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Abstract

Background: Technology can be helpful in supporting people with dementiain their daily lives. However, people with dementia
are often not fully involved in the devel opment process of new technology. This lack of involvement of people with dementiain
devel oping technol ogy-based interventions can lead to the implementation of faulty and less suitable technology.

Objective: This systematic review aims to evaluate current approaches and create best practice guidelines for involving people
with dementiain devel oping technology-based interventions.

Methods: A systematic search was conducted in January 2019 in the following databases: EMBA SE (Excerpta M edicadatabase),
PsycINFO, MEDLINE (Medical Literature Analysis and Retrieval System Online), CINAHL (Cumulated Index to Nursing and
Allied Health Literature), and Web of Science. The search strategy included search termsin 3 categories: dementia, technology,
and involvement in development. Narrative synthesis wove the evidence together in a structured approach.

Results: A total of 21 studies met the inclusion criteria. Most studies involved people with dementiain a single phase, such as
development (n=10), feasibility and piloting (n=7), or evaluation (n=1). Only 3 studies described involvement in multiple phases.
Frequently used methods for assessing involvement included focus groups, interviews, observations, and user tests.
Conclusions: Most studies concluded that it was both necessary and feasible to involve people with dementia, which can be
optimized by having the right prerequisites in place, ensuring that technology meets standards of reliability and stability, and
providing a positive research experience for participants. Best practice guidelines for the involvement of people with dementia
in devel oping technology-based interventions are described.

(J Med Internet Res 2020;22(12):€17531) doi:10.2196/17531

KEYWORDS
dementia; technology; co-production; participation; development

their independence for aslong as possible [1]. Despite the wide
variety of technology available (eg, reminder devices,
touchscreen devices and apps, and computerized cognitive and
physical interventions) [2], there is alack of evidence on their

Technology can be used to address some of the challenges of  gtficacy. and many interventions are either in the development
dementia care and enable people with dementia to maintain
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phase or in a prototype phase [3]. Moreover, there has been
little involvement of people with dementiain the development
of technology-based interventions[4]. Possible reasonsfor this
lack of involvement include stigma, concerns about the frailty
of older people, and the anticipated distress among participants
caused by trying out less devel oped information technology [5].
Underdevel oped technol ogy-based interventions with inadequate
involvement could have residual faults and could potentially
make early prototypes harder to operate for people with
dementia and lead to people with dementia being reluctant to
use them [5]. Consequently, technologies are being devel oped
that are neither user-friendly nor fit for the purpose of supporting
people with dementia[3,4]. Technology that is faulty or poorly
designed may not be useful in supporting peoplewith dementia.

A previous systematic review showed that people with dementia
are ableto provide useful feedback, such ascommentson screen
size, language difficulties, and the importance of personalization
on private spaces of websites, which help to improve the quality
of the intervention [4]. This approach improves the usability
and acceptability of the technology-based interventions[4] and
generates enjoyment and enthusiasm in participants with
dementia [6,7]. However, Span et al [4] only reviewed papers
up to 2010, and subseguently, many innovations in technology
have taken place. Furthermore, Astell et a [8] and Span et al
[4] assert that to optimizetechnology by ensuring the needsand
preferences of people with dementiaare addressed, it is crucial
to implement a participatory process in which people with
dementia are involved throughout the development process
[4,8].

Information on how to optimize theinvolvement of peoplewith
dementia is dispersed, and there is a clear need to bring the
evidence together in a systematic manner through an appraisal
of theinvolvement of people with dementiain the devel opment
of technology-based interventions and guidelines on how to
best facilitate and optimize thisinvolvement.

Objectives

This narrative synthesis systematic review sets out to appraise
the methods used by applying existing frameworks, such asthe
Medical Research Council (MRC) framework for the evaluation
of complex interventions and the Centre for eHealth Research
(CeHRes) roadmap [9,10], and to create best practice guidelines
on how to better involve people with dementiain developing
technology-based i nterventions accompanied by alogic model.

Methods

Narrative Synthesis

Narrative synthesis is “an approach to the systematic review
and synthesis of findings from multiple studies that relies
primarily on the use of words and text to summarize and explain
the findings’ [11]. Narrative synthesis can be used to address
a multitude of questions regarding the effectiveness of
interventions, including what works but also why and how.
Narrative synthesisis preferred for thisreview asit can be used
to convert the evidence into clear and structured best practice
guidelines on how to facilitate the participation of people with
dementiain the devel opment of technol ogy-based interventions.

https://www.jmir.org/2020/12/e17531
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The approach consists of 4 elements: theory development,
developing a preliminary synthesis, exploring relationships
within and between studies, and assessing the robustness of the
synthesis.

Element 1. Theory Devel opment

Theory development underpins the systematic review by
supporting the devel opment of the review question and the types
of studies to be included. Our starting point is the desirability
of end user involvement in technology development. Several
studies suggest that feedback from people with dementia can
lead to improvements in the overall quality of the technology
[4,8]. This would result in more useful and suitable pieces of
technology and would also increase the willingness to use the
technology. Furthermore, the involvement of end users in
developing technology could also support the implementation
of a technology in the future, leading to a better range of
technology to improve the quality of life of people with
dementia. Therefore, we only include studies that clearly
illustrate how feedback was gathered from people with dementia
during development. This would exclude studies with a sole
focus of including participants as objects of studies where no
meaningful involvement hastaken place. The narrative synthesis
undertaken here will contribute to the refinement of our
theoretical starting point and support the application of the
findings of thisreview [11].

Element 2: Developing a Preliminary Synthesis

The preliminary synthesis developsan initial description of the
results of the included studies, organized in a manner such that
a pattern can be described in terms of effects or impact [11].
This can be done through the use of textual descriptions,
grouping and clusters, and tabulation. This preliminary synthesis
is necessary to inform the next steps of the narrative synthesis.

Element 3: Exploring Relationships Within and Between
Studies

The patterns that emerge from the preliminary synthesis are
subjected to a more detailed analysis in which the reviewers
move toward exploring the relationships within and across the
included studies [11]. The relationships between the
characteristics and reported findings of different studies are
reviewed. This element of narrative synthesiswill help identify
the factors that may have influenced the results and will seek
to provide an explanation of how and why a particular
intervention works [11]. The methods used here include
qualitative case descriptions and the development of a
conceptual model based on the grouping of study findings. This
will help to structure the inferences drawn from our resullts.

Element 4: Assessing the Robustness of the Synthesis

The final element of narrative synthesis sets out to review the
trustworthiness of the results [11]. The trustworthiness of the
synthesisis affected by the quality and quantity of the evidence
on which the synthesis is built and by the methods used.
Therefore, an appraisal is undertaken to judge the strength of
the evidencefor the findings and to generalize them to different
populations and contexts [11].
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Electronic Searches and Screening

This review was registered in the International Prospective
Register of Systematic Reviews (PROSPERO) under protocol
number CRD42017068933. After conducting 2 pilot searches,
we systematically searched the following databases. EMBASE
(Excerpta Medica database), PsycINFO, MEDLINE (Medical
Literature Analysis and Retrieval System Online), CINAHL
(Cumulated Index to Nursing and Allied Health Literature), and
Web of Science in January 2019. Studies published between
2000 and 2019 were considered. The search strategy consisted
of combinations and variations of search termsin thefollowing
3 key categories. dementia, technology, and involvement in
development. Involvement terms aso included codesign,
participatory research, and user participatory devel opment.

After removal of the duplicates, a 3-stage screening process
was independently conducted by 2 review team members (HR
and AB): (1) titles were screened for relevance to the review
guestion, and irrelevant studies were archived; (2) abstracts
were assessed (referring to the full text whenever necessary to
clarify the relevance of the study); and (3) quality assessment
of the remaining studieswas conducted (see the Data Extraction
and Sudy Quality Assessment section). The reasons for
exclusion were recorded by archiving the excluded studies in
relevant folders in EndNote (Clarivate Analytics). In case of
disagreement between the 2 reviewers, a third review team
member was consulted (LY). Additional studiesfromthereview
by Span et al [4] were distributed separately among 4 review
members (AB, JS, HR, and LY) for data extraction and quality

Rai et a

assessment. Thereferencelists of studiesthat passed the quality
assessment were reviewed to ensure the inclusion of other
relevant papers.

Criteriafor Inclusion and Exclusion of Studies

The inclusion and exclusion criteria of the studies were as
follows:

«  Typesof participants: peoplewith adiagnosis of dementia,
irrespective of age, type of dementia, or stage of the disease.

«  Typesof intervention: involvement of peoplewith dementia
in the development process of a technology-based
intervention.

« Types of studies. quantitative, qualitative, and mixed
methods studies published from the year 2000 onward as
an English language journal paper with sufficient study
quality (a minimum of 5 criteria met as assessed with the
Critical Appraisal Skills Programme [CASP] guidelines or
50% of the criteria met as assessed with the Downs and
Black checklist).

Description of Development Phases

The development process of a technology-based intervention
consists of several stages. To identify the key stages of
technol ogy development for thisreview, we employed the MRC
framework together with the CeHRes roadmap [9,10]. Both
frameworks focus on developing interventions, however,
although the MRC framework is more widely used for
developing complex interventions, the CeHRes roadmap has a
focus on digital health interventions (Table 1).

Table 1. Description of the Medical Research Council framework and the Centre for eHealth Research roadmap.

Phase Medical Research Council framework

Centre for eHealth Research roadmap

Development «  Single phase

« ldentifying evidence base (eg, systematic review)
« ldentifying or developing theory (eg, scope existing .

theories and interviewing stakeholders)

«  Modeling process and outcomes (eg, undertaking a
pretrial economic evaluation, focus groups, surveys, .

and case studies)

Feasibility and piloting «  Specific phase for feasibility and piloting

«  Multiple phases such as contextual inquiry, value speci-

fication, and design

Identifying problems and needs of intended users (eg,

literature review, field observations, interviews, and

workshops)

Determining the most favorable solutions based on the

values of the stakeholders

«  Building prototypes to fit values and user requirements
(eg, focus groups and field testing)

*  NJ/A%(can be part of the design phase)

« Adctivitiesconsist of testing proceduresfor acceptability,
determining appropriate sample size, and estimating

rates of recruitment

Evaluation .
ized controlled tria)

»  Understanding processes (process eval uation)

Implementation «  Getting evidence into practice

«  Surveillance, monitoring, and long-term outcomes B

Assessing clinical and cost-effectiveness (eg, random-  «

Summative evaluation
o Assessment of the impact of eHealth technologiesin
clinical, organizational, and behavioral terms

o  Operationdization
Activitiesto introduce, adopt, and employ the technology
in practice (eg, creating a business model)

aN/A: not applicable.

Data Extraction and Study Quality Assessment

A standardized data extraction form was developed by the
primary researcher (HR), in which the review team members

https://www.jmir.org/2020/12/e17531

recorded the extracted datafrom thefinal studies, including the
study quality rating (Multimedia Appendix 1) [6,7,12-30].

Quality was assessed using the CASP guidelines. These
guidelines consist of 8 checklists for various types of studies
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and include items that assess multiple aspects of research (eg,
recruitment, risk of bias, confounders, data collection, data
analysis, results, and implications) [31]. The studieswere rated
as high quality if 8 or more criteria were met, medium quality
if 5to 7 criteria were met, and low quality if 4 or less criteria
were met [32]. Studies that did not meet the criteria for
assessment with the CASP guidelines were assessed with the
Downs and Black checklist [33]. This checklist is appropriate
for both randomized and nonrandomized studies and consists
of 27 itemsover 5 domains (reporting, external validity, internal
validity—bias, internal validity—confounding, and power). The
maximum score was dependent on the study design; however,
each study was rated as high quality if it met over 81% of the
criteria, medium quality if it met over 66% to 80% of the
criteria, fair quality if it met over 51% to 65% of the criteria,
and low quality if it met 50% of the criteriaor less[34]. Studies
considered to havelow quality were excluded. Thereview team
membersindependently assessed the studiesfor sufficient study
quality. Any differences in judgment between the 2 reviewers
were resolved by athird review team member.

Consultation With the Patient and Public | nvolvement
Group

Onereviewer (HR) presented the findings at a patient and public
involvement (PPI) consultation meeting on 2 different occasions.
This PPl group is run on a monthly basis at the Ingtitute of
Mental Health in Nottingham. The aim of both meetings was
to gaininsightsinto people’sown viewson optimal involvement
in developing technology-based interventions; their feedback
and comments on the findings, and, more specificaly, their
feedback on the guidelines drafted by the authors. Thisfeedback
would then be integrated within the findings of this review and
used to strengthen the best practice guidelines.

https://www.jmir.org/2020/12/e17531
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The first meeting was attended by 2 people with dementia, 1
carer, 1 volunteer, and 1 researcher and lasted for 45 min. The
second meeting was attended by 2 people with dementia, 2
carers, 1 volunteer, and 4 researchers and lasted for 25 min.
After abrief introduction to the review and itsfindings, the best
practice guidelines were presented one at atime on a projector.
In the first meeting, printed handouts were distributed to each
participant. A short discussion in terms of relevance and
accuracy encompassed each guideline, and notes were taken
throughout the meeting.

Results

The Results section comprises the second element of narrative
synthesis: developing a preliminary synthesis.

Search Results

A total of 2156 potentialy relevant titleswere identified across
the 5 databases (Figure 1). Removal of duplicates and screening
of titles, abstracts, and full texts resulted in 20 studies that met
the inclusion criteria. The most frequent reasons for exclusion
were the lack of a technology-based intervention and absence
of adevelopment process. Additional hand searching led to the
inclusion of one other study, making up a total of 21 studies.
This study came from a review by Span et a [4], which was
not captured by the current search strategy. Other studies from
the same review not captured by the search strategy (n=7) were
excluded because they did not meet the inclusion criteria (eg,
not ajournal paper or low study quality). The reference lists of
studies passing the quality assessment were reviewed to ensure
that any other relevant studies would be included.
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Figure 1. Flowchart of study selection. CINAHL: Cumulated Index to Nursing and Allied Health Literature; EMBASE: Excerpta Medica database;
MEDLINE: Medical Literature Analysis and Retrieval System Online.

CINAHL=438
PsycINFO=335
EMBASE=693

Web of Science=225
MEDLINE=465

Excluded papers (N=1652): 2156 results

Duplicates=916

Intervention for or with carer=159

Intervention for or with professionals=72

No abstract and unlikely to be related=14

No technology-based intervention=340

Not for dementia=15

Other=136 (eg, not English, not a journal paper
or published before year 2000)

A

504 results remaining
after title sift

Excluded papers (N=445):

No development process=181
No involvement of person with dementia=50

F 3

No technology-based intervention=90

Not for dementia=23

Other=101 (eg, no results available, abstract only
or not a journal paper)

59 results remaining after
abstract (includes 18
papers from the review by
Span et al)

Excluded papers after discussion (N=39):

No development process=14

No involvement of person with dementia=7

Not for dementia=3

Insufficient study quality=3

Other=12 (eg, paper part of already included

bigger paper, cannot get access, abstract only or 20 (15 new and 5 from

not a journal paper) the review by Span et al)

results fulfilling quality
criteria+1 from hand
searching=21 in total

A

Description of Included Studies Randomized Controlled Trial (RCT) checklist, which met 7 of

11 criteria [12]. Another study was assessed using the Downs
The main study characteristics of al 21 studiesincluded study  and Black checklist. It was rated as fair quality, meeting 65%
sample and design, description of the technology-based of the criteriafor abefore and after follow-up study [13]. Most
intervention, and rating of study quality (MultimediaAppendices  studies were conducted in Europe (n=17), 3 studies took place
1and 2) [6,7,12-30]. Using the CASP Qualitative checklist, 11 jn Australia[13-15], and 1 was conducted in Canada [16].
studieswere assessed as high quality and 8 studies were assessed

as medium quality. Only 1 study was assessed with the CASP A maority of the studies adopted a purely quditative
methodology (n=14). A total of 6 studies employed a mixed
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methods approach, of which 1 combined qualitative methods
with a controlled trial [12]. Only 1 study adopted a purely
guantitative methodology [13]. The studies described a variety
of technology-based interventions, including communication
aids, music tools, devices to support activities of daily living,
reminder systems, and tracking devices. In the mgjority of the
studies, people with dementia were involved along with carers
or other professionals who either supported the person with

Rai et a

dementia in their involvement or provided separate input
themselves (n=17). Only 4 studies solely included people with
dementia[13,17-19].

Methods of I nvolvement and Key Findings

The methods used to involve people with dementia along with
the phases of the MRC framework and CeHRes roadmap are
summarized in Textbox 1, alowing for an initial synthesis of
the findings.

Textbox 1. Methods used to involve people with dementiain the studies (N=21) according to the Medical Research Council framework phases.

Development (contextual inquiry, value specification, and design)
tests [6,7,18-20,22]

Feasibility and piloting

system usage [27]

Evaluation (summative evaluation)

Implementation (operationalization)
« Not applicable

« Behaviora observations [17,20], focus groups [6,7,18,21-24], interviews [6,18,19,22,24-27], workshops [7,25], questionnaires [17], and user

o Behaviora observations [13-16,28,29], interviews [14-16,25,27,29,30], questionnaires [13,16,29,30], field testing [18,25,29], and technica

«  Randomized controlled trial [12], focus groups[12], interviews[12], and questionnaires [12]

Development Phase (n=10)

A total of 10 studies involved people with dementia solely in
the development phase, which coincides with the contextual
inquiry, value specification, and design phase of the CeHRes
roadmap. The magjority of these studies primarily employed
qualitative methods, such as focus groups and semistructured
interviews. At times, these were accompanied by user tests,

observations, and questionnaires. Textbox 1 provides an
overview of all methods used in the development phase. The
aims of the studies ranged from identifying the needs, wishes,
and thoughts of people regarding certain areasfor devel opment
(eg, independence or cognitive reinforcement) to gaining
feedback on the design of future or existing technologies (Figure
2).

Figure 2. Aimsand methods of involvement along the development stages of technology according to the Medical Research Council framework.

Aims: identifying needs, wishes,
and priorities and feedback on a
piece of current or future
technology (eg, design)

Methods: behavioral observations,
focus groups, interviews,
workshops, questionnaires, and

user tests

Aims: bench testing, feedback on
usefulness, and usability and
acceptability of current technology

Methods: behavioral observations,
interviews, questionnaires, field
testing, and technical system usage

|

—

Development

Feasibility and
piloting

I

Evaluation

Needs Assessment and Design of Future Technology

A total of 2 studies included needs assessments, followed by
discussions about the design of future technology using
qualitative methods. Boman et a [21] used focus groups to
capture experiences, expectations, and thoughts concerning a
videophone and its design concepts. The design had to be
flexible to meet the needs of people with dementia, be easy to

https://www.jmir.org/2020/12/e17531

use, and not look like assistive technology. Another example
is the study by Robinson et al [7] who aso used focus groups
to elicit views and concerns about independence from people
with dementia and carers. A list of priorities was derived from
thefindings. Areasfor functional improvement included 2-way
communication, flexibility of functionality, and something to
guide them home when outside. Workshops were then used to
identify the preferred design and functionality aspects of future
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technologies. Finaly, user tests were performed with paper
prototypes until 2 fully functional devices were devel oped.

Needs Assessment and User Tests

In 3 other studies, needs assessments were followed by user
tests with functiona technologies. Orpwood et a [19] used
interviews with users (user surveys) to compile a wish list of
issuesthat were of importance in maintaining the quality of life
of people with dementia. A large list of potential technologies
that could address these issues was generated. The following 4
technologies were selected for initia development: a music
player, a device to reduce socia isolation, a conversation
prompter, and a device to support sequences of tasks. Useful
design guidelines were derived from user tests, particularly for
intuitive control interfaces (eg, controls need to stand out, be
big, and smple).

Touch screens appear to be very intuitive, and prompts seem
to be more effective than verbal or visual instructions. Hanson
et a [6] used focus groupsto identify user needsand preferences
and to structure the material within a multimedia program. A
prototype was taken forward in user tests followed by in-depth
interviews. These led to the identification of problems such as
logging into and out of the program and accessing the exercises.
Participants enjoyed the computer training sessions and gained
considerable satisfaction from learning a new skill that they
previously thought was not feasible. Lopes et a [22] used
interviews to analyze user needs and identify commonly
misplaced items, such askeys, glasses, cell phones, and identity
papers. Focus groups and user tests were then used to try out
existing item locators and define the following system
requirements of a new item locator prototype: ease of use,
capacity for customization, low price, nonstigmatizing design,
and being fun to use. The next step included user tests with the
first prototypein which participants commented that they would
prefer to be guided by a customized sound of avoice system to
find an item.

Design of Existing or Future Technology

In 2 studies, feedback was gathered solely on the design of
future technologies using qualitative methods only. In a study
by Meiland et a [24], nonfunctional mockups were reviewed
after discussing the potential functionalities of an integrated,
assistive system in focus groups and interviews. Participants
valued help in case of emergencies, navigation support, and the
calendar function the most. The least preferred functionalities
were activity support and picture phone dialing. McCabe and
Innes [23] found that people with dementia and carers gave
specific feedback on the form and features of a potential GPS
design during focus groups (eg, waterproof watch style design
with a range of colors). However, participants would have
preferred to comment on an actual and active device rather than
talking hypothetically, asit did not provide them with enough
context.

In 3 studies, participants gave feedback on the design of an
existing and functional technology. Freeman et al [17] analyzed
observational data of people with dementia using 2 websites.
These data helped to uncover 3 maor problems: scrolling,
nonrecognition of moreinformation on apage, and getting stuck.
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There was a high degree of overall satisfaction with both sites
measured through questionnaires. Kerkhof et al [26] interviewed
residents after bench testing a memory aid (planning board).
The majority of residents appreciated the use and function of
the aid, but successful implementation was difficult because of
installation errors, limited user friendliness, and lack of
knowledge regarding the function and the use of the aid. Areas
of focusfor improvement include software program adaptation,
additional technological applications, internet connectivity,
accessibility, and addition of media. Finally, Klein et al [20]
also analyzed observationa data of the participantswhiletesting
2 prototype devices. On the basis of the findings from these
tests, athird prototype device was devel oped. Special attention
was given to more personally relevant and engaging content,
contextual factors, higher levels of immersions, and more control
for the user.

Feasibility and Piloting Phase (n=7)

A total of 7 studies included only the feasibility and piloting
phase, which can be part of the design phase of the CeHRes
roadmap [13-16,28-30]. In this phase, people with dementia
were given the opportunity to try out a piece of technology in
apilot study or through field testing. Often, theaim wasto gain
insights into the usefulness of a device along with its
acceptability and usability (Figure 2). In the mgjority of the
studies (n=5), a mixed methods approach was adopted where
participants were observed while using the device and feedback
was obtained through semistructured interviews and
guestionnaires. Textbox 1 gives an overview of all the methods
used in the feasibility and piloting phase.

Begum et al [16] used observations to investigate adherence to
prompts from a robot, engagement with the robot, and how
often a task was completed. Interviews and questionnaires
provided information on the acceptance, ease of use, usefulness,
and physical attributes of the assistive robot. Meiland et al [29]
field tested an integrated digital prosthetic with multiple
functionalities. Data on its usability were collected through
behavioral observations, interviews, and questionnaires, and it
was deemed to be user-friendly and useful, but therewasadesire
for more personalization and configuration of reminders.

Moyle et a [15] explored the acceptability of a telepresence
robot using observations through video recordings and fol low-up
interviews. Participants indicated a positive social presence,
which was also observed through the display of positive
emotions. A similar methodol ogy was adopted in another study
by Moyle and Jones[14]. Observationsthrough video recordings
were used to describe the effectiveness of avirtual reality forest
(VRF) on engagement, apathy, and mood states. Overall, the
VRF was perceived to have a positive effect, but there were
higher levels of fear and anxiety. Follow-up interviews were
used to explore the experiences of using the VRF. Most
participants reported positive perceptions and suggested making
the experience more active.

Topo et a [30] used questionnaires to collect information on
the functional ability of people with dementia. Through
interviews, data were collected on the usage and useful ness of
an existing music tool 2 weeks after installation in acare home.
Most participants benefited from its use and had positive
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experiences. Some problems were reported with the sensitivity
of the touch screen and the font size being limited because of
the screen size.

Jamin et a [28] used a qualitative approach where participants
were involved in usability testing and were observed while
interacting with VENSTER. The content of VENSTER, which
needs to provide enough context to be meaningful, was
interesting and suitable for the participants. The study by Khosla
et al [13] was the only study using a quantitative methodol ogy
in which participants were observed while interacting with a
social robot to gain insights into emotional, visual, and
behavioral engagement. In addition, user surveys were used to
assess acceptability. The participants generally had a positive
attitude toward social robots. Most of the participants gave high
ratings in terms of the perceived usefulness and enjoyment of
their experience with the robot.

Development and Feasibility and Piloting Phase (n=3)
A total of 3 studies elaborated on both the development, and
feasibility and piloting phase [18,25,27]. These studies
systematically described the involvement of people with
dementia over the course of each phase: the identification of
user needs and wishes, determination of the design, and testing
of aprototype version through apilot test or field test. For each
of these activities, a wide array of methods was applied, such
as focus groups and interviews, workshops, and usability tests.

Inthe study by Span et al [18], the devel opment phase consisted
of interviewsto identify needs and preferencesfor an interactive
web tool and focus groupsto discusstheresults of theinterviews
and to make any additions to the problems and experiences
shared. Several user requirementswereidentified, such associal
contacts, daily activities, care, autonomy, involvement, and
communication, specifically for the decision-making process.
Paper mockups were discussed in focus groups to design the
interactive prototype. Thereafter, individual user tests were
organized to gather feedback on an interactive prototype
regarding design, content, and user friendliness. Some
participants found it difficult to comment on paper mockups
but overall mentioned that information per screen and the
number of screens should be decreased and the accuracy of
language was of importance. For the feasibility and piloting
phase, an interactive prototype wasfield tested to gain feedback
on the user friendliness of the tool, the contentment of the
participants, and how they valued the tool for decision making.

Martin et al [27] used interviews in the development phase to
identify the main issues, risks and care needs arising during
nighttime. The main themesincluded promoting independence,
maintaining dignity, maximizing social inclusion, managing
risk, and providing stimulation. In the feasibility and piloting
phase, participants were involved in any of the 3 phases of
iterative validation and evaluation of a prototype through
technical system usage and interviews. The phases included
testing for stability, usability, and integration within a full
telecare system and the implementation of music and light.
Participants liked the mobile component of the nighttime system
and the easy navigation.
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Davieset a [25] used both interviews and workshopsto identify
user needs in specific areas of cognitive reinforcement in the
development phase. The following areas were identified by the
participants. remembering, maintaining socia contact,
performing daily life activities, and enhanced feelings of safety.
Interviews accompanied field testing in the feasibility and
piloting phase. After trying out 4 prototypes, participants
highlighted the need for personalization, less complex
functionality, and extended use within the home environment.

Evaluation Phase (n=1)

One study involved people through evaluation in a controlled
trial [12]. Participants used an assistive system and filled in
posttest questionnaires to assess impact. Despite no significant
effects on impact, posttrial interviews and focus groups were
used to assess qualitative impact, and participants found the
system to be very useful but not user-friendly because of
technical difficulties, including the unresponsiveness of touch
screens and issues with gaining access. For people who had not
used atouch screen before, the system was deemed unintuitive.

I nvolving People With Dementia

I mpact on the Developed Technology

In al but 5 studies [13,15,19,20,25], researchers directly
reflected on the involvement of people with dementia in the
development of the technol ogy-based intervention. Researchers
concluded that it was both necessary and feasible to involve
people with dementia throughout the development process. In
addition, Kerkhof et al [26] argued that it is not sufficient to
respond to the needs of peoplewith dementiaby solely involving
carers or staff members. Thisis further supported by Meiland
et al [24] and Lopeset a [22] who found that exploring the user
perspectives from various stakeholders, including people with
dementia, is necessary to understand the problem and come up
with possible solutions. Jamin et a [28] also emphasized that
codesign with all stakeholders can make the overall experience
more pleasurable but also more meaningful, as it allows the
users to be kept at the center of the decision-making process
and adaptations can be made to new insights as they emerge.
In several studies, it was recognized that people with dementia
continue to be one of the most excluded groups from research
and the design of new services[6,21]. Possible reasons for this
could be difficultiesin recruitment or the cognitive impairment
of people with dementia [16,29]. However, despite these
challenges, al studies recommended the involvement of people
with dementiain future studies, as this could lead to obtaining
views on new concepts or ideas for technology and to more
concrete feedback on the usability and user friendliness of a
device. For instance, one study determined how to maximize
website suitability for people with dementia after receiving
feedback [17]. Another study adapted the appearance of arobot
and made it more socially interactive [16]. Finally, people with
dementia suggested that the interaction between end users and
a virtual reality system could be improved by incorporating
reminiscence within the tool [14].

I mpact on the Person With Dementia

The positive effects of involvement on people with dementia
themselves included the empowering effects of involvement
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that were evident in increased feelings of well-being, being able
to voice opinions, learning a new skill through the use of
technology, and an enhanced sense of control experienced by
the majority of the participants [6]. Participants were also
motivated to contribute to research and a better quality of life
for future people with dementia[18,26]. No distress or adverse
events from involving people with dementia were reported in
any of the studies.

Outcomes of the PPl Consultations

PPI group members reflected on how to optimize involvement
both in research and in the development of technol ogy-based
interventions and endorsed the guidelines (M ultimedia A ppendix
3) [6,12,18,21,23,26-28,30]. Additions were made to some
guidelines, for example, there was consensus among members
that researchers need to focus on individual research participants,
which includes awareness of their type of dementia, any other
relevant conditions, and any specialized knowledge of
participants, which could further support the development of
technology. Awareness among participants in terms of the
relevance and positive effects of involvement for them was also
important.

A friendly research environment was helpful to make people
feel comfortableto ask questionsin case they did not understand
something. This is especially helpful when developing new
technology, which can include some unknown aspects, and so
researchers should a so aim to avoid abbreviations and acronyms
to avoid technology-related jargon. In addition, PPl group
members suggested that researchers should present their
materials at a PPl meeting before an actual research activity
takes place to ensure the use of jargon is limited.

Involving people with dementia as early as possible in the
development process and in multiple phases of devel opment
should lead to increased familiarity and a better understanding
of the technology. Members were aso positive about
encouraging technology developers to interact directly with
people with dementia but highlighted that a mediator (eg, a
researcher) would be necessary to ensure a good level of
understanding between people with dementiaand the devel opers.
A person with dementia also mentioned taking a technology
into the community (eg, amemory café) to gather feedback, as
this would allow for the technology to be used in a real-life
setting.

Finally, aWzard of Oz method was suggested by a researcher
where participants interact with aworking prototype but under
the guidance of an unseen researcher. The 2 PPl group members
with dementiamentioned that they would not have an issue with
thisin terms of ethics, and it was regarded asagood idea. This
method could be used to limit the amount of errors.

Discussion

The Discussion section comprisesthe third el ement of narrative
synthesis: exploring relationships within and between studies.

Summary and Interpretation of Findings

People with dementia can contribute effectively to the
devel opment of technology but are often excluded from research
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in this area. With the rise of innovative technology, there is a
need for an overview of the current evidence regarding the
involvement of people with dementiaand recommendations on
how to optimize this involvement in the devel opment process.
This is to ensure that the developed technologies are suitable
and tailored toward the needs of the end users. Thisis the first
narrative synthesis review to synthesize the findings from
high-quality studies of involvement of people with dementiain
devel oping technol ogy-based interventions and has created best
practice guidelines based on the evidence summarized bel ow.

One of the strengths of thisreview isthe strict inclusion criteria
leading to the synthesis of high-quality papers. This further
supports the robustness of the findings and the developed
guidelines. Furthermore, the application of narrative synthesis
in this systematic review alowed for a highly systematic
approach to search for and make sense of the evidence. The
underpinning theory, as part of the first element of narrative
synthesis, hel ped define the research questions and the studies
to be included in this review. In addition, the preliminary
synthesis supported the tabulation of the findings, which is
highlighted in the text, tables, and figures. This approach also
proved helpful in converting the evidence into best practice
guidelines by looking for relationships within and between the
studies. Good examples of involvement were extracted and
incorporated into the guidelines, which were modified by the
input of the PPI group. This enabled the inval uable perspective
of people with lived experience on the findings and helped
strengthen the robustness of the synthesis and relevance of the
guidelines.

The findings suggest that the involvement of people with
dementia varies depending on the development stage and
methods used, which is in line with previous research [4]. A
large part of involving people with dementia revolves around
identifying user needs and preferences. The mgjority of the
studiesincluded this aspect in their research and primarily used
qualitative methods such as focus groups and interviews. The
identification of needs often helped to prioritize the most
pressing issues for people with dementia.

Another component is gathering feedback on either the
prospective or existing design of a device. These activities
mostly include qualitative methods while using observations
and questionnaires. People with dementiaplay an activerolein
voicing their opinions and trying out the available prototypes.
Once a piece of technology has been developed into a more
refined version, the invol vement of people with dementia shifts
more toward the participants becoming the objects of study. In
several studies, people with dementiawere asked to use apiece
of technology more rigorously during a field-testing phase
accompanied by observations and to give feedback after thetest
phase. Interestingly, no studies involved the participation of
people with dementia in the implementation phase.

These findings are congruent with findings from a review by
Span et a [4]. However, in this review, we found studies that
described more elaborately the involvement of people with
dementia and demonstrated that it is feasible to include them
throughout the entire devel opment processrather thaninasingle
phase. The involvement of people with dementia started with
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exploring their needs and gaining an understanding of the current
problem, which led to the development and testing of various
prototypes together with people with dementia to tailor it to
their needs. These studies set agood example for future studies
by applying various methods and obtaining in-depth data from
people with dementia. The impact of the involvement is also
evident as studies have provided examples of concrete pieces
of feedback from people with dementia, which improved the
developed technology. However, there is aso an impact of
involvement on the person himself or herself, as some studies
have shown that the involvement of people with dementia can
be empowering and lead to increased feelings of well-being [6].
Participants expressed the importance of being ableto contribute
to the research by voicing their own opinions[4,6,26]. None of
the studies noted any distress caused by the involvement of
people with dementia. This is helpful for future studies, as
anticipated distressfrom trying out underdevel oped technol ogy
was seen as a reason to not include people with dementia in
development [19].

Some challenges were described in the involvement of people
with dementia, such as the risk of obtaining socially desirable
answers [21,29]. However, this risk is not specific to this
population and, in general, is not uncommon in research.
Another challenge was obtaining in-depth feedback from
participants, asthe use of unfamiliar termsrelated to technology
made it difficult for participants to comprehend the questions
[30]. Jamin et a [28] emphasized the need for the involvement
of multiple stakehol ders but acknowledged that thisadds alevel
of complexity to the design process, asresearchersor devel opers
would have to navigate various differing opinions. Despite these
challenges, all studies recommended that people with dementia
should be involved in developing technology and also to keep
including relevant stakeholders such as (in)formal carers and
technology developers where possible.

Best Practice Guidelines(Narrative SynthesisElement
4: Assessing the Robustness of the Synthesis)

On the basis of the findings from the studies included in this
review and the contributions from the PPl consultation meetings,
best practice guidelines for the involvement of people with
dementia in developing technology-based interventions were
developed (Multimedia Appendix 3). A previous best practice
model included in a systematic review by Di Lorito et a [35]
served as an example to better organize the findings according
to the goals of involvement, preparations, and the contributions
from the PPI consultation meetings. A score can be allocated
to each guideline depending on whether it has been fully met
(score=2), partly met (score=1), or not met (score=0). The
availability of 12 guidelines means that atotal score of 24 can
be achieved, indicating that each guideline has been met in full
when developing a technology-based intervention for people
with dementia.

Having the right prerequisites in place before involvement can
help overcome the challenges and optimize the involvement of
people with dementia. When it comes to the participants,
prioritizing their well-being and ensuring that they are awvare
of the purpose and relevance of their involvement can help

https://www.jmir.org/2020/12/e17531

Rai et a

contribute to an enjoyable research experience[6,21]. Both the
findings from this review and the suggestions from the PPI
group members emphasized the need for skilled researchersand
the need for a comfortable research environment. Researchers
need to take time to get to know participants, and PPl group
members added that researchers should be aware of any
specialized knowledge of people with dementia before their
involvement. This could strengthen their contributions, and it
would easily enable them to become coresearchers. Furthermore,
determining the goal of involvement and whereit is best suited
in the development process will help avoid wasting time of
people with dementia [27].

Keeping in line with this, multiple methods for involvement
need to be considered to obtain the most optimal feedback, and
where possible, multiple phases of development should be
included. This was confirmed by the PPI group members, and
in addition to this, early involvement of people with dementia
was considered helpful, as it would also help to identify their
own needs and ideas for technology. The latter is crucial in
some of the studies included in this review, in which people
with dementiaareinvolved in needs assessmentsand prioritizing
areasfor functional improvement before moving onto prototype
development. It is also recommended to involve al relevant
stakeholders and alow interaction between them to obtain a
well-rounded view from several user perspectives but also to
enabl e people with dementiato become part of theresearch and
development team [26,28].

