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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 COV1D-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 areview of the regulatory landscape governing clinical trial data sharing.

Objective: Thisreview 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 gapsin existing policy frameworks, we aimed to suggest focal areasfor policy interventions on asystematic
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 atargeted 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. Weidentified 4 articles and 13 policy documents; none originated from LMICs. Most (11/17, 65%) of the clinical tria
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 timelineswhen clinical trial data can be shared. We classify clinical trial agenciesasfollowing either controlled-
or open-access data-sharing models. Incentives to promote data sharing and distinctions between mandated requirements and
supportive requirementsfor informed consent during the data-sharing processremain 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 theimmediate need for devel oping 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 legidation, we suggest that afocus on key elements of data-sharing mechanisms can be used
to inform the development of flexible yet comprehensive data-sharing policies so that ingtitutional mechanisms rather than
disparate efforts guide data generation, which is the foundation of al scientific endeavor.
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Introduction

Background

Data sharing from clinical trias 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 tria, but
excludes al personal information and medical records’ [1].
Clinical trial datasharingisdefined 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
waysfor informed clinica decisions. In particular, the secondary
analysis of such clinical trial data helpsin 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]. Idedlly, clinical trial data
sharing needs to be harmonized and standardized for the global
scientific community. However, to aign 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 | nternational
Committee of Medical Journa Editors [9], the UK-based
Pragmatic Clinical Trials Unit [10], and the US-based National
Ingtitutes of Health (NIH) StrokeNet [11] have developed
guidelines for efficiently sharing and accessing data. Clinical
trial registries and scholarly publications expect biomedical
researchersto provide statements on sharing data during various
stages of clinical trials (eg, at thetime 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
prerequisitesfor dataoversight or the presence of aningtitutional
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,

https://www.jmir.org/2022/5/€33591

investigators [13,14], and those involved in clinical trials.
Furthermore, data sharing from clinical research is generaly
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 investigatorsin complying with
data-sharing principles. The review of data-sharing guidelines
by Blasimme et a [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 datasharing from clinical trials.
Technical barriers include lack of standardization, limited
researcher capacity to build high-quality data, and a lack of
financia incentives for data sharing. Lega barriers such as
intellectual property rights (IPR), data ownership, concerns of
data provider and data user regarding mutua benefits, and
explicit informed consent for data sharing are threats to data
sharing [3,5,17,18]. Similar concernswere 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 | ssue

The competing interests of stakeholders involved in clinical
trials make data sharing a complicated issue owing to factors
relating to investments and existing lega frameworks
surrounding | PR. Theresistance 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]. Thiscan have, and has had, anegative impact on access
to medicines and hiologicals, including vaccines in low- and
middle-income countries (LMICs) [28].
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Ingtitutional frameworks based on jurisdictions vary
considerably. Data sharing from cross-border or multicountry
and multisite randomized controlled clinical trialsare generally
not governed by a single (or even comparable) national
legislation [29,30]. Although international regulations on data
sharing are lacking, there are afew guidelines. In amulticenter
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
practicesin the absence of amandate to shareclinical trial data
has created uncertainties among clinical trial investigators
[32,33]. With the paucity of surveys or academic syntheses to
offer guidance on datasharing, 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 datadisclosure
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 thisintention, we conducted
ascoping review of the literature with the following objectives:
to identify regulatory documents that have guided clinical trial
investigatorsintrial datasharing and to explorethe key el ements
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
methodol ogy, as proposed in the methodol ogical framework of
Arksey and O’ Malley [35] for scoping studies and the work on
advancing this methodology by Levac et a [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
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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) stakehol der 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 documentsfor 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 fals
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 wereinvolved 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 Coadlition, 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 s presented in Multimedia A ppendix
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 literatureisan 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 articlesincluded at thefull-text
stageto identify any potential inclusions. All search resultswere
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
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on study sel ection 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
recordsincluded at each stage was represented in the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) 2020 chart, along with the reasonsfor exclusion
of studiesduring the full-text screening [66]. The study selection
was based on the following inclusion and exclusion criteria:

« Inclusion criteria: asthisisabroad and emerging topic, we
did not limit our review to studieswith 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 instructionsto 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 criteriaz we excluded conference abstracts
because these are susceptible to changes (eg, content or
titte) 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
articlesretrieved 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 datawere coded as per
characteristics of the regulatory documents (name of trial
agency, type of regulatory document, recent version, regul atory
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 agencieswere categorized as being either for-profit
pharmaceutical trial agencies, federal or national regulatory
agencies (publicly funded trial agencies), academic institutions
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(effiliated 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
toitspotentially 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

Aswe 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, wefinally included 4 (3.7%) for the datacoding [ 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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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 chart. SOP: standard operating procedure.
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Findings From Gray Literature Search

Wefound few academic publications on regul atory frameworks
from clinical research. Therefore, we decided to conduct agray
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
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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
websiteswe examined, aswell asthose excluded, in Multimedia
Appendix 2.
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Table 1. Summary of articlesincluded in scientific journals.

Gudi et al

Name of clinical trial Type of regulatory ~ Geographical

Study agency Typeof clinical trial agency  document scope Scientific scope

Nisen and Rockhold,  GsK@gponsored trials ~ For-profit pharmaceutical trial - Policy Global GSK-sponsored trials

2013[72] agency

Rosseta, 2018 [70] yopal Academic Policy Not reported  YODA partners (Medtronic
and Johnson & Johnson)

Pencinaetal, 2016  goaARC initiative For-profit pharmaceutical- ~ Policy United States g\ s9-sponsored phase | to

[73] academia collaboration phase |V trials (trials com-
pleted after January 2008)

Mitka, 2015 [71] |OM® Nonprofit regulatory agencies  Guideline Not reported  Not reported

8GSK: GlaxoSmithKline.

byODA: Yale Open Data Access.

®SOAR: Supporting Open Access for Researchers.
dBMS: Bristol Myers Squibb.

€IOM: Institute of Medicine.

Summary of ArticlesIncluded 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 adata-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 ingtitution (Yale Open Data
Access) [70], a pharmaceutical-academia collaboration
(Supporting Open Accessfor Researchers) [ 73], and anonprofit
regulatory agency (Institute of Medicine) [71]. The GSK policy
is applicable to GSK-sponsored trias globally, whereas the
Supporting Open Accessfor Researchersinitiativeisapplicable
to Bristol Myers Squibb (BMS)-sponsored phase |-V
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 isapplicableto their partner clinical trial agencies
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such as trial data sponsored by Medtronic and Johnson &
Johnson clinical trial data[70] (Table 1).

Summary of Regulatory Documents | dentified
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 costsin 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).
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Recent policy Geographical
Policy version Country of origin  scope Scientific scope Timeline Grant limit (US $)
Celgene[41] Version 4, 2017  United States United Statesand  Compound and indication trials ~ _a —
European Union
PhRMAPang 2013 United States United Statesand — — —
EFPIAC [74] European Union
NIH%-1 [42] 2003 United States — NIH-funded studies From 2003to  >500,000 or more
2023 (in direct costs®)
NIH-2 [16] 2020 United States — NIH-funded or NIH-conductedre-  From 2023 =>500,000 or more
search (in direct costs?)
NIH-NHLBIf 2014 United States — NHLBI-funded studies (relatedto  From 2003to  —
[43] heart, lung, and blood—related re- 2023
search)
NIH-NCI9[44] 2016 United States — NCI-supported Cancer Moonshot  On or after —
studies 2017
MRC [76] 2015 United Kingdom — Publicly funded clinical tridlsunits — —
NIHR! [75] Version 1, 2019 United Kingdom — NIHR-funded research studies — —
EMAI [79] Policy 0070, United Kingdom — For academic and noncommercial Dataheldafter —
2018 research purposes July 1, 2015
NIH StrokeNet Version1,2014  United States — Clinical trials conducted in the — —
[11] NIH StrokeNet network
PCTUX[10] Version 5, 2019 United Kingdom — Clinical research dataheld on PC-  From January —
TU servers 1,2014
PCORI' [77] 2018 United States — Research projects funded by — —
PCORI
UKCRC™[78] 2021 United Kingdom — UKCRC-registered clinical trials  — —
unit network
@\ ot mentioned.

PPhRMA: Pharmaceutical Research and Manufacturers of America.

CEFPIA: European Federation of Pharmaceutical Industries and Associations.

dNIH: National Ingtitutes of Health.

€n any year of the proposed project period through grants, cooperative agreements, or contracts.

'NHLBI: National Heart, Lung, and Blood Institute.
INCI: National Cancer Institute.

PMRC: Medical Research Council.

'NIHR: National Institute for Health Research.

IEMA: European Medicines Agency.

KpcTU: Pragmatic Clinical Trials Unit.

IPCORI: Patient-Centered Outcomes Research Institute.
MUK CRC: UK Clinical Research Collaboration.

Data-Sharing M echanisms

We reviewed data-sharing mechani smsfrom the documents and
summarizethe key specificationsin 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 obligationswith good data-sharing principles are highlighted
in the datasharing 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 datarequester and clinical trial agency

https://www.jmir.org/2022/5/€33591

are mutua 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 awebsite registration procedure or submission of adata
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
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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 thetrial agencies require an independent review committee.
However, an independent review committee would possess the
right to decide on sharing the data.

Nearly haf (8/17, 47%) [10,40,41,43,44,70,72,75,76] of the
trial agencies mentioned that informed consent for data sharing
should beincluded 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 ageneral timelinewithin which datawould be shared.
Of these 5 agencies, 2 (40%) specified that datawould be shared
along with the publication, 1 (20%) [ 76] specified atimeline 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. Thetimelimit to access datawas 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)
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[77]. Of the 17 clinical trial agencies, 1 (6%) [75] stated that
data access would be granted as per the agreement.

Of the 17 tria 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 model s 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. Policiesidentify varied sourcesresponsiblefor 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, aclinical trial agency, has stated that the cost of data
sharing should be shared by the clinical trial sponsor and the
secondary datauser [71]. Clinical trial agencies such asthe NIH
[16,42], the NIH-affiliated trial agencies[43], and the Medical
Research Council [76] encouragetrial investigatorsto estimate
data-sharing expenses in the grant application. Most (14/17,
82%) of the data-sharing policies were applicable to 1PD
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 appliesto underlying research data of the final summary
statisticsand 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 mechanismsin regulatory documents.

Requiresda- Requires  Requires  Specifies  Specifies Specifies  Specification Reduires  gpecification on

tasharing  review informed  timelineto timelimitto datashar- oncostof  SAINGOf  gharing of other
agreement ~ committee  consent sharedata accessdata ingmodel  datasharing IPD? clinical trial data
GSK b—sponsored Yes Yes Yes (appli- No Yes Yes No Yes Yes
trias[72] cable from
2013)
YODAS[70] Yes Yes Yes (appli- No Yes Yes Yes Yes Yes
cable from
2014)
SOARY initiative  Y&S Yes No No No Cannotas-  No Yes Yes
certain
IOM®[71] Yes Yes No Yes No Cannotas-  Yes Yes Yes
certain
Celgene [41] Yes Yes Yes (appli- No No Yes No Yes Yes
cable from
2014)
PhRMAf andEp- No Yes No No No Yes No Yes Yes
PIAY [74]
NIHM-1 [42] Yes Yes No No No Yes Yes No Yes
NIH-2[16] No No No No No Cannotas-  Yes Yes Yes
certain
NlH-NHLB|i No No Yes Yes No Yes Yes Yes No
[43]
NIH-NCI} [44] No No Yes(if con- Yes No Yes No Yes No
ducting re-
search
wouldbene-
fit public
health)
MRcK [76] Yes Yes Yes Yes No Cannot as-  Yes Yes No
certain
NIHR' [75] Yes Yes Yes No Yes Yes No Yes Yes
EMAm [79] No Yes No No No Yes No Yes Yes
NIH StrokeNet  No No No No No Cannotas= No No No
[11] certain
PCTU"[10] Yes Yes Yes Yes Yes Yes No Yes Yes
PCORI® [77] Yes Yes No No Yes Yes No Yes No
UKCRCP[78] Yes No No No No Yes No No No
Total, n (%; yes 11 (65) 12 (71) 8 (47) 5(29) 5(29) 12 (71) 6 (35) 14 (82) 11 (65)
or no)

& PD: individual participant data.

BGSK: GlaxoSmithKline,

®YODA: Yale Open Data Access.

4SOAR: Supporting Open Access for Researchers.

€IOM: Institute of Medicine.

*PhRMA: Pharmaceutical Research and Manufacturers of America.
9EFPIA: European Federation of Pharmaceutical Industries and Associations.
ANIH: National Institutes of Health.

INHLBI: National Heart, Lung, and Blood Institute.

INCI: National Cancer Ingtitute.

KMRC: Medical Research Council.
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INIHR: National Institute for Health Research.

MEMA: European Medicines Agency.

"PCTU: 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 aignment of financial investments dovetails
well with the desire to amortize these costsin 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 Devel opment
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 consumersof such data. Institutionally,
at the internationa level, the WTO has governed international
tradein goods and servicessinceitsinceptionin 1995. Asglobal
trade requires abiding by WTO standards, there has been a
cross-national harmonizing effect. This affects all goods and
servicesin 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 aso 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
inthewealthy countriesthat generally initiate such trias. Inthe
early 2000s, the Doha Declaration aswell 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 adata-sharing agreement, 8 (47%) require
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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) wererelated to IPD
sharing and 33% (4/12) provided specifications regarding the
cost of sharing data.

Datasharing iswidely advocated asanormin clinical research.
However, regulatory frameworks and policy guidanceto 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 amacrolevel, 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 trialsthat 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 threatsto 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 regul atory document (Multimedia
Appendix 2). We noted that policiesfor clinical trial datasharing
are evolving. For instance, the UK Clinical Research
Collaboration published a standard operating procedurein 2021
to share participant data [78]; however, it is ill 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 thereis alegal agreement between the data requester and
the data-sharing agency. The regulatory areas involved in the
data-sharing mechanism guide investigators to share datain an
appropriate manner to protect participant autonomy and data
confidentiality. However, a forma 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
accessto clinical trial datamay not be reliable because of higher
chances of fraudulent reports or erroneous secondary analyses.
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Giventhat 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, accessihility, and
usability of shared data. However, these may be expensive and
financially untenablein LMICs. Of the 17 policies, only 6 (35%)
[16,40,42,43,70,71,76] mentioned the cost of datasharing. Core
clinical trial sponsors and agencies such as the NIH have
recognized the need for supporting investigatorsfor data sharing.
TheNIH statesthat in grant applications, data-sharing expenses
can be estimated separately [16,42]. Such cost sharing is
identified as one of the sustainable waysto achieve datasharing
and was advocated at a public workshop conducted by the
National Academies of Sciences, Engineering, and Medicine
in November 2019 [32]. The Ingtitute 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 timelinesto share data and these specificationsreferred
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]. Wefound that informed consent
and legal agreements for data access are not a requirement for
all policies. The regulatory frameworks do not cover al key
elements of the data-sharing mechanisms discussed in this
scoping review. However, it is encouraging to see the scope of
these policies covering |PD 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
isthe need of the hour to look at data sharing with amoral and
ethical lens for the public good. It is important to weigh the
risks against the benefits of data sharing and find ways to
overcomeor mitigate therisks. Any data-sharing attempt without
considering the trial fundersis unlikely to be successful. Data
sharing requires collaboration among apex federal or national
trial agencies, academic ingtitutions, 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 rolein providing financial assistance and the capacity
building of investigators for data sharing. A comprehensive
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data-sharing policy may not be feasible, given the diverse
approachesin 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 abroader document in support of datasharing. There
isastrong need to define policy scopein termsof type of clinical
trial, type of clinical trial data, and single-center or multicenter
(including multicountry) trias, 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 academicianswith
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 mechanismstail ored to stakeholders’ interestsand
bound to ethical and legal concernsis the way forward.

Strengths and Limitations

This scoping review used asystematic, 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 searchesin scientific databases but later decided to
perform the gray literature search, and this is reported as a
deviation from our protocoal.

Conclusions

This scoping review used a rigorous methodology to support
clinical trial datasharing. Standardizing data-sharing processes
by framing amore focused and concise policy with key el ements
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 areality for the public good, negotiations around
stakeholder interestsare 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 al so explore how sensitive information, data standardization, and therapeutic rel ationships 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 EHRsin mental health contexts. A comprehensive search of electronic databases was conducted with no daterestrictions
for articlesthat described the use of EHRS, EM RS, or associated systemsin the mental health context. One of the authorsreviewed
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: Thefina review included 40 articles. The included studies were highly heterogeneous with avariety of study designs,
objectives, and settings. Several themes and subthemeswereidentified that explored theimpact 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 sensitiveinformation. EHRsintroduced 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 itin
separate records. Concerningly, theincluded studiesrarely involved service user perspectives. Furthermore, many studies provided
limited information on the functionality or technical specifications of the EHR being used.

