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Abstract

Background: The prevalence of type 2 diabetes mellitus (T2DM) isincreasing worldwide. Physical activity (PA) isan important
aspect of self-care and first line management for T2DM. SM S text messaging can be used to support self-management in people
with T2DM, but the effectiveness of mobile text message—based interventionsin increasing PA is still unclear.

Objective: This study aims to assess the effectiveness of mobile phone messaging on PA in people with T2DM by summarizing
and pooling the findings of previous literature.

Methods: A systematic review was conducted to accomplish this objective. Search sources included 5 bibliographic databases
(MEDLINE, Cochrane Library, CINAHL, Web of Science, and Embase), the search engine Google Scholar (Google Inc), and
backward and forward reference list checking of the included studies and relevant reviews. A tota of 2 reviewers (MA and AA)
independently carried out the study selection, data extraction, risk of bias assessment, and quality of evidence evaluation. The
results of the included studies were synthesized narratively and statistically, as appropriate.

Results: We included 3.8% (6/151) of the retrieved studies. The results of individual studies were contradictory regarding the
effectiveness of mobile text messaging on PA. However, a meta-analysis of the results of 5 studies showed no statistically
significant effect (P=.16) of text messages on PA in comparison with no intervention. A meta-analysis of the findings of 2 studies
showed a nonsignificant effect (P=.14) of text messages on glycemic control. Of the 541 studies, 2 (0.4%) found a nonsignificant
effect of text messages on anthropometric measures (weight and BMI).

Conclusions: We could not draw a definitive conclusion regarding the effectiveness of text messaging on PA, glycemic control,
weight, or BMI among patients with T2M D, given the limited number of included studies and their high risk of bias. Therefore,
thereis aneed for more high-quality primary studies.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42020156465;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordlD=156465

(J Med Internet Res 2022;24(3):€29663) doi:10.2196/29663
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Introduction

Background

The burden of diabetesisincreasing, and the number of people
with type 2 diabetes mellitus (T2DM) worldwide has reached
387 million and is expected to increase to 592 million by 2035
[1]. Thisprevaenceimposes ahigh and rising burden of lifelong
multiorgan complications, leading to increased disability and
risk of premature deaths, mainly in low- and middle-income
countries[2]. A considerable amount of literature suggests that
better management of T2DM delays the onset of short- and
long-term complications among people diagnosed with T2DM
[3-5]. Over the past decades, physical activity (PA) has been
part of the first line T2DM care management [6]. PA includes
all movementsthat increase energy use; however, there arethree
main types of exercise: aerobic, strength training, and flexibility
work [7]. PA can help people with T2DM achieve a variety of
goals, including increased vigor, improved glycemic hemoglobin
control, decreased insulin resistance, increased cardiorespiratory
fitness, improved lipid profile, blood pressure reduction, and
maintenance of weight loss [8]. Unfortunately, patients with
T2DM are less likely to engage in regular PA, with recent
estimates demonstrating a lower participation rate compared
with the national average [9]. There have been many attempts
to explore alternative approaches to improve PA in people with
T2DM, and the mobile phone messaging revolution has brought
entiredly new opportunities and increased access to
self-management education [1]. The literature shows that text
messaging—based interventions can be effective in improving
health-rel ated behaviors and bridging the gaps between patients
and health care services for peopleliving with chronic diseases
[10,11]. Text messaging may be 1-way (unidirectional) or 2-way
(bidirectional); they can be standardized or tailored to specific
patientsand sent at varied frequencies based on theintervention
design [12]. Multiple meta-analyses have demonstrated the
overdl success of mobile phone messaging in promoting various
aspects of behavior change for PA and mental health—related
disorders[1,13,14].

Research Problem and Aim

Severd studies have assessed the effect of mobiletext messaging
on the PA of patients with T2DM. It is crucial to summarize
and aggregate the findings of such studies to produce more
generalizable and definitive conclusions about the effectiveness
of such interventions. A total of 4 previous systematic reviews
did not provide evidence from studies with text messaging
interventionsthat specifically targeted PA. Specifically, thefirst
review focused on the impact of education on T2DM delivered
via mobile text messaging [15]. The second review assessed
the effectiveness of text messaging interventions on glycated
hemoglobin (HbA,.) in patients with T2DM, including all
self-management strategies [1]. The third review identified
randomized trials conducted to improve glycemic control in
T2DM, whichinvolved the delivery of behavior change content
through arange of digital platforms and approaches (eg, SMS

https://www.jmir.org/2022/3/e29663

text messaging, multimedia message service, or instant
messaging such asWhatsApp) [12]. Thefourth review assessed
the effectiveness of technology-based interventions to promote
PA in T2DM; for this review, technology included mobile
phones and text messages, websites, CD-ROMs, and computer
learning—based technology [16]. This review was conducted
approximately 7 years ago, but studies involving
technology-based interventions are rapidly emerging and there
may be new published evidence. Therefore, this study aims to
assess the effectiveness of mobile phone messaging on PA in
patients with T2DM by summarizing and pooling the findings
of previous literature.

Methods

Overview

A systematic review was conducted and reported in accordance
with the PRISMA (Preferred Reporting Items for Systematic
Reviewsand M eta-Analyses) statement (Multimedia A ppendix
1) [17]. The protocol for this review was registered at
PROSPERO (ID: CRD42020156465).

Search Strategy

Search Sources

We used the following electronic databases in our search:
MEDLINE, Cochrane Library, CINAHL, Web of Science, and
Embase. These databases were searched on April 19, 2020, by
the first author (MA). Auto alerts were set after searching the
databases to conduct an automatic search weekly for 16 weeks
(ending on August 9, 2020) and send us the retrieved studies.
We also searched the search engine Google Scholar (Google
Inc) to identify gray literature. To identify further studies of
relevance to the review, we screened the reference lists of
included studies (ie, backward reference list checking) and
identified and screened studies that cited the included studies
(ie, forward reference list checking).

Search Terms

The search terms were identified by consulting 2 experts in
eHealth interventionsfor patientswith diabetes and by checking
systematic reviews of relevanceto thereview. Thesetermswere
chosen based on the target population (eg, type 2 diabetes,
diabetes type 2, and type |l diabetes), target intervention (eg,
text messaging, text messages, and short messages), target
outcome (eg, PA, physical exercise, HbA,., and weight), and
target study design (eg, tria, experiment, and randomized
controlled trial [RCT]). Multimedia Appendix 2 shows the
detailed search query used for searching MEDLINE.

Study Eligibility Criteria

The population of interest was adult patients (=18 years) with
T2DM, regardless of their gender and ethnicity. We excluded
patients with type 1 diabetes mellitus, gestational diabetes, and
prediabetes. The target intervention in this review was mobile
phone text messages (SMS text messaging and multimedia
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message service), but not mobile apps, web-delivered
interventions, wearables, or emails. The aim of the text messages
wasto improve solely PA but not diet, lifestyle, diabetic literacy,
or other aspects of self-care. The primary outcomes of interest
were subjectively or objectively measured PA (eg, step counts),
glycemic control (eg, HbA,. and fasting glucose), and
anthropometric measures (eg, changein weight and BMI). Only
RCTswere eligible for inclusion in this review. We considered
studies published only in the English language. No restrictions
were applied to the year of publication, country of publication,
comparator, type of publication, or study setting.

Study Selection

We followed 2 steps of the study selection process. In the first
step, 2 reviewers (MA and AA) independently sifted the titles
and abstracts of all retrieved studies. In the second step, the 2
reviewersindependently scrutinized the full texts of the studies
included in the first step. In both steps, any disagreements
among the reviewers were resolved through discussion and
consensus. Cohen K in this review indicated a very good level
of interrater agreement in thefirst (0.88) and second step (0.95)
of the selection process [18].

Data Extraction

Multimedia Appendix 3 shows the data extraction form that
was used in this review to precisely and systematically extract
the data from the included studies. A total of 2 reviewers (MA
and AA) independently conducted data extraction from the
included studies, and they resolved any disagreements through
discussion and consensus. Cohen k showed a very good level
of interrater agreement among the reviewers (0.85) [18].

Risk of Bias Assessment

To assess the risk of bias in the included studies, we used the
Risk of Bias 2 tool, which is recommended by the Cochrane
Collaboration [19]. This tool assesses RCTs in terms of five
domains: randomization process, deviations from intended
interventions, missing outcome data, measurement of the
outcome, and selection of the reported result [19]. Then, the
overal risk of bias was determined for each study based on the
risk of bias judgments in the five domains [19]. A total of 2
reviewers(MA and AA) independently assessed therisk of bias
in the included studies, and any disagreements were resolved
through discussion and consensus. I nterrater agreement among
thereviewerswasvery good (Cohen k=0.86) [ 18]. We presented
the results of the risk of bias assessment using a graph showing
the reviewers judgments about each risk of bias domain in the
Results section. We also showed reviewers' judgments about
each risk of bias domain for each included study using afigure
in Multimedia Appendix 4 [10,20-24].

Data Synthesis

We synthesized the extracted data using narrative and statistical
approaches. Specifically, meta-analysis was carried out when
at least two studies assessed the same outcome of interest and
reported sufficient data for the analysis (eg, mean difference,
SD, and number of participants in each intervention group).

https://www.jmir.org/2022/3/e29663
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When the abovementioned conditions were not met, we
narratively synthesized findings of the included studies. We
grouped and synthesized the findings according to the measured
outcomes (ie, PA, glycemic control, and weight change).

We conducted a meta-analysis using Review Manager 5.4,
which is a software developed by Cochrane. We used the mean
difference to assess the effect of each trial and the overall effect
when the outcome data were continuous, and the outcome
measure of each outcome was identical in the meta-analyzed
studies. However, we used the standardized mean difference
when, among studies, the outcome was measured using different
tools. We selected a random effects model in the analysis
because of the clinical heterogeneity among the meta-analyzed
studies in terms of intervention characteristics (eg, its
directionality, purpose, and frequency) and population
characteristics (eg, sample size and mean age).

We assessed the clinical heterogeneity of the meta-analyzed
studies by inspecting the characteristics of their interventions,
outcomes, participants, and comparators. Further, we evaluated
the statistical heterogeneity of the meta-analyzed studies. To

do so, we calculated a chi-square P value and 12 to evaluate the
statistical significance of heterogeneity and degree of
heterogeneity, respectively. We judged the meta-analyzed
studies as heterogeneous when the chi-square P value was <.05
[25]. The degree of heterogeneity was considered unimportant,

moderate, substantial, or considerable when 1% ranged from 0%
to 40%, 30% to 60%, 50% to 90%, or 75% to 100%, respectively
[25].

The overall quality of meta-analyzed evidence was examined
using the Grading of Recommendations Assessment,
Development, and Evaluation approach [26,27]. This approach
assessed the quality of evidence based on five main criteria:
risk of bias, inconsistency (ie, heterogeneity), indirectness,
imprecision, and publication bias [26]. A tota of 2 reviewers
(MA and AA) independently assessed the overall quality of the
meta-analyzed evidence, and any disagreements were resolved
through discussion and consensus. I nterrater agreement among
the reviewers was very good (Cohen k=0.81) [18].

Results

Search Results

We retrieved 541 citations by searching the 6 bibliographic
databases (Figure 1). Of these 541 citations, 83 (15.3%)
duplicates were identified and excluded. We screened thetitles
and abstracts of the remaining 84.6% (458/541) citations and
excluded 78.2% (423/541) citations owing to reasons shownin
Figure 1. By checking the full texts of the remaining 35 (6.5%)
studies, 31 (5.7%) studies were not digible for this review for
several reasons (Figure 1). We identified 2 additional studies
by backward reference list checking. Overall, we included 6
studies in this review [10,20-24]. At all steps, consensus was
agreed between the 2 reviewers (MA and AA), and referral to
athird reviewer was not required.
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Figure 1. Flow chart of the study selection process.

Characteristics of Included Studies

Asdetailed in Table 1, all theincluded studieswere RCTs. The
included studieswere conducted in 3 countries; the United States
(n=3), Iran (n=2), and Indonesia (n=1); 4 of the studies were
published in 2018. The sample size in the included studies
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The mean age of participantsin theincluded studiesvaried from
44.6 to 65.5 years, with an average of 51.6 years (SD 6.7). The

ranged between 28 and 138, with an average of 81 (SD 40.03).

Table 1. Characteristics of studies and population.

percentage of men in the included studies ranged from 23.3%
to 57.9%, with an average of 42.2% (SD 12.1). All studies
recruited patients with T2DM. The included studies recruited
participants from health care (n=5) and community (n=1).

Study Year  Country Study Samplesize Age (years), Sex (male) Health condition  Setting
design mean (SD)

,[Ag?oolaet a 2016  United States RcT® 126 514 (11.5) 48.4% T2DMP Health centers

20]
Arovaheta [21] 2018 Indonesia RCT 43 65.5 (5.8) 37.2% T2DM Public hospital

Lari et al [10] 2018 Iran RCT 73 47.6 (9.1) 53.4% T2DM Diabetes clinics

Lari eta [22] 2018 Iran RCT 76 48.2 (8.8) 57.9% T2DM Diabetes clinics
Polgreen et al 2018  United States RCT 138 44.6 (15.9) 23.3% T2DM Community
(23]

Ramirezand Wu 2017  United States RCT 28 52 (9.0) 33% T2DM Ambulatory careclinic

[24]

3RCT: randomized controlled trial.
PT2DM: type 2 diabetes mellitus.
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The interventions in the included studies were text messages
only (n=1), text messages and educational CD about PA (n=1),
and text messages and pedometers (n=4; Table 2). Text
messages were unidirectional (n=1), bidirectional (n=4), and
both (ie, most messageswere unidirectional, and some messages
were bidirectional; n=1). The purpose of the text messages in
theincluded studies wasto educate participants about PA (n=4),
remind them to wear the pedometer, review goas, or
self-monitor and record their steps (n=4), provide them with
feedback about their previous day’s activity (n=3), motivate

Table 2. Characteristics of interventions.

Alsahli et &

them to walk and exercise more (n=2), and set step goals (n=1).
The frequency of text messages sent to participants ranged
between 2 per week and 3 per day. The intervention was
delivered for 12 weeks in 4 studies and 24 weeks in 2 studies.
The intervention in 5 studies was theoreticaly informed.
Specifically, the following theories or models were used to
develop theintervention: Social Cognitive Theory (n=2), Health
Promotion Models (n=2), and Transtheoreticad Model and
Grounded Theory (n=1).

Study Intervention Directionality ~ Purpose Frequency Period Theory used
Agboola SMSand pedometers 1- and 2-way Education, moti- 2/day 24 weeks Transtheoretical mod-
et d [20] vation, reminder, €l and grounded theo-
and feedback ry
Arovahet SMS and pedometers 2-way Motivationand  1-3/day 12 weeks Social Cognitive The-
a [21] reminder ory
Larietad SMS 2-way Education Phase1: 2-3/day; Phasel: Health promotion
[10] phase 2: 2/lweek 2 weeks; models
Phase 2:
10 weeks
Larieta SMS+ educational CD 1-way Education 2/week 12 weeks Health promotion
[22] models
Polgreen  Intervention 1: SMS text messaging (re- 2-way Reminders, feed- Intervention 1: 24 weeks  £/a2
eta [23] minder) + SMS text messaging (goal set- back, and setting  2/day; interven-
ting) + pedometer; intervention 2: SMStext goals tion 2: 1/day
messaging (reminder)+pedometer
Ramirez  Intervention 1: SMStext messaging + pe-  2-way Education re- >4/week 12 weeks Social Cognitive The-
andWu  dometer minders and ory
[24] feedback

3N/A: not applicable.

The comparison group received pedometersin 4 of the studies
or no intervention in 2 studies (Table 3). The pedometers were
used by the participants for 12 weeks (n=2) or 24 weeks (n=2).
The follow-up period ranged from 4 weeks to 24 weeks. The
following outcomes of interest were assessed in the included

https://www.jmir.org/2022/3/e29663

studies: PA (n=6), glycemic control indicators (n=3), weight
(n=1), and BMI (n=1). Step count was the most common
outcome measure used in the included studies (n=4), followed
by HbA . (n=2), weight scale (n=2), and metabolic equivalent
of task questionnaire (n=2).
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Table 3. Characteristics of comparators and outcomes.
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Study Comparator Period Follow-up Outcome Outcome measure
(week) (week)
Agboolaet al Pedometers 24 24 PA2 glycemic control,  Step count, weight scale, and HbA ;>
[20] and weight
Arovaheta [21] Pedometers 12 12and 24 PA and glycemic con- Step count, PARC questionnaire, HbA 1, fasting
trol glucose, and 2-hour glucose
Lari et al [10] No intervention Nn/Ad 4and 12 PA MET® questionnaire
Lari eta [22] No intervention N/A 4 and 12 PA MET questionnaire
Polgreen et a Pedometers 24 12and 24 PA and BMI Step count, weight scale, and stadiometer
(23]
Ramirezand Wu Pedometers 12 6and 12 PA Step count

[24]

3PA: physical activity.

beAlcz glycated hemoglobin.
°PAR: physical activity rating.
IN/A: not applicable.

EMET: metabolic equivalent of task.

Risk of Bias Results

Although all studies used an appropriate random allocation
sequence for the randomization process and had comparable
groups, only 2 studies concealed the allocation sequence until
participants were enrolled and assigned to interventions.
Accordingly, only these 2 studies were rated as having a low
risk of bias in the randomization process (Figure 2). In all

Figure 2. Review authors' judgments about each risk of bias domain.

Overall bias

Selection of the reported result
Measurement of the outcome

Missing outcome data

Deviations from intended interventions

Randomization process

1 2 3

studies, participants, their health care professionals, researchers,
or individuals delivering the interventions were aware of the
assigned intervention during the trial. The study also did not
report any information about whether a deviation from the
intended intervention occurred owing to the experimental
context. Thus, none of the studies were rated as having a low
risk of biasin deviationsfrom theintended interventions (Figure
2).

E 5

(=)

Number of studies

Low risk = Some concerns W High risk

Outcome data were not available for al participants in the
included studies, and there was no evidence that the findings
were not biased by missing outcome data. However, thereasons
for missing outcome data were not related to the true value of
the outcome in all studies. Thus, all studies were judged as
having a low risk of bias in the domain of missing outcome
data.
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In 4 studies, the outcomes of interest were assessed using
appropriate measures (eg, pedometer and HbA ), which were
comparable between the intervention groups. Therefore, these
studies were rated as having alow risk of biaswhen measuring
the outcome. However, the remaining 2 studies were judged as
having a high risk of bias in this domain because they used
subjective outcome measures that depended on participants
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recall, and participants and outcome assessorswere not blinded
in the 2 studies (Figure 2).

Only 1 study was judged as having a low risk of bias in the
selection of the reported studies (Figure 2). This judgment is
attributed to the fact that the remaining studies did not publish
aprespecified analysisplan or reported outcome measurements
and analyses different from those specified in the analysis plan.
Given that 5 studies were judged as having a high risk of bias
in at least onedomain, they wererated ashigh risk in the domain
of overall bias. The remaining study was judged to raise some
concernsin the domain of overall bias, asit had some concerns
in one of the domains. Reviewers' judgments about each risk
of bias domain for each included study are presented in
Multimedia Appendix 4.

Results of Studies

Effect on PA

All included studies assessed the effect of using text messages
on PA among patientswith T2DM. A total of 3 studies showed
a dsatigtically significant effect of text messages on PA
[10,21,22,24]. To be more precise, Arovah et a [21] compared
the effect of text messages plus pedometersto only pedometers
on PA as measured by daily step count, self-reported walking
(min/week), and self-reported moderate-to-vigorous-intensity
PA (min/week). The study showed a statistically significant
effect of 12-week text messages plus pedometers to only
pedometers on daily steps (P<.001), self-reported walking
(P=.001), and moderate-to-vigorous-intensity PA (P<.001) [21].
In 2 further studies, where data were analyzed from different
arms of a single RCT in each study, Lari et a [10] compared
the effect of text messages only and text messages plus
educational CD [22] to no intervention on PA as measured by
the metabolic equivalent of task questionnaire. Both studies
found a statistically significant effect of text messages only

Alsahli et &

(P<.001) [10] and text messages plus educational CDs (P<.001)
[22] on PA compared with no intervention.

The 3 remaining studies did not find a statistically significant
effect of text messages on PA [20,23,24]. Specifically, Agboola
et al [20] compared the effect of text messages plus pedometers
to pedometers only on PA, as measured by the monthly step
count. Although the study found that step counts over 6 months
were higher in the intervention group than in the control group,
this difference was not statistically significant (P=.17) [20].
Another study assessed the effect of text messages plus
pedometers and only pedometers on PA, as assessed by daily
steps [24]. The study did not show any statistically significant
difference (P=.78) in PA between the 2 groups [24]. In a
previous study, Polgreen et a [23] compared the effect of 2
interventions to only pedometers on PA, as measured by daily
step count. The first intervention was pedometers plus text
message reminders to wear the pedometers (reminders and
pedometers), whereas the second intervention was the same as
the first intervention plus text messages asking participants to
set a step goal (goal setting, reminders, and pedometers) [23].
The study found no statistically significant differences in PA
among the 3 groups [23].

A total of 5 studieswere included in the statistical analysis (ie,
meta-analysis), asthey reported sufficient and appropriate data
for the analysis [10,21-24]. The meta-analysis contained 6
comparisons as we included a comparison from each of the 4
studies [10,21,22,24] and 2 comparisons from the remaining
study [23], which compared two types of text messages to no
intervention. The meta-analysis showed no statistically
significant difference in the PA (P=.16) between the text
message group and the control group (standardized mean
difference 0.16, 95% ClI -0.06 to 0.39; Figure 3). The
heterogeneity of the evidence was not a concern (P=.29;

12=19%). The quality of the evidence was very low because of
the high risk of bias and impression (Multimedia Appendix 5).

Figure 3. Forest plot of 6 studies assessing the effect of text messaging on physical activity.

Text messaging Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arovah et al [24] 8,096 2625 21 6,027 2,688 22 11.3% 0.76 [0.14,1.39] ——
Lari et al [25] 2635 5021 37 2,501 423 36 18.5% 0.29[-0.18,0.75] ™
Lari et al [26] 2614 5925 40 2501 423 B 19.1% 0.22 [-0.24, 0.67] N
Palgreen et al [27)] 6,854 3949 44 7123 4,287 48 22.2% -0.06 [[0.47,0.34) -
Polgreen et al [27] 6,909 3,748 46 7123 4,287 48 226% -0.05[-0.46, 0.35] -
Ramirez and Wu [28] 5,852 2,069 11 5606 1,733 10 6.3% 0.12[0.73,0.98] .
Total (95% CI) 199 200 100.0% 0.16 [-0.06, 0.39]

Heterogeneity: Tau*=0.01, Chi*=6.19,df=5 (P = 0.29), F=19%
Testfor overall effect Z=1.42 (P = 0.16)

Glycemic Control

A total of 2 studies examined the effect of text messages on
glycemic control, as assessed by HbA ;. [20,21]. The results of
both studies were meta-analyzed. The meta-analysis showed
no statistically significant difference (P=.14) between the
intervention and control groups, with no difference observed
between text messages plus pedometers and only pedometers
on HbA ;. (mean -0.16, 95% CI —0.36 to 0.05; Figure 4). There

was moderate heterogeneity of the evidence (12=44%), but the
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difference was not statistically significant (P=.18; Figure 4).
The quality of evidence was low as it was downgraded by 1
level owing to a high risk of bias (Multimedia Appendix 5). It
isworth mentioning that 1 of the 2 studies compared the effect
of text messages plus pedometers with only pedometers on
glycemic control as measured by fasting plasma glucose and
2-hour plasmaglucose[21]. The study did not find astatistically
significant difference between the groups in terms of fasting
plasma glucose (P=.18) and 2-hour plasma glucose (P=.90)
[21].
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Figure 4. Forest plot of 2 studies assessing the effect of the text messaging on HbA 1.
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Anthropometric Measures

A total of 2 studies assessed anthropometric measures as
outcomes (weight or BMI) [20,23]. The results of the 2 studies
could not be statistically synthesized, asthey assessed different
outcomes. The first study showed no statistically significant
difference between the intervention and control groups, with
no effect of text messages plus pedometers on weight (P=.77)
compared with pedometers alone [20]. In the second study,
Polgreen et a [23] compared the effects of 2 interventionswith
only pedometers on BMI. Thefirst intervention was pedometers
plustext message remindersto wear the pedometers (reminders
and pedometers), whereas the second intervention wasthe same
as the first intervention plus text messages asking participants
to set astep goal (goal setting, reminders, and pedometers) [23].
The study found no statistically significant differencesin BMI
among the 3 groups [23].

Other Outcomes

Secondary outcome measures reported in the examined studies
included the following variables and parameters: reports of
usability, satisfaction and adherence to the RCT as discussed
in the study by Agboola et a [20], and quality of life or
psychologica outcomes (eg, self-efficacy, outcome expectations,
self-regulation, and socia support) as discussed in Arovah et
al [21]. Lari et al [10,22] assessed the Health Promotion Model
constructs (eg, perceived benefits, perceived barriers, perceived
social support, and self-efficacy). Ramirez and Wu [24] also
investigated the feasibility, perceived usefulness, and potential
effectiveness.

Discussion

Principal Findings

This systematic review assessed the effectiveness of mobile
text messaging as a method of promoting PA alone in people
with T2DM. The meta-analysis of the results of 5 studies (6
comparisons) showed no statistically significant effect of mobile
text messaging on PA in comparison with no intervention. The
insignificant effect may be attributed to the fact that 3 studies
showed astatistically significant effect of mobiletext messaging
on PA, whereas 2 studies did not find any significant effect of
text messages on PA. There are several potential reasons for
thesignificantincreasein PA in 3 studies. First, theintervention
in 1 study [21] was combined with pedometers, and some studies
have found greater effects when using objective measures
compared with subjective measures [28]. It is possible that
participants in these studies were more active because of the
knowledge that they were wearing the pedometer [29]. The
remaining 2 RCTs[10,22] were rated as having a high risk of
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bias because they used self-recall questionnaires to measure
PA. However, these measures can present limitations in
capturing PA because of poor reliability and validity, participant
recall bias, and differences in the interpretation of questions
[30]. Our findings are consistent with previous reviews that
assessed the effect of text messaging on PA in participants with
different chronic conditions [31]. Some studies observed only
small improvementsin daily steps and self-reported PA; other
studies did not observe any statistically significant changesin
PA despitethe use of different PA measurement strategies[31].

Our review found no statistically significant effect of mobile
text messaging on glycemic control as assessed by HbA,,
fasting plasmaglucose, and 2-hour plasmaglucose. Our findings
are consistent with those of previous studies that showed no
significant difference in HbA,. levels in people with T2DM
following text messaging interventions [32]. This could be
attributed to the duration effect, which had short interventions
and follow-up durations (median 12 weeks); thus, outcomes
such as HbA ;. are less likely to change over a short timescale
(3 months). In other words, it might take longer for the
intervention effects to become apparent [33].

The narrative synthesis in this review showed no statistically
significant effect of mobile text messaging on either weight or
BMI. We could not synthesize these measures in our
meta-analysis because of the high heterogeneity in theincluded
studies. Our findings are consistent with those of previous
reviews, and ameta-analysis showed no statistically significant
association between BMI and weight following mobile
messaging interventions in people with T2DM [34]. However,
it is important to be realistic about the period of intervention,
and a longer period is required to determine the desired
improvements in such clinica outcomes [35]. The
aforementioned studies had short interventions (median 12
weeks); thus, outcomes such asweight and BMI are lesslikely
to change on a short timescale [33].

Strengths and Limitations

Strengths

Our study isthefirst review and meta-analysis that focused on
the effectiveness of text messages targeting only PA among
T2DM patients. Thisenabled usto ensure that the effect of text
messaging on PA outcomesis attributed to PA-related message
content and to no other content such as diet, lifestyle, and
general diabetes education. Our study is considered a robust
and high-quality review given that we followed
well-recommended guidelines (ie, PRISMA) in developing,
executing, and reporting it.
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To run as sensitive a search as possible, we searched the most
popular databases in the health and information technology
fields using avery comprehensive list of search terms. Therisk
of publication bias is minimal in this review because we
searched gray literature databases (ie, Web of Science and
Google Scholar) and conducted backward and forward reference
list checking. We did not restrict our search to specific countries
of publication, year of publication, comparators, or settings;
thus, this resulted in a more comprehensive review.

The risk of selection bias was minimal in the current review as
2 authors (MA and AA) independently selected the studies,
extracted data, and assessed the risk of bias and quality of
evidence, and they had a very good interrater agreement in all
processes. When possible, we meta-analyzed the results of the
included studies, and this improved the power of studies and
the estimates of the likely size of the effect of text messaging
on different outcomes.

Limitations

The intervention of interest in this review was restricted to
PA-related text messaging, so we did not examine the impact
of other digital interventions, such as mobile apps, wearables,
or other eHealth tools. We al so focused on patientswith T2DM,
rather than patients with other types of diabetes. Accordingly,
our results may not be generalizable to other eHedth
interventions or patients with type 1 diabetes mellitus or
gestational diabetes mellitus. In this review, we included only
RCTs published in the English language; thus, it is possible that
we missed results from some non-English RCTs. We applied
these restrictions owing to the high internal validity of RCTs
over other study designs[36] and lack of resources to trandate
non-English studies. The included studies were conducted in
only 3 countries (the United States, Iran, and Indonesia);
therefore, the generalizability of our findingsto other countries
may be limited. The findings were based on a small number of

Alsahli et &

studies that met the review criteria. Although 6 studies were
included in this review, 2 (33%) of the studies were from a
single RCT where 2 separate analyses were undertaken with
data taken from different arms. Only 2 studies were included
in each of the 2 meta-analyses conducted in this review. This
is attributed to the lack of reported data that were appropriate
for the analysis and incomparable outcome measures and
comparators between studies. Assuch, it isnot possibleto draw
firm conclusions about effectiveness.

Implications for Research

The current review found relatively few studies assessing the
effectiveness of text messagesin promoting PA in T2DM; thus,
RCTswith larger sample sizes are needed. Future studies should
seek to include objective outcome measures (eg, PA, glycemic
control, and anthropometric measures), be consistent in terms
of selected outcome measures, and measure outcomes after
longer follow-up periods to be able to compare study findings
and make firm conclusions about intervention effectiveness.
More research is needed to determine the type of text message
content, frequency of messaging, and duration of intervention
that is most likely to result in positive outcomes. Additional
research needsto include an estimation of the cost-effectiveness
of text messages and an examination of their long-term impact.

Conclusions

We could not draw a definitive conclusion regarding the
effectiveness of text messaging on PA, glycemic control, weight,
or BMI among patients with T2MD, given the low number of
included studies and their high risk of bias. Thus, the findings
of thisstudy suggest that texting messaging should not substitute
but rather supplement clinical support. In addition, there is a
pressing need for further RCTs with large sample sizes, low
risk of bias, and more consistency regarding intervention
duration, outcome measures, follow-up period, and comparator.
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Abstract

Background: Evaluating health information system (HIS) quality is strategically advantageous for improving the quality of
patient care. Nevertheless, few systematic studies have reported what methods, such as standards, processes, and tools, were
proposed to evaluate HIS quality.

Objective: This study aimed to identify and discuss the existing literature that describes standards, processes, and tools used
to evaluate HIS quality.

Methods: We conducted a systematic literature review using review guidelines focused on software and systems. We examined
seven electroni ¢ databases—Scopus, ACM (Association for Computing Machinery), ScienceDirect, Google Scholar, |EEE Xplore,
Web of Science, and PubMed—to search for and select primary studies.