During the involvement of people with dementia, the research
experience can be further enhanced if participants are able to
learn a new skill involving technology [6,18]. This can lead to
increased motivation and feelings of empowerment. In addition,
the use of appropriate terminology can be helpful in obtaining
meaningful and more in-depth answers [30]. Technology must
meet an acceptable standard of stability and reliability when
evaluating its impact [12]. This can help to avoid frustration
among participants and to avoid missing out on essential
feedback. PPl group members agreed that it would be more
useful to use functional devices during testing and added that
the technology should be compatible with different platforms
if applicable (eg, a computer or a mobile phone). However,
members aso reflected on the Wizard of Oz method and the
idea of an unseen researcher operating the device from adistance
while peoplewith dementiawould interact with it. This method
could potentially function as a good aternative where
paper-based prototypes are not suitable and fully functional
prototypes are not available. After involvement hastaken place,
it is advisable to keep participants up to date regarding further
development or implementation of the new technology.

Figure 3includes alogic model based on the findings from this
review and the best practice guidelines. It describes the current
problem of alack of involvement of people with dementiain
developing technology and how this can be remedied through
key intervention change techniques, such as setting goals of
involvement and using appropriate methods. This will lead to
important short- and long-term outcomes, including more useful
pieces of technology and decreased costs of dementia care.
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Figure 3. Optimizing the involvement of people with dementiain developing technology-based interventions: logic model.
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Limitations(Narrative SynthesisElement 4: Assessing
the Robustness of the Synthesis)

Thisreview included very few studiesthat involved peoplewith
dementia in multiple stages of technology development.
Furthermore, although this review did not focus on the passive
involvement of peoplewith dementia(eg, inlarge-scale RCTS),
few studies alowed for impact evaluation and subsequent
sharing of feedback, such asin the study by Hattink et a [12].
Finally, no studies were found that included the involvement
of people with dementia in the implementation phase of
development.

The definition of involvement in a development process was
partly based on previous research and therefore only included
studies in which people with dementia played an active part in
development or were able to give feedback. This might have
caused the exclusion of other potentially relevant studies, which
involved people with dementia through other methods, which
isalimitation of thisreview. Another limitation isthe focuson
English language peer-reviewed journal papers only, which may
have led to the exclusion of other potentially relevant content.

Future Research

To develop more tailored technology and explore the possible
roles for people with dementia in other phases, future studies
should expand on the level of involvement of people with
dementia. People with dementia should be coresearchers or
advisors and be made an integral part of the research team and
the study. This would enable the same group of people with
dementiato consistently provide feedback from the early stages
of development (eg, formulating the problem) toward the mid
stages and end stages (eg, design and implementation).
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Considering thelack of studiesfocusing on theimplementation
phase, future research should explore the role of people with
dementia in both the implementation and dissemination of a
new technology. In addition, in the majority of the studies, the
researcher often acts as a mediator between the person with
dementiaand the technology developer. However, future studies
could aim to facilitate direct knowledge transfer between the
two for the technology developersto receive raw feedback.

Conclusions

Over time, studies have involved people with dementia more
rigorously in developing technology; however, technologies
still need to be more tailored to the needs and preferences of
people with dementia. To do this, people with dementia need
to be given an active role in the development of technology, so
they can have the opportunity to voice their thoughts and
opinions. This narrative synthesis review has shown that it is
feasible for people with dementia to assume amore active role
throughout the development process from discussing and
commenting to tryouts and testing. The involvement of people
with dementia is associated with several benefits, namely, the
development of better and more useful technology, animproved
uptake of the technology, and an increased willingness to use
the technology. In addition, the evidence-based best practice
guidelines were deemed to be relevant by PPl group members
and will help support future researchers, technology developers,
and people with dementia to optimize involvement when
developing technology (Textbox 2). This will not only ensure
that future technol ogy-based interventions are suitable but will
also allow people with dementiato feel empowered by making
an effective contribution to technology development and
research in general.

JMed Internet Res 2020 | vol. 22 | iss. 12 [e17531 | p.21
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Rai et a

Textbox 2. Summary of best practice guidance for involving people with dementia in developing technology.

Prepare for involvement:

. Makethisapositive experience for participants by creating a friendly environment, where people can ask questions and feel supported

« Involve avariety of stakeholders and usersto collect arange of feedback and perspectives

. Ensureall practicalities for involvement are in place to meet the needs of participants

«  Participants should be made aware of the purpose and relevance of their involvement to meet their expectations and encourage honest feedback

«  Explorethe available methods for collecting feedback and select the ones best suited for the goal of involvement

Practice involvement:

«  Useappropriate terminology and words when asking questions to promote understanding and generate more in-depth feedback
«  Offer participants the opportunity to learn a new skill through their involvement to enhance well-being and empowerment

«  Involve participants throughout the development process to create a more suitable piece of technology for wider uptake

«  Keep participants informed after their involvement so they can stay up to date on further development and implementation of the technology
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Abstract

Background: Visual analytics (VA) promotes the understanding of data with visual, interactive techniques, using analytic and
visual engines. The analytic engine includes automated techniques, whereas common visual outputs include flow maps and
spatiotemporal hot spots.

Objective: This scoping review aims to address agap in the literature, with the specific objective to synthesize literature on the
use of VA toals, techniques, and frameworks in interrelated health care areas of population health and health services research
(HSR).

Methods: Using the 2018 PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for
Scoping Reviews) guidelines, the review focuses on peer-reviewed journa articlesand full conference papersfrom 2005to March
2019. Two researcherswereinvolved at each step, and another researcher arbitrated disagreements. A comprehensive abstraction
platform captured data from diverse bodies of the literature, primarily from the computer and health sciences.

Results. After screening 11,310 articles, findings from 55 articles were synthesized under the major headings of visual and
analytic engines, visual presentation characteristics, tools used and their capabilities, application to health care areas, data types
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and sources, VA frameworks, frameworks used for VA applications, availability and innovation, and co-design initiatives. We
found extensive application of VA methods used in areas of epidemiology, surveillance and modeling, health services access,
use, and cost analyses. All articles included a distinct analytic and visualization engine, with varying levels of detail provided.
Most toolswere prototypes, with 5in use at the time of publication. Seven articles presented methodol ogical frameworks. Toward
consistent reporting, we present a checklist, with an expanded definition for VA applicationsin health care, to assist researchers
in sharing research for greater replicability. We summarized the resultsin a Tableau dashboard.

Conclusions: With the increasing availability and generation of big health care data, VA is a fast-growing method applied to
complex health care data. What makes VA innovative is its capability to process multiple, varied data sources to demonstrate
trends and patterns for exploratory analysis, leading to knowledge generation and decision support. This is the first review to
bridge a critical gap in the literature on VA methods applied to the areas of population health and HSR, which further indicates
possible avenues for the adoption of these methods in the future. This review is especially important in the wake of COVID-19
surveillance and response initiatives, where many VA products have taken center stage.

International Registered Report Identifier (IRRID): RR2-10.2196/14019

(J Med Internet Res 2020;22(12):€17892) doi:10.2196/17892

KEYWORDS
visual analytics; machine learning; data visualization; data mining; population health; health services research; mobile phone

: isthat by West et a [18] on the use of visualization for EHRs
Introduction aimed at knowledge discovery. Although these reviews cover
Background some aspects of the widefield of visualization and analyticsin

Visual analytics (VA) isaterm that was formally introduced in
the literature 15 years ago [1,2]. It describes a semiautomated
approach to electronic data processing, guided by users who
are able to interact with data through an interface [3,4]. In
essence, VA transforms large amounts of quantitative or
qualitative information into graphical formats that can be
modified based on the operator’s needs [4,5]. The resulting
views can be used by users with diverse backgrounds to better
understand data, communicate results, and disseminate
information across a broad spectrum of disciplines[6,7].

The implementation and use of VA have bloomed in many
sectors of health care systems during the past decade [8].
Population health research involves the study of datarelated to
health outcomes and determinants among and between
populations [9,10], whereas health services research (HSR)
explores the functioning of the health care system and its
workforce in relation to access, quality, costs, and patient
outcomes [11,12]. Both fields involve the analysis of big data,
including information collected through clinical databases,
administrative data sets, or electronic health records (EHRS)
[13-15]. VA offers the opportunity for health data users, such
as clinicians, researchers, decision makers, and consumers, to
visually explore and interpret complex data sets to guide
decision making and knowledge discovery [3,16].

Rationale

Although researchers have pointed out the lack of literature on
the extent of the use of VA applications in various sectors [3],
we identified 4 recent systematic reviews that covered varied
areas of VA applications in heath care. The 2018 paper by
Islam et al [17] was one of the most comprehensive reviews
about data mining applications in health care. However, the
review islimited to mining approaches for health care data and
does not primarily cover VA. The recently published review by
Chung et a [8] relatesto VA approaches in mental health care
systems and policy. One of the most cited systematic reviews

https://www.jmir.org/2020/12/€17892

health care, none have focused on areas of population health
and HSR.

One of the seemingly close literature syntheses is the review
by Wu et a [19] on visualization and VA technologies in
medical informatics for characterizing evaluation methods.
However, there are significant distinctions between that paper
and our review. First, their review [19] relates to the subject
area of hedlth informatics, which is amost exclusively
concerned with patient data in the context of care provision.
The classic definition of the subject areais*”the applications of
information technology to healthcare delivery” [20]. Second,
Wu et a [19] cover evaluation methods for VA applications
and not VA applicationsthemselves. Our scoping review focuses
on methods related to VA applicationsin population health and
HSR and does not focus on evaluation methods.

Through this review, we attempt to bridge a critical gap in the
literature on the use of VA tools, techniques, and frameworks
in the interrelated and overlapping areas of population health
and HSR. To the best of our knowledge, none of the recent
systematic literature syntheses focused on these areas of health
care or covered the VA tools and techniques that we present in
this scoping review.

In response to this broader conceptualization, this scoping
review identified and synthesized findings from English
language peer-reviewed sources that used VA approaches and
methods in population health and HSR. Such a synthesis of the
literature will be helpful for researchers, practitioners, and
decision support analyststo (1) explore recent trendsin the use
of innovative VA methodsin theimportant health care domains
of population health and HSR, (2) learn from methodological
frameworks, and (3) uptake these techniques to meet the
growing needsfor data-driven insights. Furthermore, thisreview
presents the settings for which VA applications are devel oped
and applied as well as the intended target audience. This
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information is important in the context of the use of VA
techniques in participatory co-design initiatives.

Objectives

The objectives of this review are (1) to identify the scope and
nature of the use of VA methods in population health and HSR
and (2) to summarize methodological tools, techniques, and
frameworks from peer-reviewed literature in both health care
aress.

Methods

Protocol and Overall Scoping Review M ethodology

The study protocol was previously published, detailing the
search strategy and methods [21]. We primarily followed the
Joanna Briggs I nstitute guidelines on scoping reviews [22] and
theframework by Arksey and O’ Malley for conducting scoping
reviews [23], with improvements suggested by Levac et al [24]
and Peters et a [25] for conceptualizing the population,
concepts, and context of the study, especially given the context
of amethods-based review.

Textbox 1. Inclusion criteriafor selection of articles.

Chishtie et &

We further used the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Extension for Scoping Reviews
(PRISMA-ScR) checklist from the work by Tricco et al [26] to
operationalize the different steps, while providing milestones
and guideposts for adaptation during the review. The checklist
is shown in Multimedia Appendix 1. We followed the journal
guidelines for the preparation of the manuscript. The major
methodological steps for the systematic scoping review
comprised determining the research question; identifying
relevant studies; title, abstract, and full-text screening; data
abstraction; and the collation, summarization, and reporting of
the results.

Eligibility Criteria

Theinclusion and exclusion criteriaare presented in Textboxes
1and 2, respectively. Papersincluded during the screening stage
needed to have a centra VA component with a focus on
population health or HSR. Studies conducted in clinical settings
or focusing on asingle condition, without apopulation or health
service component, were not included in the review. The

operationa definitions for all concepts are presented in detail
later in this section.

Inclusion criteria

«  Peer-reviewed or conference papers

o January 1, 2005, to March 31, 2019

»  Population health or health services research (HSR) related

condition distribution, and social or multiple determinants of health
« Articleswith an analytic engine and a visualization engine
« Articleswith exploratory data analytic techniques

« Articleson eectronic medical records and electronic health records

« Articleswith population-level or HSR metrics: incidence, prevalence, events over time and space, spatiotemporal, access, utilization, disease or

« Articleswith dashboards with an explicit analytic engine to feed data

« Articleswith automated analysis, data mining techniques, interactive tools, and iterative analysis

Textbox 2. Exclusion criteriafor the articles.

Exclusion criteria
« Articles not in the English language
« Editorids, projects, reviews, book chapters, short papers, or reports

« Articleson medical imaging

services research (HSR) component

«  Studieslacking an analytic method or engine

«  Cartographic or geographic information systems (GIS) method

«  Studies conducted in clinical settings without a population-level or health services research component

« Articlesfor individua condition from a single hospital or unit, such as intensive care, surgery, anesthesia, without a population-level or health

« Articleson device or sensor data without a population-level or HSR component

One of the primary aims of both population health and HSR is
to better understand disease distribution and barriersto equitable
care. We included these components and related metrics for

https://www.jmir.org/2020/12/€17892

population health, such as incidence, prevalence, and events
over time and space, to guide us in delineating research that
focused on clinica or individual conditions or cases. For
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example, if adiabetes dashboard presented clinical care for an
individual in ahospital setting, such asblood sugar or glycated
hemoglobin levels, it was excluded. However, if a diabetes
dashboard presented a population with glycated hemoglobin
levelsin a hospital catchment area, it wasincluded as it had a
population-level component. Studieswithout an analytic engine
were excluded. Finaly, articles not in the English language and
non—peer-reviewed work, such as editorials, projects, short
papers, conference abstracts, and reports, were excluded.

Figure 1. Decision tree for assessing article eligibility.

Chishtie et &

The eligibility criteriawere revised twice during the screening
process. In total, 4 items were added later to the exclusion
criteriaz studies conducted in clinical settings without a
population-level component, articles on device or sensor data,
articles related to cartographic methods, and articles related to
geographic information systems (GIS) techniques. However,
VA articles with a GIS component covering spatiotemporal
data, sometimes termed geo-VA, were included in the review.
Figure 1 shows a simplified decision tree for the selection of
articles.
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Is the study from the health care
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Scoping Review Timeline

We were able to trace thefirst formal use of the term VA to the
seminal work by Thomas and Cook in 2005 [2,3]. As the use
of the term was in the area of national defense, we expected a
lag time in the adoption of the methodology and the use of the
term in hedth care. On the basis of these reasons, our

https://www.jmir.org/2020/12/€17892

RenderX

multidisciplinary team decided to include articlesfrom January
1, 2005, to March 31, 2019.

I nformation Sources

The full electronic search strategy is provided in Multimedia
Appendix 2. It was developed through an iterative process by
the research team, which included an information specialist
(JB). A preliminary search was conducted in MEDLINE,
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following which the first 100 resulting article abstracts were
reviewed to refine the search strategy. The search strategy was
then peer reviewed using the Peer Review of Electronic Search
Strategies (PRESS) guidelines by a second information
specialist. A total of 6 databases were searched in April 2019

Table 1. Databases and search results.

Chishtie et &

using both keywords and subject-specific vocabulary (eg,
Medical Subject Headings[MeSH], Emtree; Table 1). We have
detailed the search strategy, the keywords used, and the
operationalization of the concepts in depth in the published
protocol [21].

Database Platform Search results (n=14,099), n
MEDLINE OvidSP 4633

EMBASE OvidsP 1880

Web of Science core collection Web of Science 5396

Compendex Engineering Village 1267

IEEE Xplore IEEE 151

Inspec Engineering Village 772

The review management software Covidence was used to
manage the search results, including theimporting of references,
screening of citations, and conflict resolution [27]. Duplicates
were removed in 3 phases. First, citations were checked in
EndNote (Clarivate Analytic) for duplicates, followed by
duplicate identification by Covidence (Veritas Health
Innovation) systematic review software. Finally, duplicates
were removed manually during the full-text review.

To complement the database searches, we conducted an internet
search using Google and Google Scholar search engines, and
we manually searched 10 journals deemed relevant to the
research question. These were Applied Clinical Informatics,
Visual Analyticsin Healthcare Proceedings,| EEE Transactions
on Information Technology in Biomedicine, Journal of Medical
Internet Research, Journal of Medical Systems, Journal of the
American Medical Informatics Association, Health Affairs,
Journal of Biomedical Informatics, Healthcare Informatics
Research, and PLOS One. We further reviewed the conference
proceedings from Visual Analytics in Health Care, which is

held one year apart in collaboration with the American Medical
Information Association and |EEE VIS conferences. In addition,
we reviewed the references from another 13 systematic and
narrative topic-related reviews identified during the screening
of the articles[7,16-19,28-35].

Selection of Sour ces of Evidence

The processfor the sel ection of sources of evidence wasdivided
into 2 phases. First, to enhance the consistency among reviewers
in the team, we met to discuss the inclusion and exclusion
criteria. We randomly selected 50 articles that each reviewer
screened for title and abstract. After thisinitia pilot assessment,
we discussed the process, criteria, conflicts, ambiguities, and
difficulties encountered. This pilot phase led to a dlight
readjustment of the inclusion and exclusion criteria. This
iterative methodol ogy, with the selection of sources of evidence
isillustrated in Figure 2. In the second phase, 2 reviewers were
required for the title and abstract screening process as well as
for the full-text screening process. In both cases, conflictswere
resolved by another reviewer.

Figure 2. Pilot assessment and revision of criteriafor selection of sources of evidence.

determine scoping strategy

First group meeting with a librarian to

v

searching

|dentification of records through database

Identification of inclusion
and exclusion criteria

v

Pilot assessment of 50 studies (individual)
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Data Charting

The data charting form was developed specifically for this
review and piloted with 3 randomly selected articles to refine
the categories of abstraction. Each article was then assigned to
2 independent researchers. A third researcher offered arbitration,
correction, and validation of the abstraction where required. For
the specific abstraction fields, we followed the definitions
detailed in the Operational Concepts and Definitions section.

Data Items and Synthesis of Results

Data abstraction was based on 5 major categories: (1) study
characteristics (eg, country, problem, settings, target audience);
(2) frameworks, tools, and techniques used (eg, tool name,
framework followed); (3) analytic and visualization methods
and engines used (eg, analytic engine, datatype, data used); (4)
domains of health care and type of measures used (eg,
population health, health services); and (5) study innovation,
impact, availability of the tool, and whether it was co-designed
with the target audience. The results were compiled into tables
under these major categories, following the major schema
developed during the operationalization of the concepts and
abstraction of the articles.

Operational Concepts and Definitions

Our initial literature search revealed varying definitions and
inconsistent use of terms for the 3 major concepts: population
health, HSR, and VA. To trandate these terms into operational
definitions, we undertook a 3-pronged strategy of studying
seminal literature, recent systematic reviews, and subject trees
in MEDLINE. Although the search terms and their sources are
detailed in the study protocol [21], we detail the operationalized
concepts below.

Population Health and HSR

Defined as the “science and art of preventing disease” [36],
population health is nested under the larger concept of public
health. Although experts have attempted to devel op a common
language rel ated to public and population health [37], population
health as a MeSH term was only recently added to MEDLINE
in 2018 [38]. Kindig and Stoddart [9,10] define population
health as “the heath outcomes of a group of individuals,
including the distribution of such outcomes within the group”
that includes* health outcomes, patterns of health determinants,
and policies and interventions that link these two.” We found
the expanded definition of population health by Kindig and
Stoddart [9,10] apt for our review to encompass the vast nature
of this area. To adapt search terms, we studied the national
public health language created by the National Institute for
Health and Care Excellence in the United Kingdom [39],
detailed database trees, and 5 recent reviews [40-44].

HSR is defined by the Canadian Ingtitutes of Health Research
as research with the “goa of improving the efficiency and
effectiveness of health professional s and the health care system”
[11]. Population health and HSR areintertwined concepts, with
overlapping research and communities of practice, first, in the
purview of studying problems through a population lens and,
second, through a health systems and service lens. The
population health approach brings together the two in their
application toward health sector reform, allowing researchers
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to formulate proposals for the organization and delivery of
health care [41,45].

Guided by 4 recent reviews [45-48] and the filters for HSR
developed by the National Library of Medicine [49], we
transl ated the concept to the search strategy. Particular to HSR,
we included studies on access, utilization, and cost of health
servicesin the review.

VA: Analytic and I nteractive Visual Engines

The seminal work by Thomas and Cook [2] defines VA as*“the
science of analytical reasoning facilitated by interactive visual
interfaces” Later, Keim et a [3] extended this concept to
“automated analysis techniques with interactive visualizations
for an effective understanding, reasoning and decision making
on the basis of very large and complex data sets.” Although
these definitions offered a high-level conceptualization of the
expansive field of VA, we needed a simplified, more
encompassing conceptual  definition that could help
contextualize VA methods and applications in health care.
Hence, we opted to use the expanded definition of VA
applications in health care by Ola and Sedig [50], comprising
analytic and interactive visualization engines. Typicaly, the
analytics engine involves data storage, transformation, and
analysis, whereasthe visualization engine providesfunctionality
toward data manipulation and display [50].

The analytics engine can employ advanced statistical and
machine learning (ML) techniques for various functions. For
example, an extract, transform, and load engine using ML
algorithms can bring together a database that the visual engine
uses to produce visualizations [50]. For the purposes of the
review and itsfocus on population health and HSR, we avoided
the term artificial intelligence.

ML is a subset of artificial intelligence methods that includes
fitting model sto dataand learning by training modelswith data
[51]. Wefocused on tasks such as clustering, classification, and
algorithms used to present the major techniques used toward
the analytic engine.

Interactivity is one of the recent hallmarks of VA applications,
owing to the manipulation of visual interfaces afforded by
computing power [50]. We borrow from works by Olaand Sedig
[50] and Pike et a [52] to define interactivity as the ability to
reflect changesin thevisual representation of databased on one
or moreindicators available on the analytic interface to the user.
Pikeet a [52] categorizeinteraction elementsinto 2 main types:
lower level aimed at change of the visual representation to study
patterns, relationships, and the like and higher level that offers
an understanding of the intent of interaction itself toward
knowledge discovery. To select the appropriate literature as part
of this scoping review, we focused on lower-level interaction
that includes tasks such asfiltering, determining ranges, finding
anomalies, clustering, and the like by providing menus,
dropdowns, and other options on the visualization interface.

Furthermore, to operationalize the search terms related to VA,
we studied 4 recent reviews [7,17-19] in addition to 9 seminal
papers [6,16,53-59].
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Analytic Types and Capability, Settings, and Target
Audience

To operationalize the types of analytics that the application
targeted within the use case, we adapted the work by Islam et
al [17] on data mining techniques in health care. Analyticsis
defined as* knowledge discovery by analyzing, interpreting and
communicating data’ [17].

Related to the anal ytic capability, applications were categorized
as being primarily meant for descriptive, predictive, or
prescriptive analytics for visual exploration of complex data
sets or a combination of these. Descriptive analyticsis defined
as “exploration and discovery of information in the dataset,”
predictive analyticsisdefined as* prediction of upcoming events
based on historical data,” and prescriptive analytics is defined
as “utilization of scenarios to provide decision support” [17].
Although the visual exploration of complex data sets can be
seen as an extension of descriptive analytic capability, we kept
it as a separate category.

We gleaned information from different parts of the included
articles to obtain the study setting and audience based on the
potential application for the method, tool, or its user, as
mentioned by the authors.

Tools, Applications, and Frameworks

Tools were defined as software used to develop an application
to address a certain problem, whereas applications were one or
more software program using code or front-end programming
employed for data analysis and visualization.

Frameworks in research form the foundation, backbone, or the
blueprint on which knowledge is constructed [60]. Hence, we
opted to study the frameworks that formed the basis for the
applications to better situate the literature on VA and to help
define the lens, perspective, and conceptual background for the
methods. We defined a framework as an extension of alensor
perspective of inquiry that is structured to allow methodol ogical
uniformity, adaptation, reporting, understanding, and
replicability. Given that our review is methods based, we did
not differentiate between atheoretical or conceptual framework
[60].

Use Case and Data Source

A use case is defined as the application of the method to an
actual data set, source, or simulation data related to population
health or HSR. We studied whether the use case included a
single data source or multiple data sources. The goal of the
application was ascertained by studying whether the application,
tool, or method was meant for decision support, knowledge
discovery, or both.

Domains of Health Care

Finally, we adapted the domains of health care from Islam et
al [17] to represent population health, HSR, or both. We further
divided population heath—related articles into clinical,
demographic, epidemiologic, spatiotemporal, or acombination
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of these categories. The clinical category would include a
condition, the demographic category would include any
popul ation-related characteristic such as age, the epidemiologic
category would include disease distribution and dynamics, and
the spatiotemporal category would include events over timeand
space. An overlap between the categories within the articles
was expected.

Co-Design and Knowledge Translation

Knowledgetrandationisawideterm used in different contexts,
focusing on the tranglation of research evidenceto policiesand
practice [61]. Although our initial conceptualization for the
review was related to knowledge co-creation for decision
making, werealized that for the purpose of thisreview, abetter
approach would be to consider co-design methods especialy
in the development stages of an application. We used the
definition of co-design in health care by Ward et a [62] that
encompasses the partnership of health workers, patients, and
designerswho aspire to change, depending on shared knowledge
to achieve better outcomes or improved efficiency.

Co-designed applicationswould have better viability and uptake
toward both knowledge transfer and decision support. We
studied whether the authors involved stakeholders or target
audiences during the development of an application. We did
not study co-design methods and approaches, as this was not
the objective of the review.

Results

Selection of Articles

We identified 14,099 articles through the combined database
searches. Using EndNote, 2078 duplicates were electronically
removed in 6 iterations run on 2 different versions, X7 and X9.
On importing 12,021 records into Covidence, another 711
duplicates were removed. We screened the titles and abstracts
for 11,310 records, of which 10,819 (95.65%) were excluded.
We were able to identify 57 more references from 4 systematic
reviews identified during the screening process [8,17-19] and
hand searching. The results are summarized in a Tableau
dashboard [63].

Of the 491 records included for full-text assessment, 436
(88.8%) were excluded. Reasons for exclusion were lacking a
visualization component (n=103), lacking an analytic engine
(n=57), conference abstracts and editorials (n=53), not
population health or HSR (n=44), clinical medicine related
(n=35), short papers (n=31), duplicates (n=22), cartographic
and GI S methods (n=16), no use case (n=13), non-health sector
(n=13), book chapter (n=11), reviews (n=6), sensors or devices
(n=3), sensory or computer vision or human-computer
interaction (n=3), VA method in devel opment or approach (n=3),
medical imaging (n=2), genomics (n=1), not English language
(n=1), and other reasons (n=18). Overall, 55 articles were
included for abstraction. The PRISMA-ScR flow diagram is
shown in Figure 3.
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Figure3. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) chart for article selection. VA: visual analytics.
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Study Characteristics, Settings, and Target Audience

The country of the study was ascertained from the actual use
case of the VA application. The 55 studies included in the
analysis were from 19 countries, including the United States
(24/55, 44%), Canada (5/55, 9%), and Germany (3/55, 5%).
Details are provided in Multimedia Appendix 3 [64-118].

In terms of the settings where the research took place, studies

(38/55, 69%), followed by academic settings (35/55, 64%),
mixed government and academic settings (18/55, 33%), and the
industry (3/55, 5%). The intended target audience was the
population health and HSR community (53/55, 96%), academic
researchers and data scientists (47/55, 85%), clinicians (21/55,
38%), both clinicians and population hedth and HSR
practitioners (21/55, 38%), policy and decision makers (7/55,
13%), consumers and the general public (5/55, 9%), and the

industry (3/55, 5%). Table 2 details the study setting, while

were most often conducted as part of, or with the involvement _ - ; i
Table 3 details the target audience in the included papers.

of, agovernment unit, including aministry or health department
Table 2. Setting of the use cases.

Setting Values, n (%)
38 (69)

Study (reference)

Abusharekh et al, 2015 [67]; Afzal et al, 2011 [85]; Ali et a, 2016 [68]; Alonso et al, 2012 [92]; Antoniou
et al, 2010 [93]; Beniset a, 2017 [89]; Bryan et a, 2015 [64]; Byrd et a, 2016 [94]; Chorianopoulos et
al, 2016 [96]; Garcia-Marti et al, 2017 [97]; Gotz et a, 2014 [76]; Guo et al, 2007 [69]; Hardisty et a,
2010[100]; Hund et a, 2016 [90]; Ji et al, 2012 [102]; Ji et al, 2013 [81]; Jiang et al, 2016 [103];
Kaieski et al, 2016 [104]; Katsis et al, 2017 [105]; Kostkova et al, 2014 [75]; Lavrac et al, 2007 [70];
Luetal, 2017 [71]; Luo et a, 2016 [78]; Maciejewski et al, 2010 [107]; Maciejewski et al, 2011 [79];
Marek et al, 2015 [108]; Ozkaynak et al, 2015 [111]; Park et a, 2018 [112]; Perer et al, 2015 [113];
Proulx et al, 2006 [114]; Shaban-Nejad et al, 2017 [84]; Tate et a, 2014 [87]; Widanagamaachchi et a,
2017 [72]; Xing et a, 2010 [91]; Xu et al, 2013 [73]; Yan et a, 2013[118]; Yu et al, 2017 [82]; Yu et
al, 2018 [74]

Abusharekh et al, 2015 [67]; Afzal et al, 2011 [85]; Alonso et al, 2012 [92]; Antunes de Mendonca et
al, 2015 [86]; Baytas et a, 2016 [80]; Beniset a, 2017 [89]; Bryan et al, 2015 [64]; Castronovo et d,
2009 [77]; Chen et a, 2016 [95]; Dagliati et a, 2018 [66]; Deodhar et a, 2015 [65]; Gligorijevi et a,
2017 [98]; Haque et al, 2014 [99]; Hardisty et al, 2010 [100]; Huang et al, 2015 [101]; Jiang et &, 2016
[103]; Jinpon et al, 2017 [83]; Kaieski et al, 2016 [104]; Kruzikas et al, 2014 [106]; Lavrac et al, 2007
[70]; Lueta, 2017 [71]; Maciejewski et a, 2011 [79]; Mitrpanont et al, 2017 [109]; Mittelstadt et al,
2014 [110]; Ozkaynak et al, 2015 [111]; Proulx et al, 2006 [114]; Shaban-Negjad et al, 2017 [84]; Soulakis
et al, 2015 [115]; Tilahun et a, 2014 [88]; Toddenroth et a, 2014 [116]; Torres et a, 2012 [117]; Xu et
al, 2013 [73]; Yan et al, 2013 [118]; Yu et al, 2017 [82]; Yu et al, 2018 [74]

Abusharekh et al, 2015 [67]; Afzal et al, 2011 [85]; Alonso et al, 2012[92]; Beniset a, 2017 [89]; Bryan
et a, 2015 [64]; Hardisty et al, 2010 [100]; Jiang et al, 2016 [103]; Kaieski et a, 2016 [104]; Lavrac et
al, 2007 [70]; Lu et a, 2017 [71]; Maciejewski et a, 2011 [79]; Ozkaynak et al, 2015 [111]; Proulx et
al, 2006 [114]; Shaban-Nejad et al, 2017 [84]; Xu et a, 2013 [73]; Yan et a, 2013 [118]; Yu et a, 2017
[82]; Yuetal, 2018 [74]

Gotz et al, 2014 [76]; Perer et a, 2015 [113]; Yu et a, 2018 [74]

Academic

Government, ministry,
or health department

35 (64)

Academic and govern-
ment or ministry or
health department

18 (33)

Industry 3(5)
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Table 3. Target audience of the use cases.

Target audience Values, n (%)

Study (reference)

Population or public health 53 (96)
and health servicesresearch
practitioners

Academicsand datascien- 47 (85)
tists

Clinicians 21(38)

Policy and decision makers 7 (13)

Consumers and public 5(9)

Industry (software, pharma- 3 (5)
ceutical, and insurance)

Abusharekh et al, 2015 [67]; Afzal et al, 2011 [85]; Ali et al, 2016 [68]; Alonso et al, 2012 [92];
Antoniou et a, 2010 [93]; Baytaset al, 2016 [80]; Beniset a, 2017 [89]; Bryan et a, 2015 [64];
Byrd et a, 2016 [94]; Castronovo et al, 2009 [77]; Chen et a, 2016 [95]; Chorianopoulos et al,
2016 [96]; Dagliati et a, 2018 [66]; Deodhar et al, 2015 [65]; Garcia-Marti et al, 2017 [97];
Gligorijevi et al, 2017 [98]; Gotz et a, 2014 [76]; Guo et a, 2007 [69]; Haque et a, 2014 [99];
Hardisty et al, 2010 [100]; Huang et al, 2015 [101]; Hund et a, 2016 [90]; Ji et al, 2012 [102];
Ji et a, 2013 [81]; Jiang et a, 2016 [103]; Jinpon et al, 2017 [83]; Kaieski et a, 2016 [104];
Katsiset al, 2017 [105]; Kostkovaet al, 2014 [75]; Kruzikaset al, 2014 [106]; Lavrac et al, 2007
[70]; Luetal, 2017 [71]; Luo et al, 2016 [78]; Maciejewski et al, 2011 [79]; Marek et a, 2015
[108]; Mitrpanont et a, 2017 [109]; Mittelstadt et al, 2014 [110]; Ozkaynak et al, 2015 [111];
Park et al, 2018[112]; Perer et al, 2015 [113]; Proulx et al, 2006 [ 114]; Shaban-Nejad et al, 2017
[84]; Soulakis et al, 2015 [115]; Tate et al, 2014 [87]; Tilahun et al, 2014 [88]; Toddenroth et al,
2014 [116]; Torreset a, 2012 [117]; Widanagamaachchi et al, 2017 [72]; Xing et al, 2010 [91];
Xuetal, 2013 [73]; Yan et al, 2013 [118]; Yu et al, 2017 [82]; Yu et al, 2018 [74]

Abusharekh et al, 2015 [67]; Afzal et al, 2011 [85]; Antoniou et a, 2010 [93]; Baytas et al, 2016
[80]; Bryan et al, 2015 [64]; Byrd et al, 2016 [94]; Chorianopoulos et al, 2016 [96]; Dagliati et
al, 2018 [66]; Deodhar et a, 2015 [65]; Garcia-Marti et a, 2017 [97]; Gligorijevi et a, 2017
[98]; Gotz et &, 2014 [76]; Guo et a, 2007 [69]; Hagque et al, 2014 [99]; Hardisty et a, 2010
[100]; Huang et al, 2015 [101]; Hund et al, 2016 [90]; Ji et al, 2012 [102]; Ji et al, 2013 [81];
Jiang et al, 2016 [103]; Jinpon et al, 2017 [83]; Kaieski et al, 2016 [104]; Katsiset al, 2017 [105];
Kostkova et a, 2014 [75]; Kruzikas et al, 2014 [106]; Lavrac et a, 2007 [70]; Lu et al, 2017
[71]; Luo et &, 2016 [78]; Maciejewski et a, 2010 [107]; Maciejewski et al, 2011 [79]; Marek
et al, 2015 [108]; Mitrpanont et al, 2017 [109]; Mittelstadt et al, 2014 [110]; Ozkaynak et a,
2015 [111]; Park et a, 2018 [112]; Perer et a, 2015 [113]; Proulx et a, 2006 [114]; Tate et al,
2014 [87]; Tilahun et a, 2014 [88]; Toddenroth et a, 2014 [116]; Torres et a, 2012 [117];
Widanagamaachchi et al, 2017 [72]; Xing et a, 2010 [91]; Xu et a, 2013 [73]; Yan et al, 2013
[118]; Yuet a, 2017 [82]; Yu et a, 2018 [74]

Abusharekh et al, 2015 [67]; Alonso et al, 2012 [92]; Antoniou et al, 2010 [93]; Baytas et al,
2016 [80]; Beniset a, 2017 [89]; Bryan et al, 2015 [64]; Chorianopouloset a, 2016 [96]; Dagliati
et a, 2018 [66]; Gotz et a, 2014 [76]; Haque et a, 2014 [99]; Huang et a, 2015 [101]; Hund et
al, 2016 [90]; Lu et al, 2017 [71]; Mitrpanont et al, 2017 [109]; Mittelstadt et al, 2014 [110];
Ozkaynak et a, 2015 [111]; Perer et al, 2015 [113]; Soulakis et al, 2015 [115]; Toddenroth et
al, 2014 [116]; Widanagamaachchi et al, 2017 [72]; Xu et a, 2013 [73]

Ji et d, 2013 [81]; Kruzikas et al, 2014 [106]; Macigjewski et al, 2011 [79]; Mitrpanont et al,
2017 [109]; Tilahun et al, 2014 [88]; Torres et al, 2012 [117]; Yu et al, 2017 [82]

Antunesde Mendoncaet al, 2015 [86]; Ji et al, 2013 [81]; Kaieski et a, 2016 [104]; Maciejewski
etal, 2011[79]; Yu et al, 2017 [82]

Gotz et al, 2014 [76]; Perer et al, 2015 [113]; Yu et a, 2018 [74]

Terminology Related to Visualization and Analytics

the employed method. The years when the term “visua
analytics” was most commonly used were 2009 and 2017. As

We searched for the use of VA and its variationsin thearticles.  visualization was mentioned in the vast majority of the articles,
Terms that indicated the use of VA included “visualization”  gternative terms used for the analytic engine included data

(52/55, 95%), “visual analytics’ (29/55, 53%), “analytics’ mining and ML techniques. Figure 4 displays the use of terms
(16/55, 29%), and “visual analytic approach” (8/55, 15%) as by year.
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Figure 4. Use of terminology from January 01, 2005, to March 30, 2019.
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2007
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m Visual analytics

® Analytics

Tool Name, Analytic Capability, and Goal

Related to the use of specific tools, articles that mentioned the
name of the tools or base applications (34/55, 68%) are listed
in Textbox 3.

