions
on the conditions for prescribing mifepristone, and physicians
perceived administrative complexities to implementing
medication abortion protocols. There was also a noted resistance
among surgical abortion providers who did not see a relative
advantage of medication abortion [25,43]. These factors slowed
implementation of mifepristone abortion in Quebec, decreasing
the VCoP’s utility for physicians in that province and the
likelihood that they would take the Society of Obstetricians and
Gynaecologists of Canada medical abortion training program
whose link to the VCoP was a primary means of recruitment
[43]. Another reason for Quebec’s low recruitment may relate
to the province’s long-standing networking organization for
abortion providers, Le Comité de vigilance sur l’avortement,
which meets in person 4 to 5 times a year for discussions and
education on abortion and related subjects. These abortion
providers may have seen few advantages to joining the
CAPS-CPCA VCoP [Edith Guilbert, personal communication].

We found that knowing that there was a VCoP for support was
important for many physician members when they were
considering providing medication abortion. Whether this
knowledge encouraged some physicians who were interested
in, but uncertain about, providing medication abortion is
unknown. Our qualitative data suggested that CAPS-CPCA
membership increased participants’ perceptions of confidence
about providing abortion care, which is a determinant of
adoption of new practices [53]. Aside from the reassurance of
knowing that there was a place to access information and
experts, our surveys and interviews as well as the website traffic
and downloads indicated that members particularly valued the
clinical practice tools. The large number of views and downloads
of materials such as patient consent forms and information
sheets, clinical checklists and guidelines, and members’
comments showed the site’s value as a resource repository.
Although most resources were noted to be generally useful,
locally relevant ones such as provincial billing codes, drug
coverage, and pharmacies stocking the drug were also very
important. In surveys and interviews, physician members
indicated a desire for a more extensive list of pharmacies
stocking the medication. Although CAPS-CPCA had more than
300 pharmacist members, fewer than 100 entered data on their
pharmacy location and indicated that they had mifepristone in
stock. Future VCoPs of this sort could consider approaching
the large chain pharmacies for a universal input of all locations.

Logging in to the website was a deterrent for many CAPS-CPCA
members, with 26.8% (34/127) of the survey respondents never
doing so. To increase accessibility, we placed highly requested
resources such as the clinical checklists on the landing page of
the site and the very large number of views and downloads
reflects the success of this strategy. Although some members
found emails to be too frequent, many appreciated the emails
that engaged them directly and felt that the emails built a sense
of community among individuals interested in abortion. As has

been shown in other research, we hypothesize that associating
with other like-minded individuals may have overcome isolation
and stigma that could deter some from providing abortions
[29-31]. Participation in polls allowed active engagement in the
VCoP to contribute data that influenced policy changes that
affected members’ practice, and emails kept them apprised of
these changes. Although we anticipated that member
involvement would diminish over time, 59.1% (75/127) of the
CAPS-CPCA members who completed the 12-month survey
planned to remain in the VCoP and only 10.2% (13/127) stated
that they would not continue to participate.

CAPS-CPCA provided rapid access to experts for clinical
questions over the study period, with 52 Ask an Expert and
Discussion Room threads related to health system, logistical,
and clinical support needs. Although mifepristone abortion care
is usually straightforward, we were surprised that these resources
were used so infrequently. The qualitative data suggested that
although this feature might be important for a few providers,
most would rather use or develop their own local network for
expert clinical backup. Our results from interview participants
who acted as mentors suggest that over time this may have
occurred, with CAPS-CPCA used as a resource to support their
clinical mentorship. Nevertheless, there was a desire to have
clinical support or mentorship available and this was particularly
valuable for new or inexperienced providers. Although
challenging to achieve, linking remote or isolated clinicians
with an expert mentor in their region could provide valuable,
more sustainable clinical support.

Comparison With Prior Work
Similar to the findings of Carpenter et al [2] in their evaluation
of learning communities in the United States, important elements
of the CAPS-CPCA VCoP included credibility and
trustworthiness achieved through affiliation with members’
professional organizations, dissociation from the pharmaceutical
industry, and leadership by known experts; active and
personalized outreach to engage interested clinicians; features
designed to overcome known implementation barriers and share
facilitators; and responsiveness to the needs of the VCoP. We
responded to early requests from busy new providers to create
the clinical checklists and guidelines that became CAPS-CPCA’s
most viewed and downloaded resources. A qualitative study of
decentralization of medication abortion services in rural
Australia identified that sharing protocols and clinical resources,
as we did with CAPS-CPCA, was an important enabler of
clinician uptake of mifepristone abortion practice [54]. Ease of
use, accessibility, and perceived usefulness have been found to
be important to the success of VCoPs [2,5,55], and this was
reflected in our finding that although emails and tools for
practice were valued, logging in to a website was burdensome
and inhibited participation for some members.

Future Directions
Sustainability of the VCoP is uncertain; continuing usefulness
for members is likely to diminish as they develop experience
with mifepristone abortion and connection to local experienced
mentors and experts. However, with continued diffusion of this
innovation, it may continue to have relevance for new abortion
providers, including nurse practitioners and, potentially,
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midwives. Sustainment of adoption of the innovation is an
important outcome that we could not measure during our study
period and an area for future research. In our interviews, lack
of demand had prevented some interested physicians from
implementing this practice and we hypothesize that it could
similarly affect sustainment.

Our VCoP model may have applications to other clinical
innovations, particularly those in focused areas where there is
limited clinical experience, rapidly changing practice, unusual
regulation, or associated stigma. Notably, there are established
VCoPs in some jurisdictions supporting knowledge, practice,
and shared experience for clinical areas such as medical
assistance in dying, treatment of opioid or alcohol use disorders,
and more recently COVID-19 [56-58]. Similar to CAPS-CPCA,
membership in these VCoPs is not driven top-down by an
organization but by individual members’ interest and motivation
to deliver care in these areas. For stigmatized areas of practice
such as medical assistance in dying, restricting VCoP
membership to ensure that members feel safe may be important.
Our VCoP also kept member identities anonymous but this may
have restrained social interaction. Some CAPS-CPCA members
identified this as a limitation and desired local networks for
personalized interaction where clinical and service issues could
be discussed. Our ability to collect real-time data from our
members to inform policy makers about regulatory and policy
barriers to implementation was an unusual and valuable feature
that could be adapted to guide health policy changes for practice
improvements in other clinical areas.

Strengths and Limitations
Our research includes limitations. We were not able to isolate
physician use of the website or Member Announcements and,

thus, website data reflect use by all clinician VCoP members
and Contraception and Abortion Research Team-Groupe de
recherche sur l’avortement et la contraception staff who
maintained the site. We believe that staff visits were most
frequent in the early months when the site became active and
may have artificially elevated page visits during this period.
Survey and interview data provided the richest information
about the physicians who joined CAPS-CPCA and its function
for them as abortion providers. However, only 51.6% (222/430)
and 29.5% (127/430) of the CAPS-CPCA physician members
participated in the baseline and follow-up surveys, respectively.
A smaller subset was invited for an interview. Physicians who
were more involved in the surveys and interviews may not
reflect the whole membership. To address these concerns, we
purposefully invited interviewees to represent diverse
perspectives, including physicians who did not join
CAPS-CPCA. The strengths of this case study include the
gathering of a large qualitative data set from physicians located
in all areas of the country and the alignment of the findings
from the website, surveys, and interviews.

Conclusions
A VCoP created to address barriers and facilitators to
mifepristone abortion uptake engaged physicians from across
Canada and supported some to implement this innovation in
abortion practice, including those who had no previous abortion
experience. Creating and widely disseminating awareness of an
internet-based resource that includes practical tools for
implementation, timely policy and practice updates, expert
advice, and social connection may be particularly beneficial for
remote and isolated providers and could encourage broader
dissemination of clinical innovations.
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Abstract

Background: Digital technology uses in cardiology have become a popular research focus in recent years. However, there has
been no published bibliometric report that analyzed the corresponding academic literature in order to derive key publishing trends
and characteristics of this scientific area.

Objective: We used a bibliometric approach to identify and analyze the academic literature on digital technology uses in
cardiology, and to unveil popular research topics, key authors, institutions, countries, and journals. We further captured the
cardiovascular conditions and diagnostic tools most commonly investigated within this field.

Methods: The Web of Science electronic database was queried to identify relevant papers on digital technology uses in cardiology.
Publication and citation data were acquired directly from the database. Complete bibliographic data were exported to VOSviewer,
a dedicated bibliometric software package, and related to the semantic content of titles, abstracts, and keywords. A term map was
constructed for findings visualization.

Results: The analysis was based on data from 12,529 papers. Of the top 5 most productive institutions, 4 were based in the
United States. The United States was the most productive country (4224/12,529, 33.7%), followed by United Kingdom (1136/12,529,
9.1%), Germany (1067/12,529, 8.5%), China (682/12,529, 5.4%), and Italy (622/12,529, 5.0%). Cardiovascular diseases that had
been frequently investigated included hypertension (152/12,529, 1.2%), atrial fibrillation (122/12,529, 1.0%), atherosclerosis
(116/12,529, 0.9%), heart failure (106/12,529, 0.8%), and arterial stiffness (80/12,529, 0.6%). Recurring modalities were
electrocardiography (170/12,529, 1.4%), angiography (127/12,529, 1.0%), echocardiography (127/12,529, 1.0%), digital subtraction
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angiography (111/12,529, 0.9%), and photoplethysmography (80/12,529, 0.6%). For a literature subset on smartphone apps and
wearable devices, the Journal of Medical Internet Research (20/632, 3.2%) and other JMIR portfolio journals (51/632, 8.0%)
were the major publishing venues.

Conclusions: Digital technology uses in cardiology target physicians, patients, and the general public. Their functions range
from assisting diagnosis, recording cardiovascular parameters, and patient education, to teaching laypersons about cardiopulmonary
resuscitation. This field already has had a great impact in health care, and we anticipate continued growth.

(J Med Internet Res 2022;24(5):e36086)   doi:10.2196/36086

KEYWORDS

cardiovascular; heart; hypertension; atrial fibrillation; cardiopulmonary resuscitation; electrocardiography; photoplethysmography;
wearable device, digital health, mHealth; cardiology; cardiac; health application

Introduction

Background
Modern health care and medicine are characterized by
continuous digital innovation. This innovation is driven by the
confluence of, first, technological advances with transformative
potential and, second, convincing use cases based on needs and
opportunities from the health care domain. This is an area of
high-volume activity evidenced in a large and heterogeneous
scientific literature base, which warrants a high-level overview
and bibliometric analysis.

Current Transformative Developments in Digital
Technology
Recent advances in digital technology for health care and
medicine have been fundamentally facilitated by a
revolution—increasing miniaturization and affordability—in
sensing devices, which have been manufactured as both
stationary and wearable devices to track a broad and growing
range of vital signs and physiological measurements [1,2]. These
developments have coincided with rapid innovations in
interactive, networked, mobile, and ubiquitous computing [3],
which has brought about modern smartphones, wireless
connectivity, and Internet of Things computing, networked
information systems, and increasingly capable consumer--facing
and professional apps [4]. This enables effective automation in
many areas that are highly relevant for health care and medicine,
such as communication (eg, telehealth [5], which has been
recently emphasized by an increased need for remote access for
medical support in both physical and mental health during the
COVID-19 pandemic [6,7]), social support [8-10], and education
[11]. Moreover, there are growing possibilities for the
augmentation of sensing and actuation [12], via biocompatible
technologies [13] and ubiquitous sensing focused on situated
functionality [14].

Technology transfer in these areas follows a general pathway
from innovators and early adopters—technology developments
are often inspired by hacking, gaming, or similar
communities—through applied research and development into
actual medical and health care practice [15]. Virtual, augmented,
and mixed reality are good examples of current technologies
that are beginning to take hold in real-life medical and health
care practice, for example, in diagnostic and surgical procedures
and rehabilitation, by offering versatility for a broad range of

conditions, including pain, stroke, anxiety, depression, fear,
cancer, and neurodegenerative disorders [16].

Other recent developments with transformative potential include
initiatives toward digital biomarkers and interventions that
promise to enable personalized and precision medicine [17].
Building on foundations developed in enthusiast communities
around the quantified self [18] and personal informatics [19-21],
these approaches suggest there is a need for patient data
contributions and personal health records [22,23] with advances
in data processing and analytics, for example, in artificial
intelligence and machine learning for supporting diagnosis
[24,25] and medical decision-making [26,27]. Key drivers
toward truly personalized and precision medicine [28,29] will
arguably be the adaptability and adaptivity of systems that
anticipate rather than react [30,31], for example, via predictive
modeling [32], which in turn facilitates a focus toward
preventative rather than curative medicine [33].

Further potentially transformative technologies are
conversational interfaces [34-36], developments that enable
localized and individualized production through 3D printing
[37,38], biochemical composition [39], or personal genomics
[40]. These developments have considerable potential for
positive change but also require delicate handling of personal
data and privacy issues in accordance with data standards [41],
legal and ethical considerations [42,43], and social
considerations [44,45]. A key challenge lies in moving toward
more sustainable adoption and use of available technologies,
which requires a broad view on complex ecosystems [46,47],
motivation [48] and habituation or behavior change [49-51].
Moreover, there is a need to more closely connect research and
industry [52] and to work in a highly human-centered manner
[53].

Clinical Use Cases of Digital Innovation in Cardiology
The variety of digital technologies in health care and medicine
is reflected in the field of cardiology, in which multiple uses
can be found. Telecardiology describes the delivery of
one-to-one cardiology care without the need for physical
meetings between the physician and the patient [54] and has
been facilitated by the improved availability and functionality
of remote communication technologies and by digital
technologies that enable reliable recording and transmission of
clinical measurements from implantable (pacemakers,
defibrillators) and consumer devices (blood pressure monitors,
scales, thermometers) [54]. Cardiac telerehabilitation—programs
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provided at patients’ homes rather than at rehabilitation centers
[55]—uses technology solutions to facilitate the remote
instruction, monitoring, and supervision of patients during
exercise training, with processes for providing emergency care
in case of medical emergencies [56]. Artificial intelligence and
machine learning approaches offer multitudes of possibilities
in cardiology diagnostics and therapeutics, for example,
individual cardiovascular risk factor identification; profiling,
prediction, and management of cardiac arrhythmias; and
enhanced cardiac imaging [17,57,58].

The field of behaviour change for primary and secondary
prevention of cardiovascular disease through digital
technologies, for example, to understand and modify behavior,
has increased rapidly in recent years [59]. This approach could
deliver effective personalized support for heart-healthy lifestyle
changes, such as adherence to medication and exercise
recommendations [17] with the measurement of physical activity
[60] and associated parameters such as heart rate [61] using
sensors incorporated in objects of daily use, such as mobile
phones and watches [62]. Existing technologies also provide
the ability to capture information about the environment in
which behavior takes place, with mobile phone location tracking,
and can be used to facilitate understanding of behavior [63] or
to change behavior [64]. Behavior change interventions can be
effective, especially when tailored to the individual [65].
However, there is room for improvement in terms of using the
unique characteristics and full potential of digital technologies,
such as the possibility of intervening at the right moment (for
example when a person is in need of support). The potential of
these so-called just-in-time adaptive interventions has only been
explored recently, and insight into their effectiveness is largely
still lacking [66].

Given that digital technologies (specifically, the internet and
smartphone apps) are vehicles for information transfer, another
highly promising area of application for these digital
technologies in cardiology is health literacy (ie, the degree to
which individuals can obtain, process, understand, and
communicate about health-related information needed to make
informed health decisions [67]). Health literacy is a prerequisite
to successfully maintain health and self-care; navigate through
the healthcare system; and in case of illness, understand health
information, medication, and treatment plans [68]. Especially
in older adults, health literacy is a significant predictor of
information-seeking behaviors and health outcomes [68].
Despite growing global recognition of health literacy as a critical
determinant of health and well-being and efforts to improve
health literacy [69], health literacy levels among the global
population remain low [70-72].

Digital technologies, including the internet and information
communication technologies, seem to offer a convenient way
to deliver broadly and rapidly evidence-based health information
and thus improve overall health literacy, especially in
disadvantaged populations that lack access to health care and
relevant health information [73,74]. However, a recent study
[75] has shown that persons with lower health literacy report
difficulties searching health information and are less likely to
use search engines. Moreover, low health literacy is also
associated with difficulty judging the quality of health

information from the internet [76]. In order to actively support
individuals’ health literacy, digital technologies or services are
increasingly promoted in different care contexts to accelerate
patient–provider communication and, at the same time, offer
an opportunity to educate patients in the appropriate use of
web-based health information. In inpatient care, digital tools
such as electronic displays can be employed during ward rounds
to support the consultation or facilitate the discharge process,
and medically vetted electronic health information is shared
with patients at the hospital bedside [77]. Automated systems
can be integrated to teach patients about their diagnosis and
postdischarge self-care regimen [78]. In outpatient care, digital
technologies often aim to support chronically ill persons.
Telehealth systems for synchronous audio- and video-based
communication allow patients to report symptoms and
preferences to their health care provider remotely [79], while
asynchronous text-based communication through patient portals
enables patients more convenient access to their health
information [80]. These technologies offer patients alternative
modalities for information transfer and communication with
health care providers, thereby facilitating effective information
exchange and supporting individual health literacy skills. In the
field of cardiology, the importance of a greater focus on
supporting health literacy has recently been highlighted,
specifically in the context of primary and secondary prevention
of cardiovascular disease [81].

Rationale for a Bibliometric Analysis
The broad range of digital technology use in cardiology is
reflected by a large scientific literature base. Bibliometric
analysis provides an integral view with quantitative evaluations
of publishing metrics of research literature [82-84]. The purpose
of this bibliometric analysis of digital technology uses in
cardiology is to describe and discover current trends, topics,
and scientometric characteristics within this body of literature,
providing a high-level overview of the scientific literature and
enabling insights for future directions in digital health in
cardiology. To the best of our knowledge, no such analysis has
been published to date.

Methods

We searched the Web of Science Core Collection database on
November 22, 2021 (Textbox 1).

We excluded digitalin*, digitalis*, supplemental digital and
digital ulcer* because these words and their derivatives did not
refer to digital technology, but instead referred to the drug
digitalin, to the plant genus Digitalis, to supplemental digital
content, and to the medical condition digital ulcer, respectively.
No additional filters were applied to restrict the search results.
The search resulted in 12,529 papers. The Analyze Results and
Citation Report functions of the Web of Science platform were
utilized for basic frequency counts and the number of citations
per publication (mean citations per item within a subset) of the
most productive authors, institutions, countries, journals, and
journal categories. We also defined a subset—literature that
included the terms smartphone*, app, or wearable* in the title,
abstract, or keywords—which contained 632 papers.
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The full record and cited references were then exported into
VOSviewer as tab delimited files to synthesize a term map. For
clarity, only terms that appeared in at least 0.5% of the literature
set (>63) were included in the map. A list of top 5000 common
words from the Corpus of Contemporary American English was
entered to remove generic (and therefore, less meaningful) words

from the term map [85]. VOSviewer was also used to identify
the top 20 recurring author keywords.

As the latest digital technology uses often involve smartphone
apps and wearable devices, This analysis described above,
except for the term map, was similarly conducted on a subset
of the concerned.

Textbox 1. Digital technology in cardiology search string. TS: searching for title, abstract, and keywords; WC: searching for the particular journal
category.

(#1 OR #2) NOT (#3 OR #4)

where

1. TS=(digital* AND (cardio* OR cardiac* OR heart*) NOT (digitalin* OR digitalis*))

2. WC=(CARDIAC CARDIOVASCULAR SYSTEMS) AND TS=(digital* NOT (digitalin* OR digitalis*))

3. TS=(“Supplemental Digital”)

4. TS=(“digital ulcer*”)

Results

The 12,529 papers were published from 1965 to November 22,
2021. The earliest publication was a report on the development
and demonstration of an analog-digital analyzing unit to screen
heart sounds in children [86]. The literature growth seemed to
be accelerating in the 2000s and especially into the 2010s
(Figure 1). Approximately three-quarters of the papers
(9271/12,529, 74.0%) were original articles, and review papers
accounted for 6.3% (789/12,529). Proceedings papers and
meeting abstracts accounted for 14.2% (1779/12,529) and 6.0%
(752/12,529), respectively.

The most productive author was Professor David J Sahn from
Oregon Health and Science University, whose highly cited
papers were focused on real-time 3D echocardiography [87-89].
Of the 5 most productive institutions, 4 were based in the United
States of America, with Harvard University having the highest
number of citations per publication. The most productive

journals were from the area of cardiology or cardiovascular
system, with Circulation having the highest citations per
publication among the top 5 (Table 1). Cardiac and
cardiovascular systems was the most productive journal
category, accounting for nearly one-third of the papers.

The variety of digital technology uses in cardiology can be
observed (Figure 2), with uses related to blood pressure (n=727,
citations per publication: 20.1), hypertension (n=642, citations
per publication: 21.1), arterial stiffness (n=128, citations per
publication: 19.4), and stenosis (n=500, citations per publication:
23.7). Terms that appeared in more recent papers included
wearable device (n=79, citations per publication: 10.1),
smartphone (n=143, citations per publication: 12.0), and COVID
(n=111, citations per publication: 3.2) (Figure 2), as well as
pandemic (n=74, citations per publication: 3.0), machine
learning (n=97, citations per publication: 11.1), artificial
intelligence (n=112, citations per publication: 8.8), and app
(n=149, citations per publication: 10.3) (not in Figure 2).

Figure 1. Papers published on digital technology uses in cardiology.
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Table 1. Top 5 (most productive) entities in literature on digital technology use in cardiology.

Citations per publicationN (%)Entity

Author

10.771 (0.5)Sahn, David J

46.253 (0.5)Wong, Tien Yin

14.935 (0.3)Molloi, Sabee

14.033 (0.3)Jones, Molly

4.533 (0.3)Li, Xiang-Ning

Institution

32.2440 (3.5)University of California system

30.8278 (2.2)University of London

54.4263 (2.1)Harvard University

35.4178 (1.4)Duke University

44.0163 (1.3)US Department of Veterans Affairs

Country

26.74224 (33.7)United States of America

24.81136 (9.1)United Kingdom

23.71067 (8.5)Germany

12.2682 (5.4)China

18.4622 (5.0)Italy

Journal

57.4411 (3.3)Circulation

34.4271 (2.2)Journal of the American College of Cardiology

13.8251 (2.0)Cardiovascular and Interventional Radiology

29.3171 (1.4)American Journal of Cardiology

20.2140 (1.1)European Heart Journal

Journal category

22.04101 (32.7)Cardiac cardiovascular systems

20.91289 (10.3)Radiology, nuclear medicine, or medical imaging

36.31090 (8.7)Peripheral vascular disease

20.51001 (8.0)Engineering, biomedical

9.3965 (7.7)Engineering, electrical or electronic
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Figure 2. Recurring terms in the titles and abstracts of the literature about digital technology applications in cardiology. Circle size indicates publication
count. Circle color indicates the average publication year. Distances between circles indicate how frequently the terms co-occurred.

The terms telemedicine, digital health, and mHealth (mobile
health) were among the top 20 author keywords (Table 2),
suggesting that digital technology uses have been a major
research focus. Such uses are also of increasing interest in the
context of the COVID-19 pandemic.

The literature subset contained 632 papers on smartphone apps
and wearable devices. The first paper of this subset was
published in 2005, and it introduced a wearable multiparameter
(including heart rate and blood pressure) ambulatory
physiological monitoring system that could digitally record and
continuously stream data to a base station [90]. Approximately
62.2% (393/632) of papers were original articles. Review papers
accounted for 15.2% (96/632). The most productive author
within this subset was Dr. Mohamed Elgendi affiliated with
University of British Columbia and Simon Fraser University.

His research interest focused on using data from
photoplethysmography (PPG) to detect hypertension, potentially
with the aid of machine learning [91,92]. Of the 5 most
productive institutions, 4 were based in the United States of
America. Furthermore, in the top 5 countries, the first 4 places
remained unchanged from the those of the full data set (United
States, United Kingdom, Germany, and China). Fifth place was
taken by Australia, while Italy (ranked as the fifth most
productive country in the full data set) moved to tenth place.
JMIR Publications had the top 3 journals, which collectively
accounted for more than 10% of the 632 papers (Table 3).

The top 20 author keywords (Table 4), notably, included atrial
fibrillation, a cardiac condition that causes rapid and irregular
heart rate.
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Table 2. Top 20 author keywords for digital technology use in cardiology.

Citations per publicationn (%)Author keyword

56.5173 (1.4)Heart rate

9.6170 (1.4)ECG (electrocardiography)

14.8169 (1.3)Telemedicine

10.7167 (1.3)Digital health

18.4159 (1.3)Blood pressure

17.6152 (1.2)Hypertension

17.0127 (1.0)Angiography

38.6127 (1.0)Echocardiography

18.1126 (1.0)Heart rate variability

20.6122 (1.0)Atrial fibrillation

21.3116 (0.9)Atherosclerosis

16.2115 (0.9)Cardiovascular disease

12.5111 (0.9)Digital subtraction angiography

28.1107 (0.9)Coronary artery disease

14.7106 (0.8)Heart failure

4.897 (0.8)Machine learning

23.292 (0.7)Heart

13.789 (0.7)mHealth

30.080 (0.6)Photoplethysmography

22.680 (0.6)Arterial stiffness
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Table 3. Top 5 in the literature subset (literature related to smartphone apps and wearable devices). The author list contains more than 5 names since
multiple authors had the same number of papers.

Citations per publicationn (%)Entity

Author (last name, first name)

18.49 (1.4)Elgendi, Mohamed

22.58 (1.3)Martin, Seth S

15.36 (0.9)Sharma, Abhinav

23.06 (0.9)Ward, Rabab

20.25 (0.8)Benjamin, Emelia J.

4.05 (0.8)Majmudar, Maulik

4.05 (0.8)Marvel, Francoise A

20.25 (0.8)Murabito, Joanne M

10.05 (0.8)Shan, Rongzi

42.45 (0.8)Tarakji, Khaldoun G

13.45 (0.8)Van Hoof, Chris

Institution

18.431 (4.9)University of California system

10.627 (4.3)Harvard University

29.421 (3.3)Stanford University

14.118 (2.8)University of London

13.315 (2.4)Johns Hopkins University

Country

15.8242 (38.3)United States of America

11.259 (9.3)United Kingdom

7.651 (8.1)Germany

17.740 (6.3)China

8.537 (5.9)Australia

Journal

5.830 (4.7)JMIR mHealth and uHealth

2.321 (3.3)JMIR Research Protocols

11.520 (3.2)Journal of Medical Internet Research

13.119 (3.0)Sensors

7.810 (1.6)IEEE Access

Journal category

8.4135 (21.4)Engineering Electrical Electronic

8.5104 (16.5)Health Care Sciences Services

10.790 (14.2)Medical Informatics

12.089 (14.1)Cardiac Cardiovascular Systems

12.669 (10.9)Engineering Biomedical

J Med Internet Res 2022 | vol. 24 | iss. 5 | e36086 | p.679https://www.jmir.org/2022/5/e36086
(page number not for citation purposes)

Yeung et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 4. Top 20 author keywords of the literature subset (literature related to smartphone apps and wearable devices).

Citations per publicationn (%)Author keyword

14.172 (11.4)Digital health

12.547 (7.4)mHealth (mobile health)

9.941 (6.5)Wearables

10.536 (5.7)Smartphone

10.028 (4.4)Telemedicine

11.024 (3.8)Wearable

7.222 (3.5)Heart rate

8.921 (3.3)Mobile phone

11.620 (3.2)Wearable devices

5.920 (3.2)ECG (electrocardiography)

13.418 (2.8)Physical activity

18.117 (2.7)Digital medicine

11.917 (2.7)Machine learning

14.316 (2.5)Cardiovascular disease

3.516 (2.5)Stress

6.715 (2.4)Heart rate variability

20.914 (2.2)Atrial fibrillation

4.414 (2.2)Cardiology

4.214 (2.2)Artificial intelligence

16.113 (2.1)eHealth

Discussion

Cardiovascular diseases that were frequently indicated as author
keywords in the 12,529 papers included hypertension, atrial
fibrillation, atherosclerosis, heart failure, and arterial stiffness.
A recent meta-analysis reported that using smartphone
app–based interventions could significantly lower blood pressure
and improve medication adherence in patients with hypertension
[93]. It was found that both wearable, ambulatory, and home
monitoring devices recorded blood pressure with comparable
values [94]. Smartphone and smartwatch apps could already
readily distinguish atrial fibrillation from sinus rhythm and
detect them with high sensitivity and specificity comparable to
12-lead electrocardiography (ECG) [95,96]. Authoritative bodies
such as the European Society of Cardiology have also developed
smartphone apps for patient education on atrial fibrillation [97].
The use of smartphone apps could help general physicians and
trainee cardiologists decide whether a patient with heart failure
should receive an implantable cardioverter defibrillator or
cardiac resynchronization therapy [98]. Researchers found that
these apps could potentially reduce hospital staff and facility
costs by enabling patients to self-perform simple diagnostic
tests, such as the 6-minute walk test, a functional exercise test
used to assess patients with cardiopulmonary problems [99].
Similarly, improved access and participation in cardiac
rehabilitation in terms of physical activity counselling and
exercise training could be achieved by using digital health
interventions that were not facility-based [100]. Apart from

patient and physicians, digital technology could also target
people outside of health care. For instance, massively
multiplayer virtual worlds could be modified for use as a serious
game to efficiently and reliably teach high school students how
to perform cardiopulmonary resuscitation, an act that can be
life-saving [101]. Virtual reality, a research hotspot in recent
years [16], could also be utilized to teach cardiopulmonary
resuscitation for medical students [102].

Meanwhile, recurring investigative modalities highlighted by
the current analysis included ECG, angiography,
echocardiography, digital subtraction angiography, and PPG.
PPG is one of the most heavily researched diagnostic tools, and
it is noninvasive, inexpensive, and convenient [103]. It could
also be performed with a smartphone to detect heart rate with
an average error rate as low as 1 to 1.5% [104]. Applying deep
learning to PPG data could also stratify patients’ risk of
hypertension [92]. Moreover, artificial intelligence could
interpret ECGs rapidly with human-like performance and even
detect signals and patterns largely unrecognizable by humans
[105]. Overall, use cases, in which physiological parameters
from wearable sensing devices are extracted and artificial
intelligence is applied to draw insights, are a focal point in the
literature; there is a large cluster of prominent terms such as
parameter, monitoring, detection, and algorithm (Figure 2).
Machine learning methods such as deep learning are frequently
used to represent data structures and to make predictions or
classifications, with the overall intention of supporting clinicians
in data-based decision-making [106]. The expectation is that
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this will contribute to increasing the efficiency and effectiveness
of care delivery, in particular with respect to precision health
and personalized care [17]. In fact, digital technology could be
very useful, with predictive models and interventions in the
personalized management of cardiovascular disease patients for
predicting sudden cardiac death, ventricular tachycardia, and
ventricular fibrillation [107,108].

During the COVID-19 pandemic, the value of digital technology
use under extreme measures for infection control has become
evident. For instance, electronic stethoscopes could be utilized
for contactless auscultation with real-time playback, digital
storage of data, and subsequent data transmission for further
assessment [109]. With the reduction of in-person hospital visits,
digital technology could facilitate telemonitoring programs to
serve as alternative to support patient access to care [110].
Indeed, a recent bibliometric analysis on digital health papers
listed telemedicine and telehealth as two of the most frequently
used keywords, indicating their relevance beyond cardiology
[111].