Results: Out of 782 papers, we identified 17 (2.2%) primary studies. We found that most of the primary studies addressed

quality evaluation from a management perspective. On the other hand, there was little explicit and pragmatic evidence on the
processes and tools that allowed for the evaluation of HIS quality.

Conclusions: To promote quality evaluation of HISs, it is necessary to define mechanisms and methods that operationalize the
standards in HISs. Additionally, it is necessary to create metrics that measure the quality of the most critical components and
processes of HISs.

(J Med Internet Res 2022;24(3):€26577) doi:10.2196/26577

KEYWORDS
health information systems; quality; standards; processes; metrics; systematic literature review

clients [3]. Some studies, such as Owens and Khazanchi [4],
associate quality with (1) the explicitly stated functional and
performance requirements, (2) the fully documented

Introduction

The quality of information systemsrepresentsthe set of qualities

and properties that characterize and determine the usefulness
and existence of these systems [1] (eg, security, usability,
scalability, and others). Quality can be interpreted as a set of
characteristics that aproduct or service possesses, aswell asits
capacity to satisfy new and complex user requirements (eg,
security in medical records [2]). Thisimplies that the product
or service complieswith the specificationsfor which it has been
designed and must conform to those as expressed by users and

https://www.jmir.org/2022/3/e26577

development standards, and (3) the implicit characteristics
expected of any professionally developed system. On the other
hand, the | EEE (Institute of Electrical and Electronics Engineers)
defines quality as the degree to which a system, component, or
process meets the specified requirements and the needs or
expectations of the customer or user [5]. Both definitions denote
that the emphasis of quality is on the specific requirements of
the system and the pursuit of customer satisfaction.
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Health information system (HIS) quality refers to whether a
system’sinternal and external specificationsand the expectations
of stakeholders are satisfied [6]. The devel opment of informatics
and technology has enabled health professionals to work with
large volumes of data and information, as well as to transmit
them smoothly. In turn, information from HISs can be used to
drive decision-making, policy, research, and, ultimately, health
outcomes [7]. In this regard, the use of health information
technology improves the quality and effectiveness of health
care. Additionally, it promotesindividual and public health and
increases diagnostic accuracy [8].

HIS quality can be measured in several forms, wherethe leading
indicators are those related to patient care and the system’s
components and structure [9]. Quality standards use
methodologies for the design, programming, testing, and
analysis of the devel oped system, with the objectives of offering
(1) better reliability and maintainability that agree with the
requirements demanded by users and (2) control of the quality
of the system aiming at improving its effectiveness and
efficiency [10]. In general, once the system has been validated
as meeting the main functional requirements specified, the user
will perform acceptance testsin order to deploy the system into
the production environment.

HISs require methodologies and processes to evaluate their
quality, sincethese systems map the diversity of health systems
into explicit algorithmic functionalities, represented by software
systems, which can inevitably produce problems in terms of
efficiency or effectiveness in the work and daily activities of
clinicians [11]. Traditionally, health services have been
conceived as independent services where patients receive
different types of medical care at different levels (ie, primary,
secondary, and tertiary). Thisindependence eventually leadsto
a lack of communication and coordination between services,
which implies that the efficiency of an HIS is compromised
[12]. Therefore, quality standards allow us to evaluate and
standardize HI Ssin order to satisfy clinical requirements, define
processes, reduce management problems, and develop HISs
with high-quality standards. Although the range of quality
standards in information systems, in general, is quite broad,
there is little evidence of any compilation work that
systematically identifies, eval uates, and describes evidence from
primary studies related to quality standards in HISs. This
situation makesit difficult to have a comprehensive perception
of the most relevant aspects of the use and application of quality
standards in HISs.

The importance and relevance of quality evaluation in HISs
have been explored in several literature reviews. Villamor
Ordozgoiti et a [13] conducted a literature review related to
quality criteriain information and communication technologies
in health care. The authors concluded that quality assessment
that specifies health care systems requirements, including
management, clinical, diagnostic, or monitoring, should be
oriented toward the perspective of the ingtitutions as users,
clients, and acquirers of software. Sousa and Lopez [14]
addressed the problem of usahility regarding health care systems
and how this problem can compromise the quality of the
systems. For this reason, the authors conducted a systematic
review regarding the usability of eHealth tools. The review
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resultsindicated that the poor usability of eHealth tools affects
the possibility of adopting thistype of system. Azad-Khaneghah
et a [15] combined grey literature and academic literature
reviewsto evaluate mobile health (mHeal th) apps’ usability and
quality. The authors noted that most of the current mobile app
quality rating scales have not been developed for the general
public. Nouri et a [16] conducted a systematic review
addressing the quality assessment of mHealth apps. Asaresult
of the study, the authors mentioned the enormous heterogeneity
in the evaluation criteria of mHealth apps in different studies.
Thismay be dueto theresearchers’ various quality assessments
or different definitions for each criterion. Triantafillou [17]
conducted a narrative review on the quality management
methods for electronic health records (EHRS). The results of
thisreview indicated that thereis substantial evidencethat EHR
systems contribute in various ways to improving quality
management. Although there is a constant interest in quality
assessment in several health care systems, to the best of our
knowledge, few studies have explicitly addressed what
standards, processes, and tools are used to assess HIS quality.

In this paper, we report the results of a systematic literature
review (SLR) on methods used to evaluate the quality of HISs.
The main objective of thisreview wasto identify, characterize,
and describe primary studiesthat complement the state-of -the-art
of standards, processes, and tools used to evaluate HIS quality.
We reviewed over 782 articles, from which we selected 17
(2.2%) primary studies. We analyzed, classified, and described
each primary study in order to discuss the proposals for the
quality evaluations of HISs. Based on our main objective, we
defined the following research questions: What standards and
certifications have been used to certify the quality of HISs?
Which processes have been used to certify a software product?
Which tools have been used by health software providers to
certify a built software product?

The first research question addresses techniques and methods
that allow us to describe patterns, models, or benchmarks to
measure or evaluate quality of HISs. The second research
question focuses mainly on describing phases or sets of activities
that enable the evaluation of HIS quality. Finally, the third
research question addresses technologies that facilitate the
practical application of standards, certifications, and processes.

Methods

Identification

We used the PRISMA (Preferred Reporting Itemsfor Systematic
Reviews and Meta-Analyses) statement [18] to conduct our
SLR (Figure 1). Additionally, we used the PICO (population,
intervention, comparison, and output) structure suggested by
Petersen et a [19] to define a search string according to the
population, intervention, comparison, and output. Thefollowing
points describe the keywords for the PICO structure:

1. Population: articles related to HI Ss and synonyms (“ health
information system*” OR “e-heath” OR “eHealth” OR
“health software”).

2. Intervention: articles related to the quality assessment of
HISs and synonyms (“certification” OR “testing” OR
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“validation” OR “verification”
“legalization” OR “quality”).

3. Comparison: there were no previous studies on the subject
that could be used as a baseline for comparison since our
objectives and goals were not the same.

4. Output: standards, tools, or processes applied in quality
assessment (“process’ OR “standard” OR “tool”).

OR “assessment” OR

We connected these conceptsusing “AND” and “OR” operators
and obtained the following search string: (*“health information

Noél et al

system*” OR “e-health” OR “eHealth” OR “health software”)
AND (“testing” OR *“assessment” OR “validation” OR
“verification” OR “certification”) AND (“process*” OR
“standard*” OR *“tool*”). We explored seven electronic
databases—Scopus, ACM (Association for Computing
Machinery), ScienceDirect, Google Scholar, |EEE Xplore, Web
of Science, and PubMed—to search for and select primary
studies.

Figurel. PRISMA flowchart of the selection of primary studiesfor the systematic literature review. PRISMA: Preferred Reporting Itemsfor Systematic

Reviews and Meta-Analyses.
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We screened primary studies using inclusion and exclusion
criteria. We used the following inclusion criteria:

« Thearticleisrelated to health

https://www.jmir.org/2022/3/e26577

+ Thearticle provides HIS-related content and consolidated
results from its research

« The article references or presents a standard, process, or
tool

+  Thearticle addresses some quality attributes
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The article describes evaluation methods of HISs.
On the other hand, we applied the following exclusion criteria:

The words “health” and “information system” are found,
but they have no relation to our study

Thephrase*“ certification in health” isused, but itsmeaning
isrelated to security

The article is not related to standards, processes, or tools
inthefield of study

The article is related to the quality attribute of
interoperability.

Quality Assessment

The purpose of the quality evaluation was to evaluate the
importance of each selected document. Although the quality
assessment did not affect the selection of primary studies[20],
we describe the evaluation primarily to reflect the selected
studies’ validity. According to each research question’s answer,
we evaluated each paper with 2, 1, or 0 paints. Then, we chose
those papers that exceeded the 50% threshold. The studies
selected through this eval uation will ensure that our conclusions
from the extracted data have some support from adequate
resources (see Multimedia Appendix 1 for more details on the
quality assessment criteria).

https://www.jmir.org/2022/3/e26577
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Results

Overview

Weidentified 17 primary studiesthat were publishedinjournals
and in conference proceedings [21-37]. The scores of each
selected primary study illustrate the quality and credibility of
our study results. The average score was 74% (SD 0.11%),
which means that the average quaity of our study was
acceptable (see Multimedia Appendix 2 for more details on the
quality assessment results).

The study publication years ranged from 2004 to 2020. We did
not find studies that were published in 2005, 2006, 2008, 2011,
2012, or 2014. We did not find primary studies published in
workshop proceedings or book chapters (Multimedia Appendix
3).

Out of 17 primary studies, 59% (n=10) corresponded to research
conducted in Europe. On the other hand, 24% (n=4), 12% (n=2),
and 6% (n=1) of the studies corresponded to research conducted
in Asia, the Americas, and Oceania, respectively (see
Multimedia Appendix 4 for more detailed descriptions of the
primary studies).

Standards and Certifications

The primary studies described several types of standards and
certifications that are used in HISs (Table 1).
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Table 1. Standards and certifications used in the primary studies.
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Study No. Standards and certifications Reference
1 Usability heuristics [22]
2 Telemedicine quality control [23]
3 IHE? Connectathon, Q-REC® and ProRec®, CCHITY, and others [24]
4 The IHE initiative [25]
5 Lean and agile principles [26]
6 1SO%IEC' 25010 standard [27]
7 Custom certification framework [28]
8 Custom usability principles applied in a case study [29]
9 The UMARSY (21
10 The Constructive eHealth evaluation method [30]
11 1SO 9241-210 [31]
12 The MDevSPICE framework [32]
13 A care pathway data quality framework [33]
14 The UMARS [34]
15 The uMARS [35]
16 The Medical Informatics Platform [36]
17 The Medical Research Council framework [37]

3 HE: Integrating the Healthcare Enterprise.

bQ—REC isaproject entitled European Quality Labelling and Certification of Electronic Health Record Systems (EHRS).
®The ProRec initiative is a network of national nonprofit organizations (the “ ProRec centres’) in Europe.

dCCHIT: Certification Commission for Health Information Technol ogy.
€1SO: International Organization for Standardization.

fIEC: International Electrotechnical Commission.

9UMARS: end user version of the Mobile App Rating Scale.

A total of 65% (11/17) of the primary studies addressed
standardsthat arerelated to quality management in HISs. Some
of the primary studies, such as studies 1, 4, 5, and 10 (as
numbered in Table 1), established that quality is based on the
purposes and requirements established that must be met by any
health care organization and the satisfaction of the needs of the
people it serves. More precisely, HIS quality must allow for
effective responses to health problems or situations that affect
a population and its individuals, whether or not they identify
them; HIS quality must also establish or apply the necessary
diagnostic and therapeutic standards, procedures, and protocols
to verify the medical instruments and means used. Studies 11
and 12 stated that trandlating quality policiesto HI Ss can present
diverse challenges that range from quality management to HIS
implementation standards.

In addition, 35% (6/17) of the studies proposed metrics that
allow for characterizing the standards. These metrics did not
entirely represent a specific standard or certification, but rather
they supported the evaluation of data control in telemedicine
(study 2), the certification of EHRs (study 3), reliability in
health-based mobile apps (studies 11, 15, and 17), and data
management in medical platforms (study 16).

https://www.jmir.org/2022/3/e26577

A total of 24% (4/17) of the primary studies addressed standards
from a system perspective: 12% (2/17) addressed definition
models, 6% (1/17) discussed design principles, and 6% (1/17)
analyzed processes. In these studies, quality modelsand designs
in HISs were discussed, but the implications of these proposals
were not thoroughly discussed.

Processes

Generally, the primary studies discussed little information about
processes that allow for certifying the quality of software
products. Some studies, such as study 17, indicated that some
of the reasons why there are no documented or described cases
of processes to certify software are the costs of the processes.

Study 3 mentioned the processes defined by the 1SO 9126
(International Organization for Standardization) standard to
evaluate the quality of EHRs. This SO standard evaluates all
the characteristics of a software product from internal and
external perspectives. Following the same perspective of quality
in software products, study 6 mentioned that several scientific
studies described aconsiderableincrease in the number of users
who surf theinternet to obtain health-related information online.
For thisreason, informati on-seeking behavior on the web results
in a need to ensure that web-based portals meet basic quality
standards. Therefore, study 6 described the experience of
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applying the 1SO/IEC 25010 (International Electrotechnical
Commission) quality assessment process to the e-Ebola
Awareness System, an online health awareness portal. The
process results provided some insights into the issues that
negatively impacted the quality of the use of the portal,
demanding attention and improvement.

A novel proposal, inspired by the | SO 9241-210 standard, was
given by study 11. In thisstudy, ahuman-centered design (HCD)
approach was proposed to design connected health devicesin
order to ensure that user needs and requirements are considered
throughout the design process. According to the authors, HCD
is a multistage process that allows for severa iterations of a
design and subsequent updating of the requirements.
Additionally, study 11 illustrated the implementation of an HCD
by describing the techniques used to evaluate and develop
usability and human factors in a case study addressing
smartphone design and end user and stakeholder involvement.

Tools

A total of 29% (5/17) of the primary studies used well-known
toolsto certify the quality of health software. Studies 6 and 11
used the System Usability Scale (SUS) instrument [38]. This
scale provides a fast and reliable tool for measuring usability.
It consists of a 10-item questionnaire with five answer options
for respondents, ranging from “strongly agree” to “strongly
disagree.”

In addition to using the SUS, study 11 aso used the
After-Scenario Questionnaire (ASQ) instrument [39]. This
guestionnaire uses three statements to assess a user’s perceived
difficulty with atask in a usability test. Studies 1, 10, and 15
addressed the Nielsen heuristics [40], which are 10 guidelines
that measure usability through human-computer interaction.
These heuristics aim to create systems that are as user friendly
aspossible.

Additionally, studies 1, 9, and 10 used other tools that were
specified concisely. Study 9 proposed atool called the end user
version of the Mobile App Rating Scale (UMARS), which
consists of reliability testing of a version of the Mobile App
Rating Scale (MARS) for end users[21].

Discussion

Overview

Concerning standards (research question 1) and processes
(research question 2), quality management and metrics
concentrated the largest number of primary studies. The studies
addressed quality as part of HIS management, which implies
little detail on how quality standards were addressed in HISs.
Additionally, there was no evidence about using processes that
help manage HIS quality standards. In addition, four primary
studies (studies 2, 15, 16, and 17) addressed different
perspectives of metricsand did not discuss, in depth, what types
of processes they used to apply the metrics to HISs. Other
primary studies, such asstudies 7, 9, and 13, addressed standards
related to processes, design principles, and the definition of
models but did not discuss the processes that support these
standards.

https://www.jmir.org/2022/3/e26577
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Regarding processes (research question 2) and tools (research
guestion 3), it is also worth noting the little discussion of these
topicsin the primary studies. Unlike study 9, which addressed
acustom tool, only studies 3, 6, and 11 explicitly described the
tools they used to evaluate HIS quality and also included them
in the processes (ie, ISO/IEC 25010 and 1SO 9126). However,
a significant number of primary studies did not fully address
quality assessment tools and supporting processes.

Another aspect described by some primary studies, such as
studies 9, 14, 15, and 17, was that many clinicians are now
taking advantage of the potential of mobile apps to address
specific health problems. Thisimplies that there must be tools
to assessthe appropriateness of usability regarding mobile apps.
Some of these tools point to user acceptability, ease of use, and
identification of risksin the use of maobile apps among patients.

Principal Findings

Our findings regarding HIS quality assessment revealed that
there are several technical and social challenges to effectively
achieving HIS quality objectives. More precisely, HIS quality
assessment offersamethod for eval uating the impact of changes
in clinical processes that are embodied in systems. In general,
the HIS represents an organized set of clinical functions
involving people, data, activities, and overall material resources.
These elements interact with each other to process data and
information, including manual and automatic processes, in order
to distribute them most appropriately within agiven organization
or entity based on its objectives.

Expanding the information on HIS quality requires the
development of valid measurement instruments. The primary
studiesin this paper described some metrics, such as the SUS,
Nielsen metrics, the ASQ, and others; however, these metrics
only focus on one aspect of quality: usability. Usability in both
HISs and the health sector is a critical attribute. Usability is
defined as a measure of how well a specific user in a specific
context can use a product or design to achieve a defined
objective effectively, efficiently, and satisfactorily [40].

Other primary studies, such asstudies 15 and 17, suggested that
quality can be measured in how a user employs an HIS. In this
regard, usability isoneway to measure HIS quality. The primary
studies mentioned several quality standards and processes, such
as 1S0 9126, ISO/IEC 62366:2015, and 1SO/IEC 25010, that
were used to evaluate HIS quality. These standards are
composed of multidimensional attributes. For example, the
| SO/IEC 25010 standard considers eight categories, asfollows:
(1) functional adequacy, (2) performance efficiency, (3)
compatibility, (4) usability, (5) reiability, (6) security, (7)
maintainability, and (8) portability. In turn, each category of
the standard is divided into more quality attributes. Considering
this example, it is natural to ask how HIS quality can be
evaluated using the 1SO/IEC 25010 standard as a reference.
Extending this question to a more general scenario, another
concern that emerges is what quality attributes are relevant in
HISs.

The primary studies provided procedures and methods for
evaluating HI S quality. Neverthel ess, one aspect that we noticed
isthat there is no precise description of how to transate these
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standards into practice. Taking the example of the 1SO/IEC
25010 standard, thereis a considerable set of quality attributes
that allow quality to be established in HISs. However, there is
littleinformation regarding success stories, case studies, or other
empirical studies that describe the lessons learned about
applying quality standards in HISs. This lack of information
does not alow for the replication of results in other HISs in
order to build a body of knowledge related to HIS quality. In
addition, the primary studies described very discreetly what
lessons they learned from applying quality standards to HISs.
HISsinvolve not only technical aspects but also social aspects.
The quality standards address the technical aspects of HIS
quality but leave the socia aspects of HIS quality to be
addressed.

In the Results section, we described the metrics that were
reported in the primary studies. However, these metrics
addressed general aspects of information system usability.
Although these metrics greatly contributed to evaluating HIS
usability, they did not address other clinical aspects relevant to
clinicians. Some metrics, such as NISTIR 7804 (National
Ingtitute of Standards and Technology Interagency/Internal
Report) and Health-ITUES (Heath Information Technology
Usability Evaluation Scale), measure usability in specific HISs
(eg, EHRs), but again, these studies fell short of measuring
usability. Therefore, to expand the boundaries of quality
evaluation, it is necessary to identify which quality attributes
aremost relevant to evaluating HI S quality. Once these attributes
have been identified, it is possible to conduct research on
defining precise metricsfor evaluating HIS quality. Institutions
such as the World Health Organization have proposed various
toolsto evaluate different aspects of HISs, such as organization,
clinical staff, technologies, and others.

Thefindingsidentified in thisreview provide afirstimpression
of the emerging challengesinvolved in HIS quality assessment.
HISs are complex and, as such, considerable effort is required
to evaluate the quality of a complex system. There is ho doubt
that more than one metric should be proposed to evaluate all
HIS components, whether social or technical. However, it is
also desirableto share thelessons|earned regarding conducting
HIS quality assessments. In this way, the results can be
replicated to help health care ingtitutions evaluate their HISsin
order to improve the quality of care for their patients.

Additionally, our review revealed lines of research attempting
to increase the body of knowledge on HIS quality assessments.
Challengesrelated to identifying, describing, and characterizing
relevant quality attributes for assessing HIS quality; creating
and validating accurate quality metrics and instruments; and
reporting success stories and empirical evidenceregarding HIS
quality assessments are just some possible research challenges
that can be addressed by the community. Furthermore, the
creation of amultidimensional metric to assess quality in HISs
is also considered a challenge. Given that HISs are composed
of severd different components, proposing ametric that assesses
quality in a cross-dimensional way requires further research.

The benefits of using processes to evaluate and certify HIS
quality are positive. According to Love and Li [41], one of the
main benefits is improving clinical process efficiency and
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effectiveness. Thisimplies that the clinical services offered to
patientsare of good quality. From an internal management point
of view, the processes help improve theinternal communication
capacity (ie, clinical services) and alow the different
departments of aclinical institution to work together to satisfy
patients' needs and expectations. However, our study’s results
revealed that the primary studies did not discuss, in depth, the
use of processesto certify HISs. Onthispoint, Loveand Li [41]
mentioned that applying quality certification processes can be
highly demanding. For example, the costs of applying an HIS
quality evaluation process are high, so such evaluations are
often limited to organizations that have the resources for the
evaluation. In addition, a large number of professionals are
needed to conduct these assessments. This implies that the
organization must have the resources to hire professionals and
successfully conduct the assessment process. Under these
scenarios, since health care institutions all ocate their resources
mainly to clinical and in-hospital management in order to care
for patients, HI'S evaluation does not necessarily rank high in
managers’ priorities.

Limitations

We critically reviewed the threats to the validity of our study.
Because we conducted an SLR, this study suffers from the
possible incompleteness of the search results and general
publication bias. To analyze the threats to the validity of our
study, we used the classification from Wohlin [42], which
describes guidelines for classifying and mitigating threats to
validity.

The threats to internal validity correspond to the factors that
can affect the results of the study. In this regard, the bias in
study selection is related to the potential bias in the search for
articles in SLRs. To mitigate this threat, we used a robust
literature review process on systems and software [20].
Additionally, we defined strict inclusion and exclusion criteria
to select the primary studies. On the other hand, we are awvare
that the sample of studies obtained in this review was low
(N=17). However, we performed several cross-check validations
with three external collaborators to validate and evaluate each
primary study. It isimportant to note that this SLR focused on
HIS quality and not health quality. Therefore, after evaluating
more than 700 studies, we determined that 17 primary studies
satisfied our quality standards.

The threats to external validity are related to the restrictions
that allow for the generalization of the results. The main threat
iswhether the primary studies represent HIS quality standards.
To mitigate thisthreat, we invited health professionals from the
Chilean National Center for Health Information Systems (CENS)
to discuss and analyze each primary study in order to obtain
feedback.

Regarding the threats to construction validity, these threats
correspond to the generalization of the results to the concept
underlying the execution of the SLR. The main threat is the
subjectivity of our results. To mitigate this threat, we invited
three external collaboratorsto support usin executingthe SLR’s
main steps and comparing the results independently.
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Conclusions

In this paper, we described the results of an SLR on HIS quality
standards. We defined a rigorous process for identifying,
characterizing, and evaluating this academic literature. As a
result, we obtained 17 primary studies.

We identified five categories to classify standards. These
categories are the definition of models, design principles,
metrics, management, and processes. Mogt of the primary studies
concentrated on the management category. We also redlized
that there is little information regarding processes that can be
used to evaluate HIS quality. Some primary studies described
evidence of 1SO standards’ evaluation processes, such as 1SO
9126 and ISO/IEC 25010, but most did not detail their
information. Finally, the primary studies were not clear in
explicitly describing what toolsthey used to certify HIS quality.
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Abstract

Background: The COVID-19 pandemic has required widespread and rapid adoption of information and communications
technology (ICT) platforms by health professionals. Transitioning health programs from face-to-face to remote delivery using
ICT platforms has introduced new challenges.

Objective: The objective of thisreview isto scopefor ICT-delivered health programs implemented within the community health
setting in high-income countries and rapidly disseminate findings to health professionals.

Methods: The Joanna Briggs Institute’s scoping review methodology guided the review of the literature.

Results. The search retrieved 7110 unique citations. Each title and abstract was screened by at least two reviewers, resulting in
399 citations for full-text review. Of these 399 citations, 72 (18%) were included. An additional 27 citations were identified
through reviewing the reference lists of the included studies, resulting in 99 citations. Citations examined 83 |CT-delivered
programs from 19 high-income countries. Variations in program design, ICT platforms, research design, and outcomes were
evident.

Conclusions: Included programs and research were heterogeneous, addressing preval ent chronic diseases. Evidence wasretrieved
for the effectiveness of nurse and allied health I CT-delivered programs. Findingsindicated that outcomesfor participants receiving
| CT-delivered programs, when compared with participants receiving in-person programs, were either equivalent or better. Gaps
included a paucity of co-designed programs, qualitative research around group programs, programs for patients and carers, and
evaluation of cost-effectiveness. During COVID-19 and beyond, health professionals in the community health setting are
encouraged to build on existing knowledge and address evidence gaps by developing and evaluating innovative |CT-delivered
programs in collaboration with consumers and carers.
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Introduction

Background

Health professionals, working across community and acute
health care settings, have responded rapidly to the COVID-19
pandemic by adopting information and communications
technology (ICT) to continue delivering health programs[1-3].
Internationally, there has been an upward surge in the use of
ICT tofacilitate videoconferencing and tel ephone consultations
to meet physical distancing requirements [4-6]. In Australia,
this shift to telehealth in the community health setting required
a temporary restructure to government funding models [7].
COVID-19 has been a catalyst for globa adoption and focus
on the prioritization of ICT in health, particularly in the
community health setting (primary care, ambulatory care,
home-based care, and outpatient hospital care) where primary
and secondary prevention health programs are delivered
[3,8-13].

Digital health, eHealth, and telehealth (including telemedicine)
are terms used interchangeably and broadly defined as the use
of ICT platforms for the remote delivery of health care to
consumers[3,14,15]. Examplesinclude videoconferencing and
telephone consultati ons, web-based platforms, el ectronic health
records, SM S text messaging, and smartphone apps (or mobile
health, which can include telemonitoring platforms) [14].
Globally, thereisincreasing support for the use of ICT platforms
to improve the accessibility of health services, particularly for
health promotion and disease prevention [14,16]. This is
evidenced by a surge in research evaluating the usability and
effectiveness of ICT-delivered health [17,18], including
programs addressing chronic disease risk factors[19-23], patient
education and health literacy [24,25], and chronic disease
self-management [18,26-28].

Barriersto theadoption of ICT platforms by health professionals
arewell documented and include alack of ICT familiarity, lack
of time to implement ICT programs, design and technical
concerns, and attitudes toward ICT [29-32]. There has been
little scope to address these barriers during the pandemic, where
there has been a greater focus on the use of ICT in COVID-19
surveillance [33-35], and delivery of telehealth consultations
[3,36]. To support health professionals in transitioning
community health programsto remote delivery using ICT during
COVID-19, a collaborative group was established between 4
Australian universities and 2 regional health servicesin April
2020. A review working group was formed, with the purpose
of engaging directly with health professionals to understand
knowledge gaps regarding program delivery using ICT. During
the consultation phase (May to June 2020), health professionals
voiced concerns regarding the transition of community health
programs (particularly group programs) toan ICT platform and
the potential for reduced program effectiveness. Similar

https://www.jmir.org/2022/3/e26515

concerns have been shared by other health professionals
internationally [37].

Approaches to undertaking reviews to inform evidence-based
decision-making in health care vary [38]. Engaging stakeholders
in the review process is suggested to generate more relevant
review findings and enable prompt dissemination into practice
[39]. An initial search was undertaken of MEDLINE Ovid,
Cochrane Database of Systematic Reviews, Joanna Briggs
Ingtitute’s (JBI) Evidence Synthesis, and PROSPERO for
existing reviews (or proposed reviews) examining |CT-delivered
health programs implemented in the community health care
setting in high-income countries (HIC). No recent reviews were
located that mapped the evidence for community health
| CT-delivered programs, justifying the need for ascoping review
[40]. The review was limited to HIC because advanced use of
ICT platformsismorelikely with similaritiesin resourcing [14].
Capturing abroad range of ICT platforms across various health
disciplines and specialtieswasimportant for participating health
professionals seeking to innovate and engage consumers in
programs. Responding to these needs, researchers and health
professionals in the review working group collaborated to
develop the review question, objectives, and inclusion and
exclusion criteria.

Review Questions and Objectives
Thereview question is as follows:

What is the evidence for the development and implementation
of health programs delivered through ICT for consumersin the
community health care settingsin HIC?

The specific review objectives include the following:

1. to scope for evidence examining the development and
implementation of ICT-delivered health programs in the
community health care setting in HIC,

2. toscopefor consumer co-design processes used to develop
health programs,

3. to examine strategies to facilitate the sharing of consumer
lived experience and peer interaction through an ICT
platform, and

4. to scope for any andragogical or pedagogical principles or
theories, informing program design.

Methods

Overview

This scoping review examined the evidence around
| CT-delivered health programsimplemented in HIC community
health care settings. This review used the JBI’s scoping review
methodology [41]. Search terms were developed for the
population, concept, and context. The review question,
objectives, inclusion and exclusion criteria, and search strategies
were developed and documented in advance (Section S1 in
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Multimedia Appendix 1[41-141]). The PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews) was adhered to (Table S1 in
Multimedia Appendix 1) [42-141].

Search Strategy

The JBI 3-step search process was used [142]. A preliminary
search was undertaken in Ovid MEDLINE and CINAHL using
keywords. A tailored search was then developed for each
information source using keywords. For databases, a
combination of Boolean operators, truncations, and Medical
Subject Headings were used to form search strings (Multimedia
Appendix 1). Hedlth librarian assistance was obtained for
developing the initial Ovid MEDLINE search strategy and
tranglating searches. Reference lists of included studies were
also searched for additiona studies.

The databases searched included Ovid MEDLINE, CINAHL
(EBSCOhost), Embase (Elsevier), and Cochrane Database of
Systematic Reviews (Table S2 in Multimedia Appendix 1).

Table 1. Inclusion and exclusion criteria.

Bekset d

Multiple platforms were searched for gray literature (Table S3
in Multimedia Appendix 1). Database searcheswere conducted
on June 16, 2020. Gray literature searches were conducted
between June 15 and 30, 2020.

Inclusion Criteria and Exclusion Criteria

The literature was selected according to the inclusion and
exclusion criteria presented in Table 1). Health programs
(excluding infectious disease screening, surveillance, antenatal
and postnatal, and postoperative rehabilitation programs)
delivered by a health professional using an ICT platform to all
populations (including carers and family members) in the
community heath context of HIC, as defined by the
Organization for Economic Co-operation and Devel opment
(OECD) [142], wereincluded. All types of literature published
from January 1, 2010, to June 16, 2020, wereincluded to capture
a broad range of ICT platforms and health programs. Only
studies published in English wereincluded because of resource
constraints.