Conclusions. We identified severa areasin which work is needed to ensure that EHRs benefit clinicians and service usersin
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 rolein 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 aso
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
comeswith risksfor service users, such asthe stigma associated
with mental health conditions [11]. Thus, mental health
information tendsto be considered highly sensitiveinformation,
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
acritical rolein such practices. Coiera[15] outlined that ahealth
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 caninform 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 hedlth care quality, partly through improved information
quality and accessibility [15]. EHRs are, in one sense, adigitized
version of the health care record but are a so much morein that
they introduce new practices and workflows [18-21]. For
example, EHRs have been found to affect how information is
documented in clinica records by introducing structured data
entry forms and disrupting the collection of narrative
information [22-25]. Internationally, the uptake of EHRsin 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 al so identified limited research on thistopic [30].
Apart from the barriers faced by all health settings in adopting
EHRSs, such as interoperability, time impacts, and workflow
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changes, there may be particular issues in the mental health
context that require investigation [31].

Information sharing relies on arange of information behaviors
and practices by cliniciansand 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 organizationa contexts and
interactions [34]. Jstensen et a [35] defined information
practice as“asocially 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 thislanguage 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 issuesin 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
potentialy stigmatizing information, from personal trauma to
behavioral patterns [9,41]. This information can also be
considered stigmatizing, both publicly and within health care
settings. Stigmais acommon theme across anumber of studies
exploring the experiences of service usersin the mental health
context [42-44]. For example, it has been found that people with
diagnoses such as borderline personality disorder experience
stigmafrom health professionals, which affects their care [45].
Health care professionalsin the mental health context are also
aware of the sensitivity of mental health information [9,46].
Several commentaries have raised concerns about how sensitive
informationisrecorded in EHRsand itsimplicationsfor 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
guantitative 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 datafields[24]. Thelack of standardized information
formats in the mental health context is a potential barrier to
EHR uptake[52,53]. Thereisalso 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 EHRsin mental health contextsistheimpact
it could have on the therapeutic rel ationship [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 cliniciansworried that EHRswould 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, ascoping review
is necessary to understand the literature [64]. This scoping
review aims to identify the impact of EHRs, implemented in
themental health context, on information practices. Furthermore,
it ams to explore how, in the use of EHRs, sensitive
information, data standardization, and impacts on the therapeutic
relationship have been considered, if at al.

Thereview had thefoll owing objectives and research questions:

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

2. Inmental 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 isnot awaysthe casein 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 servicesthat 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 thisissue
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
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uptake of EHRs in mental health care, it is appropriate to
conduct ascoping review of thisemerging evidenceto consider
abroad definition of EHRs and arange of study types.

This scoping review wasinformed 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-Anayses 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 theincluded studies. Our approach
to thisscoping review hasbeento exploretheliterature on EHRs
and describe what it tells us about the impact of EHRS on
information practicesin the mental health context. Unlike some
scoping reviews, we chose not to map the trendsin the literature.
Asdifferent jurisdictions are moving at different speedsin 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
servicesto peoplewith mental illnesswere alsoincludedin 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].

Weincluded studiesthat mentioned using EMRs, EHRs, or any
associated terms such as health information systems. Hayrinen
etal [70], inareview of theliterature, 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 heath system [71].
However, these definitions are not always made clear or defined
inthe 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 EHRsin 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 EHRsin 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 OpenNoteswill haveimplicationsfor our study
guestions. However, we consider these systems to be more
thematically aligned with patient portals and personal EHRS,
which would benefit from a separate review. Readersinterested
in thistopic should read the recent scoping review by Zhang et
al [73] on the use of patient portalsin mental health settings.

Textbox 1. Example search strategy run on Embase.

Kariotiset d

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
intheinitial search aswe wanted to identify all relevant health
informatics literature, which ranged across several decades|[74].
Papers not published in English were excluded. Thefirst author
(TCK) read asubset of articlesfromtheinitial searchto 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.

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 Iliness

10. Mentdl heslth care

11. Behavio? health care

12. Menta hedlth service*

13. 10R20OR30OR40R50R6
14. 7OR80OR90OR100R 11
15. 12AND 13
Study Selection reviewed all 122 full-text articles, with SG and MP each

Weidentified 3847 nonduplicate articles. Thetitlesand 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
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independently reviewing half of thefull-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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Figurel. PRISMA (Preferred Reporting Item for Systematic Reviews and Meta-Analyses) diagram. EHR: electronic health record.
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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 atextual 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 athematic 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 findingsin
an unstructured mind map, which we used to devel op descriptive

https://www.jmir.org/2022/5/€30405

RenderX

Y

« Protocol for a study (n=3)

» No full text (n=2)

» Mot specific to the mental health context
(n=6)

« Language other than English (n=1)

» Research not related to EHR used in
practice (n=9)

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 a so 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 devel oped
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 Char acteristics

Overview

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

Table 1. Study characteristics (N=40).

Kariotiset d

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.

Characteristics Values, n (%)
Study design
Quantitative 21 (53)
Qualitative 11 (28)
Mixed methods 8(20)
Research method?
Surveys 15 (38)
Interviews or focus groups 7(18)
Chart reviews 5(13)
Cross-sectional or secondary data use 5(13)
Quality improvement 3(8)
Ethnographic or observational 6 (15)
Descriptive case studies 1(3)
Study sample
Clinicians or health care professionals 26 (65)
Administrator, IT?, or management 9(23)
Service users 4 (10)
No participants (eg, record review) 13(33)
Countries
United States 27 (68)
United Kingdom 8(20)
Canada 2(5)
Other 3(8)

8Some studies included multiple methods and thus were counted twice.
BIT: information technol ogy.

Study Design and Research Method

A range of study designsand 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] aso 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], qualitativeinterview/focus
group studies (7/40, 18%) [100-104,110,111], chart review of
specific EHRs (5/40, 13%) [85-87,114,117], cross-sectional

https://www.jmir.org/2022/5/€30405
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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 theincluded 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 yearsin 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.
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Topics of included studies

Publication years of included studies

Exploring the adoption of EHRs?in the mental health care context
Evaluation of an EHR implementation

Exploring the use of EHRsto provide mutual accessto psychiatric
records

Exploring the impact of EHRS on the therapeutic relationship or
person-centered care

Exploring the use of EHRs in integrated or collaborative care
contexts

Comparing documentation in EHRs with documentation in paper
records

Exploring service users’ experiences or satisfaction with care when
an EHR is present

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

Exploring the impact of EHRs on health care professionals’ infor-
mation practices and behavior

Exploring clinicians’ satisfaction and perspectives of EHRs

Exploring information availability or documentation of specific
diagnosesin EHRs

2015 [116] and 2018 [94]

2009 [78], 2010 [107], 2011 [108], 2012 [99], 2017 [79], and 2018 [110]
2013 [80] and 2015 [81]

2010 [82], 2011 [84] 2017 [101], 2019 [111], 2020 [83], and 2020 [85]

2012 [113], 2012 [113], 2015 [112], 2015 [81], and 2018 [86]

2007 [87], 2016 [88], and 2018 [114]

2018 [110] and 2020 [90]

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

2004 [105], 2010 [106], and 2016 [104]

2009 [89], 2015 [92], and 2018 [110]
2013[117], 2016 [91], 2016 [95], 2016 [96], 2019 [93] 2020 [98], and 2020 [97]

3EHR: electronic health record.

Participants

physicians, psychiatrists, psychologists, social workers, and
nurses were well-represented across the studies. Some studies

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

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

(9/40, 23%) included administrative, management, or
information technology staff [ 78,97,99-103,108,112]. Only 10%
(4/40) of studiesinvolved service users [82,83,108,110]. Table
3 provides more details regarding the types of participants in
theincluded studies.

Participant role Included studies reporting thisrole, n Reference
(%)
Primary health care professional 4(10) [81,97,110,112]
Physician 6 (15) [92,99,102,106,107,115]
Psychiatrist 7(18) [80,89,96,99-101,103]
Psychologist or psychology technicians 9(23) [78,89,92,96,103-105,111,116]
Behavioral health cliniciansor mental health 5 (13) [83,101,102,110,112]
clinicians
Nurse, psychiatric nurse, or nurse practitioner 11 (28) [78,84,89,96,99,100,102,103,105,114,115]
Social workers or social assistants 7(18) [92,96,100,103-105,111]
Pharmacists 3(8) [78,99,102]
Other alied health professionals 5(13) [99,100,105,107,111]
Other clinical or health care staff 12 (30) [78,85,89,96,97,99-101,107,108,110,111]
Administrative staff 5(13) [78,102,103,107,112]
Information technology staff 4(10) [97,99,100,108]
Implementation teams 4(10) [99,100,107,108]
Service users 4(10) [82,83,108,110]
No participants (eg, secondary dataand chart 13 (33) [79,86-88,90,91,93-95,98,109,113,117]

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. Thelimited number of studiesin countries outside
the United States and the heterogeneity of study types limited
any comparison.

Settings

A variety of health care settings were represented in theincluded
studies, ranging from psychiatric hospitalsto 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.

Figure2. Trend in publication year of the included studies.
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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 studieswereincluded. Older systems such as computerized
patient records may not have been identified. This search
strategy was deemed appropriate as these systemsdid 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.

Trend in publication dates of included studies

Number of studies published
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Publication date

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 asthe eval uations 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, wetried to establish whether they were off-the-shelf
commercial EHRs or custom-built EHRs. Some papers did not

https://www.jmir.org/2022/5/€30405

RenderX

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 studiesthat we expected to report EHR detailsin 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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thetechnical 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
EHRsthat 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 a [97], which found 17 different off-the-shelf EHRs used
by servicesin the US National Drug Abuse Treatment Clinical
TrialsNetwork. MultimediaAppendix 1 liststhe EHRsreported
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 theoriesfrom 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
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over paper records, there are still issues with the compl eteness
of documentation, especially of mental health information.

Documentation of | nformation

Several studies reported an improvement in the compl eteness
of documentation in EHRs compared with paper records
[78,87-89,102,113-115]. Electronic documentation also
addressed issues of | egibility that were common in paper records
[88,89,99,108]. Improved documentation may partly be because
of EHRs promoating 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 a [117], in scanning an EHR to
identify drug- and acohol-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 participantsin the study of EHR use
in an integrated caretria 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 conditionsthat might
negatively affect the documentation. Ser et a [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 asurvey
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 stepsinthe 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 clinica notes in the future [81,110]. For
example, Bhe et al [81] reported that 97% (28/29) of primary
care physicianswho had received accessto psychiatric notesin
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 a [91] found that relying on diagnhostic
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 adiagnosiswas available in other parts of therecord. 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 a [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
theinformation on noncompliance with treatment isnot 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 initialy 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 recordsfor 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 healthinformation [102]. Improved accessto information
was al so viewed as contributing toward safer and higher quality
care [99,102,116]. Boyer et a [103] reported that 74.8%
(86/115) of health care professionad sinterviewed inapsychiatric
hospital reported improved access to service user information
with an EHR. However, not al information isavailable on EHRs
[112]. Clinicians may have to go through a complex process of
identifying what information they need and where they can
accessthat 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 a [94] found that for
community mental health agencies, "capturing datato improve
reporting capabilities' was a key motivation for implementing
an EHR.
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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 dtructures standardize and formalize information
collection and raise several issues, especialy in the mental
health context, where unstructured narrative information is used
extensively.

Standardized | nformation

Theissue of data standardization arosein 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 tofit datainto 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 suitablefor 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 reasonswhy 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
codesin an EHR may also create extrawork when service users
do not clearly fit any one diagnostic code [99]. Specific models
of care may also require greater flexibility and personalization
of theinformation collected [111]. An example of thisisfound
in a study on person-centered care planning by Stanhope and
Matthews [85,111], who found that standard formsin the EHR
were barriers to person-centered care.

Standardization is ot necessarily anegative process, and Takian
et a [99] found that the standardization of | etters 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 studiesthat explored the processthat 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 informa documentation. In contrast,
thisprovisionality enabled by paper recordsislimited by EHRS,
wheretheinformation entered is viewed as afinalized 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 a [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 a [106] found that EHRs did not have
the functionality to capture provisional information.

SupportsInformation Sharing and Communication

This theme captures how EHRSs 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
EHRsthat 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 alow 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 "caretransition" and
"discharge information” in psychiatric hospitals. Jetelina et al
[110] aso 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 amodel of care[85].

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

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 severa
studies [84,100,103,108,116]. For example, 34.6% (9/26) of
psychology training clinicsrepresented in the study by Cellucci
et al [116] raised "the difficulty of getting EMR to do what they
wanted" asabarrier toimplementation. Boyer et al [103] found
that 73% (84/115) of interviewed health care professionalsin
apsychiatric hospital raised theissue of workflow in connection
with reduced efficiency, specifically, the challenge of balancing
service user care needs and using the EMR. Workflow
misalignmentsled to lesstimefor direct care, which was viewed
as affecting the therapeutic relationship [87,100,103].

Sheikth et a [108], Takian et al [99], and Edwards et a [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 rai sed 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]. Participantsin the study by Ser
et a [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 a [100] found that the EHR interface
and designh were more medically orientated and designed for
contextsin 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 changesto the templatesin the EHR
where necessary [102]. Similar findings were apparent in the
research by Jetelina et a [110], where amenta 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
relationshipswere mixed. Stewart et a [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 a [103] found that 47% (54/115) were
concerned about the triangul ation of the therapeutic relationship
with the inclusion of an EMR. Interestingly, Matthews [83]
found that cliniciansrated EHRs as moredisruptiveto carethan
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 usersfor discussion and better tailoring careto service
users’ needs[101].

User Design, Computer Literacy, and the Learning Curve

Several studieshave 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 a [102] found that nurseswho had the broadest
range of access within the EHR experienced confusion because
of the number of modules and the amount of information
avalable 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 asissuesin 8% (2/40) of theincluded 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]. Participantsin the study
by Takian et a [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].
Cliniciansmay a so 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 a [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 M anagement of Sensitive
I nformation

This theme relates to how EHRS raise issues regarding the
management of sensitive information and how reducing access
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to certain parts of the EHR was acommon approach to managing
issues of sensitive information.

Sensitive | nformation

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 morewidely availableto other clinicians, thus challenging
the confidentiality between service users and clinicians
[88,100,103]. Several studiesexplored 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. Thesetopics
were generally contextualized as sensitive, which affected their
documentation. In studies that explored clinicians
documentation practices, an approach clinicianstook to sensitive
information was generalizing it or watering it down [89,100].
Another approach was excluding thisinformation 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] pointsto the subjectivity inclinicians' decisionsregarding
when to document mental health information.

In some cases, concerns about sensitiveinformation wererelated
to alack of clarity regarding the legal requirements regarding
privacy and confidentiality [113] and the need for further
training on these topics [116]. Psychiatric hedth care
professionalsin the study by Boyer et a [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 usersfor other purposes.

Mutual Accessto Psychiatric I nformation

A common indirect way that sensitive information was raised
as an issue was by sectioning mental health recordsin 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 notesin the EHR, one accessible by other
psychiatric clinicians and one for nonpsychiatric clinicians.

Thereisevidence that mutual accessto 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 a [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 mutua 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, wewould be remiss not to mention afinding
from the study by Kozubal et al [80] that there was asignificant
relationship between increased accessibility (nonpsychiatric
clinicians' ability to access psychiatric records) and reduced
readmission rates.

RaisesL egal Concernsfor CliniciansRegarding Their
Information Responsibilities

Thefina themeregarding legal issues, particularly thoserelated
to privacy and mental health laws, appearedin far fewer studies
than we had anticipated. Therewaslittle congruence among the
referencesto legal concerns, with avariety of different concerns
raised across the included studies. Reitz et al [113] found that
the use of EHRsrai sed concerns about compliance with relevant
information privacy laws. Ser et a [100] found that clinicians
expressed concerns about whether EHRs aligned with their
requirements under relevant mental health legislations. In the
study by Jung et a [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 aerts relevant to
their legal requirements when people were being treated under
therelevant mental health laws[102]. Participantsin 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 EHRSs.

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
typesin 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,
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information was till missing from EHRS, which may affect
future care. Furthermore, acommonissuefor clinicianswasthe
inflexibility of thefieldsin EHRs and the time required to input
data. Thisissue may be partly because of the greater coupling
of policy and process with tools for documentation, such as
templates. Mamykina et a [121] has raised this focus on
templates and structures in EHRS as an outcome of viewing
clinica 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 a
[121] argued that toolsfor composition, such astemplates, differ
fromtoolsfor synthesis, which should promote accessto 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, athough 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 dataanalytics[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 EHRsimpeding 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.