In the subset of smartphone app and wearable device literature,
we found that mHealth, physical activity, and eHealth were
among the top author keywords, and most papers had been
published in JMIR mHealth and uHealth, JMIR Research
Protocols, and Journal of Medical Internet Research. These
findings were highly consistent with a recent bibliometric
analysis on digital health behavior change technology [59], but
where United States, United Kingdom, and the Netherlands had
been the most productive countries, in our findings, the
Netherlands was replaced by Germany and China. This suggests
that there are some geographical differences in research interest
between cardiology-specific and general research on health
behavior change. Meanwhile, another recent bibliometric
analysis on mobile health apps also identified the 3
abovementioned journals as the most productive [112].

In principle, smartphone apps could offer an ideal modality for
delivering digital interventions to empower patients’
self-management, by providing health literacy support and
coaching content (eg, a smartphone coaching app for blood
pressure control [113]). However, in line with findings from
this bibliometric analysis, recent reviews [114,115] have
highlighted that there is a relative paucity of health literacy
interventions and, more specifically, a paucity of digital health
literacy interventions for cardiovascular patient groups [116].
Moreover, apps designed to empower patients often include a
narrow range of features and lack explicit linkage with theories
of empowerment [117,118]. This is an area for further
research—the development of content and features for such
apps should be based on relevant theoretical underpinnings.

Interestingly, this bibliometric analysis did not identify top-listed
terms related to primary prevention or secondary
prevention/cardiac rehabilitation of cardiovascular disease.
This may seem surprising, since there has been a rapid growth
in the development of health apps and other digital technology
interventions, and primary and secondary prevention of
cardiovascular disease and cardiac rehabilitation are important
areas of application [119-121]. A number of recent reviews
demonstrate that a sizeable body of literature is available, for

example, a systematic review and meta-analysis [122], which
included 51 primary studies of digital health interventions for
the primary and secondary prevention of cardiovascular disease;
a systematic review and meta-analysis [123], which reported
on 25 original studies of digital technology interventions for
cardiovascular risk factor modification; a scoping review [124],
which summarized 13 trials of mobile technology interventions
for improving exercise capacity in cardiac rehabilitation; and a
systematic review [100], which reported on 31 primary studies
of digital health interventions for physical activity and exercise
adherence in cardiac rehabilitation. In the context of this
bibliometric analysis, this indicates that the literature on digital
technology cardiology uses appears more accessible through
disease- and condition-specific key terms (hypertension, atrial
fibrillation, atherosclerosis, cardiovascular disease, and heart
failure), as opposed to more service- and patient
pathway–oriented terms (primary prevention, secondary
prevention, and cardiac rehabilitation), which may be a relevant
consideration in designing literature search strategies for
researchers targeting the latter [107,108].

Another aspect of digital technology use in cardiology that was
not featured prominently among the findings of this bibliometric
analysis is the use of digital technology to increase the efficiency
and quality of research in cardiology [125]. This refers to new
possibilities afforded by mobile apps, smart devices, and
implantable or wearable technologies for the design and
management of research studies. Digital processes for data
collection, monitoring, communication, documentation and
approvals in research hold potential cost and time savings, and
functionalities of digital devices open new avenues in the
collection and quality control of real-time continuous data
acquisition [125] (eg, real-time capture of self-reported measures
and symptoms in web-based forms, and the verification of
subjective data through concurrent objective measurement, for
example, by supplementing subjective reports of physical
activity with continuously worn activity tracking devices). The
use of digital technologies in the design and management of
research studies in cardiology is an emerging focus in the
literature, with opportunities for robust evaluations of the
advantages of digital research designs over traditional nondigital
approaches.

We observed that cardiology journals were predominant in the
entire literature set. The top 5 journals were also among those
that had published the 100 most cited cardiovascular papers in
a previous study [126], with Circulation and European Heart
Journal together accounting for 64% of the top 100. However,
it should be noted that digital technology use does not only
involve cardiology but is an intersection between medical
informatics, engineering and health sciences and services in
general. With this in mind, when the literature subset on
smartphone app and wearable devices was examined, it could
be seen that the traditional cardiology journals have given way
to newer journals that focus on digital technology and medical
informatics. The Journal of Medical Internet Research and
JMIR-portfolio journals were found to be the major publishing
venues for these papers. Therefore, readers should focus not
only on traditional cardiology journals when seeking the latest
advancements of digital technology use in the cardiology field.
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There are several limitations. First, not all journals (and hence
papers) are indexed by Web of Science. Alternative databases
are available, each with their own shortcomings. For example,
Scopus may contain erroneous data [127], Google Scholar does
not allow automated extraction of title and abstract information,
and PubMed does not contain citation data. Second, publication
and citation counts do not necessarily equate to scientific quality.
Within the diverse cardiology research field, the baseline
research productivity in particular areas could be
inhomogeneous; therefore, the ranking of clinicians or
researchers is given for readers’ general reference only.
Notwithstanding, this study should allow readers to gain a better
understanding of the literature on digital technology uses in
cardiology.

Cardiovascular diseases that were frequently investigated in the
literature included hypertension, atrial fibrillation,

atherosclerosis, heart failure, and arterial stiffness. Recurring
investigative modalities included ECG, angiography,
echocardiography, digital subtraction angiography, and PPG.
Readers searching for relevant information and authors searching
for suitable publication venues for their work may consider that,
while cardiology or cardiovascular system–focused journals
were predominant in the overall literature set, the major
publishing venues for the literature subset on smartphone apps
and wearable devices were Journal of Medical Internet Research
and JMIR-portfolio journals. Digital uses targeted physicians
and patients as well as the general public, and their functions
included assisting diagnosis, recording cardiovascular
parameters, patient education, and teaching laypersons about
cardiopulmonary resuscitation. The scientific body of literature
on digital technology use in cardiology is rapidly growing, and
its impact on health care is also expected to greatly increase in
the near future.
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Abstract

Background: Gay, bisexual, and other men who have sex with men (GBMSM) are at disproportionately higher risk of acquiring
HIV and other sexually transmitted infections (STI). While HIV/STI testing rates among GBMSM are increasing worldwide,
they remain suboptimal in a variety of settings. While many studies have attempted to evaluate the efficacy of a variety of
community-based campaigns, including peer and reminder-based interventions on HIV/STI testing, however few have attempted
to do so for a web drama series.

Objective: This study evaluates the effectiveness of a popular web drama video series developed by a community-based
organization in Singapore for GBMSM on HIV and other STI testing behaviors.

Methods: The study is a pragmatic, randomized controlled trial to evaluate a popular web drama video series developed by a
community-based organization in Singapore for GBMSM. A total of 300 HIV-negative, GBMSM men in Singapore aged 18 to
29 years old were recruited and block-randomized into the intervention (n=150) and control arms (n=150). Primary outcomes
included changes in self-reported intention to test for, actual testing for, and regularity of testing for HIV, syphilis, chlamydia or
gonorrhea, while secondary outcomes include changes in a variety of other knowledge-based and psychosocial measures at the
end of the study period.

Results: Overall, 83.3% (125/150) of participants in the intervention arm completed the proof of completion survey, compared
to 88.7% (133/150) in the control arm. We found improvements in self-reporting as a regular (at least yearly) tester for HIV
(15.9% difference, 95% CI, 3.2% to 28.6%; P=.02), as well as chlamydia or gonorrhea (15.5% difference, 95% CI, 4.2% to
26.9%; P=.009), indicating that the intervention had positively impacted these outcomes compared to the control condition. We
also found improvements in participants’ intentions to test for HIV (16.6% difference, 95% CI, 4.3% to 28.9%; P=.009), syphilis
(14.8% difference, 95% CI, 3.2% to 26.4%; P=.01), as well as chlamydia or gonorrhea (15.4% difference, 95% CI, 4.2% to
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26.6%; P=.008), in the next 3 months, indicating that the intervention was effective in positively impacting intention for HIV
and other STI testing among participants.

Conclusions: There are clear benefits for promoting intentions to test regularly and prospectively on a broad scale through this
intervention. This intervention also has potential to reach GBMSM who may not have access to conventional HIV and other STI
prevention messaging, which have typically been implemented at sex-on-premises venues, bars, clubs, and in sexual health settings
frequented by GBMSM. When coupled with community or population-wide structural interventions, the overall impact on testing
will likely be significant.

Trial Registration: ClinicalTrials.gov NCT04021953; https://clinicaltrials.gov/ct2/show/NCT04021953

International Registered Report Identifier (IRRID): RR2-10.1136/bmjopen-2019-033855

(J Med Internet Res 2022;24(5):e31401)   doi:10.2196/31401
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HIV; STI; testing; health promotion; eHealth; mHealth

Introduction

Gay, bisexual, and other men who have sex with men (GBMSM)
have been identified as key populations vulnerable to HIV
acquisition [1]; however, rates of HIV testing have remained
suboptimal among GBMSM in Southeast Asia. A study among
young GBMSM in the Association of Southeast Asian Nations
countries in 2015 found that 29.9% of participants had never
had an HIV test, and these were more likely to be among
younger GBMSM [2]. Unwillingness to know about their HIV
status, fear of a positive result, fear of sexual orientation-related
stigma or homophobia, and low perceived risk of HIV
acquisition were factors found to be associated with lower rates
of HIV testing among young GBMSM [3,4]. In Singapore, most
individuals who test for HIV only do so through the course of
medical care or through routine programmatic HIV screening,
with only about 16.0% of the incident HIV cases in 2019 being
diagnosed through voluntary screening. While a higher
proportion (25.0%) of GBMSM tested through voluntary
screening compared to heterosexual men (5.0%), diagnosis
through voluntary screening remains suboptimal [5].

In general, numerous types of interventions exist that aim to
increase HIV testing among GBMSM. These interventions
include those that use aspects of peer education, outreach
through social media, reminder-based systems, video-based
interventions, and national social marketing campaigns. Social
marketing campaigns have largely been promoted on a broader
scale in non-Asian cities or settings where GBMSM reside
[6-10], while reminder-based interventions have typically been
implemented among GBMSM at sexual health clinics [11-13].
With the advent of geosocial networking smartphone apps,
many interventions and campaigns now use key websites and
mobile phone apps identified to be frequented by GBMSM for
interventions as well [14-20].

Such interventions have reported varying degrees of
effectiveness in achieving the aims of increasing HIV testing
and overall disease awareness in Southeast Asia. This has been
seen in the successes of the few social marketing campaigns on
HIV and sexually transmitted infection (STI) testing in the
region such as the “I Test, Do You?” campaign in Vietnam and
the “TestXXX” campaigns in Vietnam, Thailand, the
Philippines, and Indonesia [21,22].

There are, however, several limitations in the context of reach
and feasibility for such interventions. For example,
reminder-based and peer education-based interventions require
existing health systems that can support such interventions,
which may not be feasible in settings that do not have such
services or where GBMSM-specific clinical services are
unavailable due to the criminalization of sex between men. As
such, these interventions may fall short of reaching out to more
niche subsets of the GBMSM communities who may be more
discreet about their sexual identities and hence may not often
visit gay venues or sexual health clinics where these
interventions are typically offered [23]. Furthermore, while
social marketing campaigns have been effective in increasing
the uptake of HIV/STI testing, such campaigns may not be
feasible in settings such as Asia where negative perceptions of
or attitudes toward GBMSM prevail [2].

A feasible option for interventions in such settings is the
development of online, video-based interventions. However,
evidence for the effectiveness of video-based interventions has
not been conclusive. In a video-based intervention study
conducted in Peru among GBMSM, differences in intention to
test for HIV were not statistically significant between the
intervention and control arm, although participants who
identified as nongay did show increased willingness to do so
[20]. Some studies have assessed the efficacy of crowdsourced
videos on HIV testing and largely found that they were
noninferior to regular health marketing campaigns [16] or had
a positive effect on HIV testing rates through the use of
home-based self-testing kits but not facility-based HIV/STI
testing [24].

Given the gap in such research in Southeast Asia, this study
sought to evaluate the effectiveness of a novel web drama series
in achieving positive HIV/STI testing-related outcomes for
young GBMSM. The videos used in the study form the second
season of an educational and web drama miniseries, People Like
Us, developed by gayhealth.sg and Action for AIDS (AFA) in
2018 [25]. The first season of the miniseries was screened at
10 film festivals and won several independent film awards. It
also garnered more than 3 million views across various social
media platforms since its launch in 2016. In spite of its
popularity, little has been done to assess its effectiveness in
positively impacting HIV and other STI testing-related
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outcomes. Such popular online video interventions, which have
been proven to be popular and easily accessible, may
complement structural interventions and allow access to
underserved or hard-to-reach subgroups of GBMSM.

Methods

Study Aims and Design
This is a pragmatic, parallel group, randomized controlled trial
(RCT) to evaluate the efficacy of a web drama series developed
by a community-based organization in Singapore in increasing
an individual’s intention to test, self-reported testing behaviors,
and self-reported regularity of testing behaviors for HIV,
syphilis, and other common STIs such as gonorrhea or
chlamydia. The trial also aims to evaluate the impact of the web
drama series on self-reported risk perception for HIV/STI;
knowledge of risks associated with acquiring STIs and HIV;
knowledge of HIV postexposure (PEP); knowledge of
preexposure prophylaxis (PrEP); consistent condom use for
anal sex with casual partners; incidence of STIs; connectedness
to the lesbian, gay, bisexual, and transgender (LGBT)
community; self-concealment of sexual orientation; perceived
homophobia; internalized homophobia; HIV testing
self-efficacy; and HIV testing social norms. The pragmatic
nature of this trial arises due to the prospect of contamination,
as the web drama series had already been launched in January
2019 and the trial was conducted among members of the
community and subject to changes in the context. The
implications of this are discussed later.

Inclusion Criteria
Inclusion criteria for participants in this study include
self-reporting at the point of recruitment (1) an HIV-negative
status or being unsure of one’s HIV status; (2) being gay,
bisexual, or queer in sexual orientation; (3) being of male
gender, regardless of sex assigned at birth; (4) being aged 18
to 29 years; (5) being a Singapore citizen or permanent resident;
(6) and having never watched an online video drama series by
gayhealth.sg or AFA in the last year.

Ethics Approval
The study was registered at ClinicalTrials.gov (NCT04021953).
Ethical approval was provided by the National University of
Singapore institutional review board (reference: S-19-059).

Procedure and Randomization
Details of the intervention and the study procedures have been
reported elsewhere in detail [26]. In brief, participants were
recruited with the help of AFA and screened for eligibility
through a short online survey. Throughout the entire survey
process, personal identifiers were never directly linked to survey
results, so as to protect the participants from potential criminal
implications of disclosing their sexual activities with other men
and other behaviors such as substance use. Upon completion
of the enrollment survey and verification of eligibility, a staff
member at AFA contacted eligible respondents to provide them
with their participant ID number and formally invited them to
participate in the study through the completion of the first online
baseline survey. Respondents provided written consent for

participation through an online participant information sheet
prior to participating in the study. This survey was hosted on
an encrypted, online survey administration website and took
about 15 to 20 minutes to complete, and participants were
reimbursed SGD 15.00 (US $10.84) for their time.

Upon completion of the baseline survey, participants were then
randomly assigned in blocks of 6 in a 1:1 ratio to the
intervention condition or control condition. Individuals who
were assigned to the intervention condition were given a link
to a series of 6 online videos, each about 10 minutes in duration,
from the People Like Us web drama series, along with a link
to an English-language online sexual health pamphlet tailored
for GBMSM in Singapore. Individuals who were assigned to
the control condition were scheduled to receive a link to the
same online sexual health pamphlet as the standard of care for
GBMSM at risk of acquiring HIV and other STIs in Singapore.
All participants received their assigned conditions within 1 week
after completing the baseline survey and were asked to complete
a quiz 1 week after assignment to ascertain if participants had
watched the online series of 6 videos or read the sexual health
pamphlet. Participants received an SGD 20.00 (US $14.45)
reimbursement following the completion of the quiz. Participants
were not blinded to the group they have been assigned to and
were told about their chances of being randomized to either
group. At the 3-month and 6-month follow-up from the baseline,
AFA contacted all eligible participants to continue with their
follow-up surveys. Like the baseline survey, the second and
third surveys were hosted on a survey administration website
and took about 15 to 20 minutes to complete. Participants
received SGD 15.00 (US $10.84) reimbursement for the
completion of each survey.

Primary Outcome Measures
The survey questionnaire can be found in Multimedia Appendix
1. Primary outcomes for this evaluation included changes in
self-reported intention to test for, ever testing for, testing in the
last 6 months for, and regularity of testing for HIV, syphilis,
and chlamydia or gonorrhea at the 6-month postintervention
follow-up. For example, participants were asked “How likely
are you to get tested for HIV in the next 3 months” to which
they responded using a 6-point Likert scale from extremely
unlikely to get tested to extremely likely to get tested.
Self-reported testing was ascertained through the question
“When did you go for your last (most recent) voluntary HIV
test” (options to respond include never, in the last 3 months, in
the last 6 months, 6 to 12 months ago, and more than 1 year
ago), while self-reported regularity of testing was measured
through the question “On average, how regularly do you test
for HIV” (options to respond included I do not test regularly,
once every few years, once a year, once every 6 months, once
every 3 months, and once a month).

Secondary Outcome Measures
Secondary outcomes included changes in self-reported risk
perception for HIV and other STIs, knowledge of HIV,
knowledge of risks associated with acquiring other STIs,
knowledge of HIV PEP and PrEP, self-reported consistent
condom use for anal sex with casual partners (Cronbach α=.63,
95% CI, 0.62 to 0.65), self-reported incidence of STIs, and other
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scales validated among GBMSM in other settings. These
included scale measurements of connectedness to the LGBT
community (Cronbach α=.87, 95% CI, 0.86 to 0.87) [27],
self-concealment of sexual orientation (Cronbach α=.90, 95%
CI, 0.90 to 0.91) [28], outness inventory (Cronbach α=.77, 95%
CI, 0.77 to 0.79) [29], relevance of sexual orientation disclosure
to sexual health care providers (Cronbach α=.83, 95% CI, 0.82
to 0.83), perceived homophobia (Cronbach α=.84, 95% CI, 0.83
to 0.84), internalized homophobia (Cronbach α=.85, 95% CI,
0.85 to 0.85) [30], HIV testing self-efficacy (Cronbach α=.90,
95% CI, 0.90 to 0.91) [31], and HIV testing social norms
(Cronbach α=.55, 95% CI, 0.53 to 0.57) [32].

Sample Size
As the primary outcome of interest included HIV or other STI
testing in the last 3 months, we used data from a previous study
among 1098 GBMSM recruited through Grindr, the popular
geosocial networking app [23,33]. The study found that 50.4%
of respondents reported having had an HIV test in the 6 months
prior to the survey. Assuming a 50% increase in recent HIV
testing as a result of the intervention, as data from previous
studies based on the impact such a web drama series on recent
HIV testing remains limited [34], a sample size of 112 in each
arm will yield statistical power higher than 80% to detect a
significant change for the intervention based on calculations
generated by a web-based sample size calculator (ClinCalc
LLC) software. A target sample size of 150 participants per
group was proposed to account for an attrition rate of 25% for
each group across the 6-month follow-up.

Statistical Analyses
The baseline sociodemographic characteristics and primary
outcome variables in the intervention and control groups were

compared and any between-group differences were determined
through chi-square tests. Intervention efficacy was analyzed
over the entire study period (from baseline to the 6-month
assessment) via chi-square tests for primary outcomes and
Wilcoxon rank-sum tests for secondary outcomes with
continuous variables, with median and interquartile ranges (IQR)
also reported. Nonparametric tests were used for our analyses
[35]. All analyses were evaluated based on the principle of
intention to treat. While a 2-sided test at the 5% level of
significance was indicated in our original protocol, we will
discuss degrees of evidence in our paper instead [36]. We used
the statistical software Stata (version 15, StataCorp LLC).

Results

Participant Characteristics
Overall, 777 participants were assessed for eligibility, and 482
participants were invited to participate to complete the baseline
survey; 179 participants did not provide any contact details for
follow-up, and 116 of them did not meet the eligibility criteria
of being of male gender; identifying as gay, bisexual, or queer;
and self-reporting as being HIV-negative. Overall, 83.3%
(125/150) of participants in the intervention arm completed the
proof of completion survey compared to 88.7% (133/150) in
the control arm. At the first follow-up at 3 months, 8.0%
(10/125) of participants in the intervention arm and 5.3% (7/133)
in the control arm were lost to follow-up; at the second
follow-up at 6 months, 5.2% (6/115) of participants in the
intervention arm and 2.4% (3/126) in the control arm were lost
to follow-up. Overall cumulative attrition rates reported for the
intervention and control arms were 27.3% and 18.0%,
respectively. The CONSORT (Consolidated Standards of
Reporting Trials) diagram for the study is shown in Figure 1.
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Figure 1. Consolidated Standards of Reporting Trials diagram.

Table 1 summarizes patient demographic characteristics and
outcome measures at baseline for the control and intervention
groups. Overall, 150 participants were randomized to each arm.
The 2 groups were generally well-balanced across all
sociodemographic and baseline outcomes measures except for

a slight imbalance for type of housing, where more participants
in the intervention arm (126/150, 84.0%) reported staying in
public housing relative to those in the control arm (112/150,
74.7%).
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Table 1. Demographic characteristics and outcome variables for control and intervention groups.

Intervention (n=150)Control (n=150)Demographic and outcome variables at baseline

Demographic variables

24.0 (2.98)23.8 (2.99)Age (year), mean (SD)

113 (75.3)124 (82.7)Chinese (ref: non-Chinese), n (%)

116 (77.3)127 (84.7)Gay (ref: bisexual, queer, or other), n (%)

92 (61.3)95 (63.3)Educational attainment below college (ref: some college), n (%)

126 (84.0)112 (74.7)Public housing (ref: private housing), n (%)

73 (48.7)82 (54.7)Monthly income below SGDa 5000 (ref: SGD 5000 and above), n (%)

Outcome variables

108 (72.0)113 (75.3)Ever tested for HIV, n (%)

77 (51.3)73 (48.7)Ever tested for syphilis, n (%)

59 (39.3)55 (36.7)Ever tested for chlamydia or gonorrhea, n (%)

63 (42.0)66 (44.0)Tested for HIV in last 6 months, n (%)

41 (27.3)39 (26.0)Tested for syphilis in last 6 months, n (%)

26 (17.3)21 (14.0)Tested for chlamydia or gonorrhea in last 6 months, n (%)

68 (45.3)68 (45.3)Tested regularly (at least yearly) for HIV, n (%)

44 (29.3)37 (24.7)Tested regularly (at least yearly) for syphilis, n (%)

34 (22.7)28 (18.7)Tested regularly (at least yearly) for chlamydia or gonorrhea, n (%)

59 (39.3)56 (37.3)Intention to test for HIV in the next 3 months, n (%)

39 (26.0)41 (27.3)Intention to test for syphilis in the next 3 months, n (%)

33 (22.0)33 (22.0)Intention to test for chlamydia or gonorrhea in the next 3 months, n (%)

aSGD: Singapore dollar.

Primary Outcomes: HIV and Other STI Testing
We compared the primary outcomes for the intervention and
control groups at 6 months postintervention, specifically, for
ever testing, recent testing in the past 6 months, testing regularly
(at least yearly), and intention to test in the next 3 months for
HIV, syphilis, and chlamydia or gonorrhea. These findings are
summarized in Table 2 and Figures 2 and 3. We observed
marginal increases in recent testing for HIV, syphilis, and
chlamydia or gonorrhea in the last 6 months. We also observed
larger increases in the rates of ever testing for syphilis (11.3%
difference, 95% CI, –1.4% to 24.0%) and for chlamydia and
gonorrhea (9.9%, 95% CI, –2.9% to 22.7%).

We found the greatest improvements in self-reporting for testing
regularly (at least yearly) for HIV (15.9% difference, 95% CI,
–28.6% to –3.2%) and for chlamydia or gonorrhea (15.5%
difference, 95% CI, –26.9% to –4.2%), indicating that the
intervention had positively impacted these outcomes compared
to the control condition. We also found greatest improvements
in participants’ intentions to test for HIV (16.6% difference,
95% CI, –28.9% to –4.3%), syphilis (14.8% difference, 95%
CI, –26.4% to –3.2%), and chlamydia or gonorrhea (15.4%
difference, 95% CI, –26.6% to –4.2%) in the next 3 months,
indicating that the intervention had positively impacted intention
for HIV and other STI testing among participants in the
intervention arm vis-à-vis those in the control arm.
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Table 2. Comparison of primary outcome measures at 6 months postintervention.

P value95% CIDifference,
%

Intervention
(n=109), n (%)

Control
(n=123), n (%)

Primary outcome variables

.85–11.9 to 9.9–1.183 (76.2)95 (77.2)Ever tested for HIV

.08–1.4 to 24.011.369 (63.3)64 (52.0)Ever tested for syphilis

.13–2.9 to 22.79.956 (51.4)51 (41.5)Ever tested for chlamydia and gonorrhea

.41–7.1 to 17.55.242 (38.5)41 (33.3)Tested for HIV in last 6 months

.69–9.0 to 13.62.330 (27.5)31 (25.2)Tested for syphilis in last 6 months

.34–5.3 to 15.35.125 (22.9)22 (17.9)Tested for chlamydia and gonorrhea in last 6 months

.023.2 to 28.615.866 (60.6)55 (44.7)Tested regularly (at least yearly) for HIV

.10–2.0 to 22.410.243 (39.5)36 (29.3)Tested regularly (at least yearly) for syphilis

.0094.2 to 26.915.539 (35.8)25 (20.3)Tested regularly (at least yearly) for chlamydia and gonorrhea

.0094.3 to 28.916.650 (45.9)36 (29.3)Intention to test for HIV in the next 3 months

.013.2 to 26.414.841 (37.6)28 (22.8)Intention to test for syphilis in the next 3 months

.0084.2 to 26.615.438 (34.9)24 (19.5)Intention to test for chlamydia and gonorrhea in the next 3 months

Figure 2. Trends in ever testing and recent testing for HIV and other sexually transmitted infections in control and intervention arms. High-resolution
version of the figure is in Multimedia Appendix 2.
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Figure 3. Trends in being a regular (at least yearly) tester and intention to test for HIV and other sexually transmitted infections in control and intervention
arms. High-resolution version of the figure is in Multimedia Appendix 3.

Secondary Outcomes: HIV and Other STI Testing
We compared the secondary outcomes for the intervention and
control groups at 6 months postintervention; specifically,
perceived risk for HIV and other STIs, knowledge of HIV and
other STIs, knowledge of HIV PEP and PrEP, inconsistent
condom use for anal sex with casual partners in the last 6
months, recent STI diagnoses in the last 6 months,

connectedness to the LGBT community, sexual orientation
concealment, outness inventory, perceived relevance of sexual
orientation disclosure in sexual health care, perceived
homophobia, internalized homophobia, HIV testing
self-efficacy, and HIV testing social norms. These findings are
summarized in Table 3. Marginal differences in all secondary
outcomes were observed.
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Table 3. Comparison of secondary outcome measures at 6 months postintervention.

P valueb95% CIaDifferencea,
%

Intervention
(n=109), median
(IQR)

Control (n=123),
median (IQR)

Secondary outcome variables

.320-006.0 (20.0)2.0 (15.0)Perceived HIV risk, median (IQR)

.490-008.0 (25.0)5.0 (20.0)Perceived risk of other sexually transmitted infections, median
(IQR)

.080-006.0 (1.0)6.0 (2.0)HIV and other sexually transmitted infections knowledge, median
(IQR)

.43–3.9 to 9.12.6103 (94.5)113 (91.9)Knowledge of HIV postexposure prophylaxis, n (%)

.49–3.9 to 1.9–1.0107 (98.2)122 (99.2)Knowledge of HIV preexposure prophylaxis, n (%)

.60–11.7 to 6.7–2.515 (13.8)20 (16.3)Inconsistent condom use in last 6 months with casual partners, n
(%)

.33–8.4 to 2.8–2.84.0 (3.7)8.0 (6.5)Incidence of sexually transmitted infections in last 6 months, n
(%)

.35–2.0 to 1.0121.0 (6.0)22.0 (5.0)Connectedness to the lesbian, gay, bisexual, and transgender
community, median (IQR)

.30–3.0 to 1.0–1.020.0 (9.0)19.0 (10.0)Self-concealment of sexual orientation, median (IQR)

.45–0.2 to 0.40.12.33 (1.88)2.74 (1.88)Outness inventory, median (IQR)

.170 to 3.0123.0 (9.0)25.0 (8.0)Disclosure of sexual orientation to health care provider, median
(IQR)

.94–1.0 to 1.0018.0 (4.0)18.0 (4.0)Perceived homophobia, median (IQR)

.56–1.0 to 1.0010.0 (5.0)10.0 (6.0)Internalized homophobia, median (IQR)

.76–2.0 to 2.0036.0 (11.0)38.0 (11.0)HIV self-testing efficacy, median (IQR)

.28–1.0 to 0022.0 (4.0)22.0 (4.0)HIV testing social norms, median (IQR)

aMedian differences between the groups and 95% CIs were estimated with the Hodges-Lehmann method.
bP value is derived from the Wilcoxon rank-sum test.

Discussion

Principal Findings
This study was a pragmatic, community-based, RCT on the
effectiveness of the second season of the People Like Us web
drama series. We found that the web drama series coupled with
sexual health information provided through a pamphlet was
more effective in promoting participants’self-reported intentions
to test regularly (at least yearly) for chlamydia or gonorrhea
and intentions to test for HIV and other STIs compared to the
control condition that involved the availability of the pamphlet
only. The intervention was developed to increase viewers’
knowledge and perceptions of HIV and other STI risk, address
homophobia and sexual orientation disclosure, increase safer-sex
negotiation self-efficacy, promote positive attitudes toward
condom use and other safe sex behaviors, build skills and
self-efficacy for practicing safer sex, provide information on
HIV and other STI testing and its benefits, provide information
on resources for HIV and other STI testing and other mental
health services, and model appropriate behaviors around
practicing safer sex. As such, we hypothesized that the
intervention would be more effective than traditional sexual
health pamphlets in positively impacting a range of primary
outcomes around HIV and other STI testing and secondary
outcomes around HIV and other STI risk, safer sex,
homophobia, HIV testing self-efficacy, and social norms.

The intervention was effective in promoting intentions to test
for HIV and other STIs among participants in the intervention
group compared to controls and, to a lesser degree, promoting
ever testing for other STIs throughout the study period. We
observed that recent testing for HIV and other STIs had also
increased at the 3-month follow-up. We hypothesize that the
lack of a strong impact of the intervention on actual testing
variables may be attributed to the following reasons. The first
reason, we hypothesize, may be attributed to the COVID-19
pandemic; the implementation of movement controls and
legislation affecting social and sexual behaviors have caused
an overall decrease in the rates of testing during the trial period.
Given the descriptive increase in ever testing for other STIs and
increase in recent testing for HIV and other STIs at the 3-month
follow-up, there is reason to believe that this might have led to
the marginal impact of the intervention for these variables.
Second, while the intervention sought to potentially address
individual beliefs around testing, it was not as effective in
addressing complex psychosocial constructs such as perceived
or internalized homophobia, self-efficacy, and social norms
around testing, which were measured as secondary outcomes
of the study and also serve as important constructs that underpin
eventual testing behaviors [37-40]. These complex and often
deep-rooted psychological constructs have been successfully
modified in other types of more complex interventions that
typically comprise components of training and engagement,
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individual counselling, and peer engagement [41-43]. Finally,
the lack of impact of the intervention on actual testing variables
may be due to the impact of contamination in the study. At the
end of the study, 13.8% (17/123) of participants in the control
group had seen the People Like Us series and, in other words,
had been exposed to the intervention prior to this study. As
such, this may have biased the effect of the intervention toward
the null. Unfortunately, the same question was not asked among
participants who were in the intervention group, and we cannot
ascertain if the dilution of the intervention effect might have
occurred due to perhaps a high rate of exposure to the
intervention prior to the study as well.