Inclusion criteria

Exclusion criteria

Population

No exclusions

Concept

Context

Health programs delivered for infants, children, young people, and adults, in-
cluding those delivered for consumers, carers, and family or friends of con-
sumers

Health programs (interventions, models of health care, and services, including,
but not limited to, health education, self-management, health promotion and
rehabilitation for secondary prevention of disease) delivered by health profes-
sionals (including psychologists, speech therapists, speech pathol ogists, occu-
pational therapists, physiotherapists, physical therapists, podiatrists, exercise
physiologists, dietitians, social workers, audiologists, nurses, and doctors) ad-
dressing health conditions including, but not limited to, chronic disease (eg,
cardiovascul ar disease, respiratory disease, diabetes, renal disease, cancer, and
mental illness) or risk factorsfor devel oping chronic disease including, but not
limited to, obesity, physical inactivity, poor health literacy, and alcohol misuse
using information and communications technology (eg, mobile health, eHesdlth,
telehealth, web-based interventions, and digital health)

Health programsimplemented in the community health context in high-income
countries (according to the Organization for Economic Co-operation and De-
velopment criteria), including primary care clinics and hospital outpatient

Infectious disease screening and surveillance
programs, antenatal and postnatal programs, with
the exception of gestational diabetes mellitus and
postoperative rehabilitation programs

Programs delivered in low- and middle-income
countries

clinics

Study Selection and Data Extraction

Searches were undertaken with the assistance of librarians
skilled in systematic reviews. Citations were imported into
Covidence (VeritasHealth Innovation) for screening. Titlesand
abstracts were screened independently by at least two reviewers
with conflicts resolved through mediation with an independent
reviewer. All authors were involved in either screening,
resolving conflicts, or both. Authors only resolved conflictsfor
citations that they did not screen. Full-text review and data
extraction was then undertaken. For articles not meeting the
inclusion criteria, reasons were noted (Table S4 in Multimedia
Appendix 1). Reference lists of the included citations were
screened for additional literature. Dataextraction was tabul ated
(Section S1 in Multimedia Appendix 1), and findings were

https://www.jmir.org/2022/3/e26515

synthesi zed using adescriptive approach informed by thereview
objectives [41]. Consistent with scoping review methods and
to enable rapid dissemination of findings, aquality assessment
of the studies was not undertaken [143,144].

Results

Overview

Of the 399 citations eligible for full-text screening, 72 (18%)
met the inclusion criteria. An additional 27 citations were
identified from the reference lists of the included citations,
resulting in 99 citations examining 83 programs (Figure 1).
Reasons for exclusion were provided (Table $4 in Multimedia
Appendix 1).
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Figure 1. PRISMA (Preferred Reporting Item for Systematic Reviews and Meta-Analyses) flow diagram. ICT: information and communications

technol ogy.
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Heterogeneity of Programs Using ICT Platforms

The included health programs (n=83) were heterogeneous in
design and use of ICT platforms, addressing avariety of chronic
diseases (cancer, 3/83, 4%; cardiovascular disease[CV D], 12/83,
14%,; diabetes [including gestational diabetes|, 30/83, 36%;
chronic obstructive pulmonary disease [COPD], 14/83, 17%;
other chronic diseases, 11/83, 13%; and chronic pain, 2/83, 2%)
and risk factors for developing chronic disease (11/83, 13%;
Table S5in Multimedia Appendix 1). The most frequently used
ICT platform for program delivery was the telephone (24/83,
29%) and then internet-based platforms (21/83, 25%), telehealth
(telemonitoring; 15/83, 18%), and videoconferencing (11/83,
13%). Some programs used a combination of ICT: telephone
and internet-based platforms (1/83, 1%); telephone and mobile
apps (2/83, 2%); telemonitoring and an internet-based platform
(6/83, 7%); and telehealth (telemonitoring), videoconferencing,
and telephone (2/83, 2%). Most programs were delivered by
nurses (30/83, 36%) or a multidisciplinary health care team
(24/83, 29%), dietitians (8/83, 10%), physiotherapists (7/83,
8%), diabetes educators (4/83, 5%), and psychologists (4/83,
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RenderX

5%). Diverse community health settings were captured where
the programs were delivered. Most programs were delivered in
outpatient hospital settings (51/83, 61%), followed by
home-based settings (12/83, 15%; delivered by other community
health organizations that were not primary care practices or
hospitals), primary care practices (10/83, 12%), and other
community health centers, including multidisciplinary centers
(7183, 8%) and community cancer centers (3/83, 4%).

The included health programs were from 19 OECD HIC. The
United States had the highest number of programs (31/83, 37%),
followed by Australia (14/83, 17%), Canada (7/83, 8%), Spain
(5/83, 6%), the United Kingdom (5/83, 6%), Denmark (4/83,
5%), Norway (3/83, 4%), Italy (3/83, 4%), the Netherlands
(2/83, 2%), Belgium (2/83, 2%), Taiwan (2/83, 2%), Greece
(2/83, 2%), France (2/83, 2%), Japan (1/83, 1%), Finland (1/83,
1%), Germany (1/83, 1%), South Korea (1/83, 1%), Singapore
(1/83, 1%), and Switzerland (1/83, 1%). A total of 2 programs
were implemented in >1 country, accounting for 88 sites of
program implementation across al included studies [76,86].
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Program Design: Group Programs, Co-design, and
Guiding Theories

The programs primarily targeted only patients (76/83, 92%).
Fewer programs were for patients and carers (7/83, 8%) and
included 2 programs for cancer management [43,44], 1
telemonitoring program for CVD [56], 1 rehabilitation program
for acquired brain injury [61], 1 pediatric asthma management
program [64,65], 1 coping skills training program for COPD
[78], and 1 self-management program for psychological distress
[133].

Of the 83 programs, 16 (19%) were either delivered to groups
of participants or included a component that involved groups
of participants. Of these 16 programs, 5 (31%) targeted diabetes
education, self-management, and behavior change coaching
[101,102,108,116,125]; 4 (25%) programs were CVD
rehabilitation (secondary prevention) or counseling programs
[46,47,52,53,55,57]; 4 (25%) addressed risk factorsfor chronic
disease through education and behavior change coaching
[131,132,136,141]; 1 (6%0) involved group cognitive behavioral
therapy (CBT) for participants experiencing insomnia [66]; 1
(6%) involved pharmacist-led group education for hepatitis C
[73]; and 1 (6%) involved group education for osteoarthritis
[70].

No studies included strategies to facilitate the sharing of
consumer lived experience and peer interaction in group
| CT-delivered programs. A qualitative study evaluating 1 group
program (CV D rehabilitation program) reported that participants
engaged in group sessions but did not provide information
regarding participants experiences [46]. There was limited
information of any co-design processes used with consumers
or participantsto develop programs. Only 2 studiesinvestigating
2 different programs mentioned collaboration with consumers
or community organizationsto develop interventions; however,
no detail about the collaboration was provided [70,119].

None of the studies used specific andragogical or pedagogical
principles to inform the delivery of ICT programs to adult or
child participants. A total of 12 citations referred explicitly to
health behavior theories that informed program development
or delivery. Constructs of socia cognitive theory (SCT) were
used to inform a diabetes self-management support program
(Health Education Access Through Information Technology
and Utilization Program) [123], adiabetestelemedicine program
[111], a pedometer-based intervention for the secondary
prevention of CVD [50], a telephone-based Living Well with
Diabetes program [104], a telephone-based symptom
management program for people with lung cancer and their
carers|[76], and atel ephone-based health coaching program for
the secondary prevention of CVD [58,59]. Strategies were
implemented to optimize program participation and adherence
by promoting SCT constructs (eg, self-efficacy). Examples of
strategies included supporting participants to engage in goal
setting (eg, related to physical activity) [50], encouraging
participantsto seek support and rewarding achievements[104],
and equipping participants with skills (through cognitive
restructuring, problem solving, or self-soothing) to enhance
self-efficacy [76)].
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Other theories included self-determination theory, which
informed the development of a telephone-based coaching
program targeting physical activity and quality of life for
inactive adults through self-management [132]. Using
self-determination theory as a conceptual framework, the
program integrated motivational interviewing and CBT
approachesto coaching [132]. The chronic care model developed
by Wagner et al [145] and the transtheoretical model [146] were
also used to guide a diabetes self-management education
program [119], enabling self-management education and
management goals to be provided and set specifically for the
stage of change participantswere at. The transtheoretical model
was also used to inform the content and delivery of pediatric
asthma management programs delivered to children and their
carers [64,65] and a telehealth diabetes self-management
program, along with the health belief model [102].

Resear ch Evidence: Study Designs, Findings, and
Limitations

Heterogeneity was evident in the research design of included
citations (n=99) when evaluating the effectiveness, feasibility,
or acceptability of the included programs (n=83; Table S6 in
Multimedia Appendix 1). Most studies used a randomized
controlled trial (RCT) design (58/99, 59%), followed by asingle
cohort study design (12/99, 12%), acohort study with 2 or more
groups (7/99, 7%), aqualitative design (5/99, 5%), an economic
evaluation of an RCT (4/99, 4%), amixed methods study design
(3/99, 3%), or a survey design (2/99, 2%). The remaining
citations used other non-RCTs or experimental study designs
(8/99, 8%).

Primary and secondary outcomes, and approachesto measuring
outcomes (eg, use of validated questionnaires or devices) varied
between studies and conditions (Table S6 in Multimedia
Appendix 1). For RCTSs, the reported effect was categorized as
positive (ICT intervention was effective or more effective than
control), neutral (effectswere equivalent to control), or negative
(ICT intervention was not effective or |ess effective than control)
where appropriate, to provide an indication of the effectiveness
of programs using ICT platforms. Of the 58 studies able to be
categorized, 30 (52%) reported positive effects on the primary
and secondary outcomes attributed to the ICT intervention,
when compared with the control group, whereas 28 (48%)
studies reported a neutral effect. No RCTs reported that
outcomes were worse in the ICT intervention group thanin the
control group. Owing to the heterogeneity of primary and
secondary outcome measures and program design, the most
frequently reported outcome measures for condition groups
used in RCTs are reported in Table 2, with the effects
categorized. From the studies included in this table, there was
consistency in the findings of RCTs of COPD programs
reporting on health service use outcome measures. The effect
of programs on therate of hospitalization of the ICT intervention
and control groupswerefound to be neutral. However, for RCTs
of programs using clinical, anthropometric, or physical activity
outcome measures, there was a mix of positive and neutral
effects. Thelength of thefinal follow-up periodsin RCTsranged
from 6 weeksto 5 years (with amedian follow-up period of 12,
IQR 6-15 months).
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Table 2. Most frequently reported primary outcome measures in included RCTS2.

Study Reported effect and results

Outcome measure: HbA 1¢ b (diabetes programs)
Baron et al [94] Neutral: Program did not achieve aclinically significant reduction in HbA 1c.

Blackberry et al [96]  Neutral: At 18-monthsfollow-up, the effect on HbA 1 did not differ between theintervention and control (mean difference
0.2, 95%Cl -0.2 to 0.2; P=.84).

Buysse et a [97] Positive: Both groups received tele-education at different time points (delayed access [control] and immediate access
[study group]) and demonstrated an overall significant impact of tele-education on HbA 1 reduction (—0.5% control and

—0.4% study group, respectively).
Carter et a [98] Positive: Patients enrolled in intervention were 4.58 times more likely to achieve an HbA ;. target <7%.

Charpentier et al [99] Positive: At 6 months, mean HbA ;. was lower in the intervention group than in the control group (8.41 vs 9.10, respec-

tively).
Daviset a [102] Positive: A significant reduction in HbA ;. was found in the intervention group, compared with usual care (9.4t08.2in
the intervention group, compared with 8.8 to 8.6 in usual care).
Fountoulakis et a Positive: Significant reduction in HbA 1 in the intervention group at 3 and 6 months, when compared with that in the
[107] control group.

Greenwood et a [108] Positive: The intervention group had a statistically significant difference of 0.41 percentage points at 6 months when
compared with the control group.

Klingemanetal [117] Positive: Average HbA 1. reduced by 1.7% in the intervention group, compared with 0.3% in the control group.
Sood et a [124] Neutral: No statistically significant differences between the intervention and control groups at 18 months.

Varney et a [127] Positive: Theintervention group experienced agreater mean change in adjusted HbA 1 than the control s between baseline
and 12 months; however, this was not sustained.

Wakefield et a [129]  Neutral: Participantsin the intervention group experienced decreased HbA 1 during the 6-month intervention period

when compared with the control group; however, 6 months after the intervention was withdrawn, the intervention groups
were comparable with the control group.

Weinstock et al [113] Positive: Intervention was associated with improved HbA 1. over 5 years, when compared with control.

Wild et a [110] Positive: Clinically and statistically significant improvements were observed in the intervention group at 9 months, when
compared with the control group.

Outcome measure: rate of hospitalization (COPD® programs)
Antoniadeset a [75] Neutral: No significant difference between the intervention and control groups at 12 months.
Blumenthal et al [78] Neutral: No significant difference between the intervention and control groups up to 4.4 years follow-up

Fairbrother et al [84]  Neutral: No significant difference between the intervention and control groups at 12 months.

Pinnock et al [85] Neutral: No significant difference between the intervention and control groups at 12 months.
Kesdler et a [86] Neutral: No significant difference between the intervention and control groups at 12 months.
Tabak et al [89] Neutral: No significant difference between the intervention and control groups at 2 months.

Outcome measure: PAY or capacity (cardiovascular disease programs)

Lear et al [47] Positive: Intervention group participants who received support from a health professional through an internet-based
platform had a greater increase in maximal time on the treadmill by 45.7 seconds (95% CI 1.04-90.48) compared with
the usual care group over the 16 months (P=.045).

Furber et a [50] Positive: After the 6-week intervention, improvementsin total PA time, total PA sessions, walking time, and walking
sessions were all significantly greater in the intervention group who received tel ephone support than in the control who
received 2 education pamphlets and no support viatelephone.

Hawkes et a [59] Neutral: No significant difference between the PA of participantsin the intervention and control groups at 6 months
follow-up.

Hwang et al [52,53]  Neutral: No difference was found between the PA of participants receiving the telerehabilitation intervention when
compared with the control group who received center-based care, and it was less costly than center-based heart failure
rehabilitation.

Nolan et a [57] Positive: More tel eheal th participants than control participants reported adherence to exercise and diet after treatment at
a 6-month follow-up.
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Study Reported effect and results

Outcome measure: weight loss or prevention of weight gained (risk factorsfor chronic disease programs)

Ferraraet a [135]

Positive: Compared with those receiving usual care, women in the lifestyle intervention had reduced weekly rate of

gestational weight gain (mean 0.26 vs 0.32 kg/week).

Padwal et al [138]

Neutral: Face to-face or web-based delivery of intensive self-management program was no more effective than the once

off provision of educational materials and were more costly.

Weinstock et al [141]
call group (=5.6% compared with —1.8%).

Positive: Mean percent weight loss at 2-year follow-up was higher for the conference call group than for the individual

8RCT: randomized controlled trial.

BHbA 1c: glycated hemoglobin A .

SCOPD: chronic obstructive pulmonary disease.
dpa: physical activity.

Of the 7 studies using qualitative inquiry (including mixed
methods studies using qualitative inquiry), 3 (43%) studies
examined the attitudes of participants (a videoconferencing
education workshop for inflammatory arthritis, a COPD
telemonitoring program, and a telemonitoring program for
diabetes) [71,88,109], 2 (29%) examined perceptionsof aT2DM
smartphone app [118,121], 1 (14%) measured the patient
experience of being involved in a web-based cardiac
rehabilitation program [46], and 1 (14%) examined the
perceptions of both patients and health professionals involved
with a COPD telemonitoring service [83]. Themes varied but
generaly related to the accessibility of ICT programs[46] and
general participant satisfaction [88]. A study also reported no
differencein feedback obtained from participantswho attended
an in-person program compared with those who attended
videoconferencing [71]. Ancther study reported limitations of
using ICT platforms, including frustration with using
smartphones [118], whereas other studies reported that
technology was acceptable [83,88,109,121].

Studies providing an economic evaluation of an ICT-delivered
program, in conjunction with either an RCT [49,52,54,132] or
a case-control study [51], supported the potential for the
cost-effectiveness of |CT-délivered programs when compared
with in-person programs. When examining telerehabilitation
for CVD, Hwang et a [52] found the intervention to be as
effective and less costly than center-based rehabilitation. Ho et
al [51] reported that a telehealth program for CVD was more
cost-effective and more likely to prevent hospitalizations than
usual care. However, a telemonitoring program for CVD was
reportedly not cost-effective becausetheintervention had higher
costs (including equipment costs) than usual care, and no
significant difference was found in quality-adjusted life years
[54].

Research limitationsfrequently reported included high attrition
rates, small sample sizes (or not statistically powered for
outcome measures), and limited externa validity. The total
attrition rates of RCTs ranged from 1% to 63%, with amedian
attrition rate of 18% (IQR 10%-25%). Difficulty in recruiting
participants was also reported by some researchers. An RCT
conducted a survey of why participants declined to participate
in the trial and found persona reasons and concerns with
technology were frequently cited by respondents [54].

https://www.jmir.org/2022/3/e26515

Discussion

Principal Findings

This review provides a broad overview of research examining
| CT-delivered programs implemented in the community health
setting in 19 countries, providing a sample of programs from
24% (19/80) of OECD HIC [144]. The highest proportion of
included ICT-ddlivered programswasimplemented in the United
States, the country with the highest financial investment in
health care (16.9% of gross domestic product in 2018) [147]
and agrowing investment in digital health [148]. Although this
review was limited to programs implemented by OECD HIC,
other studies have identified a surge in ICT programs and
innovations in low- and middle-income countries [149-151].
Because of the COVID-19 pandemic, it is anticipated that
ICT-delivered health programs and innovations will continue
toincrease asglobal health care systemsaretransformed [152].

Included programs and citations were diverse, addressing a
range of chronic diseases and risk factors, using a variety of
ICT platforms delivered by different health professional s across
different community health settings. Programs mostly targeted
highly prevalent chronic diseases and risk factors, suchasCVD,
COPD, diabetes, and obesity or being overweight [153,154],
and were delivered in the outpatient hospital setting. The need
to facilitate agreater adoption of ICT in other community health
settings (eg, primary care practices) has been identified by other
international research and is supported by the review findings
[155]. Furthermore, there were few self-management and
education programs addressing cancer and mental heath
conditions, other chronic diseasesthat pose asignificant burden
on global populations [153]. During the COVID-19 pandemic,
the need for improved accessibility to mental health programs
has aso been identified [156]. There were also few programs
implemented for patients and carers. There is an increasing
focus on the importance of carer engagement, particularly for
dementia care [157] and mental health [158], and research
around the role of ICT programsin supporting carers [159].

A high proportion of programs were delivered using the
telephone, internet, and telemonitoring. With asurgein the use
of mobile health technologies through smartphone apps and
other innovations (eg, activity monitoring devices), thisfinding
suggests that the telephone remains an important ICT platform
for improving patient accessibility to health professionals,
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particularly for self-management and behavior change coaching.
This is evident by the use of telehealth during COVID-19 in
countries such as Australia, where telephone consultations have
had a higher uptake in primary care settings compared with
videoconferencing delivered via web-based platforms [160].
The usefulness of videoconferencing for delivering group
education, behavior change coaching, and self-management
programs is also indicated by the review findings. Although
thisreview reportslittle about the acceptability of ICT-delivered
group programs and strategiesto facilitate peer interaction, other
reviews have found that group programs delivered through
videoconferencing have been acceptable and feasible to
participants [161]. Future research needs to examine how to
facilitate group interaction in ICT programs[162].

Although the included studies had a range of research designs
(a finding of another systematic review examining emergent
eHealth interventions [163]), the findings from this review
supported the effectiveness of nurse-led ICT programs in
improving pain associated with cancer [43], improving
quality-of-life outcomes and reducing hospital admissions for
patientswith CV D [56], improving health outcomesfor patients
with CVD [58,59], and improving quality of life in carers of
children with asthma [64,65]. Findings also indicated the
effectiveness of ICT-delivered programs by allied health
professionals, including a telenutrition program delivered by
dietitians [60] and a chronic pain program delivered by
physiotherapists [91]. The results from included RCTs
comparing participant outcomesof an ICT program to acontrol
group (receiving mostly in-person care) were either equivalent
or better for ICT programs. Other reviews examining ICT
interventions, such as nurse and allied hedth, delivered
telehealth interventions [164], and electronic CBT [165], also
concluded that delivering health interventions through ICT
platforms does not lead to poorer health outcomes for patients.

Substantial gapsin research evidencerelating to ICT programs
ddivered in the community health setting by health professionals
wereidentified. Therewerefew co-designed ICT programs (and
no documentation of co-design processes) and no reference to
specific pedagogical or andragogical educationa principles
guiding program delivery—gaps identified by other reviews
[166,167]. Engaging stakeholders in program development
through co-design processes is thought to create programs that
are more useful and acceptable to end users [168]. Some
programs were developed or guided by theories; however,
further research is required to examine whether using theories
(eg, SCT) to develop and guide programs results in better

Acknowledgments

Bekset d

outcomes for participants [169]. Few studies have examined
participant acceptability, experience, and perceptions of ICT
programs through qualitative inquiry. However, qualitative
findings resonate with other reviews that have found that
participants are generally satisfied with telehealth [170].
Findings indicate that there is a need for greater consumer
engagement in the process of developing ICT programs and
evaluating effectiveness [171]. There is also a need for more
economic evaluations of ICT programs delivered in the
community health setting, which isalso lacking in broader health
services research [172,173].

Engaging with health professionals to understand knowledge
gaps regarding community health ICT program delivery during
COVID-19 and codevel opment of the scoping review question,
objectives, and inclusion and exclusion criteria are strengths of
this review. A summary of review findings was rapidly
disseminated to health professionals involved, and findings
were discussed during a short webinar. The limitations of the
review include only abrief search of international gray literature
due to the need to rapidly disseminate findings to health
professionals. Undertaking a more thorough search of the
international gray literature could have minimized publication
bias. Thereis potential that relevant citations were not included
in the review owing to this constraint. Despite this, every effort
was made to review the reference lists of included citations for
additional studies. Studies published in a language other than
English were not captured by this review owing to resource
constraints.

Conclusions

This review identified heterogeneity in available evidence
examining |CT-ddlivered programsin community health settings
in HIC. There is promising evidence for the effectiveness of
nurse and allied health delivered ICT programs. From RCTS,
outcomes for participants receiving ICT programs, compared
with those receiving in-person programs, were either equivalent
or better. Gaps identified included a paucity of co-designed
programs, qualitative research relating to consumer
acceptability, experience, and interactions in group programs;
and cost-effectiveness of ICT programsand programstargeting
patients and carers. It is expected that because of COVID-19,
there will be a surge in the innovation, development, and
evaluation of community health programs delivered using ICT
platforms, providing an opportunity for health professionals
and researchers to build on existing knowledge and address
evidence gaps.
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Abstract

Background: To address the matter of limited resources for treating individuals with mental disorders, e-mental health has
gained interest in recent years. More specifically, mobile health (mHealth) apps have been suggested as electronic mental health
interventions accompanied by cognitive behavioral therapy (CBT).

Objective: This study aims to identify the therapeutic aspects of CBT that have been implemented in existing mHealth apps
and the technologies used. From these, we aim to derive research gaps that should be addressed in the future.

Methods: Three databaseswere screened for studies on mHealth appsin the context of mental disordersthat implement techniques
of CBT: PubMed, |IEEE Xplore, and ACM Digital Library. The studies were independently selected by 2 reviewers, who then
extracted data from the included studies. Data on CBT techniques and their technical implementation in mHealth apps were
synthesized narratively.

Results: Of the 530 retrieved citations, 34 (6.4%) studies were included in this review. mHealth apps for CBT exploit two
groups of technologies: technologies that implement CBT techniques for cognitive restructuring, behavioral activation, and
problem solving (exposureis not yet realized in mHealth apps) and technol ogiesthat aim to increase user experience, adherence,
and engagement. The synergy of these technol ogies enabl es patients to self-manage and self-monitor their mental state and access
relevant information on their mental illness, which helps them cope with mental health problems and allows self-treatment.

Conclusions: Thereare CBT techniquesthat can beimplemented in mHealth apps. Additional research isneeded on the efficacy
of the mHealth interventions and their side effects, including inequalities because of the digital divide, addictiveinternet behavior,
lack of trust in mHealth, anonymity issues, risks and biases for user groups and social contexts, and ethical implications. Further
research is also required to integrate and test psychological theories to improve the impact of mHealth and adherence to the
e-mental health interventions.

(J Med Internet Res 2022;24(3):€27791) doi:10.2196/27791

KEYWORDS
cognitive behavioral therapy; mHealth; e-mental health; chatbot; mobile phone

disability [2], resulting in high economic costs. The negative

Introduction

Background

Mental disorders, including depressive and anxiety disorders,
affect 29% of the global populationintheir lives[1]. Apart from
thefact that mental disorders have animpact on people'squality
of life, they are one of the most common causes of occupational

https://www.jmir.org/2022/3/e27791

social aspects experienced by individual swith mental disorders
includetheinability to create and maintain lasting relationships
and the stigmatization in society. These factors hamper
individuals' capacity to act and lead a self-determined life as
members of society, discourage them from seeking professional
help, and possibly reinforce the characteristics of mental
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disorders [3]. Mental disorders are usually treated using
pharmacotherapy or psychotherapy [4]. However, there is a
global shortage of mental health professionals as demand
exceeds service provision. Thereare 9 psychiatrists per 100,000
people available in high-income countries[5], whereas thereis
1 psychiatrist for every 10 million people in low-income
countries [6]. In Europe, a comparative study between Finland
and Spain—both with a similar prevalence of mental health
disorders—showed a significant difference in the number of
avalable staff resources. In Finland, for example, 13
psychologists were avail able per 100,000 inhabitants, whereas
in Spain, only 2.9 psychologists were available per 100,000
inhabitants [7]. According to the World Health Organization
(WHO), approximately 45% of peoplein high-income countries
and 15% of people in low-income countries can access mental
health services [8]. Leaving people with untreated mental
disorders may increase suicide attempts and mortality [9]. Even
if treated, approximately 98% of patients' change processes
induced by therapy occur outside of therapy sessions in their
daily lives. Therefore, there is a need to provide support and
self-help between therapy sessions, which increases the
availability of cognitive behavioral therapy (CBT) to larger
populations.

To addresstheissue of limited resourcesfor treating individuals
with mental disorders, e-mental health has gained interest in
recent years, particularly for behavior change using elements
of CBT and self-help (eg, MoodGym [10]). e-mental health is
defined as “mental health services and information delivered
or enhanced through the Internet and related technologies.”
[11]. Numerous studies have shown that e-mental health
interventions are comparable in effectiveness to traditional
face-to-face psychotherapy [12,13], thus providing a possible
solution for people who do not have access to face-to-face
therapy. e-Mental health enables usersto learn more about their
mental health condition through self-help services; it empowers
them to strengthen their self-management and improve their
health, sometimesincluding peer-to-peer support [14]. e-Mental
health, realized as mobile health (mHealth) apps, aimsto expand
the availability and quality of mental health treatment. mHealth
apps often ask usersto enter data for reflection and awareness
and provide relevant information depending on user input.
Sometimes, they also collect data from wearables. The number
of apps addressing mental health hasrapidly increased in recent
years [15,16]. Details on the technica implementation of
mHealth apps are rarely described in scientific papers [17],
although implementation is of utmost importance to enable
patient agency and facilitate self-therapy practices. This study
aimsto investigate which CBT techniques are implemented by
which technologies in mHealth apps and derive the research

gaps.

CBT and mHealth Apps

CBT isan “active, problem-focused, and time-sensitive approach
to treatment that aimsto reduce emotional distressand increase
adaptive behavior in patients with a host of mental health and

https://www.jmir.org/2022/3/e27791
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adjustment problems’ [15,18]. There are four fundamental
techniques of psychotherapy used in CBT: cognitive
restructuring, behavioral activation, exposure, and problem
solving [15,18]. In cognitive restructuring, therapists support
patientsin recognizing, evaluating, and modifying maladaptive
or unhelpful thinking. Behavioral activation helps patients to
actively re-engagein their lives. Exposure comprises systematic
contact with afeared stimulus, whereas problem solving aims
to help patients identify and implement solutions to their
problems. We based our work on the implementation of CBT
in mHeath apps on these 4 fundamental techniques of

psychotherapy.

The efficacy of CBT has been demonstrated in multiple forms
of psychopathology, including anxiety disorders, depression,
and eating disorders [19]. Efficacy in the context of this study
means that the effectiveness of an intervention can be
demonstrated. mHealth apps provide optionsfor practices, which
were formerly elements of therapist—patient interaction; thus,
this provides momentum for new routinesand social forms[20]
of coping with mental health problems.

In this study, we aim to assess which technologies are used in
mHealth apps to implement the CBT technique. More
specifically, we seek to answer the following research questions:
for which mental illnesses have CBT-based apps been in use
or tested, which CBT techniques are implemented in mHealth
apps, which technologies are used toimplement CBT techniques
in mHealth apps, and which research gaps exist in mHealth apps
for realizing CBT?

Methods

Overview

We answered our research questions using a literature search
and review. We studied which of the 4 fundamental CBT
techniques (cognitive restructuring, problem solving, behavioral
activation, and exposure) have been implemented in mHealth
apps. Furthermore, we investigated the technologies used for
their implementation.

Search Strategy

The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) criteria guided the conduct and
reporting of our literature search [21]; for the PRISMA checkligt,
refer to Multimedia Appendix 1. The search was conducted
between June 6 and June 13, 2020, considering all articles
published during the period of 2007 to 2020, asthefirst iPhone
was launched in 2007, establishing the technological basis for
mobile apps. A total of 3 databases were consulted to find the
relevant papers. Papers included in PubMed were retrieved
using the search string described in Textbox 1. Aswewere also
interested in the technical aspects of CBT in mHealth apps, we
additionally searched the libraries of IEEE Xplore and ACM
Digital Library (Textbox 1).
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Textbox 1. Search strings used for database search.
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Search strings used to search PubMed

OR internet-delivered): 287 results with abstract

Search strings used to search |IEEE Xplore
«  Cognitive behavioral therapy: 65 results

Search strings used to search ACM Digital Library

«  Cognitive behavioral therapy AND mental health AND (telemedicine ORmobile health OR mhealth OR smartphone) NOT (internet delivered

o Query: (Abstract: cognitive behavioral therapy AND mental health) AND (Abstract: mobile health OR mhealth OR smartphone); Filter: (Article
type: Research Article, Publication date: [ 1/1/2007 TO *], ACM content: DL): 178 results

Inclusion and Exclusion Criteria

Articleswere included in this review if they were dealing with
CBT and mHealth apps, they were primary studies reporting
results, and adults (aged >18 years) were the target popul ation.

Articleswereexcluded if thetarget populationsfor interventions
were military veterans, children, or adolescents. These target
groups differ from the general public. Military veterans have a
significantly higher prevalence of posttraumatic stress disorder
than the average population [22] and often receive care in
specialized institutions. On the other hand, digital resourcesfor
children or adolescents need to address specific cognitive and
devel opmental issues[23] and cannot be directly compared with
apps for adults. Therefore, we decided to exclude apps that
explicitly targeted these groups from this review. Furthermore,
all papersdealing only with web-based interventions and those
describing only the study protocol without the final resultswere
excluded.

Eligibility and Data Extraction

To assess the eligibility of the articles, al titles and abstracts
were examined by 2 independent reviewers (KD and SN) inthe
first round. In the second round, the full texts of the selected
articles were extracted and carefully analyzed to confirm their
eligibility. Eligibility doubts were discussed until an agreement
was reached. The selected articles were included in the
qualitative synthesis.

https://www.jmir.org/2022/3/e27791

Two reviewers (KD, NS) extracted datafrom the selected studies
regarding CBT techniques, technologies implemented in the
mHealth app, type of mHeath app, considered medical
conditions, and outcome. With CBT techniques, we referred to
the 4 fundamental techniques of psychotherapy applied within
CBT (cognitive restructuring, behavioral activation, exposure,
and problem solving [15]). With technologiesin mHealth apps,
we implied technical means used in the apps for realizing
specific functionaities. More specifically, we assessed the
provision of audio and video content, interactive elements (eg,
communication facilities with humans or computer systems
such as chatbots), socia network technologies, gamification,
and automatic analysis facilities (eg, for sentiment or emotion
detection, recommendation, and text anadysis). Data were
abstracted into a spreadsheet standardized for this review.
Finally, we derived the research gaps in e-mental health from
the results.