Theissue 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 EHRsin termsof 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 notesthat can extract relevant datainto 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
concerninthe 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 adso a
rel ationship 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 nuancesin
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 isthat it could feed into incorrect risk
assessments [133]. Risk assessmentsin mental health can have
significant implications for people's health outcomes and their
human rightsif arisk assessment |eads them to beinvoluntarily
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 usersto participate in decisions about what information
goesinto their EHR and how to document sensitiveinformation
could help address concerns that clinicians might have about
privacy or stigma. Pisciottaet al [135] found that clinicians and
service usersin mental health settings avoided discussing notes
because they worried about each other’s responses. Pisciotta et
al [135] also found that service users want cliniciansto be open
to discussing what iswritten about them and have opportunities
to collaborate in documenting information. Collaborative
documentation may al so address concerns about the therapeutic
aliance 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 acrisis. 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.
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The findings related to the relationship between information
practices and therapeutic relationships regquire more research,
especidly from the service user perspective. It has been
suggested that most information practicesareinvisibleto service
users[137] unlessthere 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 thetime availablefor 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. Thereisagrowing 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 computersin
their practice [140]. Findings from the study by Pearce et a
[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 severa reviewsrelated 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 EHRswere associated with
increased documentation time for hospital staff. Theinteraction
between service users and clinicians was also raised as
potentially threatened by the use of EHRs [142]. Workflow
issueswere alsoidentified by Gephart et al [143] in asystematic
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 studiesin children and
adolescents and several review studies not specific to the mental
health context, aso 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 a [145] found that navigation between
EHR screenswas aregularly 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 a [142], in asystematic review of barriersto and facilitators
of EHR implementation, also found that usability could be both
abarrier to and afacilitator of EHR use.

Anincreasing number of studies haveidentified new secondary
usesfor the datacollected 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 addressthe issuesraised in this study. Secondary datausein
the mental health context requiresfurther ethical consideration,
especialy as new data sources are being introduced into the
health care system, such as data from wearables [151,152].

Relevance of Findingsfor EHR Designers

One of the key issues identified in this review was that EHRs
were not appropriately designed for the mental health context.
Thus, wewill target our recommendationsfor those who design
and develop EHRSs.

Designers must ensure that they understand clinicians
information practices in the mental health context. There are
examplesof EHR usability frameworks such asthe 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 atask independent
of how it isimplemented 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 aso 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 Jetelinaet al [110] provides an examplein 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 a [154] describing the
broader issue as death by data entry. Thisis acritical 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
workflowsinthe 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 Findingsfor 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 appearsthat thereis a perception among clinicians that
mental health information, being particularly sensitive, should
be documented differently from other information. We would
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advise clinicians to consider approaches such as collaborative
documentation in which service usersareinvolved 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 theimplicationsfor future clinical encounters
and the service user’s experience if certain information is
missing or misinterpreted.

Relevance of Findingsfor Health Service Managersand
Health Policy Makers

Fromthisinitia evidence on EHRsinthe mental health context,
it would be advisablefor health service managersto scopetheir
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 EHRSs.
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.

Wewould advise policy makersto 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 EHRswill lead to the assumed outcomes
and any barriersor structural issuesto achieving these assumed
outcomes.

Relevance of Findingsfor Service Users

It was concerning that there was minimal involvement of service
usersin theincluded studies. Theissuesidentified inthisreview
will have implications for service users. These impacts may be
related to disrupted workflows or sensitive information being
recorded incorrectly. Many service user groups aretaking great
interest in the digitization of the health system, and we would
encourage them to continue this involvement, especially with
afocus 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 globa business, and
companies providing EHRs to the United States also provide
them to other countries. Providing more detail s about the setting
of implementation and the type of EHR would support evidence
synthesis that other jurisdictions can aso rely on.

Future research should also include service user perspectives
on EHRsand information practices. Researchers should consider
adopting co-design or participatory methods to involve service
users in research about EHRs. It would aso 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 aso 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. Thisresearch will pavethe way for systematic reviewsthat
can provideinsightsinto how EHRs affect processes and clinical
outcomes in the mental heath 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 digita 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, afurther 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 thiswork. We have reflected that many of our findings
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could be considered using an Activity Theory lens, and wewould
welcome discussions and collaborationsto further thisthinking.

Limitations

This scoping review islimited, 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
madeit difficult to assess how specific themesrelated 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 examineclinical
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 theincluded studies also limitsthe applicability
of the findingsto other jurisdictions, especially those related to
health system structure and culture.

Conclusions

EHRs in the menta health contexts have been sow to
materialize. This review found that EHRs in the mental health
context affect clinicians' information practices, which have
implicationsfor how careisprovided. The core of mental health
servicesisthe therapeutic relationship, which requiresaunique
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
especialy 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 anuanced 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: eHealthtoolsthat assessand track health outcomesin children or young peopl e 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 adigital 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 journalsin 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 genera
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
toclinical care. It was more common for information to be collected from asingleinformant (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 eval uations),
with fewer outcome eval uations 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 toolsislacking, and more thorough
investigation is needed to address the risks and challenges of using these emerging technologiesin 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):€26015) doi:10.2196/26015
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Introduction

In 2018, the United Nations Children’s Fund released a report
on digital technologiesin health [1] alongsideits Strategic Plan,
2018-2021, which emphasized the importance of using digital
(internet- and mobile-based) technol ogy to facilitate health care
for children and young people. At the same time, the Early
Childhood Developmental Interventions Review Group for the
Lancet issued areport making several recommendationsfor the
improvement of assessments and interventions for children or
young people[2]. These recommendationsincluded 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 solutionswithin health servicesto allow for broader-scale
change[2]. Together, these reports highlight the emerging need
to usedigital technologiesto 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
wearabl es) without having to be physically present in ahospital
or health clinic. The information can be securely shared with
health professional swith expertisein children or young peopl€e’'s
areas of need, allowing them to betriaged to appropriate services
and connected with ongoing care [5,7-10,13,14]. Thus, these
eHealth solutions differ from existing technologiesin that their
goal is not to deliver interventions or ongoing treatment but
rather to facilitate a connection between consumers and
pre-existing heath services, alow 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), thetype of data (ie, questionnairesand physiological
data), whether the tools have facilitated only assessment or
assessment and tracking, and whether they have connected
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children or young peopleto clinical care. Given thisvariability,
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 technol ogies must
be user-friendly, engaging, and accessible to diverse populations.
I ssues of language, literacy, and culture have al been found to
affect accessibility, uptake, and the quality of data[12,21,22,25].
Thevalidity and integrity of dataal so depend on the availability
of appropriately trained health care workersto enter or interpret
information, emphasizing the importance of developing and
evaluating these tools within the contextsin 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 outcomesin children or young people. Assuch,
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. Thereisalso aneed to
identify potential challenges and risks of using eHealth toolsto
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 thisfield.

Theaim of thissystematic review isto summarize eHealth tools
that have been devel oped 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
thetools (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 thetool has
been associated with improved health outcomes; and (4) risks
and challengesidentified during implementation and eval uation.

Methods

Overview

The term eHealth has been varioudly 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 asthe period spanning birth to 24 years, whereby children
are aged 0to 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. Thefollowing termswere
used ((child*) OR (adolescen*) OR (young person) OR (infan*))
AND ((wellbeing) OR (health)) AND (((digital tool) OR (digital
AND tooal)) OR (eHealth) OR ((mobile application) OR (mobile
AND application))). A wildcard (*) was placed at the end of
each applicable search term to ensure that al 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. Thereferencelists
of relevant reviews and identified empirica 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 adomain 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,
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process, and outcome) [33] and National Health and
Medical Research Council criteriafor study design [34]

5. Reported original research

6. Published in English in a peer-reviewed journa and
included human participants

Studieswere 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. Evauated 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 tel econferencing
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 papersand
reviews. Of these papers, 95.59% (3541/3704) remained after
duplicates were removed. The titles and abstracts of all papers
werescreened by 2 reviewers (ESand 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 paperswere reviewed by 2 independent raters (ES and
HY), and discrepancies were resol ved via discussion. Of the 84
papers, 45 (54%) paperswere 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.
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3688 records identified through 16 additional articles
database searching (PsychINFO, identified through other
= PubMed/MEDLINE, and sources (ancestry method)
-,E Embase) on 04.27.2020
p=
= PsychINFO 577
2 MEDLINE/PubMed 2655
= Embase 456
! }
3541 records after duplicates removed
. |
= 3541 records screened
?:a (Titles and abstracts)
L]
@ . 3457 records excluded
v
84 full text articles
assessed for eligibility
44 articles excluded
- Did not assess children or adolescents
-E (ie. participants or mean age >24 years;
= 10 studies)
2 - Did not include a digital device (3
o studies)
- Did not primarily focus on health (5
studies)
- Digital device was primarily an
interventional and/or self-management
tool (11 studies), educational device (2
studies), communication device
including telephone counselling (3
studies), or electronic medical record
that did not rely on internet or mobile
- technology (2 studies)
K - Did not report original research (ie,
T‘=a 3 duplicate data, review or theoretical
= 40 studies included in paper; 8 studies)
review

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

Language or languages used in the digital application

L ocation where the study was conducted: country, locality
(urban or rural), and setting; locality was defined according
to the Organization for Economic Co-operation and
Devel opment harmoni zed 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 asurban, rural, or
amixture of urban and rural settings

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

https://www.jmir.org/2022/5/€26015
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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
guantitative, 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 nonrandomi zed studies eval uating novel
health interventions. The National Ingtitute for Health and Care
Excellence Quality Appraisal Checklist was completed for
studies reporting qualitative findings [37]. Studies reporting
both qualitative and quantitative data were apprai sed using both
checklists. A full description of the checklists and scoring
criteriaisincluded in Multimedia Appendix 1[5-9,16-20,38-66].
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Results

Demographics of Studies

Table 1 summarizesthe characteristics of the 39 studiesincluded
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 amixture 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.

Stewart et d

Study Agerangeof children Country Locality? Languageusedin  Setting
the device
Alawnaet al, 2019 [50] 19-27 years (mean Turkey NRP NR Outpatient health clinic
22.0)
Binotti et al, 2019 [56] Infants (age range Italy Urban NR Hospital
NR)

Boyce et a, 2019 [48] 2-59 months Malawi NR English Outpatient health clinic

Den Boer et a, 2018 [18] 3-17 years Netherlands Urban (81%) and  English, German, Outpatient health clinic

rural (19%) Spanish, and Dutch

Detsomboonrat and Pisarntu-  Childreninprimary  Thailand NR Thai Community outreach

rakit, 2019 [58] school (agerangeNR)

Dexheimer et a, 2014 [19] 2-18 years United States Urban English Hospital

Eikelboom et a, 2005[5] 9 months-16 years Austraia Rura English Outpatient health clinic

Estai et al, 2016 [57] 2-18 years Austrdia Urban English Outpatient health clinic

Finocchario-Kessler et al,  Children (agerange  Kenya Urban (50%) and  English Hospital

2015 [6] NR) rura (50%)

Franke et al, 2018 [20] 18 months-14 years ~ Ghana Urban Twi Hospital

Galvez et a 2017 [52] Children (agerange 55 countries(world- NR English Hospital

NR) wide)
Ginsburg et a, 2015 [16] Children (agerange  Ghana Urban English Outpatient health clinic
NR)

Gregory et al, 2017 [39] <18 years United Kingdom Urban English Hospital

Han et a, 2019 [53] 13-26 years Chinaand Austrdia Urban NR Hospital

Hashemi et al, 2017 [7] 6-18 years Gaza Urban English and Arabic  Community outreach

Heidaet al, 2018 [62] 10-19 years Netherlands Urban (55%) and  Dutch Outpatient health clinic

rural (45%)

Hussey and Flynn, 2019 0-21 years United States Urban English Outpatient health clinic

[41]

lorfino et a, 2017 [8] 16-24 years Austraia Urban (85%) and  English Outpatient health clinic

rural (15%)

Jeong et al, 2020 [40] 15-19 years South Korea Urban Korean Hospital, outpatient health
clinic, and community out-
reach

Jiam et al, 2017 [66] 3-22 years United States NR English Community outreach

Kassam-Adamset al, 2019  6-14 years United States Urban (50%) and  English Hospital

[42] rura (50%)

Kim et al, 2019 [60] 0-5 years South Korea NR NR Community outreach

Lietal, 2019 [63] 1-18 years China Urban Mandarin Hospital

March et a, 2018 [17] 5-12 years Austraia Urban English Outpatient health clinic and
community outreach

Matin et al, 2020 [59] 0-7 days Uganda Rura Lusogaand English  Community outreach

McCulloh et a, 2018[49]  0-2 months United States NR English Hospital

Mohammed et al, 2018 [9]  0-5years Ghana Urban Twi Community outreach

Padidar et a, 2019 [64] 0-9 days Iran Urban NR Hospital

Rath et al, 2018 [45] 0-24 years Germany NR Arab, Farsi, and Community outreach

Russian
Rath et al, 2019 [65] 0-5years Germany and Urban NR Hospital
Greece
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Study Agerange of children Country Locality? Languageusedin  Setting
the device
Reid et al, 2011 [43] 14-24 years Austraia Urban (50%) and  English Outpatient health clinic
rural (50%)
Singh et a, 2017 [51] 0-2 years India Urban (85%) and  Hindi, Gujarati, and Hospital and outpatient
rural (15%) English health clinic
Svedberg et al, 2019 [46] 6-13 years Sweden Urban (50%) and ~ Swedish Hospital
rural (50%)
Thabrew et al, 2019 [44] 13-14 years New Zealand NR English Outpatient health clinic
Thabtah, 2018 [54] 0-17 years 10 countries NR 11 languages Community outreach
Thompson et a, 2016 [47]  12-18 years United States Urban English Outpatient health clinic
Valdes-Angueset al, 2018  3-18 years Ugandaand United Rural English Community outreach
[55] States
van Karnebeek et al, 2012  0-18 years Canada Urban English Hospital
[61]
Wang et al, 2017 [38] 5-17 years China Urban Englishand Chinese Outpatient health clinic

3_ocality: 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.

Cumulative number of publications
b
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5
r____———r*" =
U -
2005 2007 2009 2011 2013 2015 2017 2019 2021
Year

Characteristics of eHealth Tools

Table 2 summarizes the characteristics of the studied digital
devices.
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Table 2. Device characteristics.

Stewart et d

Study Health domain Device Type of data Respondent Tracking over  Connection to
time care
Alawnaet al, 2019 [50] General hedth ~ Mobile Physiological Trained health worker® ~ Unclear Yes
Binotti et al, 2019 [56] Developmental Mobile Physiological Trained health worker No No
Boyceet a, 2019 [48] General health Mobile Questionnaireor  Trained health worker No Yes
survey
Den Boer et al, 2018 [18] Oral health Mobile Questionnaireor  cJinician® and childor ~ NO Yes
survey c
young person
Detsomboonrat and Pisarnturak-  Oral Mobile and Questionnaireor  Clinician No Yes
it 2019 [58] desktop survey
Dexheimer et a, 2014 [19] Genera health Desktop Questionnaireor  Clinician Yes Yes
survey
Eikelboom et al, 2005 [5] Ear, nose, and Desktop Images Clinician No Yes
throat
Estai et al, 2016 [57] Oral health Desktop Images Clinician and trained No No
health worker
Finocchario-Kessler etal, 2015  Infectious Desktop Physiological Parent or caregiverd and ~ Y€S Yes
(6] trained health worker
Franke et al, 2018 [20] Infectious Mobile Questionnaireor  Parent or caregiver No Yes
survey
Galvez et a, 2017 [52] Emergency Mobile Questionnaireor  Clinician Yes No
survey
Ginsburg et al, 2015 [16] Infectious Mobile Physiological Trained health worker No Yes
Gregory et al, 2017 [39] Mental health Mobile Questionnaireor  Clinician and child or No Yes
survey young person
Han et a, 2019 [53] Vision Mobile Physiological Child or young person ~ No No
Hashemi et al, 2017 [7] Mental health Desktopand  Questionnaireor  Trained health worker No No
mobile survey
Heidaet al, 2018 [62] Physical health  Desktop Questionnaireor  Child or young person Yes Yes
survey and physio- and parent or caregiver
logical
Hussey and Flynn, 2019 [41]  Mental health Mobile Questionnaireor  Clinician and child or Yes Yes
survey young person
lorfino et al, 2017 8] Mental health Desktop Questionnaireor  Child or young person  Yes Yes
survey
Jeong et al, 2020 [40] Mental health Mobile Questionnaireor ~ Clinician and child or No Yes
survey young person
Jiam et al, 2017 [66] Neurological Desktop Questionnaireor  Parent or caregiver and  Yes No
survey child or young person
Kassam-Adamset a, 2019[42] Mental health Mobile Questionnaireor  Child or young person  Yes No
survey
Kimet al, 2019 [60] Infectious Mobile Questionnaireor  Parent or caregiver Yes No
survey and physio-
logical
Li etal, 2019 [63] Surgery Mobile Questionnaireor  Child or young person No Yes
survey
March et al, 2018 [17] Mental health Desktop, mo- Questionnaireor  Clinician, parent or care-  No No
bile, andtablet survey giver, education provider,

and child or young per-
son
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Study Health domain Device Type of data Respondent Tracking over Connection to
time care
Matin et al, 2020 [59] Developmental Mobile Questionnaireor  Parent or caregiver Yes Yes
survey and physio-
logical
McCulloh et al, 2018 [49] General health Mobile Questionnaireor  Clinician No Yes
survey
Mohammed et al, 2018 [9] General health Mobile Questionnaireor  Parent or caregiver No Yes
survey
Padidar et a, 2019 [64] Developmental Mobile Physiological im-  Clinicianand parentor ~ No No
ages caregiver
Rath et al, 2018 [45] General health Mobiletablet Questionnaireor  Child or young person No No
survey and parent or caregiver
Rath et al, 2019 [65] Infectious Mobile Questionnaireor  Child or young person No No
survey
Reid et a, 2011 [43] Mental health Desktopand  Questionnaireor  Child or young person Yes Yes
mobile survey
Singh et al, 2017 [51] General health Desktopand  Questionnaireor  Clinician and parentor  Yes Yes
mobile survey and physio-  caregiver
logical
Svedberg et al, 2019 [46] General hedlth Mobile Questionnaireor  Child or young person  Yes Yes
survey
Thabrew et al, 2019 [44] Mental health Mobile and Questionnaireor  Child or young person ~ No Yes
tablet survey
Thabtah, 2018 [54] Developmental Mobile Questionnaireor  Clinicianand parentor  No No
survey caregiver
Thompson et al, 2016 [47] Genera health Desktop Questionnaireor  Parent or caregiver and  Yes Yes
survey and physio-  young person
logical
Valdes-Angueset al, 2018 [55] Neurological Desktopand  Questionnaireor  Trained health worker Yes Yes
mobile survey
van Karnebeek et al, 2012 [61] Developmental Desktop, mo- Questionnaireor  Clinician No No
bile, andtablet survey
Wang et al, 2017 [38] General health Mobile Questionnaireor  Clinician, parent or care-  Yes Yes

and mental health

survey

giver, and child or young
person

#Trained 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 hedlth professional with qualificationsin 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.