In terms of analytic capability, these included tools primarily
meant for descriptive analytics (52/55, 95%), exploratory
analyses of complex data sets (23/55, 42%), and predictive
analytics (13/55, 24%). There were no articles on prescriptive
analytics. Among the overlap in the analytic capability of the

https://www.jmir.org/2020/12/e17892
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15 20 25

Visual analytic approach

tools, 3 studies (5%) mentioned descriptive and predictive
analytic capabilities along with visual exploration of complex
data sets [64-66]. There were 11 applications with both
descriptive and predictive analytic capabilities [64-74].

We further categorized whether the application, tool, or method
targeted popul ation health and HSR decision support, knowledge
discovery, or both, as its goal. There was an overlap in the
application goals: decision support (44/55, 80%), knowledge
discovery (35/55, 64%), or both goals (29/55, 53%).
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Textbox 3. Name of the tool and base application (if provided).

Abusharekh et a, 2015 [67]
«  H-Drive; information analytics based on R

Ali et al, 2016 [68]

. ID-Viewer

Alonso et al, 2012 [92]
«  EPIPOI based on Matlab

Antoniou et al, 2010 [93]
. dAUTObase

Antunes de Mendonca et al, 2015 [86]
«  Onthebasisof Triplify, SQL, PHP, and SPARQL EndPoint

Baytas et al, 2016 [80]

«  PhenoTree

Beniset al, 2017 [89]
. DisEpi, R-based
Bryan et al, 2015 [64]
« EpiSmS

Chen et al, 2016 [95]

o  SalScan software

Chorianopoulos et al, 2016 [96]

o  Flutrack.org

Dagliati et al, 2018 [66]
«  MOSAIC dashboard; data mining using R and Matlab; JavaScript; HTML ; Google Charts for GUI

Deodhar et al, 2015 [65]
. EpiCaster

Haque et al, 2014 [99]
«  Microsoft SQL Server's Bl tool stack and ASPNET

Hardisty et al, 2010 [100]
. LISTA-Viz

Hund et al, 2016 [90]
e  Sub-VIS; based on D3.JS2

Jietal, 2012 [102]
«  ESMOS (Epidemic sentiment monitoring system)

Jietal, 2013[81]
«  ESMOS (Epidemic sentiment monitoring system)

Jiang et al, 2016 [103]
« Health-Terrain
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Jinpon et al, 2017 [83]
«  Community well-being assessment system (CWBAYS)

Kaieski et al, 2016 [104]
e VisHedth

Kostkova et al, 2014 [75]
«  medi+board

Lavrac et al, 2007 [70]
. MediMap

Luetal, 2017 [71]
«  Southampton breast cancer data system (SBCDS)

Luoet al, 2016 [78]
« GSEpiViz

Maciejewski et al, 2011 [79]
« PanViz

Marek et al, 2015 [108]
«  Rwith spacetime, gstat and plotK ML ; and Google Earth

Mitrpanont et al, 2017 [109]
. SAGE2

Ozkaynak et al, 2015 [111]

«  EventFlow and Discrete Time Markov Chains

Perer et a, 2015 [113]
«  Care pathway explorer

Proulx et al, 2006 [114]

«  nSpace and GeoTime

Shaban-Nejad et al, 2017 [84]
«  Population health record (PopHR)

Tate et a, 2014 [87]
« TriaViz

Yanetal, 2013[118]

«  ISS(syndromic surveillance system)

Yuet al, 2017 [82]
«  Patient-provider geographic map

Yuet al, 2018 [74]
«  Watson Analytics

Afzal et a, 2011 [85]; Byrd et al, 2016 [94]; Castronovo et al, 2009 [77]; Garcia-Marti et al, 2017 [97]; Gligorijevi et a, 2017 [98]; Gotz et a, 2014
[76]; Guo et al, 2007 [69]; Huang et a, 2015 [101]; Katsis et a, 2017 [105]; Kruzikas et a, 2014 [106]; Macigjewski et a, 2010 [107]; Mittel stadt et
al, 2014 [110]; Park et al, 2018 [112]; Soulakis et al, 2015 [115]; Tilahun et al, 2014 [88]; Toddenroth et al, 2014 [116]; Torres et a, 2012 [117];
Widanagamaachchi et al, 2017 [72]; Xing et a, 2010 [91]; Xu et a, 2013 [73]
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«  Not mentioned

Multimedia Appendix 4 [64-118] detailsthe anal ytic capability
and goals of the application, indicating whether the analysis
was carried out for knowledge discovery or decision support,
whether the article was presented as a framework for VA, and
whether the methodology itself followed one or more
frameworks.

Framework Presented or Followed

A total of 24% (13/55) articles presented frameworks for VA
methods, which we categorized into 7 types based on the major
theories, applications, and functions that the study authors
purported to use in their methods:

1. Data integration,
[67,68,71,75].

2. Combining querying, mining, and visualization for
electronic medical records (EMRS) [76].

3. Disease mapping, hypotheses generation, clinical decision
making, and knowledge discovery [66,77,78].

monitoring, and  management

https://www.jmir.org/2020/12/€17892

4. Simulation and modeling, including statistical analysis
[64,79].

5. Phenotyping for a VA tool [80].

6. Social mediaVA [81].

7. Studying geographic variations in accessto care [82].

A total of 29% (16/55) articles used a framework in their
methods, which we broadly categorized into 6 types based on
their application to the use case:

Studying access to care [83,84].
Analytics[78].

Application development [65,67,85,86].
Data quality, linkage, and flow [72,87,88].
Knowledge discovery [89].

Visualization [64,66,71,77,90].

Table 4 lists both kinds of frameworks and related references.
The abovementioned categories are based on the objectives of
the VA application, as mentioned by the authorsin their studies.
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Table 4. Articles proposing aframework and using frameworks for their visual analytics work with quoted references (if provided).

Study (reference) Presents aframework Uses one or more frameworks for VA2 work
Abusharekh et a, Health data analytics framework incorporating datamanagement, analyt-  Portal developed using Liferay and Vaadin frame-
2015 [67] ics, and visualization works

Afzal et dl, 2011 [85]

Ali etal, 2016 [68]

Antunesde Mendonca
et al, 2015[86]

Baytaset a, 2016 [80]
Beniset al, 2017 [89]
Bryan et al, 2015 [64]

Castronovo et a, 2009
[77]

Dagliati et al, 2018
(66]

Deodhar et a, 2015
[65]

Gotz et al, 2014 [76]

Hund et al, 2016 [90]

Jietal, 2013[81]

Jinpon et al, 2017[83]

Kostkovaet al, 2014
[75]

Luetal, 2017 [71]

Luo et al, 2016 [78]

Maciejewski et a,
2011[79]

Shaban-Nejad et a,
2017 [84]

Tate et al, 2014 [87]

Tilahun et al, 2014
[88]

Widanagamaachchi et
a, 2017 [72]

N/AP

Framework for dataintegration and analytics with various modulesrelated
to data acquisition, cleaning, parsing and analysis

N/A

Phenotyping framework for a VA tool
N/A

Presents a framework for simulating and analyzing data. Visual engine
also has a built-in statistical framework based on others

Conceptual framework for dynamic mapping; hypotheses generation for
disease seasonality

Presents aframework as a general model for chronic disease clinica
decision support and knowledge discovery

N/A

Combines 3 components, such asvisual query, pattern mining, and inter-
active vis components, in asingle framework enabling an ad hoc event
sequence analysis

N/A

Framework considers severd diseases; novel 2-step sentiment classifica-
tion combining clue-based searching and ML methods to first filter out
the nonpersonal; identifying all persona tweets; then distinguishing
personal into negative and nonnegative sentiment tweets

N/A

Framework depicts processes and components required for automated
data monitoring across multiple real-time data channels [P Kostkova. A
roadmap to integrated digital public health surveillance: the vision and
the challenges. In Proceedings of the 22nd international conference on
World Wide Web (WWW '13). 687-694., 2013]

Process-driven framework presented, with data, functional, and user
layers

Presentsanew framework for effective disease-control strategies, starting
from identifying geo-social interaction patterns. Framework further used
to structure the design of a VA tool with 3 components: reorderable
matrix for geo-socia mixing patterns, agent-based epidemic models, and
combined visualization methods

The PanViz Visudization framework uses a mathematical epidemic
model to calculate population dynamics and infection rate data

N/A

N/A
N/A

N/A

On the basis of the recommendeations by Jankun-
Kelly and Ma. [119]

N/A

Resource devel opment framework for queries, with
SQL and others

N/A
Knowledge discovery in databases framework [120]
On the basis of the 3 frameworks [36-138]

On the basis of the Harrower principles [139]

Temporal abstraction [140]

Middleware based on the Model View Controller
Framework

N/A

Uses the detected subspaces of the OpenSubspace
Framework and Visualization follows Shneiderman
[141,142]

N/A

Community Wellbeing Framework [143]
N/A

Lifelines framework sits within the University
Hospital Southampton Clinical Data Environment
asamodel for the exploratory analysis of data

Susceptible-Exposed-I nfectious-Removed agent-
based modeling

N/A

Semantic population health framework introduced
in the tool by using type | evidence or causal
knowledge to arrange health indicators along the
lines of the determinants of health framework [144]

Data quality framework [145]
Silk Link Discovery Framework [146]

ViSUS framework for designing dataflow [147]
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Study (reference) Presents aframework

Uses one or more frameworks for VA2 work

Yuet al, 2017 [82]

Introduces Visualization framework to aid health care policy makersand  N/A

hospital administratorsto visualize, identify, and optimize the geographic

variations of accessto care

BVA: visual analytics.
BNI/A: not applicable.

Data Characteristics: Source, Use Cases, Structure,
and Type

VA engines differ in their application, given their capability to
process data from multiple data sets or various sources such as
social mediatext data, administrative data, global repositories,
and other internet sources. In the included studies, the data
sources that were processed by the analytic engines varied,
involving single data sources (32/55, 58%), multiple data
sources (22/55, 40%), or both (6/55, 11%).

In use cases where multiple data sources were involved, there
were overlaps within the categories of data sources.
administrative or national survey data (17/55, 31%), EMR or
EHR data (17/55, 31%), spatiotemporal data (16/55, 29%), web
or social media data (8/55, 15%), and simulation data (6/55,
11%).

Articles focused on structured (40/55, 73%), unstructured
(13/55, 24%), and semistructured data (5/55, 9%). The data
sources were administrative data that included registry and
national survey data (19/55, 35%), EMR or EHR data (17/55,
31%), spatiotemporal data (16/55, 29%), simulation data (6/55,
11%), and web or social media data (8/55, 15%). Multimedia
Appendix 5 [64-118] details the source, type, and application
to the use cases.

Analytic and Visualization Engines

From the articles, we gleaned information on the analytic engine,
tools, and specific methods used, such asthe algorithmsfor the
analytic methods. Thetool’sanalytic engine, its data processing,
analysis, and subsequent data visualization varied greatly. In

https://www.jmir.org/2020/12/€17892

addition, details about the analytic and visualization engines
have not been consistently reported.

We categorized the data for the type of problem that the
application addressed by the major analytic techniques used for
summarizing the results. There were 7 major categories:
infectious disease modeling and surveillance (21/55, 38%);
medical record pattern identification (20/55, 36%); population
health monitoring (9/55, 16%); health system resource planning
(2/55, 4%); and data manipulation, disease mapping, and
sentiment analysis (1/55, 2%).

The analytic approaches undertaken included data querying
(155, 20%); statistical modeling (11/55, 20%); clustering
(9/55, 16%); natural language processing (NLP), pattern mining,
classification, data mining, dimensionality reduction, predictive
modeling, and other ML methods (4/55, 7%); and graph
partitioning, neural networks, simulation-based predictions, and
other statistical analyses (1/55, 2%).

The problems addressed and the analytic techniques used are
summarized in Table 5. Multimedia Appendix 5 provides
in-depth information on the data type, analytic and visual
engines, and related techniques. Major tools employed for
devel oping the applicationsincluded R-based tool s (7/55, 13%);
D3.JS (4/55, 7%); SQL (4/55, 7%); Javarbased tools (3/55, 5%);
Python-based tools, HTML 5, or Google Maps application
programming interface (API; 2/55, 4%); and not reported (15/55,
27%). The 16 remaining articles mentioned the use of one of
the following: Open Layers 3, OwlAPI, SaTScan, SQL and
Google Maps API, IBM Watson Analytics, GeoViz Toolkit,
Flutrack API, Weka, GeoTime, ESRI ArcMap, Excel2RDF and
Sgvigler, C#, JFreeChart, MS Silverlight-based Pivot Viewer,
Weka and Tableau, and Matlab.

JMed Internet Res 2020 | vol. 22 | iss. 12 [€17892 | p.40
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Chishtieet al

Table 5. Problem categories and major analytic methods.

Analytic method Categories of problems with the number of articles mentioning the use of specific analytic methods

Datamanipula  Disease Health system  Infectiousdiss Medica record  Population Sentiment  Total

tion mapping  resourceplan- easemodeling  patternidentifica-  hedthmonitor-  analysis
ning andsurvelllance tion ing
Data querying 1 1 _a 3 5 1 — 11
Statistical modeling — — 1 8 2 — — 11
Clustering — — — — 7 1 1 9
Naiural_language — — — 3 1 — — 4
processing
Other machine — — — 1 — 3 — 4
learning
Pattern mining — — — 1 3 — — 4
Classification — — 1 — — 1 — 2
Datamining — — — — — 2 — 2
Dimensionality re- — — — 1 1 — — 2
duction
Predictive modeling — — — 1 1 — — 2
Graph partitioning — — — 1 — — — 1
Neural networks — — — 1 — — — 1
Simulation-based — — — 1 — — — 1
predictions
Stetistical analysis — — — — — 1 — 1
Total 1 1 2 21 20 9 1 55
aNull values.

toolswere R-based tools and packages, D3.JS, and Google Maps
API. Almost al articles mentioned a different combination of
tools that they had used for the VA application.

The distribution of the tools used according to the analytic
methods isillustrated in Figure 5. Among the most often used
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Figure5. Analytic methods and proportional distribution of tools employed. API: application programming interface; MS: Microsoft; SQL: structured

query language.
Statistical modeling Statistical Querying for database  Querying for database  Querying for database |7 ""] Querying (Other machine Other machine
ot mentioned HTML 5 creation creation creation saL WS Sitverlight learning leaming
3, 5558% 1,1.852% [N Archlap Excel2ROF and 2.3704% based Pivot GeoViz Toolkit Not mentioned
1,1852% 1, 1852% Spvigler Viewer 1, 1852% 1.1852%
1, 1852% 1. 1852%
Querying for database creation Queryinglor  Cuerying for
Statistical Google Map API database database
Rrbased lool 1,1852% creation creation Cther machine bearning
1,1.852% Protegs, saL OwlAPI
TriplifyfSQL 1,1852% Querying 1,1.852%
and Google R-based tool
Maps APl 1.1852%
1,16852%
‘Querying for database creation
HTML and Java Data mining Classification
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1, 1852% 1,1852%
Statistical
GeoTime SaTScan
1,1852% 1,1.852%
Natural Natural
language language
processing processing
Javabased tocd  Open Layers 3
1, 1852% 1,1852%
Chustering and classification Noural notworks Predictive Predictive
Weka Not mentioned goodness of fit modaling
1, 1.852% 1,1852% R based, Google
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3,5.550%
Simulation-based Statistical analysis
predictions SOL and Google Maps API
Oeaoh pariOicaing Not mantioned 1,1852%
Not mentioned 1.1852%
1, 1852%

Similarly, various visualizations were used to represent the
analysis of the data processed by the analytic engine.
Visualizations were mostly interactive, with a dashboard
presenting statistics or detailed information regarding specific
populations or variables of interest. The major visuaization
types were as follows: maps (17/55, 31%), timelines (8/55,
15%), heat maps (6/55, 11%), choropleth maps (6/55, 11%),
bubble charts (3/55, 5%), flow maps (2/55, 4%), and scatterplots
(2/55, 4%). The remaining 12 applications presented one of the
following visuals: spatia plots, history tree view, stacks and
cards, line, bar, causal diagram, cards, stacked bar, population
pyramid, circular tree, ranked trees, Sankey diagram, and
relationship graph.

Domains of Health Care, Problem Category, and
Related Analytic Methods

Of the articles, 98% (54/55) focused on population health,
whereas 33% (18/55) focused on HSR. Therewasaconsiderable
overlap, as 17 HSR articles had a population focus. Of the
population health articles, 44% (24/55) were on clinica
populations focusing on acondition or cluster of conditionsand
31% (17/55) provided population demographics. Epidemic
monitoring and modeling for certain conditions was the focus
of 33% (18/55) studies, whereas 49% (27/55) were
spatiotemporal health care articles.
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Among the HSR articles, 27% (15/55) were on health service
utilization, 18% (10/55) focused on access to care, and 4%
(2/55) wererelated to health care costs. The details are provided
in Multimedia Appendix 6 [64-118].

Wefurther categorized the types of problemsthat the application
addressed. The 4 major problem categories were infectious
disease modeling and surveillance (21/55, 38%), medical record
patternidentification (19/55, 35%), popul ation health monitoring
(9/55, 16%), and health system resource planning (2/55, 4%).
One use case wasfor datamanipul ation, disease mapping, health
record pattern identification, and sentiment analysis.

Figure 6 detail sthe relative distribution of the analytic methods
used for the categories of problems. The color-coded tree map
reveals clustering and statistical modeling as the major choice
for medical record pattern identification and infectious disease
modeling and surveillance, both methods comprising 13% (7/55)
of all use cases. The second most common methods included
NLP, querying for database creation, pattern mining, and data
querying, each comprising 5% (3/55) of all methods. Other
varied methods are shown in the figure to revea the overall
trends found in the use of methods according to the problem
addressed by the application.
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Figure 6. Problem categories and proportional distribution of analytic methods used.
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Availability of the Tool, Uptake, and Co-Design

A total of 21 VA toolswerein use at the time of publication of
the original article, whereas others were either not available or
prototypes. Moreover, 7 dashboards or tools were accessible
for public use, whereas 13 tools were either developed using
free, open source tools such as R or Weka or their source code
was provided. Furthermore, 38% (21/55) articlesdid not mention
thetools used to devel op the application or the base application.

Relevant to co-design or evaluation of the tool, 10 articles
involved domain experts, multidisciplinary teams, or user
evaluations for the development and improvement of the VA
application, whereas other articles did not mention this aspect.
Relevant details have been captured in Multimedia Appendix
7 [64-118].

Innovation and Limitations of VA Applications

All applications offered an innovative edge over others at the
time of their publication. These mostly pertained to the analytic
engine and techniques such as better workflow, automation,
development of a framework, and use of advanced techniques
such as ML. Similarly, the limitations of the applications were
provided in varying detail, with 29% (16/55) articles not
mentioning any limitations, as shown in Multimedia Appendix
7.

Discussion

Significance of the Review

Theaim of this scoping review isto review theliterature on VA
methods, specifically their application to thefields of population
health and HSR. Given the large variety, heterogeneity, and
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velocity of data sources, public health data belong to the
category of big data[50], which areincreasingly being generated
and made available from administrative, EMR, and EHR
sources. Examples of large population-level repositoriesinclude
the United Kingdom’'s Clinical Practice Research Datalink
database, the largest collection of anonymized primary care
patient records [87]; the Canadian administrative health data
sets [121]; and the US Nationa Health and Nutrition
Examination Survey, collected since the 1970s [91].

Our scoping review summarizes VA methods applied to use
cases in population health and HSR. As a multidisciplinary
team, we presented the results from multiple perspectives,
including those of data scientists, population health and HSR
practitioners, and policy and decision makers. Thisisimportant
in the wake of the COVID-19 pandemic, where multiple VA
products for pandemic monitoring have surfaced for guiding
the pandemic response [122,123].

We discuss the implications and contributions of this review
for researchers and practitionersin the related health care areas
of public and population health and HSR, expanding on aspects
of specific import. We further offer targeted recommendations
for defining, reporting, and leveraging the potential of VA
methods and applications.

Reporting Checklist for VA Applications

Thefield of visualization and analyticsis extremely broad, with
various applications in different health care and other sectors.
We had to rely mainly oniterative screening to filter out articles
that were not relevant to the study objectives, for example,
articles without use cases including usability studies,
evaluations, human-computer interaction, and GIS studies.
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There is a need for better reporting on the details of the
applications for reproducibility and transparency. This
specifically relates to the tool’s capability, application beyond
the use case, target audience, study objectives, and study
settings. In many articles, we found the statistical and analytic
methods lacking in detail, in particular on the tools used for the
analysis, the algorithms tested and applied, and the reasons for
choosing one particular analysis over the other.

Similarly, some articles from proprietary or prototypical tools
did not offer any detail on the anaytic engine, while only
discussing the functional aspects of the application. Many
articles did not elaborate on how visualization presentations
should beinterpreted. Most articlesdid not provide reasons and
processes for the selection of the visualization, its strength over
others, and how the interactive functions could offer more
insight.

Such details would help situate the literature and resultantly be
useful for better reproducibility, development, and adaptability
of prototypical and established methods to different scenarios.

Towards this goal, we devel oped a standard reporting checklist
(Multimedia Appendix 8) for reporting VA methods, particularly
visual and analytics engines, as is the practice for reporting
research methods such as statistical techniques [124], and
qualitative and quantitative studies [125,126]. As mentioned
previously, 4 recent systematic reviews covered areas of VA
applicationsin health [8,17-19]. Although these reviews offered
excellent summaries from different areas of health care and
informatics, we found that there was no reporting standard
followed, indicating the need for such a checklist. We further
sought recent literature on COVID-19—related VA products.
One of the most known COVID-19—elated products is the
web-based dashboard for country-level data by Johns Hopkins
University [123]. Although the experts involved have not yet
published a paper detailing the methods for its development, a
high-level correspondence article was published in the reputed
journal Lancet [123]. In this article, the authors cite the issues
and process of developing a data stream for the dashboard. In
contrast, the authors of another VA product mapping the
COVID-19—~elated mobility pattern changes in US counties
detail the methods, features of the web-based platform, data
sources, system design, and insights from the results in their
publication [122].

Onthe basis of the findings from these papers and thoseincluded
in the scoping review, we have proposed achecklist for reporting
VA applications (Multimedia Appendix 8) to fulfill the need
for standard reporting aimed at optimizing productivity from
research efforts [3].

Proposed Definition for VA in Health Care

We adhered to the definition for VA applicationsin health care
by Ola and Sediq [50] for which both an analytic and visual
engine must be included. However, we found that despite
reporting analytic techniques, including an analytic engine,
many articles did not state it as such. Although “visualization”
asatermwasmentioned in all articles, analytic techniqueswere
not mainly classified as analytic engines. This could be due to
the different use of language and understanding within the data
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science communities of practice. Hence, VA as a term with a
technical definition does not seem firmly established, at least
in the health care literature. This can also be seen in various
authors’ work where they borrow from the original definition
of VA by Thomas and Cook [2] being “the science of analytical
reasoning facilitated by interactive visual interfaces”

Thomas and Cook [2] define VA as “the science of analytical
reasoning facilitated by interactive visual interfaces,” whereas
Keim et al [3] extended the concept to “automated analysis
techniques with interactive visualizations for an effective
understanding, reasoning and decision making on the basis of
very large and complex data sets” Borrowing from the seminal
works of Ola and Sedig [50], Keim et a [3], and Thomas and
Cook [2], we recommend using the following adapted definition
of VA, especialy in areas related to public and population
health: “an approach, method or application for analytic
reasoning, exploration, knowledge discovery, and sense making
of complex data, through the use of one or more interactive
visua interfaces, employing analytic and visual engines” In
our definition, we keep the aim of the VA technique at the fore
to provide context to the method, while expanding on the limited
concept of VA to computational tools [3,50]. We emphasize
the analytic and visual engines to help delineate the methods
from other fields, such as visualization. We also emphasize it
as it helps to define and report the methods better, for which
we included a checklist for reporting (Multimedia Appendix
8).

VA Methods, Framewor ks, and Tools

We followed a broad definition of frameworks to summarize
the VA methods in developing the applications. Although
presenting the detailed findings from these frameworks is
beyond the scope of this review, we broadly categorized their
types, as it can be valuable to learn from the conceptua and
theoretical bases of thisinnovative method. Studying both types
of frameworks helps situate the methods for adaptation by
researchers and practitioners. Among the variety of VA
frameworks presented, most were related to disease mapping
and for knowledge discovery and hypothesis generation
[66,77,78]. Thisis consistent with the findings of the goals and
analytic capabilities of the tools that we summarize. Although
there isatrend toward the application of ML methodsto EMR
data sets, we found 1 framework for mining and visuaizing
trends and patterns from these data sets [76].

The magjority of the applications were prototypes, with only 5
in use at the time of publication. In part, this may be due to
publication bias of newer VA techniques. Studies using
proprietary tools known for their visualization engines, such as
Tableau [148], Qlik [149], and Power Bl [150], were
exceptionally uncommon in the articles that were reviewed.
Hence, future research may seek to survey the population health
and HSR practitionersto gain an understanding of the VA tools
that are part of their daily decision-making processes and reasons
for not publishing their findings and experiences.

Settings, Target Audience, and Co-Design I nitiatives

Aswe limited our search to English language articles, the use
cases from the included studies were mostly from the United
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States, with fewer studiesfrom Europe or other countries. Most
of the authors and use cases were from the same country, aside
from one exception, an author from Canada working on a use
case from the United States [91].

As expected, population health and HSR practitionerswere the
most common intended target audience, followed by academic
researchers and clinicians. Policy and decision makers as well
as the general public were not the main target audiences.
Although VA is related to data visualization and is being
increasingly employed to convey insights from the data, we
contend that the use of VA is still in the developmental stages.
This corresponds to our finding that most applications were
prototypes.

There were 5 studies that were aimed at consumers, whereas 7
studies targeted policy and decision makers. However, as
participatory approaches are being emphasized for better uptake
and development of creative solutions [127], a concern related
to co-designing applications was the lack of involvement of
stakeholders, such as decision makers, and patient groups. It is
important to note that the lack of participatory co-design
approaches in devel oping applications could be one reason for
theoverall finding of dow uptake of these methodsin population
health and HSR.

Trends and Potential for VA Applications

As the results show, the use of VA varies greatly. In addition,
dueto inconsistent reporting of the settings and target audiences
in the included papers, we made a calculated judgment on the
trends in the use of these techniques. As most of the studies
were conducted in academic circles, weinfer that these methods
are still in development in the population health and HSR
communities of practice. Hence, the uptake of these methods
has been slow in these interrelated areas of health care. Thisis
not unexpected, as the field has been termed nascent, while the
application of newer techniquesin public health hasbeen rather
delayed [50].

As most tools focused on descriptive analytics, with about half
aimed at visual exploration of complex data sets, the trend in
the use of these methods toward knowledge discovery and
decision support isnotable. Thiscould be dueto theavailability
of increasing and expanded data sets from EMR systems. For
ML, clustering, classification, and NLP are methods of choice
for structured and text-based data sets. Many population health
applicationsare related to mapping, spatiotemporal distribution,
and modeling for diseases and disease control. In HSR, few
articles dealt with issues of access, utilization, and costs of
services.

Most problems addressed related to infectious disease
epidemiology, with clustering and statistical modeling being
the most commonly used analytic methods. The articles
mentioned a unique tool, a combination of tools, or did not
mention the tool or base application, which made it difficult to
summarize the types of toolsused. However, asshownin Figure
5, R-based tools, Google Maps APl and D3.JS, as well as a
variety of other tools were used for the VA applications.

In addition, there is added value in using VA to obtain and
combine multiple data sources to construct a fuller picture
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toward the question of inquiry. Asour results show, the analytic
engine in most use cases combines multiple data sources, such
as EMRs, to social media sources. AsKeim et al [3] point out,
VA can contribute to solving various complex problems in
sectors including engineering, financial analysis, environment
and climate change, and socio-economic conditions.
Socio-economic considerations in health, known as the social
determinants of health, are being increasingly researched inthe
context of accessibility, health, and overall quality of life of
populations [128]. In addition, VA has the potential to address
the varied shared application problems in health and related
sectors at an abstract level [3].

Learning Health Systemsand COVID-19-Related VA
Products

Learning hedth systems are geared toward continuous
evidence-based quality improvement [129]. There are multiple
challenges in building such systems that generate knowledge
and insights on proposed improvements [130]. In the wider
context, this review allows fellow researchers, practitioners,
and decision makers to appreciate the potential presented by
VA techniques in meeting challenges in operationalizing and
building automated data-driven learning health systems [131].
VA techniques have the ability for sense making and leveraging
big data from multiple sources to operationalize such learning
health systems [33,132].

As has been the case in the last few months of the COVID-19
crisis, aplethoraof VA products have surfaced, aimed at clinical
practitioners, population health and health service researchers,
policy makers, and the general public [122,123,133]. Such VA
products are being increasingly sought for epidemiologic
surveillance, monitoring, and planning of health services, in
addition to apprising the public on the magnitude of the
pandemic. It will be especialy useful for research replicability
and transparency to describe the development and features of
such products in sufficient detail, toward which we presented
areporting checklist (Multimedia Appendix 8), for aspectsthat
wefound to beimportant in reporting methods and functionality
of an application. We are confident that this will serve novice
and expert researchersalike asareminder to showcase the depth
and breadth of their effortsin developing a unique application.

Limitations

We based our inquiry of VA methods on information from
peer-reviewed journa articles and full conference papers. We
did not include book chapters, theses, short papers, editorials,
non—peer-reviewed reports, conference abstracts, and live
websites using VA techniques. We limited our review to the
year 2005 onward, and we did not explore subject-specific
databases from mathemati cs, geography, and computer sciences.
We sought to limit our findings to proposed or established
methods that have been either published or presented and applied
to actual use cases. We included full conference papersin the
review, but many conferences do not publish proceedings, such
as the annual Tableau conference and the Health Analytics
Summit. Use cases discussed at these meetings mostly involve
front-end proprietary tools. Hence, the complete spectrum of
the use of such tools could not be covered in this review.
However, we followed the highest methodological standards
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for conducting systematic reviews. Thisincluded developing a
multidisciplinary team of health researchers and data scientists,
following established review frameworks with at least two
independent reviewers at each step, and being guided by a
dedicated information specialist. Our search strategy was
developed over multipleiterations and was peer reviewed using
the PRESS guidelines [134] by an independent third-party
information specialist, whereaswe published the review protocol
in advance [21].

Conclusions

VA as an innovative field holds great potentia in yielding
insights from big health care data, especialy intherelated fields
of population health and HSR. Thisisespecially relevant inthe
backdrop of the COVID-19 pandemic, where multiple VA
products have taken center stage.

Chishtie et &

This scoping review provides a foundational understanding of
the current landscape on the application of VA methodsin areas
of population health and HSR. We present the major VA tools,
techniques, and frameworks since 2005 published in
peer-reviewed papers. VA is an innovative, rapidly expanding
field with its roots in many disciplines, and it is being used to
build learning heath systems for improving patient care,
increasing accessto services, controlling costs, and appropriately
allocating resources[33]. It is expected that the next generation
of EMR systems will leverage advanced analytics to meet the
needs of diverse audiences [135]. Such systems are aimed at
harmonizing patient records; creating a seamless picture of
access to care at primary, secondary, and tertiary levels; and
managing disease outbreaks at the population level. We aso
present an expanded definition for VA applications in health
care, with a reporting checklist to help researchers provide

solutions for greater replicability.
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Abstract

Background: Young people (aged 12-25 years) with diverse sexuality, gender, or bodily characteristics, such as those who
identify asleshian, gay, bisexual, transgender, intersex, or queer (LGBTIQ+), are at substantially greater risk of arange of mental,
physical, and sexua health difficulties compared with their peers. Digital health interventions have been identified as a potential
way to reduce these health disparities.

Objective: Thisreview aimsto summarizethe characteristics of existing evidence-based digital heathinterventionsfor LGBTIQ+
young people and to describe the evidence for their effectiveness, acceptability, and feasibility.

Methods: A systematic literature search was conducted using internet databases and gray literature sources, and the results were
screened for inclusion. The included studies were synthesized qualitatively.

Results: Thesearchidentified 38 studies of 24 unique interventions seeking to address mental, physical, or sexual health—related
concernsin LGBTIQ+ young people. Substantially more evidence-based interventions existed for gay and bisexual men than for
any other population group, and there were more interventions related to risk reduction of sexually transmitted infections than to
any other health concern. There was some evidence for the effectiveness, feasibility, and acceptability of these interventions
overal; however, the quality of evidenceis often lacking.

Conclusions: Thereis sufficient evidence to suggest that targeted digital health interventions are an important focus for future
research aimed at addressing health difficultiesin LGBTIQ+ young people. Additional digital health interventions are needed
for a wider range of health difficulties, particularly in terms of mental and physical health concerns, as well as more targeted
interventions for same gender—attracted women, trans and gender-diverse people, and people with intersex variations.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42020128164,
https://www.crd.york.ac.uk/prospero/display_record.php?RecordlD=128164

(J Med Internet Res 2020;22(12):€20158) doi:10.2196/20158

KEYWORDS
systematic review; mental health; physical health; sexual health; youth; sexuality; gender; mobile phones

arange of disparities in health outcomes compared with their
peers[1]. Theseinclude higher rates of mental health difficulties,
Young people who are lesbian, gay, bisexual, transgender, such as depression and suic_ida_\lity [2-4]; physical_and sexual
intersex, queer and other people of diverse sexuality, gender, health problems, such a'_sthemadenceof HIV [5]; cigarette and
or bodily characteristics (LGBTIQ+) are known to experience  aconol use [6-8], obesity [9], and teen pregnancy [10]. Later
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in adulthood, the confluence of these health issues conveys
further risk for cancer [ 11] and cardiovascular disease diagnoses
[12-14]. The burden of disease that these disparities carry isa
public health issue that urgently requires safe, effective, and
early intervention.

These health disparities are compounded by barriers that
negatively impact the ability of LGBTIQ+ young people to
access headlth services that are safe and adequately meet their
needs. Young people in the general population face many
barriers to help seeking, including inadequate resources and
lack of accessibility, desire for self-reliance, and anticipated
stigma for reporting certain health difficulties such as mental
illnesses or HIV [15,16]. LGBTIQ+ young people face arange
of additional difficulties, such as low parental support, which
can lead to homelessness [17-19], and unemployment due to
discrimination [20,21], which may intensify these hel p-seeking
barriers [22]. This group aso faces unique help-seeking
difficulties, such as anticipated and experienced stigma
surrounding their identities [22-24], concerns about disclosure
or their compromised confidentiality [24], and low perceived
confidence in the ability of service providers to deliver
LGBTIQ+ supportive care [23-26]. These problems may be
particularly pronounced among queer and trans and
gender-diverse young people [25,27]. The factors impeding
health care access and use may significantly contribute to the
maintenance of health disparities in LGBTIQ+ young people
[28,29]. Accordingly, removing these obstacles is an important
step toward improving health in this population.

Digital health interventions, such as those delivered via
computers, websites, smartphones, or tablets, have been
identified as an important potential avenue to improve health
care access and use among young peoplein this group [30-33].
Accessing support digitally allowsyoung peopleto bypass many
of the aforementioned barriers. Anonymity facilitates private
access to support and minimizes stigma[33]. In addition, digital
health interventions confer further benefits beyond traditional
clinical environments, being available without travel, accessible
at al hours, and having no waitlists [34]. Self-guided digital
health interventions are also cost- and resource-effective to
access and disseminate, requiring less direct input from
clinicians [34], giving consumers greater control and
empowerment regarding their own health needs [35]. These
considerations are especially pertinent for widening the support
available to populations that are restricted from accessing
traditional health care services [36]. However, digital health
interventions are also commonly reported to have very high
rates of attrition and disengagement [37,38], with up to 60% to
80% of users discontinuing their use [39-41], and the quality
of evidence supporting the effectiveness of digital health
interventionsis also frequently lacking [42-45]. Along with the
limited availability of many evidence-based digital health
interventions beyond the research context, theseissuescall into
guestion the real-world utility of these interventions despite
their proposed theoretical benefits.

LGBTIQ+ young people are adept and frequent users of digital
technologies [33,46,47]; however, research indicates that
technology use can present several challenges. Evidence
suggests that the internet (including social media and online
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communities in particular) can be harmful in this population
(aswell asyoung people more broadly) [31] dueto the potential
for toxic interactions and exposure to distressing content [48],
such as the normalization of self-harm and suicidal behaviors
[49]. However, an array of benefits associated with technology
use has a so been documented in LGBTIQ+ young people. The
internet allows LGBTIQ+ young people to explore their
identities in an anonymous and safe way, seek out peers who
share their identities, and come out to others in a low-risk
environment [47]. The internet also facilitates an important
component of the sexual development of LGBTIQ+ young
people, enabling the exploration of same-gender attraction for
some and seeking out romantic or sexua partners [50].
LGBTIQ+ young people may also already use the internet to
access resources that are relevant and safe for them [47],
suggesting that digital health interventions targeting this group
may be useful. The concept of digital delivery of interventions
isgenerally acceptableto thisgroup, and thisis particularly true
when they are specifically targeted with LGBTIQ+ themes[32].
Many existing digital health interventions are not specifically
applicable to LGBTIQ+ people [51]; however, untailored
interventions may exacerbate feelings of alienation [31,52,53].
Given thesefactors, the devel opment and eval uation of targeted
digital health interventions for LGBTIQ+ young people may
represent an opportunity to improve the delivery of health care
to thisgroup, should the benefits outweigh the known challenges
associated with digital health care delivery discussed above.