Results

Sample

A total of 530 papers were retrieved by our search, as follows:
287 (54.2%) records in PubMed, 65 (12.3%) in IEEE Xplore,
178 (33.6%) in ACM Digita Library, and no duplicates. Of
these 530 papers, 34 (6.4%) papers met the inclusion criteria
and were, therefore, included in the qualitative synthesis (see
the flowchart of the selection procedure in Figure 1). Papers
were excluded during digibility screening and data extraction
if they described only mock-ups or no apps.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the selection procedure.
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Characteristics of Studies

Most papers (21/34, 62%) reported randomized controlled trials
(RCTs) in which =1 mental health app was tested (Multimedia
Appendix 2). Theremaining papers used different study designs.
Of the 34 papers, 4 (12%) only assessed usability through
surveys. For RCTs, the number of involved participants varied
between 30 and 1098, with an average of 333. The studies
designed as surveys involved an average of 135 participants.
We found the largest number of participants (n=3977) in an
observational study [24]. This study did not recruit participants
explicitly but analyzed the use protocols of the app under
consideration. It remains unclear whether these protocols
originated from peoplewith diagnosed mental health problems.

Most studies considered usability [25,26], user satisfaction,
acceptance [24], adherence [27], or engagement as outcome
measures. RCTs mainly studied efficacy, adherence, or
acceptability compared with acontrol group. In RCTs, e-mental
health interventions were often compared against each other
instead of comparing the app intervention with standard
face-to-face psychotherapy. For example, the efficacy of a

https://www.jmir.org/2022/3/e27791

RenderX

web-based implementation of the Kokoro app was compared
with that of an app-based intervention [28]. Among other things,
outcome measures included the Patient Health Questionnaire-9
or Emotional Self-awareness Scale [29]. Of the 34 papers, 3
(9%) studied the Kokoro app for depression. In these papers,
the effectiveness of the app-based intervention was reported;
the use of the app reduced the symptoms of depression
[28,30,31].

Mental Health Conditions Covered

Most studies (32/34, 94%) focused their research on auser group
with a specific disorder. We classified the disorders according
to the WHO International Classification of Diseases-10th
revision (version 2019) coding system (Table 1). Most studies
(16/34, 47%) used apps that offered support for persons with
depression. Furthermore, there was a wide range of apps that
targeted anxiety disorders; addiction problems; and psychiatric
disorders such as schizophrenia, bipolar disorders, or suicidal
tendencies. These disorders are often treated by CBT, which
can be realized in an mHealth app in contrast to other types of
therapies.
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Table 1. Health conditions examined in the studies (N=34).
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Health condition

WHO?CD-10P code Total, n (%)

Drug addiction—cannabis
Agoraphobia

Borderline personality
Depression

Eating disorder

Insomnia

Psychosis

Schizophrenia, schizoaffective, or bipolar 1
Smoking

Stress

Suicidality

Unknown

F12.1 13
F40.0 1(3)
F60.3 13
F32 16 (47)
F50 2(6)
G47 1(3)
F29 2(6)
F20, F25, and F31 1(3)
Z72.0 3(9)
F99 3(9)
R45.8 13
N/AC 2(8)

3WHO: World Health Organization.
b1CD-10: International Classification of Diseases-10th revision.
°N/A: not applicable.

CBT Techniquesin mHealth Apps

Apps may have integrated techniques to address different
purposes. We classified the main purposes of the apps as
informational, coach, or therapy. An app was considered
informational when it mainly provided information to the user,
for example, on mental health. Appswere classified as coaches
when suggestions were tailored to the user and their specific
mental health condition or when support in managing a mental
illness was delivered. As therapeutic apps, we grouped apps
that delivered CBT with theaim of creating atherapeutic setting.

We could not identify any apps that were only informational.
Most apps provided information but had additional
functionalitiesthat led to their classification as coach or therapy.
Most (20/34, 59%) apps could be considered as coaches in
mental health. Of the 34 apps, 13 (38%) were classified as
therapy; for 1 (3%) app, this classification was not applicable.
We concluded that CBT-based mHealth apps go beyond patient
education. They support and extend their self-help capabilities.

We identified in the included papers 3 of the 4 fundamental
techniques of psychotherapy applied in CBT (cognitive
restructuring, behavioral activation, exposure, and problem
solving [15]; Multimedia Appendix 3 [24-27,29,30,32-50]).
mHealth apps provided toolkits for cognitive restructuring,
which included diary-keeping functionalities and support in
changing thoughts or tensions. Behaviora activation was
realized by providing information on mental health conditions
by tracking activities or setting goals. Assigning homework to
patients, which is the best practice as a problem-solving
technique [15], was realized in many apps (20/34, 59%) by
providing exercises and activities as strategies to cope with
mental health problems. Direct communication with atherapist,
whichisnot aCBT techniqueitself but helpsin standard setting
for delivering CBT, was enabled by 6% (2/34) of the apps
included in the review.

https://www.jmir.org/2022/3/e27791

Technologiesin mHealth Appsfor ImplementingCBT

When developing mHealth apps for CBT, it is important to
know which technologies are useful and efficient for
implementing different CBT techniques. Interactive elements
were included in 35% (12/34) of apps to realize behaviora
activation and cognitive restructuring. Among other things, we
could identify the following interactive elements: automatic
guestion answering functionalities, message exchange with the
treatment team, avirtual character that provided information or
explanations, personalization, and persuasion methods
(Multimedia Appendix 4 [24-28,31-37,40-46,50-54]). Of the
34 apps, 3 (8%) provided aconversational agent or chatbot with
which the user could communicate. Chatbot technology was
used to support cognitive restructuring. Methods for automatic
analysis of freetextual input (natural language processing) and
machine learning methods (eg, text classification or clustering)
were used to understand user input or personalize
recommendations according to user input. However, these
methods are still rarely used (3/34, 9% papers). Audio and video
were used to provideinformation or demonstrate exercises such
as meditation exercises (ie, support behaviora activation and
problem solving). Few apps cal cul ated scores such as sentiment
or emotion scores that were shown on atimeline. Sentiment or
emotion scores quantify the sentiment or emotion of auser (eg,
positive and negative sentiment or the strength of an emotion
such as sadness). The following two technologies were
integrated into some apps that aimed to improve the user
experience and adherence: gamification and social networks.
Social aspects were integrated, enabling the user to connect
with other users. Thissocia community aspect was interesting
in the context of depression but also in other mental diseases,
where people often experience loneliness and a lack of social
contact. Gamification and social networks integrated into these
apps did not aim to deliver CBT but, more importantly, aimed
to increase the adherence and attractiveness of using the apps
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[32,51]. Gamification such as collecting jigsaws was used in
24% (8/34) of apps, and audio or video content was provided
by 21% (7/34) of apps. Approximately 15% (5/34) of apps
enabled connections with social networks and communities.

Discussion

Principal Findings

Overview

The main finding of this review is that mHealth apps for CBT
exploit two groups of technologies. (1) technologies that
implement concrete CBT techniquesfor cognitive restructuring,
behaviora activation, and problem solving and (2) technologies
that aim to increase user experience, adherence, and engagement.
The latter tries to address the current challenge in delivering
CBT, which isinsufficient adherence to CBT techniques [55].
A CBT technique that we did not find implemented was
exposure. There is a broad range of technologies used in
mHealth apps to deliver CBT; however, no technology was
used in all apps. However, atrend toward the use of interactive
elements, gamification technologies, and technologies
supporting social activities could be recognized. No app was
purely informational; however, most could be classified as
coaches and afew as therapeutic. There have been attemptsto
deliver therapy through such apps[33-35,52]. Most apps target
patients with disorders that are often treated with CBT, such as
depression; anxiety disorders, addiction problems, and
psychiatric disorders such as schizophrenia, bipolar disorders,
or suicidal tendencies.

Mental llInessesfor Which CBT-Based Apps Have Been
Used or Tested

Depression was reported most often in the assessed studies.
Depressive disorders are widespread in all countries and
comorbid with other mental diseases. According to the WHO,
>264 million people of all ages experience depression
worldwide. Thus, the target user group is huge. Depression is
aleading cause of disability worldwide and amajor contributor
to the overall global burden of disease. There seems to be a
burden of being able to deliver support to those people, and
mental health apps are obviously comprehensively tested to fill
this gap. Although our review did not deliver much evidence
on the efficacy of mHealth apps in the mental health context,
Khademian et a [56] found that mHealth apps that provide
behavior change strategies, such as CBT and techniques for
behavioral activation, have significant effects on depression,
anxiety, and stress.

Psychiatric diseases such as psychosis or schizophrenia were
also targeted. A challenge with psychiatric diseases is that
critical situations can occur where professional reactions are
essential (eg, to prevent a suicide attempt [57]). mHealth apps
that deliver predefined content cannot react individually to
various situations or specific user needs. There is a need for
mHealth apps without undesired side effects; that is, those able
to respond appropriately in situations of crisis[17].
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CBT Techniques I mplemented in mHealth Apps

We found that some methods used in standard CBT were
implemented in mHealth apps. Sometimes, it was simply a
digitization of the existing technique; however, there were cases
where mHealth apps offered some benefits compared with the
traditional therapy setting. Thought records or coping cards are
methods used within standard CBT to achieve cognitive
restructuring [15]. These methods are often provided in mHealth
apps, for example, by supporting the keeping of diaries.

Scheduling and monitoring activities are the central components
of behaviora activation in CBT [58]. Behavioral activation
recommends planning activitiesin the evening before or in the
early morning. Astherapy sessions are spread across weeksand
planning tasks are conducted with the therapist, day-to-day
planning is not practiced in traditional therapy settings. With
the use of mHealth technologies, daily planning and engagement
can be supported, and personalized recommendations can be
made [36]. Furthermore, increasing patients’ confidencein their
ability to cope with stress and adversity and their overall coping
skills is a major factor in mHealth apps contributing to the
effects on mental health [29].

Information provision as a means of behavioral activation is
another important aspect realized in many apps. This task
includes teaching patients the basics of their mental health
condition and CBT techniques. Morrisset a [59,60] have shown
that knowledge and understanding of the medical condition are
effective in supporting the everyday coping of patients with
mental illnessand can foster compliance of patientsto the health
intervention. Furthermore, patients become more competent in
making decisions related to their health through information
provision [61]. Asproviding information is a repetitive task for
health care providers, an app providing information and teaching
patients on the basics of mental health could savetimefor health
care providers. Furthermore, the patient can read theinformation
several times. However, studies show that e-mental health apps
often contain incorrect information [62] and are not necessarily
evidence based.

Assigning homework to patientsisthe best practice asaproblem
solving technique [15]. This aspect of CBT, which is available
in many apps, isrealized by providing exercises and activities.
Exposure (imaginal exposure and interoceptive exposure [15])
is a CBT technique that was not represented at al in mental
health apps included in our review. However, recent research
has exploited virtual reality for realizing exposure apps; for
example, to reduce the fear of heights [63]. It is obvious that
thereis still potential for devel oping and testing mHealth apps
that target exposure techniques.

In conclusion, mental health appsthat provide CBT support the
performing of repetitive tasks such as keeping a diary or
exercising, which are essential tasks and techniqueswithin CBT
for cognitive restructuring, behavioral activation, and problem
solving [15]. Although these tasks must be realized by patients
aspart of their standard therapy, even without mHealth support,
their digitization in mHealth apps can increase adherence, user
engagement, and retention or facilitate learning [64]. A mobile
app is available 24 hours a day. Thus, monitoring and tracking
can be performed at any time and at any place. Records in the

JMed Internet Res 2022 | vol. 24 | iss. 3 |e27791 | p.54
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

app cannot get lost as paper-based records do. Reminders can
be sent to the user on aregular basis to ensure that records are
made or activities comeinto the user’s mind [37].

Technologies Used to | mplement CBT in mHealth Apps

Most apps often present information using videos or audio, or
they collect data on activities from a user for behaviora
activation. Social aspects are integrated, enabling the user to
connect with other users. This social community aspect is
interesting not only in the context of depression but also other
mental diseases, where people often experience loneliness and
a lack of socia contact. Gamification and socia networks
integrated in these apps do not aim to deliver CBT but, more
importantly, aim to increase the adherence and attractiveness
of using these apps[37]. Artificid intelligence, including natural
language processing, language understanding, and chatbot
technology, has been rarely used in available apps. A reason
might be that unforeseen errors or reactions can occur when the
system misinterprets the user input, which might be avoided
[65]. Other studies have shown an increased interest in mental
health chatbots [66] or that chatbots are examples of the next
generation of mental health [17]. However, thiswas not reflected
in our review. Another reason for the limited inclusion of
artificial intelligence in mental health apps may be related to
medical device regulation, which requires traceability and
increases the demand on the development process.

Research Gaps That Existin mHealth Appsfor Realizing
CBT

After scoping the landscape of mHealth apps that implement
CBT, we summarized the open research issues. Thereisaneed
for the following: RCTs studying the efficacy of the single
technologies implemented in mHealth apps for realizing CBT
techniques; studies on theimpact on patients’ agency, including
trust and overreliance; consideration of psychological theories
during mHealth implementation to increase impact and
adherence; and support in recommending or selecting CBT apps
as health interventions.

Although more than half of the analyzed studies reported on
RCTs, which isthe state-of-the-art study design for proving the
efficacy of medical interventions[67], these trials often did not
assess the efficacy of the mHealth intervention. Similar results
have been reported by Bauer et a [68]. For chatbotsin clinical
psychology, Bendig et a [17] noted that studies on mental health
chatbots mainly assessed feasibility and acceptance. Studiesare
needed to assess which technology is well-suited for
implementing a particular CBT technique, aswell asfor which
mental disorders are mHealth apps efficient. This will help
derive the best practices for implementing CBT techniquesin
mHealth. In this context, it is aso important to clarify the role
of mHealth apps; for example, whether they are intended to
accompany the therapy or fill the treatment gap until atherapy
can be started.

We recognize that the impact of mHealth apps on patients
agency is not explicitly considered in these studies. Agency is
generally viewed asthe* capacity to act, produce and anticipate
a desired outcome within a particular context” [69]. In our
context, this means, among other things, that through mental
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health apps, patients would begin to manage themselves as
participants with agency exercised on the basis of patient
autonomy [70].

From a technical perspective, we want to achieve good
adherence and frequent use of apps and support this by
integrating features such as gamification to encourage frequent
use. However, there are also concerns about overreliance on
mental health apps, particularly for people who already have
trouble with addictive web-based behavior [71]. The use of
smartphone apps might be problematic, given specific mental
conditions such asanxiety or depression [ 72]. Studiesthat assess
this risk of overreliance in long-term use of mHealth apps, as
well as assessmentsrelated to trust in mHealth from perspectives
of both patients and therapists, are missing. There areindications
that users think they have even more trust in an mHealth app
when reporting persona issues than in their physician [73].
Anonymity hel ps overcome thoughts of stigmatization or shame
when describing personal issues [74].

We are al so missing implementations of psychological theories
in CBT mental health apps to increase the impact of and
adherence to these technological means. Peters et al [75]
suggested aframework grounded in psychological research that
could help developers of mHealth apps develop apps that
increase motivation and engagement and, in thisway, also have
an impact on patients’ well-being.

Recommendation of Apps

Our literature search showed that the underlying clinical
evidence, technical issues, and implementation detailsarerarely
described in the published research on mental health apps.
Without information on the correctness of the underlying
evidence base and without confirmation of efficacy, it is
challenging for patients to identify the mental health apps that
are suited for them.

Therapists and patients rely on lists of top mental health apps
for their decision-making process, which are not helpful unless
they list their ranking and selection criteriafor creating thelist.
We checked for 21 apps listed on the mental health app ranking
lists to determine whether there were publications available. A
scientific paper or resultsfrom aclinical trial were availablefor
only 29% (6/21) of the apps. This makes it difficult for users
and health professionalsto identify high-quality, evidence-based
apps. It must be ensured that the underlying principles and
delivered contents are evidence based [17,76] to avoid harm to
users, as well as undesired consequences for the users. The
number of downloads from an app store is clearly not an
indicator of high-quality mHealth apps. On the other hand, we
found studies on 28 apps, of which only 16 (57%) were
implemented for the established Android and iOS operating
systems. Of these 16 apps, only 12 (75%) were availablein the
stores. This means that apps that have been thoroughly
investigated are not available to awide range of users.

We conclude that there is a need to enable patientsin informed
decision-making when sel ecting an mHealth app for CBT [77].
We suggest aminimal data set of information on amental health
app that includes the following items. underlying clinical
evidence and CBT techniques that are integrated; information
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on how CBT techniques are implemented in the app, that is,
which technologies are used and for which purpose; efficacy
from an RCT, if available; intended application areas of the
app; possible contraindications; information on data storage,
data security, and privacy; and the integrated third-party tools.

Standardized eval uation metrics should be devel oped to ensure
that only high-quality apps are recommended by therapists.
Attempts have been made to harmonize technical metrics for
evaluating health chatbots [78,79]. Existing evaluation
frameworks for mHealth apps target usability [76]. Although
good usability is essential to make sure that users can interact
with the app, it is highly relevant that the app really positively
affects patients and does not harm them.

Strengthsand Limitationsof Our Presented Research
Work

Strengths

Thisliterature review was conducted to identify thetechnologies
used in mHealth apps for delivering CBT and identify the
research gaps. To the best of our knowledge, this study isamong
the first to summarize these aspects and provide an overview.
This study helpsinidentifying the opportunitiesand limitations
of mHealth in supporting CBT. It also shows the potential and
limitations of e-mental health with respect to the self-help
capabilities of patients.

As2reviewersindependently selected the articles and extracted
the data, selection bias in this review was reduced. Thereis a
review of Stawarz et a [80] that studies user experience of
CBT-enabling apps[80]. In contrast to their work, we are more
interested in the technical implementation of CBT in mHealth
appsand theresearch gapsand not only inthefeatures provided

by the apps.
Limitations

The search in thisreview was restricted to English and German
articles. Accordingly, it is likely that this review missed some
publications. We aso missed apps for which no publications
were available. In addition, we restricted the search to papers
that included the terms cognitive behavior therapy or mHealth
or the respective Medical Subject Headings terms. We might
have missed relevant papers that did not explicitly use these
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terms but dealt with a relevant topic. Several terms can be
related to mHealth; however, these are too broad to be reviewed
in areasonable amount of time.

Conclusions

In this paper, we studied the therapeutic aspects of CBT that
areimplemented in mHealth apps and the technol ogies by which
they areintegrated into these apps. We conclude that some CBT
techniques (behavioral activation and cognitive restructuring)
can be well-realized in amental health app, whereas others are
more difficult to implement (problem solving and exposure).
mHealth apps for CBT can support patients through additional
self-help and sdlf-management tool sthat support specific aspects
of treatment. mHealth apps facilitate the self-competence and
self-management of patients in coping with mental health
problems. Interactive elements, gamification, and integration
of sociad networks are technologies that increase user
engagement and adherence. In this way, patients are provided
with additional action and interaction capabilities. Asthey cover
relevant aspects of CBT treatment, mHealth apps can, in
principle, dleviatetheissue of aglobal shortage of mental health
human resources, as they are usually available to millions of
users anytime and anywhere, presuming the users have mobile
devices and internet access. This, in turn, has the potentia to
improve the availability and quality of mental health care at
reduced expenses. However, these apps must be evidence based
and reliable to be effective and avoid harm to patients. Further
research is needed on the side effects of mHealth self-help
treatments, such as new inequalities because of thedigital divide,
addictive internet behavior, trust in mHealth, anonymity issues,
risk and range of self-help treatments, bias toward user groups
and socia contexts, and ethical implications.

The future role of app-based e-mental health till has to be
clarified. Future research should assess integrated care models
where all stakeholders can benefit: the health care provider by
avoiding repetitive tasks and the patient by receiving support
even beyond therapy sessions. In addition, economic value is
relevant for bringing evidence-based apps to users and
supporting clinical care. For obsessive-compulsive disorders,
it has already been shown that computerized CBT delivered as
low-intensity interventionsis cost-effective [81].

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist.
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Abstract

Background: For eHealth technologiesin general and audit and feedback (AF) systems specifically, integrating interdisciplinary
theoretical underpinningsisessential, asit increasesthelikelihood of achieving desired outcomes by ensuring afit among eHealth
technology, stakeholders, and their context. |n addition, reporting on the development and i mplementation process of AF systems,
including substantiations of choices, enables the identification of best practices and accumulation of knowledge across studies
but is often not elaborated on in publications.

Objective: This scoping review aims to provide insights into the development and implementation strategies for AF systems
for areal-world problem that threatens modern health care—antimicrobial resistance—and provide aninterdisciplinary conceptual
framework that can serve as a checklist and guidance for making informed choices in the development and implementation of
future AF systems.

Methods: A scoping review was conducted by querying PubMed, Scopus, Web of Science, |IEEE Xplore Digital Library, and
Embase (=2010) for studiesdescribing either the devel opment or implementation process, or both, of an AF system for antimicrobial
resistance or infections in hospitals. Studies reporting only on effectiveness or impact were excluded. A total of 3 independent
reviewers performed the study selection, and 2 reviewers constructed the conceptual framework through the axial and selective
coding of often-used theories, models, and frameworks (TMFs) from the literature on AF and eHealth development and
implementation. Subsequently, the conceptual framework was used for the systematic extraction and interpretation of the studies
descriptions of AF systems and their development and implementation.

Results: The search resulted in 2125 studies that were screened for eligibility, of which 12 (0.56%); 2012-2020) were included.
These studies described the development and implementation processes heterogeneously in terms of study aims, study targets,
target groups, methods, and theoretical underpinnings. Few studies have explicitly explained how choices for the devel opment
and implementation of AF systems were substantiated by the TMFs. The conceptual framework provided insights into what is
reported on the devel opment and implementation process and reveal ed underreported AF system constructs (eg, AF system design;
engagement with the AF system; and comparison, goal setting, and action planning) and development and implementation (eg,
champions) constructs.

Conclusions: This scoping review showed the current heterogeneous reporting of AF systems and their development and
implementation processes and exemplified how interdisciplinary TMFs can (and should) be balanced in a conceptual framework
to capture relevant AF systems and development and implementation constructs. Thereby, it provides a concrete checklist and
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overall guidance that supports the professionalization and harmonization of AF system development and implementation. For
the development and implementation of future AF systems and other eHealth technol ogies, researchers and health care workers
should be supported in selecting and integrating TMFs into their development and implementation process and encouraged to
explicitly report on theoretical underpinnings and the substantiation of choices.

(J Med Internet Res 2022;24(3):€33531) doi:10.2196/33531

KEYWORDS

scoping review; audit and feedback; eHealth; development; implementation; antimicrobia resistance; antibiotic stewardship;

infection control

Introduction

Background

Audit and feedback (AF) is a common reflective approach for
various health care targets; however, the reported effects are
small to moderate [1]. With the increase in electronicaly
available data in health care, there is great potential for
electronic AF systems [2]. The effectiveness of AF systems
depends on the targeted behavior and the content, delivery, and
context of AF and the system [1,3-6]. These constructs are often
studied after AF system development and implementation to
evauate strategies and their ingredients for success [7-10]. In
the literature, less attention has been paid to the development
and implementation processes of AF systems [3], as is aso
common in the broader field of eHeath [11,12]. The
development process of eHealth can refer to the entire iterative
process of developing an eHealth technology, from predesign
and design to implementation and (summative) evaluation [13].
However, in this study, we focus on the process from predesign
and design (referred to hereafter as development) to
implementation, including formative evaluation cycles. This
allows us to focus on the early stages of implementation and
development that are truly intertwined, as potential
implementation issues (eg, limited eHealth skills) should be
accounted for early in the development process to avoid
well-known pitfalls of stakeholder and context disregard [14].
These phases are entwined by iterative formative evaluation
cycles that provide ongoing information on how to improve
both the eHeal th technol ogy and the devel opment processtaking
[13].

Development and implementation are essential to gain a
profound understanding of relevant stakehol ders, their thinking
and work processes, and their context (including implementation
factors). Without this understanding, amisfit among technology,
context, and people is likely to occur, which decreases the
effectivity and efficiency of eHealthin practice[13]. Itiscrucial
to consider these constructs from the start of the devel opment
and implementation processto avoid common pitfallsin current
AF, such astop-down expert-driven audits with feedback at the
hospital level rather than personalized, actionable feedback that
supports health care workers (HCWs) inimproving the quality
and safety of hedlth care [15,16].

The application of theories, models, and frameworks (TMFs)
is advocated as an integral part of eHealth development and
implementation asit identifieswhat worksfor whom, why, how,
and when, likely resulting in eHealth technology that achieves
the desired outcomes [17]. Colquhoun et a [18] and Tuti et a

https://www.jmir.org/2022/3/e33531

[2] reported that only 9% (n=140) and 29% (n=7) of theincluded
studies in their systematic reviews explicitly used theory to
infform AF development and design. Therefore, implicit
assumptions about AF working mechanisms and effective AF
systems have driven AF development. Although these
assumptions might hold true, they were not informed by theory
[18,19], whereasthereisaclear link between TMFsand eHealth
intervention effectiveness [20,21].

To study the development and implementation of AF, this
scoping review focuses on a real-world, wicked
problem—antimicrobial resistance (AMR). AMR poses an
increasing threat to human health and the durability of modern
health care [22]. By 2050, AMR is expected to cause more
yearly deaths worldwide than cancer currently does [23].
Antimicrobial and diagnostic stewardship programs and
infection control programsform an integrated approach of AMR
prevention measures (APMs) that aim to reduce and prevent
the burden of AMR in hospitals [24]. Previous studies on
HCWS' needs for APM support showed that changing HCWS
beliefs about their contribution to limiting AMR should be an
important aim of APM strategies rather than merely focusing
on raising AMR awareness or influencing ad hoc decisions
[25,26]. To do so, learning through reflective cycles provides
the opportunity to change HCWs' behaviors by giving them
insight into their own behavior and improvement possibilities
[15,27]. Therefore, AF for APM (APM-AF) is a promising
strategy in the fight against AMR, although it is currently
underused and understudied in the field of AMR [7].

There is a clear link between the use of TMFs and APM
effectiveness[28-31], and because of theinterdisciplinary nature
of APM and eHedth, approaches for development and
implementation are grounded in a plethora of TMFs [32]. In
particular, APM-AF combines behavior change techniques
[28-31], participatory eHealth  development [33],
human-centered and persuasive design [34-37], and
improvement [38] and implementation [39] science. Moreover,
TMFs have emerged for AF itself (eg, actionable feedback and
feedback intervention theory [3-6]) and in the field of AMR
(eg, integrated stewardship model [16,24,40]). Combining these
TMFsinto aconceptual framework that guidesthe devel opment
and implementation of APM-AF is chalenging, and there is
little guidance on how to create such interdisciplinary conceptual
frameworks [41,42].

Objectives
There seems to be no standardized way of (theoretically)
substantiating choices for and reporting on the devel opment
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and implementation of AF systems, which hinders the
identification of best practices and knowledge accumulation
[10,43]. Wheresas other reviews on AF have mainly focused on
the effectiveness of AF systems [1,2], this scoping review
focuses on the development and implementation process to
further harmonize and professionalize AF system devel opment
and implementation. Theaim of thisstudy isto gaininsight into
the development and implementation strategies for APM-AF
systems by answering the following research questions:

1 What studies have been conducted so far to study the
development and implementation of APM-AF systems?

2. What TMFs are used and described in studies on the
development and implementation processes of APM-AF
systems?

3. What information has been reported on APM-AF systems,
and how are choices substantiated?

4. What information has been reported on the devel opment
and implementation processes of APM-AF systems, and
how are choices substantiated?

5. What are the lessons learned for the development and
implementation of APM-AF systems?

To alow for an evidence synthesis of information on the
development and implementation of APM-AF, and because of
the explorative aim and research questions in this study, a
scoping review is preferred over a systematic literature review
[44,45]. This scoping review provides an interdisciplinary
conceptual framework that supports researchers, HCWs, and
policy makers to make informed choices in APM-AF system
development and implementation, with the aim of reducing the
burden of AMR and improving the quality and safety of health
care.

Methods

The PRISMA-SCR (Preferred Reporting Items for Systematic
Reviews and Meta-Anayses extension for Scoping Reviews)
checklist was used to report on this scoping review without a
prior registered review protocol [46]. This scoping review was
designed by amultidisciplinary research team comprising AMR
and eHealth experts.

Eligibility Criteria

Studies were included if (1) they described the devel opment
and implementation process of an AF system (including
monitoring and surveillance systems), (2) the system provided
feedback to HCWSs, and (3) the system targeted AMR and
infections in hospitals. A more elaborate description of
development and implementation is provided in Multimedia
Appendix 1 [13]. We define AF systems as any system that
comprises AF, wherein at least one of them (audit or feedback)
is delivered or enhanced through the internet and related
technologies [47]. As reporting on eHealth development and
implementation processes is highly heterogeneous, there were
no requirements for specific TMFs, methods, or eHealth
technologies. Reviews and poster abstracts were excluded, as
were studies outside the hospital setting. Evaluation studiesthat
only reported on APM-AF effectiveness and impact without
reporting on development and implementation were excluded.

https://www.jmir.org/2022/3/e33531
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However, constructs of formative evaluation (defined as
“activities throughout the entire development process that
provide ongoing information on how to improve the
development process, outcomes of activities and eHealth
technology” [13]) wereincluded, asit isintertwined throughout
the eHealth development and implementation process. A full
list of eligibility criteriacan be found in Multimedia Appendix
1

I nfor mation Sour ces, Sear ch, and Selection of Evidence

A comprehensive and systematic literature search in PubMed,
Scopus, Web of Science, IEEE Xplore Digital Library, and
Embase was conducted without language restrictions. Only
studies published in and after 2010 were considered, as both
eHealth devel opment and implementation and AMR and APM
are rapidly advancing fields. Databases were queried by JK on
November 2, 2020, except for Embase, which was queried on
January 28, 2021. Together with an information specidist, AMR
experts, and eHeadth researchers, a structured query was
constructed comprising the following terms: audit OR monitor
OR surveillance AND feedback AND devel op* OR implement*
AND infection OR antib* OR antimicrobial OR resistance.
The resultswere uploaded to the Covidence web-based software
platform (Veritas Health Innovation Ltd), where duplicateswere
removed. Sources of evidence were selected in a thorough
screening process, including title and abstract screening and
full-text screening by three researchersindependently (JK, BB,
and NBJ). After each round, conflicts were discussed until a
consensus was reached.

Data Charting Process

To chart the data, K created adata extraction form (Multimedia
Appendix 2 [2-5,18,43,48-50]) in Microsoft Excel. The genera
study characteristics extracted were first author, year, journal,
country, study aims, targets and target groups, study design and
methods, and theoretical underpinning. Given the heterogeneous
study approaches and theoretical underpinnings of theincluded
studies, a comprehensive overarching conceptual framework
was needed to systematically analyze relevant constructs. The
conceptual framework was grounded in often-used TMFs and
best practices from various scientific perspectives on AF
[3-518] and for the description, development, and
implementation of eHealth interventionsin general [2,43,48-50].
These TMFs and best practices were merged via an iterative
axial and selective coding process by JK and NBJ. Thereby,
overlapping and complementary constructs from various
scientific perspectiveswerereveal ed. To structure all constructs,
adistinction was made between constructsfor APM-AF systems
(n=41; research question 3) and constructs for development and
implementation (n=35; research question 4).