parent or caregiver isthe 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 devel opment
(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 heath 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 studiesthat
solely assessed mental health, 33% (3/9) focused on suicide

https://www.jmir.org/2022/5/€26015

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 aplatform
for patientsto 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 Callection: Respondent, Typeof 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

JMed Internet Res 2022 | val. 24 | iss. 5| €26015 | p.54
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

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 datain multiple
forms (ie, questionnaire or survey, physiological data, or
images); otherwise, data were collected solely in the form of
guestionnaires 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 aso configured to collect data
on another device (ie, desktop or tablet).

Device Features: Health Tracking and Connection to
Care

Just under haf of the devices tracked children’s health over
time (16/39, 41%), and two-thirds (25/39, 64%) connected
children or young peopleto clinical care, whereasthe remainder
did not.
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OutcomeEvaluation: Primary Outcome M easuresand
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
MultimediaAppendix 1 (see Table S1). The sample sizesranged
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 eval uation 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 genera
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
asusua. Theauthorsfound that use of the device was associated
with asignificant improvement in emotional self-awareness but
found no changesin 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.
Study Sample(N)

Typeof eval- Study type Hedthas  Primary out- Challenges or risks of using

uation?

Study desi gnb

outcome®

come

the tools

Alawnaet al, 2019

[50]

Binotti et al, 2019

[56]

Boyceet a, 2019

(48]

Den Boer et a,
2018 [18]

Detsomboonrat

and Pisarnturakit

2019 [58]

Dexheimer et al,
2014 [19]

Eikelboom et al,
2005 [5]

Estai et a, 2016
[57]

58

40

799

653

441

13,896

66

126

Formative

Formative

Process

Formative

Formative

Outcome

Formative

Formative

Quantitative

Quantitative

Mixed meth-

ods

Mixed meth-
ods

Quantitative

Quantitative

Quantitative

Quantitative

Descriptive study

Descriptive study

Quasi-experimen-

tal

Descriptive study

Descriptive study

RCT!

Descriptive study

Descriptive study

No

No

No

Yes

No

No

No

No

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

Concordance
rati ng‘]I

Efficacy

Usability and
efficacy

Acceptability
and efficacy

Efficacy (time
from triage to
clinical deci-
sion)

Concordance
rating

Concordance
rating

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

«  Clinica safety: partia
overestimation of heart
rate when <60 beats per
minute

« Accessihility: hardware
and software issues (eg,
uploading data)

«  Uptake: timeconsuming

«  Accessibility: dow inter-
net connection

*  UX® buttonslacked visu-
al response to input

«  Socioculturd: parentsor
carers said questions
about smoking for chil-
dren aged 6-11 years
were inappropriate and
insulting

»  Accessibility: poor inter-
net connection for some
users

o  Clinical utility: clini-
ciansweredready imple-
menting best practice
guidelines and conduct-
ing education without
the eHedlth tool

. Dataquality: poorimage
quality

o  Clinical safety: using
eHesdlth tool alone
(without input from a
qudlified clinician) could
result in inaccurate diag-
nosis and treatment

. Dataquality: poor image
quality
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Study Sample(N) Typeof eva- Study type

uation?

Study design® Health as
outcome®

Primary out- Challenges or risks of using
come thetools

Finocchario- NRY Outcome
Kesder et al, 2015
(6]

Frankeet al, 2018 237 Process
[20]

Galvezetal, 2017 1252 Process
(52]

Ginsburg et al, 7 Formative
2015 [16]

Gregory etal, 2017 76 Formative
[39]

Han et al, 2019 150 Qutcome
[53]

Hashemi et al, 986 Qutcome
2017 [7]

Heidaet al, 2018 170 Qutcome
[62]

Hussey and Flynn, 56 Formative
2019 [41]

Mixed meth-
ods

Quantitative

Quantitative

Mixed meth-
ods

Quantitative

Quantitative

Quantitative

Mixed meth-
ods

Mixed meth-
ods

Cross-sectional No
study

Cross-sectional No
study

Descriptivestudy  No

Descriptive study  No

Descriptivestudy  No

Cohort study Yes

Descriptivestudy  Yes

RCT Yes

Comparativestudy No
with historical con-
trol group

Feasibilityand «  Accessibility: dow inter-
efficacy net connection in some
regions
«  Languageproficiency or
literacy: some users un-
able to use the tool be-
cause of low literacy
levels
«  Privacy: concerns about
the privacy of data
o  Clinica safety: high
turnover of health care
workersrequiring contin-
uous retraining of staff
or risk of inaccurate use
of the tool

Concordance o Clinical utility: dataonly

rating entered by parent or
caregiver and mostly in
binary (yes or no) for-
mat; information from
clinician said to beim-
portant but not possible
as multi-informant as-
sessment not available

Useand uptake «  Accessibility: only
available in countries
with internet access and
where Google was not
blocked

Usahility and «  UX: buttons difficult to

acceptability navigate, pop-ups dis-
tracting, difficulty
launching application
and recording results,
too text heavy or more
images needed

Feasibility of Uptake: lower than ex-
uptake pected uptake by young
people

Validityandre- .  Dataquality: mobile

liability phones with low resolu-
tion may not clearly
show results

Feasibility Clinical safety: efficacy

of thetool in screening

for psychological symp-

toms not yet validated

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

Use and effica
cy
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Study Sample(N) Typeof eva- Study type Study deg'gnb Hedthas  Primary out- Challenges or risks of using
uation® outcome®  come the tools

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

fications)
lorfino et al, 2017 232 Process Quantitative ~ Nonrandomized Yes Efficacy o  Clinical utility or safety:
[8] experimental tria efficacy for individuals

with low to moderate
suicidality not studied

Jeongetal, 2020 13 Formative Mixed meth-  Descriptivestudy  No Feasibility, ac- «  Accessihility: health
[40Q] ods ceptability, and professionals unable to
usability use the tool because of

inadequate training

Jiamet al, 2017 7 Process Qualitative Descriptive study  No Usability «  Languageproficiency or
[66] literacy: information be-
yond children’s compre-
hension capacity and lit-

eracy levels
Kassam-Adamset 167 Process Quantitative  Descriptivestudy  No Acceptability «  Accessibility: lower-in-
a, 2019 [42] and efficacy come families could not

use the tool because of
the cost of mobile data

Kimet a, 2019 149,329 Process Mixed meth-  Descriptivestudy  No Uptake, usabili- «  Uptake: of the 3 coun-
[60] ods ty, and efficacy tries where the tool was
implemented, uptake
was only seen in Korea
and not Chinaor Japan
o Accessihility: only users
with asmartphone could
use the eHealth tool
o  Clinicd utility: question
as to whether increased
rates of influenzasig-
naled alocal outbreak or
new interest in using the
tool

Lieta, 2019[63] 137 Outcome  Quantitative  Pseudo-RCT Yes Utility and effi- «  NR
cacy

Marchetal, 2018 18 Formative Mixed meth-  Descriptivestudy  No Feasibilityand « NR
[17] ods acceptability

Matinetal, 2020 18 Formative Quantitative  Pretest—posttest No Feasibilityand «  Clinical utility: did not
[59] case series acceptability assess parents’ accuracy
inidentifying symptoms
aided by thetool; outside
of the research study,
parents may not receive
the same on-call support
o  Clinical safety: only 1
parent attached the
wearable band correctly,
leading to many incor-
rect recordings
o  UX: devicelacked notifi-
cationsto encourage care
seeking when necessary

3805 Formative Mixed method Descriptivestudy No « NR
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Study

Sample(N) Typeof eva- Study type

uation?

Study desi gnb

Hedth as
outcome®

Primary out-
come

Challenges or risks of using
the tools

McCulloh et al,
2018 [49]

Mohammed et al,
2018 [9]

Padidar et al, 2019

(64]

Rath et al, 2018
(45]

Rath et a, 2019
(69]

Reid et al, 2011
(43]

Singh et a, 2017
[51]

Svedberg et al,
2019 [46]

Thabrew et a,
2019 [44]

Thabtah, 2018 [54]

1446

113

405

1615

163

16,490

46

129

1452

Formative

Formative

Formative

Formative

QOutcome

Process

Process

Formative

Outcome

Quantitative

Quantitative

Mixed meth-
ods

Quantitative

Quantitative

Quantitative

Qualitative

Mixed meth-
ods

Quantitative

Descriptive study

Descriptive study

Descriptive study

Cohort study

RCT

Descriptive study

Descriptive study

Pseudo-RCT

Descriptive study

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Yes

Use or uptake
and usability

Feasibility and
concordance
ratings

Efficacy (con-
cordancerating)

Usahility and
efficacy

Efficacy

Changein men-
tal health status

Feasibility

Feasibility and
acceptability

Efficacy and ac-
ceptability

Feasibility and
efficacy

«  Accessihility: poor inter-
net connection in some
areas; low ownership of
mobile phones

. Dataquality: incomplete
data entered by some
parents

« NR

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

« NR

« NR

«  Languageproficiency or
literacy: many parents
could not read English
messages (Hindi transla-
tions integrated to ad-
dress thisissue)

«  Uptake: clinicians and
parentswereinitially re-
sistant to use the new
digital system

« Dataquality: errorsin
dataentry related to free
text input

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

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

o  UX: softwareissuesrelat-
ed to printing reportsand
unwanted termination of
sessions

«  Accesshility: someinter-
net connection issues

«  Languageproficiency or
literacy: information be-
yond the comprehension
and literacy levels of
some | ow socioeconomic
groups

« NR
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Hedth as
outcome®

Study Sample(N) Typeof eva- Study type

uation?

Primary out-
come

Challenges or risks of using

Study designb
thetools

Thompson et al, 937 Process NR

2016 [47]

Valdes-Angues et
al, 2018 [55]

Quantitative  Descriptivestudy  No Use and uptake «

326 Mixed meth-

ods

Process Descriptive study  No Feasibility «  Accessihility: poor inter-
net connection; power
cuts; inability to
recharge device; slow
upload speed of data

« Dataquality: errorsin

data entry

van Karnebeek et 15
al, 2012 [61]

Formative Qualitative Descriptivestudy  Yes Feasibility and

acceptability

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

Wang et al, 2017 31 Formative

[38]

Qualitative Descriptive study  No Usability « NR

#Type 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 studieswithout a control group, including historical control studies, =2 single-arm studies or interrupted time series without

aparallel control; case series with either posttest or pre- and posttest outcomes; descriptive studies; or other [34].
“Whether an aspect of the child’s or young person’s health was measured as a primary or secondary outcome of the study.

%The amount of agreement between the digital tool and clinician ratings.
€UX: user experience (user interface or design aspects of the device).
fRCT: randomized controlled trial.

INR: 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 wasrelated
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%), dataquality (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 problemswere 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 hedth 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
toolsthat 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

https://www.jmir.org/2022/5/€26015

human or computer error) and poor-quality images. User
experience or design barriersreferred 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.

Resear ch Funding

Studies were financially supported by the public sector (ie,
government, universities, research ingtitutes, 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 wasfunded solely
by the commercial sector; however, commercial funding
contributed to nearly one-third of studieswith 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
(12/39, 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 amoderate chance of bias, and no studies
had a high chance of bias (see Table S2, Multimedia Appendix
1). The Nationa Ingtitute 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 apartial score of 1; no studies received ascore
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 thisemerging 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 initsinfancy, with most
studies assessing feasibility, acceptability, usability, or uptake
of adevicerather than the efficacy of toolsin relation to health
outcomes. Overall, the current tool s 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, aswell asto 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
connectionto 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 multipleinformants (ie, child or young person,
parent or caregiver, and health care professional). Thesefindings
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, datawere most commonly collected inthe
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 isitsability to overcome
geographical, financial, and socia barriers that hinder the
provision of health servicesin specific populations and locations
[10,67]. A small number of studies evaluated devicesthat were
implemented across multiple countries [45,52-55], highlighting

https://www.jmir.org/2022/5/€26015
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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, thereis greater potential for the toolsto 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 speciaistsinthefield);
these trained health workerswere 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 implementationin 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 thelargest digital divide
[68-70]. Inequalities in access exist because of variations in
location, age, education, and income level. For instance, the
cost of internet accessis higher in rural or remote regions than
in urban areas, which iscompounded by the fact that somerural
residents have less disposable income than their metropolitan
counterparts. Thus, to truly overcome geographical, financial,
and social barriers and reach these popul ations, researchers must
consider the broader socioeconomic context from which these
access issues stem.

The eHealth tool s 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 tool s 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 islikely to
beimportant in future eHealth tool s, perhaps ng 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 functiondlity of devices, including
poor internet connection [6,9,15,18,44,48,52,55,58] and user
interface or design aspects of thetool [16,18,41,46,59]. Clinical
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utility was another barrier identified in papers, mainly relating
to thetool lacking featuresthat provided added valueto 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, whichisbased on the observation that high participant
dropout rates are common in eHealth research focusing on novel
digita hedth tools, athough 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 professiona 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 methodol ogies
into future protocols may help to understand and address these
barriers [10,22]. Data quality was another barrier that was
reported, which wasrelated to human error in dataentry [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 thisis 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 carersin 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 risksor 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, isunsurprising, asthe devel opment and implementation
of digital tools often involve the collaboration of professionals
from multiple disciplineswho bel ong to different bodies[25,74].
Interestingly, funding from commercial bodieswas 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, thelatter of which wewould expect to attract
more investment from commercial organizations [74].

Recommendations for Future Research

Thefindings of thisreview demonstrate a clear need for further
research into the efficacy and validity of eHealth tools that
assess and track health outcomesin children and young people.
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Future eval uation studies should focus on changesin the health
outcomes of users, aswell astheclinical care pathways. Further
investigation of the risks and challenges of implementing
devicesis aso 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 inadeguate investigation of risks or
challenges of using these technologiesin health care[75]. This
review hasuncovered several features of eHealth toolsthat 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)
astheinclusion of these broader termsreturned >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. Finaly, 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 outcomesin children
or young people and connect individual swith personalized care
options have enormous potential in health services around the
world. Many of the existing tools arein the early stages of pilot
and feasihility testing; however, the literature is promising in
the potential to use these tools in future clinical care. Further

Stewart et d

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 devel opment 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. Roboticsis arising field in the context of health care, and we sought
to evaluate the use of robotsin critical care settings.

Objective:  Although robotic presence is prevalent in the surgical setting, itsrole 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 settingsthat 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 advantageousin providing areduced responsetime, 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.
Robotsin drug dispensing and delivery increased efficiency and generated cost savings. All the robots had technological limitations
and hidden costs.