Pragmatic Nature of Trial
The People Like Us web drama series was launched in the
community prior to the start of this study, and thus members of
the community might have been exposed to the intervention
prior to the study. Furthermore, researchers did not have an
opportunity to participate in the development of the proposed
intervention, and thus the intervention was not developed with
a predetermined theory of behavior change. However, this study
was designated to continue in view of its importance in the local
context to evaluate the efficacy of such web drama series and
justify further HIV and other STI prevention efforts that use
online channels.

Given the pragmatic nature of the trial as described above, there
was a possibility that control group participants may be exposed
to the video series during the 6-month study period. To mitigate
this, we ensured that details of the online video intervention (ie,
title of web series, where to access it) were not included in the
participant information sheet—only basic information on the
possibility that they may be randomized to an online video
intervention was mentioned. Furthermore, to reduce the
possibility of contamination occurring in reaction to being asked
the screening question, we avoided using the title of the web
series but instead asked the question “Have you watched an
online video drama series filmed by gayhealth.sg or AFA
Singapore in the past year,” as this is gayhealth.sg and AFA’s
only web series launched in the past year. While the generic
nature of the question may have resulted in underreporting of
viewing the video series, all participants eventually reported if
they had viewed any of the episodes prior to or during the study
period.

Specifically, participants in the treatment group were asked if
they had previously watched any of the episodes when they
submitted the intervention completion survey 1 week after the
completion of their baseline survey, while the control group
received a link to all 6 episodes of the video intervention
alongside their final survey at the 6-month mark and were asked
specifically which episodes they had watched prior to or during
the intervention period.

The study team relied on self-reported outcomes such as testing
behaviors and HIV/STI diagnoses as it is presently not possible
to link clinic attendance or laboratory-confirmed diagnostic
tests for HIV and other STIs to individual participants. These
issues have arisen due to ethical concerns around linking
participants’ personal information to survey results, which
collect information on criminalized behavior such as sexual

intercourse with other men, among participants in the sample.
However, the findings of this proposed study would serve as a
proof-of-concept for future studies that may be able to obtain
funding and state support for other means of testing, such as
the use of self-testing kits for HIV and other STIs.

Strengths and Limitations
The People Like Us web drama series has had vast reach among
GBMSM in Singapore and around the world. As of April 2022,
it has been nominated for the 48th International Emmy Awards
for Best Short-Form Series and acquired by cable television
and over-the-top media platforms such as HereTV, Gagaoolala,
and Dekko and has attained more than 3 million views on
YouTube. Given the viral nature of this web drama series,
coupled with its vast reach among GBMSM, we believe that
there are clear benefits to the promotion of such interventions
in the GBMSM community. While it may not be able to address
more complex constructs that underpin testing, there are clear
benefits for promoting intentions to test regularly and
prospectively for a wide audience; when coupled with
community- or population-wide structural interventions, the
overall impact on testing will be significant. Second, the nature
of the web drama series allows this intervention to reach
GBMSM who may not have access to conventional HIV and
other STI prevention messaging that have typically been
implemented at sex-on-premises venues, bars, clubs, and in
sexual health settings frequented by GBMSM.

Limitations
We are also mindful of several limitations in this trial. First,
given the pragmatic nature of the trial, we could not control for
external situations such as the COVID-19 pandemic. As such,
several aspects of the trial could not be evaluated in a manner
that was intended and effects of the intervention may be
underestimated in several respects. Second, contamination was
a potential issue, where we found that at the end of the trial,
13.8% (17/123) of participants who remained in the control arm
had seen the People Like Us season 2 series in spite of the initial
screening question. However, intention-to-treat analysis was
conducted, thus reducing the risk of overstating the effectiveness
of the trial. Furthermore, given that most video-based
interventions have been shown to largely influence short-term
health behavior change rather than sustained, long-term
behaviors [44], the potential decay and wash-out period for the
intervention among these participants is less likely to have a
substantial impact on the study results. Third, given the resource
limitations of this study, we were not able to ascertain actual
behaviors for HIV and other STI testing among participants
through clinic attendance, and such measures were instead
self-reported; however, we believe that the impact of any recall
bias may have been minimal due to the introduction of the
3-month follow-up period between the pre- (baseline) and
postintervention time points (6-month follow-up). Last, a formal
process evaluation of the trial was not conducted due to a lack
of resources, and thus we were not able to generate deeper
insight into issues of implementation fidelity of the trial. Future
trials should incorporate qualitative approaches to enhance our
understanding of the individual and structural mechanisms that
have led to effectiveness of the intervention among participants.
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Nevertheless, this trial was conducted through a pilot study
grant and will help to better inform future process evaluation
efforts on larger trial studies similar in design. The pragmatic
nature of the trial also meant that the trial was conducted in a
community-based setting and subject to broader changes in the
context in which it was rolled out. However, it was also during
this time that COVID-19 started to take its hold as a pandemic,
with the first case reported in Singapore on January 23, 2020.
Further details on how this may have impacted the trial can be
found in Multimedia Appendix 4 (see Figure S1 and Table S1
with explanatory notes).

Recommendations and Conclusions
Overall, this pragmatic, community-based RCT found that the
critically acclaimed, wide-reaching People Like Us web drama
series was effective in driving intentions to test regularly and
prospectively for HIV and other STIs. We have several
recommendations that accompany these findings. First, we
recommend scaling up this intervention to a wider audience
through further support and funding for marketing and
promotional efforts, as this will help drive greater intentions to
test among GBMSM, including those who may not be reached
through traditional channels of sexual health communications
and marketing. Second, we recommend rolling out additional
programs alongside the marketing of the web drama series that
address structural barriers to testing, such as issues of access
and cost of testing, in the form of testing coupons or vouchers.
Information on free and anonymous testing in the local GBMSM

community by nongovernmental organizations such as AFA
Singapore should be made available. Additionally, programs
and workshops addressing deeply rooted, complex psychological
constructs should also be offered to participants alongside the
marketing of the web drama series to further drive HIV and
other STI testing and related HIV prevention health behaviors.
These may include workshops specifically on risks associated
with HIV and other STIs, negotiating sexual relationships, and
addressing homophobia and other topics underlying individual
beliefs around HIV and other STIs that may underpin HIV and
other STI testing behaviors.

Future trials and interventions should focus on addressing the
limitations of this study. First, free clinic-based testing should
be provided as outcomes for the trial to simultaneously address
issues of structural barriers and limitations in outcome
measurement. Second, the intervention should be structured to
provide more complex, internet-based components such as
online workshops, counselling, or peer support structures that
may directly address the more complex, secondary outcomes
of the study. Third, subgroup analyses to explore the impact of
different demographic factors on intervention effectiveness can
be conducted to further nuance and inform differentiated service
delivery models targeting the rollout of such interventions for
GBMSM. Finally, future studies should consider the potential
impact that COVID-19 health promotion messaging, such as
vaccinations and prevention methods, may have on HIV and
other STI testing promotion in the community.
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Abstract

Background: We previously reported the efficacy of an 8-week home-based therapeutic immersive virtual reality (VR) program
in a double-blind randomized placebo-controlled study. Community-based adults with self-reported chronic low back pain were
randomized 1:1 to receive either (1) a 56-day immersive therapeutic pain relief skills VR program (EaseVRx) or (2) a 56-day
sham VR program. Immediate posttreatment results revealed the superiority of therapeutic VR over sham VR for reducing pain
intensity; pain-related interference with activity, mood, and stress (but not sleep); physical function; and sleep disturbance. At 3
months posttreatment, therapeutic VR maintained superiority for reducing pain intensity and pain-related interference with activity,
stress, and sleep (new finding).

Objective: This study assessed between-group and within-group treatment effects 6 months posttreatment to determine the
extended efficacy, magnitude of efficacy, and clinical importance of home-based therapeutic VR.

Methods: E-surveys were deployed at pretreatment, end-of-treatment, and posttreatment months 1, 2, 3, and 6. Self-reported
data for 188 participants were analyzed in a mixed-model framework using a marginal model to allow for correlated responses
across the repeated measures. Primary outcomes were pain intensity and pain-related interference with activity, mood, stress, and
sleep at 6 months posttreatment. Secondary outcomes were Patient-Reported Outcome Measurement Information System (PROMIS)
sleep disturbance and physical function.

Results: Therapeutic VR maintained significant and clinically meaningful effects 6 months posttreatment and remained superior
to sham VR for reducing pain intensity and pain-related interference with activity, stress, and sleep (ds=0.44-0.54; P<.003).
Between-group comparisons for physical function and sleep disturbance showed superiority of EaseVRx over sham VR (ds=0.34;
P=.02 and ds=0.46; P<.001, respectively). Participants were encouraged to contact study staff with any problems experienced
during treatment; however, no participants contacted study staff to report adverse events of any type, including nausea and motion
sickness.

Conclusions: Our 8-week home-based VR pain management program caused important reductions in pain intensity and
interference up to 6 months after treatment. Additional studies are needed in diverse samples.
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Introduction

Chronic low back pain (CLBP) is the most common persistent
pain condition worldwide, and multiple barriers impede patient
access to timely and effective care. Innovations in digital
therapeutics, such as immersive virtual reality (VR), offer the
promise of home-based care, broad availability of treatment,
and the potential to address the needs of underserved populations
with CLBP.

Immersive VR is an evidence-based analgesic for acute low
back pain [1], procedural low back pain [2], and CLBP [3,4].
Many VR treatments for CLBP involve rehabilitation exercise
and require therapist guidance [5]. However, recent chronic
pain research has investigated fully self-administered VR
programs that require no clinician contact or guided movement
exercises. Such programs closely mirror the content delivered
in pain self-management or evidence-based psychological
treatments for chronic pain.

In 2 randomized trials [3,4], we evaluated the effectiveness of
a therapeutic VR program that incorporated multiple pain
management modalities delivered via brief daily VR sessions.
The first trial compared a 3-week skills-based VR program to
the same therapeutic content delivered in audio-only format in
79 individuals with CLBP or fibromyalgia [3]. Posttreatment
results revealed that the immersive VR modality was superior
to the audio-only modality for reducing pain intensity and
pain-related interference with activity, mood, sleep, and stress.

The second trial was a double-blind, randomized,
placebo-controlled comparison of 8-week self-administered
behavioral skills-based VR (EaseVRx; AppliedVR) with sham
VR in 188 adults with CLBP. The 8-week sham VR program
consisted of 2D placebo content involving nonimmersive nature
scenes and neutral music (no skills training or pain education)
[4,6]. Both treatments were delivered via the same commercial
VR headsets and involved brief daily treatment sessions.
Intention-to-treat analyses revealed benefits in both treatment
groups and the superiority of therapeutic VR over sham VR for
reducing pain intensity and pain-related interference with
activity, stress, and mood, as well as sleep disturbance, with
large effect sizes ranging from 1.17 to 1.3 (moderate to
substantial clinical importance). On comparing the groups, a
greater proportion of participants in the EaseVRx group
achieved ≥30% reduction in pain intensity, and 46% of EaseVRx
participants achieved ≥50% reduction in pain [4]. At 3 months,
EaseVRx showed significant superiority over sham VR for
reducing pain intensity and pain-related interference (activity,
stress, and sleep [new finding]), with moderate to large effect

sizes (0.56-0.88) exceeding the thresholds for clinical
meaningfulness [7].

This study extended the results of this same study sample
(N=188) [4,7] to 6 months posttreatment to evaluate further the
durability of VR treatment. This study also included outcomes
for participant blinding and treatment group unmasking at 6
months posttreatment. Finally, we investigated whether
therapeutic VR engagement differs by socioeconomic status
(SES), using a variable comprised of education level and annual
household income.

Methods

Study Design
This 6-month follow-up study used a single-cohort,
placebo-controlled, randomized clinical trial protocol [6]. The
study involved an online national convenience sample of 188
community-based adults with self-reported CLBP.

The 6-month posttreatment data collection was completed in
April 2021. Participants were instructed to return their VR
headsets within 5 days of completing their 56-day treatment
period (postage-paid packaging provided). Any headset returned
after this 5-day shipment period was considered a late return.

This report contains participant-reported data from e-surveys
deployed at pretreatment, end-of-treatment (day 56), and
posttreatment months 1, 2, 3, and 6 for the primary outcomes
(average pain intensity and pain-related interference with
activity, mood, sleep, and stress) and the two secondary
outcomes of sleep disturbance and physical function that
demonstrated immediate effects after treatment.

Detailed information of the methods and interventions is
provided in the study protocol [6].

Ethical Considerations
The Western Copernicus Group Institutional Review Board
(Puyallup, WA) approved the study protocol in July 2020
(number: 1286465). Eligible individuals were enrolled after
signing an eConsent form.

Participants
Individuals with CLBP were recruited nationally through
Facebook and Google online advertisements, chronic pain
organizations, and professional colleagues. Advertisements
directed individuals to the study website for information, and
they were invited to complete an online eligibility form (see
Textbox 1 for the inclusion/exclusion criteria). Figure 1 displays
the participant study activities.
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Textbox 1. Study inclusion and exclusion criteria.

Inclusion criteria 

1. Men and women aged 18-85 years 

2. Self-reported diagnosis of chronic low back pain without radicular symptoms

3. Chronic low back pain duration ≥6 months 

4. Average pain intensity of ≥4 for the past month (0-10 numeric pain rating scale)

5. English fluency

6. Willing to comply with study procedures and restrictions 

7. Wi-Fi access

8. Implicit de facto internet and computer literacy

Exclusion criteria

1. Gross cognitive impairment

2. Current or prior diagnosis of epilepsy, seizure disorder, dementia, migraines, or other neurological diseases that may prevent the use of virtual
reality (VR) or predispose to adverse effects

3. Medical condition predisposing to nausea or dizziness 

4. Hypersensitivity to flashing lights or motion 

5. No stereoscopic vision or severe hearing impairment 

6. Injury to the eyes, face, or neck that impedes comfortable use of a VR headset

7. Cancer-related pain

8. Depressive symptoms ≥2 on the Patient Health Questionnaire-2 (PHQ-2) depression screen

9. Previous use of EaseVRx for pain 

10. Current or recent completion of participation (past 2 months) in any interventional research study

11. Currently pregnant or planning to become pregnant during the study period

12. Currently working at or having an immediate family member who works for a digital health company or pharmaceutical company that provides
treatment for acute or chronic pain
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Figure 1. Participant activities. VR: virtual reality.

Randomization and Participant Blinding
Enrolled participants completed a baseline survey battery and
a pain survey that was readministered 3 times during the 2-week
pretreatment period. These surveys were averaged to create a
pretreatment pain value; completion of at least two surveys was
required to progress to the treatment phase. The conduct of the
study was entirely remote.

E-randomization was applied 1:1 without blocking and with
participants allocated to either (1) a 56-day skills-based pain
relief VR program (EaseVRx) or (2) a 56-day VR control
condition (sham VR). Study participants understood they would
be assigned to 1 of 2 VR treatments, but did not know that 1
treatment was sham. Participants remained blinded to their
group assignment until all data were collected 6 months
posttreatment. Participants were then informed that the study
involved random assignment to VR with or without active
treatment for chronic pain and were asked which program they
believed they received. The statistician performed blinded
analysis for the 56-day end-of-treatment results [4] and was
unblinded to the individual group assignments for this study.

Procedures
All participants received a mailed Pico G2 4K all-in-one
head-mounted VR device at no cost. The on-demand,
easy-to-use, and commercially available Pico G2 4K device has
a 3840×2160 screen, a 72 FPS frame rate, and minimal visual

latency. Although the treatment content differed between the
EaseVRx and sham VR devices, all packaging and directions
were identical. Participants were given access to online
instructional materials for their headset.

Participants were instructed to complete 1 VR program session
daily for the treatment duration. Study staff monitored device
use and sent reminders as needed for survey completion. At
end-of-treatment, staff managed the postage-paid return of the
devices. Posttreatment study staff interaction was limited to
survey completion reminders and responses to participant
inquiries.

Compensation included US $6 per survey during and after
treatment ($150 possible; prorated; received as Amazon eGift
cards). Participants who completed ≥16 study surveys during
treatment were eligible to receive a VR headset after study
completion (n=73).

Therapeutic VR (EaseVRx)
EaseVRx is a proprietary immersive, multimodal, skills-based,
pain self-management VR program. EaseVRx incorporates
evidence-based self-regulatory skills used in cognitive
behavioral therapy for chronic pain (diaphragmatic breathing,
biofeedback elements, cognition, and emotion regulation),
mindfulness principles, and pain education into a multimodal
therapeutic journey. The EaseVRx content is agnostic to pain
type, condition, or disease (Figure 2).
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Figure 2. Visual display of EaseVRx (skills-based, interactive, 3D) and sham VR (noninteractive, 2D nature scenes). VR: virtual reality.

The standardized 56-day program delivers the VR content
through a prescribed sequence of daily immersive experiences
grouped into 8 weekly themes relevant to living better with
chronic pain. Content categories include pain education,
relaxation and interoception, mindfulness escape, pain
distraction games, and dynamic breathing. User exhalation is
captured by an embedded microphone, providing interactive
biodata-enabled therapeutics through synchrony with 3D visual
displays and auditory feedback. VR sessions range from 2 to
16 minutes (average 6 minutes). Module content was designed
to minimize emotional distress and cybersickness.

Sham VR
In compliance with VR-CORE clinical trial guidelines, we used
an active and rigorous placebo comprised of nonimmersive 2D
visual content [8]. Content included 20 rotating nature videos
overlaid with music that was not relaxing, aversive, or
distracting; content was devoid of pain education or pain
management skills training (Figure 2). The average session
duration closely matched that of EaseVRx.

Data Collection and Timepoints
Data were collected through REDCap Cloud for patient-reported
outcomes at pretreatment, end-of-treatment, and posttreatment
months 1, 2, 3, and 6.

The baseline survey included demographic variables and a
battery of outcome measures. Demographic variables included
age, gender, education level, race, ethnicity, employment status,
annual household income, relationship status, back pain
duration, state of residence, and zip code. The baseline survey
included other measures of secondary outcomes that were
omitted from our prior publication [7] and this report because
we found no significant between-group changes for these
measures at end-of-treatment when treatment effects are most
pronounced (items from the Pain Catastrophizing Scale [9],
2-item Pain Self-Efficacy Questionnaire [10], and 8-item
Chronic Pain Acceptance Questionnaire [11], and self-reported
prescription opioid and over-the-counter analgesic medication
use).

Measures
The Defense and Veterans Pain Rating Scale (DVPRS) [12]
measured average pain intensity over the previous 24 hours
using an 11-point numeric rating scale (0=no pain; 10=as bad
as it could be and nothing else matters).

The DVPRS interference scale (DVPRS-II) [12] measured
pain-related interference with activity, sleep, mood, and stress
over the previous 24 hours (0=does not interfere; 10=completely
interferes).

The National Institutes of Health (NIH) Patient-Reported
Outcome Measurement Information System (PROMIS)
short-form assessed physical function (version 6b) [13] and
sleep disturbance (version 6a) [14] over the previous 7 days.
The manuals’conversion tables were used to calculate individual
short-form T scores using item response theory algorithms [15].
T scores were computed for individual response patterns using
the Bayesian expected a posteriori method [15,16].

Adverse Event Monitoring
Participants were encouraged to contact staff about any problems
with their device or treatment. Cybersickness was intended to
be assessed immediately after treatment, but due to an error
with the electronic survey, it was not captured until 1 month
posttreatment.

Statistical Analyses
All analyses involved 2-sided hypothesis tests, with α=.05, and
were adjusted for multiple comparisons within the family of
tests as appropriate. Group equivalence was assessed through
univariate tests of association between groups (EaseVRx/sham
VR) for all baseline demographic and clinical variables, with
the chi-square and Kruskal-Wallis tests applied as appropriate.

The intent-to-treat data were analyzed in a mixed-model
framework (PROC GLIMMIX in SAS 9.4M6) using a marginal
(population-averaged) model to allow for correlated responses
across repeated measures. Explanatory factors included
treatment group, time, and time × treatment group. Treatment
group (EaseVRx/sham VR) was specified as a fixed-effects
factor. Time (pretreatment, end-of-treatment, and posttreatment
months 1, 2, 3, and 6) was specified as a random-effects factor
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to allow for correlated responses using heterogeneous compound
symmetry for the covariance structure within time. Analyses
were conducted to assess (1) efficacy of treatment relative to
pretreatment and (2) durability of treatment effects
(end-of-treatment to month 6). Both analyses examined (1)
EaseVRx vs sham VR between-group comparison across all
timepoints and (2) whether the treatment group influenced the
trajectory of the key variables over time. Efficacy, which
included all 6 timepoints, was evidenced by significant treatment
and time × treatment effects. We report multiplicity-adjusted
Hochberg P values. Durability analyses were limited to
end-of-treatment and posttreatment months 1, 2, 3, and 6.
Durability was evidenced by a significant treatment effect but
lack of time × treatment interaction, indicating sustained
differences.

Missing values were not imputed for estimation of effects, but
the predicted means were used in the graphical description.
Linear mixed models were used as between-subject factors, and
time of measurement was used as a within-subject factor. Effect
sizes for the EaseVRx vs sham VR between-group comparison
used the standardized mean difference version of Cohen d [17].

For each outcome variable, the effect size of the change
pretreatment to 6 months posttreatment was assessed by
treatment group using a repeated measures variation of Cohen
d as drm owing to the within-subject nature of the comparison
[17]. We applied common effect size thresholds of 0.3 (small),
0.5 (medium), and 0.8 (large). Clinical meaningfulness of the
change in each outcome variable was further assessed by
calculating the mean percent improvement from pretreatment
to 6 months posttreatment and applying Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials
(IMMPACT)-recommended thresholds of magnitude for
moderate (30%) and substantial (50%) clinical importance [18].

Participant blinding was assessed by the proportion of
participants in each group who correctly determined their
treatment assignment.

To test the feasibility of home-based VR in individuals with
lower SES [19], we assessed therapeutic VR treatment
engagement (total duration of treatment and number of sessions)
in participants with lower SES (defined as ≤high school
education or ≤US $59,999 median annual household income)
vs higher SES (defined as >high school education or ≥US
$60,000 median annual household income; US $60,000 was the
selected threshold because it is below the US median household
income of US $67,000) [20].

Results

Overview
Recruitment took place from July 6, 2020, to July 30, 2020. Of
1577 individuals who completed an online eligibility screener,
1389 were excluded primarily for meeting or exceeding the
threshold for depressive symptoms (see Figure 3 for the
CONSORT diagram). In total, 188 individuals were enrolled,
randomized, and allocated to a treatment group. All participants
were included in the dataset regardless of treatment engagement
or survey completion at posttreatment months 1, 2, 3, and 6.
Previously reported device-use data revealed nonsignificant
between-group differences for treatment engagement [4].
Posttreatment survey completion rates were 83% (n=156) for
month 1, 82% (n=155) for month 2, 85% (n=159) for month 3,
and 74% (n=139) for month 6.

Table 1 displays baseline demographics and clinical
characteristics. Table 2 displays pretreatment outcome variables
for each group. The sample included participants from 40 US
states. The sample was predominantly female (145/188, 77.1%)
and Caucasian (171/188, 91.0%), with most participants having
at least some college education (171/188, 91.0%). The mean
age was 51.7 years (SD 13.2 years; range 18-81 years), and the
mean duration of CLBP was ≥5 years.
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Figure 3. CONSORT flow diagram. VR: virtual reality.
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Table 1. Baseline demographic and clinical characteristics by treatment group.

Sham VRa (n=94)EaseVRx (n=94)Variable

Gender, n (%)

20 (21)23 (24)Male

73 (78)71 (76)Female

1 (1)0 (0)Other

51.3 (12.9)52.1 (13.5)Age (years), mean (SD)

25.0-81.018.0-81.0Age range (years)

54.0 (41.0-62.0)51.0 (41.0-62.0)Age (years), median (IQR: Q1-Q3)

Race, n (%)

1 (1)2 (2)Asian

88 (95)82 (88)Caucasian

1 (1)5 (5)African American

3 (3)2 (2)Multi-racial

0 (0)2 (2)Other

1 (1)1 (1)Missing

Education, n (%)

10 (11)6 (6)High school graduate

17 (18)22 (23)Some college

16 (17)10 (11)Associate

26 (28)19 (20)Undergraduate

24 (26)37 (39)Postgraduate

1 (1)0 (0)Missing

Employment, n (%)

7 (8)9 (10)Part time

36 (39)39 (41)Full time

11 (12)13 (14)Not working

21 (23)17 (18)Retired

18 (19)16 (17)Unable to work

1 (1)0 (0)Missing

Income, n (%)

24 (26)25 (27)Less than US $40,000

19 (20)24 (26)US $40,000 to $59,999

19 (20)16 (17)US $60,000 to $79,999

32 (34)28 (30)Greater than US $80,000

0 (0)1 (1)Missing

Relationship, n (%)

63 (67)55 (59)Married/civil union

14 (15)21 (23)Divorced/widowed/separated

12 (13)11 (12)Single

5 (5)6 (6)Single-cohabitating

0 (0)1 (1)Missing

Pain duration, n (%)

1 (1)7 (7)<1 year
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Sham VRa (n=94)EaseVRx (n=94)Variable

26 (28)25 (27)1 year to <5 years

25 (27)17 (18)5 years to <10 years

42 (45)45 (48)>10 years

aVR: virtual reality.

Table 2. Baseline outcome variables by treatment group.

P valuebSham VRa (n=94)EaseVRx (n=94)Variable

.61Average pain intensity score

5.2 (1.1)5.1 (1.2)Mean (SD)

2.8-8.02.2-8.2Range

5.2 (4.4-5.8)5.0 (4.2-5.8)Median (IQR: Q1-Q3)

.43Pain-related activity interference score

5.5 (1.5)5.3 (1.8)Mean (SD)

1.0-8.81.2-10.0Range

5.6 (4.6-6.3)5.6 (4.0-6.6)Median (IQR: Q1-Q3)

.27Pain-related mood interference score

4.7 (2.0)4.4 (2.2)Mean (SD)

0.2-9.60.0-8.8Range

4.6 (3.4-6.0)4.3 (2.8-5.8)Median (IQR: Q1-Q3)

.25Pain-related sleep interference score

5.3 (1.9)4.8 (2.6)Mean (SD)

0.6-9.60.0-10.0Range

5.4 (4.0-6.4)5.0 (3.0-7.0)Median (IQR: Q1-Q3)

.76Pain-related stress interference score

4.8 (2.0)4.6 (2.2)Mean (SD)

0.6-9.60.0-10.0Range

5.0 (3.4-6.2)4.7 (3.0-6.4)Median (IQR: Q1-Q3)

.30PROMISc physical function score

37.5 (4.7)38.1 (5.1)Mean (SD)

27.1-59.021.0-48.9Range

37.6 (34.2-40.2)37.6 (34.2-41.2)Median (IQR: Q1-Q3)

.17PROMIS sleep disturbance score

57.7 (4.3)56.7 (5.2)Mean (SD)

45.5-69.044.2-67.5Range

58.3 (55.3-60.4)56.3 (53.3-60.4)Median (IQR: Q1-Q3)

aVR: virtual reality.
bKruskal-Wallis P value.
cPROMIS: Patient-Reported Outcome Measurement Information System.

Primary Outcomes
We applied the analytic plan outlined above to each primary
outcome. For each primary outcome figure referenced below,
the x-axis represents time and the color bands represent 95%

CI for the mean after correcting for multiple comparisons
(Tukey-Kramer). Overlapping bands indicate nonsignificant
group differences (P values) of simple main effects within each
timepoint. Table 3 includes the corresponding model effects for
each primary outcome in Figures 4-10.
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Table 3. Model effects for primary outcomes.

P valueF valueDenominator dfNumerator dfaFactor

Pain intensity

.00111.051861Treatment

<.00147.437585Time

.0014.057585Time × treatment

Pain interference with activity

.0039.161861Treatment

<.00156.777585Time

.0012.957585Time × treatment

Pain interference with mood

.00110.591861Treatment

<.00135.667585Time

.072.077585Time × treatment

Pain interference with sleep

<.00113.821861Treatment

<.00149.717585Time

.101.847585Time × treatment

Pain interference with stress

.00210.231861Treatment

<.00146.947585Time

.0063.347585Time × treatment

PROMISb physical function

.025.571861Treatment

<.00122.787585Time

.012.927585Time × treatment

PROMIS sleep disturbance

.0029.821861Treatment

<.00114.687585Time

.0023.787585Time × treatment

adf: degree of freedom.
bPROMIS: Patient-Reported Outcome Measurement Information System.

Pain Intensity
Average pain intensity was lower in the EaseVRx group than
in the sham VR group (Cohen ds=0.48; P=.001). Both treatment
groups had lower average pain intensity from pretreatment to
6 months posttreatment (P<.001). While there was no
between-group difference at pretreatment, at end-of-treatment,
EaseVRx participants indicated lower pain intensity relative to
sham VR, and this difference was maintained at month 6
(P=.001; Hochberg P=.006 after multiplicity correction; see
Figure 4).

For pain intensity at 6 months posttreatment, the mean
percentage change was −31.3% (moderate clinical importance)

for the EaseVRx group and −15.9% (minimal clinical
importance) for the sham VR group. We found that 52.1%
(37/71) of EaseVRx and 25.0% (17/68) of sham VR participants
achieved the threshold for moderate clinical meaningfulness
(≥30%) and 38.0% (27/71) and 13.2% (9/68), respectively,
achieved the threshold for substantial clinical meaningfulness
(≥50%).

To evaluate durability, we compared end-of-treatment with the
6-month follow-up. On average, pain intensity was lower in the
EaseVRx group than in the sham VR group (P=.004). We
observed a significant effect of time (P<.001) but not time ×
treatment for pain intensity, indicating sustained superiority of
EaseVRx over sham VR through 6 months posttreatment.
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Figure 4. Average pain intensity. The color bands represent 95% CI for the mean after correcting for multiple comparisons. Overlapping bands indicate
nonsignificant group differences of simple main effects within each timepoint. VR: virtual reality.

Pain-Related Interference With Activity
Average pain-related interference with activity was lower in
the EaseVRx group than in the sham VR group (Cohen ds=0.44;
P=.003). Both groups had lower activity interference from
pretreatment through month 6 (P<.001). Finally, we observed
a pronounced between-group difference at end-of-treatment but
not pretreatment (P=.01; Hochberg P=.04 after multiplicity
correction; see Figure 5).

At 6 months posttreatment, the mean percentage change was
−34.8% for the EaseVRx group and −20.8% for the sham VR

group. We found that 60.6% (43/71) of EaseVRx and 39.7%
(27/68) of sham VR participants achieved the threshold for
moderate clinical meaningfulness and 50.7% (36/71) and 25.0%
(17/68), respectively, achieved the threshold for substantial
clinical meaningfulness.

Comparing end-of-treatment with the 6-month follow-up,
pain-related interference with activity was lower in the EaseVRx
group than in the sham VR group (P=.006). We observed a
significant effect of time (P<.001) but not time × treatment
(P=.92) for pain-related interference with activity, indicating
sustained superiority of EaseVRx.