The data extraction form was discussed within the research
team, piloted, and iteratively refined throughout the assessment
process. Note that this conceptual framework should be merely
seen asan analytic framework for an organized way of thinking
about and reporting on APM-AF systems from various
perspectives and not asatheory explaining or predicting possible
interrel ations and outcomes.
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Synthesis of Results

The main researcher (JK) read all full texts and systematically
extracted the data using the data extraction form. Studies were
scored with a+ for acomprehensive, ~ for an incomplete, and
- for amissing description for each datafield. Descriptionswere
copied from the studies and further summarized per data field
by describing variations among studies (ie, axial coding). In
this process, data fields described by none of the studies were
omitted (Multimedia Appendix 2), and other overlapping fields
were combined. This reduced the number of data fields for
APM-AF systemsto 29. The trand ation and summarization of
the extracted datainto results were discussed in various rounds
within the research team. Owing to the heterogeneity and
qualitative nature of the included study designs, the richness

Keizer et d

and relevance of the (contextual) information were believed to
be more important than study quality. Therefore, no quality
appraisal was performed [51].

Results

Study Selection

The literature search resulted in 3592 potentialy relevant
abstracts. Of the 3592 papers, after removing 1467 (40.84%)
duplicates, 2125 (59.16%) unique titles and abstracts were
assessed (Figure 1), which resulted in the eligibility assessment
of 58 (1.61%) full texts. The main reasons for exclusion were
alack of information on development or implementation and
evauation studies (without reporting on development or
implementation).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of included and excluded studies, including

reasons for exclusion.

3592

Studies imported for screening

v

2125

Studies screened

58

Full-text studies assessed for eligibility

v
12

Full-text studies included

Current State of the Literature Addressing APM-AF
Development and I mplementation (Resear ch Question
1)

Study Characteristics

Intotal, of the 58 papers, 12 (21%) wereincluded in thisreview
(2012-2020), mostly from PubMed, Scopus, and Web of
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1467

Duplicates remaved

2067

Studies irrelevant

46

Studies excluded

= 30: Evaluation studies (effectiveness, without reporting
pment or implementation)

ntervention
« 6 Wrong setting
* 4 Poster abstract

Science. Publications came from Northern American (6/12,
50%) or European (4/12, 33%) countries and Australia (2/12,
17%). Included studies stemmed from journals in various
research fields (eg, infections or implementation science).
Studies described APM-AF systems that were either in
(preparation of) development or aready implemented in
practice, resulting in awide variety of study aims, study targets,
target groups, study designs, and used methods (Table 1).
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Table 1. Study characteristics.

Keizer et d

Author and Journal Study aims Study targets Target group  Study design and methods Theoretical
country underpinning
Boscartetal, Implementa- Toidentify nurses andadmin- |cpP and HAIS: HH  Nursesand  Qualitative: Theoretical
Canada[52]  tionscience istrators' perceived barriers  (improving HH com-  aministra | semigtructured key infor-  Domains
and facilitatorsto current HH?  pliance) tors mant interviews Framework
practices and theimplementa-
tion of anew electronic moni-
toring technology for HH
Conway etal, TheJoint To describetheimplementa-  ICPand HAI: HH (in- HCWs(eg,  Multiple methods: Model of Ac-
United States  Commission  tion of an automated group  creaseHH frequency) nursesand |, Quantitative: before-ang-  tionable Feed-
[53] Journal on monitoring and feedback sys- respiratory after study on HH events back
Quality and  tem for promoting HH among therapists), per patient hour (out-
Patient Safe-  ows and report its impact administra- come)
ty on the frequency of HH at a tors, and o Qualitative: focus groups
community hospital managers
Edmistenet  American To describe theimplementa-  |CP and HAI: HH HCWs, staff, Multiple methods: None reported
al, United Journal of  tion of an electronic HH (improving HH com-  unit/depart- ,  Quantitative: after study
States [54] Infection monitoring systemin 3 com-  pliance) ment direc- (outcome measures on
Control munity hospitals, including torsand, fa- HH compliance after
the challenges and drivers of cility man- implementation)
success and the maintenance agement . Quadlitative: direct input
activities needed for contin- from users/department
ued improvementsin compli- and facility leaders, di-
ance with HH practices rect observation, and
anaysisof system-gener-
ated data and sharing of
best practices between
facilities
Hysongetal, BMJQuality To describehow feedbackin- pspeand HAIL: toim- HCWs(eg,  Multiple methods: Feedback In-
United States  and Safety  tervention theory canbe sys-  prove internal- nursepracti- -, Quantitative: the Smither  tervention
[55] tematically applied in hedlth  hedicineresident's  tionersand et al [56] 11-item scale Theory
care settingsto design better  ang jong-term care  Staff physi- for recipients’ reactions
feedback interventions personnel’s capacity ~ © ans) to feedback
to distinguish between o Quantitative: chart moni-
asymptomatic bacteri- toring (adherence to the
uriaand catheter-asso- treatment algorithm,
ciated urinary tract in- specifically, rates of
fection urine culture) of orders
and inappropriate use of
antibiotics
James, Aus-  TheJournal  Todesignanaudittool that  Asp': toimprovethe HCWs(eg,  Multiple methods: Nonereported
tralia[57] of Antimicro-  was appropriate for usein all quality of patient care pharmacists Quantitative: interrater
bial Australian hospitals, sited 0y requcing ingppro- ~ and nurses) reliability and validity
Chemothera- local user requirements, and priate and unneces- tests and web-based
py included an assessment of the - g1y yse of antimicro- questionnaire
overall appropriatenessof the - 4/ (national level . Qualitative: teleconfer-
prescription focus) ence and direct input
from users
Jeaneseta, American Todevelopandimplementan ICPand HAI:toim- Notclearly  Multiple methods: Pronovost
UnitedKing-  Journal of  infection control performance  prove the credibility  described; | quantitative: question-  Knowledge
dom [58] Infection and quality improvementdata and use of infection  (“auditors’ naires and intermittent  Translation
Control collection tool to meetthe  control performance  and man- validation Cycleand
needs of large, acute health  monitoring (beyond  agers) .« Qualitative: day to day Barriers and
care providersand improve  HH) contacts with auditors,  Mitigation
the credibility and use of infec- feedback from users via tool, double
tion control performance . loop learning
monitoring the IC'CQIQ datainput cycle, and
system, discussion Hexagon tool
groups, and 1C-CQI framework

training sessions
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Author and Journal Study aims Study targets Target group  Study design and methods Theoretical
country underpinning
Keizer, the Lecture To describe how abottom-up  DSP, ASP, and ICP.  HCWs(eg,  Multiple methods: CeHRes road
Netherlands ~ Notesin participatory Qa/d opment tq opti mize HC_:V_\/s’_ urol oglsts «  Quantitative: question-  map
[59] Computer approach can improve the diagnostic, antibiotic  and resi- naire
Science persuasive design of data- prescriptionandinfec-  dents) . Qudlitative: 2 focus
driven tec_hnol ogiesfor their  tion control behavior groups (last focus group
end user (ie, HCWs) and to limit AMR" prototype based)
within their context and de-
scribe how bottom-up partici-
patory development isaneces-
sary precondition for the de-
velopment of persuasive data-
driven technologiesthat foster
sustainable implementation
Marques, Por- BMC Medi- Todevelopagamificationso- |ICPand HAI: tocre- Nurses Multiple methods (2 work it-  Design Sci-
tugal [60] ca Informat- lution that can provideHCWs ate awareness regard- erations): ence Research
icsand Deci- real-timefeedback on person- ing HCWs HH com- . Qualitative: preliminary Methodol ogy
sionMaking a HH compliance pliancewhiletryingto experiments, smula- and gamifica-
changetheir behaviors tions, field studies, and tion
and optimize their focus groups
performance
Pakyz, United American Toidentify thefactorsrelated ASP: to optimizethe ASPpharma-  Multiple methods: Nonereported
States [61] Journal of totheimplementationof ASP  use of antimicrobial  cistsand «  Quantitative: survey
Infection strategies agents, decrease physicians Qualitative: semistruc-
Control AMR, and decrease tured telephone inter-
rates of Clostridium views
difficileinfection
Parker, Aus-  Journal of To provideinsightsintothe  HAI: the study aimed Clinicians Qualitative: Intervention
tralia[62] Clinical experiences of cliniciansin  to reduce catheter use (eg, nurses Postimplementation fo- Description
Nursing implementing amultifaceted and duration of and resident CUS groups and Replica-
bundled urinary catheter care catheterization medica offi- tion frame-
intervention (of which AF is cers) work
a considerable component)
Patel, United  Interdisci- To describe the development  ASP: to promotethe HCWSs (eg,  Multiple methods: Model of Ac-
States [63] plinary Per-  and implementation of their  judicioususeof antibi- neonatolo- Quantitative: retrospec- tionable Feed-
spectiveson  AF intervention using atheo- otics gistsand pe- tive observational study back
Infectious retical framework diatric resi- of antibiotic use and
Diseases dents) clinical vignette study
«  Qualitative: ethnograph-
ic workflow study and 2
focus groups
Power, United International To set up alow-cost pragmat- HAI: toreduce4 high HCWSs(eg,  Multiple methods: ProjectPplan
Kingdom[64] Journal for  ic systemto provide monthly volume harms (safety nursesand Quantitative: question- Framework
Qualityin  dataon4harmsacrosscare  outcomes), pressure  junior physi- nairesurvey (profession- @nd Plan, Do,
Hedth Care settingsand produce measures ulcers, falls, urinary ~ cians) a satisfaction) Study, Act
that could be used localy for  tract infection in pa- «  Qudlitative: paper-based Method

improvement but also aggre-
gated to determinethe burden
of harm nationally

tients with catheters,
and venous throm-
boembolism

prototyping, formative
evauation by interaction
with testers, web forum
(including mail queries),
regional leads, face-to-
face meetings, and re-
gional measurement
workshops

8HH: hand hygiene.

B1CP: infection control program.

°HAI: hospital-acquired infection.
dHCW: health care worker.

®DSP: diagnostic stewardship program.
ASP: antimicrobial stewardship program.
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91C-CQI: Infection Control Continuous Quality Improvement.
PAMR: antimicrobial resistance.

ICeHRes: Center for eHealth Research.

IAF: audit and feedback.

Study Aims

Of the 12 studies, 4 (33%) primarily focused on devel opment,
4 (33%) on implementation, and 4 (33%) described both
development and implementation. However, development and
implementation appeared to be undefined concepts, with
implementation studies describing the development and design
constructs and development studies paying attention to
implementation constructs. Studiesaimed at describing APM-AF
system development focusing on (1) the integration of TMFs
(eg, Feedback Intervention Theory), (2) AF content and
presentation (eg, feedback gamification), or (3) technical aspects
(eg, suitable badges for hand hygiene [HH] monitoring). In
addition, studies focused on implementation barriers and
facilitators.

Study Targets and Target Groups

Of the 12 studies, 11 (92%) focused on one of the APM (ie,
diagnostic stewardship programs, antimicrobia stewardship
programs, or infection control programs), whereas 1 (8%)
targeted multiple APM. The target groups comprised a variety
of HCWs (both frontline staff and AMR experts; 8/12, 67%)
and in some studies, administrators and managers (4/12, 33%)
aswell.

Study Design and Methods

Most studies (10/12, 83%) used multiple methods,
complementing quantitative (eg, questionnaires) with qualitative
data (eg, observations, interviews, and focus groups).
Approximately 17% (2/12) of the studieswerefully qualitative,
relying on interviews and focus groups.

https://www.jmir.org/2022/3/e33531

Keizer et d

TMFsfor APM-AF Development and | mplementation
(Research Question 2)

Theoretical Underpinning Described by Studies

Most studies (9/12, 75%) described the theoretical underpinnings
of their APM-AF system or study approach (Table 1).
Approximately 17% (2/12) of the studies explicitly mentioned
the use of Feedback Intervention Theory and the Model of
Actionable Feedback to guide choices in the devel opment and
implementation of their study aims [55,63], whereas others
mentioned TMFs in their Introduction or Methods section. AF
TMFs (3/12, 25%; eg, Model of Actionable Feedback)
[53,55,63] were used, as were TMFs, for developing,
implementing, and evaluating interventions or technologies
(5/12, 42%; eg, Center for eHeath Research road map)
[58-60,62,64] and for identifying implementation
barriers/facilitators (1/12, 8%; eg, Theoretical Domains
Framework) [52]. Substantiations of choices on APM-AF
systems were scarce; few studies substantiated their choices,
which were either theory informed (eg, providing group-level
feedback) or based on findings from the studies themselves (ie,
revisions based on formative eval uation).

Conceptual Framework for APM-AF Development and
I mplementation

The conceptual framework, which isbased on often-used TMFs
and best practices for AF and eHealth interventions, is shown
in Table 2 (APM-AF system constructs) and Table 3
(devel opment and implementation constructs) and in Multimedia
Appendix 2 in more detail.
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Table 2. Conceptual framework: APM-AF? system constructs (N=12)b.

Keizer et d

Constructs and subconstructs Audit and feedback®
[18 [3]

d

eHedlth and interventions®  Implementation®  Studies, n (%)

(2 [49] (50]

Audit
Auditees
Main inputb
Feedback
Feedback recipi ents
Main outputf o
Level of individualization and specificity

Feedback provided to individual, groups, or O

both'

Feedback is about theindividual or team’sown 0O O

behaviors?

Feedback level specificity 0
Comparison, goal setting, and action planning

Comparison' o d

Goal setting? o o

Action planning® o 0

Feedback framing and incentives
Punitiveness’

Attack on self-identity'
Intrinsic and extrinsic reinforcement or incen-
tives'
Timing
Delivery timingf o o
Timeliness (frequency and continuouscycle)’ 0 U

Reminders
APM-AF system

Technology and materials
Key features of the technol ogyf
Access?

Materials

Human-system interaction
Modes of feedback delivery' o 4

Level of human involvement®

Engagementb
Design
Visua presentation strategies and cognitive o O
load?
User-guided experience? o

0 10 (83)

9(75)
i O 8(67)
i 8(67)

11 (92)

10 (83)
8(67)
i 8(67)
i O 5 (42)
i 0 4(33)
6 (50)
0 4(33)
0 4(33)
8(67)

O 11(92)
3(25)

i 0 11 (92)

12 (100)

i 8(67)
] 9(79)
0 9(75)
6 (50)
i O 9(75)
O O 4(33)
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Constructs and subconstructs Audit and feedback®  eHealth and interventions® Implementation®  Studies, n (%)

(18 [3 [5 [4 [48] [43] (2 [49] (50]

Data validity, d trust and credibility
Data validity” O 0 9 (75)
Trust and credibility’ 0 0 0 11 (92)

APM-AF aslearning strategy

L earning opportunities

Reflective learning o O O 5 (42)
Learning climate U O 7 (58)
Additional strategies or procedures? 0 u g 12 (100)

3APM-AF: audit and feedback for antimicrobial resistance prevention measures.

by nique constructs (ie, where the various perspectives complement each other).

CApproximately 72% of constructs theoretically underpinned by literature on audit and feedback.

da pproximately 66% of constructs theoretically underpinned by literature on eHealth and interventions.
€A pproximately 41% of constructs theoretically underpinned by literature on implementation.

foverl apping constructs (constructs represented in 2 perspectives).

90verlapping constructs (constructs represented in all perspectives).
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Table 3. Conceptual framework: APM-AF? development and implementation constructs (N=12)b.

Constructs and subconstructs Audit and feedback®  eHealth and interventions® Implementation®  Studies, n (%)

(18 [3 [5 [4 [48] (43] (2] [49] (50]

Stakeholdersand roles

Developer or research team® U 5(42)
Pilot testers and involvement in development and o O O 11 (92)
implementation proc%sf

L eadership engagement? 0 0 6 (50)
Opinion leaders? U 3(25)
Formally appointed internal implementation lead- d 2(17)
ers

Champions® 0 3(25)

Target behavior and added value

Target behavior, problem, and intervention

Nature of the problem® O 12 (100)
Description of underlying behavior and deci- O O 12 (100)
sion proc
Relevant sociocultural factors and comorbidi- ad 8 (67)
ties?d
Perceived need for behavior change” o O 4(33)
Targeted behavior islikely tobeamenableto O O g 6 (50)
feedback®
Sdlf-efficacy? U u O 3(25
Justify need for behavior change? o 0 0 10(83)
Rationale and added value
Rationale for using APM-AFY u u u 12 (100)
Desirability, efficacy, safety, and cost effective- O O O 10(83)
nessd
Relative advantage® U 10(83)
Embedding in practice
Implementation complexity and compatibility with target behavior and work processes
Complexity of implementation process’ U O 8(67)
Technology supply model® O 8(67)
Compatibility9 U O 0 11 (92)
Remove barriers? 0 O 0 11(92)
Opportunity costs (including additional efforts g ad ad 3(25)
to use technology) 9
Available resources? O 0 6 (50)
Inner and outer setting
Structural characteristics” O 0 1(8)
Networks and communications® O 0 2(17)
Culture? O 3(25)
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Constructs and subconstructs Audit and feedback®  eHealth and interventions Implementation®  Studies, n (%)
(8 31 [51 [4 [48] [43] (2] [49] [50]
Patient needs and resources” U 1(8)
Implementation
Planning” O O 6 (50)
Executing? u O 5(42)
Formative evaluation
Intended use” O O 1(8)
Actual use® u 3(25)
Development process and formative eval uations® u u 12 (100)
Harms or unintended effects” U 4(33)
Trialability? o 9(75)
Revisions and updating? u O 0 6 (50)
Replicability and digital preservation® O 1(8)

8APM-AF: audit and feedback for antimicrobial resistance prevention measures.

by nique constructs (ie, where the various perspectives complement each other).

CApproximately 32% of constructs theoretically underpinned by literature on audit and feedback.

da pproximately 24% of constructs theoretically underpinned by literature on eHealth and interventions.
€A pproximately 74% of constructs theoretically underpinned by literature on implementation.

vaerIappi ng constructs (constructs represented in all perspectives).
90verlapping constructs (constructs represented in 2 perspectives).

The construction of the comprehensive overarching conceptual
framework revealed the added value of including multiple
perspectives, as 48% of constructs were complementary (ie,
covered by one of the 3 perspectives). Overlapsin the coverage
of constructs between AF, eHealth, and implementation indicate
the integrative nature of the development and implementation
of the APM-AF system. Overlapping constructs occurred more
often for APM-AF systems (4/29, 14%) than for APM-AF
development and implementation (2/35, 6%). In the former,
most constructs (21/29, 72% and 20/29, 69%, respectively)
camefrom AF and eHealth literature, whereasin the latter, most
constructs (28/35, 80%) came from the implementation

https://www.jmir.org/2022/3/e33531

literature. Constructs underpinned by all 3 perspectives were
not necessarily described by more studies (eg, goal setting; 5/12,
42%)).

APM-AF System Constructs (Research Question 3)

Overview

Table 4 shows APM-AF system constructs (more details in
Multimedia Appendix 3 [52-55,57-64]). Constructs could be
categorized into four main codes—(1) audit, (2) feedback, (3)
APM-AF system, and (4) APM-AF asalearning strategy—and
are elaborated upon below. Table 4 also shows to what degree
and by which studies these constructs were described.
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Table4. Constructs of APM-AF? systems (N=12).

Keizer et d

Constructs and subconstructs

Described by studies, n (%)

Described elaborately

Partially described or con-

References

Not described or

and often substantiated  structed without elabora-  substantiated
tion or substantiation
Audit
Auditees 10 (83) 1(8) 1(8) [52-55,57,59,60,62-64]
Main input 9(75) 3(25) 0(0) [52-55,57,60,62-64]
Feedback
Feedback recipients 8(67) 3(25) 1(8) [53-55,57,59,60,62-64]
Main output 8(67) 3(25) 1(8) [53-55,57-60,62,63]
Level of individualization and specificity
Feedback provided to individual, 11 (92) 1(8) 0(0) [52-55,57,59-64]
groups, or both
Feedback about theindividual or 10 (83) 2(17) 0(0) [52-55,59-64]
team’s own behaviors
Specificity 8(67) 1(8) 3(25) [55,59,61,62,64]
Comparison, goal setting and action planning
Comparison 8(67) 0(0) 4(33) [52,53,55,57,59,60,63,64]
Goal setting 5(42) 1(8) 6 (50) [52-54,59]
Action planning 4(33) 3(25) 5(42) [55,58,59,61,62]
Framing and incentives
Punitiveness 6 (50) 0(0) 6 (50) [53,55,59-61,63)]
Attack on self-identity and cognitive 4 (33) 0(0) 8 (67) [53,58,61,63]
influences
Intrinsic and extrinsic reinforcement 4 (33) 0(0) 8 (67) [52,55,60,61]
or incentives
Timing
Delivery timing 8(67) 0(0) 4(33) [52,54,60,61,64]
Timeliness 11 (92) 1(8) 0(0) [52-55,57-60,62,63]
Reminders 3(25) 0(0) 9(75) [52,53,59]
APM-AF system
Technology and materials
Materials 11 (92) 1(8) 0(0) [52-55,57-60,62-64]
Key features of the technology 12 (100) 0(0) 0(0) [52-55,57-64]
Access 8(67) 0(0) 4(33) [53-55,59,60,62-64]
Human-system interaction
Modes of feedback delivery 9(75) 2(17) 1(8) [52,53,55,59-64]
Level of human involvement 9 (75) 3(25) 0(0) [53,55,57-59,61-64]
Engagement 6 (50) 0(0) 6 (50) [55,59,60,62-64]
Design
Presentation strategiesand cognitive 9 (75) 1(8) 2(17) [52-55,59,60,62-64]
load
User-guided experience 4(33) 3(25) 5(42) [55,59,60,64]
Validity and credibility
Datavalidity 9(75) 1(8) 2(17) [52-55,57,58,60,61,64]
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Constructs and subconstructs Described by studies, n (%) References
Described elaborately  Partially described or con-  Not described or
and often substantiated  structed without elabora-  substantiated
tion or substantiation
Trust and credibility 11 (92) 0(0) 1(8) [52,53,55,57-64]
APM-AF as alearning strategy
L earning opportunities
Reflective learning 5 (42) 0(0) 7 (58) [55,59-61]
Learning climate 7 (58) 0(0) 5(42) [55,58,59,61,62,64]
Additional strategies or procedures 12 (100) 0(0) 0(0) [52-55,57-64]

3APM-AF: audit and feedback for antimicrobial resistance prevention measures.

Audit

Auditees

The ones audited, or auditees, were described by most studies
(10/12, 83%) and comprised frontline HCWSs
[52-55,57,59,60,62-64].

Main Input

Approximately 42% (5/12) APM-AF systems relied on
automatically collected input (eg, electronic HH monitoring
system) [52-54,60,63], whereas 33% (4/12) systems relied on
manual input (eg, audit survey tool) [55,57,62,64].

Feedback

Feedback Recipients

Feedback recipientswere described by most studies (8/12, 67%)
and comprised auditees (ie, frontline HCWSs) [55,60,62] and
managers or administrators [53,54,59,63,64].

Main Output

Approximately 67% (8/12) of the studies described APM-AF
output in terms of specific content (eg, process, structure, and
outcome indicators) [53,54,58,60,62] or provided a general
description of output (eg, quality of antibiotic treatment)
[55,59,63].

Level of Individualization and Specificity

Thelevel of feedback individualization was described by most
studies (11/12, 92%). Feedback was provided on individual
[55,61] or group level [53,62-64] or on both (ie, option to
choose) [52,54,57,59,60]. Approximately 8% (2/12) of the
studies explicitly justified their choice to provide group-level
feedback only asindividual feedback could be perceived astoo
threatening [53,63]. Feedback was provided to the auditees only
[55,60-62], to the auditees and managers or administrators
[52,54,59,63,64], or to managers or administrators only [53].
Feedback specificity was described by most studies (8/12, 67%).
Feedback was provided on individual patient cases (mostly
diagnostic and antimicrobial stewardship studies) [55,61], on
aggregated group level (mostly infection control studies)
[53,54,60], or on both individual and aggregated levels
[59,62,64].

https://www.jmir.org/2022/3/e33531

Comparison, Goal Setting, and Action Planning

Approximately 67% (8/12) of the studies described data
comparison, either in terms of trends over time or benchmarks
between groups and with other hospitals [52,57,59,60,63].
Approximately 33% (4/12) of the studies briefly mentioned
goal setting and action planning. Goalswere either derived from
literature [52], based on current data [53,54], or described in
terms of an HCW'’s need to discuss goals [59] but were not
substantiated. Approximately 42% (5/12) of the studies
mentioned action planning after feedback, but mostly in general
terms (eg, feedback as a tool from which participants could
make an actionable plan) [55,61,62], or as a separate follow-up
strategy besides the APM-AF system, requiring additional
information and human involvement [58,59,61,62].

Feedback Framing and Incentives

Some studies mentioned feedback framing in terms of
punitiveness (6/12, 50%) or an attack on self-identity (3/12,
25%); however, few specified whether and how these constructs
were incorporated in AF system design [53,55,58-61,63].
Approximately 8% (2/12) of the studies incorporated these
constructs in their decision to focus only on group-level
feedback [53,63], whereas 17% (2/12) studies emphasized
nonconfrontational and informal language[60,61]. Intrinsic and
extrinsic reinforcement and incentives were addressed in general
terms [52,55,61] and more specifically by 8% (1/12) of the
studies (eg, competition, win state, and rewards), including how
thesewereimplemented in the system (eg, presenting the highest
score with adistinct color) [60].

Timing

Approximately 42% (5/12) of APM-AF systems made use of
feedback at the point of care. Thiswas provided viavisua and
auditory signals (for HH monitoring) [52,54] or a real-time
performance dashboard [54,60,64]. Retrospective feedback was
provided in 10 systems, with variable frequencies (daily,
monthly, half vyearly, and vyearly) [52-55,57-60,62,63],
sometimes with the possibility of continuously accessing the
performance dashboard when needed [53,59,60]. Reminders
were mentioned in 25% (3/12) of the studies [52,53,59].
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APM-AF System

Technology and Materials

All studies described their (envisioned future) technologies,
which ranged from audit tools (eg, Microsoft Excel or
SurveyMonkey [Momentive Inc]) [57,58,61,62,64] to electronic
monitoring systems (for HH) [52-54,60], interactive Microsoft
PowerPoint presentations [55,63], and prototypes [59]. Access
to the APM-AF systemswas realized in interactive dashboards
or Microsoft PowerPoint presentations with the possibility of
sending customized reports via email [54,59,60,64], whereas,
in 33% (4/12) of the studies, feedback recipients relied on
managers or the research team (via email or face-to-face) for
access to the APM-AF system [53,55,62,63].

Human—System Interaction

Approximately 17% (2/12) of the studies solely provided
feedback viathe APM-AF system [60,64], whereas 58% (7/12)
of the studies aso provided faceto-face feedback
[52,53,55,59,61-63]. In addition, studies described the need for
additional human involvement, for example, for (educational)
meetings with AMR experts [53,57,59,62,63], and support in
data processing [55,58,59,61,64]. Half of the studies described
how they would engage the user with the APM-AF system via
interactive feedback presentations [55,64], gamification [60],
or with additional strategies (eg, creating an AF task force)
[59,62,63].

Design

Design details about included graphs were described by 33%
(4/12) of the studies [53,55,60,64], whereas 42% (5/12) of the
studies broadly described the APM-AF system design
[52,54,59,62,63]. One of the studies used a theory-informed
design to ensure that their design matched task and user
characteristics [55]. Approximately 33% (4/12) of the studies
described an interactive and customizable AF system, wherein
personalization was used to customize feedback to match end
users' needs [55,59,60,64]. However, neither was this further

https://www.jmir.org/2022/3/e33531
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specified (eg, which parts are customizable) nor did it focus on
user-guided experience (ie, how usability is ensured).

Validity and Credibility

Datavalidity was addressed in terms of raised concerns by study
participants [52-54,61], (planned) data validation activities
[55,57,58,64], or technical constructs [60]. The trust in and
credibility of the APM-AF system was addressed by describing
study participants' perceptions [52,53,58-62] or (planned)
activities to improve the trust in and credibility of the system
[55,57,63,64].

APM-AF asa Learning Strategy

L earning Opportunities

Approximately 33% (4/12) of the studies described reflective
learning (ie, personal reflections on one's behavior and APM
performance) as a result and strength of APM-AF systems
[55,59-61]. Furthermore, APM-AF systems (6/12, 50%) were
described as a (potential) facilitator for interactive discussions
and communication between HCWs and AMR experts, mostly
in existing meetings [55,58,59,61,62,64].

Additional Strategiesor Procedures

All studies described additional strategies, both for the study
(eg, webinar to explain how to usethetool) and for the APM-AF
systemin practice (eg, creating an AF task force) [52-55,57-64].

APM-AF Development and | mplementation Constructs
(Research Question 4)

Overview

Table 5 shows the APM-AF devel opment and implementation
constructs (Multimedia Appendix 4 [52-55,57-64] provides
more details). Constructs could be categorized into four main
codes—(1) stakeholdersand roles, (2) target behavior and added
value, (3) embedding in practice and (4) formative
evaluation—and are elaborated upon bel ow. Table 5 al so shows
to what degree and by which studies these constructs were
described.
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Table5. APM-AF? development and implementation constructs.

Constructs and subconstructs Described by studies, n (%) References

Described elaborately  Partially described or con-  Not described
and often substantiated  structed without elaboration  or substantiated
or substantiation

Stakeholdersand roles

Stakeholders
Developer or research team 5(42) 4(33) 3(25) [53,55,57,59,61]
Pilot testersand involvement indevelop- 11 (92) 2(17) 1(8) [52-55,57,59-64]
ment and implementation process
L eadership engagement 6 (50) 2(17) 4(33) [54,58,61-63]
Opinion leaders 3(25) 0(0) 9(75) [58,61,62]
Formally appointed internal implementa- 2 (17) 0(0) 10(83) [61,62]
tion leaders
Champions 3(25) 1(8) 8(67) [52,61,62]

Target behavior and added value

Target behavior, problem, and intervention

Description of underlying behavior and 8 (67) 27 2(17) [52,53,55,57-59,62,63]

decision processes

Nature of the problem 12 (100) 0(0) 0(0) [52-55,57-64]

Relevant sociocultural factorsand comor- 12 (100) 0(0) 0(0) [52-55,57-64]

bidities

Tension for behavior change 4(33) 1(8) 7 (58) [52,53,55,60]

Targeted behavior islikely to be 6 (50) 0(0) 6 (50) [52,53,55,60-62]

amenabl e to feedback

Self-efficacy 3(25) 0(0) 9(75) [52,53,57]

Justify need for behavior change 10 (83) 0(0) 2(17) [52-55,58-62,64]
Rationale and added value

Rationale for using AF° 12 (100) 0(0) 0(0) [52-55,57-64]

Desirability, efficacy, safety, and cost- 10 (83) 0(0) 2(17) [52,53,55,57-62,64]

effectiveness

Relative advantage 10 (83) 0(0) 2(17) [52,53,55,57-62,64]

Embeddingin practice

Implementation complexity and compatibility with target behavior and work processes

Complexity of implementation process 8 (67) 1(8) 3(25) [54,58-64]
Technology supply model 8 (67) 0(0) 4(33) [53,54,58,60-64]
Compatibility 11(92) 1(8) 0(0) [52,54,55,57-64]
Remove barriers 11 (92) 0(0) 1(8) [52,54,55,57-64]
Opportunity costs (including additional 3 (25) 1(8) 8 (67) [58,60,62]
efforts to use technology)

Available resources 6 (50) 2(17) 4(33) [52,57,58,61-63]

Inner and outer setting

Structural characteristics 1(8) 0(0) 11(92) [62]
Networks and communications 2(17) 0(0) 10(83) [61,62]
Culture 3(25) 3(25) 6 (50) [59,61,63]
Patient needs and resources 1(8) 1(8) 10(83) [54]

Implementation
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Constructs and subconstructs Described by studies, n (%) References
Described elaborately  Partially described or con-  Not described
and often substantiated  structed without elaboration  or substantiated
or substantiation
Planning 6 (50) 0(0) 6 (50) [54,58-60,62,64]
Execution 5(42) 0(0) 7(58) [54,58,60,62,64]
Formative evaluation
APM-AF system use
Intended use 1(8) 1(8) 10 (83) [64]
Actua use 3(25) 2(17) 7(58) [58,60,64]
I_Devel opment process and formative evalua- 11 (92) 1(8) 0(0) [52-55,57-60,62-64]
tions
Harms or unintended effects 4(33) 0(0) 8(67) [54,61,63,64]
Trialability 9(75) 1(8) 2(17) [52-55,57,59,60,62,64]
Revisions and updating 6 (50) 1(8) 5(42) [52-54,57,60,64]
Replicability and digital preservation 1(8) 1(8) 10(83) [64]

3APM-AF: audit and feedback for antimicrobial resistance prevention measures.

bAF: audit and feedback.