In response, there has been a rapid increase in the number of
such interventions over the past decade. To date, however, there
has not been a comprehensive review summarizing the scope
and use of digital health interventions that currently exist for
this population. Knight et al [54] recently reviewed web-based
interventions for HIV or sexually transmitted infection (STI)
risk reduction in young men who have sex with men (MSM));
however, thisreview did not capturedigital health interventions
that are delivered through other digital modalities (eg, mobile
apps), those that address other health issues, or those that target
women, gender-diverseindividuals, or individual swith intersex
variations. There have also been several recent reviewsfocused
on the mental health of LGBTIQ+ young people [55,56] and
adults[57], which have referenced a combined total of 4 digital
interventions for this popul ation. However, these reviews were
not explicitly focused on the use of digital technology nor did
they consider interventions designed to improve a broad range
of health outcomesin this popul ation.

A more extensive summary of this rapidly growing field of
research will assist in identifying gaps in the development of
interventions and determining the overall evidencefor their use
across the full diversity of the young LGBTIQ+ community.
Therefore, this review aims to answer the following questions:
(1) What arethe characteristics of evidence-based digital health
interventionsfor improving mental, physical, and sexual health
outcomesin LGBTIQ+ young people? (2) Are targeted digital
health interventions effective at improving health outcomesin
LGBTIQ+ young people? (3) Are targeted digital health
interventions acceptable and feasible for LGBTIQ+ young
people?
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Methods

Protocol and Registration

The protocol for this review was registered using PROSPERO
(Prospective  Register of Systematic Reviews;, ID
CRD42020128164) in accordance with PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
recommendations [58].

Eligibility Criteria
Types of Participants

The population of interest was LGBTIQ+ young people. The
LGBTIQ+ termwasused in its broadest sense to capture young
people of diverse sexuality (including but not limited to those
that identify as gay, lesbian, bisexual, or pansexual), diverse
gender (including but not limited to those who identify astrans
or nonbinary), with diverse sex characteristics (including but
not limited to people with intersex variations), or peoplefaling
across any combination of these categories. The search strategy
(below) was designed to be asinclusive as possible of the wide
variety of identitiesthat LGBTIQ+ people may hold including,
for example, people who fall within these aspects of diversity
without explicitly identifying as such (eg, MSM). Young people
was defined as being primarily people between the ages of 12
and 25 years; the mean age of study participants was required
to fall within thisrange for astudy to be eligible to beincluded
in the review. In addition, studies were required to have
intentionally and specifically recruited young people.

Types of I ntervention

The review focused on interventions designed to effect change
through predominantly digital means (eg, using a computer,
website, tablet, or smartphone). To be included, interventions
were required to be targeted or intended to specifically effect
change in health outcomesin LGBTIQ+ people. Interventions
delivered via telephone with no technologica function or an
implantable device that is remotely monitored were excluded.
Interventions were aso required to have minimal human
guidancein theintervention itself if present at al. Specifically,
theaction, process of intervening, or behavior changetechniques
must have been delivered by the digital technology itself not a
hedlth professional working over adigital medium. Thiscriterion
was implemented because, in interventions that blend digital
and human support, the impact of the intervention cannot be
meaningfully attributed to the digital component alone [59].

The judgment of the level of human guidance was made by
considering the ratio of clinicians or staff to users, and the
centrality of the human guidance to effecting change in the
health outcome, which itself relied on factors such asthe ratio
of guided versus unguided time during theintervention. No hard
limits on these factors were set prior to conducting the review,
as making this judgment required the full context of the
intervention to be considered holistically. A judgment about
the duration of the human guidance, for example, could not
meaningfully be made without consideration of the purpose of
that period of guidance and how it fitsinto the goals and process
of the intervention as a whole. What was counted as minimal
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human guidance was therefore determined on a case-by-case
basis requiring consensus from the reviewers.

Types of Studies

To be included, studies should have conducted an evauation
of a specific intervention as described above. Evaluation in
some form was required in keeping with standards of
evidence-based practice. The term evaluation was inclusive of
examination of efficacy, effectiveness, acceptability, or
feasibility, with a minimum of any one form of evaluation
required for inclusion. All quantitative, qualitative, or mixed
methods studies were dligible for inclusion. Comparators or
control groups were not necessary for inclusion in the review.
Protocols describing an intervention without any evaluation
were not included in the review; however, when protocols were
identified, steps were taken to determine if the corresponding
data were publicly available. Studies evaluating the concept of
digital health interventions generally or studies describing the
initial development of an intervention were aso indigible.
Studies evaluating digital health interventions not specifically
designed for LGBTIQ+ young peoplewere also excluded, even
if conducted with an LGBTIQ+ sample.

No specification was made for the location of the study;
however, studies were required to be published in the English
language. With the aim of reducing therisk of publication bias
[60Q], gray literature was considered eligible and studies were
not required to be peer reviewed to be included in the review.
The search was restricted to studies published after January 1,
2000. This cut-off was selected because of the types of
interventions eligible for this review, only web-based
interventions may have existed at this time, and the likelihood
of such anintervention existing specifically tailored for aselect,
marginalized group was deemed to be extremely low. Scoping
searches conducted before deciding on this cut-off did not
determine any evidence of existing interventions contrary to
this conclusion.

Types of Outcomes

The review was designed to capture interventions seeking to
improve health outcomes or to prevent negative health outcomes.
This was inclusive of mental health outcomes (eg, symptoms
or diagnoses of mental disorders, well-being, distress), physical
health outcomes (eg, smoking, weight loss), or sexual health
outcomes (eg, pre-exposure prophylaxis [PrEP] adherence,
condom use). Any outcome reasonably perceived to represent
some aspect of health and well-being was considered relevant
to the review. For studies evaluating efficacy, changes must
have been reported in measures of at least one of these
outcomes. For studies evaluating acceptability or feasibility, at
least one index of these factors (eg, surveys of participant
experiences, adherence, or attrition rates) must have been
reported.

Search Strategy

Internet databases such as PsycINFO (Ovid) and MEDLINE
(Ovid) were systematically searched on August 13, 2019, and
potentially relevant peer-reviewed publications were extracted.
These searches were conducted using a combination of subject
headings and keywords corresponding to the following themes:
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LGBTIQ+, Youth/Young People (aged 12-25 years), Mental
Health, Physical Health, Sexual Health, Digital and Intervention.
The search terms for LGBTIQ+, Youth/Young People, and
Mental Health themes were adapted from those previously
reported by Gilbey et a [61] and Lee et a [62]. The search
terms for the other themes were devised from a broad initial
scoping search of relevant articles to identify key terms and
phrases. The search strategy for PsycINFO (Ovid) is presented
in Multimedia Appendix 1.

Additional searches were made using Scopus, ProQuest
Dissertations, Google, Google Scholar, OpenGrey, WorldCat,
ClinicalTrials.gov, and JMIR Publications, during July and
August 2019. Each of these searches were conducted with
several simple keyword searches (eg, LGBTQ, transgender) as
the relatively low number of relevant articles available in each
source made a more comprehensive, and therefore restrictive,
search process unnecessary. The reference lists of several other
related reviews and key articles on the subject were aso
hand-searched for potentially relevant articlesduring July 2019.
Google Scholar alertswere monitored for any additional articles
published until April 2020. The searches of PsycINFO (Ovid)
and MEDLINE (Ovid) were repeated on March 25, 2020, and
articles published since August 2019 were manually searched
for any newly published studies.

Screening

The titles and abstracts of the articles identified by the search
were screened for relevance by the lead author (DG), removing
articles with no clear relevance to the topic of the review. Two
authors (DG and HM) then screened the full-text of the
remaining articles independently, with differences in opinion
resolved in discussion with a third author (YP) in which full
agreement was sought.
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Data Extraction

The following data items were extracted from eligible studies:
author(s), year, participant age (mean and range), description
of sample (eg, LGBTIQ+ status), sample size, study design,
study setting, intervention type, content and delivery, digital
platform, control group type (if relevant), degree of human
guidance in the intervention, health outcome(s), acceptability
outcome(s), and feasibility outcome(s). A second reviewer (HM)
cross-checked these data.

Critical Appraisal

Following data extraction, studies were evaluated using the
Mixed Methods Appraisal Tool (MMAT) [63] by 2 reviewers
(DG and HM). The MMAT is designed for the assessment of
methodological quality of studies with a range of designs
(qualitative, quantitative, and mixed methods), such as those
reported herein. On the basis of the recommendations of the
authors of thetool, quantitative quality scoreswere not derived;
instead, the results of the appraisal are discussed qualitatively.

Synthesis of Results

Owingto thewidearray of interventions, targets of intervention,
intervention modality, and health outcomes measured, it was
anticipated that a quantitative synthesis (of those studies
reporting quantitative data) would be neither feasible nor
informative. Therefore, the results of the studies were
synthesized qualitatively.

Results

Study Selection

The search and screening process is displayed in a PRISMA
flow chart in Figure 1. A total of 2192 studies were identified
inthe search. Following title and abstract screening, 165 studies
wereretained for full-text screening. Thefinal number of studies
retained for the review following full-text screening was 38.
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Figure 1. Study flowchart. LGBTIQ+: lesbian, gay, bisexual, transgender, intersex, queer.

Study Characteristics

The 38 studies captured the results of studies examining 24
unique interventions conducted across 3 countries (the United
States, the United Kingdom, and New Zealand). Of these, 5
targeted primarily mental health—related issues, one targeted
primarily physical heath—related concerns, one targeted
primarily sexual health and well-being, and 17 targeted risk
reduction or management of STIs. A total of 22 interventions
focused specifically on young people who are attracted to the
same gender (referred to with a variety of terms, eg, sexual
minority, leshian/gay/bisexual/queer people, MSM), of which
19interventionswere described as being focused on young men
(eg, gay/bisexual men, MSM). Several studies that described
their target audience as M SM also included trans women under
this descriptor. One study targeted people who identify as
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lesbian, gay, bisexual, transgender and queer (LGBTQ)
generally [64] and one intervention targeted transgender men
and nonbinary people specifically [65]. A total of 3interventions
specifically targeted young L GBTQ+ people of color, although
several other interventions were also conducted with
predominantly non-White participants. No studies were
identified that sought to improve health in young people with
intersex variations, and no studies were identified that sought
to improve health in young women aone. The characteristics
of the included studies are reported in Table 1. Because of the
length of the table, the characteristics of the included studies
addressing sexually transmitted infection risk reduction and
management are reported separately in Multimedia Appendix
2[66-91]. Brief summaries of each intervention aswell astheir
core findings are also provided in Multimedia Appendix 3
[64-100].
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Tablel. Summary of digital mental, physical and sexual health interventions for lesbian, gay, bisexual, transgender, intersex or queer young people.

Intervention Primary Study Partici- Descriptionof  Sample  Study de-  Study Interven- Digital  Primary mea
category and health out- pant sample (eg, size sign setting  tiontype plat- sured constructs
name come mean age | GBTIQ? sta- form and effects
(ranges in- - yidentifica-
terven- — jon)
tioncondi-
tion)
Drug abuse prevention
Unnamed Drugabuse Schwinn 16.1 (15 Sexua minority 236 Quantita- United Interacc  Comput- «  Alcohol use
interven- eta [92] 16) youth. Same- tive, States  tive skill-  ervia _c
tion sex attract- RCTP and building  web «  Maijuana
€d=90, both-sex follow- sessions use—
altracted=116, up, efficar +  Cigarette
opposite-sex at- oy use —
tracted=14, not «  Peerdrug
sure= 13 d
use |
o  Other drug
use |
Smoking cessation
PutltOut Smoking  Vogel et  19.7 (18 Sexual andgen- 27 Mixed United  Socia Web N/AE
Project cessation & [98] 25) der minority methods, States  media
young adults. acoeptabil- (Face-
Gay/leshian=6, ity and book)
Bisexual=15, feasibility
Queer=2, Pan-
sexual=8, nonbi-
nary=10,
Trans=2
Smoking  Vogel et 21.4(18- Sexua andgen- 165 Quantita-  N/A Social Web o Number of
cessation &l [99] 25) der minority tive, RCT media cigarettes
young adults. and fol- (Face- smoked
Gay=29, les- low-up, book) weekly |
bian=30, bisexu- efficacy, o Sdf-report-
al/pansexu- and ac- ed smoking
al=93, other=13 ceptabili- abstinence
ty +f
«  Biochemica-
ly verified
smoking ab-
stinence 1
Internalizing disorder prevention/management
Rainbow Internaliz-  Lucassen n\/a® N/A N/A N/A N/A N/A N/A N/A
SPARX ingsymp-  [93]; the-
toms(de-  sis, stud-
pression iestwo
and anxi-  and three
ety) described
in pub-
lished arti-
clesbe-
low
Internaliz-  Lucassen 16.5(13- Sexua minority 21 Quantita-  New Serious  Comput- «  Depressive
ingsymp- eta [94] 19) youth tive, un- Zealand game ervia symptoms |
toms (de- con- CD « Anxiety
pression trolled pi- symptoms |
and anxi- lot, ac-
ety) ceptabili-
ty and
feasibility
testing
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Intervention Primary Study Partici- Descriptionof ~ Sample  Study de-  Study Interven- Digital  Primary mea-
category and health out- pant sample (eg, size sign setting  tiontype plat- sured constructs
name come mean age | GBTIQ? sta- form and effects
(range; in- - yidlentificar
terven- — jon)
tioncondi-
tion)
Internaliz-  Lucassen 16.4 (13- Sexua minority 25 Qualita= New Serious  Comput- N/A
ingsymp- eta [94] 19) youth tive,ac- Zealand game ervia
toms (de- ceptabili- CD
pression ty testing
and anxi-
ety)
Internaliz-  Lucassen 17.9(15- LGBT+youth 2lyouth Qualita= United Serious  Comput- N/A
ingsymp- eta [53] 22) and healthpro- and6pro- tive, ac-  King- game ervia
toms (de- fessionals fessionals ceptabili- dom CD
pression ty testing
and anxi-
ety)
TODAY! Internaliz- Fleming 19.0(18- Young sexud 9 Qualita=  United  Mobile Mobile N/A
ingsymp- eta [96] 20) minority men. tive,uss  States  app phone
toms (de- Gay=9 ability
pression testing
and anxi-
ety)
Nonspecific mental health interventions
Unnamed  Psychologi- Pachankis 20.2 Gay malecol- 77 Quantita-  United Express PC « Depressive
interven- cal distress andGold- (Range lege students tive, RCT States  sivewrit- symptoms —
tion fried [97] not pro- and fol- ing o  Psychologi-
vided) low-up, cal well-be-
effi cacy |ng —
QueerVIiBE Psychologi- Martin 18.0 (15 Young trans 156 Mixed United YouTube Web «  Psychologi-
cd well-be-  [65] 21) men and nonbi- methods, King-  videos cal distress
ing nary people. RCT,in- dom !
Trans male=89, terviews,
nonbinary=50, acoeptabil-
questioning=5, ity and ef-
other=12 ficacy
Sexual health and wellbeing
Queer Sex  Sexud Mustans- 17.9(16- LGBT young 202 Mixed United  Web- Comput- «  Sexua func-
Ed health ki etal 20) people. Gay/les- methods, States  basedcur- ervia tioning 1
[64] bian=142, bisex- one-arm riculum  web o HIV knowl-
ual=31, pilot, ac- edge 1
queer=27, un- ceptabili- o  STDknowl-
sure/question- ty, feasi- edge? 1
ing=2, transgen- bility and . Contracep-
der=14 efficacy tive meth-
ods knowl-
edge 1
o HIV testing
location
awareness 1

3_GBTIQ: leshian, gay, bisexual, transgender, intersex, or queer.
BRCT: randomized controlled trial.

_: No change.

dy. Significant decrease.
EN/A: not applicable.
f1: Significant increase.

9STD: sexually transmitted disease.
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Risk of Biasin Individual Studies

Mixed Methods Studies

Mixed methods designs were used well among the included
studies overall, with most meeting al of the criteria in the
MMAT for such designs. This is not to say that these studies
did not have methodological flaws, as the MMAT mixed
methods subsection does not generally consider the quality of
theindividua qualitative and quantitative components but rather
their intersection and integration. These components of the
studies were also, therefore, considered individually and are
included among those described bel ow.

Quantitative Studies

Themajority of included quantitativetrial studieswere described
as pilot or feasibility studies (17 out of 27), and their
methodological quality was lacking in many cases. In total, 15
of the 27 trialswere randomized trial s, of which 4 did not report
appropriate randomization procedures, 12 did not report blinding
procedures, and participant adherence to the intervention was
only reported in 2 studies. Of the 12 nonrandomized trials, 10
did not report accounting for confounding variables in their
design and analysis; however, representativeness in the study
samples was generaly adequate. The majority of the 12
guantitative descriptive studies methodol ogieswere vulnerable
to nonresponse bias.

Qualitative Studies

Studies’ methodologies were generally sufficient to meet the
MMAT criteria for qualitative studies. It is worth noting,
however, that most of the studies did not specifically outline
the methodological framework underpinning the study, and it
is unclear whether this was due to inadequate reporting or the
absence of such structures entirely. Some studies did not appear
to adequately substantiate their conclusions with the data, but
again it was difficult to interpret whether this was due to flaws
in methodology or omission of reporting.

Synthesis of Results

Content of Digital Health I nterventionsfor LGBTIQ+
Young People

Of the 5 interventions targeting mental health difficulties, 2
focused oninternalizing symptom reduction [93-95], 1 targeted
drug abuse prevention [92], and 2 focused on nonspecific aspects
of psychological well-being [65,97]. Although few in number,
existing digital mental health interventions targeted several
LGBTIQ+ subgroups, and therewasrelatively little conceptual
overlap between them. Four of these interventions were
theory-driven, and only one mental health intervention showed
noteworthy community involvement in the development of the
intervention. With one exception, mental health interventions
tended to rely on some form of skill-building or otherwise
didactic content delivery.

Therewerefew interventionstargeting physical health problems
or sexua health and well-being in LGBTIQ+ young people.
Only onedigital intervention focused on smoking cessation and
targeted physical health in LGBTIQ+ young people [98,99].
This intervention showed aspects of both community-driven

https://www.jmir.org/2020/12/e20158

Gilbey et d

and theoretical designs. Onedigital intervention targeting sexual
and reproductivewell-being overall in LGBTIQ+ young people
was devel oped with atheoretical framework but no community
input [64]. Some aspects of this intervention overlapped with
interventions targeting the risk of STls, such as increasing
condom use; however, other aspects diverged, such asincluding
content on healthy relationships more broadly.

The mgjority of theinterventionsidentified in thisreview were
targeted toward risk reduction or the management of STls. Of
the 17 interventions identified as having focused on risk
reduction and management of STls, 1 focused on pre-exposure
prophylaxis adherence[66], 2 focused on reducing unprotected
sex [67-71], 7 targeted multiple aspects of HIV prevention
[72-83], 2 focused on HPV prevention [84,85,101], 3 focused
onincreasing STI testing [86-89], and 2 focused on antiretroviral
medication adherence[90,91]. All 17 interventionsweretargeted
toward young men who are attracted to men, 2 of which were
specifically for adolescents. The majority of these interventions
included some aspect of community involvement in their design,
although the extent varied from iterations based on user feedback
to more central participatory design, which few interventions
involved. All but one intervention was theory-driven in nature,
with most interventions drawing from either the
Information-Motivation-Behavioral Skills Model or Social
Cognitive Theory in their design. Therefore, there was notable
conceptual overlap among these interventions, which largely
varied only in their delivery format and the breadth of their
focus (ie, targeting specific aspects of risk reduction, such as
condom use, versus a variety of such behaviors).

Delivery of Digital Health I nterventionsfor LGBTIQ+
Young People

The most common platforms for digital health interventions
werewebsites and mobile appsthat, combined, represented over
half of the interventions identified. A smaller number of
interventions were delivered via computer software. Many
interventions used gamification, or elements of game playing
such as point scoring, in their delivery; however, only 2
interventions were fully gamified in nature [90,95]. Few
interventionsincorporated socia interactivity and where present,
they were typicaly minimal [72,75,78,90,98]. Most
interventions were multimedia, incorporating a number of
different delivery formats and types of content.

The vast mgjority of interventions delivered information to
effect change either in terms of building awareness about the
health issue in question or teaching skills to enable behavior
change. Thisinformationistypically delivered viatext or videos.
For some interventions, this was the entirety of their scope;
however, others included quizzes, games, or practice scenarios
to consolidate the knowledge being presented. Interventions
varied significantly in the extent of their personalization; some
interventions delivered the same content to all participants,
while others provided opportunities for personalized input and
then delivered information specific to the individual’s situation
or needs at the time.

Interventions varied in the duration and intensity of their
delivery. In total, 16 of the 24 interventions appeared to be
intended to be a perpetually available resource that could be
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accessed at any time and largely completed in asingle instance
if desired. Intervention duration ranged from very brief
completiontimes, aslow as10 min [84], to up to 3.5 hours[95]
to complete. In total, 8 of the 24 interventions staggered their
delivery in some respect, such as presenting new content over
a certain period [66,90], or otherwise incentivizing users to
return to the intervention over a period of up to several months
[96]. Few interventions described periods of use over 2 months,
however, this may reflect the limitations of trial periods rather
than their ideal dissemination. Overall, a small minority of
interventions appear to be available for public use at present.

Effectiveness of Digital Health Interventions for
LGBTIQ+ Young People

With regard to the effectiveness of these interventions, there
was consistent evidence from a number of interventions that
digital health interventions could improve HIV testing ratesin
young MSM [79,80,88,89]. Aside from this, STl-focused
interventions appeared to effect change more consistently in
cognitive or attitudinal outcomes, such as HIV awareness and
preparedness to use condoms, than in behavioral outcomesin
practice, such as condom use and unprotected anal sex. Some
studies observed changesin these outcomes[69,73,74,83], while
others did not [67,79,80]. There was insufficient evidence to
suggest that interventions targeting a specific risk-related
outcome were more effective at improving that outcome than
interventions that sought change in a variety of risk-related
outcomes.

Comparatively, few interventions were targeted toward
improvement of mental or physical health issues; however, the
interventions that did exist in this sphere were more targeted
and overlapped less in scope. With the exception of an
expressivewriting intervention [97], digital health interventions
demonstrated preliminary effectivenessin reducing internalizing
symptoms such as depression and psychological distress[65,95].
Digital headlth interventions have also been reported to be
effective at reducing substance use, including cigarette use[99]
and peer drug use [92]. Owing to the limited number of
interventions targeting these difficulties, it is difficult to
determine any patterns regarding the factors predicting greater
effectiveness; however, the only intervention that did not show
notable effectiveness was also the only intervention to not
present any didactic or skill-building content to the user.

Given that the majority of the interventions included in the
review were multimedia in some form, it was not possible to
draw conclusions about the delivery aspects that would most
reliably effect change in outcomes. Furthermore, and
importantly, given that the overall quality of the interventions
included in thisreview was suboptimal, their eff ectiveness must
be viewed in light of limitations associated with methodol ogy
and reporting.

Acceptability and Feasibility of Digital Health
I nterventions for LGBTIQ+ Young People

Overdll, digital health interventions were generally acceptable
to LGBTIQ+ young people, and there were some clear themes
in aspects of these interventions that determined users’ level of
interest. Gamification stood out asacomponent of interventions
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that tended to be highly regarded by participants. Information
presented with brevity and in arelatable way tended to receive
greater ratings of acceptability from users and, although
infrequent, social aspects of interventions, such as the ability
to share experiences with others, were generally highly rated
as well. Common concerns raised about the interventions
included information being too text heavy, patronizing or
contrived, and tasks feeling too laborious or homework-like.
Importantly, users voiced concerns regarding the targeting of
the interventions to LGBTIQ+ people, for example, being
targeted at asuperficial level, or coming across as stereotypical
and alienating in its presentation of LGBTIQ+ people.

Regarding the feasibility of the interventions, measures of
engagement and adherence were often not reported by the
included studies; however, those that did report levels of use
(eg, screen time, clicks, communication with other users)
appeared adequate, given the intended scope of theintervention.
One study that included an in-person component (collecting
rewards earned in the web-based component) reported low user
engagement with this feature (5%-27%). Overall, rates of
attrition among the included studies were low, with several
interventions reporting retention rates of 90% to 100% in their
trials [66,69,77]. Notably, however, a trial of one of these
interventions in a community setting reported a much lower
retention rate of 45.4% [67], indicating that engagement may
be lower in reality than controlled trials would suggest. Other
studies reported retention rates of 70% to 90%. Two other
studies reported notably higher rates of attrition than the others
[65,89]. These high rates of attrition did not appear linked to
acceptability, with both interventions reporting largely positive
responses from participants. There were no notable differences
in acceptability and feasibility based on the health outcome
interventions.

Discussion

LGBTIQ+ young people have a substantially higher risk of a
range of health difficulties than the general population [1], and
targeted digital health interventions have the potential to play
acrucial rolein reducing these disparities[30,33]. The aims of
thisreview wereto (1) synthesize the scope of evidence-based,
targeted digital health interventionsthat exist for this population,
(2) to identify the overall effectiveness, acceptability, and
feasibility of these interventions in this population, and (3) to
provide recommendations for their development. The review
identified many interventions designed to improve health in
LGBTIQ+ young people, and these interventions have shown
preliminary effectivenessin producing changes in some health
outcomes in this group. Particularly promising evidence was
found for the effectiveness of digital health interventions in
certain aspects of managing therisk of STIs, notably increasing
HIV testing rates, and emerging evidence was also found for
reductions in internalizing symptoms and substance use. The
review observed a trend that digital health interventions for
LGBTIQ+ young people may more consistently effect change
in cognitive and affective outcomes than behavioral outcomes,
though this was not prescriptive. All of these findings must be
considered in light of the preliminary nature of the majority of
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the studies included in this review and their resultant
methodological limitations.

In addition to showing potential for effectiveness, the
interventions were found to be generally acceptable and feasible
overal. Acceptability appeared closely linked to collaborative
intervention design development with LGBTIQ+ young people
and the digital modality of delivery. Notably, one study, which
had regular check-ins with a clinician, found that participants
werein fact deterred by this contact, citing difficulty scheduling
and desireto remain discreet [96]. Thereis currently insufficient
evidence to conclude that digital health interventions would be
more effective than untargeted or face-to-face interventionsin
controlled conditions, as most of the studies outlined in this
review did not provide such comparisons. However, results
such as these suggest that digital health interventions may not
need to be more effective than other forms of intervention to
be valuable; these interventions would likely engage sections
of the LGBTIQ+ youth population who would otherwise be
deterred from seeking any support at all. In addition, rates of
attrition in the included interventions were lower than those
reported in similar interventions for other groups [37,39-41].
When combined with the innately greater potential for
dissemination and cost effectivenessthat comeswith the digital
medium, these findings support the premise that digital health
interventions may be an important avenue for reducing health
disparitiesin LGBTIQ+ young peoplein the future.

Future Directions

Overall, the results of this review are therefore promising for
the continued development of digital health interventions for
LGBTIQ+ young people, and there are some clear pathsforward
for how this field of research could be devel oped further. Most
of the interventions included in this review have thus far only
been evaluated in terms of usability, acceptability, and
preliminary efficacy, and due to the preliminary nature of most
of these studies, when efficacy was evaluated, aspects of
methodology such as randomization and blinding were often
lacking in rigor. The findings of this review are therefore
consistent with othersin the literature that frequently report low
quality of evidence associated with digital health interventions
[43,45,102,103]. In addition, only 1 study trialed adigital health
intervention in a community setting [61], and its rate of user
retention was approximately half that of its clinical trial,
consistent with previous studiesthat have found asimilar pattern
[104]. The generaizability of the findings of these studies to
the wider population of LGBTIQ+ young people, therefore,
cannot be determined. There is a clear need to build on the
emerging evidence base through more rigorous randomized
controlled trials and trials in community settings, as this
evidence baseis crucial for further funding and dissemination.
While the evidence thus far is promising, it needs significant
development.

Outside of these methodological concerns, thereisalso notable
progress in terms of expanding the scope of the digital health
interventions that exist for this population. Most of the
interventions identified in this review were directed toward
improving the health of young men who identify as gay,
bisexual, and queer and largely within the scope of improving

https://www.jmir.org/2020/12/e20158

Gilbey et d

sexual health—related concerns alone. Given the high rates of
mental and physical health difficulties in LGBTIQ+ people,
resources should be directed toward the development of digital
health interventions targeting these issues, commensurate with
the attention being given to ST and other sexual health—related
concerns. The health concernsfaced by LBTIQ+ women, trans
and gender-diverse people, and people with intersex variations
demand attention as well. Trans and gender-diverse people in
particular face increased and wide-ranging health difficulties
and barriers to health care access, even when compared with
other members of the LGBTIQ+ community [25,27,105], and
their marked underrepresentation in the interventions included
in this review reveals a significant missed opportunity to begin
to address these inequalities. While minority subpopulations
aretypically numerically small, and some argue that devel oping
tailored interventionsfor such groups may be unnecessary [106],
thereisalso evidenceto suggest that minority groups appreciate
tailoring of interventions. For example, in a recent study
examining the attitudes of transgender and gender-diverse young
people toward mental health gaming interventions, participants
noted that TGD representation and inclusion of meaningful,
specific tailored content was favorable [31].

Limitations

This review is the first to provide a wide overview of digital
health interventionsfor LGBTIQ+ young people, enabling gaps
such as these to be highlighted. However, the review is limited
in several ways. Owing to the restrictions placed on the degree
of human guidance permissible for inclusion in the review,
telehealth interventions are notably absent from those discussed
here. Thereview also did not cover interventions for which their
development has been documented but has not yet been
evaluated in some respects, and the review also did not include
studies documenting the effectiveness of nontargeted
interventions for LGBTIQ+ young people. Furthermore, the
requirement for included studiesto be published in the English
language may have resulted in a biased sample, potentially
excluding reports on interventions published in other languages.
Finaly, itispossiblethat limiting the search to studies published
after January 1, 2000, may have excluded relevant studies;
however, given that the earliest published study identified in
the review was not until 10 years later, thisis unlikely to have
been the case. The review therefore largely covers the scope of
interventions that accumulate an evidence base but should not
be taken to cover any and all digital health interventions that
may benefit the health of LGBTIQ+ youth.

Conclusions

Although not sought out specifically in the process of conducting
this review, many protocols have been identified for continued
research into the development of digital health interventions
[107-112]. The development of digital health interventions for
LGBTIQ+ young people is aburgeoning field of study, and we
expect the evidence base to advance quickly. Going forward,
this advancement should ideally occur across the breadth of
health difficulties and inequalities that the entire LGBTIQ+
community faces and with appropriate methodological rigor.
Given the number of interventions already targeting risk
reduction or management of STIs, rather than devel oping more,
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future studies should ideally seek to refine and adapt those that
exist for public use, and explore implementation barriers and
facilitators to enhance trandation. Given the lower scope and
evidence base for interventions targeting mental and physical
health difficulties, future studies should focus predominantly
on expanding the available interventions and evidence base in

Gilbey et d

such as alcohol use and suicide for which no digital health
interventions were detected in thisreview at all. Digital health
interventions for LGBTIQ+ young people show the potential
to improve health disparities in this population, and the
expansion of research along theselinesis crucial to realizethis
potential.

these domains, particularly in terms of addressing difficulties
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Abstract

Background: Telemedicine offers a unique opportunity to improve coordination and administration for urgent patient care
remotely. In an emergency setting, it has been used to support first responders by providing telephone or video consultation with
specialists at hospitals and through the exchange of prehospital patient information. Thistechnological solutionisevolving rapidly,
yet there is a concern that it is being implemented without a demonstrated clinical need and effectiveness as well as without a
thorough economic evaluation.

Objective: Our objective isto systematically review whether the clinical outcomes achieved, as reported in the literature, favor
telemedicine decision support for medical interventions during prehospital care.

Methods: This systematic review included peer-reviewed journal articles. Searches of 7 databases and relevant reviews were
conducted. Eligibility criteria consisted of studies that covered telemedicine as data- and information-sharing and two-way
teleconsultation platforms, with the objective of supporting medical decisions (eg, diagnosis, treatment, and receiving hospital
decision) in a prehospital emergency setting. Simulation studies and studies that included pediatric popul ations were excluded.
The procedures in this review followed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
statement. The Risk Of Bias In Non-randomised Studies—of Interventions (ROBINS-1) tool was used for the assessment of risk
of bias. The results were synthesized based on predefined aspects of medical decisions that are made in a prehospital setting,
which include diagnostic decision support, receiving facility decisions, and medical directions for treatment. All data extractions
were done by at |east two reviewers independently.

Results: Out of 42 full-text reviews, 7 were found eligible. Diagnostic support and medical direction and decision for treatments
were often reported. A key finding of this review was the high agreement between prehospital diagnoses via telemedicine and
final in-hospital diagnoses, as supported by quantitative evidence. However, amajority of the articles described the clinical value
of having accessto remote expertswithout robust quantitative data. M ost tel emedicine solutions were evaluated within afeasibility
or short-term preliminary study. In general, the results were positive for telemedicine use; however, biases, dueto preintervention
confounding factors and alack of documentation on quality assurance and protocol for telemedicine activation, make it difficult
to determine the direct effect on patient outcomes.

Conclusions: The information-sharing capacity of telemedicine enables access to remote experts to support medical decision
making on scene or in prolonged field care. The influence of human and technology factors on patient care is poorly understood
and documented.

(J Med I nternet Res 2020;22(12):€18959) doi:10.2196/18959

http://www.jmir.org/2020/12/€18959/ JMed Internet Res 2020 | vol. 22 | iss. 12 [€18959 | p.72
(page number not for citation purposes)


mailto:yen.kim@alfred.org.au
http://dx.doi.org/10.2196/18959
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

KEYWORDS
telemedicine; decision support; emergency; resuscitation

Introduction

Effective communication has a central role in emergency care
and trauma management [1-3]. Team coordination has been
enhanced by information technology, which influences the way
we work and interact. As an example, telephone consultation
requests for remote experts are often made for complex patient
scenarios between Level 1 trauma centers and rural hospitals
[4]. The advent of portable devices, allowing real-time dataand
image transfer, has been shown to assist with making diagnoses
in stroke and burns[5,6]. Heads-up-display (HUD) devices are
being trialed in neurosurgical and orthopedic theatersfor remote
surgical guidance and vital signs monitoring [7,8]. Similarly,
greater network coverage and processing and data speeds have
increased the utility of smartphones and wireless devices for
prehospital emergency medicine. In recent ssmulation and pilot
studies, remote experts were able to support paramedics, or
emergency medical technicians (EMTSs), based on relayed data
viatelemedicine [9-11]. In this review, the term EMT will be
used broadly to include all first responders providing medical
carefor the injured and/or ill.

Telemedicine is defined by the World Health Organization as
the use of “Modern information and communication
technologies (ICTs), such as computers, the Internet, and cell
phones...to improve patient outcomes by increasing access to
care and medical information” [12].

For the purpose of thisreview, the term telemedicine will cover
ICT-facilitated two-way teleconsultation and data sharing
between prehospital and hospital virtual hubs. Although various
terms and methods define telemedicine, the overarching purpose
of facilitating prehospital patient care and communication to
the receiving hospital remains consistent across existing trials.

Prehospital resuscitation isdelivered in acomplex environment
where responders make decisions under short time frames and
with limited information. Factors such as a patient’s illness
severity, ambient noise levels, fatigue, and stress can hinder
decision making [13]. Various checklists and protocols have
been designed, targeting out-of-hospital decision making. Over
the years, computerized clinical decision support systems have
also been implemented for in-hospital critical care and for
disaster or combat and casualty decision making to provide
teams with safety alerts, protocols, and diagnostic support for
trauma management [14-17]. However, many fail to consider
unstructured situations, technology resistance, and logistical
support issues that may hinder reliable outcomes[18,19].

Research islimited on the decision-making mechanismsEMTs
use at individual and organizational levels. It is unknown
whether the currently available training programs and checklists
mitigate human factors or environmental stressors that impact
one' sdecision-making processes[13]. A small number of studies
investigating the decision-making processes of first responders
show that they make use of intuitive reasoning, whereby their
past experiences and first impressions on scene make the most
impact, rather than an application of specific decision aids
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[20,21]. Importantly, information that cannot be assessed rapidly
by visual or auditory scan (eg, blood pressure, heart rate,
respiratory rate, and nonobvious anatomic injuries) isgenerally
not part of a primary triage decision-making process [21]. For
complex scenarios, a more deductive analytic method is used,
with greater attention given to the available data [21].

In addition to the complexity of scenarios, prehospital care
providers are now faced with making decisions over different
patient care options. EMTs vary in the level of care they can
provide [22]. Around the world, many services focus on rapid
transport to hospital, thereby de-emphasizing interventions in
thefield, whereasin certain locations, specialized medical teams
are able to undertake highly advanced interventions, such as
extracorporeal membrane oxygenation [23,24]. Therefore,
decisions over the course of prehospital care are made in the
context of organizational constraints, culture, patient acuity,
and evolving demands of EMTs.

Initssimplest form, telephone consultation between EMTsand
remote experts has been recognized as abeneficial tool [25,26],
but the impact of telemedicine on clinical practice is poorly
described. Understanding the medical decisions that are
associated with telemedicine use as an intervention may have
meaningful implicationsfor training, protocols, and operations.
As a first step, this systematic review aims to examine the
evidence for telemedicine use with medical decisions made
during prehospital care. Secondly, this review aimsto examine
whether telemedicine use contributes to decisions being made
and whether it is associated with patient benefit.

Methods

The methods in this review followed the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
statement [27].