Figure 5. Pain interference with activity. The color bands represent 95% CI for the mean after correcting for multiple comparisons. Overlapping bands
indicate nonsignificant group differences of simple main effects within each timepoint. VR: virtual reality.

J Med Internet Res 2022 | vol. 24 | iss. 5 | e37480 | p.713https://www.jmir.org/2022/5/e37480
(page number not for citation purposes)

Garcia et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Pain-Related Interference With Mood
On average, pain-related interference with mood was lower in
the EaseVRx group than in the sham VR group (Cohen ds=0.47;
P=.001). Both groups had lower mood interference from
pretreatment through month 6 (P<.001). The time × treatment
effect was not significant (P=.07; Hochberg P=.10 after
multiplicity correction; see Figure 6).

At 6 months posttreatment, the mean percentage change for
pain-related interference with mood was −39.2% for EaseVRx
and −25.3% for sham VR. We found that 59.2% (42/71) of

EaseVRx and 48.5% (33/68) of sham VR participants achieved
the threshold for moderate clinical meaningfulness and 54.9%
(39/71) and 41.2% (28/68), respectively, achieved the threshold
for substantial clinical meaningfulness.

To evaluate durability, we compared end-of-treatment with the
6-month follow-up. On average, pain-related interference with
mood was lower in the EaseVRx group than in the sham VR
group (P=.003). We observed a significant effect of time
(P<.001) but not time × treatment (P=.79), indicating sustained
superiority of EaseVRx over sham VR through 6 months
posttreatment.

Figure 6. Pain interference with mood. The color bands represent 95% CI for the mean after correcting for multiple comparisons. Overlapping bands
indicate nonsignificant group differences of simple main effects within each timepoint. VR: virtual reality.

Pain-Related Interference With Sleep
On average, pain-related sleep interference was lower in the
EaseVRx group than in the sham VR group (Cohen ds=0.54;
P<.001). Both groups had lower sleep interference from
pretreatment through month 6 (P<.001). The time × treatment
effect was not significant (P=.10; Hochberg P=.10 after
multiplicity correction; see Figure 7).

At 6 months posttreatment, the mean percentage change was
−44.5% for the EaseVRx group and −18.9% for the sham VR
group. We found that 63.4% (45/71) of EaseVRx and 45.6%

(31/68) of sham VR participants achieved the threshold for
moderate clinical meaningfulness and 47.9% (34/71) and 32.4%
(22/68), respectively, achieved the threshold for substantial
clinical meaningfulness.

Comparing end-of-treatment with the 6-month follow-up,
pain-related interference with sleep was lower in the EaseVRx
group than in the sham VR group (P<.001). We also observed
a significant effect of time (P<.001) but not time × treatment
(P=.89), indicating sustained superiority of EaseVRx over sham
VR through 6 months posttreatment.
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Figure 7. Pain interference with sleep. The color bands represent 95% CI for the mean after correcting for multiple comparisons. Overlapping bands
indicate nonsignificant group differences of simple main effects within each timepoint. VR: virtual reality.

Pain-Related Interference With Stress
On average, pain-related stress interference was lower in the
EaseVRx group than in the sham VR group (Cohen ds=0.47;
P=.001). Both groups had lower pain-related stress interference
from pretreatment through month 6 (P<.001). While there was
no between-group difference at pretreatment, there was a
pronounced difference at end-of-treatment and at month 6 (time
× treatment P=.006; Hochberg P=.02 after multiplicity
correction; see Figure 8).

At 6 months posttreatment, the mean percentage change in
pain-related interference with stress was −42.5% for the

EaseVRx group and −23.3% for the sham VR group. We found
that 67.6% (48/71) of EaseVRx and 39.7% (27/68) of sham VR
participants achieved the threshold for moderate clinical
meaningfulness and 60.6% (43/71) and 30.9% (21/68),
respectively, achieved the threshold for substantial clinical
meaningfulness.

Comparing end-of-treatment with the 6-month follow-up,
pain-related interference with stress was lower in the EaseVRx
group than in the sham VR group (P=.002). We observed a
significant effect of time (P<.001) but not time × treatment
(P=.86), indicating sustained superiority of EaseVRx over sham
VR through 6 months posttreatment.

Figure 8. Pain interference with stress. The color bands represent 95% CI for the mean after correcting for multiple comparisons. Overlapping bands
indicate nonsignificant group differences of simple main effects within each timepoint. VR: virtual reality.
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Secondary Outcomes

Physical Function
Physical function was higher in the EaseVRx group than in the
sham VR group (Cohen ds=0.34; P=.02), and both groups
demonstrated increased physical function from pretreatment to
6 months posttreatment (P<.001). While there was no
between-group difference at pretreatment, a between-group
difference was pronounced at end-of-treatment through 6 months
posttreatment (time × treatment P=.01; see Figure 9).

At 6 months posttreatment, the mean improvement in physical
function was 10.5% for the EaseVRx group and 5.9% for the

sham VR group, with changes in both groups categorized as
clinically unimportant. We found that 12.7% (9/71) of EaseVRx
and 4.4% (3/68) of sham VR participants reached the moderate
clinical meaningfulness threshold. For substantial clinical
meaningfulness, 4.2% (3/71) of EaseVRx participants and no
sham VR participants achieved the threshold.

Comparing end-of-treatment with the 6-month follow-up,
physical function was higher in the EaseVRx group than in the
sham VR group (P=.02). The level of physical function was
maintained from end-of-treatment to month 6 (P=.77). The time
× treatment interaction effect was not significant (P=.45),
indicating a sustained end-of-treatment effect (albeit of
negligible clinical importance) for EaseVRx vs sham VR.

Figure 9. PROMIS physical function. The color bands represent 95% CI for the mean after correcting for multiple comparisons. Overlapping bands
indicate nonsignificant group differences of simple main effects within each timepoint. PROMIS: Patient-Reported Outcome Measurement Information
System; VR: virtual reality.

Sleep Disturbance
Sleep disturbance was lower in the EaseVRx group than in the
sham VR group (Cohen ds=0.46; P=.002). Both groups had
decreased sleep disturbance over time (P<.001). While there
was no between-group difference at pretreatment, at
end-of-treatment, sleep disturbance was lower in the EaseVRx
group than in the sham VR group, which did not sustain in
posttreatment months 1, 2, 3, and 6 (time × treatment P=.002;
see Figure 10).

At 6 months posttreatment, the mean percentage change in sleep
disturbance was −8.8% for EaseVRx and −2.1% for sham VR.
While 8.5% (6/71) of EaseVRx and 1.5% (1/68) of sham VR
participants achieved the moderate clinical meaningfulness
threshold, no EaseVRx or sham VR participants achieved the
threshold for substantial clinical meaningfulness.

Comparing end-of-treatment with 6 months post-treatment,
sleep disturbance was lower in the EaseVRx group than in the
sham VR group (P=.002). There was a significant effect of time
(P=.003). The end-of-treatment superiority of EaseVRx over
sham VR for reduction in sleep disturbance was absent in
posttreatment months 1, 2, and 3, and re-emerged at month 6
(time × treatment P=.002).

Assessing participant blinding 6 months posttreatment, 75% of
EaseVRx and 71% of sham VR participants accurately identified
their randomly assigned treatment. These proportions did not
differ between groups (P>.05) and were significantly above
chance.

Lower SES (n=97) and higher SES (n=91) participants were
statistically equivalent for treatment engagement as indexed by
the total duration of EaseVRx treatment time and total number
of EaseVRx experiences.
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Figure 10. PROMIS sleep disturbance. The color bands represent 95% CI for the mean after correcting for multiple comparisons. Overlapping bands
indicate nonsignificant group differences of simple main effects within each timepoint. PROMIS: Patient-Reported Outcome Measurement Information
System; VR: virtual reality.

Discussion

This report describes the 6-month durability of treatment effects
for a randomized placebo-controlled trial of an 8-week
self-administered skills-based VR program (EaseVRx) compared
with a sham VR program in adults with CLBP. Intention-to-treat
analysis performed on data collected 6 months after treatment
revealed some regression to the mean with continued superiority
of therapeutic EaseVRx over sham VR for reductions in pain
intensity and pain-related interference (activity, stress, and
sleep). Six-month posttreatment results exceeded thresholds for
clinical meaningfulness, with effect sizes ranging from 0.34 to
0.54. Between-group differences for physical function and sleep
disturbance at 6 months were statistically significant but not
clinically meaningful. Combined, the results support the 6-month
analgesic efficacy of a fully automated, 8-week, home-based
VR program for CLBP. Recent meta-analyses of VR noted a
lack of high-quality efficacy studies for chronic pain [21], except
for those involving physical rehabilitation programs [22]. To
our knowledge, our investigations on the extended efficacy of
VR are the first involving home-based pain management without
physical rehabilitation.

Findings from this study further support the efficacy of
home-based VR treatment and may inform clinician and patient
expectations, reimbursement models, and prescription pathways
for CLBP. Critics have questioned whether participant education
or socioeconomic factors might predict user engagement.
Accordingly, we examined whether participant education level
(high school level or less vs at least some college education) or
household annual income (above vs below the US median) as
a composite metric of SES would impact treatment engagement.
While our examination of the impact of SES on user engagement
is preliminary and may be subject to selection bias, we found
equivalent engagement between lower and higher SES

individuals with EaseVRx. These data potentially refute a
perception that a high-tech digital treatment, such as VR, may
be infeasible in lower SES individuals, and suggest that digital
therapeutics, like EaseVRx, represent an opportunity to reach
CLBP patients in historically underserved areas. These data
also align with our published EaseVRx usability ratings, in
which this study sample indicated that the device was as easy
to use as an iPhone [4].

Key strengths of this study include (1) randomized
placebo-controlled design; (2) intention-to-treat analyses; (3)
correction for multiplicity; (4) longitudinal design and data
collection to 6 months posttreatment; and (5) participant blinding
to treatment group.

Our findings should be placed in the context of several
limitations. First, the study sample had low levels of depressive
symptoms and was specific to CLBP. The sample was also
mainly female and white, and had some college education, thus
limiting the generalizability to the broader population. The study
relied only on participant-reported data and no objective data
on medical or mental health conditions or receipt of additional
pain treatments during the study period. The 26% attrition rate
at 6 months was similar between treatment groups, and its effects
were mitigated by the intention-to-treat analytic approach.
Finally, at the end of the study roughly 73% of the sample
correctly guessed their treatment group assignment, suggesting
that, despite extensive efforts to maintain face validity of sham
VR and following published guidance [8], the actual blinding
failed. Despite this, we previously reported equivalent treatment
engagement between both groups and symptom benefits gained
by sham VR participants [7], albeit sham VR was substantially
less efficacious than therapeutic VR. Nevertheless, equivalent
engagement in sham VR suggests acceptable control in terms
of time and attention, exposure to treatment, device use, survey
completion, and participant compensation.
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Placebo effects are well known in clinical studies [23]. The
clinically meaningful efficacy of open-label placebo supports
our finding of sham VR benefits even when treatment group
assignment is correctly guessed [24]. The superiority and
durability of the therapeutic response to therapeutic immersive
VR is even more intriguing in the context of placebo interference
with analgesic outcomes.

In-progress research includes an active national pragmatic
effectiveness study designed to ascertain the long-term treatment
effects of therapeutic VR in patients with CLBP who are highly
diverse in race, ethnicity, education level, and symptom profiles.
Future research should extend efficacy investigations for
home-based VR to other pain conditions and diagnoses, as well

as examine mechanisms of treatment effects in real-world patient
populations. Finally, while we previously reported very high
treatment engagement rates for both study groups, future
research may investigate the characteristics and needs of
individuals who exhibit lower engagement rates,
nonresponsiveness, or higher rates of regression to the mean
over time, and develop strategies to optimize outcomes for these
subpopulations.

The 6-month durability of clinically meaningful reductions in
pain intensity and pain-related interference suggests that this
effective digital therapeutic approach may transcend many
current barriers and improve patient access to effective
nonpharmacologic pain care for CLBP.
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In their systematic review, Koshechkin and colleagues [1]
thoughtfully explored and summarized the potential applications
of blockchain technology to solve unique challenges in health
care. Blockchain technology is a highly secure but transparent
method of tracing digital transactions of assets or information
through a decentralized, immutable ledger [1]. Thanks to the
expansion of cryptocurrency—digital currency traded through
blockchain networks—blockchain has become a household
term. Blockchain technology has been applied to numerous
industries, and many possibilities exist for application within
health care [2].

In their review, Koshechkin and colleagues [1] identified 18
studies addressing blockchain solutions for various health care
challenges. These included medical data access, medical services
processing, diagnostic support, payment transactions, and
fundraising, among others. This review offers an excellent
synopsis of ongoing blockchain projects in health care
accompanied by discussion of future directions.

One novel entity that utilizes blockchain technology not
identified in this paper is the nonfungible token (NFT). NFTs
are similar to cryptocurrency, such as Bitcoin, in that they are

digital tokens existing within a blockchain that can be bought
and sold. NFTs, however, are distinct tokens. While 1 Bitcoin
is always equal to another Bitcoin, each NFT is singular and
unique (ie, nonfungible) [3]. Interestingly, although NFTs are
digital, they can, and often do, represent physical items.

Regarding health care, NFTs have been suggested as a means
to streamline and simplify blood [4] and stem cell [5] product
supply chains. While the full discussion of NFT potential in
health care warrants a lengthier article, we will touch on the
simplest application: capital.

NFTs represent an untapped method of fundraising and revenue
generation. They allow the monetization of unique items and
content, digital or physical, new or old. NFTs offer the added
benefits of transaction tracing, verifiable authenticity, and shared
ownership of physical objects (analogous to stockholders of a
company). One can imagine NFT auctions of historic medical
equipment or journal articles, recorded lectures from renowned
experts, and even naming rights to a lecture series. Much like
baseball cards or stamps, medicine could find its own niche in
collecting NFTs.
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NFTs also open an avenue for monetization of original creations
such as reflective art and literature or unique medical education
content. Medical education resources are constantly evolving,
and many are free to learners (tweetorials, podcasts, YouTube
channels, etc). If collectors agree to maintain open access after
purchase, leveraging this content as NFTs could represent a
new market to raise funds for scholarships, research, advocacy,
or public health projects. Many will argue that buyers are
unlikely to permit open access to their NFT. However, as already

seen in other NFT markets, because NFTs are unique and
traceable digital tokens, ownership can still be boasted despite
public access [3].

As illustrated by Koshechkin and colleagues’ [1] review,
blockchain technology is an exciting entity offering much
potential for the advancement of health care. NFTs are yet
another example of blockchain technology with innumerable
possibilities and potential in health care.
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We read with great interest the research article by Adly et al [1]
regarding the nonpharmacological respiratory treatment methods
for home-isolated patients with COVID-19, involving the use
of a newly developed telemanagement health care system. We
appreciate the authors’ valuable contribution to providing a
deeper understanding of the effectiveness of home-based oxygen
therapy with bilevel positive airway pressure (BiPAP) and that
of osteopathic manipulative respiratory and physical therapy
techniques in impeding exacerbation of early-stage COVID-19
pneumonia. However, the study should be further discussed in
terms of research design, patient recruitment technologies, and
the influence of the telemanagement system on health care
development.

To begin with, the researchers randomly recruited 60 patients
for their study through social media by using a snowball subject
recruitment technique. However, the health conditions of these

patients (eg, age and underlying co-morbidities), which
significantly affect their outcomes [2], were not considered in
the analysis. Moreover, the eligibility of recruited patients has
not been well addressed in their publication. The sample size
and power calculation should also be presented in a clinical trial
protocol.

Moreover, the authors used the snowball subject recruitment
technique through social media to recruit patients, which was
completely random and could not ensure that all patients met
the eligibility criteria. However, successful patient recruitment
requires a rational clinical design, efficient patient identification
and randomization, which can be fulfilled by various information
technologies such as data mining, artificial intelligence, and
automated alerts [3]. Furthermore, the echo chamber effect on
social media could also result in the limitation of patient
recruitment [4]. Hence, we suggest that the authors use suitable

J Med Internet Res 2022 | vol. 24 | iss. 5 | e34437 | p.723https://www.jmir.org/2022/5/e34437
(page number not for citation purposes)

Chen & WeiJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:jccwei@gmail.com
https://www.jmir.org/2021/4/e23446
https://www.jmir.org/2022/5/e37413/
http://dx.doi.org/10.2196/34437
http://www.w3.org/Style/XSL
http://www.renderx.com/


technologies based on a comprehensive database for patient
recruitment.

Furthermore, the national health care database has been
increasingly developed and used as a comprehensive database
for clinical trials [5]. The employment of the telemanagement
system in home-based treatment for patients with COVID-19
allows for data collection through the system and uses fewer
human resources. The integration of the national health care
database and the telemanagement system could thus allow health
care workers to provide long-distance health care not only in
the context of COVID-19 treatment but also in health care in
the future society. Hence, the authors are suggested to discuss

the influence of the implementation of telemanagement together
with the national health care database on health care
development.

Above all, this study contributes to providing a deeper
understanding of the effectiveness of home-based oxygen
therapy with BiPAP, and that of the osteopathic manipulative
respiratory and physical therapy techniques in impeding
exacerbation of early-stage COVID-19 pneumonia. Further
studies would likely enhance the research design, implement
patient recruitment by more suitable technologies, and discuss
the influence of the telemanagement system on health care
development.
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We would like to thank the authors for their interest in reading
our published paper [1,2], and we would like to clarify the
following points.

First, the study design and patient recruitment technique have
been illustrated in sufficient detail in the methods section.
Although there is a part that discusses the influence of the
telemanagement system on health care development, the aim
of this study was to compare two nonpharmacological
respiratory treatment methods for home-isolated patients with
COVID-19 by using a newly developed telemanagement health
care system. The influence of the telemanagement system on
health care development has been further discussed in many
other articles [3-6], and its discussion was therefore considered
outside of the scope of our paper.

Second, concerning the health conditions of the study patients,
we disagree with the comment because these variables were
considered in both this study and its analysis. As noted in the
inclusion criteria, only the American Society of
Anesthesiologists Class-I patients were deemed eligible for
participation in the study before onset of COVID-19. We have
also stated in the results section that the patients’ age ranged
between 21 and 40 years.

Third, the eligibility of the recruited patients, inclusion criteria,
and exclusion criteria have already been well addressed in the
methods section by specifically defining the selection criteria
to avoid any unwanted effect of confounding factors.
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Fourth, both the sample size and power calculations have already
been presented in the statistical analysis section.

Fifth, we also disagree with the comment concerning the
snowball subject recruitment technique, since it is considered
an efficient sampling technique that is used to recruit participants
who are hard to be located.

Sixth, we have reviewed the mentioned reference about the echo
chamber effect on social media and found that it discusses public
opinion formation and not patient recruitment. Thus, for this
suggestion, we would expect to be provided with evidence on
the suitability of a comprehensive database for patient
recruitment. We would also want to clarify that all the selected
patients met the study’s eligibility criteria, and in the methods
section, we have explained how we ensured this.

Seventh, studying the influence of the implementation of
telemanagement together with the national health care database
on health care development was not the aim of this study.

Eighth, we believe that the research design was thoroughly
explained with sufficient detail that can be easily understood
by any health care worker. However, for a suggestion on design
enhancement, we would expect to be more specific on what
points the design should be enhanced, along with an acceptable
reason.

Moreover, for the suggestion to implement patient recruitment
using more suitable techniques, we would expect to be provided
with evidence that the patient recruitment technique used in our
study is inferior to other techniques or that it has a negative
effect on the study outcomes, which is not the case.

In addition, the influence of the telemanagement system on
health care development has been addressed by many studies
and is beyond the scope of this publication.

Finally, we appreciate this chance to reply to this letter and
would like to advise researchers to consider recruiting larger
study samples before adopting our techniques.
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We read with great interest the article, “Evaluating the
Effectiveness of Gamification on Physical Activity: Systematic
Review and Meta-analysis of Randomized Controlled Trials”
by Mazeas et al [1]. The authors conducted a systematic review
and meta-analysis to evaluate the effectiveness of gamification
on physical activity (PA). This meta-analysis confirms that
gamified interventions are promising for promoting PA in
various populations. Although the authors acknowledge the
limitations of their study, we wish to highlight several
methodological issues and provide our perspective.

First, Paul et al [2] was not a randomized controlled trial, but a
nonrandomized clinical controlled trial. As mentioned in both
the methods and limitations of this study, the authors used
nonrandomized allocation. According to the Cochrane Handbook
for Systematic Reviews of Interventions [3], “Predefined,
unambiguous eligibility criteria are a fundamental prerequisite
for a systematic review.” Authors should select literature strictly
according to inclusion and exclusion criteria, especially for the
quantitative analysis. Mixing research with different study

designs may significantly affect the results and the level of
evidence.

Second, the total number of hours of gamification performed
can make a significant difference. Although the authors have
conducted a subgroup analysis of the duration of gamification
(short- and long-term interventions), each type of gamification
is different, and we do not know the number of minutes of
gamification performed per day. The total number of hours of
gamification performed can vary greatly across the different
studies. We believe this could be a potential source of
heterogeneity.

Third, this meta-analysis may not apply to older adults. The
mean age of participants in the selected studies was 35.7 years,
and most of the studies were conducted on participants aged
<65 years. The American College of Sports Medicine suggests
that the population most in need of exercise may be older adults
[4]. In a previous meta-analysis, the lack of PA was associated
with all-cause mortality and cardiovascular mortality, fractures,
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and falls among older populations [5]. However, this age group
may have difficulty with device operation and gamification
rules. Age may affect the gamification experience, leading to
limitations in the application of evidence.

In conclusion, we believe that clarification of the above points
can strengthen the interpretation of the study results. The authors
have analyzed an important issue. A better understanding of the
effects of gamification mechanisms on PA is critical for
clinicians.
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We appreciated and read with attention Hung and Kao’s [1]
feedback on our recent systematic review and meta-analysis
[2], which examined the effectiveness of gamified interventions
on physical activity. These authors have pointed out 3 aspects
that we will discuss in this letter.

First, they suggest that Paul et al [3] should not have been
included in our review as this study is a nonrandomized clinical
controlled trial. We agree that this study was nonrandomized.
We have in fact mentioned this issue under the Risk of Bias
subheading of our Results section: “Overall, 1 study [28] was
rated as high risk for sequence generation because assignments
were based on recruitment order,” where reference 28 points to
Paul et al [3]. This statement was also reported in Multimedia
Appendix 2 and was taken into consideration in the summary
of findings following the GRADE (grading of recommendations
assessment, development, and evaluation) framework, where
the quality of evidence for some meta-analyses was downgraded
because of the risks of bias in the included studies. Thus, these

limitations have been taken into account in our review.
Moreover, we would like to emphasize that Paul et al’s [3] study
did not have a large heterogeneity contribution and effect size
influence as highlighted by our leave-one-out analyses and
Baujat plot available in Multimedia Appendix 1. As an example,
when omitting this study from the final sample (ie, after
sensitivity analyses), we obtained a Hedges g of 0.40 (95% CI
0.11-0.75).

Second, Hung and Kao [1] suggest that the total number of
hours of gamification performed can have a significant influence
and could explain heterogeneity. We cannot agree more on this
point since we are convinced that engagement with digital
behavior change interventions is necessary to enable an effective
intervention. Gamification has often been assimilated into a
self-fulfilling process permitting automatic engagement of
participants into an eHealth service. However, this is not always
the case, which can influence the effect of the intervention.
Nevertheless, very few studies measured both engagement and
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behavioral outcomes in the included studies, preventing us from
examining the possible existence of a dose-response. Therefore,
we would recommend that future trials should systematically
combine measures of engagement in addition to other outcomes.
Engagement with the gamified service can be objectively
recorded using data from apps and websites (eg, number of
logins, time spent per login, number of components accessed),
measured via self-report questionnaires (eg, the DBCI
Engagement Scale [4]), psychological measures of attention,
and qualitative or observational methods.

Finally, Hung and Kao [1] also noted that the results of this
meta-analysis may not apply to older adults. If through our
meta-regression, the age of participants was not statistically
significantly associated with the intervention effect, it is clear
that our conclusions cannot be generalized to participants outside
the age scope of our review (9-73 years). As they pointed out,
few studies have evaluated the effect of gamified interventions
on older adults. Future studies should focus on this specific
population with specific characteristics.

 

Conflicts of Interest
None declared.

References
1. Hung CH, Kao YS. Learning More About the Effects of Gamification on Physical Activity. Comment on "Evaluating the

Effectiveness of Gamification on Physical Activity: Systematic Review and Meta-analysis of Randomized Controlled
Trials". J Med Internet Res 2022 May;24(5):e36396 [FREE Full text] [doi: 10.2196/36396]

2. Mazeas A, Duclos M, Pereira B, Chalabaev A. Evaluating the effectiveness of gamification on physical activity: systematic
review and meta-analysis of randomized controlled trials. J Med Internet Res 2022 Jan 04;24(1):e26779 [FREE Full text]
[doi: 10.2196/26779] [Medline: 34982715]

3. Paul L, Wyke S, Brewster S, Sattar N, Gill JMR, Alexander G, et al. Increasing physical activity in stroke survivors using
STARFISH, an interactive mobile phone application: a pilot study. Top Stroke Rehabil 2016 Jun;23(3):170-177. [doi:
10.1080/10749357.2015.1122266] [Medline: 27077973]

4. Perski O, Blandford A, Garnett C, Crane D, West R, Michie S. A self-report measure of engagement with digital behavior
change interventions (DBCIs): development and psychometric evaluation of the "DBCI Engagement Scale". Transl Behav
Med 2020 Feb 03;10(1):267-277 [FREE Full text] [doi: 10.1093/tbm/ibz039] [Medline: 30927357]

Abbreviations
GRADE: grading of recommendations assessment, development, and evaluation

Edited by T Leung; submitted 24.03.22; this is a non–peer-reviewed article;accepted 26.04.22; published 03.05.22.

Please cite as:
Mazeas A, Duclos M, Pereira B, Chalabaev A
Authors’ Reply to: Learning More About the Effects of Gamification on Physical Activity. Comment on “Evaluating the Effectiveness
of Gamification on Physical Activity: Systematic Review and Meta-analysis of Randomized Controlled Trials”
J Med Internet Res 2022;24(5):e38212
URL: https://www.jmir.org/2022/5/e38212 
doi:10.2196/38212
PMID:35503414

©Alexandre Mazeas, Martine Duclos, Bruno Pereira, Aïna Chalabaev. Originally published in the Journal of Medical Internet
Research (https://www.jmir.org), 03.05.2022. 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. 5 | e38212 | p.731https://www.jmir.org/2022/5/e38212
(page number not for citation purposes)

Mazeas et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2022/5/e36396/
http://dx.doi.org/10.2196/36396
https://www.jmir.org/2022/1/e26779/
http://dx.doi.org/10.2196/26779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34982715&dopt=Abstract
http://dx.doi.org/10.1080/10749357.2015.1122266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27077973&dopt=Abstract
http://europepmc.org/abstract/MED/30927357
http://dx.doi.org/10.1093/tbm/ibz039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30927357&dopt=Abstract
https://www.jmir.org/2022/5/e38212
http://dx.doi.org/10.2196/38212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35503414&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Corrigenda and Addenda

Correction: Tracking Healthy People 2020 Internet, Broadband,
and Mobile Device Access Goals: An Update Using Data From
the Health Information National Trends Survey

Alexandra J Greenberg-Worisek1, PhD, MPH; Shaheen Kurani1, MSc; Lila J Finney Rutten1, PhD, MPH; Kelly D

Blake2, SCD; Richard P Moser2, PhD; Bradford W Hesse2, PhD
1Mayo Clinic College of Medicine and Science, Rochester, MN, United States
2National Cancer Institute, National Institutes of Health, Rockville, MD, United States

Corresponding Author:
Alexandra J Greenberg-Worisek, PhD, MPH
Mayo Clinic College of Medicine and Science
200 First Street SW
Rochester, MN, 55906
United States
Phone: 1 507 538 7388
Email: worisek.alexandra@gmail.com

Related Article:
 
Correction of: https://www.jmir.org/2019/6/e13300/
 

(J Med Internet Res 2022;24(5):e39712)   doi:10.2196/39712

In “Tracking Healthy People 2020 Internet, Broadband, and
Mobile Device Access Goals: An Update Using Data From the
Health Information National Trends Survey” (J Med Internet
Res 2019;21(6):e13300) the authors made the following updates.

The authors were notified of data errors in two of the Health
Information National Trends Survey (HINTS) cycle datasets
(HINTS 4, Cycle 3 and HINTS 4, Cycle 4); the errors were in
the weights provided for use in the analysis of these data [1].

These weights primarily affected logistic regression analyses,
reported in Table 2 of the originally published article. This
previous version of Table 2 is in Multimedia Appendix 1.
Following the HINTS error notice [1], the authors reran the
logistic regression analyses. The corrected version of the article
includes the following updated Table 2.

In rerunning this analysis, only one difference was found that
resulted in changes in the conclusion. Namely, geography is
significant, with those in rural settings having significantly

lower odds of having internet access via a mobile phone
compared to their urban counterparts (OR = 0.80; 95% CI:
0.65-0.98; P=.033). This finding was not reported as significant
in the original analysis, due to the above-mentioned error in the
HINTS data sets [1]. All other conclusions remain consistent
with those reported in the original publication.

In the section “Internet Access via Cellular Network” in the
Results, the first sentence in the second paragraph originally
read as follows:

Most of the sociodemographic variables within our
multivariable model were statistically significant after
adjusting for survey year, save for geography (Table
2).

It has been corrected as follows:

Most of the sociodemographic variables within our
multivariable model were statistically significant after
adjusting for survey year (Table 2).
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Table 2. Weighted multivariate logistic regression model of predictors of having internet access via mobile phone among those who reported having
internet access. Data from the National Cancer Institute’s Health Information National Trends Survey (HINTS) administrations between 2008 and 2017
(n=14,794).

Predictors of internet access via cell phoneVariable

P valueAdjusted Wald FSE betaBeta coefficientOdds ratio (95% CI)

.2521.32Sex

RefRefRefaFemale

0.060.71.08 (0.95, 1.22)Male

<.001166.15Age

RefRefRef18-34

0.09–0.840.43 (0.36-0.51)35-49

0.10–1.610.20 (0.17-0.24)50-64

0.11–2.520.08 (0.06-0.10)65-74

0.16–3.240.04 (0.03-0.05)>75

.0084.07Race and ethnicity

RefRefRefNon-Hispanic White

0.110.231.25 (1.00-1.56)Hispanic

0.120.331.39 (1.09-1.77)Non-Hispanic Black

0.14–0.180.83 (0.63-1.10)Non-Hispanic Other

.0025.26Education

RefRefRefLess than high school

0.240.031.03 (0.65-1.64)High school graduate

0.240.351.42 (0.89-2.27)Some college

0.230.381.47 (0.93-2.31)College graduate

<.00114.06Income (US $)

RefRefRef<$20,000

0.15–0.020.98 (0.73-1.30)$20,000 to <$35,000

0.130.071.07 (0.83-1.39)$35,000 to <$50,000

0.130.281.33 (1.04-1.70)$50,000 to <$75,000

0.120.651.92 (1.50-2.46)$75,000 +

.0334.60Geography

RefRefRefUrban

0.11–0.230.80 (0.65-0.98)Rural

<.001126.77HINTS b Survey Year

RefRefRefHINTS 3 (2008)

0.152.8817.86 (13.17-24.21)HINTS 4 Cycle 1 (2011)

0.153.0721.59 (16.06-29.02)HINTS 4 Cycle 2 (2012)

0.163.3829.45 (21.32-40.69)HINTS 4 Cycle 3 (2013)

0.163.4230.45 (22.24-41.69)HINTS 4 Cycle 4 (2014)

0.163.9451.31 (37.54-70.11)HINTS 5 Cycle 1 (2017)

aRef: reference group.
bHINTS: Health Information National Trends Survey.