Stakeholders and Roles

Research Team

Approximately 42% (5/12) of the studies described their
research team, comprising multidisciplinary stakeholders (eg,
HCWs, AMR experts, biostatisticians, and researchers)
[53,55,57,59,61]. The research team compositions were
substantiated (eg, having a multidisciplinary mix in the team
[53,55,57,59,61] and experience with specific research methods
[53,55,61]).

Pilot Testersand I nvolvement in Development and
I mplementation Process

Pilot testers were described by 92% (11/12) of the studies
[52-55,57,59-64] and were predominantly selected for their
occupational function [52,55,57,59,60,62-64], whereas other
details about stakeholders expertise and background were
hardly described [52,53,57]. Stakeholder involvement was
realized by including stakeholders (eg, HCWsand AMR experts)
intheresearch team [62,63] and by involving themin pilot tests
and formative evaluations [57,59,60,62-64]. Leadership
engagement was mentioned by half of the studies as facilitator
for successful implementation [54,58,61-63], whereas
stakehol der engagement through champions or opinion leaders
was mentioned less often (4/12, 33%) [52,58,61,62].

Target Behavior and Added Value

Target Behavior, Problem, and I ntervention

The nature of the problem and relevant sociocultural factors
were addressed by all studies[52-55,57-64]. Most studies (8/12,
67%) provided adescription of underlying behavior and decision
processes, either shortly in the article'sintroduction [53,57] or
inaprior study [52,55,58,59,62,63]. Some studies paid attention
to whether there wastension for behavior change [52,53,55,60],
whether the targeted behavior is likely to be amenable to

https://www.jmir.org/2022/3/e33531
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feedback [52,53,55,60-62], and self-efficacy of feedback
recipients' (ie, feeling capable and responsible for behavior
improvement) [52,53,57]. The need for behavior change was
justified by pointing out flavs in current behaviors
[52-55,58-62,64].

Rationale and Added Value

All studies described the rationale and added value of the
APM-AF [52-55,57-64]. Approximately 58% (7/12) of the
studies described recommendations from health authorities (eg,
World Health Organization) or AF asawidely used intervention
in health care in general as reasons for developing and
implementing an APM-AF system [53-55,57,59,61,63]. Other
studies (5/12, 42%) explained how APM-AF could solve
problems and inefficiencies in the current situation
[52,58,60,62,64]. The added value was described both in terms
of expectations (eg, improving the efficiency of audits) and
experiences (eg, feedback motivated to change behavior)
[52,53,55,57-62,64].

Embedding in Practice

I mplementation Complexity and Compatibility With Tar get
Behavior and Work Processes

Most studies (8/12, 67%) described constructs related to
implementation complexity, including required organizational
configurationsand dependability on suppliersfor customizations
in terms of expected or experienced implementation barriers
[53,54,58-64]. One of the studies specifically reflected on the
duration and effort of the entire implementation process [58].
Approximately al studies (11/12, 92%) described constructs
regarding the compatibility between the APM-AF system and
stakeholders' needs and existing workflows and expected or
experienced implementation facilitators and  barriers
[52,54,55,57-64]. Opportunity costs were described by a few
studies (3/12, 25%) [58,60,62], including negative experiences
with the required additional efforts to use the APM-AF
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(including education and collecting data) [60,62]. A lack of
resourceswas described in terms of staffing, time, and materials
[57,58,61-63].

Inner and Outer Setting

Few studies (4/12, 33%) paid attention to the inner setting,
expressing the need for a collaborative environment and open
culture, in which the quality of their work can be discussed
safely [59,61,63]. One of the studies described increased patient
involvement as aresult of visible APM-AF systems [54].

Implementation Planning and Execution

Approximately 50% (6/12) of the studies addressed
implementation planning, of which 83% (5/6) also reflected on
execution [54,58-60,62,64]. Studies mostly reported longer
implementation processes than initially planned because of
hospital workflow conflicts, personnel availability, and other
confounding factors (including technical problemsand resistance
from stakeholders).

Formative Evaluation

APM-AF System Use

Intended and actual use of the APM-AF system was hardly
(3/12, 25%) described, either as the maximum time HCWs
should spend on filling out the audit tool [64] or as how often
and complete the audit tool was filled in [58]. In addition, one
of the studies used Google Analytics to measure users
interactions with gamification parts [60].

Development Process and Formative Evaluations

The development process and methods used for the formative
evaluations were described in all studies [52-55,57-64] and
elaborated in this paper’'s Sudy Characteristics section.

Harmsor Unintended Effects

Approximately 33% (4/12) of the studies described whether
and how harms and unintended effects were monitored during
the devel opment and implementation process (in general terms
or with specific examples) [54,61,63,64].

Trialability and Revisionsand Updating

Approximately 75% (9/12) of the studies described trialability
and revisions and updates in terms of several testing rounds
[52-55,57,59,60,62,64]. However, only 50% (6/12) of the studies
subsequently described, either specifically [57,60,64] or broadly
[52-54], how the findings from the testing rounds were
incorporated in the design or implementation of the APM-AF
system (eg, use of better beacons).

Replicability and Digital Preservation
One of the studies published their APM-AF system on the web
with additional information (eg, web forum) [64].

Discussion

Principal Findings

This scoping review aimed to provide insights into strategies
and theoretical underpinnings for AF system devel opment and
implementation from a sociotechnical perspective. Of the 2125
studies found in the search, 12 (0.56%) studies were included
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describing the development and implementation of their AF
systems heterogeneously in terms of study aims, AF targets,
and devel opment and implementation strategies. Approximately
17% (2/12) of the studies explicitly aimed to illustrate how
TMFs could guide choices in AF system development and
implementation. A comprehensiveinterdisciplinary conceptual
framework, based on overlapping and complementary constructs
from TMFs from AF, eHealth and interventions, and
implementation literature, was created to compare the studies.

L essons L earned for the Development and
Implementation of APM-AF Systems (Research
Question 5)

Inthisdiscussion, research question 5isanswered by providing
lessons|earned from reflecting upon our findingsfor theoretical
underpinnings of and reporting on AF, AF systems, and their
development and implementation.

Theoretical Underpinnings for AF

With health- and health care—related problems becoming
increasingly complex, interdisciplinary theoretical integration
to combine different perspectives is inevitable and pivota to
grasp the complexity of real-world problems [65]. This study
showed the added value of considering and combining AF,
eHealth, and implementation literature for studying AF systems.
AF literature covered mostly AF system constructs (21/29,
72%), whereas relevant development and implementation
constructswere hardly covered (12/35, 34%). Therefore, studies
using only AF literature might missimportant devel opment and
implementation constructs, such as stakeholder roles (eg,
leadership engagement and champions) and embedding in
practice (eg, implementation complexity and setting), that
influence AF effectivity and efficiency [66,67]. Therefore, we
argue that TMFs for AF and for development and
implementation should be balanced, as exemplified in our
interdisciplinary conceptual framework, and matched with
studies’ specific research objectives, methods, and context (eg,
setting and participants) [68].

However, selecting and combining the best-fitting TMFs
remains a challenge [69]. Well-known examples of combined
frameworks exist in implementation science (eg, Theoretical
Domains Framework [70]); however, little information is
provided about how constructs were combined. Overall, there
is little guidance on the selection and integration of
interdisciplinary TMFs [71]. Evolving initiatives that create
shared languages across disciplines and theories (eg,
CohenMiller and Pate [72]) and provide criteria for theory
selection (eg, Birken et al [73]) are encouraged.

Reporting on AF Systems

This scoping review resulted in an overview of constructs for
APM-AF systems (Table 4), enriching the AF best practices
from Colquhoun et al [18] with constructs of audit (eg, auditees
and audit input), feedback framing and incentives, and AF
system constructs (eg, technology and materials, human-system
interaction, and data validity and trust and credibility). For
replicability and using the framework in actual development
and implementation, reporting about the audit input and what
technology and materials were used isimportant. Furthermore,
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data validity and credibility was deemed as one of the 5 most
important aspects for AF in arecent study [42].

In our view, the 2 constructs that were underreported in the
included studies require attention in future studies. First, we
observed quite broad descriptions of AF system design, with a
lack of attention to functional (ie, what can the AF system do)
and visual (ie, how efficiently and effectively information is
presented to users) design, and engagement with the AF system.
However, these constructs are important for how an AF system
isreceived and used in practice[74]. Thelack of design aspects
and considerations of engagement might reflect the neglect of
eHealth system characteristics (such as design) and engagement
as active influencers for eHealth effectivity [75]. Second,
comparison, goal setting, and action planning were hardly
described in the included studies. A lack of substantiations for
comparisons was also reported by a review on clinical
performance comparatorsfor AF on variousclinical topics[76],
whereas the underuse of goal setting and action planning was
aso found by a systematic review on behavior change
interventions for APM in hospitals [28]. These 3 constructs
were derived from all included theoretical perspectivesand are
common behavior change techniques [ 77], suggesting that they
require and deserve more attention in future studies.

Reporting on Development and I mplementation of AF
Systems

Of the full-text studies assessed for eligibility, most studies
(30/58, 52%) were excluded as they focused primarily on
effectiveness and did not sufficiently report on devel opment
and implementation. The inclusion of 12 studies in full-text
might seem little; however, we believe thisis exemplary of the
tendency in (APM and eHealth) research to publish more about
effectiveness than about the development and implementation
process [3,11,12]. Therefore, in future AF system studies, but
also for other eHealth technologies, considering devel opment
and implementation as influencers of the effectivity and
efficiency of eHealth in practice has yet to gain ground [13].
During the construction of the conceptual framework, the
interwovenness of development, implementation, and formative
evaluation became apparent through the many overlaps
observed. This resonates with best practices in eHedth
development and implementation, which state that
implementation isintegrated with devel opment and requiresan
iterative and holistic approach [ 78]. Therefore, next to reporting
on evaluation, studies should report on both the constructs for
AF systems and for development and implementation.

There is no single right development and implementation
approach because of the many variations in APM and AF
objectives, stakeholders, technologies, and settings [79].
Therefore, the constructed conceptual framework should be
seen asachecklist that provides general guidancefor potentially
interesting constructs to consider; it remains at the discretion
of researchers and developers which and how constructs are
incorporated in their study. At aminimum, we proposeto reflect
upon relevant stakeholders and their roles, implementation
complexity, compatibility with target behavior, and work
processes, including the added value of AF and formative
evaluation. Overall, supporting researchers and HCWs in
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selecting and integrating TMFs into their development and
implementation process and promoting the explicit reporting
of the theoretical underpinning and substantiation of choices
are highly encouraged [41].

The constructed conceptua framework can be used in future
studies to ensure a comprehensive view of AF for the
transparency and replicability of individual studies. Therefore,
we recommend using the conceptual framework as a checklist
and adding it (including substantiation of choices) as a
supplementary material in future publications. Furthermore,
findings from this study can be used to improve the
professionalization and harmonization of AF studies, which is
important considering the increasing use of AF principles in
learning health care systems[80]. Thelack of attention to factors
that support the development of learning health care systems
(eg, organizational culture and cooperation between HCWsand
researchers) is recognized as an important barrier to the
widespread adoption of learning health care systems [81]. As
these aspects are included in the constructed conceptual
framework, it might help future researchers and developers to
explicitly consider and integrate these constructsin their AF or
learning system.

Limitationsand Strengths

This scoping review has several limitations. Although a
comprehensive search query was used to search the most
important databases for health research, we only included
peer-reviewed published research and excluded evaluation
studies. As aresult, it might be possible that relevant findings
were omitted (eg, from gray literature). Two systematic reviews
on AF for various health targets were screened to ensure that
no relevant publications were missed [1,2]. Another limitation
is that evaluation studies were excluded from this review to
highlight constructs relevant to the development and
implementation, whereas eval uation is critical to know whether
anintervention was successful. Therefore, it will bean important
next step to evaluate AF systems in terms of processes (eg,
improved HH), clinical outcomes (eg, reduced number of
infections and decreased AMR), and technological outcomes
(eg, APM-AF system use and persuasiveness) [82]. Finally,
data extraction relied on the subjective interpretation of the
constructs from the included publications by 1 researcher.
However, the conceptual framework (Table 2 and Table 3)
provided a thorough base for systematic and structured
assessment, and the findings were iteratively discussed and
revised throughout the review process.

Conclusions

This scoping review provides novel insightsinto the theoretical
underpinning of and reporting on the development and
implementation of AF systems while demonstrating how a
comprehensive conceptual framework can be created and used
and a valuable means for capturing relevant constructs from
heterogeneous studies with varying theoretical underpinnings.
Few studies have explicitly described how choices for AF
systems and their development and implementation processes
were substantiated by TMFs. The interdisciplinary conceptual
framework developed in this study is a first step toward the
professionalization and harmonization of AF development and
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implementation with a sociotechnical approach. It provides development and implementation of AF systems, with the aim
guidance and a comprehensive checklist to guide researchers, of further improving the quality and safety of health care.
HCWs, and policy makers in making informed choices in the
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Abstract

Background: Mental health disorders are a leading cause of medical disabilities across an individua’s lifespan. This burden
is particularly substantial in children and adolescents because of challenges in diagnosis and the lack of precision medicine
approaches. However, the widespread adoption of wearable devices (eg, smart watches) that are conducivefor artificial intelligence
applications to remotely diagnose and manage psychiatric disordersin children and adolescents is promising.

Objective: This study aimsto conduct a scoping review to study, characterize, and identify areas of innovations with wearable
devices that can augment current in-person physician assessments to individualize diagnosis and management of psychiatric
disordersin child and adolescent psychiatry.

Methods: This scoping review used information from the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines. A comprehensive search of several databases from 2011 to June 25, 2021, limited to the English
language and excluding animal studies, was conducted. The databases included Ovid MEDLINE and Epub ahead of print,
in-process and other nonindexed citations, and daily; Ovid Embase; Ovid Cochrane Central Register of Controlled Trials; Ovid
Cochrane Database of Systematic Reviews; Web of Science; and Scopus.

Results: Theinitial search yielded 344 articles, from which 19 (5.5%) articles were |eft on the final source list for this scoping
review. Articles were divided into three main groups as follows: studies with the main focus on autism spectrum disorder,
attention-deficit/hyperactivity disorder, and internalizing disorders such as anxiety disorders. Most of the studies used either
cardio-fitness chest straps with electrocardiogram sensors or wrist-worn biosensors, such as watches by Fitbit. Both allowed
passive data collection of the physiological signals.

Conclusions: Our scoping review found alarge heterogeneity of methods and findingsin artificial intelligence studiesin child
psychiatry. Overall, the largest gap identified in this scoping review is the lack of randomized controlled trials, as most studies
available were pilot studies and feasibility trials.

(J Med I nternet Res 2022;24(3):€33560) doi:10.2196/33560
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Introduction

Background

The global burden of mental illnesses is daunting. In 2013,
mental illnesses, such as major depression (2nd), anxiety
disorders (7th), schizophrenia (11th), dysthymia (16th), and
bipolar disorder (17th), werelisted as some of the leading causes
of years lived with disability [1]. Unipolar major depression
and self-inflicted injurieswere at number 2 and 14, respectively,
as the top contributors to the global burden of disease in 2020
[2]. Despite significant advances in medical research, thereis
adistinct deficiency in the detection and trestment of psychiatric
disorders, especialy in children and adolescents [3]. The
subsequent ramifications are evident. For instance, in 10% of
completed suicides, the adolescent victims had no previously
recorded psychiatric diagnoses[4]. With theincreasing adoption
of measurement-based practices in child and adolescent
psychiatry, large volumes of data are being generated from
clinical trialsand routine practice. Such well-characterized data
may prove to be fertile opportunities for innovations in data
science and artificial intelligence (Al) to potentially addressthe
shortcomings and subsequently improve the burden of disease
in these populations.

Current approaches for the evaluation of psychiatric disorders
predominantly rely on physician-patient history taking, collateral
information, and patients’ self-reported questionnaires rather
than objective laboratory tests or neuroimaging biomarkers. As
a result, contemporary psychiatric assessments are inaccurate
and ineffective in providing a reliable and individualized
assessment of symptoms [3]. With growing evidence of large
data-driven approaches (eg, Al) to individualize diagnoses and
treatment management of psychiatric disordersin adults[5-9],
there are opportunities for such a paradigm in child and
adolescent psychiatry. Al approaches simulate humans’ ability
to problem solve, plan, reason, and recognize patterns [3]. In
these processes, computers learn the abilities by processing
massive data sets through multilayered mathematical models
(algorithms) and training methodol ogies (eg, cross-validation)
improves the Al model’s predictive confidence [10].

Broadly, thefield of Al subsumesthe methodol ogical paradigms
of computing science. First, machine learning refers to a
programing approach in computer scienceinwhich the behavior
of aprogramisnot fully determined by an established code but
can adapt its behavior (ie, learn) based on the data gathered
[11]. Simple neural networks have been used in medicine since
the early 1990s to interpret electrocardiograms (ECGs) [12],
individualized predictions of antidepressant response, and
diagnosis of myocardia infarction [13]. Second, deep learning
isaparticular variant of machine learning that is often modeled
using artificial neural networks, which typically consist of
interconnected nodes representing artificial neurons[11]. Deep
learning has been used to design drugs, predict gene mutation
expression, analyze histological examples, and read radiographic
images [14,15]. Third, natural language processing (NLP)
involves training computers to understand text and spoken
languages or wordsin theway humans communicate[15]. NLP
iswell adopted in medicine, whereit isused to extract structured
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text (eg, diagnosis and treatment context) from unstructured
text (eg, eectronic health records). Finaly, reinforcement
learning isafield of computing where computers can betrained
to make decisions based on past and current data and a given
context to maximize long-term outcomes. For example,
reinforcement learning has been used in tailoring treatmentsfor
epilepsy and sepsis [16]. These recent Al applications provide
new possibilitiesfor Al usein specialty medical practice, while
projecting future utility in general medical practice [10].

Objectives

Al has been innovating and reshaping medicine but progressin
psychiatry and child and adolescent psychiatry, in particular, is
slow. Most previous research in psychiatry hasfocused on either
NLP or theintegration of various biomarkersto classify certain
disorders such as heart conditions, epilepsy, and various types
of cancer [11]. In addition, limited sustained collaboration
among engineers, data scientists, and mental health providers
has affected the slower adoption of these techniques in
psychiatric practice in comparison with psychiatry and other
medical speciaties [10,17]. A review by Shatte et a [18]
discussed the literature focused on adult mental health issues
and machine learning applications. Our unique review aimsto
summarize the available research in child and adolescent
psychiatry literature investigating machine learning technol ogy
and Al applications. The second aim is to characterize future
opportunitiesin Al research in child and adolescent psychiatry.

The growing adoption of wearable technologies (eg, smart
watches) not only helps passively collect large volumes of data
but also opens the doors for using the data to enable remote
diagnostic capabilities in child and adolescent psychiatry.
Remote diagnosis and management of psychiatric diseases in
children is crucial, given the shortage of trained mental health
professionals.

Although wearable devices might support diagnosis and
management in the future, they will not be ableto replace health
care professionalsand their clinical observations. Inthis context,
we sought to review studies that gathered data of child and
adol escent patients with psychiatric disordersthrough practical
means and used passively gathered data for various prediction
mechanisms.

Methods

This scoping review used PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) information
(Multimedia Appendix 1) [19] as a guide and was organized
according to the steps outlined in this section.

Step 1. Developing a Research Question

We identified what was the extent of literature on the use of
wearable devices in the form of Al in child and adolescent
psychiatry. We aimed to gain insight into the following research
objectives: (1) understand how wearable devicesare being used
in child psychiatry by exploring the types of devices that are
being used, investigating how these devices are being used in
child psychiatry (aid diagnosis, evaluate treatment efficacy,
make algorithms to predict behavioral outcomes, etc), and
researching which physiological signals are being measured by
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these devices and (2) identify how the clinical knowledge of
various pediatric psychiatric disorders has been expanded
through the use of Al, specifically wearable devices.

Step 2: Literature Search

A comprehensive search of several databases was performed
on June 25, 2021. The search was restricted from the year 2011
through the date the search was conducted. The results were
limited to English language articles. Animal studies were
excluded from this study. The databases searched were Ovid
MEDLINE (=1946) and Epub ahead of print, in-process and
other nonindexed citations and daily (equivalent to PubMed);
Ovid Embase (=1988); Ovid Cochrane Central Register of
Controlled Trials (=1991); Ovid Cochrane Database of
Systematic Reviews (=2005); Web of Science Core Collection
via Clarivate Analytics (=1975); and Scopus via Elsevier
(=1788).

The search strategy was designed and conducted by an
experienced librarian (LH), with input from the study
investigators (APA  and MR). Controlled vocabulary
supplemented with keywords was used to search for studies.
The actual strategy, listing all the search terms used and how
they were combined, is available in Multimedia Appendix 2.
Step 3: Study Selection

The study selection process was divided into two phases: (1)
title and abstract screening and (2) full-text article screening.
For the first phase, 2 reviewers (VW and JW) screened the
articlesand either excluded them or included them on the source
list. Theresulting source list was reviewed by 2 other reviewers
(APA and MR). A full-text article review was then performed

by 2 reviewers (VW and JW) and the final source list was
created.

Step 4: Charting the Data

Most of the study data were extracted by a single researcher
(VW). Another researcher (JW) helped complete 1 column and
reviewed the table after it was completed. The following
information was included in the table: year, sample population
(size and demographics), psychiatric diagnosis, age range,
wearable device used, and the measured physiological
symptoms. The studies were divided based on the participants
main diagnosis. autism spectrum disorder (ASD),

https://www.jmir.org/2022/3/e33560
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attention-deficit/hyperactivity ~ disorder and

internalizing disorders (IDs).

(ADHD),

Ethics and Dissemination

This proposed scoping review did not require ethics or
institutional review board approval, as data were collected
through the review of published peer-reviewed literature and
gray literature. The results will be submitted for publication in
an open-access peer-reviewed journal and presented at relevant
medical and engineering conferences.

Results

Study Selection

Theinitial searchyielded 344 articles. Inall, 2 researchers (VW
and TJW) completed thetitle and abstract screening processto
narrow down this list. They reviewed papers independently,
and disagreements were reviewed by 2 additional researchers
(APA and MR). During this step, 89.2% (307/344) articleswere
omitted because they did not satisfy the inclusion criteria. The
criteriafor inclusion of studies for review in the first round of
screening were asfollows: the study must use awearable device
that passively tracked physiological variables in real time
(objective measurements) and the device must be worn by a
patient who had been diagnosed with one or more of the
following psychiatric disorders: oppositional defiant disorder,
conduct disorder, mood disorder (depression, anxiety, and
bipolar disorder), ADHD, learning disability (dyslexia, etc),
autism, or psychotic disorder. A full-text screening of the
remaining 10.8% (37/344) articles was conducted by the same
2 researchers (VW and TJW). Given our focus on child and
adolescent psychiatric illnesses, the criteriafor study inclusion
were accordingly altered to focus on child and adolescent
psychiatric patients only (aged 0-18 years), wherein studies
were written in English and published before January 1, 2021.
Eligible designs included randomized controlled trials,
nonrandomized experimental studies, cohort studies, and
case-control studies. In addition, studies that focused on motor
impairment were excluded. The PRISMA flow diagram for the
study selection processisillustrated in Figure 1. After theentire
screening process was completed and reviewed by 2 additional
researchers (APA and MR), 5.5% (19/344) articleswereleft on
the final source list for this scoping review (Table 1).
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for study selection.

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only
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Table 1. Summary of studies on the use of wearable devices in child psychiatry.

Welch et al

Study Year Sample characteristics  Diagnosis Age Device Measured physiological

symptoms

Bilecci etal [20] 2018 40 participants: 29 males A gp@ 18-36 months £GP chest drap (Shim-  HRS, SDNNY cve LF
and 11 females; race not mer) d HFY
specified an

Bilecci etal [21] 2016 5 participants: all males; ASD 6-8 years ECG chest strapand EEG”  QEEG' and HRV/
race not specified headset (EEG- Enobio

wireless device)

Di Pamaet al 2017 5 participants: al males;, ASD 6-8 years ECG chest strap (based off HR, RM SSDk, and RsA!

[22] race not specified Shimmer)

Faeddaet al [23] 2016 155 participants: 97 BP"or ADHD" 5-18 years ActiGraph belt (AM1° mo- Diurnal activity, deep effi-
males and 58 females, tionlogger) ciency, and circadian regu-
race not specified lation

Fioriello et a 2020 24 participants: 18 males  aAgp or LDP 30-72 months  ECG chest strap HR

[24] and 6 females; race not
specified

Gayet d [25] 2014 not specified ASD Not specified  Accelerometer wrist strap  Skin temperature and skin

(AffectivaQ Sensor), EEG  conductive data (ac-
headset (MindWave Mo-  celerometer), EEG power
bile), ECG chest strap spectrums (EEG), and HR,
(Zephyr BioHarness), and  HRYV, respiration, body
mobile phone app (My- temperature, and respira-
Media) tion (ECG)

Goodwin et a 2019 20 participants: 75% ASD 6-17 years Wrist-worn biosensor HRV, EDAY, and motion-

[26] male; 95% White; 90% (Empatica E4) based activity (accelerome-
non-Hispanic ter)

Krupaeta [27] 2016 60 participants: sex and ~ ASD 3-12 years Wrist-worn biosensor HRV and EDA or GSR"
race not specified

Kushki et al [28] 2015 24 participants: 17 males  ASD Not specified ECG chest strap (Shim- RRSintervals
and 7 females; race not mer)
specified

Leikauf etal [29] 2021 32 participants: 17 males  ADHD 8-17 years Smart watch app (Stop- Movement data (actigra-
and 15 females; race not Watch) phy via accelerometer)
specified

Lineta [30] 2020 30 participants: 11 males ADHD 5-9years Smart watch (AsusZen-  Angular velocity (gyro-
and 4 females with age- Watch 3) scope) and acceleration in
matched controls; race axial direction (accelerom-
not specified eter)

McGinniseta 2021 63 participants: 57%fe-  |pdt 4-8 years IMUY chest strap and Acceleration and angular

[31] male; 75% White, non- headband (3-Space Sensor; velocity
Latinx; 11% Asian or YEI Technol ogy)

Pacific Ilander; 11%
African American; 3%
biracia

McGinniset a 2019 63 participants: 57% fe-  IDs 3-8 years IMU chest strap (3-Space  Acceleration and angular

[32] male; 65% White; 82.5% Sensor; YEI Technology) velocity
in 2-parent households;

32% income >US
$100,000

Min et a [33] 2011 4 participants: sexand ~ ASD Not specified Accelerometerswornon  Motion data (flapping,
race not specified wrists, ankles, and upper  rocking, punching, and

body hitting)

Munoz-Organero 2019 36 participants. 15males  ADHD 6-16 years Accelerometerswornon  Acceleration and move-

eta [34] and 3 females with non- wrists and ankles (Run- ment patterns
matching controls; race scribe inertial sensors)
not specified

Ouyangeta [35] 2020 10 participants: sexand  ADHD 5-11 years Accelerometer embedded  Linear motion

race not specified

in a smart watch
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Study Year Sample characteristics ~ Diagnosis Age Device Measured physiological
symptoms
Pfeiffer et al [36] 2019 6 participants: sex not ASD 8-16 years Wrist-worn biosensor Skin conductance levels
specified; 4 White; 2 (Empatica E4) and NS-SCRs" (EDA data)
Latin American or His-
panic
Redd et a [37] 2020 5 participants: sex and IDs 8-12 years Wrist-worn biosensor HR, HRV, electrica prop-
race not specified (Empatica E4) erty fluctuationsintheskin
(EDA data), motion (ac-
celerometer), and peripher-
al skin temperature (in-
frared thermophile)
Wilson et al [38] 2021 5 participants: sexand ~ ASD 3-12 months  Ankle-worn biosensors Motion complexity (ac-

race not specified

(APDM Opal; APDM
Wearable Technologies)

celerometer, gyroscope,
and magnetometer)

8ASD: autism spectrum disorder.
bECG: electrocardiogram.
°HR: heart rate.

dSDNN: SD of the averaged normal sinus RR intervals for 5-minute segments.

€CV: timeinterval between 2 consecutive R waves.
LF: low frequency.

9HF: high frequency.

PEEG: electroencephal ography.

iQEEG: guantitative electroencephal ography.
JHRV: heart rate variabil ity.

KRMSSD: root-mean square of the successive normal sinus RR interval difference.

IRsA: respiratory sinus arrhythmia (indicator of autonomic function).
MBP: blood pressure.

"ADHD: attention-deficit/hyperactivity disorder.

®AMI: acute myocardial infarction (motionlogger ActiGraph belt).
PLD: learning disability.

9EDA: electrodermal activity.

'GSR: galvanic skin response.

SRR interval, the time el apsed between 2 successive R waves of the QRS signal on the electrocardiogram.

YD: internalizi ng disorder.
YIMU: inertial measurement unit.
YNS-SCR: nonspecific skin conductance response.

Introductory Information

The studies on thefinal sourcelist were published between 2011
and 2021, and were spread across the world with most being
conducted in the United States. In addition, the growth rate of
research in this field increased substantially after 2018. The
following sections provide a synopsis of each of the sources
organized into the 3 categories previously outlined.

Studies Focused on ASD

Most studies (11/19, 58%) [20-22,24-28,33,36,38] focused on
how the use of wearable devices could be used to aid in the
treatment, behavioral prediction, and diagnosisof children with
ASD. Although each study analyzed patients with ASD, the
objectives and methods varied greatly among the studies. Severa
studies used ECG chest straps [20-22,24,25,28] for the most
part to categorize the autonomic nervous system responses in
patients with ASD during various tasks. For example, a study
by Bilecci et a [20] used ECG strap during a joint attention
stimuli in toddlers with ASD. The ECG chest strap measured

https://www.jmir.org/2022/3/e33560

SD of the average normal sinus RR intervals (the time elapsed
between 2 successive R waves of the QRS signa on the ECG)
for 5-minute segments, heart rate (HR), CV (time interval
between 2 consecutive R waves), low frequency (changes in
sympathetic regulation), and high frequency (changes in
parasympathetic regulation). The results showed that the SD of
the average normal sinus RR intervals for 5-minute segments,
CV, and low frequency values were significantly higher in the
ASD group than in the control group at baseline. In addition,
the CV was significantly higher in the ASD group during the
joint attention task. These findings suggest that joint attention
tasks coupled with wearable devices could potentialy help
physicians diagnose autism in toddlers.