Data Sources and Sear ches

The search strategy aimed to find published studies in 7
databases: MEDLINE, Embase, BIOSIS Previews, Emcare,
PsycINFO, Scopus, and Web of Science. After aninitial search
for articlesin MEDLINE and Embase, an analysis of the text
words contained in thetitles, abstracts, and index terms used to
describe these articles was conducted. A second search using
all identified keyword termswas then undertaken from database
inception to March 29, 2019, across all 7 databases. Studies
published in English were considered for inclusion in this
review. Thefinal searcheswere based onthe MEDLINE search
strategy (see Multimedia Appendix 1). Searches were adapted
as appropriate to the specifications of al databases. Hand
searching and reference checking of citationsand referencelists
were al so undertaken. Authors of relevant studieswere contacted
if insufficient data were published.

Study Selection

Articles on the implementation of telemedicine comprised of
bidirectional communication via any device, with or without
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image- or data-sharing capabilities, in a prehospital setting for
emergency and/or trauma cases were of interest. Thefollowing
selection criteriawere applied: (1) Population: patients attended
by EMTSs, (2) Intervention: telemedicine, (3) Outcomes: medical
decisions made (eg, diagnosis and treatment), receiving facility
decision, and any other clinical judgment, and (4) Setting:
prehospital emergency.

The exclusion criteria were as follows: (1) the study included
apediatric population, (2) the study included a nonemergency
setting, (3) the paper was only available as an abstract or poster,
(4) the study included simulated trials, (5) the paper was a case
study, editorial, dissertation, protocol, or review, and (6) the
study was conducted purely for evaluating the feasibility and
effectiveness of a technology. Studies including the pediatric
population were excluded from this systematic review due to
the incident rates associated with transportation via emergency
services. Emergency medical transport use for pediatric cases
has been reported at around 5%-10% [28,29]. Furthermore,
medical interventions on children may require consent from
their parents. Given the differences in incidence levels and
medical interventions, this study focused on the telemedicine
implementation for the adult population only.

Simulation trials have previously been included in systematic
reviews on telemedicine applications in a prehospital setting
[30-33]. This systematic review intended to examine
telemedicine use in real-life scenarios to better understand its
clinical value and limitations, as it is yet to be embedded into
widespread routine use. We included studies that did not have
a comparator or control group. Although this limited the
evidence examined, it provides a comprehensive overview of
telemedicine outcomes under actual emergency circumstances.

Data Extraction

First, onereviewer (Y K) independently evaluated the titles and
abstracts of all recordsidentified intheinitial databases search.
Two reviewers (YK and CG) then assessed the dligiblefull-text
articles and, if necessary, discussed their suitability.
Additionally, referencesfrom reviews and journal articleswere
screened by one of the reviewers. Disagreements on questions
of eligibility were resolved through discussion and none of the
articles required an escalation to athird reviewer (MF).

Once adecision wasreached, in linewith theinclusion criteria,
the selected full textswerereviewed by YK and CG. Datawere
extracted regarding the medical emergency category, the
telemedicine platform, and each platform’s associated decision
outcomes. Any medical decisions or clinical judgments made
as an outcome of the telemedicine intervention by the journal
authors were considered. Technical performance, with regard
to device failure and network issues, was noted if it interfered
with the delivery of patient care. Study characteristicswere also
obtained, including sample size, trial location, and study design.
Risk-of-Bias Assessment

After individual assessments, two reviewers discussed and
agreed upon the quality assessment of each article. In order to
cater to the heterogeneity in study design, the Risk Of Bias In

Non-randomised Studies—of Interventions (ROBINS-I) tool
[34] was used to eval uate the methodol ogical rigor in 6 studies.
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This risk assessment tool was deemed appropriate, as it is
particularly concerned with eval uating the effectiveness or safety
of an intervention from studies that did not use randomization
in allocation.

Thistool covers 7 domains of bias that can be introduced from
using nonrandomization. Two preintervention biases are
particularly of concernin nonrandomized studies. Confounding
factors considered for telemedicine intervention were the
experience level of EMTSs, injury severity for all emergencies,
and intervention awareness. Failing to control for such
confounders may reduce the comparability between the
intervention and control groups. Selection bias was considered
arisk whenever eligible participants were excluded in a way
that could lead to an association between telemedicine and
outcomes. An example of aconfounder isif no explanation was
provided for how telemedicine was implemented for the study
group as compared to the controls during the trial period.
Classification bias of interventions at the time of the study was
related to the information about the delivery and structure of
telemedicine, patient medical records, and any organizational
records obtained. Problems of recall bias and subjective opinions
can be avoided if voice communication was recorded and
assessed by persons not involved in resuscitation and if the
medical records assessed were apart of routine care prior to the
commencement of the study.

Biases can also arise when there are differences in the care
provided, between the study and control groups, due to the
awareness of expectations or outcomes of the study; most studies
cannot be blinded when using telemedicine. Importantly for
telemedicine, performance bias and adherence may be factors
that were of interest under risk assessment. Biases during the
postintervention phase relate to data handling, particularly the
measurement of outcomes; how the results were reported; and
how missing datawere handled. In particular, we noted whether
there was an outcome assessment measure that was applied
across cases and whether the outcome could easily beinfluenced
by the assessor being aware of telemedicine being implemented.

One of the included studies was a review of cases and did not
have enough information to be assessed by ROBINS-I. This
particular study was assessed based on confounders,
measurement of outcomes, missing data, and reporting biases.
The two investigators (YK and CG) discussed the possible
biases and the evidence in support of the decisions.

Data Analysis

Study characteristics were clinically heterogeneous. For
exampl e, there was no consistent dependent variable that could
be aggregated. As previously mentioned, a standard method for
implementing tel emedicine or measuring relevant outcomes is
yet to exist. Thus, it was not possible to aggregate the findings
in a quantitative meta-analysis. Instead, the results were
synthesized based on patterns and themesthat werein linewith
the aim of this systematic review. Decisions made using
telemedicine sol utions—diagnostic decision support, receiving
facility decisions, and medical directions for treatment—were
examined for primary outcomes of interest. Lastly, mortality,
adverse events, and technical challenges were noted. The
challenges not only reflected device or network-related issues,
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but also the effect of telemedicine on individual workflow,
clinical governance, and overall organizational support.

Results

Overview

Theinitial search on 7 databases yielded 3291 records, where
1225 duplicates wereidentified. Based on theinclusion criteria,

Kimet al

2017 articles were excluded and the remaining 49 articles
proceeded to full-text examination. Of those, 42 studies were
excluded due to the setting and/or outcomes of interest. Figure
1 represents the search results as a PRISMA flowchart.

Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.
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Study Char acteristics

Table S1 in Multimedia Appendix 2 shows the study
characteristics of 7 selected studies, including the details of
telemedicine technologies used. Therewere only asmall number
of papersidentified that examinetelemedicine asan intervention
in the real-world setting. This suggests that despite the
increasing popularity of thistool, research has been limited to

http://www.jmir.org/2020/12/€18959/

RenderX

simulated scenarios or halted at pilot phases. Furthermore, the
methodol ogies reflect the nascent nature of this research field,
where no framework or systematic approach exists for (1)
telemedicine implementation or (2) assessment measures to
evaluate itsimpact on clinical outcomes.

Surprisingly, none of the studies incorporated an HUD device
as a component of the telemedicine system. In most
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interventions, smartphones or accessory equipment (eg,
Bluetooth headset) enabled voice communication to a remote
expert. Three studies focused their findings on two-way
communication, via telephone, as the main method to deliver
expert guidance [35-37]. These studies often relayed patient
vital signs and other necessary information verbally, in turn
gaining medical direction. For projects hoping to expand the
use of telemedicineinto routine use, ambulances were equipped
with built-in platforms for audio and video communication,
real-timevital sign transmission systems using portable devices
[35,38-40]. Details about the technology used for voice
communications were not provided in Dulou et a’s study [37];
the authors primarily based their findings on surveys and
transcribed data from after-action reviews (see Table Sl in
Multimedia Appendix 2).

Bias Assessment

The risk of bias was assessed as moderate in the magjority of
studies, as they were nonrandomized and prospective in design
(see Table S2 in Multimedia Appendix 2). Due to the type of
intervention and the pre-exposure and pretraining that may be
required, confounder bias was common among the studies.
Examples include severity of patient illness, knowledge of
intervention and performance assessment, and skill level of the
paramedic. Asmost studiesaimed to correl ate telemedicine use
with positive outcomes, we cannot exclude the possibility that
only the most capable EMTS, clinically and technologically,
were chosen for a preliminary feasibility phase, limiting the
study’s real-world applicability and validity. Information on
missing data was unclear or had moderate bias in 5 studies
[35,37-39,41]. Intervention bias was difficult to assess, asthere
appeared to be no systematic way of implementing
teleconsultation and the medical direction given by a remote
expert. Thereweretrials[35,38,40] where the outcome measure
was vulnerableto subjectivity, asthe knowledge of telemedicine
intervention could influence the interpretation of its clinical
value (see Tables S2 and S3 in Multimedia Appendix 2).

Decisions Made From Using Telemedicine Solutions

Three categories under decision support were collated by the
authors: diagnostic decision support, receiving facility and
disposition decisions, and medical direction for prehospital
treatments.

Diagnostic Decision Support

Remote expert consultation, facilitated by patient vital signs
and image transfers, was useful in making accurate prehospital
diagnoses. For example, evidence of diagnostic decision support
was present for the majority of emergency cases where the
telemedicine system was available, of which about 23% were
trauma related [39]. Diagnoses were not only made using
telemedicine but were made accurately, indicated by a high
agreement between prehospital diagnoses viatelemedicineand
final in-hospital diagnoses (see kK dtatistics in Table S3 in
Multimedia Appendix 2) [40].

Notably, usefulness of diagnostic support did not differ
significantly in relation to the method of communication used.
In a study comparing methods used for medical direction,
opinions of consulting physicians equally favored telephone
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calls (mean score of 4 on a5-point Likert scale; n=107) and full
telemedicine capability with real-time data transferring and
video-enabled communication (mean score of 3 on a 5-point
Likert scale; n=32) [35]. EMTs aso found telephone calls
sufficient to relay patient status compared to using a real-time
data transfer option. These findings could be explained by the
introduction of added workload when using telemedicine in
comparison to the simplicity of requesting a telephone
consultation; however, neither a qualitative nor a quantitative
explanation was offered in the study. Nevertheless, other studies
[38] have reported the val ue of image transmission in providing
an accurate situational assessment for a case discussion with
remote experts.

Receiving Facility Decisions

The clinical significance of selecting an appropriate hospital
destination through remote expert support is highlighted by Kim
and colleagues’ [41] findings. In countries where the local
ambulance service is less integrated into a larger, state or
national, emergency medical system, such as Korea, the
receiving hospital is often determined by patients and/or their
family members. Consequently, patients with mild medical
conditions are often transferred to larger hospitals, overcrowding
their emergency rooms, intensive care units, and general wards
[41]. A redl-time telemetry system (RTS) facilitated hospital
destination decisions by relaying more patient information to
the hospital and understanding their resource availability. Using
an RTS, the destination decisions were tailored to individual
patients based on medical indications [41].

Furthermore, early communication activated team responses,
treatment plan decisions, and preparation for patient arrival
[40]. Similarly, Bergrath et al [39] observed that in-hospital
treatments could be prearranged based on prehospital
notification, which ultimately reduced in-hospital timeintervals
and improved patient outcomes. However, such secondary
outcomes were not recorded nor observed consistently across
different cohorts of emergencies, which included trauma;
therefore, it is difficult to assume generalizability for these
findings given that patients vary in mechanisms of injury and
severity.

Medical Direction for Prehospital Treatment Decisions

Medical direction for triage, treatment, and/or surgical guidance
was present in all of the selected studies. These findings,
however, should beinterpreted in light of missing data, potential
confounders, and bias in measurement of outcomes. Decision
support for prehospital treatment was especialy relevant for
EMTs with a limited scope of skills under a regiona or
organizational jurisdiction. As evidenced in Germany,
telemedicine technology enabled EMTs to start intravenous
medication administration prior to hospital arrival with
tele-doctor presence [39].

Joint treatment decisions between an on-scene first responder
and remote experts were also enabled by in-built telemedicine
systems. For example, the transmission of prehospital
electrocardiograms and early involvement of the remote
specidist ultimately shortened the door-to-balloon time in
hospital [38]. The authors emphasi zed that such successeswere
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made possible by an organizational approach to telemedicine
with a standardized process and protocols to follow. Bergrath
and colleagues [38] further found that voice communication,
vital signs, and image transmission facilitated remote experts
in better assessing the situation, which was important for
subsequent medical directions.

Kim et a [41] developed the RTS by which patients’ vital signs
are transmitted to an emergency medical information center.
The mean prehospital treatment time at the scene for the
telemedicine group was shorter than for the control group for
all patients, irrespective of the injury severity. Importantly, the
authors interpreted that telemedicine was useful for receiving
guidance not only on basic life support but also with advanced
life-support interventions.

In particular, when there may be an experience-acquisition gap,
for example, in an austere combat casualty setting, telemedicine
played an invaluablerole. In 14.8% of cases, telemedicine was
necessary for patient management during prolonged field care.
Prolonged field care requires ongoing assessment, interpreting
vital trends over time, and identifying early decompensation,
all of which are infrequently encountered by many prehospital
providersin metropolitan areas. | n such scenarios, guidance for
clinical decisions, including differential diagnoses and treatment
plans, were available from remote experts for frontline medics
[36]. In warzone areas—Africa, Central Europe, and
Afghanistan—surgical coaching and advice regarding further
patient management was also made possible by telemedicine
[37]. These findings are often descriptive and lack details on
specific clinical outcomes. Nevertheless, the authors highlight
that in its most basic form, a simple telephone consultation is
highly effective and easily adopted by first responders in the
military setting.

While telemedicine appears to facilitate prehospital treatment
decisions, confounders (eg, paramedic skill level and patient
severity) and an absence of randomized controlsin many studies
may overestimate atrue relationship. A recent feasibility study
conducted by Y perzeele and colleagues [40] reported that over
90% of teleconsultations were clinically useful, although the
study did not allow the interventions to be decided by remote
experts. Itisdifficult to understand how the remote expertswere
able to influence treatment plans delivered by the EMTs. Cho
et a [35] used negative controls in order to demonstrate the
usability of an ambulance-embedded tel emedicine solution over
routine use of telephone calls for making medical decisions.
When comparing a telemedicine system to telephone
consultation only, the authors concluded that there were no
advantages in incorporating a full telemedicine capability (eg,
real-time data transfer) in the ambulances. The introduction of
telemedicine significantly reduced consultations for on-scene
treatment, possibly dueto thefriction cost of using an unfamiliar
system. Importantly, the case load and patient presentations
were similar before and after telemedicine implementation,
suggesting that case load and patient acuity were not responsible
for hindering telemedicine adoption.

Overal, theresults suggest that telemedicineisuseful, especialy
in challenging and unpredictable environments. However, the
methodol ogies used and the study characteristics make findings
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inconclusive. Replicationisrequiredinlarger clinical trialswith
a randomized control group in order to better understand the
usability, adoption, and reliability of telemedicine.

Mortality, Hospital Stay, Adverse Events, and
Technical Challenges

No adverse events or safety concernswere raised during or after
telemedicine intervention [39,40]. Y perzeele and colleagues
[40] aso reported no patient complaints or refusals for
telemedicine use. Kim et a’s [41] study was the only one to
compare mortality between the study group and controls. There
was no statistically significant difference between the RTS
group and the control group in mortality (P=.45) and length of
stay in the emergency department (P=.82). Overall mortality
was examined by DeSoucy et a [36]; however, the effects of
telemedicine were not considered for statistical analyses. Cho
et al [35] and Bergrath et a [38] did not report on adverse
events, safety, or mortality.

Telemedicine Technology Adoption and Challenges

In terms of perceived user satisfaction with telemedicine
solutions, Y perzeele et al [40] measured general acceptance of
the system, which was high for both tel econsultants and nurses
seeking advice. These findingswere determined from high rates
of system activation (75.4%) and a Likert scale intended to rate
user friendliness. In another study, technology adoption was
measured against overall quality and clinical value, where 10
missions using video transmission were deemed to be of major
clinical value[38]. Nevertheless, photos appeared to be preferred
by remote experts when compared to videos, due to inconsi stent
transmission quality. Similarly, no significant advantage was
found between tel ephones or video-streaming featuresto enable
two-way communication [35].

With regard to technical challenges observed, network failures
and limited processing power for video transmission and
streaming most frequently disrupted telemedicine use
[35,38-40]. Notably, technical issues were more difficult to
overcome without protocols and overall clinical governancein
place[35]. Thismeant that more effort was required of frontline
personnel to resolve technical issues, with a consequential
increase in cognitive load and a disruption of workflow.

Discussion

Thissystematic review examined whether clinical decisionsare
associated with telemedicine use in a prehospital emergency
medical setting. To date, feasibility studies, simulated
randomized controlled trials [9,26], and systematic reviews
[30,32,42] on telemedicine fail to adequately address the role
of decision making in patient outcomes. It is difficult to access
information on (1) how telemedicine has been implemented and
if any protocolsexist and (2) measurements of clinical outcomes
before versus after telemedicineimplementation. Overall, studies
investigating the effectiveness of telemedicine are heterogeneous
and their findings cannot be aggregated quantitatively. The
authors' interpretations of findings are typicaly based on
observations, descriptive statistics, and surveys collected from
the end users. Such methods contain inherent confounding bias,
and with a small sample, often without adequate comparators,
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they present unavoidable challenges in delivering translatable
outcomes.

Despite moderate biases present in most studies, the authorsare
in agreement that if employed appropriately (eg, specific patient
cohort type and device and network reliability) and with
organizational support, telemedicine providesinval uable access
to decision support that is otherwise unobtainable. Thisincludes
support for making prehospital diagnoses [38-40], support for
receiving facility decisions [38,39,41], and medical procedure
guidance[35,38,41]. Medical directions appear to have the most
impact in settings where EMTs require a doctor’s input for
medication administration and/or procedures [39,41]. The
enhanced communication between EMTs and hospital medical
staff, augmented by dataand imagetransmission, all substantiate
the use of telemedicine to improve the quality of continuing
care.

Importantly, telemedicine may be most useful when thereisan
experience-acquisition gap, asthere will inevitably be complex
presentations or unanticipated complications. Furthermore, in
rural emergency settings, the duration of patient retrieval and
initial patient care can be longer [36,41]. Such scenarios may
benefit from teleconsultation for ongoing monitoring and
feedback on treatment plans based on rea-time vital sign
updates. The association between prehospital vital signs, injury
severity, and in-hospital clinical outcomes highlight the

Kimet al

importance of making prehospital dataavailablefor the severely
injured [43-46]. Inredlity, afew vital sign datapointsare usually
transmitted via telephone before, during, or after ambulance
transfer, and whether this is adequate or not is yet to be
determined.

Unfortunately, the evidence for potential downstream effects
isanecdotal and not yet described in existing literature. Authors
[35,36,41] identified by this systematic review anticipate
downstream effects, discussed bel ow in this section, with larger
trials and further research and development on telemedicine
implementation. Preliminarily, it appears that the vital sign
trends received by the hospital have implications for increased
readiness in patient reception, with appropriate equipment and
blood products and team formation [35]. Real -time data sharing
and remote expert consultation may allow for the preparation
of tailored treatments and interventions prior to the patient’s
arrival at hospital. Shortened on-scene times may also be
achieved with teleconsultation [39], with the possibility of
reduction in overall transfer time [41]. Finaly, improved
disposition decisions were often reported, which may achieve
significant cost savings through better use of emergency
resources and a reduction in unnecessary secondary transfers.
Figure 2 summarizes the interplay between the tasks faced by
the paramedic, human factors, and telemedicine technology in
influencing in-hospital and potential long-term outcomes.

Figure 2. A network of factors influencing outcomes related to hospital operation and patient care.
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for telemedicine implementation. Bergrath and colleagues [38]
highlighted the importance of an organizational approach in
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overcoming technical issuesand achieving technology adoption.
A solution for connection issues may be easier to achieve than
developing clinical protocols and user case scenariosto ensure
safety and systematic implementation of the technology,
especialy in the event of connection failure. At the very least,
these findings stress the need for technical issuesto be resolved,
with prioritized connection to the hospital team for data and
image transfer for severely injured patients. Importantly, the
EMTSs workflow should be considered, such that real-time data
transmission and remote expert interaction requires minimal
cognitive load. To be effective, developed user case scenarios
will need to target various patient presentations and paramedic
experience levels and will need to account for human factors
that may hinder one’s decision-making processes under stress
[13]. With regard to decision support, the cooperation of
physicians in providing structured, measurable feedback is
useful in correlating specific clinical outcomes and audits.

This systematic review has potential limitations, mostly
stemming from the inclusion of nonrandomized studies.
Specifically, these include difficulties in assessing, as well as
having limited accessto, afull data set and the risk of selective
reporting in nonrandomized studies. The theoretical foundation
for telemedicine solutions and the roles they play in decision
making that are relevant to the aims of this review are aso

Acknowledgments

Kimet al

limited. In relation to the search strategy, the term telemedicine
may have missed other decision support technological tools (eg,
clinical decision support systems) with embedded remote expert
communication and data-sharing capacity. Lastly, publication
bias may exist for feasibility studies, asthey are more likely to
report positive outcomesin order to conduct subsequent clinical
trials.

In conclusion, there is a role for telemedicine in supporting
prehospital decision making for diagnoses, lifesaving
interventions, and hospital destination. Although research in
thisareaisin itsinfancy, further research into telemedicine as
atool for decision support, in rea patient encounters, deserves
more attention. As one of the authors highlights, “clearly, not
all aspects of an emergency can be addressed by
teleconsultation, but in cases when a medical decision must be
made, it may provide a beneficial alternative” [39]. It is
conceivable that telemedicine instills decision-making
confidence in prehospital providers to commit to a treatment
plan. An important function of the remote expert is to provide
guidance when managing unanticipated events, such as during
times of disaster or unprecedented virus outbreak [47,48]. In
order to increase proficiency, accountability, and improved
patient care, prehospital providers should consider using
teleconsultations during training as well asin clinical practice.
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Abstract

Background: Smartphone overuse has been cited as a potentially modifiable risk factor that can result in visual impairment.
However, reported associations between smartphone overuse and visual impairment have been inconsistent.

Objective: Theaim of this systematic review wasto determine the associ ation between smartphone overuse and visual impairment,
including myopia, blurred vision, and poor vision, in children and young adults.

Methods: We conducted a systematic search in the Cochrane Library, PubMed, EMBASE, Web of Science Core Collection,
and ScienceDirect databases since the beginning of the databases up to June 2020. Fourteen eligible studies (10 cross-sectional
studies and 4 controlled trials) were identified, which included a total of 27,110 subjects with a mean age ranging from 9.5 to
26.0 years. We used arandom-effects model for meta-analysis of the 10 cross-sectional studies (26,962 subjects) and afixed-effects

model for meta-analysis of the 4 controlled trials (148 subjects) to combine odds ratios (ORS) and effect sizes (ES). The 2 statistic
was used to assess heterogeneity.

Results: A pooled OR of 1.05 (95% CI 0.98-1.13, P=.16) was obtained from the cross-sectional studies, suggesting that
smartphone overuseis not significantly associated with myopia, poor vision, or blurred vision; however, these visual impairments
together were more apparent in children (OR 1.06, 95% CI 0.99-1.14, P=.09) than in young adults (OR 0.91, 95% CI
0.57-1.46,P=.71). For the 4 controlled tria's, the smartphone overuse groups showed worse visual function scores compared with
the reduced-use groups. The pooled ES was 0.76 (95% CI 0.53-0.99), which was statistically significant (P<.001).

Conclusions: Longer smartphone use may increasethe likelihood of ocular symptoms, including myopia, asthenopia, and ocular
surface disease, especially in children. Thus, regulating use time and restricting the prolonged use of smartphones may prevent
ocular and visual symptoms. Further research on the patterns of use, with longer follow up on the longitudinal associations, will
help to inform detailed guidelines and recommendations for smartphone use in children and young adults.

(J Med Internet Res 2020;22(12):€21923) doi:10.2196/21923

KEYWORDS
visual impairment; smartphone; maobile phone; overuse; child; young adult; systematic review; meta-analysis

: population [2]. Notably, the number of smartphone users in
Introduction China was around 700 million in 2018, accounting for half of
The use of smartphones has been increasing rapidly since their Fhe Chi nese popul gtion [3]. In addition, more than 80% of people
introduction in the late 2000s[1]. In 2019, thegloba smartphone 1" the United Kingdom owned or had ready access to a
penetration had reached approximately 41.5% of the global smartphone in 2019, representing a significant increase from
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50% in 2012 [4]. Furthermore, more than 90% of young people
between 16 and 34 years old in the United Kingdom owned a
smartphone in 2019 [4].

With the continuous rise in youth digital media consumption,
theincidence of ocular problems has also dramatically increased.
A large portion of the population currently suffers from visual
impairment, especially in Asian countries, with a rapidly
increasing prevalence and younger age of onset [5-8]. It has
been estimated that 49.8% (4.8 hillion) and 9.8% (0.9 billion)
of the global population will have myopia or high myopia by
20501[9]. A recent study indicated that about 60 years ago, only
10%-20% of the Chinese population was nearsighted, but the
percentage reached up to 90% of teenagers and young adultsin
2015 [10]. Consistently, a school-based retrospective
longitudinal cohort study (N=37,424 participants) found that
the prevalence of myopia significantly increased from 56% in
2005 to 65% in 2015 [8].

Therefore, smartphone overuse among children and young adults
has become amatter of crucial concern[11-13]. Several studies
found increased use of digital devices in children aged 2-11
yearsold[14,15]. For example, astudy including children aged
9-11 yearsfrom 12 countries showed that 54.2% of the children
exceeded proposed screen time guidelines (<2 hours per day)
[15]. Compared with older people, children and young adults
have greater risks of the undesirable consequences of
smartphone overuse because they have less self-control in
smartphone use [11]. A cross-sectiona study (N=2639
participants) indicated that 22.8% of teenagers were addicted
to smartphone use, which was related to hypertension [16].
Another study showed that users of mobile devices spent >20
hours weekly on email, text messages, and social networking
services, indicating the heavy reliance on smartphonesin their
communication with other people [17]. Overall, smartphone
overuse may result in significant harmful physical,
psychological, and social consequences[18,19].

Some experimenta studies have indicated that long-term use
of asmartphoneplaysakey rolein visua impairment, increasing
thelikelihood of poor vision [20-22]. For instance, a prospective
clinical study (N=50 participants) showed that smartphone use
for 4 hours resulted in a higher ocular surface disease index
than that measured at baseline [20]. Kim et a [23] found that
the increase of ocular symptoms extended to the genera
population, especialy in adolescents, after expansion of
smartphone use. However, other studies have reported the lack
of evidence for such an association [24]. For example, a
cross-sectional study (N=1153 participants) using stratified
random cluster samples did not find a statistically significant
association between smartphone use time and myopia [25].
Similarly, a study conducted in Ireland (N=418 participants)
indicated that smartphone use time was not a risk factor for
myopia[26]. Toh et a [27] found that smartphone use time was
associated with an increased risk of visua symptoms (ie,
blurring of vision, dry eye), but a decreased odds of myopia.

Despite increased concern about impaired vision due to
smartphone overuse, existing quantitative evidence about the
relationships between excessive smartphone use and visual
impairment remains equivocal. Therefore, it is essentia to
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confirm and quantify whether excessive smartphone use may
result in visual impairment, especialy in children and young
adults.

The aim of this study was to conduct a systematic review and
meta-analysis to summarize the existing evidence on the
associ ations between smartphone overuse and visual impairment
in children and young adults, which may further guide potential
interventions to reduce the harmful impact of smartphone
overuse on vision in this susceptible subpopulation.

Methods

Data Sources and Search Strategy

This systematic review and meta-analysis was based on a
protocol designed in line with the standard Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
[28] and Metaanalysis of Observational Studies in
Epidemiology (MOQOSE) [29] criteria.

A systematic search was carried out in PubMed (US National
Library of Medicine), Embase (Wolters Kluwer Ovid), Web of
Science Core Collection (Clarivate Analytics), ScienceDirect
(Elsevier), and Cochrane library (John Wiley & Sons, Ltd) for
observational and experimental studies that investigated
smartphone overuse or addiction in children (aged<18 years)
or young people (aged<40 years), and its associations with
impaired visual function such asmyopia, poor vision, or blurred
vision. To minimize publication bias, we also searched for
additional studies in grey literature sources, including Virtual
Health Library [30], NARCIS[31], Grey literature report [32],
and Open grey EU [33]. The search was limited to publications
published in English.

Free text and Medical Subject Headings (MeSH) terms were
used for the search, including phone, smartphone,
mobile/cell/cellular phone, electronic device, use, use time,
screen time, overuse, addiction, eye, visual acuity, vision, vision
screening,  eyesight, myopia, myopic  refraction,
shortsighted/nearsighted/short sight, near sight, refraction errors,
ocular/hedlth effect, optic, blind, ophthalmology, optometry,
retina, ametropia/amblyopia symptom, visual assessment, and
visual problem (see Multimedia Appendix 1 for the complete
search strategy). We included all observational studies and
controlled trials (randomized or nonrandomized) addressing
smartphone use and visual impairment in humans since the
beginning of the databases up to June 2020. Furthermore,
manual retrieval was performed following the initial database
search to ensure the inclusion of the latest literature.

Inclusion and Exclusion Criteria

All observational and experimental studies were included if
they fulfilled the following criteriaz (1) original studies
examining the use of a smartphone (or mobile phone) and
eyesight, including popul ation-based longitudinal studies, cohort
studies, case-control studies, cross-sectional studies, and
controlled clinical trials; (2) participants are children aged <18
years or young people aged <40 years (a young adult was
defined as the developmental stage between 18 and 40 years
[34,35]); (3) reported frequency or time of smartphone use (in
minutes or hours, or per day or week); (4) the endpoint of
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interest is the incidence of visual impairment or decline,
including myopia, poor vision, blurred vision, various visual
function scores indicating impaired vision, or other unspecific
visual impairments; and (5) vision measurements of the groups
are provided to calculate the effect size (ES) of visual
impairment or oddsratio (OR) for therisk of visual impairment,
aswel| as the associated 95% Cls or other data to estimate the
variance or accuracy (eg, standard error).

Studies were excluded if they: (1) were narrative reviews,
editorial papers, commentaries, letters, or methodological
papers; (2) evaluated visua function with no reliable/relevant
estimates for smartphone use; (3) no reference or control group
was included in the analysis; and (4) animal studies.

Data Extraction

After the systematic search of the relevant articles in the
databases, two investigators (JW and ML) embarked on
screening and identification of potentially relevant abstracts
independently. For any disagreements that occurred between
the two investigators regarding the eligibility of a study, there
was a thorough discussion or advice from an academic expert
(YC). Subsequently, articles for selected abstracts were
downloaded, and data were extracted by JW and YC
independently using a standardized form in Microsoft Excel.
The extracted data were compared and summarized to obtain
one final document from which the analysis was conducted.
The information extracted included: name of first author, year
of publication, study design, duration of study, country that the
study was conducted in, eyesight measurement, smartphone use
time, smartphone use frequency, sample size, incidence of cases
with impaired vision, outcome ascertainment method, OR or
ES and the associated 95% ClI, and statistical analysis method
used.

Study Quality Assessment

The Joanna Briggs Ingtitute (JBI) Critical Appraisal Checklist
for Analytical Cross Sectional Studies, JBI Appraisal Checklist
for Quasi-Experimental Studies, and JBI Critical Appraisa
Checklist for Randomized Controlled Trialswere used to assess
the quality of the studiesincluded in the meta-analysis[36]. JW
and Y C assessed the quality of the articles independently and
thefinal assessment was achieved upon discussion (Multimedia
Appendix 2).

Statistical Analysis

For studies that did not report the OR, it was calculated using
the numbers of caseswith and without visual impairment of the
reference/control group and overuse group. For studies that
measured visual impairment using continuous variables, ES
was cal culated as the difference between the means divided by
the pooled SD as follows [37]:

]

wheren, andn,, and S; and S, are the sample sizes and standard
deviations for group 1 and group 2, respectively.
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A positive ESindicates aworse visual function. Heterogeneity
of the included studies was investigated using the 12 statistic
[38], in which 12>30% was considered to indicate moderate

heterogeneity and 12>50% was considered to indicate substantial
heterogeneity [39]. A P value <.05 from the noncentral
chi-squared test for heterogeneity was considered to indicate
statistically significant heterogeneity [40]. The contribution of
each study to the heterogeneity and their influence on the pooled
OR or ESwere assessed using the Baujat plot [41]. The pooled
ORs with corresponding 95% Cls were calculated using
random-effects model s owing to heterogeneity among the studies
and are presented using forest plots [42]. The possibility of
publication bias was assessed by the combination of the Egger
test and visual inspection of the funnel plot [43].

Subgroup analysiswas performed for the cross-sectional studies
according to the outcome of visual impairment (myopia, poor
vision, or blurred vision) and mean age of the subjects (children,
<18 years; young people, 18-40 years). Leave-one-out (LOO)
analysis was also performed to investigate the influence of a
single study on the pooled effect as an additional sensitivity
analysis[44].

A two-sided P value <.05 of the pooled estimateswas considered
statistically significant unless otherwise specified. All analyses
were performed in R 4.0.0 (R Foundation for Statistical
Computing, Vienna, Austria) using the packages meta 4.12-0
[45] and dmetar 0.0.9000 [46].

Results

Characteristics of Included Studies

In total, 1961 articles were obtained from all of the databases.
After removing duplicates, 1796 articlesremained, 121 of which
were considered to be relevant for the meta-analysis after
screening of titles and abstracts. After screening the full text of
the 121 articles downloaded, 14 articles met our inclusion
criteria, including 10 cross-sectional studies and 4 controlled
trials, comprising atotal of 27,110 participants with mean ages
ranging from 9.5 to 26.0 years. The flowchart of article
searching and screening is shown in Figure 1. The 10
cross-sectiona studies addressed incidents of myopia[24-27,47],
blurred vision [48-50], and poor vision and other unspecified
visual impairments [23,27,4851]. In our anaysis, the
unspecified visual impairments were treated as poor vision.
There were 2 studies [27,48] that addressed two visua
impai rment outcomes, and each outcome wastreated asasingle
study in the meta-analysis. The 4 studies that used a controlled
trial design assessed the ocular surface diseaseindex score[20],
asthenopia score [21], oculomotor function [52], and viewing
distance [22]. A more detailed summary of the characteristics
of the included studies and the main outcomes is provided in
Table 1 and Table 2, respectively.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for screening and selection of articles on

smartphone overuse and visual impairment in children and young adults.
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Table 1. General characteristics of the included studies.

Wang et al

Reference Year Country Study design Age of participants Sampling method N participants
(years), mean (SD) or
range
Kiicer et a [49] 2008 Turkey Cross-sectional University students(age  Convenience sample 229
not given)
Toh et a [27] 2019 Singapore Cross-sectional 13.3(2.0) Matrix-stratified sample 1884
Merrie et a [51] 2019 Ethiopia Cross-sectional 13.1(2.8) Multistage sampling 601
Guan et a [47] 2019 China Cross-sectional 10.6 (1.15) Randomly selected sample 19,934
Kimet a [23] 2016 Korea Cross-sectional 15(0.9) Convenience sample 715
Liveta [24] 2019 China Cross-sectional 9.5(2.1) Stratified 566
cluster sample
Meo et a [50] 2005 Saudi Arabia  Cross-sectional 26.0(13.4) Voluntary (response) sample 873
Alharbi et al [48] 2019 Saudi Arabia Cross-sectional 21.8(2.4) Random sample 605
Huang et al [25] 2019 China Cross-sectional 19.6 (0.9) Stratified random cluster sam- 1153
ple
McCrannet a [26] 2020 Ireland Cross-sectional 16.8 (4.4) Voluntary sample 402
Antonaet a [21] 2018 Spain RCT? 23.7 (2.6) Random sample 54
Choi et a [20] 2018 South Korea cTb 26.0 (3.0) Nonrandomized sample 50
Leeeta [52] 2019 Korea CT 20-29 Voluntary sample 26
Long et d [22] 2017 Australia CT 21.5(3.3) Voluntary sample 18

8RCT: randomized controlled trial.

bCT: controlled trial.
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Table 2. Outcomes and results of the included studies.