In addition, the corresponding author's email address has been
changed from greenberg.alexandra@mayo.edu to

worisek.alexandra@gmail.com, as the author is no longer
affiliated with Mayo Clinic College of Medicine and Science.
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The correction will appear in the online version of the paper on
the JMIR Publications website on May 26, 2022 together with
the publication of this correction notice. Because this was made

after submission to PubMed, PubMed Central, and other full-text
repositories, the corrected article has also been resubmitted to
those repositories.

 

Multimedia Appendix 1
Originally published Table 2.
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Abstract

Background: In the current phase of the COVID-19 pandemic, we are witnessing the most massive vaccine rollout in human
history. Like any other drug, vaccines may cause unexpected side effects, which need to be investigated in a timely manner to
minimize harm in the population. If not properly dealt with, side effects may also impact public trust in the vaccination campaigns
carried out by national governments.

Objective: Monitoring social media for the early identification of side effects, and understanding the public opinion on the
vaccines are of paramount importance to ensure a successful and harmless rollout. The objective of this study was to create a
web portal to monitor the opinion of social media users on COVID-19 vaccines, which can offer a tool for journalists, scientists,
and users alike to visualize how the general public is reacting to the vaccination campaign.

Methods: We developed a tool to analyze the public opinion on COVID-19 vaccines from Twitter, exploiting, among other
techniques, a state-of-the-art system for the identification of adverse drug events on social media; natural language processing
models for sentiment analysis; statistical tools; and open-source databases to visualize the trending hashtags, news articles, and
their factuality. All modules of the system are displayed through an open web portal.

Results: A set of 650,000 tweets was collected and analyzed in an ongoing process that was initiated in December 2020. The
results of the analysis are made public on a web portal (updated daily), together with the processing tools and data. The data
provide insights on public opinion about the vaccines and its change over time. For example, users show a high tendency to only
share news from reliable sources when discussing COVID-19 vaccines (98% of the shared URLs). The general sentiment of
Twitter users toward the vaccines is negative/neutral; however, the system is able to record fluctuations in the attitude toward
specific vaccines in correspondence with specific events (eg, news about new outbreaks). The data also show how news coverage
had a high impact on the set of discussed topics. To further investigate this point, we performed a more in-depth analysis of the
data regarding the AstraZeneca vaccine. We observed how media coverage of blood clot–related side effects suddenly shifted
the topic of public discussions regarding both the AstraZeneca and other vaccines. This became particularly evident when
visualizing the most frequently discussed symptoms for the vaccines and comparing them month by month.

Conclusions: We present a tool connected with a web portal to monitor and display some key aspects of the public’s reaction
to COVID-19 vaccines. The system also provides an overview of the opinions of the Twittersphere through graphic representations,
offering a tool for the extraction of suspected adverse events from tweets with a deep learning model.

(J Med Internet Res 2022;24(5):e35115)   doi:10.2196/35115
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Introduction

Background
The COVID-19 pandemic has been at the heart of the
discussions on all media outlets for almost 2 years. These
debates touch upon very important and sensitive topics such as
health, politics, work, school, and personal freedom to cite only
a few. In a general effort to tackle the pandemic, many countries
have engaged in the fastest and most massive vaccine rollout
witnessed in human history: in less than 1 year, several vaccines
have been created, tested, and distributed around the world, and
many others are at the last phase of clinical trials and/or waiting
for approval from regulatory agencies [1]. Despite the great
efforts put into development, the rollout of vaccines has been
slowed down in various countries [2] due to hesitancy and fake
news poisoning social media debates. The vaccination rollout
for the first strains of the virus has proceeded slower than
initially planned, and experts agree that it is imperative to find
ways to accelerate future iterations to keep pace with the new
COVID-19 variants [3]. One of the ways to improve this process
is to study how the population reacted to the first vaccination
campaigns, the types of information/misinformation shared,
and the impact this had on vaccination hesitancy.

Social media platforms are, of course, one of the main stages
of this debate.

In the last years, microblogging services such as Twitter have
seen an increase in popularity due to their immediacy and ease
of use. Moreover, brands, institutional bodies, politicians, public
figures, and traditional news outlets have realized the importance
of having a presence on these platforms, which allow them to
deliver messages with high impact and unprecedented reach
[4,5].

The rapid spread of the pandemic, fast development of the
vaccines, and increasing worries about their safety have been
hot topics on social media since the very beginning.

The vaccination campaigns planned by national governments
could therefore be seriously hampered by misinformation on
such outlets [6,7]. Many recent studies [8] have taken great
interest in analyzing different social media platforms to track
the sentiment of users about COVID-19 vaccinations across
different cities [9], looking for the main misconceptions and
complaints about the COVID-19 control measures [10] and the
confidence in the efficacy of the vaccines [11].

These are only few examples demonstrating why monitoring
social media platforms is a highly informative and beneficial
approach to discover health-related issues (eg, detecting
mentions of adverse events [AEs]) and to better understand
public opinion (eg, monitoring the information quality and
contrasting the spread of fake news). From this point of view,
modern systems for digital pharmacovigilance can deploy
natural language processing techniques to collect and analyze
online discussions. This allows for the identification of potential

AEs that may not have been detected during clinical trials,
enabling timely decisions to reduce their harm. In the near
future, it is likely that even public health care systems will
increase their monitoring activities on social media platforms,
with the goal of identifying and treating health issues such as
mental diseases, managing information by contrasting fake
news, or launching prevention campaigns (eg, to mitigate
vaccine hesitancy) [12].

Objective
We here present an overview of our system for monitoring and
analyzing vaccine opinions. Its modules aim at generating
insights from Twitter on the topic of COVID-19 vaccines. The
tool collects tweets daily and analyzes them to extrapolate
information about public reception of the vaccination campaigns
on social media. The information on our interactive web portal
is also broken down into easy-to-read charts for both specialized
and general audiences. Figure 1 illustrates the architecture of
the full system behind the web portal. The portal consists of a
module dedicated to data collection and various modules
dedicated to data processing. The main features of the system
are: (1) Localization, (2) Hashtag Analysis, (3) News Sources
Analysis, (4) Sentiment Analysis, and (5) Symptom Extraction.

The Symptom Extraction module, in particular, consists of a
deep-learning architecture that we created specifically for this
task, based on SpanBERT [13], an extension of the bidirectional
encoder representations from transformers (BERT) model, which
is one of the state-of-the-art models for AE detection [14-16].

Each processing module is built to extract specific information
from the collected tweets (eg, the most used hashtag or the most
shared links). This information is then cleaned and provided to
the user through the web portal with interactive charts and
diagrams. To ensure greater readability, colors and shapes were
preferred over figures when presenting the data.

To summarize, our objective was to present a tool for the
collection and processing of data on COVID-19 vaccines,
followed by their visualization on a web dashboard [17].

In contrast to related previous works, we focused on monitoring
tweets about specific vaccines. This allowed us to compare their
public reception and how it changes over time. Besides
combining various features that can be found separately in recent
works, we also introduced innovative modules (eg, Symptom
Extraction), which can offer new insights on the related public
discourse.

The code for the data collection and the preprocessing tools, as
well as all the precomputed statistics and the IDs of the tweets,
can be openly accessed from GitHub [18]. The amount and type
of data that can be shared openly are limited by Twitter’s privacy
policy. However, further information can be requested for
research purposes. We also present a case study on the
AstraZeneca vaccine, as an example of the analyses that can be
carried out on the data using our system.
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Figure 1. Schema of the full system architecture used to analyze the information displayed on the web portal.

Related Work
Since the start of the COVID-19 pandemic, organizations
worldwide have stressed the need to collect and share all data
available on the virus, its effects, and all related research [19].
As time passed, these resources grew in size, and some
researchers also started analyzing data coming from social
media.

For example, Kwok et al [10] collected 31,100 Australian tweets
(from January 20, 2020, to October 22, 2020) related to
COVID-19 vaccines. Their paper focuses on analyzing the
sentiment and opinion of the users about the vaccines and the
main recurring topics in the tweets. Similarly, Yan et al [9]
collected and analyzed Reddit comments about COVID-19
vaccines from three Canadian cities (from July 13, 2020, to
June 14, 2021), and performed a comparison of the sentiment
and main discussion topics among the three locations. Other
recent works focused on analyzing sentiment and discussion
topics in tweets about COVID-19 generated in other countries
and in different time periods [20-22].

These works were carried out on very specific time periods,
which focused on a single aspect of the social media messages.
A more comprehensive study was carried out on AvaxTweets
[23], a public data set of Twitter posts and accounts that
exhibited a strong stance against COVID-19 vaccines, collected
between October 2020 and December 2020. The authors
analyzed the accounts in terms of the most frequent hashtags,
which news sources they shared, and their most likely political
orientation, looking for useful insights on how to counter
misinformation and vaccine hesitancy. However, both this and
the preceding works were carried out on a limited time scale
and aimed specifically at the research community, providing
no tools or web interfaces to explore the data.

At the same time, various researchers focused not only on data
collection but also on ways to start processing and visualizing
the data to make them available for a broader public. COnVIDa
[24] is a web-based platform that provides day-to-day interactive
information on COVID-19–related conditions in Spain, collating
data from various sources (eg, health databases, mortality
reports, statistics, information on citizens’mobility from Google
and Apple Maps). This project focuses on a single country and
tries to combine different aspects of the situation to give the
viewer a more complete visualization. CoVaxxy [25] is another
data set and online dashboard that focuses on the correlations
between tweets about COVID-19 vaccines, credibility of the
shared news, and vaccine adoption on US geolocated posts.
Sharma et al [26] presented another recent tool, which was used
to collect and analyze Twitter conversations from March 1,
2020, to June 5, 2020. The dashboard visualizes sentiment
information and trending topics, but focuses particularly on the
credibility of the news shared in the tweets and on how
misinformation spreads.

Our proposed system includes many of the features offered by
these previous works, such as continuous day-to-day data
collection and processing (since December 15, 2020), global
data collection (not country-specific), sentiment analysis, and
news sources analysis. Our tool differs from these previous
works in relation to the following aspects: (1) focused
monitoring of specific vaccines since the date of their approval,
which enables users to compare the public’s reaction to them;
(2) a wide variety of processing modules (not focused on a
single aspect) to provide a multifaced view of the social media
discourse; (3) a comprehensive dashboard to visualize all of the
processed data in an easy-to-read manner for different categories
of users; (4) an innovative symptom extraction module to track
the most discussed side effects; and (5) openly available code
and data.
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Methods

Data Collection
Tweets are collected using the Twitter application programming
interface (API) [27]. To recover the most recent tweets
mentioning a specific vaccine, we use the query “covid vaccine
<vaccine_name>,” where <vaccine_name> is the lowercase
name of one of the monitored vaccines (originally
Pfizer-BioNTech, AstraZeneca, and Moderna, which was then
expanded to include the newly introduced vaccines). We require
that all keywords are present in the tweet (either as text, hashtag,
or as part of a link in the tweet) and that each query contains
the name of only one vaccine.

Tweets are selected among the “most recent,” as opposed to the
“most popular,” and retweets are discarded. This is done to
avoid skewing the data with popular tweets produced by few
influential users. Although we are collecting tweets in various
languages, only those written in English are passed to the
following stages of processing, as most of our current modules
are language-dependent. Nonetheless, we are storing these data
for future research, as we plan to overcome this limitation in
the near future with the introduction of multilingual models (in
particular for AE detection and sentiment analysis) and
automated translation services. This will allow us to perform a
complete analysis for all monitored languages.

The query is run every 24 hours, with a cap of 7000 requested
tweets per day (to be divided among the monitored vaccines)

imposed by the limits of the API. Despite the theoretical
limitation, the number of new tweets that matched the query in
the last 24 hours never exceeded 7000.

The body of the remaining messages undergoes additional
preprocessing steps to identify possible duplicates and discard
tweets that are practically identical (apart from hashtags,
punctuation, or URLs). This situation occurs, for example, when
users share a piece of news using the “Share on Twitter” button
provided by news websites. If the user simply shares the news
without adding any comments (or adding only a hashtag), the
result is a high number of nearly identical tweets that do not
provide additional information aside from the fact that the
particular piece of news was shared multiple times. Such tweets
are marked as “duplicated,” but are not discarded because they
can provide useful information on which articles went viral;
nevertheless, they are marked to avoid introducing noise into
other types of analyses.

Deduplication is performed by removing all hashtags, URLs,
and punctuation, followed by (fuzzy) matching with the
collection of “unique” tweets already collected.

Data collection started on December 10, 2020, concurrent with
the Food and Drug Administration approval of the first
COVID-19 vaccine (Pfizer-BioNTech), and the system has
currently (September 7, 2021) analyzed over 650,000 tweets.
Table 1 presents the names of the vaccines tracked at the time
of writing and the date we started collecting related data.

Table 1. Names of the tracked vaccines and dates on which data collection started.

Start dateVaccine name

December 10, 2020Pfizer-BioNTech

December 11, 2020AstraZeneca

December 16, 2020Moderna

February 24, 2021Sinopharm

February 24, 2021Sputnik V

February 24, 2021Sinovac

April 1, 2021Johnson & Johnson

Ethics Considerations
Twitter is a major social network and, as such, has strict policies
to regulate the ethical use of its data and the privacy of its users.
Following their guidelines, we collect and store only the
information needed for the processing steps that are currently
implemented. We memorize the outputs of the modules and
discard all of the sensitive data soon afterward. We also
memorize the tweet ID, which allows us (and other researchers)
to access the original tweet in the future, as long as the user
does not delete it or change its visibility.

If a tweet needs to be displayed on a web interface, we use the
API provided by Twitter, which allows us to display tweets on
demand given their tweet ID (and only if their current visibility
settings allow them to be displayed).

Data Processing of Incoming Data

Localization Module
The localization module enables tracking the geographical origin
of the tweet, visualizing which countries are more involved in
the discussion about the vaccines.

The geolocation is extracted directly from the tweet whenever
possible. Users on Twitter can decide whether to share their
location or not at any moment, and whether to geotag the places
mentioned in their tweets. If the precise geolocation is not
available, the module attempts to reconstruct it using the user’s
“location,” a free-text field located in the user’s profile. As such,
“location” may contain imaginative terms or nonexistent
locations (eg, “over the rainbow” or “the universe”). The module
relies on heavy preprocessing, normalization, and cleaning steps
to discard most of the noisy locations. The remaining locations
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are passed on to Google Maps services [28] to determine the
most accurate match.

The information is displayed on the web portal as a world map,
where countries are shown in different shades of color; the larger
the number of tweets coming from that country, the darker the
color (the scale is exponential).

Hashtag Analysis
Hashtags are extracted from the most recent tweets only (the
last 7 days, updated daily). We automatically remove a curated
selection of hashtags, considered to be of low information
content. In particular, we remove all hashtags containing the
name of the vaccines that we are tracking (eg, #pfizer,
#moderna, #biontech), words directly related to COVID-19 (eg,
#covid, #coronavirus, #covidvaccine), and those containing the
term “vaccine” only.

Information displayed on our web portal shows the hashtags as
a colored treemap, where most of the tweeted hashtags cover a
wider area and are darker in color.

News Sources Analysis
Sensitive topics such as health and vaccinations are fertile
ground for the spread of misinformation, as proven by the
amount of COVID-19–related fake news, which have been
debunked in 2020 by fact-checking agencies (eg, PolitiFact
[29]) and the precautions taken by the major social networks
when dealing with posts mentioning the pandemic (eg, Facebook
[30]).

An analysis of the most shared articles is of key importance to
understand which sources of information are used by the public
to inquire about vaccines.

We run the analysis by collecting all URLs contained in the
tweets. We consider the most recent tweets only (last 7 days,
updated daily) to reflect the impact of the most recent news.
URLs are used both in their full form and considering their
domain only. Unique URLs and domains are counted and used
to provide two different kinds of information: the single most
shared webpages (to individuate trending articles) and the most
popular sources of information (intended as websites/domains,
to individuate the favorite source of information in general).

Factuality Analysis
To further investigate the factuality of the URLs shared by users,
we make use of Iffy+ [31], a website that provides an updated
list of websites ranked by their factuality level. The lists
provided by Iffy are the result of an aggregation of different
popular fact-checking websites and trusted sources (eg,
FactCheck.org, PolitiFact, and Wikipedia). The list we take into
account is composed, for the most part, of websites with a low
Media Bias/Fact Check (MBFC) factual level [32] and sources
of fake news/misinformation identified by BuzzFeed,
FactCheck.org, PolitiFact, and Wikipedia. We use this list to
perform a factuality analysis over all of the collected tweets.

For each URL in a tweet, we check if its domain belongs to one
of the websites on the Iffy+ list. If it does, we classify it
according to its level of MBFC factuality (high, mixed, low,
very low), and its misinformation category (eg, conspiracy, fake

news). Factuality level and misinformation category might be
not available for some of the websites (“not available”). If a
domain is not part of the Iffy+ list, we assume it is a reliable
(“reliable”) source of information. All domains with a factuality
level greater than or equal to “high” are labeled as “reliable.”
Only 0.0089% of the “reliable” URLs fall into this category.

We want to highlight that this analysis only explores the
reliability of the links that the users are sharing, but not the
legitimacy of the tweet as a whole. For example, a user might
share a “fake news” article as a way to joke, mocking it in the
text of the tweet. There might also be cases of users sharing
links from reliable sources, accompanied by inflammatory or
fake captions.

Sentiment Analysis
The sentiment analysis module aims at understanding the
attitude of the users when sharing their opinions of the vaccines
and their possible side effects. To understand the general
sentiment of the crowd when talking about the vaccines, we
employ a RoBERTa model [33] trained on tweets, which was
fine-tuned for the sentiment analysis on the TweetEval
Benchmark [34,35]. The model reached a macroaveraged recall
of 72.6 (SD 0.4) on the test set.

This type of module is useful to interpret the general mood of
the people speaking about the vaccines, about their possible
side effects, or even about their vaccination experiences. In
particular, this can be very effective to understand if a user is
reporting facts, expressing distress, or expressing a positive
attitude. For each tweet, the sentiment calculated using
RoBERTa is normalized to a discrete set of values (positive,
negative, or neutral) for ease of visualization.

Our web portal features an interactive line graph to observe how
the sentiment varies in time. It allows the visitor to inspect the
sentiment globally and compare the trends for the tweets
mentioning specific vaccines.

Symptom Extraction
In the last decade, people have started discussing their personal
health status on social media more and more often, looking for
users with similar experiences, asking for suggestions, or
reporting unexpected effects after the assumption of medicines.
The latter represents an interesting type of information, as these
effects might be considered as AE indicators for
pharmacovigilance purposes.

Systems for the automatic extraction of AEs from informal and
social media texts are at the core of a growing research trend
in the field of natural language processing [36,37]. Moreover,
several shared tasks have been recently organized within the
audit command language community [38,39] to raise interest
about this topic.

We evaluated different combinations of transformer-pretrained
models and conditional random fields (CRFs) to create an
effective deep-learning architecture for the task [16]. The
best-performing model employs a neural network architecture
based on SpanBERT [13] and CRFs [40], trained on the Adverse
Event Detection data set of the Fourth Social Media Mining for
Health Applications Shared Task (SMM4H) [41], thus
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representing the current state of the art on the Shared Task
[14,15] (Table 2).

These evaluation metrics resemble more closely how humans
might perceive the correctness of the predictions. The AE

extraction problem is modeled as token classification, tagging
each word in the text as “inside” or “outside” of a symptom/AE.

The samples go through five main processing steps: text
preprocessing, subword tokenization, BERT modeling,
intermediate label prediction, CRF, final label aggregation.

Table 2. Performance of our adverse event extraction module against the previous top-performing models on the Fourth Social Media Mining for

Health Applications Shared Task 2019.a

Strict metricsRelaxed metricsbArchitecture

RecallPrecisionF1RecallPrecisionF1

56.139.646.483.060.870.2SpanBERTc+CRFd [15]

57.938.946.481.055.465.8KFU [42]

38.832.835.669.761.465.3THU_NGN [43]

40.927.432.879.353.764.1MIDAS@IIITD [44]

49.538.143.171.555.562.5TMRLeiden [45]

aData were obtained from the public CodaLab leaderboard [46].
bRelaxed evaluation of the model’s performances. A prediction that does not match exactly the correct adverse event, but overlaps with it (eg, “headache”
instead of “strong headache”) is not discarded but considered as a “partial match” (worth half a point).
cBERT: bidirectional encoder representations from transformers.
dCRF: conditional random field.

The module of our system extracts all symptoms that are being
discussed in the tweets. The data are then aggregated and
visualized on the web portal as a word cloud. The data can be
filtered by vaccine and by period of time to discover what
concepts the crowd focused on at different stages of the
vaccination campaign.

Figure 2 shows an example of the word cloud generated using
tweets regarding the AstraZeneca vaccine following the
thromboembolic events reported in several European countries
during March 2021 [47].

Figure 2. Possible side effects of the AstraZeneca vaccine, as discussed on Twitter. The word cloud was generated using our adverse event extraction
model and displayed on the web portal. The size of the words is proportional to their frequency.

Model Validation
The Sentiment Analysis and Symptom Extraction modules are
based on deep-learning models, and it is thus crucial to verify
their generalization capabilities outside benchmark
environments. To more rigorously evaluate the performance of
the modules mentioned above, we sampled and annotated a
subset of the collected tweets to compare the model’s predictions
with human ground-truth labels on real-world data.

A total of 1000 tweets were extracted using stratified sampling
to maintain the same distribution of tweets over months. Three
annotators with high English proficiency (C1) were tasked to
mark the sentiment of the tweets on a three-point scale (positive,
neutral, negative) and highlight any vaccine-related AEs
mentioned in them.

The gold sentiment of the tweet was decided by majority vote.
The gold adverse events of the tweets were decided as the set
of all sequences of words that were highlighted by at least 2 out
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of 3 annotators. For example, if the annotations were “strong
headache,” “headache,” and “having a strong headache,” the
final annotation would be “headache.”

The human-generated annotations were used as ground truth to
evaluate the performance of the two deep-learning modules on
the real-world data and compare them with their performance
on the benchmark data sets.

Results

Overall Results
First, we performed an initial analysis on the number of unique
tweets and unique user accounts present in the collected data.
As mentioned in the Data Collection subsection of the Methods,
we took some precautions to avoid collecting duplicated data
or skewing the data set by giving more weight to tweets posted
by popular accounts. To verify if these strategies were
successful, we inspected the ratio of unique tweets and users in
the data set, month by month and overall.

Figure 3 shows the distribution of users depending on how many
times their tweets appeared in the data set. We can clearly see
a long-tail distribution, where 75% of the users only tweeted
once, 92% of users tweeted at most three times, and 98% of
users tweeted at most 10 times (ie, on average once per month).
Looking at the users that tweeted more, most of them were news
outlets, who tweeted from 50 to 578 times in the considered
timespan (0.18% of the total users). The long-tail distribution
is a good sign, as it shows that most of the users from whom
we collected tweets are likely regular users and not influencers
or content farms.

We then looked at the origin of the tweets that composed the
data set. Figure 4 shows that 95% of the total tweets were posted
by users that tweeted less than 100 times in the considered
timeframe. This is another positive indication that the collection
of tweets is not heavily influenced by a small number of super
accounts, and thus the subsequent analysis should not suffer
from this kind of bias.

Figure 3. Distribution of users depending on how many times they tweeted (the y axis is presented in logarithmic scale).

Figure 4. Percentage of tweets produced by a group of users, depending on how many tweets the user produced; 95% of the tweets in the data set are
produced by users who tweeted at most 96 times in the considered timespan.

Finally, we calculated some statistics on a monthly basis, which
are reported in Table 3. The mode and median were 1,
confirming the findings discussed above. The average number
of tweets per user remained stable at around 1.4 during the first

months (December 2020 to March 2021). This number then
increased to 1.5 in the period between April and June, following
the start of the vaccination campaigns and the AstraZeneca
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controversy (likely due to heightened news coverage). Following
June, the average number of tweets per user went down again.

The number of unique tweets and unique users considered each
month was roughly stable.

Table 3. Statistics on the unique number of tweets and users for each month in the collected data set.

Tweets per userUnique users, nUnique tweets, nMonth

MedianModeMean (SD)Maximum

111.32 (1.29)4015,98321,235December 2020a

111.42 (1.76)7130,29442,891January 2021

111.47 (1.98)9825,10236,897February 2021

111.45 (2.47)18135,40251,469March 2021

111.52 (2.45)11741,16062,697April 2021

111.51 (2.45)13432,26348,785May 2021

111.51 (2.45)15427,39741,364June 2021

111.46 (2.26)13929,37142,742July 2021

111.39 (2.09)23229,94241,596August 2021

111.21 (0.84)2758337064September 2021a

112.02 (6.19)578196011396,740All

aPartial data, not spanning the entirety of the month.

Localization
Since we are only considering English-language tweets, the
most active countries were the United States, Canada, and the
United Kingdom; followed by Nigeria, India, and Australia;
and finally various European countries. Despite the language
limitation that we imposed, the system detected tweets from
almost all countries in the world.

We plan to remove the language limitation in the near future
by means of the usage of automated translation services.

Hashtags
Most of the top hashtags were related to the concepts of
“health,” “news,” or mentioned specific countries that made it
to the top headlines due to recent outbreaks and similar
accidents.

News Sources
The current data show a reassuring trend: the most popular
sources of information are renowned newspapers (such as The
New York Times or The Guardian), official institutional
websites (eg, www.gov.uk), and scientific authorities (eg, the
European Medicines Agency [EMA] and World Health

Organization). It is also interesting to note that since the
monitoring started in December 2020, the video-sharing
platform YouTube has always been among the top-15 most
shared domains. The top-5 most shared articles are displayed
on the website as clickable links (displaying the URL and title
of the page), while the 15 most popular domains are shown as
a bar graph.

Factuality
The vast majority of the shared URLs were classified as having
a “reliable” level of factuality (98%, see Figure 5). This seems
to be confirmed if we look at the five most shared domains:
theguardian.com (3.22%), nytimes.com (2.75%), reuters.com
(2.40%), cnbc.com (1.77%), and abc.net.au (1.56%).

The remaining 2% was composed of domains classified mostly
as low and mixed (ie, a website that is known to share both
factual and nonfactual information). Figure 6 shows the
factuality distribution of “unreliable” URLs (note that these
data are presented on the logarithmic scale).

Looking at the misinformation categories for the “unreliable”
domains (Figure 7), 49% were classified as
“Conspiracy-Pseudoscience,” 49% as generic “Fake-News”
sources, and the remaining were subject to political biases.
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Figure 5. Percentage of the Reliable and Unreliable URLs shared (y axis is presented in logarithmic scale).

Figure 6. Distribution of Media Bias/Fact Check misinformation categories for “Unreliable” URLs. The y axis is presented in logarithmic scale. CP:
Conspiracy-Pseudoscience; FN: Fake-News; N/A: Not Available; RC: Right-Center bias; R: Right bias; L: Left bias.

Figure 7. Distribution of Media Bias/Fact Check factuality level for “Unreliable” URLs. The y axis is presented in logarithmic scale. N/A: not applicable.

Sentiment Analysis
The global sentiment of the analyzed tweets was neutral/negative
for most of the period of observation, with occasional spikes of
positivity for individual vaccines. The negative trend might be
enhanced by the fact that shocking, controversial, or tragic news

tend to be shared and spread more easily on the internet when
compared with other kinds of news.

Symptom Extraction
In the days preceding March 11, the most prominent concepts
in AstraZeneca’s word cloud were “headache” and “fever”;
however, as soon as thromboembolic events started being
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discussed on the internet, the system detected the shift in topic,
and words such as “clots” and “thrombosis” quickly became
noticeable in the cloud.

With regard to the other two vaccines, “allergic reactions,”
“headache,” and “fever” were consistently among the most
shared and discussed AEs. “Anaphylaxis” was one of the major
concepts on Pfizer-BioNTech’s cloud for a long period of time
at the beginning of the vaccination campaign, but is now slowly
losing traction (this is evident in the word cloud on our web
portal [17]).

This model could identify tweets containing potential AEs and
highlight the mention of the symptoms. However, there are no
mechanisms in place to verify the reliability of the tweets and
there is no human fact-checking involved in the process. This
means that, for the time being, there is virtually no distinction
between symptoms that were actually reported by the users and
exaggerations or hoaxes. This limitation is clearly stated on the
web portal and the viewers are encouraged to further inspect
the tweets on their own to have a clearer idea of what kind of
messages lead to the prediction of the extracted symptoms.
Clicking on any word in the word cloud displays a selection of
the analyzed tweets that mentioned that concept in the selected
time period.

The section “Evolution of mentioned symptoms over time”
contains an analysis of the information that can be extracted by
the representations produced by this module.

Finally, we would like to recall that the system was trained
solely on the data provided during the SMM4H 2019 Shared
Task. Even though it is one of the best performing models on
this task, the model still suffers from the limitations of current
AE extraction systems, such as the difficulty in making reliable

distinctions between side effects (caused by medications),
symptoms (caused by illnesses), and the names or descriptions
of some medical conditions. For example, in the sentence “I
have a slipped vertebrae and a degenerative disk,” the two
medical conditions are identified as side effects by the system.

This is a common problem for such systems, which are often
trained on data sets that are limited in size and linguistic variety.

Model Validation
We experimentally evaluated the performance of both the
Sentiment and Symptom Extraction modules using the subset
of 1000 manually annotated tweets we created.

The performance of the Sentiment module on the real data was
in line with that obtained on the benchmark data set, and its
predictions were close to the ground truth. Figure 8 shows the
sentiment distribution of the ground-truth labels (blue) and the
predictions of the model (orange). The model leans slightly
more toward negative sentiment. The performance
(macroaveraged recall) on the subset of our data was 72.1. The
model shows excellent generalization capabilities, which was
in line with the performance recorded on the benchmark data
set of 72.6 (SD 0.4).

To evaluate the Symptom Extraction module, we sampled our
data set to have the same ratio of AE to no AE tweets as the
benchmark data set SMM4H (57:43). The obtained relaxed F1
score was 63.3 (SD 0.7) (average over 10 sampling procedures),
against 70.2 recorded on SMM4H. This gap in performance
may be caused by the difference in the types of AEs present in
the two data sets. For example, the benchmark data set focuses
on sleep disorders and weight gain/loss, whereas the data we
collected contain more instances of arm soreness and blood
clotting, which the model had never encountered during training.

Figure 8. Comparison of the sentiment distributions of the manually annotated ground-truth labels (blue) and the model predictions (orange).

Case Study: AstraZeneca

Overview
To demonstrate the possible uses of our monitoring system as
a research tool, we created a brief report regarding the

AstraZeneca vaccine. In particular, we focused on analyzing
the phenomenon of the alleged correlation between the vaccine
and some specific side effects (eg, blood clots), in comparison
with the other monitored vaccines.
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Sentiment Trends for AstraZeneca
We start by providing a general overview of the sentiment of
the crowd toward the vaccine, and how it varied in time. Figure
9 shows the day-by-day percentage of positive, neutral, and
negative tweets about the AstraZeneca vaccine from the day
the monitoring started (December 11, 2020) to the most recent
date at the time of writing (early September 2021).