A longitudinal study by Di Pama et a [22] mediated
sociocognitive tasks through serious games alowed for the
coding of child behavior. Children received treatment for 6
months while being monitored by an ECG wearable chest belt.
The serious games consisted of joint attention tasksand imitation
exercises and the ECG belt measured HR, respiratory sinus
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arrhythmia (RSA; indicator of autonomic function), and
root-mean square of the successive normal sinus RR interval
difference. There was an increase in HR events during
sociocognitive tasks. Researchers also found a correlation
between detected physiological events and the level of
involvement of the child during the task, along with a decrease
in RSA and root-mean square of the successive normal sinus
RRinterval difference during activity which indicates proficient
socia interaction. Over time, patients displayed an increased
percentage of physiological events associated with lower RSA
during activity, which suggests improvement in cognitive
engagement throughout the course of treatment. These predictive
algorithms could be used at home by parents, at school by
teachers, and in the clinic by therapists to create more
individualized therapy plans.

Several studies used el ectroencephal ography (EEG) in addition
to ECG measures[21,25]. Bilecci et al [21] focused on abtaining
guantitative EEG (pattern analysis of EEG) that was meant to
determine treatment efficacy. Participants with ASD were
monitored during a socioemotive interaction to implement a
more individualized and effective treatment plan for these
children. The results showed that all children yielded different
measurements which emphasizes the importance of
individualized therapy. The use of an Al device such as this
would allow therapists to track a child's engagement so that
they can tailor their therapy to the child’'s specific needs.
Another study, in addition to measurement of EEG and ECG,
also used an accelerometer wrist strap and created a mobile
phone app called MyMedia and MySchedule [25]. The 6 main
emotions that the app was designed to capture were happiness,
sadness, fear, disgust, surprise, and anger. The sensorsand facial
recognition detected pupil dilation, skin conductance, HR or
HR variability, blood pressure, concentration, and attention
levels through a headset, watch, and chest strap. This method
could provide apersonalized way for autistic children and their
caregiversto understand and manage their emotions.

Many of the studies used wrist-worn biosensors [26,27,36].
Some of the studies used accelerometers worn on various body
parts such as wrists [25], ankles [38] as well aswrists, ankles,
and upper body [33]. Using the Empatica E4 (Empatica, Inc)
device study by Goodwin et al [26] investigated whether
collecting and analyzing physiological and motion data from
children with ASD during naturalistic observations could predict
aggression. This wrist-worn sensor measured cardiovascular
and electrodermal activity, along with detecting motion using
an accel erometer. Theresults suggested that aggression to others
can be predicted 1 minute before it occursif biosensor data are
collected for 3 minutes before the aggressive behavior. In this
study, aggression was defined as hitting, kicking, biting,
scratching, grabbing, pulling, pinching, or throwing objects at
others. To make binary aggression predictions, a
ridge-regularized | ogistic regression was used with the extracted
time series features as input variables. This method had 84%
average prediction accuracy and the average duration of
aggressive episodes was 28 seconds.

Wilson et al [38] used wearable ankle sensorsto diagnose ASD
in children. Many believe that motor dysfunction may be
predictive of ASD and the study used wearable ankle sensors
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to track full-day motor activity in infants with a high familial
risk for ASD. These sensors contained a 3D-accelerometer, a
3D-gyroscope, and a 3D-magnetometer. Leg movement data
were collected when the participants were aged 3, 6, 9, and 12
months, and an autism diagnostic tool was used to evaluate each
child at the ages of 18 and 36 months. On the basis of the
movement data collected from the sensors, the researcherswere
able to construct a new measure of motion complexity defined
in terms of the variability of the frequency components
underlying the observed movements. The results of the study
showed that high-risk infants with a later diagnosis of ASD
showed lower motion complexity compared those who were
not diagnosed later. In fact, there was a stronger correlation
between motion complexity and ASD outcome relative to
cognitive ability and adaptive skills, making this method a
promising diagnostic tool.

A study by Krupaet al [27] also used awearable wristband that
measured the galvanic skin response and HR variability
(indicators of the autonomic nervous system) for diagnostic
purposes. The machine was aso used to determine a child’'s
current emotion. The results showed that the machine could
differentiate children with ASD from normally developing
children with 65% accuracy. In addition, it could differentiate
neutral from emotion with 93.33% accuracy and happinessfrom
involvement with 90% accuracy.

An intervention study by Pfeiffer et al [36] evaluated how well
in-ear and overear headphones can decrease sympathetic
activation in children with ASD and associated auditory
hypersensitivity (hyperacusis) by measuring skin conductivity
through electrodermal activity. Empatica E4 wristbands
collected electrodermal activity data, as skin conductanceisan
indicator of stress or anxiety levels, and hyperacusis is
associated with stress and anxiety. The results showed that in-ear
and overear noise attenuating headphones led to a significant
difference in both skin conductance levels and frequency of
nonspecific conductance responses in subsequent phases of the
study compared with the baseline measurements completed at
the beginning of the study.

Studies Focused on ADHD

A small percentage of the studies (5/19, 26%) [23,29,30,34,35]
examined how the use of wearable devices could be used to
accurately diagnose ADHD and eval uate the treatment efficacy
of various strategies used to treat children with ADHD.
Although each of the studies in this category had different
methods and objectives and collected different physiological
measurements, all the devices used in these studies used an
accelerometer [23,29,30,34,35].

In al, 11% (2/19) of studies used a smart watch application
[29,30]. Leikauf et a [29] conducted apilot study on the efficacy
of StopWatch, a smart watch application designed to track
movement and provide visual and haptic feedback regarding
the movement data collected for patients with ADHD. Asthis
application collected movement data via an accel erometer, this
study focused specifically on the hyperactivity aspect of ADHD.
In a similar study, researchers used data collected from the
gyroscope and accel erometer placed in asmart watch to analyze
the movements of children with ADHD [30]. They compared
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the ADHD cohort to an age- and sex-matched control group to
determine whether these types of measurements could be used
to diagnose children with ADHD. After collecting data for 2
hours for 3 consecutive days in a naturalistic setting, the data
suggested that children with ADHD had more variable and
frequent movementsthan the controls. The Zero-Crossing Rate
values across al 3 axes of the gyroscope were higher in the
ADHD group; however, only the variance across the y-axis
yielded a significant difference.

Munoz-Organero et al [34] used 4 triaxial accelerometers
(placed on both wrists and ankles) to analyze movement patterns
in normally developing children; patients with ADHD, who
were medicated; and patients with ADHD, who were
nonmedicated. They then used the data collected to propose a
recurrent neural network to characterize the movement patterns
of normally developing children that can be used to assess the
similarity of new patients, which could potentially direct
diagnosis. The results demonstrated that patients with ADHD,
who were nonmedicated, showed higher differences medium
intensity movements compared with normally developing
patients whereas patients with ADHD, who were medicated,
showed different behavior in their low intensity movements.

The final study in this category aimed to develop an objective
method of evaluating the therapeutic effects of ADHD
treatments by placing an accelerometer in their smart watch that
recorded the movements of these patients [35]. The variance
values of the accelerometer data before and after 1 month of
using the medication methylphenidate were compared to
determine the treatment efficacy of this drug. The Swanson,
Nolan, and Pelham questionnaire (a subjective measure of
treatment efficacy) was then compared with the accelerometer
results, and the correlation between the 2 measurements was
moderately strong. In addition, the variance values along the y-
and z-axes of the accelerometers significantly decreased after
1 month of medication use, suggesting that the medication
helped patients with ADHD.

A study by Faeda et al [23] used an ActiGraph belt (acute
myocardial infarction motionlogger) and aimed to determine
whether measures of activity, sleep, and circadian rhythm could
be used to differentiate pediatric patients with bipolar disorder
from pediatric patients with ADHD. They compared three
different study groups: children with ADHD, children with
bipolar disorder, children with ADHD and a comorbid
depressive disorder and typically developing children. Each of
these groups of children wore an ActiGraph belt for 3to 5 days,
which measured arousal, circadian rhythms, and deep
wakefulness cycles. The results showed that sleep duration and
circadian strength measurements differed between children with
ADHD and those with bipolar disorder. In addition, children
with bipolar disorder had reduced measures of total sleep,
reduced relative circadian amplitude, and increased nocturnal
activity relative to the control group as well as both ADHD
groups. This study suggests that wearable devices and Al may
aid in the diagnosis of these overlapping pediatric disorders.

Studies Focused on I Ds

A few studies (3/19, 16%) [31,32,37] investigated the
identification children with IDs using wearable devices and
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predicted their adverse behavioral outcomes through machine
learning and Al.

McGinnis et al [31] aimed to develop a digital phenotype for
childhood internalizing psychopathol ogy based on data collected
from awearable inertial sensor. Data were recorded while the
child completed three different tasks: the bubblestask (induced
positivity), snake task (induced anxiety), and speech task
(induced fear). The sensors were placed on both the head and
waist of the child and acceleration and body movements were
measured with an inertial measurement unit. They found that
the children with IDs burned out quicker during the bubbles
task and that it helped identify depressive, anxious, and
trauma-related disorders. On the other hand, the snake task
hel ped identify children with withdrawn, anxious, and depressive
problems, oppositional problems, and specific phobias.
Similarly, the speech task identified children with withdrawn,
anxious, and depressive problems. After analyzing these results,
they found that the phenotype from features that measured
reward responsiveness could accurately detect children with
underlying internalizing psychopathology with 75% accuracy.

Redd et al [37] investigated whether tracking physiological
signals, such as HR, skin electrodermal activity, and skin
temperature, could help predict ameltdown to facilitate earlier
and more effective intervention. These measurements were
recorded using a wrist-worn biosensor that incorporated blood
volume pulsivity measurements, an electrodermal activity sensor
to measure electrical fluctuations in the skin, a 3-axis
accelerometer to measure overall motion and activity, and an
infrared thermophile used to measure peripheral skin
temperature. Parents al so recorded their observations, and then
the observations and physiological datawere compared to create
a predictive algorithm. The results showed that this model can
accurately classify the behavioral states of children with 68%
accuracy; however, only 4 meltdowns were recorded during the
study which means that more data need to be collected and
analyzed.

Discussion

Principal Findings

The primary outcome of this scoping review was a
characterization of 19 studies of child and adolescent patients
with ASD, ADHD and ID that gathered data through practical
means and used passively gathered data for various prediction
mechanisms.

From theincluded studies we were ableto provide adescriptive
analysis of currently available devices used to passively gather
datain Al trials. Most of the studies used either ECG strap or
wrist-worn biosensor. This is somewhat surprising as, for
example. studies by Fioriello et a [24] and Kushki et al [28]
could only collect data on HR via ECG chest strap, whereas
many of the commercially available wrist watches can collect
significantly more data [39].

Theinformation obtained from thisreview can guidefuturetria
development. Only 1 trial [23] had ahigh number of participants
(N=155). Other trials[33] managed to enroll only 4 participants.
We were not able to find any trials on children and adolescents
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specifically with major depressive disorder or suicidality. Only
1 trial [23] compared children with ADHD and children with
bipolar disorder; however, no studies specifically addressed
children with bipolar disorder or psychosis. There were also no
trialsthat gathered data during inpatient hospitalization or during
evidence-based outpatient treatment that children would
typically receive. No studies obtained data from parents aswell
during the trials focusing only on children.

All the studies summarized focused on detecting behavioral
changes in patients. This leaves opportunities to innovate with
the data to actuate the detected behaviors using reinforcement
learning approaches. Particularly, if a state of behavior is
predicted before it visibly manifests, there is an opportunity to
alert responsible adults nearby to intervene using proven
interventions. Such timely interventions may prove to be a
positive reinforcement for children, who otherwise are penalized
for unacceptable behavior. In older patients (ie, adolescents vs
young children), physiology-based triggers (eg, based on HR
variability) with an action message (eg, performing breathing
exercises for 30 seconds) may be helpful in forcing a positive
change in behavior or mood.

Feature extraction and feature engineering are the key aspects
of machine learning and Al efforts using wearable data [40]
Given the heterogeneity in the types of devices and clinical
guestions being researched, approaches to extract signals from
wearable datawidely differed among the literature reviewed in
thiswork. Feature extraction methods (eg, principal-component
analysis, locally linear embedding, and autoencoding) will
facilitate the identification of wearable-derived measures
associated with clinical diagnosis or outcomes. Feature
engineering uses wearable-derived measuresto devel op features
for downstream analyses using domain-guided knowledge (eg,
deriving motion features from raw accelerometer data).
Determining the feature extraction or engineering approach is
dependent on the nature of the clinical question being posed
and types of measurements derived from wearables.

As Al in child and adolescent psychiatry is an emerging field,
there are obvious gaps that will continue to be explored. Most
of the papers focused on using the technology for diagnostic
purposes, specifically ASD and ADHD. We believe that these
emerging technol ogies can be used in other diagnostic categories
such asmood, anxiety, and psychosis. Thereisalso much room
to innovate in the realm of intervention, treatment, and public
health.

Limitations

Our study had severa limitations. We did not conduct a
systematic review or prospectively register aprotocol. Thiswas
expected to be anascent area; hence, ascoping review was most
appropriate. Another limitation is the potential that we have
missed important original literature on the use of mobile and
wearable Al in child psychiatry. This was mitigated by an
extensive search of multiple databases, searching references of
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included articles, and ensuring duplicate review of al the
abstracts and full-text. We chose not to include nonoriginal or
non—peer-reviewed research and non-English articles. This
might have led to us missing key conclusions drawn from this
research. We also did not examine each of the machinelearning
technologies in detail but rather resorted to a brief description
of the methods used in each of the studies.

Conclusions

This scoping review provides a comprehensive assessment of
the literature on the use of mobile and wearable Al in children
with ASD, ADHD, and ID. Our scoping review found large
heterogeneity of methods and findings in Al studies in child
psychiatry. Overall, the largest gaps identified in this scoping
review are the lack of randomized controlled trials, as most
studies available were pilot trials. The definition of digital
biomarkers used in these studies seems to be very wide. The
studies included in the review had a smal number of
participants. Nevertheless, our scoping review identified several
key strengths acrossthe disorders considered in this study. First,
wearable technologies comprising multiple sensors (eg, HR,
sleep, and accelerometers) demonstrate promisein the diagnosis
and prediction of aspects of disorders spanning child and
adolescent psychiatry. Second, analytic solutions using data
from wearables and expert annotations of child behavior can
predict the onset of behavioral changes relevant to psychiatric
disorders. Hence, given the growing ubiquity of wearables
across the age span (children to parents, guardians, or teachers),
our review strongly suggests the incorporation of wearablesin
child and adolescent psychiatry research. Such integration would
be pivotal in facilitating remote monitoring and remote
psychiatric services, which will likely help reduce disparities
in mental health care access because of a shortage of child and
adolescent psychiatrists. From a research perspective, the
interaction of wearable biomarkers with conventiona
biomarkers (eg, genomics, metabol omics, neurcimaging, EEG,
and environmental exposures) in the context of the diagnosis,
treatment, and management of psychiatric disordersisyet to be
pursued in large studies. Finally, the integration of wearables
in child and adolescent psychiatry research should extend
beyond controlled research settings to allow the extraction of
the benefits of Al approaches. Naturalistic studies should look
to collect annotations of children’sbehavior asobserved in their
daily life at home, day care, or school and expand the
involvement of relevant stakeholders in studies, wherein not
only are parents annotating behaviors but also teachers, social
workers, and counselors. Such a collection of annotated data
from areal-world environment where children and adolescents
develop will aso provide opportunities to innovate with Al
approaches such as reinforcement learning. Future directions
should focus specifically on enrolling larger number of more
diverse groups of patients. Future research should also focus
on assessing which tools, mobile and wearable, are most
efficient in collecting the most reliable data in various patient
populations, as the primary outcome of interest.
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Abstract

Background: Electronic health record (EHR) system users devise workarounds to cope with mismatches between workflows
designed in the EHR and preferred workflowsin practice. Although workarounds appear beneficial at first sight, they frequently
jeopardize patient safety, the quality of care, and the efficiency of care.

Objective:  This review aims to aid in identifying, analyzing, and resolving EHR workarounds; the Sociotechnical EHR
Workaround Analysis (SEWA) framework was published in 2019. Although the framework was based on alarge case study, the
framework still required theoretical validation, refinement, and enrichment.

Methods: A scoping literature review was performed on studies related to EHR workarounds published between 2010 and 2021
in the MEDLINE, Embase, CINAHL, Cochrane, or IEEE databases. A total of 737 studies were retrieved, of which 62 (8.4%)
wereincluded inthe final analysis. Using an analytic framework, the included studies were investigated to uncover the rationales
that EHR users have for workarounds, attributes characterizing workarounds, possible scopes, and types of perceived impacts of
workarounds.

Results: The SEWA framework was theoretically validated and extended based on the scoping review. Extensive support for
the pre-existing rationales, attributes, possible scopes, and types of impact was found in the included studies. Moreover, 7 new
rationales, 4 new attributes, and 3 new types of impact were incorporated. Similarly, the descriptions of multiple pre-existing
rationales for workarounds were refined to describe each rationale more accurately.

Conclusions: SEWA is now grounded in the existing body of peer-reviewed empirical evidence on EHR workarounds and, as
such, provides atheoretically validated and more complete synthesis of EHR workaround rationales, attributes, possible scopes,
and types of impact. The revised SEWA framework can aid researchers and practitionersin awider range of health care settings
to identify, analyze, and resolve workarounds. This will improve user-centered EHR design and redesign, ultimately leading to
improved patient safety, quality of care, and efficiency of care.

(J Med Internet Res 2022;24(3):€33046) doi:10.2196/33046
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Introduction

Electronic health record (EHR) systems are the backbone of
modern health care organizations. Thisisin pursuit of promising
gains in patient safety, quality of care, efficiency, and control
of spiraling costs by enabling value-based reimbursements.
However, realizing these expected benefits is far from a given
value. Over theyears, an overwhelming number of studies have
reported that EHRs have led to a multitude of unintended
consequences. Examplesinclude potential patient harm resulting
from bad EHR usability [1,2]; increased odds of burnout of
health care professionals [3,4]; physicians experiencing stress
[5]; users spending an equal amount of time on desktop medicine
as they spend on having face-to-face interaction with patients
[6,7]; extensive copy and paste practices of patient notesleading
to note bloating, interna inconsistencies, and errors [8]; and
the unavailability of complete clinical information at the point
of care[9].

Many causes of unintended consequences of EHR use can be
traced back to discrepancies between the behavior, intentions,
and expectations of EHR users and the workflows dictated by
EHRs [10-15]. When EHR users experience workflow
mismatches, they often create workarounds [16]. Workarounds
are practices that handle exceptions to normal workflow [17]
and do not follow the rules, assumptions, workflow regulations,
or intentions of systems designers[18]. Although workarounds
allow EHR users to proceed in accomplishing tasks in their
preferred way (with or without the EHR), research shows that
workarounds frequently jeopardize the safety, quality, and
efficiency of care [19]. Given their common adverse effects,
workarounds are valuabl e points of departurefor improving the
EHR design and redesign.

Blijleven et a [20] developed the Sociotechnical EHR
Workaround Anaysis (SEWA) framework for identifying,
analyzing, and subsequently resolving EHR workarounds. The
framework was inspired by the Systems Engineering Initiative
for Patient Safety (SEIPS) framework [21]. The SEWA
framework incorporates four angles: the different rationales
EHR users havefor creating workarounds (eg, memory aid and
required data entry option missing), the stakeholders affected
by aworkaround (eg, patient and health care professional), the
impact of a workaround (eg, on safety and efficiency), and
inherent attributes of workarounds (eg, unavoidable, repetitive,
and cascading).

The SEWA framework [20] was based on approximately 200
hours of audiovisual material of user—EHR interaction and

https://www.jmir.org/2022/3/e33046
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semistructured follow-up interviewsin asinglelarge case study
in an academic hospital setting [19,22]. However, the authors
argued that the applicability of the framework in other contexts
might be limited, such as in nonacademic hospitals or in
hospitals where paper-based workarounds (eg, for ordering
drugs) are still allowed. Therefore, they recommended
validation, refinement, and enrichment of the framework by
incorporating workarounds and related rationales, attributes,
possible scopes, and types of consequences identified in other
EHR workaround—related research and clinical contexts.

To address these shortcomings, a scoping literature review was
performed to identify and map the available evidence on EHR
workarounds [23]. This paper presents a revised version of the
SEWA framework, with rationales, attributes, possible scopes,
and types of impact described in workaround-related studiesin
the EHR, electronic medical record, and computerized physician
order entry domains in primary, secondary, and tertiary care
contexts published between 2010 and 2021.

Methods

Search Strategy

The MEDLINE, Embase, CINAHL, Cochrane, and |IEEE
databases were searched for relevant studies. We included
original, full papers of research with empirical data and
conference papers if there were no full papers published in the
same study. Gray literature, such as books, was not considered.
The search queries included the keywords EHR, electronic
health record, and workaround(s) and their synonyms. As the
aim was to identify new rationales, attributes, consequences,
and scopes of EHR workarounds for the enrichment of the
SEWA framework, we defined the searches as broad as possible.
Pilot literature searches were conducted to check the
appropriateness of the queries. During the pilot searches, the
term wor kflow was used as a possi ble synonym for workarounds.
Theinclusion of thisterm led to amuch larger pool of possible
studies. However, most of these studies were focused on care
processes that have no relation with EHR use and were thus,
out of scope. Therefore, this term was excluded from search
queries. Furthermore, to include the complete spectrum of
possible EHRs, a combination of the terms
health/medical/patient/health  care/clinical record and
electronic/digital/online was used. The results of this pilot
evaluation were used to adjust the queries. The used queriesare
shownin Table 1.
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Table 1. Search queries used for the scoping review.

Date of Database Query

search

April 9, MEDLINE ([T (((((health record*) OR medical record*) OR patient record*) OR health care record*) OR clinical record*)

2021 AND electronic] ORdigital) ORdigitized] OR online) OR online] OR[ ([ Electronic Health Records (MeSH Terms)]
OR electronic health record*) OR EHR] OR [([Medical Records Systems, Computerized (MeSH Terms)] OR com-
puterized patient record) OR computerised patient record]) AND ([ (workaround*) OR work around*] OR
wor karound*)

April 9, Embase (workaround OR workaround* OR workaround OR workaround*) AND

2021 ([ (health record* OR medical record* OR patient record* OR health care record* OR clinical record*) AND
(electronic OR digital OR online OR online OR digitized OR digitised)] OR [€lectronic health record* OR ehr OR
electronic medical record* OR emr] OR [computerized patient record OR computerised patient record])

April 9, CINAHL (workaround OR work around OR workarounds) AND ([ (health record OR medical record OR patient record OR

2021 health care record OR clinical record) AND (electronic OR digital OR[online OR online] OR [digitized OR digi-
tised])] OR[electronic health record* OR EHR OR electronic medical record* OREMR] OR [ computerized patient
record OR computerised patient record)])

April 9, IEEE ([([([ (workaround*) OR work around*] OR workaround*)])] AND [ ([ health record OR medical record OR patient

2021 record OR health carerecord OR clinical record] AND [electronic OR digital OR (online OR online) OR (digitized
ORdigitised)]) OR (electronic health record* OR EHR OR electronic medical record* OR EMR) OR (computerized
patient record OR computerised patient record)])

April 9, Cochrane (workaround*): ti, ab,kw OR (work-around*): ti, ab, kw OR (work around*): ti, ab, kw AND ([ (electronic health

2021 record*): ti, ab, kw OR (health record*): ti, ab, kw OR (medical record*): ti, ab, kw OR (patient record*): ti, ab,

kw OR (health care record): ti, ab, kw OR (EHR): ti, ab, kw OR (EMR):ti, ab, kw OR (clinical record):ti, ab, kw
OR ([ computerized patient record]: ti, ab, kw OR [ computerized patient record)]: ti, ab, kw)] AND [electronic]: ti,
ab, kw OR[digital]: ti, ab, kw OR[onling]: ti, ab, kw OR[onlin€]: ti, ab, kw OR[digitized]: ti, ab, kw OR[digitised]:

ti, ab, kw)

Selection Criteria

The inclusion and exclusion criteria were chosen through
discussions among the reviewers (FH, VB, and MJ). As the
focus of this scoping review was on workaroundsin EHR use,
it was decided to exclude studies focused on barcode medication
administration systems as these systems serve only 1 purpose
and cover only a small part of the medication process.
Furthermore, the choice was made to exclude research focused
on EHR functionalities other than those aimed at supporting
theclinical process. To ensure dataquality, astudy was excluded
if the research methods were not reported or in case the study
had not been peer reviewed. Furthermore, research published
before 2010 was excluded as EHRs have undergone significant
changes and improvements over theyears. Finally, theinclusion
and exclusion criteria were chosen.

The study inclusion criteriawere as follows:

1. The health care setting of the study must be either =1 of
primary, secondary, or tertiary care.

2. Workarounds were studied or reported in the context of
EHR use.

https://www.jmir.org/2022/3/e33046

3. The article was published between 2010 and 2021.
Studies were excluded if they met any of the following criteria:

1. The research focused on EHR functionalities other than
those aimed at supporting within the clinical process.

2. The research focused on a barcode administration

functionality.

The article was not written in English.

There was no access to the full-text article.

The article was not peer reviewed.

The research methods were not reported.

Article Selection

A literature search was conducted in April 2021. A total of 737
potentially relevant studieswereretrieved from our initial search
of electronic databases, more specifically MEDLINE (263/737,
35.7%), Embase (121/737, 16.4%), CINAHL (89/737, 12.1%),
IEEE (58/737, 7.9%), and Cochrane (206/737, 27.9%). The
results of the study selection process are shown inthe PRISMA
(Preferred Reporting Item for Systematic Reviews and
Meta-Analyses) flowchart in Figure 1.
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Figurel. PRISMA (Preferred Reporting Item for Systematic Reviews and M eta-Analyses) flowchart of the study selection process. CPOE: computerized

physician order entry; EHR: electronic health record.
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The retrieved 737 studies were uploaded to EndNoteX9
(Clarivate), in which duplicates were first removed by both
using EndNoteX9 and by performing a manual check (Figure
1). Thisled to 79.6% (587/737) of unique studies. These studies
were reviewed by two independent reviewers (FH and VB).
The 2 reviewers first independently screened the titles and
abstracts of the eligible papersto evaluate whether they met the
inclusion criteria. Of the 587 studies, 116 (19.8%) studies met
the inclusion criteria, and 471 (60.2%) studies were excluded
(because of, for example, workarounds not being focused on
the EHR, not being a scientific research article, and no
workarounds mentioned). Afterward, the reviewers
independently screened the full texts of these 116 studies,

https://www.jmir.org/2022/3/e33046
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research article, focus on barcode administration
system, not relevant to workarounds in EHR use,
not within time frame, and no original data)

Excluded (n=54)

(Reasons for exclusion include: no full-text
availahle, no original data, not focused on
workarounds in EHR, focus on barcode
administration system, and research methods not
appropriately described)

leading to 62 (53.4%) included studies and 54 (46.6%) excluded
studies (eg, no full-text available and methods inappropriately
described). After each screening phase, the two reviewers (FH
and VB) discussed their findings. The next screening phase was
conducted only if a consensus was reached between the 2
independent reviewers. If a disagreement between the 2
reviewers could not be resolved by discussion, a third
independent reviewer (MJ) was involved. After consensus was
reached, interrater reliability was reported by calculating the
Cohen k. Theinterrater agreement was al so calculated to show
the extent to which the reviewerswere able to reconcile through
discussion [24]. For thefirst round (title and abstract screening),
the Cohen k value was 0.958, and theinterrater agreement value
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was 0.985. For the second round (full-text screening), the Cohen
K valuewas 0.930, and theinterrater agreement value was 0.966.

Data Analysis of Included Articles

Descriptive datafrom theincluded articles, such astitle, authors,
year of publication, study setting, functionalities of EHR studied,
and research methods used, were captured in ageneric overview
per study (Multimedia Appendix 1). Workaround-related data
from the included articles, such as workaround rationales,
attributes, consequences, and scope, were captured in an analytic
frame per study (Multimedia Appendix 2).

The data extracted from the included articles were compared
with the SEWA framework on a study-by-study basis. In doing
so, SEWA was supplemented with new rationales, attributes,
possible scopes, and types of impact of EHR workarounds that
were not previously included. After the analysiswas completed,
an updated (graphical) version of the SEWA framework was
created.

https://www.jmir.org/2022/3/e33046
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Results

General Characteristics

The general characteristics of the 62 studies are shownin Table
2. There was an approximately even split in studies published
between 2010 and 2015 and between 2016 and 2021. The study
settingswere almost equally distributed, with most (23/62, 37%)
being set in tertiary care, such as academic hospitals and special
care units. The largest group of studies (28/62, 45%) focused
their research on the EHR overall. Of the 62 studies, 17 (27%)
studied medication-related functionalities or EHR-integrated
systems, such as computerized physician order entries.
Approximately half (28/62, 45%) used or included a
combination of physicians, nurses, and other staff such as
pharmacists and administrative personnel as participants. Of
the 62 studies, 26 (42%) used a combination of methods such
as observations, interviews, and questionnaires, 15 (24%) used
interviews asthe sole method, 5 (8%) solely used questionnaires,
7 (11%) solely used observational methods, and 9 (15%) used
other methods such asthink-al oud protocol s and documentation
analysis.
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Table 2. Genera characteristics of the included studies (N=62).

Blijleven et d

Study characteristics

Values, n (%)

Year of publication

2010-2015 30 (48)
2016-2021 32(52)
Study setting
Primary care 18 (29)
Secondary care 21(34)
Tertiary care 23(37)
Functionalities of EHR? studied
Medication-related (eg, prescribing and CPOEb) 17(27)
Documentation 8(13)
Overall EHR 28 (45)
Others (eg, aert systems and authentication process) 9 (15)
Type of population
Physicians 9 (15)
Nurses 13(21)
Others (eg, pharmacists or administrative staff such as managers, 12 (19)
assistants, secretary, or not mentioned)
Combination of users 28 (45)
Methods
Observations 7(11)
Interviews 15 (24)
Questionnaires 5(8)
Others (eg, think-aloud and documentation analysis) 9 (15)
Combination of =1 observation, interview, questionnaire, or other 26 (42)
8EHR: electronic health record.
bCPOE: computerized physician order entry.
Work System Components

Validation, Refinement, and Enrichment of the SEWA
Framewor k

Overview

Evidencefor thework system components, rational es, attributes,
type of impact, and possible scopes contained in the original
SEWA framework wasfound in theincluded studies. Moreover,
we refined and enriched the original framework with 7
rationales, 4 attributes, and 3 types of impact. The following
subsections elaborate on the work system components,
rational es, attributes, possible scopes, and types of impact.

https://www.jmir.org/2022/3/e33046
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Support for al 5 work system components was found in the
included studies, as shown in Table 3. No new work system
components were identified. However, we made 1 change to
the work system component EHR system, which we renamed
to EHR system and related technology. The latter was
incorporated to al so cover workarounds stemming from the use
of technology other than the EHR but used in paralléel with the
EHR, such as scanners [25].
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Table 3. Overview of work system components and related included studies.
Work components Description Studies
Person(s) Health care professionals developing and using EHR® workarounds [20,26-28]
EHR system and related technology  The EHR and related information technology used by health care professionals [20,25-27,29-31]
Organization Organizational conditions (eg, care directives and hospita policies) under which clinical  [20,27,28,30,31]

tasks and EHR use are performed

Physical environment

The environment (eg, outpatient examination room and inpatient ward) and its conditions [20,26,27]

(eg, lighting and noise) in which clinical tasks are conducted by health care professionals

Task(s)

Clinical tasks performed by health care professionals

[20,26,28,30-32]

3EHR: electronic health record.