Wang et al

Reference Response rate Exposure; type of measure Outcome; type of measure Main results
Kiger eta [49] 100% Time of mobile phone posses-  Blurred vision; Q <2 years. 8.8% (4/45)
sion; Q2 >2 years: 27.2% (50/184)
Tohetal [27]  93.78% Time of smartphone use (per (1) Myopia; Q (1) OR® 0.97 (95% CI 0.94-0.99)
(1884/2009) hOUI’); Q (2) Poor vision/visual impairment; Q (2) OR 1.05 (95% Cl 1.02-1.08)
Merrieet a 95.09% Duration of mobile exposure; Q  Poor vision/visual impairment; objec- >2 h/day: 6.6% (18/271)
[51] (601/632) tive assessment < 2 hiday: 7.5% (20/265)
Guaneta [47] ke Time of smartphone use; Q Visual acuity; objective assessment 1 h/day: 20% (117/584);
<1 h/day: 18% (3492/19350)
Kimeta [23] 97.41% Time of smartphone use; Q Poor vision/ocular symptom score; Q  >2 h/day: 72% (260/360);
(715/734) <2 Wday: 52% (170/327)
Liueta [24] 88.7% (566/638) Time of smartphone use (per Myopia; objective assessment OR 0.90 (95% CI 0.57-1.43)
hour); Q
Meoeta [50] 100% Use of mobile phone (duration ~ Blurred vision; Q >0.5 h/day: 5% (5/100);
of cals); Q <0.5 h/day:
5.23% (39/746)
Alharbi et a 93.1% (605/650) Duration of Smartphone use per (1) Poor vision; Q (1) >3 h/day: 57.2% (270/472),
(48] day; Q (2) Blurred vision; Q <3 h/day: 45.9% (61/133)
(2) >3 h/day: 46.0% (217/472);
<3 h/day: 57.1% (76/133)
Huangetal [25] 96.08% Duration of daily smartphone Myopia; objective assessment >3 h/day: 84.57% (296/350); < 3
(1153/1200) use; Q h/day: 88.03% (537/610)
McCranneta  96.17% Timeon phone (minutes/day); Q Myopia; Q OR 1.026 (95% CI 1.001-1.051)
[26] (402/418)
Antonaet a 100% Smartphone reading vs printed  Asthenopia score; Q 27.96 (SD 20.11) vs 13.25(SD 12.76)
[21] hardcopy reading
Choi eta [20] 100% Smartphone use after 4 hoursvs Ocular surface disease index scores;  25.03 (SD 10.61) vs 15.08 (SD 8.83)
baseline Q
Leeeta [52] 86.67% (26/30)  Smartphone use 20 minutesvs5 Oculomotor function; Q 6.35 (SD 3.54) vs 3.73 (SD 4.09)
minutes
Longetal [22] 100% Using smartphone after 1 hour  Viewing distance; objective assesss  27.8 (SD 7.7) cmvs 31 (SD 8.2) cm

vsbasdline

ment

8Q: questionnaire.
POR: odds ratio.
CUK: unknown.

Association Between Smartphone Overuse and
Incidence of Visual | mpairment

Thefunnel plot of ORsfor the included cross-sectional studies
appeared to be symmetric (Figure 2). Although ORs from two
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studies [23,49] showed dlight bias with other studies, no
statistically significant publication bias was found based on the

Egger test (P=.43).
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Figure 2. Funnel plot with pseudo 95% confidence limit for cross-sectional studies.
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Statistically significant heterogeneity was present among the
ORs on visual impairment incidence (1=84%, P<.001; Figure
3). The Baujat plot indicated that the study of Kim et a [23]
substantially contributed to the heterogeneity but had aminimal
influence on the pooled OR (Figure 4). Overall, although the
pooled OR showed that the odds of visual impairment was
higher for the smartphone overuse group compared to the
reduced-use group (OR 1.05, 95% CI 0.98-1.13), theresult was

https://www.jmir.org/2020/12/€21923
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not statistically significant (P=.16; Figure 3). None of the pooled
ORsfor specific visual impairment was significant in subgroup
analyses. The pooled ORsfor myopia, poor vision, and blurred
vision were 1.00 (95% CI 0.95-1.05), 1.40 (95% Cl 0.87-2.23),
and 1.21 (95% CI 0.44-3.28), respectively (Figure 3). The
pooled OR was not statistically significant in either of the age
subgroups, which was 1.06 (95% CI 0.99-1.14, P=.09) for
children and 0.91 (95% CI 0.57-1.46, P=.71) for young adults.
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Figure 3. Pooled odds ratios (ORs) of visual impairment in the smartphone overuse group compared to the reduced-use group.
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Figure 4. Baujat plot for cross-sectional studies.
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in the smartphone overuse group compared to the reduced-use  statistically significant (Figure 5).

Figure 5. Pooled odds ratios (ORs) of visua impairment in the smartphone overuse group compared to the reduced-use group from leave-one-out

analysis.
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Smartphone Overuse Associated With Worse Visual ~ to be symmetric (Figure 6), and no statistically significant
Function Scores publication bias was found by the Egger test (P=.067). No
statistically significant heterogeneity was present among the

Thefunnd plot of ESfor theincluded controlled trials appeared ) )
ESson visua impairment incidence (1°=0%, P=.54; Figure 7).

Figure 6. Funnel plot with pseudo 95% confidence limit for controlled trials.
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In al of the controlled trias, the smartphone overuse group  (P<.001), indicating that compared with the reduced-use group,
showed worse visual function scoresthan the reduced-usegroup,  the visual function score in the smartphone overuse group was
with ESs ranging from 0.40 to 0.91 (Figure 7). The pooled ES  0.76 SD worse (Figure 7).

was 0.76 (95% CI 0.53-0.99), which was statistically significant

Figure 7. Pooled effect size (ES) of visua function score in the smartphone overuse group compared to the reduced-use group.
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The LOO sensitivity test indicated that the results are robust,
with the ESsranging from 0.65 to 0.82, and all of the ESswere
statistically significant (Figure 8).
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Figure 8. Pooled effect sizes (ESs) of visua function score in the smartphone overuse group compared to the reduced-use group from leave-one-out

analysis.
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Discussion

Principal Findings

The purpose of this systematic review and meta-analysis was
to summarize currently available evidence with referenceto the
relationship between smartphone overuse and visual impairment
in children and young adults. Among the 14 studies included
in the anaysis, 9 found a significant association between
smartphone overuse and visual impairment. Our pooled results
showed negative but not statistically significant associations
(OR=1.05, 95% CI 0.98-1.13) between smartphone overuse and
myopia, blurred vision, or poor vision in the included
cross-sectiona studies. However, the adverse effect was more
apparent in children (OR=1.06, 95% CIl 0.99-1.14) than in young
adults (OR=0.91, 95% CI 0.57-1.46). We aso found that
smartphone overuse may cause worse visual function than
reduced usein the included controlled trials (ES=0.76, 95% ClI
0.53-0.99). As the results are mixed, further studies are
warranted. To our knowledge, thisisthefirst systematic review
that comprehensively summarized existing data on smartphone
overuse and visual impairment in children and young adults.

There are several possible reasons for the lack of a statistically
significant association observed between smartphone overuse
and visua impairment when pooling cross-sectional studies.
First, most of the existing studies included in this systematic
review were from Asia, which has higher prevalence rates of
visual impairment. The myopia prevalence in East Asia was
already reported to be high before the introduction of digital
devices[53]. Previous studiesindicated that myopiaprevalence
increased more rapidly in people with more years of education
and intensive schooling without particular exposure to screen
devices [54-56]. For example, a study conducted in Singapore
found that myopia prevalence increased more rapidly among
individuals who started elementary school after the 1980s[57].
Consistently, a study in Israel found that teenage boys who
attended Orthodox schools had much higher rates of myopia
than students from other schools who spent less time reading
books in the 1990s [53]. Therefore, education and intensive
schooling may have a large contribution to the increase in
myopia prevalence [58]. Recent studies have also extensively
described the relationship between education and visual

https://www.jmir.org/2020/12/€21923

impairment [59]. Furthermore, a high prevalence of myopia
from Taiwan was found in cohorts with low exposure to digital
devices [56]. Thus, it is still debatable whether smartphone
overuse would lead to a higher risk of myopia or other visual
problems.

Second, most of the studies included in this analysis divided
smartphone overuse as use time over 2 or 3 hours per day.
However, there is some evidence that the time people actually
spend engaged with a digital screen is far longer [60-62],
suggesting that people may use other electronic devices. Overuse
of other digital devices might also play an important role in
visual impairment. Some studies have explored the relationships
between digital screen time (eg, computer, tablet, smartphone,
or other handheld electronic screens) and visual impairment
[58,61,63-66]. For instance, a birth cohort study (N=5074
participants) showed that increased computer use was associated
with myopiadevelopment in children [65]. Yang et a [63] found
that screen exposure was significantly and positively associated
with preschool myopia, which is consistent with the results of
another cohort study [66]. However, the results of studies
assessing the impacts of screen time on visual impairment have
been mixed. A recent systematic review showed that screen
time was not significantly associated with the prevalence and
incidence of myopia[58], which may largely support our pooled
result of cross-sectional studies. Thus, the relationship needsto
be further validated. Moreover, given differences in the use of
variousdigital devices, some studies have compared the impacts
of smartphone use with other digital devices on visud
impairment [20,24,25,27]. These results are also inconsistent.
For instance, Guan et al [47] (N=19,934 participants) found that
prolonged (>60 minutes/day) computer usage and smartphone
usage were both significantly associated with greater refractive
error. Nevertheless, Liu et al [24] and Huang et al [25] found
that myopiain children was not associated with time spent using
various electronic devices, including smartphones, tablets, and
computers. By contrast, a study with a representative sample
of 1884 adolescents showed that smartphone use time was
associated with an increased risk of visual symptoms, but no
significant association was found for tablet use [27]. A
controlled trial (N=50 participants) indicated that the smartphone
use group had higher fatigue, burning, and dryness scores than
the computer use group [20]. Although the existing research
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supports that smartphone use might cause worse vision than
other digital devices, further convincing evidence is needed to
support this conclusion owing to the low number of studies.

Third, severa studies have shown that technology use or screen
time alone is of minimal risk to visual impairment, whereas
more time spent outdoorsisrelated to areduced risk of myopia
and myopic progression [25,67,68]. However, there is aso
evidence that the increased use of digital devicesis associated
with more time at work and less time spent outdoors, resulting
in a substitution effect [58,69]. For example, Dirani et a [69]
reported that the lack of adequate outdoor activity might be
related to therisein digital screentime. More specifically, recent
educational screen time might be a replacement for reading or
writing, in addition to recreational screen time (eg, computer
or video games) [69]. For instance, smartphones are used by
children mainly for playing games (29%) and watching videos
(20%) but aso for learning (19%) [70]. Thus, digital screen
time might not be a causal factor, but may be a substitute for a
different types of work [58]. There is also some evidence that
children 9-11 years old who spent less than 2 hours playing on
a computer were 1.98 times more likely to spend more than 1
hour outside than those reporting 2 or more hours of computer
use[71]. Although these results might reflect atradeoff between
outdoor time and digital screen time, with screen time being a
proxy for indoor time, there is no evidence to confirm this
substitution effect [58]. Thus, further studies in this field are
warranted.

Besidesthe findingsin the cross-sectional studies, we also found
that the smartphone overuse group presented worse visua
function scores than the reduced-use group in each of the
included controlled trialsand in the pool ed result. Biologically,
the effects of smartphones on ocular symptoms can be explained
by two types of electromagnetic fields (EMFs): extremely
low-frequency EMFsand radiofrequency (RF) electromagnetic
radiation (EMR) [72,73]. Theintensity of radiation from maobile
phonesisrelatively low with a specific absorption rate <4 W/kg
[72,74]. However, it has been reported that adverse effects such
as DNA damage and thickening of the cornea occur even at a
specific absorption rate lower than 4 W/kg [72,75,76]. Thelocal
specific absorption rate has been shown to be higher in tissues
at ayounger age, suggesting higher susceptibility of adolescents
to smartphones[77]. The EMFs generated by smartphones may
interact with the tissues of the eyes [73,78], which may cause
apoptosis, cataract formation, edema, endothelial cell loss,
inflammatory responses, and neurological effects[72,74,79,80].
The RF EMR may affect the body thermally and nonthermally
[81], which may result in oxidative stress in the cornea and the
lens [74]. These effects by EMFs and RF EMR on the eyes,
especially on the corneaand the lens, could suggest why ocul ar
symptoms such as blurring, redness, visual disturbance,
inflammation, and lacrimation increase with more exposure to
smartphones[23]. Although experimental studies may provide
causal inferences, our result needs to be further confirmed due
to the limited number of existing studies.

Regarding the association between smartphone overuse and
myopiaexamined in the cross-sectional studies, multiple ocular
symptoms found in the experimental studies do not necessarily
reflect pathological changes in the eyes, such as myopia. Few
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longitudinal cohort studies have examined theimpacts of screen
exposure on myopia, and the results are inconsistent [66,82].
To our knowledge, there have been no experimental or
longitudinal studies detecting theimpacts of smartphone overuse
on myopiaspecifically. Thus, alongitudinal cohort study design
establishing the temporal seguence of prior exposure to
environmental factors would be useful to examine whether
smartphone overuse may increasetherisk of developing myopia.

In addition, the heterogeneity was high in the meta-analysis of
included cross-sectional studies. First, alarge number of studies
have identified potential risk factors that may result in visual
impairment, which included both genetic and environmental
factors[20,26,56,58] such asage[26], education and occupation
[58], outdoor activity [20,58], and parental myopia [20].
However, some studies did not include these variables in the
multivariate analysis, which might contribute to the inconsi stent
findings, and might further affect theindividual effect estimates
and the pooled OR. Second, some studies only used univariate
analysisto investigate the associations between smartphone use
time and visual impairment [47,69], which might hinder the
exploration of their interrelationships. Third, the assessment of
the outcome was inconsi stent. For example, some studies used
a self-reported questionnaire to identify myopia[26,27], while
others used an objective assessment [24,25]. Furthermore, the
division of smartphone overuse was inconsistent, which may
have precluded us from determining their significant
relationships. A guideline advised limiting recreational screen
time to no more than 2 hours per day [83]. Therefore, further
studies in this field should use a broadly recognized standard
to define smartphone overuse.

There are aso other limitations of this study that need to be
addressed. All of the included studies used a self-reported
guestionnaire to evaluate smartphone use time. Participantsin
the included experimental studies also mostly reported their
visual function using questionnaires. The questionnaires
themselves may be apotential source of error due to inaccurate
reporting or recall bias of the participants. Further research
should adopt objective instruments to measure smartphone use
time and visual acuity screening to examine visua function.
Furthermore, generalization of the results should beinterpreted
with caution owing to the low number of studies included in
each meta-analysis. Limiting the review to studies reported in
English may have also resulted in nonreporting of studies
published in other languages. Nevertheless, our review involved
rigorous methodological procedures to obtain and pool data
from 27,110 children and young adults. We al so adopted awide
range of search termsto retrieve al potential articles published
in English, including the grey literature, which might have
helped to reduce the publication bias in the final combination.

Conclusions

Overdll, current evidence suggests that the results of the
association between smartphone overuse and visual impairment
in children and young adults are mixed. Although the
statistically significantly negative association between
smartphone overuse and visual impairment inthe meta-analysis
wasonly confirmed in controlled trialsand not in cross-sectional
studies, the adverse effect of smartphone overuse on visual
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functions was more apparent in children. However, these smartphone use in children and young adults. In addition,
relationships need to be further verified. Further research on  understanding the factors of smartphone overuse that account
the patterns of use, with longer follow-up periods to detect for the risk of ocular symptoms could help the growing
longitudinal associations, and the exact mechanismsunderlying  population of smartphone users, especially children and young
these associations will help inform detailed guidelines for  adults, to use smartphonesin a healthier manner.
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Abstract

Background: Well-designed mobile health (mHealth) interventions support a positive user experience; however, a high rate of
disengagement has been reported as a common concern regarding mHealth interventions. To address this issue, it is hecessary
to summarize the design features that improve user engagement based on research over the past 10 years, during which time the
popularity of mHealth interventions has rapidly increased due to the use of smartphones.

Objective: The aim of thisreview was to answer the question “Which design features improve user engagement with mHealth
interventions?’ by summarizing published literature with the purpose of guiding the design of future mHealth interventions.

Methods: Thisreview followed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist.
Databases, namely, PubMed, Web of Science, Cochrane Library, Ovid EMBASE, and Ovid PsycINFO, were searched for English
and Chinese language papers published from January 2009 to June 2019. Thematic analysis was undertaken to assess the design
featuresin eligible studies. The Mixed Methods A ppraisal Tool was used to assess study quality.

Results: A total of 35 articles were included. The investigated mHealth interventions were mainly used in unhealthy lifestyle
(n=17) and chronic disease (n=10) prevention programs. Mobile phone apps (n=24) were the most common delivery method.
Qualitative (n=22) and mixed methods (n=9) designswerewidely represented. Weidentified thefollowing 7 themesthat influenced
user engagement: personalization (n=29), reinforcement (n=23), communication (n=20), navigation (n=17), credibility (n=16),
message presentation (n=16), and interface aesthetics (n=7). A checklist was developed that contained these 7 design features
and 29 corresponding specific implementations derived from the studies.

Conclusions: Thissystematic review and thematic synthesisidentified useful design features that make an mHealth intervention
more user friendly. We generated a checklist with evidence-based items to enable devel opers to use our findings easily. Future
evaluations should use more robust quantitative approaches to elucidate the relationships between design features and user
engagement.

(J Med Internet Res 2020;22(12):€21687) doi:10.2196/21687

KEYWORDS
mHealth; design feature; user engagement; thematic synthesis analysis

information, help users manage their own conditions and
behaviors, and deliver health care to improve the health of users.
Mobile health (mHealth) is a means of providing medical and Compared to traditional dellivery models, mobile interventions
public health support to health care consumers via mobile €@ be more cost-effective [2,3]; help users overcome
devices, such as mobile phones, portable computers, and demographic, socioeconomic, and geographic barriersto access
personal digital assistants [1]. mHealth interventions involve  [4-6]; allow the privacy of users to be protected [7]; and allow

the adoption of mobile technologies to provide educationa & high level of customization, self-management, and
communication [8-11]. With the popularity of smartphones,
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mHealth technology has grown rapidly in the past 10 years and
has been used in many health fields. Mobile interventions have
been shown to improve healthy behaviors (eg, weight loss[12],
balanced diet consumption [13], and smoking cessation [14])
and disease management [15] (eg, tuberculosis[16] and AIDS

[17]).

mHealth programs require autonomous use [ 5], which depends
on user involvement and self-management, and engagement is
related to behavior changes and health improvements[18]. User
engagement refersto high uptake, high-quality user experience,
and good adherence over long periods of time [19]. However,
apressing concern regarding mHealth interventionsis the high
reported rate of disengagement [4]. For example, in aweb-based
weight loss study, respondents did not use the app as intended,
and only 64% of the intervention group actually used the
intervention at least once [20]. A mobile phone text message
smoking cessation program aso suffered from a high attrition
rate: nearly half of the subscribers did not complete the entire
program in the real-world implementation phase, and the
majority of opt-outs occurred in the first 2 weeks [21]. With
regard to web-based physical activity interventions, reported
dropout attrition rates vary between 0% and 62% [22,23]. This
isacommon issue related to mHealth interventions; poor user
engagement makes intervention effectiveness difficult because
the users are not exposed to enough of the intervention content
[24].

The development steps of an mHealth intervention tool can
influence user engagement. Thefirst step isintervention content
development. User engagement will be low if the content does
not adhere to what has been shown to be effective [25,26], and
there are aready well-established guidelines for health
intervention content development [25,27,28]. The second step
is design of the mode by which the intervention content is
delivered (eg, information architecture, screen appearance, and
interactive features). Poor design features, such as complicated
navigation and difficult-to-read screen presentations, are poorly
tolerated by users in real-world settings [29]. Good mHealth
design is readily distinguishable from its competitors, leading
users to feel more favorably disposed toward the product and
have a positive user experience [4,19,30,31]. Severa studies
analyzed which design features should be included in mHealth
interventions [32-35]; however, they did not clearly describe
how to specificaly deliver the interventions, and the
contributions of most of the design features mentioned have not
been tested in empirical studies. In addition, Morrison et al [28]
developed a hypothetical framework to define the design
features through a review, but the framework only focused on
4 interactive design features (social context and support, contact
with the intervention, tailoring, and self-management) and
provided simple definitions of the other 8 features that were
difficult to implement in subsequent studies. Webb et a [36]
developed a coding scheme for design features in a
meta-analysis; however, this scheme was proposed before a
review of theliterature was performed rather than derived from
the literature reviewed, so it inevitably missed features that are
important but not reported.

While these studies have provided some important guidance
for the design features of mHealth interventions, none has
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included comprehensive design features based on the literature
or experiences. Additionally, except for Crutzen et a [34], other
researchersdid not focus on the rel ationships between the design
features mentioned and user engagement. Furthermore, the data
on which these studies were based were obtained more than 10
years ago, and in the past 10 years, the popularity of mHealth
interventions has rapidly expanded due to the use of
smartphones, data from more recent studies need to be
considered. The objectives of our study were to systematically
review studies published in the past 10 years regarding design
features that improve user engagement with mHealth
interventions and generate a checklist that can easily be used
during the design of future mHealth interventions.

Methods

Protocol

This systematic review followed the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
checklist [37]. The protocol was registered in the | nternational
Prospective Register of Systematic Reviews
(CRD42020140282).

Inclusion and Exclusion Criteria

Articleswere selected if they met the following criteria: (1) The
study was empirical. The study population was composed of
usersor potential users of mHealth. If astudy focused on special
populations, such as children and older adults, it was excluded.
(2) The study focused on the mode of delivery of health
intervention content viamobile devices, for example, aesthetics,
message phrasing, and interactive features. Articles that
mentioned design features but did not explain them, making it
unclear which features were being referenced, were excluded.
Studies on the selection of intervention content or theory, and
those providing ageneral description of the process of designing
an mHealth intervention were excluded. (3) The study reported
guantitative and qualitative analyses of the effectiveness of the
design features with regard to increasing user engagement or
user acceptance of the design features. (4) The article was
published in a peer-reviewed journal from January 1, 2009 to
June 13, 2019. (5) The article was published in English or
Chinese.

Search and Screening Strategy

Five databases, namely, PubMed, Web of Science, Cochrane
Library, Ovid EMBASE, and Ovid PsycINFO, were searched
in June 2019. The search strategy was “ mobile health” or
mHealth or m-health or eHealth or e-health combined with
design or feature* or principle* or “mode* of delivery” or
model and combined with engage* or adhere* or maintain* or
retention or sustain* or usage* or satisf* or prefer or
preference* or accept* or reliable.

The search results were uploaded to EndNote (Version X9;
Clarivate Analytics) for screening. Figure 1 shows the process
of identifying the eligible articles. Duplicates were identified
with the sorting function in EndNote. Peer-reviewed journal
articles were checked by searching Ulrich's Periodicals
Directory; somejournalscould not befound there, so wevisited
the journal website to find evidence of the peer-review process.
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All remaining articles were assigned to 1 of 3 reviewers and
were screened by titles, abstracts, and then full texts according
to inclusion and exclusion criteria. YW screened all journa

Figure 1. Screening flowchart.

6764 records from database search
Pubmed:1853
Web of Science: 2339
Cochrane library: 898
Embase:1287
PsycINFO: 387
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articles independently again. Any disagreement was discussed
among the reviewers.

| 3022 duplicates excluded

I 3742 records after duplicates removed |

| 214 non peer-reviewed records excluded

| 3528 records screened by title and abstract |

3528 records removed according to

inclusion and exclusion criteria

| 73 articles assessed by full text l

| 35 studies included in thematic analysis |

16 did not give a clear description of design features;

3 did not have a full text version available;

38 records deleted:
9 did not mention design features;
5 surveyed a special population;

4 were not empirical;

1 was not written in English or Chinese

Data Extraction and Synthesis

All selected articles were imported into NVivo (version 11;
QSR International). The following study characteristics were
extracted: (1) article characteristics, including country and year
of publication; (2) health topic; (3) participant characteristics,
including sampling methods, sample size, sex, and age; (4) data
collection method; and (5) mobile technology. Study
characteristics were analyzed using descriptive statistics.

The thematic synthesis analysis method devel oped by Thomas
and Harden [38] has 3 steps: (1) line-by-line coding of the
articles to record the components, (2) the development of
descriptive themes, and (3) the creation of analytical themes.
We performed the first 2 steps together. YW coded each line
of the records according to its meaning, translated the concepts
among the records, and devel oped the descriptive themes. HD
validated the results by comparing each assigned code to the
full texts of the articles. Then, analytical themeswere developed
by answering the review question using the existing descriptive
themes. Each reviewer did this independently, and the results
were discussed among all authors. The coding process was
iterative.

Assessing Study Quality

The Mixed Methods Appraisa Tool (MMAT) [39] was used
to assess the methodological quality of the included studies,
including the data collection methods, participant sampling,
interpretation of results, consideration of confounders, and risk
of bias. Inthe MMAT, there are 5 criteriawith responses “ yes,”
“no,” and “cannot tell” for each research design. The retained
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studies were assessed, and the results recorded by 2 authors
(YW and HD), independently.

Results

Study Characteristics

All 35 articlesincluded in the analysis were published between
2011 and 2019. They were primarily from the United States
(n=14), the United Kingdom (n=9), and Australia (n=5). In
terms of the health topics discussed in these studies, 17 articles
focused on unhealthy lifestyles (eg, smoking, excessive al cohol
consumption, sleep disturbances, and poor sexual health), 10
studiesfocused on chronic diseases (eg, diabetes, breast cancer,
chronic arthritis, and asthma), 4 studies focused on mental health
problems, and 4 studies focused on other health issues.
Qualitative studies (n=22) and mixed methods (n=9) were the
most common data collection methods used, accounting for
89% (31/35) of all studies. The sample sizes ranged from 8 to
1865 in the 35 studies, and the age of the participants ranged
from 14 to 74 years old. The maobile technology used in the
majority of studies was a mobile phone app (n=24), followed
by a website platform (n=6), and text messages (n=5). More
detailed information is presented in Multimedia Appendix 1.

Study Quality

A total of 3 articles meet the criteria of al 5 items, with the
remaining articles meeting 4 criteria (n=18), 3 criteria (n=13),
and 2 criteria (n=1). The most common reasons low scores in
each research design were alack of coherence between the data
collection and analysis and the explanations in qualitative
studies; the quality of different components was low in the
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mixed methods studies; and there were poor sampling strategies
and a high risk of bias in the quantitative studies (Multimedia
Appendix 2).

Themes of Design Features

In total, 7 analytical themes were generated to describe the
design featuresthat can improve user engagement with mHealth
interventions, and each of these can be explained by several

Wei et d

descriptive themes. With regard to the 3 types of mobile
technology used in the studies, mobile phone apps and website
platforms share common design features, while text messages
lack 2 analytical themes: interface aesthetic and reinforcement
(Figure 2). For hedlth topics, unhealthy lifestyles, chronic
diseases, and mental health problems share common design
features, and the topic of other health issues lacks interface
aesthetic and message presentation (Figure 3).

Figure 2. Comparison of analytical themesin different mobile technologies. TM: text message; WP: website platform; MPA: mobile phone app.
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Figure 3. Comparison of anaytical themesin different health topics. OHI: other health issues; UL: unhealthy lifestyle; MHP: mental health problem,;

CD: chronic disease.
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Interface Aesthetic

Overview

Theinterface refersto the appearance of the screen, which was
reported to directly impact the user's impression of the
intervention and impact user engagement in 7 of the 35 studies
(20%). Two descriptive themes that could improve interface
aestheticswereidentified: (1) attention-grabbing and (2) simple
and consistent style.

Attention Grabbing

An aesthetically appealing screen easily attracts user attention
[40]. Users preferred that the screen show graphics rather than
too much text because the latter can be overwhelming [41,42].
They also preferred apleasing color scheme. Bright colors (eg,
light green, white) were considered attention grabbing, while
dark and neon colors discouraged further use [43,44].

Simple and Consistent Style

A simple and clean screen was praised most frequently in the
studies, while users disliked complex and overcrowded pages,
which rapidly made them lose interest [40,41,44,45]. Many
users appreciated the use of a consistent style, with a coherent
presentation in terms of colors, pictures, and themes throughout
an mHealth intervention [41,46].

Navigation

Overview

Navigation describes how users move to different areas of
content within mHealth intervention apps. There were 2
descriptive themes pertaining to navigation: (1) ease of useand
(2) automation; these themes were proposed by usersin 17 of
the 35 studies (49%).

Easyto Use

The users highlighted the importance of minimum input and
efficient accessto information, such asasimplelog-in process,
fewer required tasks, or fewer buttons on the screen [43-53].
Aninteractive processthat confused the users or that took them
many iterations to understand prevented them from continuing
to engage with the app. Explanation of how the mHealth
intervention worked (ie, clarifying what to do next) promoted
continued use [41,50,53,54].

Automation

Users did not want to spend much time scrolling to find the
information they wanted. The search bar and menu bar, which
provide options to the user, were thought to facilitate usage
[44,46,55-58].

Per sonalization

Overview

Personalization isadesign feature that makes mobile technology
act in a particular way depending on user preferences.
Personalization was achieved by the following 3 elements
according to 29 of the 35 studies (83%): (1) assessment, (2)
feedback, and (3) manipulation.

https://www.jmir.org/2020/12/e21687
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Assessment

Users expected to be assessed with metrics pertaining to the
health problem that wasthe focus of theinterventionin asmuch
detail aspossibleto create an accurate profile[49,59-61]. Some
parameters, such as sociodemographic characteristics, basic
health status, and individual preferences and habits, could be
measured with a quick survey within an app [54,55,57,62,63].
Users aso liked continuous monitoring features that allowed
them to record their progress toward their goal on adaily basis
(eg, hedth and behavior changes and adherence to an
intervention) [40,42,43,45,58,64-67] or diary entries or notes
that helped them track their progress [40,45,60]. Moreover,
users also indicated a preference for sensor-based automated
tracking as opposed to self-reported data, which they often
forgot to input and found were not as convenient
[47,52,59,63,68].

Feedback

Studies indicated the importance of building an assessment on
the basis of feedback on the acquired data; users quickly lost
interest when they did not receive feedback that was customized
[41,69]. The preference was for the mobile device to provide
personalized information, including tailored intervention content
matched to their basic characteristics
[40,43,45,46,51,54,55,57-65,67,68,70,71] and feedback on
continuous monitoring data, for example, their health and
behavior progress over time, predicted possible causes and
consequences of a health problem and advice on the behavior
under investigation [41-43,47,49,52,53,58,59,63,68]. Therewas
a strong interest among users for visualization of continuous
monitoring data, for example, presenting data as graphs and
tables [47,49,53,58,63,67,69].

Manipulation

Users not only wanted to obtain automatically tailored
information but al so wanted to be ableto customizethe mHeal th
intervention themselves. Users highlighted the importance of
being able to choose when and how they receive reminders
[43,45,53,57,63-65,72], set goals for the future use of the tool
[43,47,49,53,54,58,63,65], and select preferred styles, such as
the color and font [46,54,59].

Reinfor cement

Overview

Reinforcement is the provision of a stimulus to strengthen the
likelihood of a user continuing to exhibit a certain behavior in
the future. There were 2 descriptive themes extracted from 23
of the 35 studies (66%), namely, (1) rewardsand (2) reminders,
that helped enhance reinforcement.

Rewards

The reward feature could increase user motivation to engage
with the intervention, and users expressed desire for
confirmation when they completed atask. The reward features
extracted from the studiesincluded material incentives (eg, cash
or gifts), intangible rewards (eg, virtual badges, rankings,
certificates, and points), and messages of congratulationswhen
atask was completed [40,41,43,49,51-54,59-61,63].
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Reminders

Users wanted reminders to schedule a task, such as taking
medicine, making and keeping clinic appointments, and
continuing a health plan [49,55,58,60,63,66,68]; to return to
their mobile device [42,46,64,70]; and to motivate them with
information and advice[40,45,52,61,67,72]. Thepreferred forms
of reminders included email messages, text messages, words
of the day, and pop-ups [45,49,52,61,70].

Communication

Overview

Communication isafunction that prompts users to consult and
communicate with other peopl e regarding their health problems
via a mobile device. (1) Peer-to-peer communication and (2)
access to professionals were 2 aspects of communication
reported in 20 of the 35 studies (57%).

Peer-to-Peer Communication

The users expressed interest in communicating with other people
with similar experiences through online forums, communities,
by instant messages within an mHealth tool, or by connecting
via other types of social media; they wanted to be able to post
information, share their stories, ask and answer questions, and
find mutual accountability partners
[40,45,46,54-56,58-60,63,66,67,69,72].

Accessto Professionals

Userswanted to be ableto directly contact ahealth care provider
via emall, text message, or live chat to ask them questions or
obtain advice based on their health data
[40,45,48,53-56,58-61,64,66,68,72].

M essage Presentation

Overview

The presentation of information is an important factor that
impacts user engagement, and information that is presented well
is readily accepted by users. (1) Language, (2) tone of voice,
and (3) presentation design are points of consideration when
seeking to improve message presentation, according to the
results of 16 of the 35 studies (46%).

Language

The message needsto be clearly presented in the language used
by the audience. The users recommended using simple
nontechnical language that is straightforward and concise; they
were tired of patronizing and technical language
[48,55,62,69,73,74]. When providing an actionable message,
users preferred a specific description that made it clear what
they were supposed to do [70,71,73].

Tone of Voice

Usersrecommended using language that framed theinformation
positively rather than negatively, as the latter made them feel
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discouraged and made them want to turn off the device
[43,51,54,62,71,73,74]. To increase user acceptance, it was
essential to make the user feel supported and relaxed by using
a nonauthoritarian, friendly, and nonjudgmental tone of voice
[41,45,69,71].

Presentation Design

The users were quickly bored with text-heavy presentations of
information; they wanted multimedia messages, for example,
text combined with relevant pictures or video [44,46,53,74].
K nowledge quizzes and gameswere a so recommended asways
to deliver information that prompted the user to engage and
learn the information [44,54]. The use of various font styles,
sizes, and colors to highlight key information was suggested,
as it allowed the user to skim quickly when they lacked the
patience to read the entire message [44,46]. Editing the text to
make it as concise as possible was al so suggested by users, who
were not inclined to read lengthy messages [53,62,71].

Credibility
Overview

Credibility is an important feature that guarantees the level of
user comfort, enabling them to engage with the mobile
technol ogy without experiencing concerns. (1) Trustworthiness
and (2) confidentiality were 2 descriptive themes related to
credibility derived from 16 of the 35 studies (46%).

Trustworthiness

Users trusted mHealth interventions from authoritative and
familiar organizations or developers that were free from
advertisements [41,43,48,54,61,63,68,74]. Users emphasized
the fact that the information provided needed to be
evidence-based and from credible sources to gain their trust
[50,57,61,62,65,69].

Confidentiality

Users highlighted the importance of having a privacy policy,
for example, a policy that allowed the users to decide whether
others could access their data [50,56], ensured that the users
remained anonymous when sharing their data with the health
care providers or for research [43,64], and allowed usersto set
passwords for protection [45,61].

Checklist of Design Featuresto Enhance User
Engagement

Based on these themes, we produced a checklist that considers
7 aspects of design and the corresponding implementations
based on an exhaustive analysis of the 35 studies. In total, there
were 29 items reported that enhance user engagement, and we
provide here the descriptions and examples as a reference for
future studies (Table 1).
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Table 1. Checklist of design features that enhance user engagement.

Items Criteria

Interface aesthetic

1 The screen shows a graphic presentation rather than too much information
2 Pleasing color scheme with bright colors (eg, light green, white)
3 Simple screen presentation that is not overcrowded
4 Coherent scheme of colors, pictures, and themes throughout the intervention
Navigation
5 Minimum user input needed; efficient access to the information provided, such asin a simple menu; and few buttons on the screen
6 Guidance provided that explains how the mHealth intervention works
7 Search bar or menu bar provided to accelerate the process of finding certain information

Per sonalization

8 Assessment of the preferences, sociodemographic characteristics and health status of the user

9 Continuous monitoring of health and behavior changes or adherence to an intervention

10 Provision of adiary or note-taking function

11 Provision of personalized information matched to the user's characteristics

12 Provision of feedback on the continuously monitored data

13 Visual presentation of feedback, such asin graphs and tables

14 Provision of autonomy to customize the intervention, for example, allowing the users to choose when and how they receive reminders,
to set agoal about their future use of the intervention tool, and to select their preferred styles, such as their preferred colors and fonts

Reinfor cement
15 Provision of material incentives (eg, cash or gifts), intangible rewards (eg, virtua badges, rankings, certificates, and points), or messages

of congratulations when atask is completed
16 Sending of reminders to facilitate the scheduling of tasks and to ensure continuous use
Communication

17 Provision of access to other people with similar experiences through an online forum, community, or instant messages within the
mobile tool or by connection with other forms of social media

18 Provision of access to a health care provider through email, text message, or live chat

M essage presentation

19 Use of simple nontechnical language that can be readily understood
20 Use of specific descriptions when providing actionable message
21 Use of a positive, nonauthoritarian, and nonjudgmental tone of voice
22 Provision of multimedia messages, for example, text combined with relevant pictures or videos
23 Presentation of information in the form of knowledge quizzes and games, if possible
24 Use of various font styles, sizes, and colors to highlight information
25 Editing of the text to make it as concise as possible
Credibility
26 Absence of advertisements
27 Provision of evidence-based information from credible sources
28 Provision of aprivacy policy that gives users the right to decide whether others can access their data and ensures the users remain
anonymous when sharing their data with the health care providers or for research
29 Enabling users to set a password or code to protection their data
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Discussion

Overall Findings

We used thematic synthesis to identify design features that
increased user engagement with mHealth interventions based
on user feedback. For each design feature, specific
implementationsin mobile toolswere also analyzed. This study
presented 7 analytical themes and 16 descriptive themes
pertaining to design featuresthat can improve user engagement
with mHealth interventions. From most to least commonly
mentioned in the studies, the analytica themes were
personalization (29/35, 83%), reinforcement (23/35, 66%),
communication (20/35, 57%), navigation (17/35, 49%),
credibility (16/35, 46%), message presentation (16/35, 46%),
and interface aesthetic (7/35, 20%); each analytical theme
involves several descriptive subthemes that explain how to
implement them when designing mHealth interventions. Overall,
the 7 analytical themes were applicable to different mobile
technologies and health topics, indicating that the design features
identified by thisstudy are universal across mobile apps, website
platforms, text messages, and different health themes.