We can see that the sentiment toward the vaccine has been
mostly negative for the entire time period. This is likely due to
the tendency of negative and worrying topics or critical opinions

to spread more easily on the internet. Approximately one third
of the tweets were neutral, corresponding to people sharing
factual information about the vaccine or showing neutrality and
detachment toward the topic.

There was a noticeable trend of “nonnegativity” between
December and January, when positive and neutral tweets
covered more than half of the discussion.

This might be related to the publication of an important study
[48] about the efficacy of the AstraZeneca vaccine and its
approval by the EMA.

Figure 9. Monthly sentiment distribution in AstraZeneca vaccine–related tweets. The y-axis represents the percentage of negative (top, orange), neutral
(middle, grey), and positive (bottom, blue) sentiment in the analyzed tweets. It is clear that the prevalent sentiment overall is “negative,” but we can
observe spikes of nonnegativity in December and January.

Mentions of Thromboembolic Events
We then compared the frequency with which Twitter users
mentioned AEs related to “thrombosis” and “blood clotting”
compared to other vaccine side effects.

Figure 10 shows the number of detected tweets for each day
that contained clot-related AEs (red series) and any other AE
(blue series).

The absolute number of tweets discussing AstraZeneca and its
AEs increased from December 2020 to February 2021; however,
blood clotting events were rarely discussed on Twitter.

This changed in the first half of March 2021, when the number
of tweets discussing clot-related AEs had a peak. At that time,
some European states (eg, Germany) stopped inoculations of
the AstraZeneca vaccine due to the possible correlation between
the clots and the vaccine, along with some suspicious deaths
from ischemia.

Since then, the public attention on clot-related AEs has remained
high and peaked periodically (see the red series), without losing
track of the other topics (the number of tweets discussing other
AEs remained high).

As specified above, not all tweets with clot-related references
are AE reports: most of them come from people sharing or
commenting news pieces about the vaccine.

We can also observe that in the last month, the chatter about
AstraZeneca has diminished, as the blue and red series report
less than 20 tweets per day.

Figure 11 offers a different perspective on the phenomenon: we
collected all tweets mentioning blood clots and thrombosis, and
divided them according to which vaccines they deal with. Before
March 2021, most of the tweets dealing with clot-related AEs
were associated with the Pfizer vaccine (75%-85%). With the
wide news coverage about the cases related to AstraZeneca, the
trend changed drastically, and over 80% of the tweets
mentioning this kind of event were discussing AstraZeneca.
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Figure 10. Number of tweets mentioning clot-related and nonclot-related keywords for the AstraZeneca vaccine (time is plotted on the x-axis and the
number of tweets is plotted on the y-axis). The number of tweets mentioning clot-related adverse events (AEs) was initially next to zero, spiked in
March 2021 due to media coverage, but has been gradually diminishing ever since. Tweets mentioning nonclot-related AEs show a more stable trend
over time.

Figure 11. Monthly distribution of vaccine names mentioned in tweets with clot-related keywords (time on the x-axis, percentage of tweets on the
y-axis). Most of the tweets were discussing clot-related adverse events connected to the Pfizer vaccine before March 2021, when the focus suddenly
shifted to AstraZeneca.

Evolution of Mentioned Symptoms Over Time
The wide news coverage had a strong influence on the topics
of discussion among Twitter users. This can be seen even more
clearly in Figure 12, which shows three series of word clouds
that represent how the main topics discussed on Twitter varied
in time. The first row shows the most frequent AEs globally
discussed (considering all tweets) for each month. The following
rows show the evolution of the topics for the tweets that mention
AstraZeneca, Moderna, or Pfizer only.

In the first 2 months (December 2020 to January 2021), all of
the discussions were focused on widespread worries and doubts
of the users (eg, allergies, neurological problems, immune
responses).

During the following months, as the vaccination campaign
proceeded, the focus slowly shifted toward the most common

side effects that the vaccinated population was experiencing
(eg, soreness at the arm, feeling sick, headache).

The news about AstraZeneca in March caused a dramatic shift
of topic, not only in the tweets regarding that particular vaccine
but also globally: the word “clot” suddenly appears in the global
word cloud and becomes the most discussed topic for the
following months (this also influences Pfizer’s word cloud,
where the “clot” topic becomes slightly visible in April).

Looking at the latest available data, we can see that “blood
clots” are still the most trending topic for AstraZeneca, but the
global discussion has finally moved toward other topics such
as “heart” problems. That said, if we look at all of the collected
data, from December 2020 to September 2021, “clot” is the
fourth most mentioned term globally (Figure 13), surpassed in
popularity only by the broader concepts “arm,” “reaction,” and
“sore.” This shows how great of an impact this episode had on
social media.
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Figure 12. Evolution of the global word cloud (top row, all vaccines included) and the specific word clouds of the following vaccines: AstraZeneca,
Johnson & Johnson (J&J), Moderna, Pfizer. The suspected adverse events were extracted using our model.

Figure 13. Top-5 most frequently mentioned terms globally and for the following vaccines: AstraZeneca, Johnson & Johnson (J&J), Moderna, Pfizer.
This takes into consideration all of the collected tweets from December 15, 2020, to the beginning of September 2021.

Discussion

Intended Use Cases
Our web portal could be useful for different categories of users.

The first category is the general public. Owing to the intuitive
interface and graphics, generic users can keep themselves up
to date and be made aware of the kind of news that is circulating,
what symptoms are being discussed for the various vaccines,
and under which terms.

The second category is journalists and news outlets. The section
of the web portal dedicated to news trends might provide
insights for the press to better understand the digital audience
and help in fighting misinformation. The other information
might be interesting to explore to discover the latest most
discussed topics.

The third category concerns users in the health care sector. The
information on the most shared symptoms and possible AEs
might be helpful to point the attention of the experts toward
particular effects of the new vaccines.

Finally, scholars working in the field of biomedical natural
language processing can benefit from the portal. The code of
the AE extraction architecture is publicly available, and the web

portal includes an explanatory page about the various
implemented modules. The objective is to raise interest of the
natural language processing community on this topic, and open
the door to suggestions and possible collaborations.

Limitations
This project collects data from user-generated, unfiltered
content, and makes use of automatic tools that have low and no
human supervision. Therefore, it is important to highlight some
limiting factors

The first limitation is the language barrier. As stated in the first
sections, the current system is only able to analyze texts written
in English. The COVID-19 vaccines are being distributed and
discussed in several non-English–speaking countries, and
therefore this data set is only a partial representation of public
opinion. As stated in the Data Collection section, we plan to
overcome this limitation with the use of multilingual models
and/or automated translation services. We are already collecting
tweets in other languages for the same time period, which will
allow us to perform a complete comparative analysis in the
future.

The second limitation relates to the demographics of Twitter
users. Twitter is often used as a means to understand and
monitor crowd opinions and real-world phenomena. However,
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it is not always the case that Twitter users are a representative
sample of the population of interest. A population can be
examined along various axes (eg, age, geography, gender,
ethnicity), and specific social media environments tend to
overrepresent some sets of the population (eg, users coming
from densely populated areas, higher level of education, higher
income or computer literacy) [49,50].

Bias and misinformation spread on social media. Social media
are also infamous for the creation of echo chambers [51], where
users of the same mindset end up aggregating. This can
“artificially” increase engagement with polarizing posts, which
in turn become more visible and gain more weight in the
analyses. Social media are highly polarizing environments, in
which shocking, controversial, and generally “negative” posts
are rewarded (and therefore can be found more frequently in
the collected data) [52,53]. Our system tries to cope with this
by handling data deduplication (removing viral copy-pasted
tweets) and collecting the most recent tweets (as opposed to the
most popular). This, however, does not remove the threats of
echo chambers and misinformation. As future work, we plan
to add a new module based on our previous work [54] to better
analyze phenomena related to the spread of misinformation.

Finally, the correctness of deep-learning modules remains an
inherent limitation. Both the Sentiment Analysis and Symptom
Extraction modules are machine-learning modules, and as such
can perform prediction errors with a known probability. If the
data are shown to the public, users must be aware that they have
to be taken with a grain of salt. This is why, on our dashboard,

we make sure to include a disclaimer to warn the user about
this issue whenever we display data produced by
machine-learning algorithms.

Conclusions
We presented a tool connected with a web portal to monitor
and display some key aspects of the public’s reaction to
COVID-19 vaccines.

The idea was born from the awareness that, in the current phase
of the pandemic, it is of key importance to create tools to
monitor reactions, opinions, doubts, and feedback of the
population on the vaccines. Social media are a precious source
of raw information, which can be exploited to gain insights for
pharmacovigilance purposes (guiding the attention of health
care experts on emerging effects) and help in fighting
misinformation.

The system also provides an overview of the opinions of the
Twittersphere through graphic representations to make them
accessible to different categories of users.

One of the main features of this tool is the extraction of
suspected AEs from tweets with a deep-learning model, which
proved to be reactive to the shifts of topic in the internet chatter.
A future improvement could be the extraction of AEs from
tweets of different languages, using a multilingual model or an
automated translation service.

All code, tweet IDs, and the precomputed statistics of the
collected tweets are available at GitHub [18].
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Abstract

Background: Combination therapies delivered remotely via the internet or mobile devices are increasingly being used to improve
and promote the self-management of chronic conditions. However, little is known regarding the long-term effects of these
interventions.

Objective: The aim of this study is to evaluate the effectiveness of a multimodal intervention program that measures associated
variables such as catastrophizing, pain acceptance, and quality of life using a mobile device in people with chronic pain in an
outpatient setting.

Methods: A randomized controlled clinical trial was performed using parallel treatment groups. A total of 209 patients with
chronic musculoskeletal pain were randomly assigned to one of the two study arms. The intervention group received a standard
web-based psychosocial therapy-type program of activities through a smartphone for 6 weeks. The control group only had access
to the Find out more section of the app, which contained audiovisual material for pain management based on a self-help approach.
The primary outcome was catastrophizing measured using the Pain Catastrophizing Scale (PCS). Secondary outcomes were pain
acceptance measured using the Chronic Pain Acceptance Questionnaire and health-related quality of life measured using the
EuroQol Visual Analogue Scale. Assessments were conducted at baseline (T1), after treatment (T2), and at the 3-month follow-up
(T3). The variations between the different phases were assessed using the percentage change rescaled with log base 2. The Cohen
d was calculated based on the results of the linear mixed model. The investigators of the study who evaluated the results were
not involved in patient recruitment and were blinded to the group assignment.

Results: Positive effects were found in the intervention group (T2–T1) in catastrophizing between the baseline and posttreatment
phases (P<.001) and in helplessness (−0.72 vs 0.1; P=.002), rumination (−1.59 vs −0.53; P<.001), acceptance (0.38 vs 0.05;
P=.001), and quality of life (0.43 vs −0.01; P=.002), although no significant changes were found for magnification (0.2 vs 0.77;
P=.14) and satisfaction with health (0.25 vs −0.27; P=.13). Three months after treatment, significant differences were observed
in the intervention group for the outcome variable of catastrophizing (PCS; −0.59 vs 0.2; P=.006) and the PCS subscales of
helplessness (−0.65 vs 0.01; P=.07), rumination (1.23 vs −0.59; P=.04), and magnification (0.1 vs 0.86; P=.02).

Conclusions: The results of our study suggest that app-based mobile multidimensional treatments for adults with chronic pain
improve catastrophizing, quality of life, and psychological flexibility immediately after treatment and that the effects are maintained
for the primary outcome of catastrophizing for at least 3 months following treatment. Moreover, they promote self-management
and can be used to complement face-to-face pain treatments.

J Med Internet Res 2022 | vol. 24 | iss. 5 | e36114 | p.752https://www.jmir.org/2022/5/e36114
(page number not for citation purposes)

Morcillo-Muñoz et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:ymmcadiz1969@gmail.com
http://www.w3.org/Style/XSL
http://www.renderx.com/


Trial Registration: ClinicalTrials.gov NCT04509154; https://clinicaltrials.gov/ct2/show/NCT04509154

(J Med Internet Res 2022;24(5):e36114)   doi:10.2196/36114
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chronic pain; eHealth; multimodal intervention; catastrophizing; self-management; mHealth; mobile phone; randomized controlled
trials

Introduction

Background
Pain is estimated to be among the top 10 conditions with the
highest burden on health expenditure and health care resources
and has a significant impact on patients’ quality of life [1,2].
Pain is defined as an “unpleasant sensory and emotional
experience associated with or similar to that associated with
actual or potential tissue damage” [3]. When it affects one or
more anatomical regions; persists for >3 months; and is
associated with emotional (anxiety or depressed mood) and
functional distress that interferes with work, social, and family
life, pain is considered chronic [4]. Although not a frequent
cause of mortality in itself, many people die experiencing pain,
and even more people are living with pain [5,6]. Owing to the
extremely high prevalence of chronic pain in the general
population, it should be considered a health problem.

There is a large body of research on multidisciplinary treatment
programs for adults with chronic pain, including reviews of the
clinical evidence, effectiveness of pain treatments, and
cost-effectiveness of chronic pain programs in outpatient settings
[7,8]. A systematic review by Hauser et al [9] reported that
multidisciplinary programs are effective in reducing chronic
pain and improving patients’ biopsychosocial situations and
may also reduce the use of prescription medications. Similarly,
the Canadian Agency for Drugs and Technologies in Health
found that both multimodal therapy and monotherapy were
beneficial for treating chronic pain. However, further research
is needed to determine which type or combination of therapies
can provide long-term benefits for these patients [8,10,11].

As chronic pain is a complex and multidimensional problem,
it cannot be managed using medical therapies alone. Therefore,
multidimensional treatments involving psychological therapies
such as acceptance and commitment therapy (ACT),
mindfulness, physical exercise, and health assets could play an
important role in mitigating catastrophizing, improving pain
acceptance, and reducing the use of psychotropic medications
[8,12-14].

The available evidence supports the efficacy of several
interventions for the self-management of chronic pain in
outpatients. Some of the key components of these interventions
are the administration of chronic pain medications according
to the type of pain and patient comorbidities [7,10,14,15];
therapeutic exercise and patient education for the treatment of
a wide range of musculoskeletal disorders [5,16,17]; patient
education and counseling [18,19]; ACT as an evidence-based
treatment for chronic pain intensity and depression [20,21];
mindfulness [22] to moderate the impact of catastrophizing on
everyday pain [23,24]; and self-management [15,25,26].

Balancing activities with rest, stress management, emotion
regulation, and appropriate physical exercise can also improve
the quality of life of these patients [27]. An essential part of
treatment is the early detection of catastrophic thinking,
psychological inflexibility, and depression as the modification
of these factors can reduce disability, decrease pain interference
and intensity, and improve the ability of patients with chronic
pain to perform activities of daily living [28].

In addition to face-to-face interventions for chronic conditions,
interventions are increasingly being delivered via mobile apps
or the internet as these technologies have become an essential
part of people’s daily lives and are always on call. In a
systematic review of the use of information and communication
technologies (ICTs) in chronically ill patients, 15.4% of the
studies found that ICTs had a positive impact on patient
empowerment or self-management, 14% showed an
improvement in physical conditions and quality of life, and
5.1% reported greater self-efficacy for managing disease
[29-32]. In the field of health, new technologies are being used
for a variety of purposes, among them symptom assessment,
psychoeducation, and treatment adherence. Such technologies
have been shown to be beneficial for the provision of health
care as they can improve patient accessibility and health care
response, are instantaneous, and occur in real time [33-35].

Objectives
The aim of this study was to evaluate the effectiveness of a
multimodal intervention program using a web-based smartphone
or mobile device app. The app assesses pain perception by
means of associated variables such as catastrophizing, pain
acceptance, and quality of life in people with chronic pain.

The study was based on the hypothesis that participants assigned
to the intervention group will exhibit less catastrophizing and
emotional distress, more acceptance of pain, and improved
ability to perform activities of daily living according to
self-management values. Moreover, they will experience a better
quality of life and fewer symptoms, pain intensity, anxiety, and
depression. These outcomes will be measured after completion
of the intervention period and at the 3-month follow-up and
compared with a control group in line with the recommended
outcomes in chronic pain research [36].

Methods

Study Design
A randomized controlled clinical trial was performed using
parallel treatment groups [31,37]. Block randomization was
used to ensure a similar number of participants in each group
and in the intervention phase (Figure 1).
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Figure 1. Flowchart of the recruitment process.

Mobile App–Based Multimodal Treatment
To develop the contents of the multimodal treatment for the
mobile device app, a systematic literature review was carried
out in a first phase following the Scottish Intercollegiate
Guideline Network.

As part of a broader research program aimed at improving pain
management, we first located articles that described the basic
concepts of multi-professional treatments for chronic pain,
provided recommendations, and included published evidence
for the selected topics of interest. The purpose was to identify
the characteristics of pharmacological and nonpharmacological
interventions for people affected by chronic pain in different
settings by means of a bibliographic search and reading of the
literature, a synthesis of the results, and an assessment of the
evidence. In the second part of our study, a participatory
approach was used to prioritize self-management
recommendations for chronic pain selected from the reviewed
literature. Specifically, we designed a multimodal intervention
protocol combining physical exercise, psychoeducational
therapy, health assets, and pharmacological treatment that was

delivered using a mobile device. The effectiveness of the
intervention was subsequently evaluated by means of a clinical
trial [38].

The interventions delivered in the mobile app include ACT and
mindfulness exercises to promote greater pain acceptance,
reduce the aversive component associated with pain, and help
patients dispassionately recognize and observe both pain and
related thoughts and emotions. Another group of activities aims
to raise awareness of an individual’s own values through a series
of activities to recover a meaningful life project [22,23,39,40].
The exercise section provides tools and resources for patients
to improve their physical, mental, and emotional well-being.
The activities in this section include empowerment, stretching,
relaxation, walking, and low-intensity exercises to help patients
acquire good habits and learn about alternatives to improve their
day-to-day life [5]. The activities in the pharmacological section
aim to help patients better understand medications that reduce
the intensity of pain. For each medication, the most common
side effects and characteristics related to pain relief are described
as well as which drugs are best suited to the patient’s current
health state, the risks of taking more than the recommended
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dose of medication, and how to identify warning signs [41-43].
The activities in the health assets section are designed to
improve patients’self-esteem and health by having them identify
the individual, physical, institutional, associational, economic,
and cultural assets and resources available in their community
to help them cope better with situations of vulnerability and
stress [44,45].

Development of the Mobile App
Our research team developed an app called NO+Dolor
(NO+Pain) that contains an Android or iOS user interface. The
app includes links to several multimedia resources (mainly
audios and videos) and was designed based on game dynamics
(gamification) to improve users’ concentration, attention, and
motivation. Indications on how to use the app and correctly
perform the measures are provided in the instructions section
of the app. Regarding the technical characteristics of the app,
the information technology part required the design of a
relational database implemented using MySQL Community
Server 5.6. On the server side, a Java 1.8 communications
application programming interface was implemented with
representational state transfer architecture between the patients’
mobile apps and the database using a client-server pattern. On
the client side, hybrid mobile apps were implemented for
Android and iOS operating systems. Apache Cordova 9.0 and
jQuery Mobile 1.4.5 frameworks were integrated into the app,
and HTML5 and CSS3 technologies were used for the
presentation layer [46].

Participants
The study population comprised residents of municipalities
belonging to the Cordoba South Health District of the
Andalusian Health Service, Spain, who were registered in the
health service user database. Patients were recruited from each
of the district’s 11 primary care centers by two collaborators:
a nurse and a physician with experience in the follow-up of
patients with chronic pain.

The sample was drawn from a database using Diraya electronic
medical records. The inclusion criterion was being attended by
primary care physicians and nurses. The database search was
carried out on June 30, 2019, and identified 297 patients
diagnosed with chronic musculoskeletal pain, of which 205
(69%) were women and 92 (31%) were men. Accepting an α
error of .05 and a β error of .2 (statistical power of 80%) in a
2-tailed test and estimating 15% loss to follow-up, 296
participants were required to detect a statistically significant
difference between 2 means at 3 points in our outcome variable
with an estimated SD of 12.

All participants were under pharmacological treatment for
chronic musculoskeletal pain (analgesics, anti-inflammatory
drugs, antidepressants, anticonvulsants, or opioids) as previously
indicated by their primary care physician and were asked to
sign an informed consent form. The inclusion and exclusion
criteria for the participants in the study are presented in Textbox
1.

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Patients aged ≥18 years with pain in any location

• Pain with a duration of ≥3 months

• Pain with an intensity of ≥4 on the Visual Numerical Scale

• Presenting one of the following characteristics: continuous pain or intermittent pain ≥5 days a week

• Able to use a smartphone

• Not participating in another research project

Exclusion criteria

• Cancer-related or postsurgical pain, patients with palliative care, and pediatric population

• Patients with acute pain (duration <3 months)

• History of brain injury

• Inability to complete the study forms because of mental disability or language barrier

Ethics Approval
This study was approved by the Cordoba Research Ethics
Committee of the Andalusian Public Health System (CIF
G-14825277; protocol code PI-0447-2017). Informed consent
was approved by the Cordoba Research Ethics Committee and
completed by the participants. This study is registered at
ClinicalTrials.gov (NCT04509154).

Randomization and Blinding
Block randomization with a block size of 4 was used. The only
stratification criterion was the reference health center of the
patients. An automated recruitment form hosted on the REDCap
(Research Electronic Data Capture; Vanderbilt University)
platform of the Maimonides Biomedical Research Institute of
Cordoba was used to randomize the patients by simply clicking
a button. The data were transferred and recorded in an electronic
notebook using the Data Entry Manager system. The statistician
(Ipek Guler Caamaño and Juan Antonio Marín Sanz), principal
investigator (YM-M), and coinvestigators (AJS-G, SC-F, and
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MIB-P) of the study who evaluated the results were not involved
in patient recruitment and were blinded to the group assignment.
A total of 22 recruiters from the 11 primary care health centers
of the Cordoba South Health District recruited the patients in
2019. They were also responsible for randomizing the patients
(by clicking a button on the automated recruitment form) and
were not blinded.

Treatment Procedures
All patients received a written invitation from their primary
care physician or nurse to participate in the study. Two 8-hour
face-to-face sessions were held at their reference health center
led by a nurse and a primary care physician with experience in
the follow-up of patients with chronic pain. At the group
meeting, patients who agreed to participate voluntarily in the
study were informed that they would receive instructions by
email on how to download the mobile app with the treatment
contents. The patients were also informed that, if they were
selected to participate in the intervention group, the treatment
would last from 6 to 8 weeks. The control group would only
have access to the Find out more section of the app, which
contained audiovisual materials for pain management from a
self-help approach, such as information on the origin of chronic
pain and advice for pain treatment and relaxation exercises.

The intervention group received the treatment via their
smartphones for a period of 6 weeks after completing both
face-to-face sessions. Pain intensity was measured daily on an
11-point numerical rating scale when the participants accessed
the app.

To assess the treatments, self-reported questionnaires were sent
to the participants by email and collected at three time points:
upon admission to the program (T1), at week 6 of the
intervention (T2), and at 3 months after the intervention (T3).
The participants completed all 3 questionnaires at home and
returned them by email.

Smartphone-Based Intervention
The intervention consisted of the implementation of a program
of standard, interactive psychosocial therapy activities. The pain
management app enables automatic monitoring, skill training,
social support, education, goal setting, and achievement of four
components: psychological wellness, exercise, pharmacological
treatment, and health assets. Each week, the participants received
3 activities for each of the aforementioned components via the
NO+Dolor app until completing the 6 weeks of treatment. All
the activities were designed to be performed weekly except for
the walking challenge, which was performed daily. The first
time the participants completed an activity, they were awarded
a star. The participants could perform the proposed activity as
many times as they liked, but no more rewards were given until
the following week. The more activities they completed, the
more stars they were awarded, and the higher the percentage of
goals reached by the patients each week (Multimedia Appendix
1). The app also had a Consultation section with a contact form
where the participants could send any questions or comments.
The form was then sent by email to the researchers so that they
could respond to the inquiries.

Assessment Measures
The Spanish adaptation [47,48] of the Pain Catastrophizing
Scale (PCS) [49] was used to measure the main outcome
variable of the study [50]. The total score on the PCS is
calculated by summing the responses to the 13 items and ranges
from 0 to 52. The PCS subscales comprise three dimensions:
(1) rumination, scored from 0 to 16 (difficulty inhibiting
repetitive pain-related thoughts and inability to seek solutions);
(2) magnification, scored from 0 to 12 (tendency to exaggerate
distressing situations and negative aspects of pain and perception
of oneself as unable to control pain); and (3) hopelessness or
helplessness, scored from 0 to 24 (inability to cope effectively
with pain). Higher scores indicate higher levels of
catastrophizing. A score of ≥30 is considered a cutoff point for
clinically significant catastrophizing levels. The Spanish version
of the PCS has been shown to have adequate internal consistency
(Cronbach α=.79), convergent validity and classificatory value,
test-retest reliability (intraclass correlation coefficient=0.84),
and sensitivity to change in size (effect size>2).

The Spanish adaptation [51] of the Chronic Pain Acceptance
Questionnaire (CPAQ) [21] was used to measure engagement
in life activities despite pain; willingness to experience pain
without trying to control, change, or avoid it; ability to recognize
the chronicity of pain; and the need to avoid or control pain.
The CPAQ is a 20-item self-report questionnaire that rates pain
acceptance on a 7-point Likert-type scale ranging from 0 (never
true) to 6 (always true). The maximum possible score on the
CPAQ is 120, with higher scores indicating higher pain
acceptance. Initial studies on the acceptance and adaptation of
the CPAQ have shown adequate internal consistency and
expected correlations with measures of physical functioning
and psychological distress. Subsequent studies have evaluated
the content and dimensions of the questionnaire and identified
two factors: activity engagement (Cronbach α=.82) and pain
willingness (Cronbach α=.78) [21].

The Spanish adaptation of the EQ-5D [52] was used to measure
health-related quality of life. This version can be used both in
relatively healthy individuals (the general population) and in
groups of patients with different conditions. Individuals assess
their own health state first by level of severity in different
dimensions (descriptive system) and then on the more general
EuroQol Visual Analogue Scale (EQ-VAS) of 0 to 100 (worst
imaginable health state and best imaginable health state,
respectively). A third component of the EQ-5D is the social
values index obtained for each health state generated by the
instrument, which describes respondents’health state according
to five dimensions: mobility, self-management, usual activities,
pain or discomfort, and anxiety or depression. Regarding the
instrument’s psychometric properties, the test-retest reliability
ranges from 0.86 to 0.90, and numerous studies have
demonstrated its validity and sensitivity to change [53]. We
included a question on subjective global improvement rated by
the EQ-VAS from 0 to 100: We would like you to indicate on
this scale how good or bad your health state is today. Pain
intensity was measured using an 11-point numerical rating scale
ranging from 0 (no pain) to 10 (pain as bad as you can imagine).
The format of this rating was established in the latest Initiative
on Methods, Measurement, and Pain Assessment in Clinical
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Trials recommendations on core outcome measures for chronic
pain clinical trials [36].

Data Analysis
A descriptive analysis was performed for the quantitative
variables with mean and SD and for the qualitative variables
with recounts (n) and proportions (%). Goodness-of-fit to a
normal distribution was determined using the Shapiro-Wilk test,
and homogeneity of variance was assessed using the Levene
test. The quantitative variables of the treatment and control
groups were compared using the Mann-Whitney U test, and the
Pearson chi-square test was used to compare the qualitative
variables and the Fisher-Freeman-Halton descriptive analysis.
In addition, the variations between the different phases were
assessed using the percentage change rescaled with log base 2.
The association between the quantitative variables was
determined using bivariate (Pearson linear correlation coefficient
or Spearman ρ) and partial correlations controlling for the
variables age and sex.

A linear mixed effects model [54,55] was subsequently used to
assess changes over time for the repeated measurements of the
pain questionnaire scores at 3 time points between the control
and treatment groups. Linear mixed effects models account for
variability between participants and between repeated
measurements in the same participant simultaneously. To obtain
different trajectories for each group (experimental vs control)
over time, we included the intercept and slope effect as random
effects and time, group, and the interaction term (group×time)
as fixed effects. The variance-covariance structure was fixed to
an unstructured matrix, and the random effects and error terms
were assumed to have a normal distribution. Furthermore, the

Cohen d was calculated based on the results of the linear mixed
model. The R project nlme package (version 3.5.0; R Foundation
for Statistical Computing) was used to estimate all the regression
models. The established level of statistical significance was
P<.05.

Results

Participants
A total of 297 participants (n=205, 69% women and n=92, 31%
men) were initially invited to participate in the study. Of these
297 participants, 1 (0.3%) was excluded for not meeting the
inclusion criteria, 67 (22.6%) were excluded because they did
not attend the meeting, and 20 (6.7%) were excluded because
they declined to participate. A total of 209 participants were
randomized into 1 of the 2 study arms. After randomization,
2.4% (5/209) of the participants were excluded because they
declined to participate, dropped out before the intervention, or
did not know how to use the technologies. In the intervention
group, 15% (15/98) of the patients did not complete the
intervention. The analysis was performed on patients who
completed all 3 questionnaires at baseline, upon completion of
the intervention, and 3 months after the intervention (Figure 1).

Table 1 shows the demographic data and baseline characteristics
of the sample by group. The outcome variables showed measures
for PCS (P=.20), CPAQ (P=.07), and EQ-5D (P=.26) at the
beginning of the intervention (baseline), in which participants
in both groups did not differ in pain catastrophizing, quality of
life, or pain acceptance. No differences were found in
sociodemographic variables or use of medications (Table 1).
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Table 1. Characteristics of the sample (N=194).

P valueControl group (n=96)Intervention group (n=98)Characteristic

.99a50.3 (10.2)51.2 (11.2)Age (years), mean (SD)

.99Gender, n (%)

77 (80)78 (80)Female

19 (20)20 (20)Male

.59Marital status, n (%)

78 (81)81 (83)Married

8 (8)6 (6)Divorced

6 (6)6 (6)Single

4 (4)2 (2)Widowed

.27Employment status, n (%)

15 (16)17 (17)Unemployed

29 (30)27 (28)Employed full-time

3 (3)13 (13)Employed part-time

12 (13)11 (11)Disability

28 (29)22 (22)Home care

9 (9)8 (8)Other combination of the aforementioned characteristics or unknown

.16Level of education, n (%)

7 (7)13 (13)No schooling

54 (56)41 (42)8 to 10 years (elementary)

26 (27)36 (37)10 to 12 years (high school)

9 (9)8 (8)>12 years (higher education)

.68Taking medications, n (%)

92 (96)96 (98)Yes

4 (4)2 (2)No

.45Annual income, € (US $), n (%)

12 (26)11 (11)<10,000 (10,857)

74 (77)73 (74)10,000 to 20,000 (10,857 to 21,714)

10 (5)14 (14)>20,000 (21,714)

.3453 (100)56 (100)EQ-5D and pain, n (%)

27 (51)34 (61)Moderate pain

26 (49)22 (39)Extreme pain

.9052 (100)56 (100)EQ-5D and anxiety and depression, n (%)

13 (25)13 (23)I am not anxious or depressed

30 (58)32 (57)I am moderately anxious or depressed

9 (17)11 (20)I am extremely anxious or depressed

.2027.7 (12.77)d29.86 (13.27)cPCSb, mean (SD)

.0766.77 (18.4)f64.16 (18.89)dCPAQe, mean (SD)

.260.43 (0.21)i0.45 (0.19)hEQ-5Dg, mean (SD)

.1644.23 (23.49)l48.22 (18.74)kEQ-VASj, mean (SD)

an=194.
bPCS: Pain Catastrophizing Scale (score 0-52).
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cn=55.
dn=54.
eCPAQ: Chronic Pain Acceptance Questionnaire (score 0-120).
fn=52.
gEQ-5D score −0.654 to 1.
hn=53.
in=51.
jEQ-VAS: EuroQol Visual Analogue Scale (0-100).
kn=50.
ln=47.