Conclusions: Overal, our results show that robotic use in critical care settings is a beneficial, effective, and well-received
intervention that delivers significant benefitsto patients, staff, and hospitals. Looking ahead, it is necessary to form strong ethical
and legidlative 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?Recordl D=234162

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

KEYWORDS
COVID-19; intensive care; high dependency; tel epresence; intubation

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 carewhile ensuring efficiency [2].

Introduction

Robotics is a rising field in the context of health care [1].
Although there has been a surge in the popul arity of automated
and semiautomated processes in robotic surgery, little research
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With regard to the perception and acceptance of robots by health
careworkers, the COV1D-19 pandemic has certainly emphasized
the need for more widespread robotic use.

However, there may be underlying concernswith regard to robot
safety and job replacements. We hypothesize that, given the
current robotic technol ogy, the benefits of robots may belimited
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 hopeto provideinformation that allows cliniciansand 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 artificia intelligence (Al).

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 Y D) independently
and systematically searched PubMed, Embase, |IEEE Xplore,
and ACM Library for al relevant studies published from

https://www.jmir.org/2022/5/€33380

Teng et a

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
studieswereidentified by scanning the referencelists 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 proceduresrequired in critical care settings (intubation,
ventilation, tracheostomy, cannulation, resuscitation, and
dialysis). Articleswere excluded if they had an irrel evant 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
referencelist searchesyielded atotal 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.
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@

Identification of studies via databases and registers

Topic not about the critically ill (n=537)

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 Y D) for risk of biasusing the Standard Quality
Assessment Criteria (Tables 1 and 2) [5]. Each study was
evaluated based on 14 criteriaand 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
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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).

Study Study design Interventions
Objective Evidentand ap- Participant se-  Participant character- Random alo-  Blinding of inves-  Blinding of partic-
described propriate study  lection de- istics described cation de- tigatorsreported  ipants reported
design scribed and ap- scribed
propriate
Adcock etal [6]  Yes Yes Yes Yes Yes N/A2 N/A
Alnobani eta [7] Yes Yes Yes Partial N/A N/A N/A
Amodeoeta [8] Yes Yes Yes Yes N/A N/A N/A
Becevicetal [9]  Partid Partial No Partial N/A N/A N/A
Bettinelli etal [10] Yes Yes Yes Yes Partial N/A N/A
Burkeet al [11] Partial Partial Partial Partial N/A N/A N/A
Duan et al [12] Yes Yes Yes Yes N/A N/A N/A
Frazzittaeta [13] Yes Yes Yes Yes Yes N/A N/A
Garingoeta [14] Yes Yes Yes Yes N/A N/A N/A
Garingoeta [15] Yes Yes Yes Yes N/A N/A N/A
Goldbergetal [16] Yes Yes Yes Yes N/A N/A N/A
Holsti et a [17] Yes Yes Yes Yes Yes Yes N/A
Holt et a [18] Yes Yes Yes Yes N/A N/A N/A
Ito et al [19] Yes Yes Partial Partial N/A N/A N/A
Lazzaraeta [20] Yes Yes Yes Yes N/A N/A N/A
Marini etal [21]  Yes Yes Partial Partial N/A N/A N/A
Marttoset al [22]  Yes Yes Partial Partial N/A N/A N/A
McNelisetal [23] Yes Yes Yes Yes N/A N/A N/A
Murray eta [24] No No No No N/A N/A N/A
Prokazovaet a Yes Yes Yes Yes No N/A N/A
[25]
Reynoldsetal [26] Yes Yes Partial Partial N/A N/A N/A
Rinconetal [27]  Yes Yes Partial Partial N/A N/A N/A
Roccaet al [28] Yes Yes Yes Yes Yes N/A N/A
Rogoveetal [29] Yes Yes Partial Partial N/A N/A N/A
Ruiz-Del-Solar et Yes Yes Yes Partial N/A N/A N/A
al [30]
Shimizu et al [31] Partia Partial Partial Partial N/A N/A N/A
Sucher et a [32] Yes Yes Yes Partial N/A N/A N/A
Summerfieldeta  Yes Yes Partial Yes N/A N/A N/A
[33]
Vespaet al [34] Yes Yes Yes Yes N/A N/A N/A
Wang et al [35] Yes Yes Partial Partial N/A N/A N/A
Williamset al [36] Yes Yes Yes Yes Yes Yes Yes
Yeeta [37] Yes Yes Yes Yes N/A N/A N/A
Zeiler et a [38] Yes Yes Yes Yes N/A N/A N/A
3N/A: not applicable.
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Table 2. Risk of bias assessment of included studies using Standard Quality Assessment Criteria (outcomes).

Study Outcomes

Outcome or ex- Appropriatesam- Appropriateana- Variancere-  Controlledfor con-  Sufficient de-  Conclusionswell

posureswell de- plesize lytic methods ported founding tail inresults  supported

fined
Adcock et d [6] Yes Yes Yes Yes Partial Yes Yes
Alnobani eta [7] Yes Yes Yes Yes Partial Yes Yes
Amodeoetal [8] Yes Yes Yes Yes N/A2 Yes Yes
Becevicet a [9] Yes No Yes Partial Partial Yes No
Bettinelli etal [10] Yes Partial Yes Yes Yes Yes Yes
Burkeet al [11] Partial Partial Partial No No Partial Yes
Duan et a [12] Yes Yes Yes No Partial Yes Yes
Frazzittaetal [13] Yes Partial Yes Yes Yes Yes Yes
Garingoeta [14] Yes Yes Yes Yes Partial Yes Yes
Garingoeta [15] Yes Yes Partial Yes Partial Yes Yes
Goldbergetal [16] Yes Yes Partial No Partial Yes Yes
Holstietal [17]  Yes Yes Yes Yes Yes Yes Yes
Holt et a [18] Yes Yes Yes Yes Yes Yes Yes
Ito et al [19] Yes Partial Partial Yes No Yes Yes
Lazzaraetal [20] Yes Partial Yes Yes Partial Yes Yes
Marini et al [21] Yes Yes Yes Yes Partial Yes Yes
Marttoset al [22]  Partial Partial Partial No Partial Yes Yes
McNeliset al [23] Yes Yes Yes Yes Partial Yes Yes
Murray et a [24]  Partia Yes No No No Partial Yes
Prokazova et Yes Yes Yes Yes Yes Yes Yes
[25]
Reynoldsetal [26] Yes Partial No No Pertial Yes Yes
Rinconeta [27]  Yes Yes Yes Partial N/A Yes Yes
Roccaet a [28] Yes Yes Yes Yes Yes Yes Yes
Rogoveeta [29] Yes Yes Yes Partial Partial Yes Yes
Ruiz-Del-Solar et Pertial Yes Partial No No Yes Yes
al [30]
Shimizu et a [31] Partia Partial No No Partial Partial Yes
Sucher et a [32] Yes Partial No No N/A Partial Yes
Summerfieldeta  Yes Yes Partial Yes Pertial Yes Yes
[33]
Vespaet al [34] Yes Yes Partial Pertial Pertial Yes Yes
Wang et al [35] Yes No N/A Partial Partial Partial Yes
Williamset al [36] Yes Yes Partial No Pertial Yes Yes
Yeeta [37] Yes Yes Yes Yes Partial Yes Yes
Zeilereta [38]  N/A N/A N/A N/A N/A Yes Yes

8N/A: not applicable.

Study Char acteristics
The 33 studies included 4 categories of robotic presence from
10 different countries or regions: 18 (55%) from the United
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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 trandated to English. All studies involved
patientsin critical care settings, which included patientsin the
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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.

Study Country or region  Study type Setting Population size Use Robot type
Adcock eta [6] United States Observationa Icu? 100 patientsand 16 physi- Telepresence RP-7 (InTouch Health)
cians
Alnobani eta [7] Saudi Arabia RCTP ICU 140 Telepresence Telemedicine Robot
(Saudi Telehealth Net-
work)
Amodeo et a [8] Italy Observational NICUS 200 drug samples Drug dispensing  1.V. Station (Omnicell
and delivery Inc)
Beceviceta [9] United States Observation ICU 5 Telepresence RP-7 (InTouch Health)
Bettinelli et a United States RCT ICU 20 Telepresence RP-7 (InTouch Health)
[10]
Burkeeta [11]  United States Observationa Emergency 26 Telepresence RP-7 (InTouch Health)
care
Duan et a [12] China RCT ICU 32 Patient evduation MGIUS-R3(MGI Tech
Co Ltd)
Frazzitta et a Italy RCT ICU 40 Therapy or stroke  Erigo (Hocoma AG)
(13] rehabilitation
Garingoeta [14] United States Observationa ICU 46 Telepresence RP-7 (InTouch Health)
Garingoetal [15] United States Observationa NICU 40 Telepresence RP-7 (InTouch Health)
Goldberg et a United States Observationa ICU 231CU bed unitsover a3- Telepresence RP-7 (InTouch Health)
[16] year period
Holsti etal [17]  Canada RCT NICU 49 Therapy or stroke  cgimer (PCTY utility
rehabilitation patient no:
CA2015/051002)
Holt et a [18] Canada Observationa Emergency 38 Telepresence RP-7 (InTouch Health)
care
Ito et al [19] Japan Observationa Emergency 9 Patient evauation FASTele Tele-echogra-
care phy robot system
Lazzaraetal [20] United States Observationa ICU 32 Telepresence RP-7 (InTouch Health)
Marini et al [21] United States Observationa ICU 28 Telepresence RP-6 (InTouch Health)
Marttoset al [22] United States Observationa Emergency 176 Telepresence RP-7 (InTouch Health)
care
McNelis et a United States Observationa ICU 14 ICU bed unitsover a2- Telepresence RP-7 (InTouch Health)
[23] year period
Murray et al [24] United States Observationa ICU 69 bed units Telepresence RP-7 (InTouch Health)
Prokazovaeta  Russia Observational ICU 66 Therapy or stroke  MOTOMed LOTTO 2
[25] rehabilitation (RECK-Technik)
Reynolds et al United States Observational ICU 22 Telepresence RP-7 (InTouch Heslth)
[26]
Rinconet a [27] United States Observationa ICU 34 presurvey and 40 post-  Telepresence RP-7 (InTouch Health)
survey participants
Roccaet a [28]  Switzerland RCT ICU 30 Therapy or stroke  Erigo (Hocoma AG)
rehabilitation
Rogoveeta [29] United States Observational ICU and 106 Telepresence RP-7 (InTouch Heslth)
emergency
care
Ruiz-Del-Solar et  Chile Observationa ICU 986 visits Telepresence Pudu Telepresence
a [30] Robot
Shimizueta [31] Japan Observationa ICU 25 Telepresence Sota (V Stone Co, Ltd)
Sucher et al [32]  United States Observational ICU 24 patients and 26 family ~ Telepresence RP-7 (InTouch Heslth)
members
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Study Country or region  Study type Setting Population size Use Robot type
Summerfieldetal  United States Observationa ICU 23 preimplementation par- Drug dispensing TUG Automated
[33] ticipants, 96 postimplemen-  and delivery Robotic Delivery Sys-

tation participants, and 30 tem (Aethon, Inc)
for the 2-year follow-up
surveys
Vespaetal [34]  United States Observational ICU 640 Telepresence RP-7 (InTouch Heslth)
Wangeta [35] China Observationa Isolation 1 Patient evduation MGIUS-R3(MGI Tech
ward Co, Ltd)
Williams et a Canada RCT NICU 10 Therapy or stroke  Calmer (PCT utility pa-
[36] rehabilitation tient no:
CA2015/051002)
Yeetad [37] China Observational Isolation 23 Petient evdluation MGIUS-R3(MGI Tech
ward Co Ltd)
Zeilereta [38]  United Kingdom  Observational ICU 10 Patient evdluation DelicaEMS 9D (Shen-

zhen DelicaMedical
Equipment Co Ltd)

8 CU: intensive care unit.

BRCT: randomized controlled trial.
°NICU: 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. Thisis different from telemedicine, which involves audio
or visual communication between patients and physiciansin 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 inindividuals.
Patient evaluation involves assessing a patient's current
condition to identify health problemsand plan treatment. Finaly,
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 bhidirectional audio and video
communication system that displaysreal time video and camera

https://www.jmir.org/2022/5/€33380

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

Sota (Vstone Co Ltd) [31] is a bedside Al-enhanced robot
capable of aderting physicians about anomalies in biological
information. Such information can be derived in real timefrom
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 socia robot by responding to simple voice commands. In
contrast to Sota, Pudu [7] isasocial robot designed specifically
to provide tel epresence and communication services and deliver
emotional and mental careto isolated patientswith 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 asafe and efficient way. Two unnamed tel epresence
robotswere used in astudy 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 arealistic 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], especialy at night when there were often staff
shortages [16]. This was especially pertinent in time-sensitive
settings such astraumawith ashort timewindow to intervention
[34] and rural hospitalswith poor accessto specialist physicians
[22,24,26]. Overdl, telepresence allowed care to be provided
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in atimely 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 agood 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 asrobotic 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 tel epresence 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
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emotional and mental carein the COVID-19 ward. All patients
who received such psychological care viaPudu showed positive
attitudes and emotions. Patients and family members were
satisfied with how Pudu enabled their interactionsto be extended
and uninterrupted, providing them with good emotional support.

Limitations of telepresence included discrepancies between
on-site and off-site evaluations, athough these could be
attributed to subjective differences [14]. One of the studies
reported limitations in determining abdomina 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
differencesin findingswereinherently 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 tel epresence robot.

Medicolegal challenges existed, such as a lack of established
protocols causing regulatory barriers in terms of obtaining
credentialing and malpracticeliability [7,29], aswell asfinancia
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 barriersto use [29].

Although many studies mentioned a reduction in face-to-face
responsetime, 6% (2/33) of studiesreported anincreaseintime
spent on patient encounters, attributed to the time taken to
operate and maneuver the robot, aswell asto resolve technical
issues such as internet connectivity problems [15,23]. Similar
technological limitations of internet connectivity and
maneuvering difficulty were al so reported in another study [14].
Fortunately, most incidents of poor connectivity were promptly
overcomewithin 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

Benefits

RP-7 (InTouch Health): 18 papers[6,9-11,14-16,18,20-24,26,27,29,32,34]
SotaTM (V Stone Co Ltd): 1 paper [32]

2 unnamed telerobots: 1 paper [31]

Pudu Telepresence Robot: 1 paper [30]

Patient survival and patient mortality rate [16,21]
o 59% lower mortality rate [16]
o 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
« Lessovernight calls and less unexpected events vs telephone rounding [23]: 0.1 (SD 0.2) vs 1.3 (SD 0.5); P<.05

« Reduced externa 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 alow 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]
«  Responselatency in robotic telepresence vs conventiona care [34]
«  Toroutine and urgent pages: 9.2 (SD 9.3) minutes vs 218 (SD 186) minutes, P<.001
« Tobranischemia 7.9 (SD 2.8) minutes vs 152 (SD 85) minutes; P<.001
« Toelevated 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) daysvs 8 (SD 8.3) days[34]
e 33% reduction [16]
« 25daysvs3.3days[24]
o« 5(SD 2) daysvs6 (SD 3) days, P=.57 [21]
o Length of stay in intensive care unit decreased; response latency in robotic telepresence vs telephone rounds [23]: 4.8 (SD 2.6) daysvs 5.6
(SD 2.2) days, P<.05
«  Length of stay in hospital decreased; response latency in robotic tel epresence vs tel ephone rounds [23]: 10.2 (SD 4.3) daysvs 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 asin the central
monitoring model [16,18,34]
o 29% lower adjusted mean direct cost estimated per case [16]
o US$1.1million cost savings over 1 year [34]
«  CAD $360,000 (US $285,420) savings over the study period [18]

o 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 vsremote examination [6]

« MeanGlasgow ComaScale: 7.5 (SD 3.67) vs 7.23 (SD 3.85), difference 0.25 (SD 0.10); P=.01; however, thedifferenceisnot clinically
significant; Pearson correlation coefficient=0.97
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Limitations

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

« Agreementsin most physical examination assessments between both on-site and off-site neonatol ogists [14]

Education benefits [21,26,34]

«  Educational experience of medical students, physician assistants, and surgical residents not affected by responselatency in robotic tel epresence
[21]; average Likert score:

«  Surgica 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 tel epresence [7]

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

« Improveclinical decisions: 3.91/5 (SD 0.877)

«  Provide accessto 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-7vshaseline: 51.3 vs43.0; 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
o Night nurses perceptions[27]:
« Intensive care unit physicians sufficiently available: 6%-20%; difference in proportions 14%; P=.008

o Present during acute emergencies. 44%-65%; difference in proportions 21%; P=.007
. SotaTM: alertsissued 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]

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

« 100% of parents felt comfortable talking to off-site neonatol ogists on a mobile robot [15]
o 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]

Lack of established protocols[7,29]
« Hindered by regulatory barriers of licensing, credentialing, and malpractice protection [29]
« Increaseslegal 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], athough 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

«  Timespent [15] off-site vson-site neonatologist: 8 (IQR 7-10.5) minutesvs 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) minutesvs 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]

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

«  Ethical chalenges[7]
«  Threatens patient’s confidentiality: 2.96/5 (SD 0.955)
« Raisesprivacy concerns: 3.12/5 (SD 0.956)

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

«  50% of physiciansdid 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 arole
in enhancing and optimizing the process of patient recovery.
Of the 3 robots we identified, 2 (67%) were targeted toward
early functional rehabilitation for patientswith 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, alowing 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 outcomesin patientswith acuteischemic stroke
[39]. MOTOmed [25] achieved better outcomesthan astandard
care protocol in terms of recovery of neurological function.
MOTOmed aso 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].

https://www.jmir.org/2022/5/€33380

Erigo (Hocoma AG) [13,28] isarobot that combines atilt table
with a leg movement system, allowing for progressive and
customizable verticalization of patients with acquired brain
injury. Thegradual mobilization in Erigo overcame animportant
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
improvementsin the Coma Recovery Scale (17.0vs5.0; 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 improvementsin the Glasgow Coma
Scale and levels of cognitive functioning. However, a longer
ICU stay was required to compl ete the verticalization protocol
before transfer to a neurological rehabilitation unit [13].