To promote better application of the results of this study to
future mHealth intervention development, we developed a
checklist of the design features that enhance user engagement;
thistool has 29 evidence-based itemsthat are clearly described
to make them easy to use by developers of mHedth
interventions.

Personalization, reinforcement, and communication were the
design features that were mentioned the most often. Compared
to other analytical themes, these 3 design features focused on
the interactivity of mHeath interventions, including
user-to-technology interactions and user-to-user interactions.
User-to-technology communication refers to having the user
input information about themselves to which the tool provides
atailored response[75]. Two analytical themes, personalization
and reinforcement, pertain to the interaction between usersand
technology. User-to-user interactions are represented by the
theme of communication in this article, including peer-to-peer
contact and consultation with professionals. Interactive features
give users a sense of ownership [76] and promote their
participation in the mHealth intervention. Compared with
traditional smoking cessation methods, amajor value of mobile
health interventions is that they can provide better and faster
interactions [77] to meet the needs of users.

Personalization, reinforcement, and communication are design
features of mobile health interventions and behavior change
techniques [25] that can improve the effectiveness of the
interventions. Morrison et a [28] aso showed that
personalization and communication are related to effective
intervention outcomes. Therefore, these interactive design
features can improve user participation and promote the
effectiveness of interventions, and special attention should be
given to them during the design of mobile health interventions.

In terms of presentation and navigation, users preferred a user
friendly design, specifically, one that was easy to use and
understand and was aesthetically pleasing, which was mainly
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addressed by the design of the interface aesthetic, navigation,
and message presentation. A user friendly designis easy to use
and understand, with features such as simple and convenient
navigation, easy to understand language, and a supportive tone.
Users often experience difficulties when using new technology
[78], and an easy-to-use design can reduce that burden [79,80].
A study [41] showed the importance of a simple design when
engaging userswho were resistant to change. Compared to users
who intend to change, those who were resistant to change were
harder to engage in an intervention; however, this issue was
alleviated with the help of asimple design [81].

Aesthetics al so increases the friendliness of the design. A lack
of aesthetics and text-heavy presentations made usersfedl bored,
and users liked information presented with pictures and short
texts. Additionally, abeautiful interface more easily attractsthe
user's attention. Studies have shown that afriendly mobile health
intervention design can win the trust of users [82] and that
credibility isamajor concern for potential users[83]. Credibility
needs to be established for the user to trust and use a mobile
tool [84]. Tools that are developed in the future should provide
evidence-based information, privacy policies, and password
protection; they should also remove advertisements.

The 7 analytical themesfrom this study all appeared in different
health topics, indicating that the design features proposed in
this study were universal across the different health topics.
Mobile apps and the website platforms shared 7 analytical
themes, but text messages lacked reinforcement and interface
aesthetics. The reason for thismay be that the small number of
articles involving text messages and the features designed to
improve user engagement were not comprehensive and that text
messages can be regarded as simple mobile apps, which cannot
realize all of the functions of mobile apps; for example, the
aesthetic interfaces design feature does not apply to text

messages.

M obile phone apps and website platforms are currently the most
advanced mHealth technologies [85]. From this perspective,
the design features of this study are also universal across
different mobile technologies. Other simpler technologies can
select apart of the design featuresin the checklist asareference
according to their own functions. Different mHealth
technologies have different capabilities for presentation,
navigation, and interaction, which may lead to different potential
for improving user engagement. In the future, the relationship
between different mHealth technologies and user engagement
needs to be studied.

One study [86] about the design features of 100 smoking
cessation apps on iTunes in 2016 showed that the existing
smoking cessation apps performed well in terms of language
but performed poorly in terms of presentation, navigation, and
interaction. Our design feature checklist can help solve this
problem. Researchers can use the checklist to guide the design
process of mHealth interventions. The checklist can also be
used to evaluate mHealth interventions that have been
developed.

There is no unified terminology for design features. The same
design feature has multiple different namesin different studies.
For example, communication can also be called social support
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and social network. This study summarized and translated the
existing descriptions and described each design feature in a
unified term to promote a standardized description of the design
features.

Limitations

This study hasthe following limitations. First, we only selected
studies that explained how a design feature is implemented in
technology because some articles lacked detailed descriptions,
making them impossible to analyze. However, this may mean
that the design features we extracted do not comprehensively
represent all research that has been performed. Second, most
included articles were qualitative and mixed methods studies,
which have considerabl e advantages given the exploratory nature
of thisresearch; however, compared with quantitative research,
these methods provide less convincing evidence of the
relationship between design features and user engagement.
There may be sufficient studies available to explore design
features that can improve engagement, and a more robust
guantitative study design is needed to verify the association.
Third, the mobile technology used in the studiesin this review
were mobile phone apps, website platforms, and text messages,
which do not represent al technologies used in mHealth
interventions. Other mobiletools, such as remote measurement
technol ogy and wearable devices, do not have as many functions
as the aforementioned technologies included in this study.
Subsets of the design features proposed in our research can al'so
be applied to other forms of mobile technology, and relevant
studies, especialy regarding remote and wearable devices, are
needed, considering their differences compared with the mobile

Acknowledgments
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phones, tablets and laptops used in this research. Fourth, the
MMAT is currently the most applicable appraisal tool for a
systematic mixed studies review, and it provides a detailed
assessment of the quality of the included studies. The quality
of theincluded studies varied, and 14 articlesmet 2 or 3 criteria
of al 5 items, which means bias is present. However, the 2018
version MMAT does not provide quantification of a study’s
quality, and dueto the heterogeneity of theincluded studiesand
the qualitative design of this systematic review, it isdifficult to
assess the weight of the different included studies or to obtain
amore accurate understanding of the overall risk of bias.

Conclusions

This study summarized research results obtained in the past ten
years to identify design features in mHealth interventions that
improve user participation. We made a checklist that divided
the design features of mHealth interventions into 7 different
aspects with associated, clearly described implementations,
which can not only be used as a reference during the mHealth
devel opment process but also asan evaluation tool for thedesign
features of newly developed mHealth interventions. This
checklist can be applied to mobile apps, website platforms, and
text messages and can be applied to health topics such as
unhealthy lifestyles, chronic diseases, and mental health
problems. The study of the relationships between these design
features and user engagement isin the exploratory stage but has
great potential. We synthesized the results of currently available
studies to promote better application of their results and to lay
afoundation for subsequent confirmatory research.
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Abstract

Background: Intimate partner violence (IPV) isamajor public health concern. eHesalth interventions may reduce exposure to
violence and health-rel ated consequences as the technol ogy provides a safe and flexible space for the target population. However,
the evidence is unclear.

Objective: The goal of the review is to examine the effect of eHealth interventions compared with standard care on reducing
IPV, depression, and posttraumatic stress disorder (PTSD) among women exposed to |PV.

Methods: We searched EMBASE, MEDLINE, Cochrane Central Register of Controlled Trials, Psyclnfo, Scopus, Global Health
Library, Clinical Trials.gov, and International Clinical Trials Registry Platform for published and unpublished trialsfrom inception
until April 2019. Trials with an eHealth intervention targeting women exposed to violence were included. We assessed risk of
bias using the Cochrane Risk of Bias Tool. Trialsthat reported effect estimates on overall IPV; physical, sexual, and psychological
violence; depression; or posttraumatic stress disorder were included in meta-analyses.

Results: A total of 14 trials were included in the review; 8 published trials, 3 unpublished trials and 3 ongoing trials. Of the 8
published trials, 2 were judged as overall low risk of biastrials. The trials reported 23 types of outcomes, and 7 of the trials had
outcomes that were eligible for meta-analyses. Our pooled analyses found no effect of eHealth interventions on any of our
prespecified outcomes: overall IPV (SMD —0.01; 95% Cl —0.11 to 0.08; 12=0%; 5 trials, 1668 women); physical violence (SMD
0.01; 95% CI —0.22 to 0.24; 1°=58%; 4 trials, 1128 women); psychological violence (SMD 0.07; 95% Cl —0.12 to 0.25; 1°=40%;
4 trials, 1129 women); sexual violence (MD 0.36; 95% CI —0.18 to 0.91; 12=0%; 2 trials, 1029 women); depression (SMD —0.13;
95% CI —0.37 to 0.11; 12=78%; 5 trials, 1600 women); and PTSD (MD —0.11; 95% Cl —1.04 to 0.82; 1?=0%; 5 trials, 1267
women).

Conclusions: Thereisno evidence from randomized trials of abeneficial effect of eHealth interventionson IPV. More high-quality
trials are needed, and we recommend harmonizing outcome reporting in 1PV trials by establishing core outcome sets.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42019130124;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordiD=130124

(J Med I nternet Res 2020;22(12):622361) doi:10.2196/22361
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Introduction

Background

Intimate partner violence (IPV) is defined as “abehavior by an
intimate partner or ex-partner that causes physical, sexual, or
psychological harm, including physica aggression, sexual
coercion, psychological abuse, and controlling behaviors’ [1].
It is dso known as domestic abuse, domestic violence, or
battering, and it is a major public health issue and a violation
of humanrights[2,3]. IPV can affect both men and women, yet
most survivors are women [4,5]. Research on the prevalence of
male survivors of IPV is scarce, and to the best of our
knowledge, there is currently no globa estimate on the
magnitude of problem. However, a 2015 national survey from
the United States reported that 11% of American men
experienced some form of IPV during their lifetime [6].
Globally, approximately 1 in 3 women will experience physical
or sexua violence from their partner during their lifetime.
However, there are regional differences with the highest
prevalence being found in Southeast Asia, the Eastern
Mediterranean region, and Africa (around 37%) whilethe lowest
prevalenceisfound in high-income countries (around 23%) [7].

IPV can have a number of immediate and long-term health
consequences including physical injury, depression, anxiety,
posttraumatic stress disorder (PTSD), suicidality, and substance
abuse as well as gastrointestinal and gynecologic problems
[7,8]. The worst cases can lead to homicide [9]. Further, the
fetuses or children of the IPV survivors may be indirectly
exposed to 1PV, which can result in induced abortion, preterm
birth, low birth weight, and infant mortality as well as
developmental and behavioral problemslater inlife[10]. Often
people experiencing IPV do not report the violence or delay
seeking counseling due to a number of barriers, including
stigma, embarrassment, and fear of the perpetrator [2].

eHealth isdefined asthe use of information and communication
technologies for heath [11]. It is a diverse concept that
encompasses the subareas mobile health (mHealth) and
teleheath [12]. It has been hypothesized that eHealth
interventions have potential to reduce IPV exposure and its
health-related consequences as the technology provides a safe
and flexible space for the target population compared with
traditional face-to-face approaches[13]. However, evidence of
the effect of eHealth on IPV isunclear. Two Cochrane reviews
from 2014 and 2015 assessed interventions for prevention and
reduction of IPV among pregnant women [14] and women in
general [15]. Some eHealth interventionswereincluded in these
reviews and showed mixed results [16-18]. New trials have
since been published, and to our knowledge there is no
systematic review specifically addressing eHealth interventions
and their effect on reducing IPV and IPV-related health
consequences.

http://www.jmir.org/2020/12/e22361/

Objectives

The goal of the review is to estimate the effect of eHealth
interventions compared with standard care on reducing overall
IPV (physical, sexual, or psychological violence), type-specific
IPV, depression, and PTSD among women exposed to IPV.

Methods

Protocol and Registration

The protocol was registered at the International Prospective
Register for Systematic Reviews (PROSPERO) prior to study
conduct [CRD42019130124] (registration date: April 15, 2019)
[19]. Thereview isreported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Anayses (PRISMA)
2009 checklist [20] (Multimedia Appendix 1).

Eligibility Criteria

Weincluded published and unpublished randomized controlled
trias, including pilot trials, in any language and setting. Further,
we included trials of women exposed to any type of IPV by a
current or former partner at any pointinlife. All typesof eHealth
interventions (eg, videos, text messages or socia media
interventions) were included and eHealth interventions had to
be compared with standard of care, placebo-like interventions
(eg, online counseling on another health issue than IPV), other
eHealth interventions, or another type of interventions (eg,
face-to-face counseling). We excluded trials of survivors of
other forms of violence (eg, dating violence or gang violence),
trials restricted to survivors of 1PV with substance problems or
sexual minorities, and trials targeting both men and women if
separate data for women were not available.

Information Sources and Search Strategy

We searched EMBASE, MEDLINE, Psycinfo, Scopus,
Cochrane Central Register of Controlled Trials, and Global
Health Library for trials from inception up to April 2019
(Multimedia Appendix 2). The search strategy was devel oped
in collaboration with an experienced research librarian. In
addition, we searched reference lists of included trias, the
International Clinical Trids Registry Platform, and
ClinicalTrials.gov in June 2019 for unpublished or ongoing
trials.

Outcomes

Our primary outcome was overall IPV (physical and/or sexual
and/or psychological violence). Our secondary outcomes were
type-specific IPV (ie, physical violence, psychological violence,
and sexual violence), depression, and PTSD.

Study Selection

After removing duplicates, two authors (AB, AKNN) screened
titles and abstracts for obvious exclusion and assessed full-text
papers using the web-based systematic review production tool
Covidence [21]. Disagreements were resolved through
discussion, and there was no need for involvement of an arbiter.
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Data Extraction

Two authors (AB, AKNN) identified relevant outcomes, and
one author (AB) extracted data verbatim into a standardized
Exce (Microsoft Corp) template. One author (DSL) extracted
outcome data for meta-analysis and verified the other data.
Extracted data included first author, publication year, title,
journa name, registry record ID, length of study, country,
setting, objective, eligibility criteria, number of participants,
number of males and females, mean age, description of
interventions, primary and secondary outcomes, and funding
source. Corresponding authors were contacted for unpublished
data

Risk of Bias Assessment

Two authors (AB, AKNN) independently assessed published
trialsfor risk of biasusing the Cochrane Risk of Bias Tool [22].
Thefollowing domainswere assessed: sequence generation and
allocation concealment (selection bias), blinding of participants
and personnel (performance bias), blinding of outcome assessors
(detection bias), incomplete outcome data (attrition bias), and
selective outcome reporting (reporting bias). Domains were
assessed as having low risk, high risk, or unclear risk of bias.
Trials were judged as overall low risk of bias if they had low
risk of selection bias, detection bias, and reporting bias. All
other trials were judged as having high risk of bias.
Disagreements were resolved through discussion. In case of
disagreements, athird coauthor (DSL) made afinal decision.

Data Analysis

For our descriptive analysis of study outcomes and outcome
measurements scales, we constructed amultiple outcome matrix
using the methodology developed by Mayo-Wilson and
colleagues[23]. Meta-analyses were conducted on reduction of
IPV (overall or physical, sexual, or psychological violence),
PTSD, and depression. Meta-analyseswere done using RevMan
5.3 (Cochrane). We planned to use both continuous and
dichotomous outcome data, but no trials reported dichotomous
outcome data. As we expected trials to be heterogeneous in
terms of methodology, types of populations, and interventions,
we used random effects model sand theinverse-variance method.
If trials reported continuous data using the same outcome
measure (ie, similar scale), we analyzed data using mean
difference, and if trials used different scales, we analyzed data
using standardized mean difference and calculated
corresponding 95% confidenceintervals. We assessed statistical

heterogeneity by using I2. If trials had several time points for
follow-up, we used the latest time point in our analyses. We
conducted subgroup analyses comparing overall low risk of

http://www.jmir.org/2020/12/e22361/
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bias trials with high risk of bias trials, type of eHealth
intervention, and type of scale for our primary outcome.

Results

Summary

We identified 1683 unique records, and excluded 1589 records
after screening titles and abstracts (Figure 1). Of the 94 records
reviewed in full text, 83 were excluded, leaving 11 trials for
inclusion [8,24-36]. Three additional trials were included from
searching other sources, leading to the inclusion of 14 trialsin
the review. Of the 14 trials, 8 were finished and published
[8,24-31], 3 were finished but unpublished [32,35,37], and 3
wereongoing [33,34,36] (Table 1). Nine corresponding authors
were contacted for clarification of data or unpublished data
[8,28,29,32-35,37,38]. Seven authorsreplied [ 28,29,32-35,37],
and 2 provided unpublished data [29,35] in the form of a
different standard deviation, which wasused inthe meta-analysis
[29], and tabulated datafor afinished trial in the form of adraft
manuscript [35]. However, aswewere unableto resolve queries
concerning the data, we decided not to include the datain our
review.

The 8 trials were published from 2002 to 2019 enrolling 2147
women in total (median 202 participants per trial; Table 1). In
the 6 trial sthat were either unpublished or ongoing, 3966 women
were planned to be enrolled (median 450 participants per trial).
The published trials were conducted in the United States (n=6),
Australia(n=1), and New Zealand (n=1) and, except for 1 study
that targeted couples [31], solely included women. The mean
age of the participants ranged from 27.6 to 40.0 years, and
follow-up varied from 1.5 to 12 months. Recruitment strategies
varied across trials from general advertisements on television
or online spaces to more specific advertisement in family court
waiting areas and health clinics. All trials were 2-arm except
for one 3-arm trial [28]. Threetrials compared an online safety
decision aid with a control website or standard safety planning
[8,24,25], 1trial compared online education on | PV with online
popular TV shows [27], 2 trials assessed telephone support
compared with standard care [29,30], 1 trial compared email
modules to placebo email modules [31], and the 3-armed trial
compared email modules to standard care or face-to-face
modules[28]. Types of outcomes and how they were measured
differed greatly acrossthe 14 trias; 23 (median 4; interquartile
range 3.75) types of outcomes and 49 outcome measurements
were reported (Figure 2). For example, 7 different scales were
used to measure self-efficacy, 5 different scales were used to
measureoverall 1PV, and 4 different scal eswere used to measure
depression.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart.
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Table 1. Characteristics of trialsincluded in the review.
Trial type Country Trial Women, Agein Follow- Recruitment Intervention® ~ Compara-  Primary out-
size(n) % years, up tor come measure
mean (months) (scale)
Finished, published
Hegarty [24] Aus- 422 100 33.7 12 Onlineadver-  Onlinesafety  Control Self-efficacy
tralia tisement; com-  decision aid website (GSEP)
pensation for
time up to Aus
$150 (US $110)
Koziol-McLain [25] New 412 100 29.0 12 TV advertise-  Online safety Control Depression
Zedland (medi- mentsand fly-  decision aid website (CES-D%)
an) ersat health
clinics

Zlotnick [27] us 53 100 27.6 3 Pregnant wom- Onlineeduca=  Online Satisfaction
enseekingmen- tionon IPV popular TV with interven-
tal health care shows tion (CSQ-8-
who screened R9
positive for
Ipvd

Glass [8] us 721 100 334 12 Onlineadver-  Onlinesafety  Control IPV (SVAWSf,
tisement, flyers decision aid website WER?
at health clinics )
and public toi-
lets

Constantino [28] us 32 100 40 15 Family court email modules Standard  Anxiety
waiting areas, ~ withIPV sup-  care (PROMIS")
legal services, port (arm 1) or
women'sshel-  face-to-face
ters modules with

IPV support
(am?2)

Stevens[29] us 253 100 292 6 Women at pedi- Telephonesup-  Standard  |py (CAS':
atricemergency  port care WEB)
departments
who screened
positivefor IPV

Braithwaite [31] us 104 50 324 12 Online, posters, Emails, mod- Placebo Physical and
and newspaper uleswithrela=  emails; psychological
advertisements  tionshipcommu- modules violence (CTSi)

nication skills, ~ with infor-

and problem- mation

solving training  about de-
pression,
anxiety,
and healthy
relation-
ships

McFarlane [30] us 150 100 30.3 6 Family violence Telephone sup- Standard Safety behavior
unit port care

Finished, unpublished

Clark [35] Nepal 1440 50 — 18 Women partici- Weekly radio  Weekly ra=  Physical and/or

(NCT02942433, retro- (36dus- patinginsurvey grama smg,  diodrama,  sexual violence

spectively registered) ters) at development phonecalls, and SMS (unspecified)
centers discussion

groups

Ford-Gilboe [32] Canada 450 100 — 12 Advertisements  Online safety Generd on- Depression
invariouson-  decision aid linesafety (CES-D)
line spaces informa-

tion
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Trial type Country Tria Women, Agein Follow- Recruitment Intervention® ~ Compara-  Primary out-
size(n) % years, up tor come measure
mean (months) (scale)
PACTR201804003321122 Kenya 450 100 — 3 Study centersin  Appwithsafety Standard Sexual and re-
[37] Nairobi settle-  decision aid care productive coer-
ment cion (unspeci-
fied)
Ongoing
Henriksen [34] Norway 525 100 — 3 Women attend-  Safety decision  Control Safety behavior
(NCT03397277) ing antenatal aid video video (McFarlane's
clinicswho list)
screened posi-
tivefor IPV
Sabri [33] us 1250 100 — 12 Written/verbal  Onlineand app  Control Physical vio-
(NCT03265847) invitationto in- safety decision  website lence (CTS-2)
digenous,immi- aid
grant, and
refugeewomen;
invitations sent
through list
servers, emails,
and snow-
balling
NTR7313 [36] Nether- 198 100 — 6 Women self- Online safety Not report-  Self-efficacy
lands identifyingas  decision aid ed (GSE)
IPV survivors

through ques-
tions and regis-
tration online
for SAFE
(eHeadlth inter-
vention)

8study with 2 intervention armsis specified by arm 1 and arm 2. Other trials had 1 intervention arm that could consist of multiple elements.

bGSE: General Self-Efficacy Scale.

CCESD: Center for Epidemiologic Studies Depression Scale.

dipv: intimate partner violence.

€CSQ-8-R: Client Satisfaction Questionnaire, Revised-8 item.

fsvaws: Severity of Violence Against Women Scale.

9WEB: Women's Experience With Battering Scale.

PPROMIS: Patient-Reported Outcomes M easurement Information System.

icAs: Composite Abuse Scale.
JCTS: Conflict Tactics Scale.

kUnpublished data reported by corresponding author.

ISMs: short message service (text messaging).
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Figure 2. Outcomes and outcome measurement scales in trials with eHealth interventions and intimate partner violence.

Risk of Bias

Of the 8 published trials, 2 were assessed as overall in low risk
of bias[24,25]. In 5 trids, allocation concealment was judged
to be unclear, and lack of blinding or unclear description of
blinding of personnel resulted in only 2 of the 8 trials being

hittp://www.j mir.org/2020/12/e22361/
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Sicali abbreviations
AUDNT: Aleahol Use Disonder Menification Test. 10 items on S-paint scale
CAS: Compositc 0 -poionscal
CESI: Conter fior Epidermiclogs: Studies Deprossion scale

CST: Consequences of Screening Tool

CTS: Coaflict Tactica Scale

D Diecissonal Conflict scabe

A Dhusger Assessment

DIAST: Drug Abuse Scrveniag Tool

HAMOND: Diagnosis, Management and Cuicomes of Diepression in Frimary

care questivnnaire
DEM: Dragnosiic and Statistical Manss] for mental disordens
EOR: Effctiveness in Oblaining Resoerces scale

GEN; Gender Equitsble Men seale

GSE: Generalized Sell-Eflicacy scale

HADS: Hespinal Asicty ssd Depeession Seale

ISEL: Inteeperional Suppost Evalastion List

V3L intimase Parmer Violence Strategies Index

NEOS: Medicsl Outcome Study socssl sepport survey
Li-Thet: Lac-bet tool

PCL: Post.traumatic siress disseder CheckList

SVAWS: Severity of Vishence Against Women Scale

VAS: Visual Analagec Seale

WEAVE: Women who have Experienced intimAte partner ViedoncE Questionaire
WEB: Wosmen's E with Batterisg

WHOQOL-RREF: W Qeslity of Life (it version)

judged asin low risk of performance bias. Further, 4 trials did
not have arecord in atrial registry, which led to a judgment of
unclear risk of reporting bias, and 1 trial had outcomes in the
registry not reported in the trial publication, which led to a
judgment of high risk of reporting bias (Figure 3, Multimedia
Appendix 3).
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Figure 3. Risk of bias assessment.
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Meta-Analysis

Seven published trials were eligible for meta-analysis as they
had outcomes on either overal 1PV, type-specific [PV,
depression, or PTSD [8,24,25,27-29,31]. Five trials (1668
participants) reported dataon our primary outcome, overall [PV,
and we found no difference in effect of eHealth compared with
no eHealth interventions (standardized mean difference [SMD]
-0.01; 95% CI —0.11 to 0.08; 1>=0% [Figure 4]). Four trials
reported data on physical violence (1128 participants) and

http://www.jmir.org/2020/12/e22361/

RenderX

psychologica violence (1129 participants) [8,25,27,31], and
we found no difference in effect of eHeath interventions
compared with no eHealth interventions (SMD [physical] 0.01;
95% CI —0.22 t0 0.24; 12=58% [Figure 5]; SMD [psychological]
0.07; 95% Cl -0.12 to 0.25; 1>=40% [Figure 6]). Two trials
(1029 participants) reported data on sexual violence[8,25], and
we found no effect of eHealth interventions compared with no
eHealth interventions (mean difference [MD] 0.36; 95% CI
-0.18 to 0.91; 1°=0% [Severity of Violence Against Women
Scale; Figure 7]).
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Figure 4. Effect of eHealth versus no eHealth on overall intimate partner v
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Figure5. Effect of eHealth versus no eHealth on physical violence.
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Figure 6. Effect of eHealth versus no eHealth on psychological violence.
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Figure 7. Effect of eHealth versus no eHealth on sexual violence.

Favours eHealth  Favouwrs control

eHealth Coantrol Mean Dillerence Mean Difference
Study or Subgroup  Mean S0 Total Mean 5D Total Weight IV, Random, 95% CI I, Random, 95% CI
Class 2017 B.98 4.74 337 B73 458 335 59.2%  D0.25[-0.45, 0.95] —
Kozial-McLain 2018 E54 434 173 B0l 38 14 408 0.53[-0.32, 1.38] B B —
Tatal (95% C1) 510 519 1000% 036 [-0,18, 0.91) i

Heterogeneity: Tau® = 0.00; Chi® = (.25, df = 1P = LE2); 1F = 0K
Tast for geerall effect 2 = 1,32 F = 018

Five trials reported data on the effect of eHealth on depression
(1600 participants) [8,24,25,28,29]. We found no differencein
effect of eHealth interventions compared with no eHealth

interventions (SMD -0.13; 95% CI -0.37 to 0.11; 1°=78%
[Figure S1, Multimedia Appendix 4]). However, as our main
analysis showed high statistical heterogeneity, we decided to
explorethisin a post hoc sensitivity analysis by excluding one
small trial with extreme results and aremarkably low standard
deviation that also measured depression on a different scale
(Petient-Reported Outcomes M easurement | nformation System)
[28] than the other 4 trials, which measured depression on the
same scale (Center for Epidemiologic Studies Depression Scale).
In our sensitivity analysis (1578 participants), we also found
no effect of eHealth interventions compared with no eHealth
interventions; however, the heterogeneity disappeared (MD
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Favaours eHealth Favouwrs control

—0.73; 95% Cl —2.61 to 1.16; 1% 0% [Figure S2, Multimedia
Appendix 4]). Threetrials (1267 participants) reported dataon
PTSD [8,25,29], and we found no effect of eHealth interventions
compared with no eHealth interventions (MD —0.11; 95% ClI
~1.04t0 0.82; 1°=0% [PTSD Checklist; Figure S3, Multimedia
Appendix 4]).

Subgroup Analyses

We conducted a number of prespecified subgroup analyses on
our primary outcome, overall IPV. Our subgroup analysis that
compared low risk with high risk of bias trials showed similar
results as our primary analysis on overall IPV (SMD,4, ris bias

~0.03; 95% CI -0.150 0.10; 1>=0% versus SM Dy gs ik bias 0-0L;
95% Cl —0.15 to 0.16; 1>=0%; interaction test P=.75 [Figure
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4, Multimedia Appendix 4]). Similarly, our subgroup analyses
showed no effect of eHealth on reduction of 1PV, if data was
stratified according to type of scale (SM D [Women's Experience
With Battering Scale] —0.03; 95% Cl —0.15 to 0.10; 1°=0% vs
SMD [Composite Abuse Scale] 0.01; 95% CI —0.15 to 0.16;
12=0%; interaction test P=.75 [Figure S5, Multimedia A ppendix
4]), or if data were stratified according to type of eHealth
intervention (SMDigephone support 0-06; 95% CI —0.19 to 0.31;

12=NA VS SMDqpine decison aid —0-02; 95% Cl —0.12 to 0.09;

12=0% VS SM D ineeducation —0-24; 95% Cl —0.7910 0.30; I°=NA;
interaction test P=.59 [Figure S6, Multimedia Appendix 4]).
One study of online education had a point estimate of relevant
effect size in the favorable direction [27]; however, the
confidence interval was wide and the study was judged as high
risk of bias.

Discussion

Principal Findings

In this systematic review and meta-analysis, we found no
evidence that eHealth interventions reduced physical, sexual,
or psychological violence, depression, or PTSD compared with
no eHealth intervention. We explored if the effect of eHealth
interventions varied between type of intervention or the 1PV
scale used in our subgroup analyses but found no differences.
A total of 14 trials set in the United States, Australia, and New
Zealand were included in our review. Of the 8 published trials,
2 were assessed asoveral inlow risk of bias, and 7 trials were
eligibleto beincluded in one or more of our meta-analyses. The
included studies had considerable heterogeneity in terms of type
of eHedth interventions, recruitment strategies, reported
outcomes, and outcome measurement tools. While in most
analyses this did not result in considerable statistical
heterogeneity, this limited our ability to pool the results and
identify patterns across studies.

Comparison With Other Literature

Our findings are somewhat in linewith other systematic reviews
within this field that partly include eHedlth trials. A 2014
Cochrane review that included 13 trials with 3417 participants
on interventions to reduce or prevent IPV among pregnant
women found that there was lack of consistency in the reported
outcomes and therefore meta-analysiswas not undertaken [14].
A 2015 Cochrane review that included 13 trials with 2141
participants on advocacy interventions to reduce IPV and
promote psychosocial well-being of women also found
considerable heterogeneity across trials with a wide range of
outcomes (n=25), measurement scales, types of interventions,
and time points of outcome measurements. Asaresult, most of
thetrials could not be pooled. For the trials they did manage to
pool, the authors found no evidence of effect for the majority
of violence outcome. None of the studiesincluded in the review
were judged to be of good quality, and the authors concluded
that it was uncertain how much advocacy interventions benefit
women exposed to violence [15].

http://www.jmir.org/2020/12/e22361/
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Strengthsand Limitations

This is the first systematic review focusing on the effect of
eHealth interventions on IPV. We conducted a comprehensive
literature search that involved both published and unpublished
trials. However, our study has some limitations. First, we were
unableto include datafrom unpublished trials and one published
trial in our meta-analysis. Nevertheless, our effect estimate was
precise for our primary analysis (ie, Cl 95% -0.11 to 0.02);
hence, a clinically meaningful effect of eHealth interventions
onoveral IPV appearsto beminimal. Second, all the published
trials were conducted in high-income countries, which may
limit the generalizability. It is plausible that both the attitude
toward IPV and the adaptation to eHealth interventions may be
affected by local conditions [12]. Third, we chose to limit our
meta-analysis to the outcomes overall IPV; physical, sexual,
and psychological violence; depression; and PTSD as we saw
these outcomes as clinically most relevant. However, our results
show that these outcomes were not reported in al trials or
necessarily one of the primary outcomes selected by the trial
authors. Therefore, it might have been relevant to analyze other
proxy measures for IPV (eg, safety behavior or self—efficacy)
or other types of violence (eg, financial violence). However,
including additional outcomeswould increasetherisk of atype
| error. Fourth, outcome reporting was generally poor, and we
found that 4 of the 8 published trials did not have atrial registry
record; further, 1 trial did not report all prespecified outcomes.
This leaves a concern for selective reporting where outcomes
are selected based on the direction of findings. However, such
bias generally leads to overestimation of intervention effects
and therefore is unlikely to influence our conclusions. Finally,
a limited number of trials were eligible to be included in this
review. Hence, a future scoping review with broader eligibility
criteria may complement this review and provide a more
comprehensive understanding of the current state of the
literature.

Implications for Practice and Research

Based on this review, we recommend conducting more
high-quality trials within the field of IPV and eHealth to better
ascertain the effect of eHealth interventions on IPV and
IPV-related outcomes. While we found no effect of eHealth
interventions despite their potential to provide a safe space for
survivors, it isplausiblethat eHealth interventions cannot stand
alone as an intervention to overcome a complex issue such as
IPV. Future research may consider assessing the effect of
eHealth in combination with other interventions.

The serious issue of heterogeneity in relation to types of
outcomes and outcome measurements in IPV trials suggests
that there is currently no consensus on which outcomes are
important and how to measure them within in the field. This
problem appearsto go beyond eHealth and be ageneral problem
within IPV intervention trials[14,15]. Other clinical areas have
had similar issuesin relation to lack of uniform outcomes, and
thishasled toinitiatives that aim to establish core outcome sets
within thefields. The Core Outcomesin Women'sand Newborn
Health initiative is an international initiative led by journal
editors to harmonize outcome reporting in women's health
research [38,39]. It is part of the Core Outcome Measures in
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Effectiveness Trials initiative that strives to develop core
outcome setsfor clinical trials and other types of research [40].
Similarly, the Outcome Measures in Rheumatology initiative
hased to the devel opment of core outcome setsin rheumatol ogy
[41]. With inspiration from other clinical areas, we therefore
recommend establishing an initiative within [PV that strivesto
develop core outcome sets that as a minimum should be
measured and reported within PV research.
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Conclusions

This systematic review and meta-analysis found no evidence
from randomized trials of a beneficia effect of eHealth
interventions on overal |PV; physical, sexual, or psychological
violence; or depression and PTSD. However, the types of
outcomesand how they were measured were very heterogenous
acrosstrials, which limited the possibility of pooling resultsand
identifying patterns across studies. More high-quality trialsare
needed, and we recommend harmonizing outcome reporting in
IPV trias by establishing core outcome sets.
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Abstract

Background: Chatbotsare applicationsthat can conduct natural language conversationswith users. Inthe medical field, chatbots
have been developed and used to serve different purposes. They provide patients with timely information that can be critical in
some scenarios, such as access to mental health resources. Since the development of the first chatbot, ELIZA, in the late 1960s,
much effort has followed to produce chatbots for various health purposes developed in different ways.

Objective: This study aimed to explore the technical aspects and devel opment methodol ogies associated with chatbots used in
the medical field to explain the best methods of development and support chatbot devel opment researchers on their future work.

Methods: We searched for relevant articlesin 8 literature databases (IEEE, ACM, Springer, ScienceDirect, Embase, MEDLINE,
PsycINFO, and Google Scholar). We aso performed forward and backward reference checking of the selected articles. Study
selection was performed by one reviewer, and 50% of the selected studies were randomly checked by a second reviewer. A
narrative approach was used for result synthesis. Chatbots were classified based on the different technical aspects of their
devel opment. The main chatbot componentswereidentified in addition to the different techniquesfor implementing each module.

Results:. The original search returned 2481 publications, of which we identified 45 studies that matched our inclusion and
exclusion criteria. The most common language of communication between users and chatbots was English (n=23). Weidentified
4 main modules: text understanding module, dialog management module, database layer, and text generation module. The most
common technique for devel oping text understanding and dial ogue management is the pattern matching method (n=18 and n=25,
respectively). The most common text generation is fixed output (n=36). Very few studies relied on generating original output.
Most studies kept a medical knowledge base to be used by the chatbot for different purposes throughout the conversations. A
few studies kept conversation scripts and collected user data and previous conversations.

Conclusions: Many chatbots have been developed for medical use, at an increasing rate. There is a recent, apparent shift in
adopting machine learning—based approaches for devel oping chatbot systems. Further research can be conducted to link clinical
outcomes to different chatbot devel opment techniques and technical characteristics.

(J Med Internet Res 2020;22(12):€19127) doi:10.2196/19127
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Introduction

Chatbots are systems that are capable of conversing with users
in natural language in away that simulates the interaction with
areal human. The development of chatbots has captured the
attention of researchersfor along time. Eliza[1] wasone of the
earliest attempts at developing a conversational system. Since
then, chatbot devel opment has evolved to be an integral part of
many application domains. The most prominent exampleisthe
use of chatbots as personal assistants such as Apple's Siri and
Google Assistant. Chatbots have also been developed and are
being used in different application areas, such as marketing and
to provide different types of services[2,3].

Since the early years of their development, people adopted
different techniques in designing and developing chatbots. In
recent years, with the increasing adoption of machine learning
and artificial intelligence methods in different application
domains, state-of-the-art methods in dialogue generation and
dialogue management are increasingly using machine learning
and deep learning methods [4-6].

The medical field is an application area where chatbots are
increasingly being adopted as a tool to facilitate access to
information from the patient side and reduce the load on the
clinician side. Many commercial chatbot applications that are
available as web or mobile applications have been developed
for interacting with patients. Some examples of health care
chatbots are OneRemissionl, which was developed to help
cancer survivors; Babylon Health, which isasymptom checker;
and Wysa [7], which is a mental health chatbot that interacts
with user to help with signs of anxiety and depression.

It is important to know the current state of different methods
and techniques that are being employed in developing chatbots
in the medical domain for many reasons. Conducting such a
survey will help researchers in the future identify the different
methods that have been used and to build on the existing
approaches to develop more intelligent chatbots that provide a
more natural experience to the user. It is also important to see
where the current state of chatbot development stands with
respect to devel oping chatbotsfor other applications. Therefore,
in this work, we conducted a scoping review of the available
literature on chatbot development in the medical field and
constructed and identified the main components involved in
chatbot development, as well as a description of techniques
used in devel oping each of theidentified components. Themain
objective of this study was to explore technical aspects and
development methodologies associated with chatbots used in
the medical field to explain best methods of development and
support chatbot devel opment researchers in their future work.