Primary Outcome: Catastrophizing

Overview
The descriptive results for the differences between the control
and intervention groups regarding measures of catastrophizing

at baseline, upon completion of the treatment, and during
follow-up are presented in Table 2. The between-group
variations over time for the primary outcome variables are
presented in Table 3.

J Med Internet Res 2022 | vol. 24 | iss. 5 | e36114 | p.759https://www.jmir.org/2022/5/e36114
(page number not for citation purposes)

Morcillo-Muñoz et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 2. Median, mean, SD, and differences between groups for the primary outcome measure at admission to the program (T1), immediately after
treatment (T2), and at the 3-month follow-up (T3) for completers.

T3aT2aT1aPrimary outcome
measure (scale)

P

value

Mean (SD)Median (IQR)P

value

Mean (SD)Median (IQR)P

value

Mean (SD)Median (IQR)

.09.001.20PCSb

31.41 (12.61)e31.0 (22.5-43.0)31.82 (12.06)d32.5 (23.75-
42.0)

27.7 (12.77)c26.5 (17.25-
38.5)

Control

25.78 (14.12)h27.0 (17.0-35.0)20.86 (11.25)g19.5 (14.25-
28.25)

29.86 (13.27)f29.0 (22.0-39.0)Intervention

.07.001.31Helplessness

13.65 (5.75)j14.0 (9.75-
18.75)

14.22 (5.82)e14.0 (10.5-19.0)12.48 (5.8)i12.5 (8.0-16.25)Control

11.09 (6.48)g10.0 (6.0-17.0)8.91 (5.38)g8.5 (5.25-12.0)13.09 (6.45)c14.0 (8.25-18.0)Intervention

.12.004.14Rumination

6.28 (2.84)l6.0 (4.0-9.0)6.32 (2.99)d7.0 (4.0-8.25)9.19 (4.16)k10.0 (6.0-12.0)Control

5.24 (3.16)n5.0 (3.0-7.0)4.05 (2.4)n4.0 (2.0-5.0)10.11 (4.11)m10.0 (7.5-14.0)Intervention

.12.007.20Magnification

11.33 (4.56)e12.0 (7.5-15.5)11.29 (4.28)d13.0 (8.75-
14.25)

6.57 (3.17)c6.5 (4.0-8.75)Control

9.55 (5.04)g10.5 (5.75-12.0)8.29 (4.14)n8.0 (6.0-12.0)7.06 (3.22)c7.0 (4.25-9.75)Intervention

aAt admission to the program (T1), at the end of the intervention at 6 weeks (T2), and at the 3-month follow-up (T3).
bPCS: Pain Catastrophizing Scale.
cn=54.
dn=28.
en=27.
fn=56.
gn=22.
hn=23.
in=52.
jn=26.
kn=53.
ln=25.
mn=55.
nn=21.
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Table 3. Between-group differences and changes over time for the primary outcome measure and Pain Catastrophizing Scale (PCS) subscales.

T3–T1aT3–T2aT2–T1aPrimary outcome
measure (scale)

P

value

Mean (SD)Median (IQR)P

value

Mean (SD)Median (IQR)P

value

Mean (SD)Median (IQR)

.006.24<.001PCS

0.21 (1.13)d0.1 (−0.14 to
0.36)

−0.07 (0.32)c−0.03 (−0.19 to
0.21)

0.29 (1.0)b0.05 (−0.11 to
0.73)

Control

−0.59 (0.91)e−0.15 (−1.0 to
0.08)

0.02 (0.65)f0.0 (−0.27 to
0.58)

−0.67 (0.72)e−0.5 (−1.0 to
−0.14)

Intervention

.007.21.002Helplessness

0.01 (0.88)i0.0 (−0.32 to
0.48)

−0.11 (0.33)h−0.07 (−0.41 to
0.04)

0.1 (0.84)g0.0 (−0.23 to
0.4)

Control

−0.65 (0.92)j−0.33 (−1.06 to
−0.08)

0.11 (0.8)f0.0 (−0.35 to
0.44)

−0.72 (0.78)j−0.79 (−1.14 to
−0.07)

Intervention

.049.48<.001Rumination

−0.59 (0.96)i−0.71 (−1.0 to
−0.26)

0.29 (0.86)h0.0 (0.0 to 0.39)−0.53 (0.89)k−0.58 (−0.83 to
0.0)

Control

−1.23 (0.84)l−0.85 (−1.82 to
−0.58)

0.22 (0.55)h0.0 (0.0 to 0.57)−1.59 (0.95)l−1.42 (−2.27 to
−0.79)

Intervention

.03.41.14Magnification

0.86 (1.02)d0.68 (0.49 to
1.25)

−0.02 (0.48)c0.12 (−0.14 to
0.22)

0.77 (1.0)b0.56 (0.32 to
0.97)

Control

0.1 (1.16)j0.58 (−0.43 to
0.68)

−0.03 (0.83)f0.0 (−0.13 to
0.46)

0.2 (1.02)l0.42 (0.29 to
0.66)

Intervention

aAt admission to the program (T1), at the end of the intervention at 6 weeks (T2), and at the 3-month follow-up (T3).
bn=26.
cn=16.
dn=27.
en=21.
fn=17.
gn=23.
hn=15.
in=24.
jn=20.
kn=25.
ln=19.

Between-Group Effects
Immediately following the treatment (T2), statistically
significant improvements were observed in the intervention
group for catastrophizing (20.86 vs 31.82; P=.001) and the
catastrophizing subscales of helplessness (8.91 vs 14.22;
P=.001), rumination (4.05 vs 6.32; P=.004), and magnification
(8.29 vs 11.29; P=.007). However, at 3 months of follow-up,
the mean remained lower (25.78 vs 31.41; P=.09), although it
was not statistically significant (Table 2).

Within-Group Effects
Positive effects were observed at the different treatment times
according to the percentage change rescaled by log base 2.
Specifically, positive effects were found for the intervention
group (T2–T1) in catastrophizing between the baseline and
posttreatment phases (P<.001) and in the subscales of

helplessness (−0.72 vs 0.1; P=.002) and rumination (−1.59 vs
−0.53; P<.001), although no significant changes were found for
magnification (0.2 vs 0.77; P=.14). Significant results were also
found for catastrophizing at the 3-month follow-up with respect
to the baseline (−0.59 vs 0.2; P=.006) and the subscales of
helplessness (−0.65 vs 0.01; P=.07), rumination (−1.23 vs −0.59;
P=.04), and magnification (0.1 vs 0.86; P=.02), all of which
improved 3 months after completing treatment (Table 3).

We also measured changes in the pain questionnaire scores
between the control and treatment groups at the 3 time points
by applying a linear mixed effects model. Statistical differences
were found only between the 2 groups for changes in the PCS
score over time. In addition, the interaction effect between time
and the intervention group was −6.47 (P=.001), thus indicating
a significant decrease in PCS scores over time in the intervention
group compared with the control group (Table 4).
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Table 4. Changes between groups in Pain Catastrophizing Scale scores over time.

P valueValues, mean (SD)Coefficient

<.00125.747 (2.572)Intercept

.072.479 (1.336)Time

.047.528 (3.669)Intervention (reference: control)

.001−6.476 (1.991)Timea intervention (reference: time control)

aPain Catastrophizing Scale scores over time in the intervention group compared with the control group.

Secondary Outcomes

Overview
Table 5 shows the results for the variables of acceptance
(CPAQ), quality of life (EQ-5D), and overall health state

(EQ-VAS), whereas Table 6 shows variations over time for the
secondary outcomes.

Table 5. Mean and SD for the secondary outcomes at admission (T1), immediately after treatment (T2), and 3 months after the intervention period
(T3) for completers.

T3aT2aT1aSecondary out-
come measure
(scale)

P

value

Mean (SD)Median (IQR)P

value

Mean (SD)Median (IQR)P

value

Mean (SD)Median (IQR)

.47.14.07CPAQb

65.67 (16.06)e65.0 (54.5-71.5)63.82 (12.47)d65.5 (52.75-
72.5)

66.77 (18.4)c68.0 (58.0-78.0)Control

64.48 (21.76)h62.0 (54.5-73.0)68.23 (14.43)g67.0 (59.0-78.0)64.16 (18.89)f63.0 (53.75-
71.0)

Intervention

.30.008.27EQ-5D

0.39 (0.19)e0.37 (0.22-0.52)0.41 (0.22)d0.36 (0.22-0.56)0.43 (0.21)c0.46 (0.22-0.59)Control

0.43 (0.2)h0.41 (0.22-0.59)0.55 (0.17)g0.56 (0.47-0.72)0.45 (0.19)f0.48 (0.23-0.59)Intervention

.03.02.16EQ-VASi

36.96 (20.15)30.0 (25.0-51.0)38.68 (19.58)g35.0 (25.25-
56.0)

44.23 (23.49)j44.0 (21.5-54.0)Control

51.05 (25.73)l50.0 (31.5-75.0)52.68 (18.27)l53.0 (38.0-66.0)48.22 (18.74)k47.0 (33.5-60.0)Intervention

aAt admission to the program (T1), at the end of the intervention at 6 to 7 weeks (T2), and at the 3-month follow-up (T3).
bCPAQ: Chronic Pain Acceptance Questionnaire.
cn=53.
dn=28.
en=27.
fn=56.
gn=22.
hn=23.
iEQ-VAS: EuroQol Visual Analogue Scale.
jn=47.
kn=50.
ln=19.
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Table 6. Within-group differences and variations over time for the secondary outcomes.

T3–T1aT3–T2aT2–T1aSecondary out-
come measure
(scale)

P

value

Mean (SD)Median (IQR)P

value

Mean (SD)Median (IQR)P

value

Mean (SD)Median (IQR)

.30.14.001CPAQb

0.12 (0.92)e−0.08 (−0.24 to
0.09)

0.08 (0.28)d0.02 (−0.12 to
0.25)

0.05 (0.9)c−0.16 (−0.27 to
0.1)

Control

−0.1 (0.86)f0.0 (−0.18 to
0.25)

−0.22 (0.95)g−0.1 (−0.24 to
0.16)

0.38 (0.86)f0.22 (0.05 to
0.39)

Intervention

.48.17.002EQ-5D

0.12 (0.69)e0.0 (−0.4 to
0.45)

0.04 (0.34)d0.0 (−0.03 to
0.22)

−0.1 (0.69)c−0.12 (−0.53 to
0.08)

Control

0.08 (0.75)f0.0 (−0.1 to
0.35)

−0.09 (0.61)g0.0 (−0.31 to
0.13)

0.43 (0.66)f0.31 (0.0 to
0.92)

Intervention

.34.49.13EQ-VASh

0.18 (1.22)i0.18 (−0.34 to
0.83)

−0.08 (0.31)−0.05 (−0.28 to
0.17)

−0.27 (1.0)0.14 (−0.77 to
0.49)

Control

0.18 (0.93)d0.33 (−0.26 to
0.95)

−0.05 (0.4)−0.14 (−0.37 to
0.24)

0.25 (0.52)0.28 (−0.12 to
0.42)

Intervention

aAt admission to the program (T1), at the end of the intervention at 6 weeks (T2), and at the 3-month follow-up (T3).
bCPAQ: Chronic Pain Acceptance Questionnaire.
cn=26.
dn=16.
en=27.
fn=21.
gn=17.
hEQ-VAS: EuroQol Visual Analogue Scale.
in=24.

Between-Group Effects
With regard to pain acceptance (CPAQ), no significant
differences were found between the 2 groups after treatment
(68.23 vs 63.82; P=.14) or at 3 months following the
intervention (64.48 vs 65.67; P=.47).

In terms of quality of life (EQ-5D), the intervention group
showed significant improvement at the end of treatment (0.55
vs 0.41; P=.008), although these differences were not maintained
after the 3-month follow-up (0.43 vs 0.39; P=.30).

The assessment of overall health state (EQ-VAS) registered in
the daily records showed significant improvements in the
intervention group compared with the control group (52.68 vs
38.68; P=.02) at the end of treatment, and these differences
were maintained over time (51.05 vs 39.96; P=.02; Table 5).

Within-Group Effects
Regarding variations between the different phases, a positive
effect was observed immediately following the intervention
(T2–T1) in both acceptance (0.38 vs 0.05; P=.001) and quality

of life (0.43 vs −0.01; P=.002), but the positive effect on overall
satisfaction with health was not maintained (0.25 vs −0.27;
P=.13).

No significant differences were found during follow-up for
CPAQ (T3–T2: −0.22 vs 0.08 and P=.14; T3–T1: −0.1 vs 0.12
and P=.30), EQ-5D (T3–T2: −0.09 vs 0.04 and P=.17; T3–T1:
0.08 vs 0.12 and P=.48), or overall health state (T3–T2: −0.05
vs −0.08 and P=.49; T3–T1: 0.18 vs 0.18 and P=.34; Table 6).

Table 7 shows the Fisher-Freeman-Halton descriptive analysis
of the proportion of participants with clinically significant
improvement immediately after treatment according to the
EQ-5D subscale. In the intervention group, clinical improvement
in pain intensity ranged from 37% in moderate pain to 22.7%
in severe pain (P=.04). The exact test results showed that a
significantly higher proportion of participants who received the
multimodal treatment improved in the mobility subscale (P=.04)
and activities of daily living such as going to work, leisure time,
and family activities (P=.045) immediately after receiving
treatment. These improvements were not significant 3 months
after the intervention.
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Table 7. Proportion of patients to the EQ-5D subscale per time and group at admission (T1), immediately after treatment (T2), and 3 months after the
intervention period (T3).

T3T2T1EQ-5D secondary outcome measure

Overall

P value

Control,
n (%)

Intervention,
n (%)

Overall

P value

Control,
n (%)

Intervention,
n (%)

Overall

P value

Control,
n (%)

Intervention,
n (%)

.08.004.34Pain

9 (53)13 (34)10 (78)16 (37)27 (51)34 (61)Moderate pain (VASa=4-7)

17 (67)10 (46)17 (64)2 (23)26 (49)22 (39)A lot of pain (VAS≥8)

.12.27.90Anxiety and depression

8 (30)3 (13)8 (29)7 (32)13 (25)13 (23)I am not anxious or depressed

14 (52)16 (67)12 (43)13 (59)30 (58)32 (57)I am moderately anxious or de-
pressed

4 (19)4 (21)7 (29)1 (9)9 (17)11 (20)I am very anxious or depressed

.07.04.14Mobility

8 (30)7 (29)13 (25)12 (21)10 (36)9 (41)I have no problem walking

19 (70)16 (67)18 (64)13 (59)39 (74)43 (77)I have some trouble walking

N/A1 (4)N/AN/Ab1 (2)1 (2)I have to be in bed

.63.77.92Personal care

13 (50)12 (50)15 (56)14 (65)31 (59)33 (60)I have no problems with self-
care

14 (50)12 (50)12 (44)8 (36)21 (40)22 (40)I have some problems washing
or dressing

N/AN/AN/AN/A1 (2)N/AI am unable to wash or dress

.86.045.14Everyday activities (work, study, household chores, free
time, and family activities)

1 (4)2 (8)4 (14)5 (24)9 (17)5 (9)I have no problem performing
my daily activities

23 (85)20 (83)20 (71)16 (76)38 (72)49 (88)I have some trouble performing
my daily activities

3 (11)2 (8)4 (14)N/A6 (11)2 (4)I am unable to perform my dai-
ly activities

aVAS: Visual Analogue Scale.
bN/A: not applicable.

Discussion

Principal Findings
We performed a small randomized controlled clinical trial with
a sample of mostly women (205/297, 69%). Randomization of
both the sociodemographic characteristics of the study
population and the study variables was homogeneous.

The results of the study clearly show that the main variable,
catastrophizing, had a significant positive effect on the
intervention group compared with the control group after the
intervention and at the 3-month follow-up. This could be due
to changes in cognition or maladaptive behavior that modified
erroneous beliefs and decreased catastrophic thoughts. It should
be noted that previous research has considered the beneficial
effect of multimodal treatments in decreasing catastrophizing
and fear. Thus, these results are in accordance with the more
pronounced effect found in the intervention group [55].

These results are also in line with the findings of studies on the
effects of monotherapies using ACT [56], mindfulness [57],
physical activity, pharmacological therapy, and the health asset
approach. Analysis of the results showed that the intervention
group improved in catastrophizing, psychological flexibility,
movement avoidance, pain interference in daily life, pain
intensity, and quality of life [31,58-62].

The analysis showed that the intervention group improved in
both perceived quality of life and pain acceptance after
treatment. This finding indicates that patients who accept pain
better exhibit greater psychological flexibility (ie, less activity
avoidance), less psychological distress, and less disability.
Moreover, we found that patients with higher pain acceptance
(psychological flexibility; P=.001) reported a better quality of
life (P=.002). This is in agreement with other studies that have
shown that pain acceptance is a good predictor of a better quality
of life [20,21,61].
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However, the results were inconclusive for these last 2 variables.
Specifically, although the effect sizes of quality of life and pain
acceptance were significant from before treatment to after
treatment in the intervention group, no changes were observed
3 months after the treatment. This lack of significance may be
explained by the fact that perceived quality of life is a
multidimensional phenomenon, and some indicators may
therefore have had a greater influence on this variable, such as
the low educational level and low annual income of the sample.
These results are consistent with those of other studies
suggesting that low educational level and low income are
associated with poorer perceived health [63].

With regard to the main aim of this work, we hypothesized that
the participants assigned to the intervention group would
experience fewer catastrophizing thoughts and emotional distress
and more acceptance of pain and improve their ability to perform
activities of daily living according to self-management values.
The results are encouraging as the effects of the treatment were
largely maintained over time and reduced catastrophizing and
the three dimensions of the PCS (helplessness, rumination, and
magnification). This may suggest that a combination of these
interventions promotes skills that result in behavior changes, at
least in the medium term.

A priori, this relationship could be explained by the additive
effect of the combined components of psychoeducational
therapy, exercise, pharmacological treatment, and health assets.
It may also be explained by the fear avoidance model in that
exercise contributes to the reconceptualization of pain and
reduces catastrophic thinking and the threat value of pain related
to functional limitations [55]. Similarly, exercise may help divert
attention away from rumination because of its attentional
demands and mood effects, whereas the use of exercise as a
self-management tool could increase self-efficacy and thereby
reduce feelings of helplessness.

Physical activity likely helped the participants in our study learn
about activities such as daily walking and low-intensity
stretching to improve their physical, mental, and emotional
well-being as well as acquire new habits and find alternatives
to improve their quality of life [64]. These results are in line
with recent studies and meta-analyses that show that intermittent
or regular sessions of therapeutic exercise can reduce pain
perception and sensitivity [65].

ACT and mindfulness were also a treatment goal in our study
[60]. In the intervention group, both therapies had a positive
effect on pain acceptance (psychological flexibility), improved
health perception, and decreased levels of catastrophizing
immediately after the intervention. This finding is in line with
the available evidence suggesting that face-to-face or
technology-based ACT is an effective self-management
intervention for chronic pain and that it may be effective for the
treatment of chronic pain [23,34,66].

Pain catastrophizing has been identified as a psychosocial factor
that predicts adaptation to chronic pain and may contribute to
its development and chronicity. In this regard, several studies
[28,67] have examined the associations between pain
catastrophizing and patient functioning and suggested that
genetic and interpersonal factors, family history, pain duration,

and comorbidities moderate pain and are likely to influence the
strength of the association of the effects of catastrophizing on
pain.

However, another explanation for the effect of our multimodal
treatment may be related to patient-treatment matching.
Specifically, broader-spectrum multimodal treatments have a
greater likelihood of matching at least one treatment component
to a patient’s strength or deficit [68].

The overall health state self-reported by the intervention group
improved after the intervention, although this effect was not
maintained over time. This may be explained by the fact that
the participants perceived an improvement in their health state
when performing the proposed weekly activities during the
treatment period because of the effort and time invested, which
is known as the Hawthorne phenomenon [69]. Motivation, or
the effect of feeling observed and cared for, may also have
played a role. It is important to remember that it takes time to
modify lifestyles and habits and see the benefits of change.

Moreover, the descriptive analysis of the EQ-5D dimensions
showed improvement in at least three of the five core outcome
domains (pain intensity, mobility, and activities of daily living)
compared with the control group. This finding corroborates the
influence of attitudes and beliefs that may affect the
development of passive coping mechanisms such as rest and
medication versus the ability to adopt active strategies such as
physical activity and pain acceptance [70].

Strengths, Limitations, and Future Directions
This study has several strengths. First, we developed a
multimodal program involving a variety of therapeutic activities
that could be standardized and used in the future for other
patients with chronic pain. An encouraging finding in this line
was that the benefits of the treatment were largely maintained
at follow-up, which may suggest that these interventions lead
to the acquisition of skills that result in behavior change, at least
in the medium term. Second, ICTs were used in combination
with pharmacological and nonpharmacological therapeutic
treatments in the outpatient setting to evaluate their impact on
pain catastrophizing, pain acceptance, and quality of life. Third,
the fact that the patients did the programmed activities in their
natural environment is likely to promote self-efficacy, thus
supporting the importance of the self-management component
in interventions of this type [25].

One of the most important limitations of our study was the low
response rate of the self-reported questionnaires sent via email.
It should also be noted that the sample size was small. This may
have affected the outcomes of the intervention and could explain
the significant differences found between the groups. However,
we cannot rule out the beneficial effect of the treatment on
catastrophizing in the intervention group as a good prognosis
of the disease and that, in the long term, these interventions
(physical activity, psychoeducational therapies, pharmacological
therapies, and health assets) are part of multi-professional
treatments to achieve the desired effects. Nevertheless, as we
used a multimodal therapy, we cannot really know the effect of
each individual intervention on the outcomes, and more studies
will be needed to determine the effects of specific interventions
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in patients with chronic pain. Therefore, caution must be
exercised when extrapolating our findings to the general
population.

With regard to treatment adherence [5,71], we cannot reach
reliable conclusions. Although the electronic records of the
participants’ access to and completion of the activities were not
analyzed, we do know that 85% (83/98) of the participants
completed the intervention program. This loss of participants
may have occurred because the self-reported assessment was
administered via email. Therefore, our treatment design could
be improved by administering the questionnaire through the
same mobile app, in interviews with the attending nurses, or by
telephone follow-up.

According to our results and the available evidence,
pharmacological treatments are most effective when they are
part of an overall multidisciplinary pain management plan that
also incorporates psychological, physical, and preventive
components [8,72-74]. Clearly, patients with chronic pain should
be informed and educated to enable them to make decisions
about the most effective evidence-based strategy and ensure
that their pain is treated and managed in the best possible
manner.

A large number of studies have been conducted on ICT-based
interventions to promote self-management in people with
chronic pain [75-77], and there is evidence of high ICT
acceptance and satisfaction [72,73]. Indeed, as technologies can
assist and support people in their daily lives and at any time of
the day [32], smartphones have become a very effective health
care tool. In our smartphone app, we have selected
evidence-based activities to address the various dimensions of
chronic pain. The activities are easily reproducible in many
environments and health care fields and can serve as
complementary therapies for the comprehensive treatment of
people with persistent pain. Nonetheless, it should be noted that
self-management of pain is only effective when implemented
from a multidisciplinary approach as treatment response is
individual and there is no single approach that is beneficial for
all patients with chronic pain. Therefore, for smartphone-based
apps to be successful in promoting the self-management of
chronic pain, we believe they should include self-monitoring,
goal setting, skill training, social support, and educational
components [78]. Moreover, many of these apps appear to have
been developed without the involvement of patients and health
care professionals and, to the best of our knowledge, few have
been tested in randomized trials to evaluate their impact on
health.

In future research, more attention should also be paid to the
participants’ gender as this could have affected our findings. It
is well-known that gender is strongly related to access to care

and treatment response and that, although many patients who
experience pain are women, many stigmas are associated with
pain in men. Therefore, it is important that we gain a better
understanding of the role of gender in health care access as well
as gender biases in diagnoses, patient-professional interactions,
and treatment.

Further lines of research could improve the efficacy of
multimodal chronic pain interventions based on new
technologies, such as the refinement of treatments, the
identification of moderating factors that might influence
psychosocial variables, and their association with treatment
adherence. To evaluate which groups of patients are more
competent to self-manage a technology-based multimodal
intervention would have been ideal. In the same vein, it is also
worth mentioning that, in our study, we did not specifically
assess satisfaction in relation to the use of technologies, and
this could be a promising line for future research.

In future research, it might be interesting to analyze data not
included in this study, such as mobile sensor data using
accelerometers, gyrometers, and other sensors to monitor
engagement and assess the timing of the activities.

Conclusions and Implications for Practice
The results of our study suggest that multidimensional
treatments for adults with chronic pain improve catastrophizing,
quality of life, and psychological flexibility immediately after
treatment and that the effects are maintained for the primary
outcome of catastrophizing for at least 3 months following
treatment. This study has also shown that nonpharmacological
treatments that include physical and psychoeducational therapy
to promote active participation work well in combination with
pharmacological strategies and that such interventions improve
self-reliance in patients with chronic pain and help them cope
constructively with pain.

The NO+Dolor app we have developed uses gamification to
teach patients distraction methods and divert their attention
away from pain as well as mindfulness techniques to improve
pain acceptance. It also provides patients with a well-paced
program of exercises and information on the proper use of
medications to avoid side effects and helps them identify health
assets to engage in pleasurable activities or find the resources
they need. Moreover, the app-based mobile interventions we
have presented here are flexible and self-directed, promote
self-management in patients with chronic pain, and can be used
to complement face-to-face pain treatments.

Preventive interventions for people with chronic pain designed
from a salutogenic approach, are essential to promote well-being
and prevent further decline in health throughout life.
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Abstract

Background: Symptom checkers are digital tools assisting laypersons in self-assessing the urgency and potential causes of their
medical complaints. They are widely used but face concerns from both patients and health care professionals, especially regarding
their accuracy. A 2015 landmark study substantiated these concerns using case vignettes to demonstrate that symptom checkers
commonly err in their triage assessment.

Objective: This study aims to revisit the landmark index study to investigate whether and how symptom checkers’ capabilities
have evolved since 2015 and how they currently compare with laypersons’ stand-alone triage appraisal.

Methods: In early 2020, we searched for smartphone and web-based applications providing triage advice. We evaluated these
apps on the same 45 case vignettes as the index study. Using descriptive statistics, we compared our findings with those of the
index study and with publicly available data on laypersons’ triage capability.

Results: We retrieved 22 symptom checkers providing triage advice. The median triage accuracy in 2020 (55.8%, IQR 15.1%)
was close to that in 2015 (59.1%, IQR 15.5%). The apps in 2020 were less risk averse (odds 1.11:1, the ratio of overtriage errors
to undertriage errors) than those in 2015 (odds 2.82:1), missing >40% of emergencies. Few apps outperformed laypersons in
either deciding whether emergency care was required or whether self-care was sufficient. No apps outperformed the laypersons
on both decisions.

Conclusions: Triage performance of symptom checkers has, on average, not improved over the course of 5 years. It decreased
in 2 use cases (advice on when emergency care is required and when no health care is needed for the moment). However, triage
capability varies widely within the sample of symptom checkers. Whether it is beneficial to seek advice from symptom checkers
depends on the app chosen and on the specific question to be answered. Future research should develop resources (eg, case
vignette repositories) to audit the capabilities of symptom checkers continuously and independently and provide guidance on
when and to whom they should be recommended.

(J Med Internet Res 2022;24(5):e31810)   doi:10.2196/31810
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Introduction

Background
The use of patient-facing clinical decision support tools has
become more and more prevalent in recent years. Tools assisting
laypersons in their self-assessment on whether and where to
seek professional medical care and for what diagnoses based
on the users’ input of symptoms and medical history are termed
symptom checkers. Especially at the beginning of the COVID-19
pandemic, such tools were developed to assist patients in
deciding whether to call emergency services with symptoms
indicative of a COVID-19 infection or whether self-isolation is
required [1-4]. Although the 2021 World Health Organization
global report on artificial intelligence for health [5] mentions
symptom checkers explicitly only in this narrow context of
outbreak response, symptom checkers have been available (and
researched [6]) for more than a decade and typically address a
broader spectrum of diseases.

Symptom checkers are becoming increasingly popular, with
approximately 13% of the German adult population already
having consulted an app for self-diagnosis [7]. Such apps are
commonly used as a means of self-information and guidance
through the health care system [8], although other potential use
cases such as syndromic surveillance have been described as
well [9,10]. Notably, some integrated delivery networks (health
care networks) in the United States have begun to incorporate
symptom checkers as a service for their members, be it for
educational purposes or to improve their members’ experience
of their patient journey, for example, by guidance on where and
how urgently to seek care within the network on the symptom
checker’s suggestion [11-13]. A recent study among Finnish
primary care leaders of institutions integrating symptom
checkers into their services demonstrates their support for the
use of these systems [14]. Despite their popularity, symptom
checkers also face concerns from both patients and health care
professionals [15-17]. Insufficient accuracy of the advice
provided is a commonly raised concern.

Although no clear framework has yet been established on
evaluating the accuracy of symptom checker apps’ advice [18],
a common first approach has been to test such systems on short
fictitious patient descriptions (case vignettes), mirroring an
approach to assess the reliability of diagnostic decision support
systems for health care professionals [19,20], variability of
initial diagnostic impressions [21], and diagnostic ability among
physicians [22]. Independent studies using this approach suggest
that advice from most symptom checker apps is rather
unreliable, both for diagnosis and triage (ie, the assessment of
urgency) [23-26]. A recent study with a slightly different
approach, assessing 2 symptom checkers on information
abstracted from medical records, came to the same conclusion
[27]. Accordingly, 2 (systematic) reviews on the currently
available evidence advise against using web-based triage
systems in lieu of traditional urgency assessment means and
emphasize the clinical risks that symptom checker use might
pose [28,29].

Objective
A key source of these and other reviews [30,31] on symptom
checkers is a study by Semigran et al [23] published in 2015.
They found that symptom checkers were rather risk averse at
the time and reported an aggregated triage accuracy of 57% and
diagnostic accuracy of providing the correct diagnostic
suggestion first at 34%. A recent study assessing 4 symptom
checkers on ophthalmologic case vignettes in 2018 and 2020
suggests that the capabilities of symptom checkers have not
improved during this time frame [25]. Although other relevant
studies competitively comparing symptom checkers’ accuracy
have been published since 2015 [24,32,33], their chosen
methodology (eg, sampling of apps and definition of triage
levels) hinders a direct comparison with the data from the study
by Semigran et al [23]. Thus, our study aims to revisit the
landmark study by Semigran et al [23] to investigate whether
and how symptom checkers’ capabilities have evolved since
2015 and how they compare with human decision makers.

Methods

Data Collection on Symptom Checker Performance in
2020

Search and Selection Criteria for Symptom Checkers
Between February and March 2020, we systematically searched
for symptom checker apps and websites capable of providing
triage advice following the approach of Semigran et al [23]. To
identify smartphone apps, we entered symptom checker and
medical diagnoses as keywords in Google Play Store and the
US, UK, and German versions of the Apple App Store and
screened the first 240 results provided using the same cutoff as
Semigran et al [23]. Symptom checker apps had to be freely
available in English. We excluded apps that did not provide
triage advice or only addressed specific complaints (eg, skin
conditions) or specialties (eg, apps for orthopedics). Unlike
Semigran et al [23], we also dismissed apps when the number
of downloads was <100,000 or when the app had received
unsatisfactory reviews (<4 stars), as both features indicate that
the app might not be used commonly.