Calmer [17,36] isarobot 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. Researchisongoing a 60-bed NICU [17]. The benefits and limitations of the 3

to incorporate Calmer into incubators, which would potentially  abovementioned robots are summarized in Table 4.
allow for cost savings of as much as US $380,000 per year in
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Table 4. Theme 2: therapy or stroke rehabilitation.

Robot examples Benefits Limitations

Calmer: 2 papers[17,36] «  Efficacy inreducing infant pain Nil mentioned
*  Increases HF?P component (parasympathetic activity)

of HRV® (Hz/ms2) [36], Calmer vs standard Frd 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 BIIP® 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 NICU' [17]

«  No safety issues with short-term use

MOTOmed LOTTO 2 «  Safefor early rehabilitation of patients of stroke who are * Nosignificant changesin DVT' incidence,
(RECK-Technik): 1 paper criticaly ill intervention vs control group:
[25] «  Better outcomesin stroke rehabilitation (day 21 after stroke), . DVT incidence 58% vs 45%; P>.05

intervention vs control group:
« Neurologica outcomesimproved

*  GCSY: 15 (14-15) vs 15 (15-15); P=.32
* NIHSS™ 11 (8-25) vs 15 (12-19); P>.05
*  APACHE' 2: 6 (3-14) vs 9 (6-12); P>.05
«  Complications
*  Incidence of MOD!: 60% vs 67%; P>.05
« Incidence of severe MOD: 14% vs 41%; P<.05
. MOD scae0 (0-1) vs 1 (0-2); P>.05
*  Incidence of PEX: 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 (HocomaAG): 2pa- «  Better clinical outcomes—greater differencein neurological « | gnger LoS"in ICU [13], intervention vs

pers[13,28] scoring systems control group: 38.8 (SD 15.7) days vs 25.1
*  Differencein valuesat ICU™ admission and at rehabili- (SD 11.2) days; P=.01
tation discharge [13], intervention vs control: «  To complete stepping verticalization
« No orthostatic intolerance occurred protocol before being moved to the neu-
*  DRS™-20.0(-22.0t0o -4.5) vs-6.0 (-12.7 to rological rehabilitation unit
-2.0); P=.04

*  CRS® 17.0 (5.1-18.8) vs 5.0 (2.4-11.0); P=.03
«  GCS: 7.0(3.2-10.0) vs4.5 (3.0-6.5); P=.08

*  LCF" 4.0(1.0-5.0) vs 2.5 (1.0-4.0); P=.14

« Noincrease in catecholamine production [28]

3HF: high frequency.

Bindicates parasympathetic activity: decreased HF=stress; increased HF=calmness or stress recovery.
CHRV: heart rate variability.

9FT: facilitated tucking.

BIIP: Behavioural Indicators of Infant Pain.

fNICU: neonatal intensive care unit.

9GCS: Glasgow Coma Scale.

PNIHSS: National Institutes of Health Stroke Scale.

IAPACHE: Acute Physiology and Clinical Health Evaluation.

IMoD: multiorgan dysfunction.
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KpE: pulmonary embolism.

bvT: deep vein thrombosis.

M CU: intensive care unit.

"DRS: Disability Rating Scale.
9CRSr: Coma Recovery Scale.

PLCF: levels of cognitive functioning.
90S: 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 acritical
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] isawearable, portable, attachable tel e-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 al axia directions, and under various
body mation conditions, applicable to a range of body types.
However, a longer time was required to perform FAST,
especiadly in patients who were overweight, as it required
attaching a corset to each FAST area. Patientswere 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 delayswere noted during theimage acquisition
process. It performed satisfactorily even at remote distances of

https://www.jmir.org/2022/5/€33380
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700 km [35]. Overal, therewasahigher 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].

DelicaEMS 9D (Shenzhen DelicaMedical Equipment Co Ltd)
[38] is a portable transcranial Doppler (TCD) system for
simultaneous bilateral middle cerebral artery blood flow vel ocity
recording. It comprises Doppler ultrasound probes attached to
a robotic drive supported by a headband frame. The robot
performsthe 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 analysesrequiring frequencies of 2200 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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Robot examples

Benefits

Limitations

FASTele: 1 paper [19]

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

DelicaEMS 9D robotic TCDY
(Shenzhen DelicaMedical Equip-
ment Co Ltd): 1 paper [38]

Extracted echo images met and exceeded the defined
FAST? criteria

Brightness gradient of echo images vs values
required by the physician: 4.7 (SD 10.4) vs 3.9
(Sb9.8)

FAST performance achieved with vehicle motions:
at maximal acceleration in al axial directions and
body motion conditions

Constant pressure to hold the probe is not required

Clear images: image quality score 4.73 (high quality)

[12]

Comparable diagnostic resultsto bedside examination
[12,37]
Safety [12,37]

Able to complete an assessment successfully as
per established examination protocol [12,37]
No need to transport patients who are clinically
ill for assessment and minimizes radiographer
and hospital exposure to COVID-19 and other
infectious diseases [12,37]

Ableto be used in isolation wards [37]
Multiple protection measures [37]

o  Simultaneous start prompts

«  Emergency stop button

o Speed limit settings on the robotic arm

Faster [12,37]

No delay in scanning, 10-20 minutes per exami-
nation [37]

5G network system: ensuresreal time usP image;
detailed physician-patient communication, 20
times better transmission rate; delay reduced by
afactor of 10, allowing high-definition and accu-
rate video transmission [12,37]

Able to perform from aremote distance of 700 km
away [35]

Improved image-capturing capability vsstandard TCD
systems

Continuous, uninterrupted recording for 4 hours
Better image quality

Flow velocity signals are accurately captured evenin
the presence of other in situ multimodal monitoring
devices

Allows multimonitoring in moderate to severe
TBI® patients

Reduces risk of disruption of monitoring from
repeated |oosening and manipulation of other
devices

Increased efficiency from time saved in manual adjust-
ment of the probe, whichis crucial in patients who
arecriticaly ill

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

Likelihood of longer time to perform FAST:
requires attaching a corset to each FAST area
and may cause possibleinjury to patients
Prolonged wrapping time in patients who are
overweight

System to beimproved for medical physicians
to operate it easily

Difficulty of therobotic armin reaching some

body parts, especialy in patients who are

criticaly ill [37] and on the patient’s side[12]

«  Required mobilization of intubated
COVID-19 patient for AP® and lateral
thoracic views [35]

Only one convex array probe—frequency
limitation and unable to scan heart [12,37]
15.6% inconsistent results between robot-as-
sisted teleultrasound and bedside ultrasound
[12]

Difficulty in 3D space perception, requiring
practice and familiarization [12]

Scan and track functions are less functional
Limitation in available signal recording fre-
quency (100 Hz only)

Potential complications of raised | cP

3FAST: focused assessment with sonography for trauma.

byS: ultrasound.

CAP: anterior posterior.
4TCD: transcrania Doppler.
®TBI: traumatic brain injury.
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flcP: intracranial pressure.

Theme 4: Drug Dispensing and Delivery

Approximately 6% (2/33) of studiesidentified 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] isarobot 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 |oaded the medicationsonto
therobot. Therobot then traveled to the desired locationswhere
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 waswell-received by nurses and pharmacistsin terms
of reliability and performance. However, nursesweredissatisfied
that they now had to sort and store medications, which had been

Table 6. Theme 4: drug dispensing and delivery.

Teng et a

previoudy performed by technicians. Therewas also adowntime
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 al stages of
preparation, from reconstitution to dilution and final preparation.
|.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
werereduced. In addition, there were fewer potentially harmful
staff events. Precisionisespecially 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
guantities. 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
dower than manual preparation. In addition, mechanica 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.

Robot examples Benefits

Limitations

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

minutes

« Meantimefor label printing, 13.1 (SD 3.9) minutes

vs 7.4 (SD 4.1) minutes

e Meanidletime for medication delivery: 27.3 (SD

Increased efficiency of medication delivery beforeimple-
mentation vs 2 years after implementation

Mean total mean pharmacy cycle time (order receipt

to order exit): 73.9 (SD 2.21) minutesvs52 (SD 28.6) *

Limited benefit in timeliness and perceived
quality of delivery service

Decreased efficiency in nondelivery as-
pects—nurses have additional duty to sort and
store delivered medications.

o Low robot reliability perceived by technicians
that improved at 2-year follow-up

8.2) minutesvs 15.3 (SD 8.4) minutes

o Timeand cost savings
e 7.2 hours of technician time saved

«  Projected annual cost savings: US $14,100

«  Positive nurse perceptions:

o Perception beforeimplementation vs post implemen-

tation:

«  Generd satisfaction increased; P<.02

« Robot reliability increased; P<.01

I.V. Station (Omnicell Inc):  «  Better clinical outcomes
1 paper 8]

tion: accuracy within 5% to —-5%

« Improved safety for both patient and staff .
o  Increased efficiency during the preparation of higher dose

quantities

« Range: time savings of 16 seconds (acyclovir) to 2 .

hours 57 minutes (teicoplanin)

o  Reduced costs during the preparation of higher dose

quantities

« Range: 8% (ampicillin) to 66% (teicoplanin) .

o Increased precisionin drug preparation vsmanual prepara-  »

o Mechanical or software failure events

Decreased efficiency during the preparation of
lower dose quantities

Increased costs during the preparation of lower
dose quantities

«  Hidden costs (not included in cost calculations)

Electricity

«  Machine maintenance

«  Daysof downtime because of machinefail-
ure

However, the inactivity rate was low at 2.5%
(9.5/365 days)
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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
telepresencerobot 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 1CU 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
processesin the ICU.

Intermsof efficiency, robotsin 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 specidists.

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 a [34], al studies agreed that cost savings were
beneficial to hospitals.

Robots could outperform current care standards and supplement
human effortsin the fields of telepresence, therapy, and patient
evaluation. For example, Delica TCD [38] alowed for improved
Doppler image capturing that anormal 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. Thisis 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,
papersin 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
professionalsto maintain socia 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

https://www.jmir.org/2022/5/€33380
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patient or console a distressed family member, they can
nonethel ess emul ate 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
astep intheright 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 aswell.

Limitations of Robots

Although robots could hel p 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 aready 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
wereto 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 trandate to increased costs for patients because
of the cost of robots, licensing, installation, maintenance, and
repairs. In addition, because of the current lack of legidation
regarding billing for servicesrendered 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 chargesinstead 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 alack 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
isto relieve the workload of ICUswith scarce resources, it may
potentially create aparadoxical imbalancein resource allocation,
where staff from underresourced | CUs aredrawn to larger, more
established |CUs that can sustain telepresence.

Although robots complement and aid in workload, leading to
generaly 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.

Asrobotic 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 exponentia digital growth over the past
century, we will certainly continueto see an increasing overlap
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between the physical and digital worlds. It isimperativeto form
strict lines of accountability—shall it liewith the physician who
used it, or isthe robot’s devel oper 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 usesin the critical
care setting. Overal, 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 aUV light-emitting dioderobot (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 caretasks: intravenous pump device
continuation, ventilator knob adjustment, | CU monitor silencing,
oxygen knob adjustment, and call button deactivation. Vagvolgyi
et al [44] demonstrated the use of atelerobotic cartesian system
to alow the adjustment of ventilator settings from outside the
ICU. Similarly, this was feasible in a smulated 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 a so ableto interact with
thetouchscreen instrument panel of dialysis machines, achieving
fast and simple control of the machine in the context of
emergency dialysis. Finally, in anewly published study, ateam
from the Massachusetts Institute of Technology developed
Emergency-Vent [46], arobotic gripper that automated the task
of manually sgueezing 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 anesthesiol ogist
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.
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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
especialy 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 aflexible mattress
and an easily sanitized structure that allows the mobilization of
major joints. This approach has severa benefits. First, the
effective mobilization of patients prevented the accumulation
of secretionsin the lungs. A self-movable bed that inclines can
counter mucus engorgement and subseguent atel ectasis. Second,
the robotized system reduced the workload for health care
workers (nhurses 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 Rolesin 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 devicessuch asLUCASII (Jolife AB) and Corpuls
CPR (GS Elektromedizinische Gerdte 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] isan automated anesthesiadrug 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 trialsin asimul ated
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, arobotic 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
guantitative 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 individualswho are
paraplegic and nonambulatory. Another robot, the Automatic
Recovery Arm Motility Integrated System robot, is a dua
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,
therewererdatively few studiesin thisareathat were conducted
on patients themselves. Specificaly, 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 anormal hospital ward.

As mentioned above, robots are moving toward being able to
handl e 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, especialy 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 tel epresence 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,
aprotocol 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 protocolsand frameworksfor worldwide tel epresence
use. We hope that with more research in this area, suitable
regulations and protocols can be implemented to address
implementati on i ssues such as manpower replacement in health
care, cybersecurity issues, and subsequent ethical and legal
consequences.
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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
Al and robots within the critical setting could allow robots to
act as physician assistants. For example, existing Al technology
used for the early detection of sepsis [62] can potentially be
incorporated into robots. Outside of medicine, many commercial
companies are aready moving toward incorporating Al 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 progressis till 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, theaim of this project
was to identify the different types of robots currently available
for usein critical care settings. Currently, there are no theoretical
frameworks to classify the types of robots, hence, we
categorized theidentified robots according to their functionality.
However, asthetypes of robots varied widely, even within each
theme, our review could only cover various types of robotsin
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
literaturein our results aswefelt that they did not have sufficient
information for usto 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 |CU. There were aso differences
across studies in terms of what was included or omitted during
these cost-benefit analyses. For instance, the components that
went into cal culating cost savings differed: some papersincluded
robot maintenance fees in the overall value, but some did not.
Therefore, we were unable to present ageneralizable 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 COV 1D-19 pandemic, there
has been greater emphasis on robot usein the ICU, asit allows
efficient, safe, and quality contactless care. Although weinitialy
set out believing that robots are moreinclined 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 frameworksfor robotic
use, especialy 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.

Teng et a

Overdll, 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 aone or in combination with Al. If
technical, financial, ethical, and legidative barriers to robotic
use can be overcome, it would only be a matter of time before

robotic presencein critical care becomes ubiquitous.
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Abstract

Background: Mobile health (mHealth) apps show vast potential in supporting patients and health care systemswith theincreasing
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 barriersto or facilitators of adherenceisafundamental 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 appstargeting NCDs. We further derived quantified adherence scoresfor various health
domainsto 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 factorsinfluencing 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 al health domains:
personalization or tailoring of the content of mHealth appsto theindividual needs of the user, remindersin the form of individualized
push notifications, user-friendly and technically stable app design, and personal support complementary to thedigital intervention.
Social and gamification features were also identified as drivers of app adherence across severa 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: Thisstudy 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
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underlying studies mostly have a pilot character with short study durations, research on factorsinfluencing adherence to mHealth
apps is il limited. To facilitate future research on mHealth app adherence, researchers should clearly outline and justify the
app’sintended use; report objective dataon actual userelative to theintended use; and, ideally, provide long-term use and retention

data.

(J Med Internet Res 2022;24(5):€35371) 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 preval ence 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, despiteincreasing 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 &l participantsin
mHealth interventions only engage at a minimum level, do not
log into the mHeal th 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].

Asnonadherence 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
devel opment 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 useis 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, previousresearch hasidentified factors
affecting the uptake of and engagement with heath and

https://www.jmir.org/2022/5/€35371

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 aternative information
technologies. To our knowledge, no systematic review hasbeen
conducted on the factorsinfluencing 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
factorsthat app devel opers can potentialy improve upon through
product changes (eg, the inclusion of certain app features) and
patient-related factors that are hardly adjustable (eg, user
characteristics). Thesefactorswere separated into their potential
positive or negative influences on adherence.