Methods

This study follows a scoping review methodol ogy. Specifically,
it followsthe PRISMA extension of scoping reviews[8]. Inthis
section, we explain the details of the adopted methodology to
conduct thereview. The PRISMA extension for scoping reviews
is presented in Multimedia Appendix 1.

http://www.jmir.org/2020/12/€19127/
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Search Strategy

Search Sources

We searched 8 databases (IEEE, ACM, Springer, ScienceDirect,
Embase, MEDLINE, PsycINFO, and Google Scholar) to collect
studies relevant to the topic. For Google Scholar, we only used
the first 100 results from each search string, as Google Scholar
returnsthe most rel evant results bel onging to each search query
first. The search was conducted between September 9, 2019
and September 13, 2019. For theforward referencelist checking,
we used the cited-by functionality of Google scholar. We also
checked the reference list of the included studies to review the
backward reference list.

Search Terms

Weused 2 different sets of search termsto search the databases.
The search term set was decided based on the type of studies
indexed by the database. For databases that mainly indexed
studies in the medical field (Embase, MEDLINE, PsycINFO),
werelied on keywordsthat are strictly related to the intervention
(eg, chatbot, chatterbot, conversational agent, conversational
bot). For databases with no specific application domain, we
resorted to using keywords that are related to the medical
domain (eg, health, medical, illness, disease, disability) in
addition to the intervention-related words. The search strategy
used for searching the databases is presented in Multimedia
Appendix 2.

Study Eligibility Criteria

The purpose of this work was to review the technical aspects
of developing text-based chatbots in the medical field.
Therefore, for a study to be considered, it had to satisfy the
following criteria: describe a chatbot application, the chatbot
must be developed for amedical application (eg, management,
diagnosis, counseling), the input or output modality of the
chatbot must be text, and the technical details of how the input
isprocessed and output is produced must be mentioned. Studies
that used a Wizard of Oz experiment design were excluded. In
addition, some restrictions on the language of the study and
publication typewere enforced. Only studiesthat were published
in English were included, and only peer-reviewed articles,
conference papers, thesis, dissertations, and industrial and
academic reports were considered.

Study Selection

The study selection was conducted in 2 stages. Title and abstract
screening was followed by a full-text screening stage. Both
stages were conducted by 2 reviewers. The first reviewer, ZS,
performed the screening of the full set of articles. Due to time
congtraints, the second reviewer, AA, reviewed a randomly
selected set of 50% of the articles. Disagreements between the
reviewers were resolved by athird reviewer, MH. To evaluate
the interrater agreement, we used Cohen kappa [9]. The
reviewers had substantial agreement in both stages, with akappa
measure of 0.74 and 0.67 in the first and second stages,
respectively.

Data Extraction

The data extraction was conducted by ZS following a preset
form. The data extracted pertained to the metadata of the
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included studies as well as the different technical modules of
interest in the study, such as the text understanding module,
text generation module, and method of linking these modules.
The data extraction form is shown in Multimedia Appendix 3.

Study Quality Assessment

Asthisis ascoping, not a systematic, review, no study quality
assessment was conducted for the purposes of this work.
Data Synthesis

We used anarrative approach to synthesize the different reported
results. We included a description of the included studies and
a description of the different techniques used for the
development of the chatbots.

Results

Search Results

Figure 1 summarizesthe processthat wasfollowed to select the
studies. Of the 2481 total studies returned after searching the

Figure 1. Study selection process.
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databases, 1245 were duplicated. After removing the duplicates,
1236 studies remained and were screened based on title and
abstract. After the title and abstract—based screening, 1060
studies were removed for the following reasons: not describing
achatbot (n=840), not containing technical details of the chatbot
implementation (n=4), not belonging to a medical application
(n=172), not containing text understanding or text generation
(n=5), not written in the English language (n=8), and
non-peer—reviewed publications (n=31). After the full-text
screening phase, 138 additional studies were removed for the
following reasons: not describing a chatbot (n=35), not
containing technical details of the chatbot implementation
(n=56), not belonging to a medical application (n=3), not
containing text understanding or text generation (n=27), not
written in the English language (n=1), and non-peer—reviewed
publications (n=16). After performing forward and backward
reference checking, 8 additional studies were included. The
total number of included studies was 45.

2481 citations retrieved through
searching databases

v

Y

1245 duplicates removed

1236 unique titles and abstracts

1060 titles and abstracts excluded

¥

after scanning titles and abstracts

175 unique full-text studies

138 publications excluded after

A

"| scanning full texts

37 studies

8 studies included through
reference list checking

Y

[ Included ] [Eligibi]ity] [Screening ] [Identification]

45 studies included in the review

Description of Included Studies

The included studies were published between the years 2009
and 2019, with 80% (36/45) of the studies published in the last
5 years, in the years 2015-2019. Conference papers were the
most common publication type (23/45, 51%), followed by
journal papers (19/45, 42%) in addition to 2 magazine articles
and 1 thesis. The most common country for publications was
the United States, with 8 studies, followed by Australia, India,

http://www.jmir.org/2020/12/€19127/

RenderX

and Switzerland, with 4 studies each. Multimedia Appendix 4
shows the characteristics of each included study.

Description of Chatbots

Thetotal number of chatbots assessed in this study was 45. The
chatbots were developed for different diseases and to fulfill
different purposes. Table 1 shows the different categories and
number of chatbots developed in each category. The most
common category was “General Hedlth,” which includes
chatbots designed for health educational or counseling purposes
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for general health conditions. These chatbots can also provide
information on general medical services such as disease
diagnosis based on patient-given symptoms. Some provide
patients with discharge information before leaving the hospital.
The second most common type of chatbot is those devel oped
for mental health purposes, followed by those developed for
specific diseases, such asdiabetes, cancer, autism, heart disease,
and asthma.

Safi et al

An important factor for the technical aspects of developing
chatbotsisthelanguage that the chatbot usesfor communication.
The majority of chatbots communicate in English (23/45,
51.1%), 4 in German, 3 in Chinese, 2 in Arabic, 2 in Korean, 1
inThai, 1in Spanish, and 1 in Russian; 8 studiesdid not mention
the language. The chatbots operated as either standalone
applications (n=17) or web applications (n=20), while the
remaining studies did not mention the application type (n=8).

Table 1. Target diseases for chatbot development in the included studies (n=45).

Disease/condition Count Percentage (%) Studies
General health 21 47 [10-31]
Mental health 15 33 [32-45]
Diabetes 2 4 [46,47]
Cancer 2 4 [48,49]
Autism 2 4 [50,51]
Heart disease 1 2 [52]
Asthma 1 2 [53]
HIV 1 2 [54]

Chatbot Implementation

Overview

The chatbots in the included studies consisted of 4 main
modules: text understanding module, dialog manager, text
generation module, and database layer that holds the various

Figure 2. High-level chatbot architecture.

types of information needed for chatbot training and function.
Figure 2 showsahigh-level architecture of chatbot development
and the reationship between the different modules that
congtitute it. The following subsections highlight the findings
in terms of how each of the previously mentioned components
isimplemented.

user
Text Response
Understanding Generation
Dialogue
Management

Data
Repository
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Text Understanding

The text understanding module is the module with which the
user directly interacts. The function of the text understanding
module is to extract meaning from the user input before a
specific answer isgenerated. In theincluded studies, 7 methods
were used for text understanding. Pattern matching methods
were the most common, used by 18 of the 45 chatbots (40%).
Many text understanding approaches can fall under pattern
matching. The different pattern matching methods reported in
theincluded studies are asfollows: keyword matching or string
matching, where specific keywords or strings of the user input
are matched to scripts stored in the database, which was used
in 11 studies [10-15,32,33,46,48,50], or Extensible Markup
Language (XML) variants, such as Artificial Intelligence
Markup Language (AIML), which were used in 7 studies
[16,17,34-37,47]. The second most popular approach was the
use of machine learning methods for text understanding, which
was used in 6 studies. Most of these studies used supervised
machine learning algorithms, including decision trees and
random forests. These include groups of decision trees, where
each tree gives a classification to the text, in the form of voting,
whiletheforest choosesthe classification having the most votes
over al the trees in the forest. Machine learning training
materials were sometimes based on real hedlth data extracted

Table 2. Text understanding methods used in the studies (n=45).

Safi et al

and anonymized from hospital information systems and
electronic health records. In other instances, chatbots were
trained on hillions of words extracted from Google News
datasets [18,19,38,39,49,51]. Ancther 6 studies relied on web
services such as Dia ogflow by Google. Web servicesare usualy
provided through a computer server that responds to regquests
through ports over a network, such as the internet, to solve
specific domain problems over the web. They can also use a
mixture of machinelearning and rule-based methodsto produce
a customizable chatbot implementation. Three studies used
natural language processing—based approaches, such as named
entity recognition, to extract meaning from user input. To
devel op the chatbot, 2 of the studies used arule-based approach,
where the chatbot is operated by either aset of IF-THEN rules
or a state-based system. A few of the studies relied on a fixed
input method, where the user selects the input from a list of
possibleinputs. Fixed input chatbots do not technically need to
go through atext understanding modul e as the system does not
need to interpret the user input. The input needs only to be
directed to the dialogue manager. Some studies proposed afew
hybrid text understanding approaches. Hybrid approaches use
acombination of 2 or more of the previously mentioned methods
for text understanding. Table 2 summarizes the different text
understanding methods proposed and the studiesthat fall under
each method.

Text understanding method Studies

Pattern matching [10-17,32-37,46-48,50]
Machine learning [18,19,38,39,49,51]
Web services [20-22,40,53,54]

Fixed input [23-25,41,42]

Natural language processing [26-28]

Hybrid [43,44,52]

Rule-based [29,30]

Not mentioned [31,45]

Dialogue Management

In the reported studies, the input to the dialog management
module is the processed user free-text input provided by the
text understanding module. The dialog management module
controlsthe different aspects of the conversation and links each
user input to an appropriate output. In the included studies, 2
main types of dialog management techniques were reported:
static dialog management and dynamic dialog management. In
the case of static dialog management, user input is matched

Table 3. Dialogue management methods in the included studies (n=45).

directly to the appropriate output using a pattern matching
algorithm (25/45) or using a set of rules (7/45). In the case of
dynamic dial ogue management, the context of the conversation
changes based on specific user input characteristics. The context
switching can be done by training machine learning algorithms
toidentify the context from the user input (5/45) or using aweb
service for intent identification (4/45). Table 3 summarizesthe
different dialogue management methods and the studies that
correspond to each method.

Dialogue management method/platform

Studies

Pattern matching algorithms
Rule-based methods
Machine learning
Web-based

Not mentioned

[10,12,14-19,22,25,28,32-38,42,45-50]
[11,26,27,29-31,52]

[39,40,43,44,51]

[20,21,53,54]

[13,23,24,41]

http://www.jmir.org/2020/12/€19127/

JMed Internet Res 2020 | vol. 22 | iss. 12 [€19127 | p.132
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Data Management

Most of the chatbots in the included studies contained one or
more of the 3 data repository types identified. Most of the
included studies kept a medical knowledge repository (28/45,
62%). The medical knowledge repository contains medical
information related to the application domain of the devel oped
chatbot. The medical knowledge source can be local, such as
obtaining it from medical personnel, or it can be collected from
online sources such as Wikipediaor other websites. The medical
knowledge can be presented to the user in the context of

Table 4. Database typesin the included studies (n=45).

Safi et al

educational chatbots (17/45) [12-14,19,23-25,27,32,34,
41,46,48-51,53], or it can be used to train machine learning
algorithms (5/45) [39,40,43,44,51]. Many of the developed
approaches store users' data and use the data to customize the
chatbot response and improve its functionality (11/45).
Conversation scriptsare thethird-datarepository type, and they
are usually kept by chatbots that use pattern matching as a text
understanding or text generation modality (5/45). A few studies
did not mention the type of data stored (9/45). Table 4
summarizesthe different database types and studiesthat reported
keeping each database type.

Database type

Studies

Medical knowledge database
User information database
Conversation scripts

Not mentioned

[10,11,13,15-17,20,22-24,26-28,31-33,36-42,47,48,50-53]
[11,13,18,21,25,39,40,45,46,50,53]

[11,12,14,15,19]

[21,29,30,34,35,43,44,49,54]

Text Generation

The text generation module provides output to the user. Text
generation in the included studies was done using one of 2
methods:. fixed output or generated output. The fixed output
methods search the database for the most appropriate output to
a user input and present it to the user. The generated output
method relies on machine learning to generate original natural
language output that is produced by the machine learning
algorithm. Chatbots in most of the included studies provide
fixed output that is extracted from the database with the
exception of those in [25,39,51], which provide output that is
generated using machine learning and deep learning methods,
and [43], which proposes a hybrid approach that can provide
fixed and generated outputs. A few studies did not report the
output generation method, or it was not applicabl e as the output
modality was not text [23,24,41,42,45].

Discussion

Principal Findings

A general architecture wasidentified and reported to summarize
the technical aspects of chatbot development. The main
components of chatbots, as well as the way these components
are linked, are reported. Chatbots typically consist of 4 main
components: text understanding modul e, dial ogue management
module, data management layer, and text generation module.

The most common design method employed in developing
chatbotsis pattern matching for text understanding and response
generation. Machinelearning and generative methods are among
the least commonly used methods for the development of
chatbotsin the medical domain. This can be attributed to 2 main
reasons. The first reason for relying on pattern matching
approaches more than those based on machine learning is that
pattern matching methods are more reliable in practice because
they produce exact responses to well-defined queries, resulting
in fewer mistakes. Machine learning—based methods usually
produce different types of errors, which cannot be tolerated in

http://www.jmir.org/2020/12/€19127/

medical applications. The second reason for this trend is the
rapid development in the state of the machine learning field
over the past few years and the increase in the robustness of its
methods, especially with the emergence of deep learning. While
older methods relied on rule-based chatbots and pattern
matching algorithms, all the proposed methods that rely on
machinelearning for text understanding and response generation
were proposed between the years 2017 and 2019. Another reason
for the possible lack of using machine learning methods could
be the fact that machine learning—based approaches need to be
trained using large amounts of domain-specific data, which
might be scarce and difficult to access in the medical field.
Overal, machine learning approaches and agorithms were
better suited for developing chatbots used for specific medical
conditions, such as mental health and autism, while the
rule-based approacheswere better suited for devel oping chatbots
used for general medical purposes. On the other hand, pattern
matching methods and algorithms were more broadly used in
developing chatbots used for both special and general medical
conditions.

Intermsof datamanagement, the devel oped chatbots kept track
of 3 different types of databases. medical knowledgebase
including alibrary of medical facts, user information database
including details about users demographics and their
preferences, and dial ogue script database including all possible
entries of conversational text responding to users. The type of
database kept depends on the chatbot type and target
functionality. Educational chatbots usually keep a medical
knowledgebase. Chatbots that use context switching based on
user emotions usualy keep a user information database.

Most of the developed chatbots used English as the language
of communication with the users, while other languages such
as German, Chinese, and Arabic were less common. This is
consistent with the fact that most of the publications originated
in the United States, followed by Australia, where the first
language is English.
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Strengths and Limitations

Strengths

Thisreview focused generally on chatbotsin the medical field,
without specifying thefield of application, which makesit more
comprehensive than previously conducted reviews [55]. Other
reviews that included different medical applications [56]
presented a general taxonomy of conversational agents, while
we presented a more granular description of the development
techniques of each component. Searching more libraries from
different application domains allowed us to include more
chatbots in our study than that of Montenegro et al [56]. This
iswhy we excluded Wizard of Oz studies, whilethey were used
in the previous reviews. Two similar systematic review studies
were conducted earlier in 2018 and 2019 [57,58]. Thefirst study
reviewed the applications and eval uation measures of chatbots
and conversational agents, while the second paper provided a
critical review of the tasks involved in natural language
understanding and machine learning of chatbot systems used
in the medical domain. Neither of the 2 papers discussed the
technical aspects and devel opment methodol ogies of the chatbots
used in the medical domain.

Limitations

This review only focused on text-based chatbot applications,
where either the input or output modality is written. This
excludes studieswhere theinput or output modalities are spoken
or visual, aswell asrobotics and tel ephone-based methods. This
choi ce was made because we wanted to focus on text processing
techniques rather than image or voice processing, as
speech-to-text technol ogies can a so introduce errors and another
layer of complexity to chatbot devel opment.

We enforced some constraints on the type of publications that
were included in the current review. These constraints might
have led to missing a portion of developed chatbots that have
been published in other research venues, such as workshops,
book chapters, and conference abstracts. Furthermore, limiting
the search to papers published in English could also have led
to missing some chatbots that were developed for
communication in other languages and published in their own
language. For example, we did not include papers published in
Chinese or Arabic that discuss chatbots communicating in these
languages.

This review focused on the development process of chatbots
without considering the impact of these methods on patients.
For this reason, some of the implementations in some of the
included studies might be feasible from a technical point of
view, but this does not necessarily mean they are effective from
amedical point of view.

Practical and Research Implications

Practical Implications

This paper reports the technical aspects of devel oping chatbots
in the medical field. This review can be used to identify the
most common devel opment approaches by specialists to help
them narrow down their options and make a decision on which
development approach is the most appropriate for their
applications.

http://www.jmir.org/2020/12/€19127/
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The reported results show that most of the developed chatbots
communicate with users in the English language. While a few
attemptsto design and devel op chatbotsin other languages exist,
more work needs to be done in this regard, especialy for
languages that are spoken by a large portion of the world's
population, such as Chinese and Arabic.

Even though dynamic dialogue management provides a more
natural user experience, most developed systemsrely on static
dialogue management methods. Changing the dial ogue context
based on user emotions or by detecting topic changes in user
input are important aspects to be considered in chatbot
development.

The use of machinelearning and artificial intelligence methods
in the development of conversational agents in different
application areas has recently increased. The rate of adoption
of machine learning—based methods in developing chatbots is
still relatively low, even though it has been increasing in recent
years. Supervised machine learning algorithms seem to better
suit the devel opment of chatbotsfor special medical conditions
and diseases, whil e rule-based methods are being used morefor
developing chatbots used for general medical purposes. Machine
learning methods allow the development of more intelligent
agents that can provide a more realistic user experience, by
providing a better text understanding experience, including
more dynamic and flexible dialogue management, and
generating awider range of responses.

Research Implications

Asthe purpose of thisreview wasto survey the technical aspects
of chatbot development, the clinical results of performing
clinical trials were not considered. Further reviews linking the
different devel opment techniques used to the clinical outcomes
of the chatbot developed are possible and recommended.

More openness and awider adoption of state-of-the-art methods
in dialogue management [4], text understanding [5], and text
generation [6] methods in the literature can really benefit the
development of conversational agentsin the medical field.

It is worth noting that the technical aspects of developing
chatbots were not always clearly mentioned in the studies. The
devised architecture is a general one that does not necessarily
apply to every developed chatbot. One or more component
might be omitted, and the chatbot might still function properly.

Conclusion

In the scope of this review, we analyzed the technical aspects
of developing 45 text-based chatbots for the purpose of
performing different medical interventions. The most common
language used for chatbot communication is English. Chatbots
typicaly contain 4 main components: text understanding
modul e, dialogue manager, database layer, and text generation
module. The most common technique for devel oping chatbots
is using a string matching algorithm and a set of scripts that
contain sampleinputs and outputs. Judging from the publication
years of the different studies, we can conclude that chatbots are
becoming increasingly popular for medica application,
especialy when it comes to mental health. The adoption of
machine learning and artificial intelligence—based techniques
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has recently increased. Some devel opment approaches are better
suited than others for developing chatbots for specific medical
conditionsrather than general medical conditions. Future studies
can be conducted to link the devel opment techniques of chatbots
to their clinical outcomes. It is important to conduct more
in-depth systematic reviews on the effectiveness of chatbotsin
supporting and enhancing positive clinical outcomes. We need

Safi et al

to understand and correlate different technical criteria and
development methodologies to different levels of chatbots
acceptance, utilization, and clinical effectiveness. Discussing
the pros and cons of each chatbot system has a so been left to
future supplementary studies, to compare advantages and
disadvantages of each chatbot system and link these to their
postimplementation clinical outcomes.
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Abstract

Background: Older people are at increased risk of adverse health events because of reduced physical activity. Thereis concern
that activity levels are further reduced in the context of the COVID-19 pandemic, as many older people are practicing physical
and social distancing to minimize transmission. Mobile health (mHealth) and eHealth technol ogies may offer a means by which
older people can engage in physical activity while physically distancing.

Objective: The objective of this study wasto assess the evidence for mHealth or eHealth technol ogy in the promotion of physical
activity among older people aged 50 years or older.

Methods: We conducted a rapid review of reviews using PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines. We searched for systematic reviews published in the English language in 3 electronic databases:
MEDLINE, CINAHL Plus, and Scopus. Two reviewers used predefined inclusion criteriato select relevant reviews and extracted
dataon review characteristics and intervention effectiveness. Two independent raters assessed review quality usingthe AMSTAR-2
tool.

Results: Titlesand abstracts (n=472) were screened, and 14 full-text reviews were assessed for eligibility. Initialy, weincluded
5 reviews but excluded 1 from the narrative asit was judged to be of critically low quality. Three reviews concluded that mHealth
or eHealth interventions were effective in increasing physical activity. One review found that the evidence was inconclusive.

Conclusions: Thereislow to moderate evidencethat interventions delivered viamHealth or eHealth approaches may be effective
inincreasing physical activity in older adults in the short term. Components of successful interventions include self-monitoring,
incorporation of theory and behavior change techniques, and socia and professional support.

(J Med Internet Res 2020;22(12):€22201) doi:10.2196/22201
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Introduction

Older people engage in physical activity less regularly than
younger age groups, and participation progressively decreases
with age [1]. Inactivity is associated with frailty and adverse
health outcomes in middle-aged to older adults [2], with
sedentary people aged >50 years having twice therisk of death
compared to those with the highest levels of physical activity
[3]. The benefits of engagement in physical activity in older
age arevast. Regular activity of moderate intensity (150 minutes
per week) is consistently associated with reduced risk of chronic
diseases [4], cognitive decline [5], and mortality [6]. Exercise
programsthat emphasize improving strength and balance reduce
falsin older people[7].

During 2020, as a result of lockdown and physical or socia
distancing measures introduced in an effort to reduce
coronavirus (COVID-19) transmission, there is concern that
older people are at risk of further reduced activity levels and
consequently, at increased risk of adverse health events. One
approach to promoting activity that has gained particular traction
over recent yearsisthe use of exercise and activity maobile apps,
tracking devices, and tablet or computer-based interventions.
Physical activity interventions delivered via apps on mobile or
wirelessdevices, such assmartphones or tablets, are collectively
referred to as mobile heath (mHealth) interventions [8].
Interventions delivered or enhanced through the internet and
related technologies (eg, websites, wearable motion sensing
devices) arereferred to aseHealth interventions[9]. These kinds
of interventions may offer a cost-effective and accessible way
to promote activity in older populations as an alternative to
face-to-face sessions. A recent review and meta-anaysis of
randomized controlled trials (RCTs) acrossarange of age groups
found that mHealth interventions increased physical activity
levels and reduced sedentary behavior [10]. mHeath and
eHealth approaches may be feasible and acceptable in older
populations [11], with an increasing number of older adults
accessing theinternet in recent years[12]. The effectiveness of
these kinds of interventions in older people has been widely
investigated, but a clear consensus on their usefulness in
increasing physical activity is lacking. The objective of this
review wasto summarize the evidence from systematic reviews
of the effectiveness of mHealth and eHealth approaches on
physical activity in older people.

Methods

To provide an overview the evidence on the use of mHealth and
eHealth technologies in the promotion of physical activity in
older people, we undertook arapid review of reviews [13,14]
and followed guidance for conducting overviews [15]. We
followed a standard protocol in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-analysis) statement, adjusted for rapid review and “review
of reviews’ methodologies.

Search Strategy

Database searches were conducted in MEDLINE (Ovid),
CINAHL Plus (EBSCO), and Scopus (Elsevier) for reviews
focusing on mHealth or eHealth technologiesin the promotion

http://www.jmir.org/2020/12/e22201/
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of physical activity in older people. All searcheswere conducted
in May 2020 (see Multimedia Appendix 1 for the search

strategy).
Inclusion and Exclusion Criteria

As this was a rapid review, included papers were restricted to
full-text availability in the English language. No restrictions
weremade for year of publication nor for study designsincluded
in the reviews in order to get a complete picture of the
effectiveness of the interventions.

Reviews were included if they used systematic review
techniquesto review the use of mHealth or eHealth technologies
for the promotion of physical activity among older adults; the
mHealth or eHealth interventions targeted generally healthy
older people aged =50 years; and outcomes were related to
levels of physical activity, exercise, fitness, or reduction in
sedentary behavior, measured using self-report instruments,
measurement devices (eg, accelerometers, pedometers), or
energy expenditure (eg, metabolic equivalentsof task [METS]).

Reviews were excluded if they did not use systematic review
techniques, did not focus on older populations aged =50 years,
focused on mHealth or eHealth interventions only in
disease-specific samples or in people with chronic conditions
(eg, Parkinson's disease, stroke, diabetes, cancer, depression,
obesity), or focused solely on technology interventions that
required equipment other than body-worn sensors (eg,
smartwatches) or smartphone-type devices, which are costly
and unlikely to be easily accessible to older people (ie, we
excluded exergaming, virtual reality gaming, smart homes,
robotics).

Reviews in which only a minority of the included studies met
the described criteria (ie, only some of the included studies
focused on older adults, only some of the included studies
focused on generally healthy populations, the majority of
technol ogieswere outside our inclusion criteria) were considered
for inclusion only if it was agreed between both authors
independently that they provided insight into the effectiveness
of mHealth or eHealth interventions. In order to be accepted
for inclusion, the review had to present analysis for the subset
of relevant studies included in the review that fulfilled our
inclusion criteria, or it had to be possible to derive estimates of
effect for the subset of relevant studies included in the review
from data presented.

Screening and Data Extraction

Following identification and removal of duplicates, we exported
all citationsfrom Zotero (version 5.0.85) [ 16] into Rayyan [17],
a web application to expedite the blinded screening process.
Titles, abstracts, and potentially relevant full textswere screened
independently by both authors, and any disagreements were
resolved by discussion. Both authors independently used a
tailored, predefined, data extraction form to record relevant
review characteristics (Multimedia Appendix 2 for data
extracted). Descriptions of the included reviews were tabulated
for clarity.
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Data Analysis

Depending on heterogeneity of interventions and outcome
measurements and summary measures used across included
systematic reviews, we undertook a meta-analysis [18]. If the
meta-analysis was not possible, we present pooled summary
data without further analysis.

Table 1. Summary of review characteristics and quality assessment.

McGarrigle & Todd

Quality Assessment

Included reviews were subjected to quality assessment using
AMSTAR-2[19,20]. AMSTAR-2 isused to generate an overall
rating of “high,” “moderate,” “low,” or “critically low.” Both
authors conducted the assessments independently and then
discussed ratings to agree consensus. Assessments of study
quality or risk of bias reported in the included systematic
reviews are presented (Table 1).

" ou

Author Type of review Number of included  Aim Population (n) AMSTAR-2 Quality of
(year) studies and designs Rating evidence?
Cooper et a Systematicreview g RCTS (8included  TOinvestigatehow different  Older adultsaged Moderate  Cochrane Risk of
(2018) [21] and meta-analysis meta-anaysis) wearable activity trackers =65 years (939) Bias Tool: high
impact PA® levels risk (n=6), unclear
risk (n=2), low risk
(n=1)
Jonkmaneta  Narrativereview, 12 RCTs To provide an overview of ~ Community- Criticaly Not assessed
(2018)4[22] but systematic ap- the effectiveness of eHealth dwelling adults  low
proach interventionsinincreasing  aged =55 years
PA in older adults (1208)
Larseneta Systematic review 21 studies: 20 RCTs, To estimate the effect of Adultsaged =65 High Cochrane Risk of
(2019) [23] and metaranalysis 1 RCT with crossover  paM€-pased interventions ~ YEa's (2783) Bias Tool (v2.0):
design on PA behavior high risk (n=6),
moderate risk
(n=10), low risk
(n=5)
Muellmannetal Systematicreview 20 studies: 18 RCTs, To compare the effective- Adultsaged =55 Moderate Cochrane Risk of
(2018) [24] 2 quasiexperimental  ness of eHealth interven- years (6671) Bias Tool: high
designs tions promoting PA in older risk (n=8), moder-
adults aterisk (n=11),
low risk (n=1)
Yerrakalvaetal Systematicreview 6 studies(5included  To quantify the effect of Community- High GRADED assess
(2019) [25] and meteranalysis  inmeta-analysis): 5 qHealth? app interventions dwelling adults ment: moderate-
RCTs, 1 NRSIf on sedentary time, PA, and ~ 80ed 255 years certainty evidence
fitness (486) for PA and seden-

tary time; low-cer-
tainty evidence for
fitness

3Quiality of the evidence as assessed by the systematic review authors.
PRCTs: randomized controlled trials.

®PA: physical activity.

dExcluded from this overview based on AMSTAR assessment.

®PAM: physical activity monitor.

NRSI: nonrandomized study of interventions.

9mHealth: mobile health.

"GRADE: Grading of Recommendations, Assessment, Development and Evaluations.

Results

The search processisillustrated in Figure 1. We identified 472
potentialy relevant articles, after removal of duplicates.
Following title and abstract independent screening, 15 reviews
remained for full-text screening by both reviewers. Reasonsfor
exclusion are listed in Multimedia Appendix 3. Overdl, 5
reviewswere selected for inclusion. Of these, 3 were systematic
reviews with meta-analyses that provided pooled estimates of
the effect of the technologies reviewed, 1 was a systematic
review with a narrative synthesis, and 1 was a narrative review

http://www.jmir.org/2020/12/e22201/

RenderX

that used systematic review methods (Cochrane guidelines) for
search selection and data extraction. Study characteristics and
quality assessments for each included review are presented in
Table 1. There was 100% agreement on AMSTAR-2 quality
ratings without need for consensus discussions. Two of the
reviews were rated as high quality and 2 as moderate quality.
The quality of 1 review [22] was assessed as critically low,
meaning that “the review should not be relied upon to provide
an accurate and comprehensive summary of the available
evidence” [19]. Thereview wasnot strictly asystematic review,
although it followed a systematic approach, and this may have
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contributed to the poor AMSTAR-2 rating. Thisreview isnot  Because of the heterogeneity of methods, interventions, and
discussed further. For completeness, details of this review are  outcomes, we were unable to undertake a meta-analysis of the
presented in Tables 1 and 2. reviews included.

Figurel. PRISMA flow diagram of the inclusion process.
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Table 2. Summary of review interventions, comparators, outcomes, and conclusion regarding intervention effectiveness.

Author (year)

mHealth?or eHealth intervention

Comparator or control

Key outcomes

Effectiveness of intervention

Cooper et a
(2018) [21]

Jonkman et al
(2018)¢[22]

Larseneta
(2019) [23]

Mudlmanneta
(2018) [24]

Yerrakalvaet a
(2019) [25]

Wesarablemotion sensing technol-
ogy interventions (accel erometer
or pedometer)

designed to increase PAb; dura-
tion range =6 weeks, <52 weeks

Computer, tablet, smartphone, or
smartwatch technology to pro-
mote PA or reduce sedentary be-
havior; duration range =4 weeks,
<6 months

Any PAM-based intervention
(ie, accelerometer or pedometer)
where the participants of thein-
tervention group received any
kind of feedback on their PA
level measured by PAMSss; dura-
tion range =4 weeks, <52 weeks

The main intervention compo-
nent delivered via computer (ie,
website, PDA, virtual advisor),
phone, or text messaging; dura-
tion range 24 weeks, <24 months

mHealth app intervention deliv-
ered via smartphones or tablet
computers; in 5 of 6 studies, the
app synced with awearable de-
vice (pedometers or wearable
smart device); duration range =3
months, <6 months

Usual care or standard care,
waitlist control, or other ac-
tive comparator focused on
enhancing PA (eg, education-
a or behaviora interven-
tions)

Usual practice, waitlist con-
trol, or other active compara-
tor (eg, pedometer, blinded
activity tracking)

No feedback on PA level is
given from the PAMs

Non-eHealth intervention
(eg, paper-pencil interven-
tion without eHealth compo-
nent, face-to-face consulta-
tion such as prescription of
PA by aphysician, or exer-
cisein groups or with aper-
sonal trainer) or nointerven-
tion

Modified dose of interven-
tion

(modified volume of inter-
vention or modified version
of same app), different app,
non-app intervention, or no
intervention

Changein PA behavior (min-
utes walking per day, steps per
day, proportion of participants
at activity goal)

Objective assessment of the
amount of PA (eg, daily step
counts, minutes spent on PA)

PA (steps per day) as primary
outcome;

secondary outcomes

included: MVPAY, sedentary
time, physical capacity,
HRQoL"

PA assessed using objective
measures (eg, pedometer, ac-
celerometer), subjective mea-
sures (eg, PA diary, question-
naires), or a

combination of objective and
subjective methods

PA (active minutes per day;
steps per day), physical fitness
(maximal oxygen uptake, 6-
minutetimed walk, gait speed),
and sedentary time (% seden-
tary time per day, sitting time
per day)

Statistically significant effect of
using accelerometers

(SMD®=0.43[95% CI 0.19 to
0.68, 1%=1.6%), but not pedome-
ters (SMD=0.17 [95% CI -0.08
t0 0.43, I2=37.7%]) for increas-
ing PA levels

Positive short-term effect of in-
creased PA (ie, right after admin-
istering

theintervention), but lacking ev-
idence for long-term effects

Statistically significant effect on
PA favoring the intervention
(SMD=0.54[95% CI 0.34 to

0.73, 12=79.2%)); statistically
significant effect on MV PA favor-
ing the intervention (SMD=0.34

[95% Cl 0.15t0 0.52, 12 =
65.8%]); inconclusive resultsfor
effects on sedentary time; no ef-
fect on physical capacity, BMI,
or HRQoL

Overdll, the 9 studies that used
web-based interventions appear
to have beneficial effectsonin-
creasing PA compared to various
comparators (no intervention or
paper-based interventions) inthe
short-term (1-6 months) with
small effect sizesin the range of
0.20-0.31.

Interventions may be associated
with increased PA (pooled mean
difference 506 steps/day [95%

Cl -80to 1092, I2=8O.5%]), de-
creased sedentary time
(SMD=-0.49 [95% CI -1.02 to

0.03, 12=0%]), and increased fit-
ness (SMD=0.31[95% CI —0.09
10 0.70, 1°=0%)]) in trials <3
months and with increased PA
(753 steps/day) in trials =6
months. Resultsfor dl individual
outcomes revealed trends in the
same direction, but all results
were inconclusive as the Clsin-
cluded zero.

@mHealth: mobile health.

bpa: physical activity.

®SMD: standardized mean difference.
dMeasure of heterogeneity.
®Excluded from this overview based on AMSTAR assessment.
fPAM: physical activity monitor.

IMV PA: moderate-to-vigorous physical activity.
PHRQoL : hedlth-related quality of life.
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Types of mHealth and eHealth Interventions

An overview of the interventions, comparators, outcomes, and
effectiveness of the interventions described in the reviews are
presented in Table 2. In 2 reviews, interventions were delivered
via wearable motion sensing devices (eg, accelerometers or
pedometers) [21,23]. In 1 review, interventions were delivered
via apps on smartphones or tablets, and all but one of the
included studies involved syncing the app to wearable devices

McGarrigle & Todd

[25]. Onereview [24] included amix of interventions, including
computer-based (ie, websites, personal digital assistant, virtual
advisor; n=9), phone (n=7), and text messaging (n=4), with a
separate narrative synthesis provided for each mode of
intervention. The overall intervention duration for studies
included in reviewsranged from 4 weeksto 2 years. All reviews
reported on physical activity asakey outcome. Figure 2 presents
a summary of evidence from meta-anadyses for each
intervention.

Figure 2. Summary of evidence from meta-analyses. Green indicates the intervention was effective, amber indicates there was no difference in the
investigated comparison, grey indicates the evidence was inconclusive, and no color (blank) indicates the outcome was not assessed.

Sedentary Physical Moderate
time fitness or to vigorous
capacity physical
activity

Intervention Author (year)  Physical
activity
Accelerometers  Cooper et al
(2018) [21]
Pedometers Cooper et al
| (2018) [21]
Physical Activity Larsen et al

Monitors (2019) [22]

Yerrakalva et al
(2019) [23]

Apps

ReviewsReporting Significant Effectsof I nterventions

Significant effects of mHealth or eHealth interventions on
physical activity outcomes were reported by 3 reviews.

Larsen et al [23] reviewed 21 studies on the effects of physical
activity monitors (PAM) on physical activity, sedentariness,
physical capacity, BMI, and self-reported health-related quality
of life (HRQoL) compared to control interventions. Of these
studies, 20 were RCTs with parallel group design, and 1 was a
crossover RCT. Although 6 studies included samples with
specific diagnoses, subgroup analysis revealed no significant
differences across any of the outcomesin relation to diagnoses.
Regarding the risk of bias, 5 studies were rated as having low
risk of bias, 10 studies as medium risk, and 6 studies as high
risk of bias. Results of a random effects meta-analysis on the
effect of PAM intervent