To identify web-based symptom checkers, we searched Google
and Google Scholar with the same keywords and screened the
first 300 results. Symptom checkers that were included in the
study by Semigran et al [23] were searched by their name and
included if still publicly available. Symptom checkers mentioned
in other scientific studies or known to the authors but not found
during the search strategy were included if they met the
inclusion criteria as described earlier.

Modification of Clinical Vignettes
To analyze the diagnostic and triage accuracy of symptom
checker apps, we used the same 45 short descriptions of
fictitious patients and their complaints (case vignettes) that were
used in the original study by Semigran et al [23]. As the
interpretation of a vignette may change if it does not include a
particular piece of information that is requested by a symptom
checker (eg, the chief complaint’s duration), we used several
measures to augment the case description and, thus, improve
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the comparability of vignettes across the different symptom
checkers. First, 2 authors (KS and MS), both physicians,
complemented indication-specific details that they anticipated
to be relevant for triage decisions by advanced symptom
checkers, such as the onset of the chief complaint or the severity
of pain. In addition, each case vignette was assigned a chief
complaint as some symptom checkers require this as input.
When applicable, we adopted the chief complaint assigned by
Hill et al [24], a 2020 study that also built upon the vignette
sample from the study by Semigran et al [23]. However, we
retained the gold standard solutions for the correct diagnosis
and the 3-tiered triage-level definitions as defined in the index
study [23].

Assessing Diagnostic and Triage Accuracy of Symptom
Checker Apps in 2020
A research assistant with no clinical training entered the case
vignettes into the symptom checker apps between June and
December 2020. In advance, a set of rules was defined on how
to handle ambiguity during data entry and outcome
interpretation; for example, when symptom checkers requested
information that was not provided by the vignette or an app’s
diagnostic suggestions were synonyms or umbrella terms for
the gold standard diagnostic solution (Multimedia Appendix 1
[23,24,27,34-36]). Importantly, when a symptom checker app
linked its triage advice to its diagnostic suggestions, we rated
the triage advice for the first diagnosis it listed, assuming that
this is the diagnosis that the app considers most likely and
therefore the triage advice most relevant. This rule marks an
exception from our general approach to retain the procedure of
Semigran et al [23]. Semigran et al [23] used the most urgent
triage level when the suggested diagnoses were linked with
different triage suggestions. They argued that “in almost all of
the cases the most urgent triage suggestion was listed first” [23].
However, we did not observe this and considered the triage
advice linked to the diagnosis listed first. However, this
divergence only affects 3 apps (K Health, HealthTap, and
WebMD), as most apps provide triage advice not linked to
diagnostic suggestions or also provide an overall triage appraisal.

As the apps use different classifications of triage urgency, we
mapped all triage advice definitions of the assessed symptom
checkers into the 3 categories that were defined by Semigran
et al [23] (ie, emergency, nonemergency, and self-care). When
symptom checkers provided triage advice that could not be
matched to the 3 categories (eg, if a symptom checker identified
emergency cases but could not specify whether self-care was
sufficient or nonemergency care should be advised and when
it deemed emergency care unnecessary), unspecified answers
were counted as incorrect. To control for this decision, we
conducted our main analyses twice, excluding and including
such symptom checkers, and we report or provide both in the
Multimedia Appendix 1.

Comparator Data Sets for Symptom Checker
Performance
We compared our data on symptom checker performance in
2020 with three publicly available data sets: (1) Semigran et al
[23] (the index study) evaluated the diagnostic and triage
accuracy of 23 symptom checker apps in 2015 using 45 case

vignettes; (2) Hill et al [24,34] evaluated 36 symptom checker
apps in 2020 on 48 clinical vignettes, using some of the vignettes
compiled by Semigran et al [23] and new case vignettes; and
(3) Schmieding et al [35] evaluated laypersons’abilities to triage
the same 45 case vignettes used by Semigran et al [23].
Although Semigran et al [23] used a 3-tiered classification of
triage levels to set the gold standard solution (emergency care
required, nonemergency care required, and self-care appropriate)
and the study by Schmieding et al [36] retained this
classification, the study by Hill et al [24] used a 4-tiered
classification of triage levels (emergency, urgent, nonurgent,
and self-care), thereby hindering a direct comparison of triage
capability with the other data sets. Not all symptom checkers
included in the first and second data sets and gave advice on
both triage and diagnosis. In addition, in both studies, some
symptom checkers never returned self-care appropriate as triage
advice. A detailed description of these data sets can be found
in the Multimedia Appendix 1. We made our data set publicly
available via a web-based open data repository [37].

Data Analysis
Data were cleaned and explored with R (version 4.0.0) [38] and
the tidyverse packages [39]. Figures were created using the
package ggplot2 [40].

Direct Comparison of Symptom Checker Triage
Performance Between 2015 and 2020
We defined the triage accuracy of a symptom checker app as
the proportion of vignettes to which a symptom checker app
provided the correct triage advice in relation to all vignettes to
which the app provided triage advice. In other words, vignettes
that a symptom checker could not triage were omitted from the
denominator. Given that our data from 2020 was based on the
same 45 case vignettes and we retained the same definition of
urgency levels and the gold standard solutions as set by
Semigran et al [23], a direct comparison between these data sets
was possible to assess the evolution of symptom checkers’ triage
capability between 2015 and 2020.

We calculated the median and IQRs of the apps’ triage
accuracies for both data sets. To assess whether symptom
checker apps were still as risk averse as reported in 2015, we
calculated the odds of overtriage to undertriage, where overtriage
refers to advice to seek a more urgent level of care than
necessary, and undertriage refers to advice to seek care with
less urgency than appropriate. In addition, we created confusion
tables outlining which triage advice was provided during the
evaluations of case vignettes from each of the 3 triage levels.
In both the analysis of risk aversion and the confusion table,
we excluded apps that did not provide self-care advice in our
results reported here. For example, we excluded the symptom
checker iTriage in this analysis, as it always advised to seek
emergency care in the data from the study by Semigran et al
[23] and thus potentially masks an interesting trend observable
in those apps capable of providing triage advice for all 3 triage
levels. Analyses including all apps can be found in the
Multimedia Appendix 1.
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Comparison of Triage Accuracy for Binary Triage
Decisions
A 3-tiered triage classification as used by Semigran et al [23]
(emergency, nonemergency, and self-care) and retained for our
data collection comes with 2 downsides. First, a direct
comparison of results from studies with different classifications
of urgency levels is hindered, and second, common metrics of
signal detection theory (eg, sensitivity and specificity) cannot
be calculated. To facilitate a comparison of triage accuracy
across studies with different triage definitions (eg, emergency,
urgent care, nonurgent care, and self-care, as used in the study
by Hill et al [24]), we created 2 binary triage accuracy measures:
whether a symptom checker (or layperson) can differentiate
between cases requiring emergency care (decision 1) and
between cases where self-care was sufficient or professional
medical care should be sought (decision 2). These 2 measures
represent common triage decisions users of symptom checkers
face [8]. Accordingly, case vignettes with gold standard urgency
levels of urgent care, nonemergency care, nonurgent care, and
self-care are counted as not requiring emergency care, whereas
all urgency levels except self-care were counted as requiring
professional health care. We calculated accuracy, sensitivity,
and specificity for each measure and juxtaposed the median and
IQR of apps based on the 4 data sets we compared.

Comparison of Diagnostic Accuracy
We assessed the evolution of diagnostic accuracy of symptom
checkers by juxtaposing median and IQRs of 3 measures of
diagnostic accuracy, abbreviated as M1, M10, and M20: they
are defined as the proportions of case vignettes a symptom
checker assessed where it suggested the gold standard diagnosis
first (M1) within the first 10 (M10) or within the first 20 (M20)
diagnostic suggestions it gave. We report M1 for all 3 data sets
on symptom checkers, M10 for the Hill et al [24,34] and our
data set, and the M20 measure for the Semigran et al [23] data
set only.

Association Between Diagnostic and Triage Accuracy
Not all but many symptom checker apps (14/22, 64% in the
data set sampled by us; 11/23, 48% in the data set sampled by
Semigran et al [23]; and 8/36, 22% in the data set sampled by
Hill et al [24,34]) provide both diagnostic and triage advice. As
users approach symptom checker apps for different reasons—for
example, some people aim at self-diagnosis, whereas others are
looking for guidance through the health care system [8]—we
wondered whether symptom checker apps either tend to perform
well or poorly in both use cases or whether apps can provide

helpful information on one of these questions but not the other.
Thus, we explored whether the triage accuracy of these apps
was linked to their diagnostic performance by analyzing the
association of triage accuracy and diagnostic accuracy with
linear models, 1 for each of the 3 samples of symptom checkers,
and calculated the unadjusted R² value as a measure of variance
explained. We further determined how commonly symptom
checkers erred in their triage appraisal despite suggesting the
correct diagnosis first. A high proportion indicates that symptom
checkers grasp the case presentation but struggle with linking
the correct triage level to the case presentation, for example, by
providing overcautious triage advice despite having correctly
identified a diagnosis of low urgency.

Results

Study Sample
Our systematic search returned 22 symptom checkers capable
of providing triage advice, 14 (64%) of which also suggested
diagnoses. Approximately 23% (5/22) of symptom checkers (K
Health, Isabel, Symcat, Everyday Health, and WebMD)
differentiated only 2 triage levels—emergency care and
nonemergency care—whereas the other symptom checkers
included self-care as potential triage advice. As most of the 22
symptom checkers were unable to evaluate every case vignette
(eg, as their scope was limited to adult or pediatric patients),
our assessment of the apps on 45 case vignettes yielded a total
of 796 unique triage evaluations (22 apps, with a median of 40
evaluations per app and an IQR of 11) and 520 unique diagnostic
evaluations (14 apps, with a median of 39 evaluations per app
and an IQR of 15). Tables S1-S3 in Multimedia Appendix 1 list
the retrieved symptom checker apps and denote their individual
triage and diagnostic performance.

Comparison of Triage Accuracy

Direct Comparison of Symptom Checkers’ Triage
Accuracy in 2015 and 2020
The median overall triage accuracy of all symptom checkers in
our data set from 2020 (55.8%, IQR 15.1%; N=22) is close to
the median triage accuracy of the apps in 2015 by Semigran et
al [23] (59.1%, IQR 15.5%; N=15). The medians remain similar
when excluding apps that never advise seeking self-care (Table
1). Most of those apps included both in the sample of Semigran
et al [23] and our sample (5/8, 63%) improved their overall
triage accuracy on the set of 45 case vignettes (Figure 1).

Table 1. Overall triage accuracy of symptom checker apps in 2015 (data from a study by Semigran et al [23]; N=15) and 2020 (data collected by us;
N=22).

Overall triage accuracySample of symptom checker apps

20202015

Values, n (%)Values (%), median
(IQR)

Values, n (%)Values (%), median
(IQR)

22 (100)55.8 (47.8-62.9)15 (100)59.1 (51.7-67.1)All triaging apps included in the respective study

8 (36)58.3 (53.8-65.3)8 (53)55.9 (49.4-65.7)Subset of apps included in both studies

17 (77)59.5 (50.0-64.4)11 (73)59.5 (53.3-70.7)Subset of apps capable of providing self-care triage advice
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Figure 1. Overall triage accuracy of 8 symptom checkers included in both samples (2015 and 2020) and assessed on the same 45 case vignettes in 2015
and 2020. Data on symptom checker accuracy for 2015 are taken from a study by Semigran et al [23]. Of the 8 symptom checkers, 3 never recommended
self-care as triage level (colored in red) in 2015 and 2 in 2020. One symptom checker (Symptomate) never recommended self-care in the 2015 study
by Semigran et al [23] but provides such recommendations in 2020, as indicated both in our data and reported by Hill et al [24,35]. NHS: National
Health Service.

Confusion Matrices for Triage Advice
The 2015 sample of 11 apps, providing triage advice and
including all 3 urgency levels, more commonly erred by
overtriaging a case vignette than by undertriaging (odds 2.82:1
and 110:39, respectively). The ratio of overtriage to undertriage
was less for the respective sample of 17 apps in 2020 (odds
1.11:1 and 131:118, respectively). In comparison with the

sample of 2015, the sample of 2020 less frequently mistook
self-care cases and nonemergency cases for emergencies,
whereas at the same time more often misclassified emergencies
as nonemergencies (Tables 2 and 3).

Confusion matrices, including the case evaluations by those
apps that did not provide triage advice on self-care, can be found
in the Multimedia Appendix 1 (Tables S4 and S5). They show
the same general trend as reported here.

Table 2. Confusion matrix of triage advice of 11 symptom checker apps assessed in 2015 by Semigran et al [23].

Gold standard solution of the triage level for the case vignette (15 case vignettes per category), n (%)Triage recommendation provided by the
symptom checker app

Self-care (n=127 evaluations)Nonemergency (n=128 evaluations)Emergency (n=130 evaluations)

23 (18.1)41 (32)103 (79.2)Emergency care

46 (36.2)74 (57.8)22 (16.9)Nonemergency

58 (45.6)13 (10.1)5 (3.8)Self-care

Table 3. Confusion matrix of triage advice of 17 symptom checker apps assessed in 2020 on the same 45 case vignettes as used by Semigran et al [23]
in 2015.

Gold standard solution of the triage level for the case vignette (15 case vignettes per category), n (%)Triage recommendation provided by the
symptom checker app

Self-care (n=193 evaluations)Nonemergency (n=205 evaluations)Emergency (n=202 evaluations)

6 (3.1)26 (12.6)116 (57.4)Emergency care

99 (51.2)147 (71.7)80 (39.6)Nonemergency

88 (45.5)32 (15.6)6 (2.9)Self-care
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Symptom Checkers’ Triage Capability on Binary Triage
Decisions in 2015 and 2020
The median accuracy of the apps in deciding whether emergency
care is necessary (decision 1) in 2015 (78.6%, IQR
72.1%-83.1%) was similar to our re-evaluation in 2020 (80%,
IQR 74.6%-86.8%; Figure 2). The same holds true regarding
the median accuracy for decision 2, whether medical care should
be sought or self-care is sufficient (73.3%, IQR 70.5%-82.3%
vs 72.6%, IQR 68.5%-81%). Differences between the apps’
triage performance in 2015 and 2020 appear when comparing
the sensitivity and specificity for detecting emergencies. In
2015, the median app correctly spotted 85.7% (IQR

66.7%-96.4%) of the emergencies (sensitivity), with a median
specificity of 82.1% (IQR 75%-84.5%). In comparison, in our
2020 data, the median app spotted 51.9% (IQR 40%-78.2%) of
the emergencies (sensitivity) and attained a specificity of 93.3%
(IQR 87.4%-96.4%). Comparing the data from studies by
Semigran et al [23] and Hill et al [24,34] reveals the same trend,
with a low sensitivity to identify emergencies (61.5%, IQR
50%-65.9%) and high specificity to rule them out (95.5%, IQR
89.6%-100%) in 2020. Such a trend cannot be detected regarding
decision 2, whether professional medical care (health care) is
required, as sensitivity and specificity scores from 2015 are
close to those from 2020 (Figure 2).

Figure 2. Accuracy, sensitivity, and specificity of symptom checker apps and laypersons for 2 binary triage decisions on whether emergency care is
required and whether professional medical care is required at all. Data for symptom checkers are taken from Semigran et al [23], Hill et al [24,35], and
our own data collection. Data on laypersons are taken from Schmieding et al [36].

Symptom Checkers’ Triage Capability on Binary Triage
Decisions in 2020 Compared With Laypersons
The sample of 22 symptom checkers assessed in 2020 performed
very similarly to laypersons’ triage accuracy (Figure 2) [36].
However, few apps managed to outperform laypersons on binary
triage decisions. Concerning decision 1, whether emergency
health care should be sought or not, 18% (4/22) of apps (Mayo,
Ada, Isabel, and Healthwise) showed a higher accuracy,
sensitivity, and specificity than the median layperson (accuracy
82.2%, sensitivity 73.3%, and specificity 90%). Concerning
decision 2, whether professional medical care should be sought,
23% (5/22) of apps (Healthy Children, NHS, Drugs.com,
Healthily, and Earlydoc) managed to outperform the median
layperson’s accuracy (75.9%), sensitivity (90%), and specificity
(46.7%; Table S2 in Multimedia Appendix 1).

Comparison of Diagnostic Accuracy
The 64% (14/22) of symptom checkers that provided diagnostic
advice in 2020, on average, provided the correct diagnostic
suggestion first (M1) for approximately half the case vignettes
assessed, and two-thirds of the time, the correct diagnosis was
listed among the first 10 suggestions on average (M10; Table
4). The M1 score is higher than the sample median diagnostic
accuracies reported by Semigran et al [23] in 2015. In line with
this, of the 7 symptom checker apps providing diagnostic
suggestions and included in the samples by both Semigran et
al [23] and our study, the majority (6/7) improved their M1
diagnostic accuracy (Figure 3). Hill et al [24,34] reported median
diagnostic accuracy scores in 2020 closer to those of Semigran
et al [23] for M1 diagnostic accuracy.
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Table 4. Diagnostic accuracy of symptom checkers as reported by Semigran et al [23] in 2015, Hill et al [24,34], and our data set from 2020a.

Diagnostic accuracy of symptom checkers (%), median (IQR)Metric of diagnostic accuracy

Our data (n=14 apps)Hill et al [24,34] (n=24 apps)Semigran et al [23] (n=19 apps)

45.5 (37.5-51.7)34.3 (26.5-40.1)35.5 (30.0-40.0)M1

71.1 (60.9-76.9)59.2 (40.5-70.8)—bM10

——55.8 (45.2-73.6)M20

aDiagnostic accuracy as reported by Hill et al [24,34] is based on a different but overlapping set of case vignettes. M1, M10, and M20 abbreviate the
proportion of case vignettes a symptom checker assessed where it suggested the gold standard diagnosis first (M1) within the first 10 (M10) or within
the first 20 diagnostic suggestions (M20). The table displays the median and IQR values on these 3 metrics of the 3 samples of symptom checkers.
bNot available: Semigran et al [23] presented values only for M1, M3, and M20. Hill et al [24,34] and our data collection disregarded diagnostic
suggestions beyond the first 10 suggestions.

Figure 3. Overall diagnostic accuracy (correct diagnosis listed first, M1) of 7 symptom checkers included in both samples (2015 and 2020) and assessed
on the same 45 case vignettes in 2015 and 2020. Data on symptom checker accuracy for 2015 are taken from Semigran et al [23].

Relation Between Diagnostic and Triage Accuracy
Considering those apps that provided both diagnostic and triage
advice, the proportion of wrong triage assessments when the
correct diagnosis was suggested first is 37.7% (57/151) for the
study by Semigran et al [23], 37.6% (88/234) in our data, and
46.4% (58/125) in the data provided by Hill et al [24,34].
Accordingly, the individual symptom checker app’s top 1
diagnostic and triage accuracy does not correlate well with low
unadjusted R² values (0.018, 0.175, and <0.001 for the Semigran
et al [23], Hill et al [24,34], and our data sets, respectively;

Figure 4). In the study by Semigran et al [23], most of these
erroneous triage assignments were overtriage errors (52/57,
91%), whereas this proportion was lower in our data (46/88,
52%) and in that of the Hill et al [24,34] study (34/58, 58%).
Concerning those evaluations where symptom checkers got the
diagnosis right but allocated the wrong triage levels, many of
the errors were because of a false appraisal of whether
emergency care was necessary or not (Semigran et al [23] study:
29/57, 51%; Hill et al [24,34] study: 18/58, 31%; and our data:
24/88, 27%).
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Figure 4. Association between M1 diagnostic accuracy (proportion of case vignettes to which the app provided the correct diagnosis first, as percentage)
and triage accuracy. Every dot represents a symptom checker app. Red dots represent apps that provide either only triage or only diagnostic advice.
Data for symptom checkers are taken from studies by Semigran et al [23], Hill et al [24,35], and our own data collection.

Discussion

Principal Findings

Evolution of Triage Capability of Symptom Checker
Apps
Our study assesses how the triage and diagnostic capability of
symptom checkers evolved from 2015 to 2020. A direct
comparison between the data from Semigran et al [23] and the
data collected by us in 2020 indicates that overall triage accuracy
has not improved over the course of 5 years with respect to the
same set of case vignettes. This holds true even when we look
beyond the overall triage accuracy rate with 3 triage levels
(emergency, nonemergency, and self-care) and instead assess
the apps’ accuracy to advise on seeking emergency versus no
emergency care (decision 1) or seeking medical care versus not
care at all (decision 2).

However, the pattern where symptom checker apps perform
well and poorly seems to have changed. In 2015, apps were
more risk averse (ie, they detected emergencies reliably and
tended to overtriage less urgent cases), whereas both our data
and the data from Hill et al [24,34] show that in 2020, apps
tended to be less risk averse and missed more emergencies. The
ability to reliably detect emergencies (the sensitivity to identify
emergencies) can be considered the most important metric for
assessing a symptom checker’s safety. On the other hand, the
ability to correctly spot those cases where self-care is sufficient
(ie, the specificity to correctly rule out cases when professional
health care is not necessary) can be considered the most
important metric for assessing the usefulness of an app to both
its users and the health care system, as this is the most difficult
decision for laypersons [36], providing a great potential to
disburden health care services. According to the data of both
Hill et al [24,34] and our own study, symptom checkers still
did not perform particularly well on both metrics in 2020.
Comparing the distribution of triage errors (Table 3) with that
of medical laypersons, as reported by Schmieding et al [36],

we observe that the triage behavior of symptom checkers and
medical laypersons have aligned. Thus, we consider it a pressing
question whether symptom checkers can enhance laypersons’
decision-making when both their accuracy and direction of
errors are similar. The importance of this question is supported
by an experimental study demonstrating that most laypersons
do not change their triage assessment after an internet search,
and when they do, this change is as commonly correct as it is
incorrect [41].

However, it must be noted that among our sample of apps, some
defy the general trend and show high rates of accuracy,
sensitivity, and specificity for either but not both of the binary
triage decisions, indicating that they are potentially beneficial
to their users when approached with the appropriate question
(Table S2, Multimedia Appendix 1).

Evolution of Diagnostic Capability of Symptom Checker
Apps
The rate of correct diagnoses being presented first (M1
diagnostic accuracy) by symptom checkers is still low, with a
median of <50%. Only 2 symptom checkers (Everyday Health
and Symptomate) in our sample achieved an M1 diagnostic
value near the M1 diagnostic accuracy of physicians on these
case vignettes, reported at 72.1% by Semigran et al [42] in a
study from 2016 (Table S3, Multimedia Appendix 1). However,
it must be noted that both apps did not evaluate all 45 case
vignettes, and thus, their observed diagnostic accuracy might
be skewed by selection bias. However, in contrast to the
evolution of triage capability, data from a study by Hill et al
[24,34] and our own data hint at a slight improvement of
diagnostic accuracy, as the correct diagnosis is now more
commonly included in the top 10 suggestions (M10) than in the
first 20 suggestions in 2015. However, it must be considered
that these case vignettes have been publicly available, and
therefore, app developers potentially trained their apps’
algorithms on these cases. Hence, the diagnostic accuracy for
previously unpublished case vignettes might have increased
differently or not all. In addition, as users are presumably most
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affected by the first or first few diagnostic suggestions, we
question whether the observed increase in diagnostic capability
already translates into an additional benefit noticeable to users.

Association Between Symptom Checker Apps’Diagnostic
and Triage Capability
All 3 data sets assessing symptom checker performance
considered in this study indicate that correct diagnostic
evaluation does not reliably translate into correct triage
evaluation; that is, apps capable of diagnosing correctly are not
necessarily good at triaging. Given that a large proportion of
triage advice was incorrect even when the app correctly
diagnosed the case (between 37% and 46%), a cause for the
divergence of triage and diagnostic might be that app developers
assign a wrong triage level to their diagnoses. However, as
symptom checkers are developed by companies and agencies
from different countries with potentially very different health
care systems, the assignment of a specific triage level to a
diagnosis might be wrong in one health care setting but correct
in another. We observed that a considerable proportion of
correctly diagnosed but incorrectly triaged case vignettes were
incorrectly classified as (not) constituting an emergency. As we
deem the variation between health care systems concerning the
definition of what constitutes an emergency low, triage advice
tailored to a specific health care system cannot be the only
explanation for the observed discrepancies between triage and
diagnostic capability.

Limitations
The assessment of symptom checker performance in our study
is based on clinical vignettes and thus comes with important
limitations, which our study shares with other case
vignette-based approaches to assess symptom checkers: patient
users might enter their complaints less reliably and more
ambiguously into apps compared with the mock users who enter
information from clinical vignettes in a more structured fashion.
A study by Jungmann et al [43] shows low interrater reliability
among laypersons in entering information into symptom checker
apps. Thus, vignette-based studies potentially have a poor
ecological validity (ie, transferability to the real-world setting)
and might overestimate the accuracy of symptom checkers when
used by their target users—laypersons—in a real-world setting
as they do not account for users’ variable capability to enter
their symptoms without making errors.

Furthermore, researchers assign a correct solution (gold standard
diagnosis and triage level) to each case vignette. However, there
might be >1. These case vignettes commonly represent the first
presentation of new complaints of a fictitious patient, and
thus—similar to the real clinical setting—to definitely determine
the correct diagnosis and most appropriate triage level,
additional information might be required, such as imaging or
laboratory findings. Thus, at the time of initial presentation,
which is also the time when symptom checkers tend to be used,
multiple options might be considered correct when more
predictive information is not yet available.

In addition, even when symptom checkers achieve high
accuracy, their true value to the users can only be fully estimated
when taking into account the users’ own appraisal, prior

knowledge, and trust in the symptom checker [41,44,45]. Thus,
an evaluation of symptom checkers with case vignettes alone
is a useful but only a first step to identify the best symptom
checkers; in a second step, the best-in-class apps should then
be further evaluated with study designs where patients enter
their own complaints [46-48], and patient-reported outcomes
and experience measures should be brought into focus.

Despite the limitations of vignette-based audit studies, we are
convinced they will remain essential, as they provide a means
for quick and potentially automatable evaluations of symptom
checkers. With symptom checker software being updated on a
regular basis and new apps continuously becoming available,
we consider the vignette-based approach a necessary
complement to more informative but also more costly and
lengthy clinical studies. Thus, we advocate for the further
development of the key resources of such studies—the clinical
vignettes. We suggest the creation of a repository of vignettes
not only based on real patient histories but also refined by a
test–theoretical perspective and annotated by machine-readable
codes (such as Systematized Nomenclature of Medicine–Clinical
Terms semantic tags) to pave the way for automating the
evaluation of those symptom checkers providing a suitable
application programming interface.

Apart from the limitations deriving from the use of vignettes,
our study comes with an additional set of specific limitations.
As symptom checkers appear and disappear, the sample of
retrievable symptom checkers varies over time. Of the 15
triaging symptom checkers assessed in 2015, only 8 (53%) were
retrievable in 2020. In addition, although an implicit consensus
on defining symptom checkers by their function emerges, it is
difficult to definitely determine whether a tool can be considered
a general-purpose symptom checker app and thus be included
in studies. For example, the tool Healthy Children was
considered a symptom checker app by Semigran et al [23] and
Hill et al [24], although it merely presents a list of advice and
descriptions of common diagnoses associated with single chief
complaints without performing an input-based assessment of a
patient’s complaints as most other tools do. For the purpose of
comparability, we included Healthy Children and similar tools
in our study as well, although we are aware that other
researchers disregard these tools in their studies [32], arguably
as such tools have not much in common with smartphone apps
or web-based applications more reactive to user input and built
on computational rather a tree-based algorithms, except their
shared use case. Consequently, any attempt to assess the
presumed population of symptom checker apps faces the
difficulty that what constitutes a symptom checker is ill defined.
To avoid rarely used, potentially poorly performing apps
distorting the results, we excluded apps with few downloads or
below a certain threshold of user rating scores. By doing so, the
inclusion criteria for our study were more strict than in the study
by Semigran et al [23]; however, the limitations certainly
remain.

The heterogeneous definitions of triage levels potentially pose
an additional, important limitation for all symptom checker
comparison studies. Some studies on symptom checkers use
only 2 triage levels [25], whereas others use as many as 6 [33].
By defining 2 binary metrics of triage accuracy rather than just
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1, we could mitigate this limitation but only partially, as
triage-level definitions can also be incongruent between studies
as, for instance, the definition of urgent care by Hill et al [24]
mostly covers what Semigran et al [23] define as nonemergency
care but partially overlaps with the definition of emergency care
by Semigran et al [23] as well. Thus, we recommend that future
studies that aim to compare the triage capability of symptom
checkers competitively also include binary triage measures that
resemble real-life decisions (eg, should I call an ambulance or
not and is self-care sufficient and safe?), in addition to more
compartmentalized classifications of triage levels that can be
tailored for the local health care system at best and arbitrary at
worst. Although more compartmentalized classifications make
a meaningful comparison between symptom checkers with
different triage-level definitions more difficult, this approach
does acknowledge that the potential real-world benefit of
symptom checkers also lies in their ability to guide their users
through the health care system with advice that is as specific as
possible.

Finally, we consider our greatest limitation that a single mock
user, a nonnative English speaker, compiled our data for
symptom checker performance in 2020. We tried to minimize
but certainly did not eliminate the risk that our comparative
analyses are influenced by this by (1) complementing the case
vignettes in advance with additional information we anticipated
symptom checkers would prompt the mock user to provide and
(2) defining rules on how to handle ambiguities in symptom
checkers’ questions or in the vignettes.

Conclusions
Assessing the capabilities of symptom checkers in a transparent
and reproducible manner is challenging but necessary to gather
independent and non–industry-funded evidence on these

increasingly popular decision support tools for patients and
laypersons. Our study compares 3 data sets on symptom
checkers’ diagnostic and triage performance, 1 with data from
2015 and 2 with data from 2020. Taken together, they suggest
that symptom checkers’ triage performance has, on average,
not improved over the course of 5 years, and it potentially even
decreased in the most important use cases (safe advice on when
emergency care is required and when no health care is needed
for the moment). Few highly performing apps managed to
provide more reliable triage advice than an average layperson
in one of those important 2 use cases. However, no symptom
checker outperformed the laypersons in both use cases, and in
general, symptom checkers’ triage behavior has become more
similar to that of laypersons. Although some apps are good at
both triaging and diagnosis, no general association between an
app’s triage and diagnostic ability exists to date. In addition,
the accuracy of advice does not only vary considerably between
symptom checkers but also within a given symptom checker,
as it may prove more reliable in appraising some categories of
diseases than others [48]. Taken together, these findings
highlight that the current value of symptom checkers heavily
depends not only on the app system but also on the question
(use case) with which it is approached, for instance, whether to
seek care or, if so, where or for what. Thus, medical laypersons
seeking useful decision support from symptom checkers face
the complexity of choosing which tool to use for what. To aid
the public in taking advantage of this emerging technology,
future research should develop resources (eg, repositories of
case vignettes) and frameworks with which symptom checkers’
performance can be evaluated continuously and independently.
Together with research findings on how users integrate symptom
checker’s advice into their decision-making, findings on these
decision aid’s capabilities can provide valuable guidance as to
when and to whom their use can be recommended.
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