In the absence of a universally agreed-upon approach to
measuring adherenceto 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
gualitative 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 aquantified adherence
score has not been applied previously.

JMed Internet Res 2022 | vol. 24 | iss. 5 | €35371 | p.93
(page number not for citation purposes)


http://dx.doi.org/10.2196/35371
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

In summary, thisreview aimed to answer the following research
guestions:

1 Which intervention-related factors influence adherence
relativeto theintended use of mHealth appstargeting 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

Thisreview was conducted according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses;

Jakob et &

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 termsrelated 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 theiPhone) and December 2020,
which focused on adult populations, were included. Studiesthat
focused on communi cabl e diseaseswere excluded. Theinclusion
and exclusion criterialisted in Textbox 1 were used to identify
relevant articles.

Textbox 1. List of eligibility criteria (Population, Intervention, Comparison, Outcomes, and Study component [PICOS] aong with inclusion and

exclusion criteriaand 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: studiesinvestigating digital interventionsthat aimed to change =1 health behavior and the stated goal of theintervention

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

o  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 experimenta 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

. I nterventions 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 viainstitutional log-in

Screening Process and Eligibility Criteria

The selection of publications was conducted in severa steps
(Figure 1). First, potentially relevant publicationswereidentified
by searching theliterature databases. After excluding duplicates,
tittes and abstracts were independently reviewed by 3

https://www.jmir.org/2022/5/€35371

RenderX

researchers (SH, RJ, and AMR) according to the inclusion and
exclusion criteria listed in Textbox 1. Disagreements were
resolved through discussion. In asecond screening step, thefull
texts of relevant articles were independently reviewed by 4
researchers (SH, RJ, AMR, and JLM) concerning the fulfillment
of theinclusion and exclusion criteria. Discrepancieswere 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

Jakob et &

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

Figurel. PRISMA (Preferred Reporting ltemsfor Systematic Reviewsand Meta-Analyses) flowchart illustrating theinclusion and exclusion of studies.

mHealth: mobile health; NCD: noncommunicable disease.

Records identified through Duplicates removed
Identification database searching —> (1=838)
(n=2862)
. Records screened by title > Records excluded
Screenmg and abstract (n=2024) (n=1673)
Full text articles excluded (n=252)
» Insufficient information about adherence to
intended use (n=184)
. 1 eys Full-text articles assessed « No mHealth app (n=30)
Ehglblhty for eligibility (n=351) « App not primary intervention feature (n=17)
» No open access (n=13)
*  Wrong population (n=5)
* Not targeted at NCDs (n=3)
Studies included in the
Included synthesis (n=99)

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 characteristicsincluded thetitle, 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 persona 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
(factorsthat devel opers can potentially improve through product
changes) or patient-related factors (factors that can hardly be
influenced by app developers, such as user characteristics).

https://www.jmir.org/2022/5/€35371

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

Asafirst 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 behaviora risk factors
(nutrition, physical activity, and weight loss). The categories
were then further refined into the following health domains:
NCD sdf-management (asthma management, diabetes
management, CVD management, cancer management, and
medication adherence), mental health (anxiety, depression, and
multidisciplinary and others), substance use (acohol, 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.

Inthethird 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 scoreswere cal culated for each health domain.

In the fourth step, correlations of adherence scores with other
extracted variables were examined, and where possible, the
qualitative resultsfrom step 2 were quantitatively compared for
each health domain. Quantitative analyseswere performed using
SPSS Statistics (version 27; IBM Corp). Correlations of
adherence scoreswith 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.

Finaly, a list of universaly relevant factors with
recommendations for the development and evaluation of
mHealth apps was devel oped.

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 sel ection 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
(3197, 32%), pilot randomized controlled trials (12/97, 12%),
cohort studies, mixed methods studies, and observationa 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 ayear. 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 appswas 72,046. The mean number
of study participants was 750.5 (SD 2800.7; range 9-19,233).
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Of the 96 studiesreporting 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
themost 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 availableto 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 usetime
(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 studiesreported 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

Asdisplayed in Table 1, theincluded studies eval uating 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%), CVV D 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
werefurther separated into apps addressing a cohol (2/9, 22%),
tobacco (6/9, 67%), or amix 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 rena 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 lossinterventions (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
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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),
especialy in studies conducted on mindfulness interventions
(76.7%, SD 20.2%; range 44.8%-100%). Only studies conducted
on appstargeting 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 scoreswere highest
in the domain of other NCDs (69.9%, SD 18.5%; range
33.3%-90.5%), followed by multicomponent lifestyle
interventions amed a changing multiple behaviors
simultaneously (61.3%, SD 22.5%; range 32.4%-96%). Apps
from the substance use domain had the | owest 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).
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Health domains Studies, n (%) References
NCD? self-management 17 (18) [26-42]
Diabetes management 6 (6) [29-34]
Cancer management 5(5) [37-41]
Respiratory disease management 33 [26-28]
Cardiovascular disease management 2(2) [35,36]
Medication adherence 1(1) [42]
Mental health 20(21) [43-62]
Anxiety 2(2) [43,44]
Depression 9(9) [45-53]
Multidisciplinary and others 9(9) [54-62]
Substance use 9(9) [63-71]
Alcohol 2(2 [63,64]
Tobacco 6 (6) [65-70]
Multidisciplinary and others 1(1) [71]
Nutrition 7(7) [72-77,123]
Physical activity 6 (6) [78-83]
Weight loss 9(9) [84-92]
Multicomponent lifestyle interventions 8(8) [93-100]
Mindfulness (including breathing and meditation) 9(9) [101-109]
Other NCDs 12 (12) [110-121]
All domains 97 (100) [26-121,123]

3NCD: noncommunicable disease.

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

Health domains Participants, N Values, mean (SD) Values, median (IQR) Values, range
NCD? self-management 15,111 888.9 (2433.3) 56 (113.5-31) 10-9051
Mental health 5710 285.5 (470.1) 81 (231.8-31) 14-1709
Substance use 21,038 2337.6 (6344.8) 99 (683.0-24) 9-19,233
Nutrition 13,042 2173.7 (5195.1) 22 (3342-12) 12-12,777
Physical activity 946 157.7 (147.5) 151 (301-22) 19-301
Weight loss 659 73.2 (54.4) 50 (120.5-28.5) 17-176
MLIP 2274 284.3 (531.9) 64.5 (331.3-29.3) 20-1561
Mindfulness 12,608 1400.9 (4031.5) 46 (128-21.5) 15-12,151
Other NCDs 658 54.8 (48.6) 44 (59.8-20.3) 15-189
All domains 72,046 750.5 (2800.7) 56 (129.5-26) 9-19,233

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

Health domains Values, mean (SD) Values, median (IQR) Values, range
NCD? seff-management 57.7(7.3) 56.5 (64.2-52.6) 45.0-70.9
Mental health 35.9 (5.9) 36.6 (40.2-33.9) 19.9-46.5
Substance use 40.8 (9.6) 44.0 (48.8-35.3) 20.5-49.9
Nutrition 44.0 (16.6) 45.0 (60.0-27.2) 22.0-64.7
Physical activity 47.1(15.2) 42.0 (63.6-38.0) 26.8-68.0
Weight loss 425 (11.0) 45.8 (49.6-35.2) 20.0-54.4
MLIP 437 (18.7) 39.0 (48.8-34.9) 23.6-86.0
Mindfulness 437 (14.7) 42.8(52.8-33.5) 20.2-70.9
Other NCDs 45.6 (10.3) 43.6 (55.2-36.0) 34.0-64.9
All domains 44.6 (12.9) 42.9 (52.7-35.8) 19.9-86.0

3NCD: 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).

Health domains Values (%), mean (SD) Values (%), median (IQR) Values (%), range
NCD? self-management 53.6 (30.9) 50.3 (82.8-31.5) 0-100
Mental health 64.0 (16.5) 65.9 (72.6-58.4) 27.0-95.2
Substance use 49.3 (14.1) 50.5 (55.3-39.6) 27.7-78.0
Nutrition 67.7 (25.5) 71.5 (90.5-44.4) 31.0-94.0
Physical activity 60.6 (16.5) 64.0 (73.8-50.9) 30.4-73.9
Weight loss 60.7 (27.5) 68.9 (81.0-42.5) 1.3-85.0
MLIP 66.8 (12.5) 62.9 (78.6-60.0) 51.0-88.3
Mindfulness 76.7 (20.2) 80.2 (94.6-55.7) 44.8-100
Other NCDs 64.0 (26.4) 68.1 (87.5-45.8) 19.0-100
All domains 62.0 (22.8) 63.2 (78.9-48.0) 0-100

3NCD: noncommunicable disease.
BMLI: multicomponent lifestyle intervention.

Table5. Intervention duration (days) by health domain in the included studies evaluating specific mobile health apps (N=97).

Health domains Values, mean (SD) Values, median (IQR) Values, range
NCD? self-management 129.1 (87.9) 91.3 (180-735) 30-365
Mental health 97.6 (137) 56 (78.8-30) 28-577.9
Substance use 109.2 (192.1) 56 (90.5-17.6) 14-615
Nutrition 52.5 (55.7) 28 (56-21) 7-172
Physical activity 74.3 (28) 81 (100-49) 28-100
Weight loss 214 (216.3) 180 (273.8-70) 56-730
MLIP 79.6 (50.7) 87(91.3-33.3) 21-1825
Mindfulness 107.1 (142.3) 42 (202.7-29) 21-365
Other NCDs 111 (126.6) 56 (159.4-31.5) 14-365
All domains 111.4 (132) 60.8 (100-30) 7-730

3NCD: noncommunicable disease.
ML multicomponent lifestyle intervention.
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Table 6. Number of intended app interactions by health domain in the included studies eval uating specific mobile health apps (N=97).

Health domains Values, mean (SD) Values, median (IQR) Values, range
NCD? seff-management 141.6 (184.3) 90 (178.5-35) 6-615.4
Mental health 64.5 (124.6) 39.5 (57.5-6) 4-577.9
Substance use 51.3(56.2) 19.1(88.9-9) 4-170.7
Nutrition 31.8(27.8) 21 (56-10) 4-825
Physical activity 60.8 (35.3) 67 (93.3-24) 12-100
Weight loss 2105 (213.3) 168 (259.3-78) 52-730
MLIP 40.2 (36.3) 25.7 (81-6.8) 1-90
Mindfulness 144.1 (243.8) 30 (197.2-24.5) 21-730
Other NCDs 39.8(35.3) 35 (65.5-5.8) 2-107.1
All domains 90.1 (145.9) 51 (90-20.1) 1-730

3NCD: 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 (%), median (IQR) Values (%), range

Health domains Values (%), mean (SD)
NCD? self-management 534 (24.7)
Mental health 56.6 (26.2)
Substance use 46.1 (33.0)
Nutrition 49.1(32.1)
Physical activity 54.7 (16.6)
Weight loss 49.1 (21.5)
MLIP 61.3(22.5)
Mindfulness 59.0 (18.5)
Other NCDs 69.9 (18.5)
All domains 56.0 (24.4)

63.4 (72.5-25.5) 14.0-89.5
61.0 (83.4-32.2) 15.0-915
24.2 (81.1-18.0) 9.1-84.0

48.9 (84.3-26.8) 2.6-91.4

555 (71.3-39.9) 31.2-72.0
43.1(61.6-38.2) 16.0-93.2
56.1 (81.6-42.4) 32.4-96.0
66.7 (73.7-37.2) 33.3-81.9
72.4(87.6-53.4) 33.3-90.5
60.4 (76.0-34.5) 2.6-96.0

3NCD: noncommunicable disease.
BMLI: multicomponent lifestyle intervention.

NCD Self-management

Factors I nfluencing Adherence to NCD
Self-management Apps

Diabetes M anagement

Intervention-rel ated factorsthat positively influenced adherence
to diabetes appsincluded 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-rel ated factors positively affecting adherenceto 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
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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 M anagement

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 ahealth care professional, were
all positively associated with adherence [27,28].

Patient-related factors included the recruitment strategy and
recruitment location. It was shown that usersrecruited 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
characteristicswere 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
dataexchange 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].

M edication 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

Acrossthe5 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 appstargeting 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
(r14=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 inimproving adherencein one of the studies [43]. It was
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also reported that technical problems negatively affected
adherence and that iOS users had |ower adherence than Android
users[43].

Depression

Thefollowing intervention-rel ated factorswere positively linked
with adherence to mHealth appstargeting depression: aternating
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, along study duration [49], competitive effectsfrom
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 Americaasa
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 stateswith 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]. Findly, lack of time for implementation and technical
problems were negatively linked to adherence [58].

Patient-related factors positively influencing adherenceincluded
the following user characteristics: high 1Q [56], increased age
[58], increased risk of suicide [60], general interest in the app
[54], and atrusting rel ationship between the person being treated
and the organization providing theintervention [55]. In contrast,
thefollowing user characteristics negatively affected adherence:
long treatment history [54], critical pre-existing conditions (eg,
chronic psychoticillness[54]), increased overall mental health
burden [56], increased mania-like symptoms [56], privacy
concerns[57], or aperceived 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 appswas 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 professionalsinto 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 (ry,=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 relationshipswere 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 correl ation 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 anaysis [43], the differences between the
adherence score and smartphone operating system (r¢,;=0.450;
P=.05) were likewise positive in the quantitative analysis.

Substance Use
Factors I nfluencing 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]. Finaly, variations and
optionsin app design and offer within the app positively affected
adherence [64].

Thefollowing 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
anegative 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 functionsfor 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 initia
acceptance of cravings [67], younger age [66], and minimum
level of digital skills among users[66].
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Multidisciplinary and Others

One of the studies showed that the inclusion of several feedback
modulesisan effective techniquefor 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 ahigher 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 theintervention 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 (r&=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 I nfluencing 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]. Finaly, technical difficulties negatively affected
adherence [72,73].

Several user characteristics had apositive influence. Thesewere
employment at auniversity [77], female gender [ 74], high degree
of dietary preferences [75], and time and cognitive capacity
devoted to theapp [ 75]. Theresultswereinconsistent 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 (r,=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| nfluencing Adherenceto 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, socia
comparison, and challenges, positively affected adherence
[80,83]. In addition, personalization and customization were
positively linked to adherence, especialy customizable app
functions regarding exercise plans, nutrition suggestions, and
caorie lists [79,80,83]. Persona communication with and
integration of health care professionals positively affected
adherence[82]. Finally, technical difficulties negatively affected
adherence [78].

Thefollowing 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 (r4=0.289; P=.64). Compared with the quditative
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 L oss

Factors I nfluencing Adherence to Weight Loss Apps

The included studies focusing on weight loss apps identified a
positiveinfluence of remindersin theform of push notifications
on adherence [88,92]. Just-in-time intervention components
were associated with better adherence[87]. The samewasfound
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, acorrelation was found between high adherence and
unlimited digital access viathe app, aswell 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], ahigh sense of responsibility [86], and reinforcements
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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 appsfor 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
asignificant correlation (r=0.174; P=.65).

Mindfulness

Factors I nfluencing Adherence to Mindfulness Apps

Asmost mindfulness appsthat 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 expectationstoward
the app [106,108], intrinsic motivation [108], and a current
physical diagnosis[106] in contrast to amental health diagnosis.

Quantitative Analysis of Mindfulness Apps

On average, mHedlth 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 I nterventions

Factors I nfluencing Adherence to Multicomponent
Lifestyle I ntervention 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).

Theincluded studiesreported that theintegration of health care
professionals during theintervention, 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 participantsin
social comparison features [97], negative emotions related to
self-monitoring during periods of weight [97], shift work
schedules [98], and technical difficultiesin using the app [93].

Quantitative Analysis of Multicomponent Lifestyle
I ntervention 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 theincluded multicomponent
lifestyle interventions offered consistent, continuous support
by health care professional's (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 astudy 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 visitsto health care professionals or to aclinic
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 patientswith
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
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influenced adherence in a study about an app for a lower leg
physical activity intervention for individua swith chronic venous
leg ulcers [114]. Furthermore, in a study on an mHealth app
targeting inflammatory bowel disease, it wasfound 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
correl ation between the adherence score and the level of personal
support during the study period was nonsignificant (r¢,=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 goa 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 aso found the following user characteristics to be
positively linked to adherence: female gender, aged <44 years,
living in urban areas, good educationa level, high income,
curiosity, higher health literacy, and app awareness [20]. In
addition, interactivity, an established routineto usethe app, and
customization of the app had apositiveimpact [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 (re;=0.199; P=.06). With respect to various user
characteristics, the quantitative analysis did not find significant
differencesin 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 differenceswere found
between healthy participants and participants with chronic
diseases (rys=—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
(rp=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 (rgs=0.324; P=.001). The
guantitative analysis did not find any significant differences
between Android and iOS with regard to the adherence score
(rg3=0.019; P=.87). Furthermore, the quantitative analysis
showed a higher adherence score for apps devel oped by private
app development compani esthan for those devel oped by public
institutions or research groups (rgs=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 Factor s 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 auser-friendly app design or technical stability ascriteria
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 devel opers 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 €l ements)
[53]. Technical problems can be reduced through closed beta
tests while optimizing the UX through user interface or UX
design changes before app rel ease. 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
publicingtitutions or research groups. Quantitative analysisalso
reveal ed higher adherence scoresfor 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 teamswith no or only short testing periods),
it can be assumed that the current body of mHealth apps does
not yet realizeitsfull potential intermsof usability and technical
stability, thus indicating the potential to improve adherence.
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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].
Thisincluded individualized app features (such asacrisisplan),
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. Thesefindingsalign 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 needsin 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 socia identity if they are
received at an inappropriatetime 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 heath care professionals past the initial app
onboarding can be realized in various ways, including regular
clinic visits, complementary telephone support, and
communication optionswith health care professional sintegrated
into the app. In addition, apps can facilitate communication
between patients and health care professionals through
automated data exchanges. Quantitative analysis reveded 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 adherencein 12% (12/97) of studiesacross 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 |eaderboards. This aligns with other reviews that
list rewards and games asfactorsthat 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
featureswere found to positively affect adherence; for example,
in the form of socia networks, contests, leaderboards, or
newsfeeds with social components [52,73,75,83,88,97].
However, social components should be included with caution
and ideadlly tested, as social comparison with less-motivated
participants can al so harm adherence[97]. Accordingly, arecent
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
studiesfrom the health domains NCD self-management [31,34],
other NCDs [117], mindfulness [101], and meditation [106].
Thus, developers can increase adherence by automating
repetitive tasksto reduce user burden. Inthisregard, 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 I ncentives

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 synthesisdid not yield resultsregarding
the effect of such monetary incentives as an additional
intervention component on adherence. The quantitative
comparison between studieswith monetary incentivesand 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 arelevant effect.
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Other I ntervention-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 studiesin thisreview also reported that time delayswithin
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 appsthat satisfy security and privacy demandsto foster
user acceptance and trust [142-145].

Patient-Related Factor s I nfluencing 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
guantitative analysis did not reveal significant effects of average
age, gender distribution, or pre-existing conditions on adherence
acrossall included apps. Consequently, the resultsfrom 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 alow 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.

JMed Internet Res 2022 | vol. 24 | iss. 5 | €35371 | p.106
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Type of Participant Recruitment

In 4% (4/97) of studiesfrom thefields of NCD self-management
[26], mental health [45,51], and nutrition [123], the user
recruitment channel was mentioned asarelevant 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 mHeath apps are made
available to the public via app stores, this factor might have an
increasingly negative effect on overall adherence. Developers
may overcomethisissue by optimizing the UX of their mHealth
app inthe onboarding phase. As highlighted previously, offering
personal support from health care professionals before and
during the onboarding processis 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
adherencelevel to mHealth appsthan previous research suggests
[9,10,146]. Thiscould 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
guestionable whether the included health apps could reach
similar adherence scoresin more prolonged studies. Adherence
scores by health domain were highest for the other NCDs
(69.9%, D 18.5%), a heterogeneous group of mHealth apps
targeting less common NCDs such as intestinal and rena
disease, insomnia, pain, venous leg ulcers, and dydlipidemia.
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%). Therelatively
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 userswho stopped using the app after asuccessful 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 aigns 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 lifestyleinterventions 284.3, SD 531.9;
and other NCDs54.8, SD 48.6). In general, studieswith ahigher
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
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significantly higher adherence score than those publicly
available viaapp stores (r5=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 fromreal-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 appsto areasonabl e 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
possiblethat other factors, such as patient characteristics, could
influence adherence. Further research is needed to establish
effective adherence measures. By reporting thisnovel quantified
measure of adherencefor individual studiesand 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 severa limitations. The first limitetion is the
heterogeneity of theincluded studies. The studiesdiffer interms
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 (afew weeks to over ayear).
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
studieswere 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 studiesincluding <200
participants and 73% (71/97) of the studies having a duration
of <100 days. Whether individual study results can bereplicated
in more controlled and longitudinal studies in the future is
questionable. In addition, there were differences in terms of
additional monetary incentives and thelevel of personal support
complementary to the use of mHealth interventions. Moreover,
the mHealth appsinvestigated in the studies showed substantial
heterogeneity in their goals (eg, increasing physical activity and
reducing tobacco consumption). Overal, this limited the
generalizability of our results.

This limitation was overcome by categorizing the results into
different health domains. However, mHeal th 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, asmartwatch for passive data collection),
app features (eg, socia 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 isthat few studies considered individual intervention
components separately and evaluated their effectiveness, which
complicatesthe identification of intervention-related factors. A
further limitation of thisstudy istheinclusion of nonrandomized
studies, which, on the one hand, allowed a more extensive
consideration of objective app use data but, by contrast,
precluded conducting arisk of bias assessment.

The calculation of adherence scores as the ratio between
intended and actual use aso 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’sintended 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

Thisstudy contributesto the scarce scientific evidence on factors
influencing adherence to mHealth apps and isthefirst to derive
quantified adherence scores for various health domains to
vaidate qualitative findings and expl ore adherence benchmarks.

This paper contains various detail ed 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. Finaly, we
discuss the most common factorsinfluencing adherence across
all the health domains. As mHealth apps within health domains
remain heterogeneous, we encourage readersto always consider
information from the corresponding individual studiesoutlined
in Multimedia Appendix 4 when implementing their
interventions according to the factors reported in this review.
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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 technol ogy,
health care, and fatigue was conducted. Technol ogiesincluded synchronous video, telephone, informatics systems, asynchronous
wearable sensors, and mobile health devicesfor health carein 4 concept areasrel ated to provider experience: behavioral, cognitive,
emotional, and physical impact; workplace at the individual, clinic, hospital, and system or organizationa 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 criteriarelated 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
dataquality, accuracy, and processing but low sati sfaction 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):€34451) 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 afacilitator, 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
isavery complex and multidimensional construct and areview
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]. Hedth care
providersand other employees haveincreasingly 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 challengesincludelearning to useit 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 hedlth care providers
typically use EHRs and other technol ogies, 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 psychosocia working conditions [19,20]. Assessment of
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well-being [21,22], burnout [23-28], burnout with EHRs[29,30],
and related risk factors[31] isunderway, 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 beidentified—at adepartment 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. Thiswill 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, occupationa health,
and well-being literature to contextualize technol ogy-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
Itemsfor Systematic Reviewsand Meta-Analyses extension for
Scoping Reviews) [41].

Research Question
Thisscoping review exploresthe rel ationship among technol ogy,
fatigue, and health care to improve the conditionsfor providers.
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It focuses on the overarching question: “What is
technology-based fatigue and what are its consegquences for
providers and patients?’ The subquestions are as follows:

1 What are the characteristics of technology-based fatigue
and its associated factors, including technol ogies?

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 goa was to synthesize clinical, provider, administrative,
business, and other workplace dataand consider the current and
target states for using technologies in a healthy way to prevent

Textbox 1. Concept areas used in the initial search.

Hilty et al

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 viathe
Ebsco platform, Web of Science, Scopus, Social Sciences
Citation Index, Telemedicine Information Exchange database,
Centrefor Reviews and Dissemination, and Cochrane Database
of Systematic Reviewsand 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, counsel or, employee, medical
nurse or physician, psychiatrist, psychologist, social worker,
therapist, and worker), assessment, care, eval uation, screening,
therapy, triage, and treatment. The initial search targeted 4
concept areas by using specific terms as shown in Textbox 1.

Behavioral, cognitive, emotional, and physical impact

«  Behaviora 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

o  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, wor kflow, 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 perceptionsregarding 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 theinclusion criteriarelated

https://www.jmir.org/2022/5/€34451

to hedlth 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 additiona 14 studies
evaluated health care and technology workflow with user
experiences and perceptions that may provide a contextual
understanding of fatigue.
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Figure 1. Search flowchart: diagram of studies reviewed. eConsult: electronic consultation.

4221 records imported for screening

|

202 duplicates removed

U

4019 records screened by title and abstract

3837 wirrelevant records removed

182 eligible

Peer-reviewed, original research including
conference proceedings and international or global
scope

Data that are a foundation for, concretely adapted to,
and directly bear on video with telephone or
asynchronous care, workplace, workflow, and
fatigue: informed by occupational health,
ergonomics, information systems, screen time,
and technology related to video display terminals

N
—/
—N
—/

170 excluded
21 Fatigue mentioned in article but not a focus of
research
19 Fatigue or bumeut in nonhealth care settings
18 Methods not sufficiently geared to assess f

igue

I8 Patient related issues/foct rather than clinician
issues/foci

17 Asynchronous technologies (eg, app-based
interventions), eConsult, email, and social media
as primary foci

17 Fatigue or bumeut mentioned in article but not a
focus of research

16 Use of apps or wearables only to deliver
intervention (eg, cognitive behavioral therapy)

15 Training, education, and routine professional
development

13 Data that are noet primarily related to and/or directly
bearing on video and telephone
communicationfcare andfor work flow

12 Wrong publication type (eg, abstract only,
editorial, column, and review)

3 Non-English language

1 Other

1l

12 studies included

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 M eaning of Findings

Results were organized based on the objectivesinto tables and
figures, with key concepts and components of technol ogy-based
fatigue outlined and described, partially based on excerptsfrom
published topics. As this research area, athough critical, is
nascent, findings were reported individualy.

Thetechnol ogies used have evolved considerably, making these
articles a challenge to compare. Qualitative steps to analyze

https://www.jmir.org/2022/5/€34451
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disparate populations, data and methods of studies were used
[42]. Content, discourse, and framework qualitative analysis
techniques were used to analyze findings from papersto develop
a spectrum of health to risk of fatigue to manifestations of
burnout (Figure 2) [43]. Content analysis was used to classify,
summarize, and tabul ate the behavioral data; discourseanalysis
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 themesin 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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Figure2. A comparison of health and resilience, risk to well-being, and manifestations of technol ogy-based fatigue and burnout. EHR: el ectronic health

record.
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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 stepsfor 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
Caalition 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
Ingtitute, Healthcare Information and Management Systems
Society, Joint Commission, and World Health Organization);
and (4) federal (ie, US National Academy of Sciences, US.
National Ingtitute 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. Thelead 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 Del phi
processes [37,44]. Attendees were asked to complete a
qualitative and quantitative 5-item Likert-scal e survey (strongly
disagree, disagree, neutral, agree, or strongly agree) or provide
qualitative feedback viaemail. 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 guidelinesfor 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 hel p contextualize technol ogy-based
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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 aphysician (not psychiatrist), 1 (5%) was acounselor,
1 (5%) was asocial 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 problemsfor providers and systems’ (13/19, 69%);
and (3) “ Thefigures 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 al 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) studiesdiscussed 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 studieswere
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], visuad 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). Visua strain and fatigue studies
have focused on individua-level adjustments for
accommodation at near distances, with lack of energy, physical
discomfort, and deepiness, were statistically significantly higher
asfunctions 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 admini strative 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 cliniciansused the EHR for alonger time after
hours, logging in 26.5 minutes per day versus 19.5 minutes per
day for non-USclinicians (P=.01). These results persisted after
controlling for organizational characteristics, including structure,
type, size, and daily patient volume. The most important 3
factorsthat separate theideal order setsfrom therest 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 al so introduce new error
types (eg, excessive aerts 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 tota 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
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(VDTs), computers, and phones (6/14, 43%); smartphones or
PDA (1/14, 7%), or EHR aone (1/14, 7%; Multimedia A ppendix
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 behaviora (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 organizationa (6/14,
43%) levels.

Studiesthat focused on EHR timelog datafor physicians[61,71]
found substantial time of EHR use (eg, 5.9 hours of a11.4-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 usahility, 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 enjoyableit isfor them (and not
just patients), and other rewards. Organizations play asubstantial
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 |ean processes,
user satisfaction and thefit of goals, methods, and routines may
be much higher [59,60], avoiding gaps between the system and
provider perspectives. Fatigue often manifests in socia 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
Experiencesand Human Factor sRelated 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
EHRsand 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 processfor 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
Literatureto Contextualize Technology-Based Fatigue

Overview

From the 1980sto 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 asbeing 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

Findingsfrom VDT studiesof occupational hygiene (eg, climate,
lighting, and electrostatic conditions) and ophthalmologic
dimensions appear to be quite pertinent to video, EHR, and
psychosocia 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-minutework 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 aternative to home offices
because professional isolation negatively affects job
performance, and employeeswith 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 asawork-rel ated
condition and prolonged fatigue asageneral 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
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recognition provide opportunities for intrinsic satisfaction and
self-efficacy. A good community provides socia 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, athough 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 morefair and equitable policies.

Guideinesfor Providers, Systems, and Organizations
in Health Carefor 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 physica impact of
workflows. Such consideration isneeded at theindividud, clinic,
hospital, and system or organizational levels. Thiscould include
adjustments in information systems (IS) and IT, use of lean
methods and emphasis on interprofessional education efforts
with technol ogy team-based care from the I nstitute 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 casesintegration) of technologiesinto workflow for health
care systems, which was generalized, as some systemsintegrated
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—substantia 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 systematicaly; and (3)
low—minimal institutional support with expectationsthat users
learn, adapt workflow, and maintain well-being individually.

Discussion

Principal Findings

Studies related to the implementation and evaluation of
technology areincreasingly sophisticated and provide astarting
place despite varying widely in duration, approaches, methods,
and quality of measures. The 12 studiesthat met al theinclusion
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 careis 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
gualitative analysis of the literature suggests a continuum from
health to risk of fatigue to manifestations of digital burnout,
which provides an outline of organization approachesto 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
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literature help contextualize technology-based fatigue and
modern approachesthey use such aslean, processimprovement,
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 eval uation 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 isundergoing change, with
a shift toward the recognition of burnout as an occupational
phenomenon rather than solely asan 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 socia
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 specidlists,
and potentialy 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,
andinstitutional 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 Cirquedu 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 I T busi ness-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 systemswould emphasize
evaluation, effectiveness, implementation, and application of
process improvement [59,60,85,89]. It includes approaches to
causal questions using cross-sectiona and longitudinal
dimensions, multilevel foci, and objective measuresfor 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 (val ue 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 asindividuals,
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 hasarich set of scientific methods, astrong
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 abroad scope, to find the rel ationships
between hedlth care, fatigue, and synchronous (video, tel ephone,
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 conclusionsusing
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 physica domains of
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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 doesit 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 aqualitative,
small group interview approach with experts using a
semistructured guide could have discovered moreinformation.

Conclusions

Health care delivery and systemsare increasingly incorporating
technology but need to evaluate its impact in accordance with
the Quadruple Aim to support providers. Approacheswith causal
questions and longitudina implementation research could
benefit from amultilevel approach with objective measuresfor
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 strategiesand 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 Practicesin 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 afailure to represent the human context. The assessment and treatment of
these disorders must reflect how the person lives, their degree of socia connectedness, their personal motivation, and their cultural
background. Thistype of information is best communicated both through narrative and in collaboration with other providers and
the patient—Ilargely because human social memory is organized around situation modelsand natural episodes. Neither functionality
iscurrently 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, essentialy a failure to support the
basic communication functions necessary for the narrative. The authors have rightly noted the problems of the EHR in thisdomain,
but perhapsthey did not completely link the problemsto thelack of functionality to support narrative communication. Suggestions
for adding design elements are discussed.

(J Med Internet Res 2022;24(5):€38513) doi:10.2196/38513
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electronic health records; psychiatry; mental health; electronic medical records; health informatics, mental illness; scoping review;
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: human context. This faillure of the EHR to support both
Introduction information data (eg, missing or “fuzzy” data) and information

Through their scoping review of mental health data and the ~Practices (processes) for mental healthinformationisafeature,
electronic hedth record (EHR), the authors of “Impact of Nt @ bug. Specifically, EHRs have systematically avoided
Electronic Health Records on Information Practicesin Mental ~ SUPPOrting text data—partially because electronic text is seen
Health Contexts: Scoping Review” have brought to center stage 2 hard to use [2] and due to the belief that structured data is
the failure of the EHR to represent the human context [1]. MOre accurate. However, it is not just that providers prefer to
Mental health or behavioral disorders (and functiondl statusin t€ll the patient’s siory in narrative rather than structured data
general) emerge from an interaction between the individual’s  fOrms [3] or that mental health datais®soft” data, itisthat it is
characteristics and the social context. Asaresult, the assessment much too difficult to get asense or gist of the patient’s situation
and treatment of these disorders must reflect how the person through structured data and is much less cognitively efficient.
lives, their degree of social connectedness, their persona In other words, accuracy is in the eye of the beholder. Some

motivation, and their cultural background—in other words: the ~ Studies have noted the narrative is more accurate for mental
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