Rationales

Therationalesfor workarounds contained in the original SEWA
framework were confirmed in many studies. In addition, 7 new
rationales were identified.

Under thework system component person(s), onerationale was
added: trust (Table 4). Multiple studies reported that users
created workarounds because of insufficient trust in the (new)
system or its capabilities while frequently maintaining trust in
older systems (replaced by the EHR). The related causes of a
lack of trust are a lack of perceived usefulness of the (new)
system and insufficient confidence in (compl eteness) of the data
available in the EHR [33-39]. The description of the rationale
awareness has been refined to also cover awareness of the
information needs of patients and not just of colleagues [40].
Likewise, the description of the rationale social norms hasbeen
refined to make cultural [30,41] and collaborative [27,42]
aspects more explicit.

Although extensive support in the included studies was found
for al rational es under the work system component EHR system
and related technology, except patient data specificity, four
additional rationaleswereidentified: data integration, enforced
actions, data quality, and interoperability (Table 5). The

description of the pre-existing rationale technical issues has
been refined to cover technical issues related to ancillary
technology used in conjunction with the EHR.

Multiple studies provide support for all rationales under the
work system component organization except for the rationale
data migration policy (Table 6). No new rationales were
identified.

Although support wasfound for the pre-existing rationales under
task(s), one rationale was added: task complexity (Table 7).
Approximately 3% (2/62) of studies described that the EHR
does not always sufficiently support the execution of acomplex
task at hand [34-39]. Therefore, health care professional sresort
to workarounds to make their workflow more digestible.

Finaly, the SEIPS work system component physical
environment was incorporated into the original SEWA
framework without any rationale. However, Dudding et al [25]
mentioned that a busy, fast-paced environment where
interruptions are constant, such as the neonatal intensive care
unit, gives rise to EHR workarounds. The rationale here is
“fast-paced environment” and is described as “devising
workarounds to cope with the inability to, for example, update
the documentation in fast-paced care environments where
interruptions are constant” [25].

Table 4. Overview of rationales for the work system component person(s) and related included studies.

Rationales Description Studies
Declarative knowledge Not knowing how to use (a part of) the EHR®to accomplish a task [20,33,34,39,43 4]
Procedural knowledge Knowing how but not being proficient enough to use a part of the EHR to accomplish atask [20,28,34,39,44]
Memory aid Writing patient data down on paper (eg, keywords) or adding visual elementsto partsof textina  [20,34,39,43,45-47]
progress note (eg, boldfacing, italicizing, or underlining) to remind oneself
Awareness Storing patient data that are perceived important by the EHR user for other colleagues or patients  [20,39,40,48]
to be noticed (frequently in a data field other than the intended field in the EHR)
Socia norms Formal or informal, collaborative, and cultural understandings among health care professionals [20,29-31,45,49,50]
leading to the creation and dissemination of workarounds (eg, mimicking workarounds devised by
colleaguesto accomplish atask or working around the system upon asfriendly requested or enforced
by afellow clinician)
Trust (new) Having insufficient trust in the (new) EHR system or its capabilities, lack of perceived usefulness, [20,33-39]

or insufficient confidence in the (completeness) of data

3EHR: electronic health record.
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Table 5. Overview of rationales for the work system component EHR? system and related technology and related included studies.

Rationales

Description Studies

Usability

Technical issues

Data presentation

Patient data specificity

Dataintegration (new)

Enforced actions (new)

Data quality (new)

Interoperability (new)

High behavioral user cost in accomplishing atask [20,25,28,29,31,41,42,45,46,50-56]

(A part of the) EHR or ancillary technology halting, crashing, or slowing down, [20,25,28,31-33,43,44,51-53,55-61]
hampering the EHR user in accomplishing atask

Preferring a different data view (eg, visualization by means of charts or graphs  [20,55,62]
rather than plain text)

Needing to enter or request patient data with greater or lesser specificity than of- [20]
fered or enforced by the EHR

EHR not providing or supporting theintegration of patient datanecessary for care [42,45]
delivery

Avoiding or overriding actions enforced by the EHR (eg, bypassing the approval  [29,43,48,54,63]
process of prescribing medication or using a different user account)

Unavailability of data, disparity in data formats (eg, the same databeing stored  [31,34-36,39,41,42,44,50,57,64-67]
inmultipledifferent formatsin the EHR), lack of standardization, and information
gapsinthe EHR

Data not able to be exchanged between health care systems or institutions (eg, [44,50,54,56,64,65]
causing data to be unavailable at the right moment and time)

3EHR: electronic health record.

Table 6. Overview of rationales for the work system component organization and related included studies.

Rationales

Description Studies

Efficiency
Data migration policy

Enforced data entry

Required dataentry option
missing

Using an alternative way of accomplishing atask that improvesactual efficiency [20,29,31,34,35,37,43,46,47,55,68-70]
Not having (direct) accessto required historical databecause of datanot having [20]
been imported from previously used systems to the current EHR?

EHR enforcing user to enter patient data of which neither the user nor thepatient  [20,71,72]
has knowledge of

EHR not offering the required data entry option (eg, 3.75 mg rather than the [20,32,71]
available options 2.5 mg or 5 mg)

3EHR: electronic health record.

Table 7. Overview of rationales for the work system component task(s) and related included studies.

Rationales

Description Studies

Task interference

Inability to perform multiple tasks at once (eg, smultaneously treating apatienton  [20,61]
the treatment table as well as entering patient datainto the EHR®)

Commitment to patient inter-  Valuing patient interaction over computer interaction (ie, writing thingsdown on paper  [20,34,37,41,44,55,61,73]

action

Task complexity (new)

and afterward entering this into the EHR)
The high complexity of the tasks needing to be conducted [34,39]

3EHR: electronic health record.

Attributes

(awareness), whether theworkaroundisanindividua or shared
practice across users [49] (shared), on what medium the

attributes in SEWA, several included studies also mentioned & (megjum), and whether the workaround is aformal or informal

total of 4 new attri bytec (Table 8). Th@e are concerned with practice (eg, part of adefined process or approved or promoted
whether the user is aware of using a workaround [49] by management or not) [56] (formality).
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Table 8. Overview of workaround attributes and related included studies.
Attributes Description Source
Cascadedness Whether the workaround initiates the creation of 1 or multiple additional workarounds or isan isolated occur- [20]
rence
Avoidability Whether the workaround is required to proceed with one's workflow or optional [20,32,66,74]
Anticipatedness Whether the workaround is used at known momentsin time (ie, the situation in which the workaround isused  [20,74]
is known beforehand) or used unexpectedly
Repetitiveness Whether the workaround isingrained into the workflow (ie, becomes part of daily routines) or used temporar- [20,56,74]
ily to overcome workflow constraints
Awareness (new) Whether the user is aware of using the workaround [49]
Shared (new) Whether the workaround is a shared practice across multiple other users of the EHR? or limited to 1 user [49]
Medium (new) On what medium the workaround is conducted (eg, paper, computer, verbal, or a combination) [34,41]
Formality (new) Whether the use of the workaround is approved by management and part of a defined process [56]

3EHR: electronic health record.

Types of Impact

The previously defined types of impact in the SEWA framework
were confirmed by many included studies. Multiple additional
types of impact were also identified: privacy/security, data
quality, employee perception of EHR, financial, law/regulations,
and workload (Table 9). Privacy/security relates not only to the
impact aworkaround has on the security and privacy of the data

Table 9. Overview of types of impact and related included studies.

but also to the patient and organization itself. Data quality
concerns the impact on, for example, loss of data, or a lower
data quality because of spelling or formatting mistakes in the
data. Moreover, workarounds can have a positive or negative
financial impact [58], may jeopardize laws and regulations
[63,75], and have a positive or negative impact on the workload
of the user [43].

Impact Description Source
Patient safety The impact on the safety (physical and mental) of the patient [20,28,29,41,43,46,48,53,54,58,59,67,75-77]
Effectiveness of care The effectiveness and quality of the care process performed [20,28,43,46,54,58,59,67]
Efficiency of care The impact on the efficiency of the care processin termsof timeand  [20,33,55,60,64,72,76]
resources expended
Privacy and security (new) | mpact on the security and privacy of datarelated to the patient or or-  [32,39,51,52,56,63,68,75]
ganization

Data quality (new)
data quality)

Financia (new)

Laws and regulations
(new)

Workload (new)
the use of aworkaround

Impact of workarounds on data quality (eg, loss of data or decreased

Financia implications because of the workaround

Legal conflicts resulting from the use of a workaround

Anincrease or decrease in workload of the EHR? user resulting from

[32,33,35,39,41,46,51,52,56,59,69,76]

[58]
[63,75]

[43]

3EHR: electronic health record.

Possible Scopes

Only a few studies explicitly discussed possible scopes (ie,
entities impacted) of workarounds and resonated with those in

Table 10. Overview of possible scopes and related included studies.

the SEWA framework [41,43,53,77] (Table 10). No new
possible scopes were identified.

Scope Description Source
Patient The workaround affects the patients in the care process [20,43,77]
Health care professional ~ The workaround affects the health care professionals such as physicians, nurses, and pharmacists [20]

Organization
or legal

The workaround affects the whol e organi zation, including the supporting departments such asfinance [20,41,53]
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Revised Version of the SEWA Framework

On the basis on the foregoing results, the original SEWA
framework [20] was revised to incorporate new rationales,
attributes, types of impact, and possible scopesidentified inthe
included studies (Figure 2). The revised SEWA framework still
comprises2 major parts. Thefirst part concernsthework system
and its components (inspired by the SEIPS framework), [21]
constituting the context in which EHR workarounds are created.

Blijleven et d

The work system components now include 22 rationales
(previoudly 15) for workaround creation, and EHR workarounds
are now defined by 8 attributes (previously 4). The second part
concerns the possible scope of workarounds in terms of types
and number of entities affected (still 3), aswell astheir impact
on patient safety, the effectiveness of care, the efficiency of
care, and 5 newly introduced types of impact. All new itemsin
the framework are marked with asterisks.

Figure 2. Revised SEWA framework with incorporated rationales, attributes, types of impact, and possible scopesidentified in included studies. EHR:
electronic health record; SEWA: Sociotechnical Electronic Health Record Workaround Analysis.
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The recommendations [20] for using a scoring mechanism to
indicate whether the impact per workaround is favorable,
unfavorable, or neutral, aswell asto indicate whether theimpact
is immediate or only observable after a certain period
(direct/time lag) remain. However, we aso recommend the
inclusion of a scoring mechanism to indicate the number of
patients and health care professionals and organizationa units
affected per applicable scope. Thisisin line with Carayon et &
[53], who di stinguished between workarounds having an impact
at an individual or team level (eg, an entire team of nursesin a
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certain hospital ward). Applying a scoring mechanism allows
for amore substantiated view when analyzing and prioritizing
various identified workarounds for resol ution.

Discussion

Principal Findings
A scoping review was performed to theoretically validate the

SEWA framework [20] and refine and enrich it with newly
identified rationales, attributes, types of impact, and possible
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scopes of EHR workarounds. The scoping review retrieved 737
studies, of which 62 (8.4%) wereincluded. Theincluded studies
provided extensive support for nearly all the itemsincluded in
the original SEWA framework. SEWA wasrevised and enriched
with 7 new rationales, 4 attributes, and 5 types of impact of
EHR workarounds mentioned in the included studies. The
definitions of several existing rationales were also refined. As
a result, SEWA is now grounded in the existing body of
peer-reviewed empirical evidence on EHR workarounds
published between 2010 and 2021. In addition, this revised
versionislikely also applicable in awider range of health care
settings as input for the original SEWA framework that came
from a single comprehensive case study on EHR workarounds
in an academic hospital.

Comparison With the Literature

Theresults of thisscoping review arein linewith prior research
and reviews of EHR workarounds. In an integrative review,
Fraczkowski et al [78] examined nurse workarounds in EHR
use. The categories defined in the review by Fraczkowski et al
[78] are similar to the work system components defined in
SEWA,, with the exception of usability being aseparaterationale
in the SEWA framework under the work system component
EHR system and related technology [20]. The patient category
in the review by Fraczkowski et al [78] is defined as an impact
and scope category in SEWA [20]. Finally, Fraczkowski et al
[78], similar to Koppel et al [18], did not include awork system
component for person(s) (the users of the EHR) as a category.
Our scoping review is one of the few studies that investigated
the entire spectrum of EHR users. On the one hand, weincluded
studies of al types of health care professionals in primary,
secondary, and tertiary care who make use of an EHR in their
clinical practice, whereas other reviews merely focused on a
specific population such as physicians, nurses, or secretary
personnel [78]. On the other hand, we excluded studies
researching workarounds in the use of barcode medication
administration systems, whereas other reviews did not [78].

Strengths and Limitations

To maximize the capture of relevant information on EHR
workarounds, comprehensive and structured searches were
conducted in MEDLINE, Embase, CINAHL, Cochrane, and
|EEE databases. Data charting templates and analytic frames
were used to extract relevant information from the reviewed
studies and compare with pre-existing items in the SEWA
framework.

A total of 2 research team members participated in the review
processfor both thetitle and abstract and full-text review phases,
with a Cohen k value of >0.9. This indicates an adequate
interrater agreement. Despite this, our scoping review isat risk
for selection bias, aswe did not identify all available data, such
as gray literature on EHR workarounds. There is a chance that
relevant but nonincluded studies may use terminology other
than the terms included in the search queries.

The broad scope of the retrieved information on EHR
workarounds and the different types of studies reporting a
particular issue made using a formal meta-analytic method to
quantitatively assess the quality of the studies and evidence of
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retrieved information difficult. However, given the purpose of
the scoping review to theoretically validate and refine the SEWA
framework, we do not consider this limitation.

Implications for Practice and Future Research
Multidisciplinary teams (comprising, for example, physicians,
nurses, management, and EHR devel opers) can use the revised
SEWA framework to identify, analyze, prioritize, and resolve
workarounds related to EHR use more accurately. Similarly,
the consequences of current and future configurations of the
work system (health care professionals’ work processes and
activities in relation to their EHR use) can be assessed and
discussed in greater detail to determine how a design and
redesign of the work system would positively or negatively
affect theinteraction between work system components. Finally,
as workarounds are subject to gradual change (eg, personal
changes in experience with the EHR, system updates to the
EHR, and hospital policies), more detailed snapshots of the
work system using SEWA can betaken over time and compared
so as to gain valuable insights into how EHR workarounds
evolve over time.

Concerning future research, EHR systems are continuously
subject to technological evolution by developments in, for
example, artificia intelligence, machine learning, and
telemedicine. This may lead to the creation of hitherto
unidentified rational es, attributes, possible scopes, and types of
impact of workarounds on users, patients, and health care
organizations. Similarly, more studies on EHR workarounds
will continue to emerge that may report novel insights not
incorporated into the revised SEWA framework. Therefore, we
expect that SEWA needs a continuous process of refinement
over time. This could be done by repeating the scoping review
using the described search strategy, search queries, and inclusion
and exclusion criteria.

In addition, although the revised SEWA framework is now
theoretically validated, refined, and enriched, practical validation
is still required. The same holds true when investigating its
practicality. The firsthand experience from the application of
SEWA in practice could yield suggestions for further
improvement. A related suggestion is that athough the
framework helps in identifying and analyzing workarounds, a
prioritization method for handling theseissuesislikely required,
asworkarounds are generally abundant in any organization, and
resources to resolve them are finite. Therefore, the framework
could benefit from being extended with prioritization
mechanisms and weighting factors for deciding which
workarounds require priority. Similarly, the framework could
be translated into a practical tool such as a scoring matrix to
facilitate use by practitioners.

Finally, the applicability of the SEWA framework could be
explored for systems other than EHRS (eg, enterprise resource
planning, customer relationship management, and content
management) and in other settings (eg, nonacademic hospitals
and general practitioner practices) and even in other industries
(eg, financial services and manufacturing) after appropriate
validation. Although SEWA hasan explicit focuson EHRsused
in health care, we expect many of the described workaround
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rationales and attributes to be applicable to other systems, settings, and industries.
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Abstract

Background: Inrecent years, telehealth has become a common channel for health care professionals to use to promote health
and provide distance care. COVID-19 has further fostered the widespread use of this new technology, which can improve access
to care while protecting the community from exposure to infection by direct personal contact, and reduce the time and cost of
traveling for both health care users and providers. Thisis especially true for community-dwelling older adults who have multiple
chronic diseases and require frequent hospital visits. Nurses are globally recognized as health care professionals who provide
effective community-based care to older adults, facilitating their desire to age in place. However, to date, it is unclear whether
the use of telehealth can facilitate their work of promoting self-care to community-dwelling older adults.

Objective:  This review aims to summarize findings from randomized controlled trials on the effect of nurse-led telehealth
self-care promotion programs compared with the usual on-site or face-to-face services on the quality of life (QoL), self-efficacy,
depression, and hospital admissions among community-dwelling older adults.

Methods. A search of 6 major databases was undertaken of rel evant studies published from May 2011 to April 2021. Standardized
mean differences (SMDs) and their 95% Clswere calculated from postintervention outcomes for continuous data, while the odds
ratio was obtained for dichotomous data using the Mantel-Haenszel test.

Results:  From 1173 possible publications, 13 trials involving atotal of 4097 participants were included in this meta-analysis.
Compared with the control groups, the intervention groups of community-dwelling older adults significantly improved in overall

QoL (SMD 0.12; 95% CI 0.03 to 0.20; P=.006; 1°=21%), self-efficacy (SMD 0.19; 95% CI 0.08 to 0.30; P<.001; I°=0%), and
depression level (SMD —0.22; 95% CI —0.36 to —0.08; P=.003; 12=89%).

Conclusions: This meta-analysis suggests that employing telehealth in nurse-led self-care promotion programs may have a
positive impact on older adults, although more studies are needed to strengthen the evidence base, particularly regarding organization
and delivery.

Trial Registration: PROSPERO (Prospective International Register of Systematic Reviews) CRD42021257299;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordlD=257299

(J Med Internet Res 2022;24(3):€31912) doi:10.2196/31912
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Introduction

Aging popul ations put tremendous pressure on health and social
care systems. Encouraging self-care practices and independent
living among older adults has been regarded as one of the best
solutions to reduce the demands on costly tertiary and
ingtitutional care services [1]. Older adults have the
responsibility to make an effort to adopt positive personal health
practices according to their own preferences. By adopting such
self-care practices, they can maintain their autonomy and
independence, and enjoy an improved quality of life (QoL) [2].

Nurses are believed to play the most prominent role in
promoting self-care behaviors among older adults[3]. Numerous
studies provide evidence of their competence and capability in
relation to preventive interventions, including their use of
comprehensive and systematic assessments that facilitate early
identification of older adults health complaints [3], their
adoption of a holistic caring approach that addresses multiple
complaints [4], their capacity to make referrals to other health
professionalsin amultidisciplinary team if needed [5], and their
ability to build a trusting relationship with older adults [6].
However, previous nurse-led self-care promotion interventions
relied heavily on a supportive environment that allowed only
for face-to-face communication, and so can be difficult to
implement in the face of existing barriers in health care
ingtitutions, such as time constraints [7], and transportation
issuesfor those with physical or functional limitations[8]. These
obstacles can jeopardize the quality of theinterventionsand the
eventual health outcomes and QoL of the older adults in need
of care [9]. It is thus better to take those interventions to the
community level, including patients homes, in the hope of
obtaining sufficient time, geographical convenience, and greater
familiarity and security for theintroduction of these preventative
measures. Although the new practice may aso cost a
considerable amount of time and manpower, using telehealth
asasolution to delivering care may make possibletherealization
of thisvision of “nurse-led preventive community carefor all.”

Telehealth refers to the services that bring health care directly
to users, generaly in their own homes, supported by information
and communication technology [10]. It includes but is not
limited to social alarms, lifestyle monitoring, remote monitoring
of vital signs for diagnosis, and long-distance assessment and
education. With the assi stance of telecommunication tools such
as smartphones, audio or video equipment, or tablets, telehealth
changes the geography of heath care by introducing
person-centered virtual communication contexts, such as
videoconferencing, telephone calls, and SMS text messages
[11,12]. The benefits of telehealth are evident because from a
geographical perspective it enables care to be delivered at a
distance and improves accessto care under different conditions.
For instance, health care providers are able to reach out to older
adults who are socially isolated or physically homebound due
to diseases, disabilities, or other family roles. It has also helped
to minimizetherisk of direct transmission of infectious diseases
for both health care providers and older adults during the
COVID-19 pandemic [13]. Meanwhile, from a psychosocial
perspective, it redefines familiar places (eg, the homes of older
adults) into spaces of care [11]. Without geographical
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restrictions and the associated concerns, both older adults and
their health care providers can devote more time and attention
on the interventions themselves, resulting in an improvement
inthe quality of carethat isprovided. Indeed, these benefitsare
in accordance with Ldpez's [14] view that telehedth is a
technological catalyst for the implementation of
community-based aging-in-place care systems. It elevates both
the access to and quality of nurse-led self-care promotion
programsin the community, transforming them into unique and
holistic preventative measuresthat effectively increase the QoL
of community-dwelling older adults [15], as well as achieving
the goal of relieving the burden on health systems.

Despite the apparent benefits of nurse-led telehealth programs
on promoting self-care, reviews are lacking of itsimpact on the
QoL of community-dwelling older adults and on hedlth care
systems. Previous reviews have mainly focused on the impact
of such programs on caregivers instead of on the older adults
themselves[9,16,17]. Some focused on patients with a specific
disease or who were in the terminal phase of their life, instead
of on a sample representing the general population of
community-dwelling older adults [18-20], while others
overlooked the leading efforts of nurses in using telecare to
promote self-care in the community [21]. Little is therefore
known about the effects of nurse-led telecare programs on
promoting self-care among community-dwelling older adults.

This study is, to the best of our knowledge, the first systematic
review and meta-analysis of randomized controlled trials (RCTYS)
aimed at summarizing evidence on the effects of nurse-led
telehealth self-care programs on community-dwelling older
adults compared with the usual on-site or face-to-face care. The
particular focus is on the quality of the care that is delivered,
aswell ason other outcomesincluding self-efficacy, depression,
and hospital admissions. Given the popularity of adopting and
sustaining telehealth in promoting self-care during the
COVID-19 pandemic and in the near future, the empirical
evidence from this study may guide the efforts of policymakers
to address challenges in providing services for this large but
still overlooked segment of the population.

Methods

Overview

This systematic review and meta-analysisfollowed the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) statement.

Search Strategy

Three investigators (PKC, WSY, and AYLL) independently
conducted a literature search using CINAHL, MEDLINE
(PubMed), EMBASE (Ovid), PsycINFO (BSCO), Web of
Science, the Cochrane Central Register of Controlled Trials,
and Clinical Trials.gov to identify RCTswritten in English and
published between May 2011 and April 2021. Given therapidly
changing nature of technology and the major changesthat have
taken place in the field of health care within the past 10 years,
the goal was to capture the newest and most relevant evidence
related to the use of telehedlth as a self-care promotion
intervention for community-dwelling older adults. Any
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disagreements were resolved by consensus with afourth author
(AKCW).

Thefollowing search strategy was used: (telehealth OR telecare
OR telemedicine OR gerontechnology OR eHealth OR mHealth
OR “mobile health” OR telecommunication OR tel econsultation
OR teleconference) AND (self-care OR self-help OR
self-management OR “self care” OR “self help” OR “self
management”) AND (home OR “home health” OR “home care”
OR community) AND (elderly OR aged OR aging OR ageing
OR old* OR “older adult*” OR senior OR geriatric OR “older
person” OR “elderly person”) AND (nurs* OR nurse-led) AND
(random* OR control* OR “usual care”). The online search was
supplemented by an extensive hand search of the literature
through references identified from retrieved articles. Gray
literature such as abstracts, conference proceedings, and
editorials was excluded.

Study Selection

The criteria for inclusion in this meta-analysis were: (1) RCT;
(2) conducted with adults aged 60 or over and living
independently in the community; (3) using telehealth (defined
as the use of apps, websites, WhatsApp, SM S text messages,
email, social media such as Facebook or Twitter, telephone
calls, tablets, software such asZoom or Microsoft Teams, home
remote monitoring devices [reactive or proactive], or any
combination of these as a health care delivery channel) as an
intervention group component; (4) using aface-to-face or on-site
care service as the control group component; (5) intended to
empower or promote the self-care of community-dwelling ol der
adults (ie, self-care refers to an activity that individuals
undertake on their own behalf to stay fit, maintain good health
and functioning, and prevent illness, with or without assistance).
Studies were excluded if (1) they focused on cognitively or
functionally impaired older adults unable to perform self-care;
and (2) they compared 1 or more tel ecare interventions without
a comparison with a control group or with a no intervention
control group. Asthis meta-analysis targeted interventions led
by nurses, studies that included an interdisciplinary care team
should have had nurses carry out at least 50% of the
interventions.

For each article included in the review, data about the
participants (country, number of participants, inclusion and
exclusion criteria), interventions (components of both
intervention and control groups, provider, duration), and
outcomes (outcome measures, results) were extracted. These
were then compared and analyzed. If the aforementioned data
were not available, we contacted the corresponding researcher
of the study in question to clarify and request missing
information.

Outcomes

The primary outcome of interest was QoL . Secondary outcomes
of interest were self-efficacy, depression, and hospital
admissions.
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Quality Assessment

The potential risk of biasin the included studies was evaluated
using Cochrane Collaboration’s tool for assessing the risk of
bias according to the Cochrane Handbook for Systematic
Reviews of Interventions [22]. Thistool was used to assessthe
quality of theincluded studies by monitoring 7 domains: random
sequence generation, alocation concealment, the blinding of
participants and personnel, the blinding of the outcome
assessment, incomplete outcome data, selective reporting, and
other biases [22]. Three authors (PKC, WSY, and AYLL)
independently rated the studies according to the assessment
tool. Disagreements were resolved through discussion with a
fourth author (AKCW).

Data Synthesis and Statistical Analysis

Meta-analyseswere conducted using Review Manager (version
5.3). We performed a meta-analysis when a minimum of 2
studies compared the effects of an intervention over the
treatment delivered to the control group at the longest follow-up
time. Because of the foreseeable complexities and
multicomponent nature of nurse-led self-care promotion
programs, the research team decided to conduct arandom-effects
meta-analysis a priori. The accuracy of using this method was

tested using a standard x2 test and an inconsistency index

(1%>50% or P<.05 or both). We planned to run ameta-regression
using R (version i386 3.3.2; R Foundation) to explain the
between-trial heterogeneity, but because fewer than 10 trials
were included, such an approach was not possible [22]. The
standardized mean differences (SMDs) and their 95% Clswere
calculated from the postintervention outcomes for continuous
data, while the odds ratio (ORs) was obtained for dichotomous
data by using the Mantel-Haenszel test. The SMD effect sizes
were considered small, moderate, and large when the value was
<0.4, 0.4-0.7, and >0.7, respectively [22]. Pooled ORs (95%
Cl) were calculated and a 2-sided P-value <0.1 was adopted to
indicate statistical significance[22]. Whereasensitivity analysis
was required, the analysis was repeated but with the exclusion
of studieswith alow study quality/high risk of bias, or lacking
a thorough explanation of the timeframe of the reported
outcome, the study design, or participant characteristics.
Publication biaswas checked using avisual inspection of funnel
plots [22] and calculated using the Egger biastest [23].

Results

Search Outcomes

We identified 1173 publications in our literature search after
the removal of duplicates. Of these, 1140 publications were
excluded based on an evaluation of the title and the brief
abstract. The remaining 33 publications were assessed for
digibility, and 13 were included in our meta-analysis [24-36].
The most common reason for excluding a study was that the
population studied wasineligible (n=14; Figure 1). A consensus
between 2 independent reviewers was reached in 94% (31/33)
of the publications.
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-analyses) flow diagram.
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Quality Assessment and Publication Bias

Overal, the quality of the included RCTs was high, except in
the aspects of the blinding of participants and personnel, and
alocation concealment (Figure 2). Two studies were deemed
to be of poor methodological quality [27,31], 2 of fair quality
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[26,32], and the remainder of high quality [24,25,28-30,33-36].
However, 5 studies [26,29-32] were deemed to be at an unclear
risk of additional biases, through possible failures in
randomization, no mention of baseline differences, and concerns
over the power of the study. A summary of the risks of bias of
included studiesis shown in Table 1.
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Table 1. Risk of biasin theincluded studies.
Study Random sequence  Allocation Blinding of partici-  Blinding of Incompleteout- Selective  Other biases
generation concealment  pantsand personnel outcomeas-  come data reporting
sessment
Chau et a [24] Unclear Unclear High High Low Low High
Chow and Wong [25] Low Low Low Low Low Low Low
De San Miguel etal [26] Low Low Unclear Unclear Low Low Unclear
Finkelstein et a [27] Unclear Unclear Unclear High High Low High
Finlayson et a [28] Low Low Low Low Low Low Low
Gelliset al [29] Low Unclear Low Low Low High Unclear
Jolly et al [30] Low Low High Low Low Low Unclear
Kazawaet a [31] High Unclear Unclear Unclear Low Low Unclear
Kleinpell et a [32] Low Unclear Low Low Low Low Unclear
Oksman et a [33] Low Low Low Low Low Low Low
Pecinaet al [34] Unclear Unclear High Unclear Low Low High
Takahashi et a [35] Low Low Low Low Low Low Low
Wong et a [36] Low Low Low Low Low Low Low

Characteristics of the Studies and Participants

Among the 13 publications, 4097 older adultswereincluded in
the meta-analysis, with 2096 older adultsin intervention groups
and 2001 older adults serving as controls [24-36]. The mean
age of the entire sample was 73.2 (SD 4.5) years and females
made up 68% (2669/3925) of the samples. The
telecommunication tools that were adopted in these studies
included telephones [25,28,30,33,36], home telemonitoring
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devices[24,26,27,29,32,34,35], and videoconferencing software
or apps[27,31,35]. A total of 3 studies had nurse case managers
providing telehealth services to the participants [25,29,36],
another 3 studies had advanced practice nurses delivering the
intervention [28,32,34], while the remainder involved registered
nurses or community nurses [24,26,27,30,31,33,35]. The
duration of the interventions varied from 4 weeks to 48 weeks,
with amedian of 24 weeks. The characteristics of the included
studies are summarized in Table 2.
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Table 2. Characteristics of the included studies.
Study Coun- Number of Inclusion/exclusion Intervention Control Providers Dura= Outcome Results
try paticipants  oriteria components group tion measures
Chau Hong N=40 « Inclusion: aged 60 Homevisitswith ~ Only home Communi- 8 « Hospi- ©Rd233 (95%
eta  Kong (1% 22, b andolder, withmoder- educationon self-  visitswith  ty nurse  weeks tdad- ¢ 0511010.78)
[24] 18)' P ate or severe COPDS  care and symptom  education mis-
accordingtotheclas:  Management tech- on self- sions
sification of the niques, adevicekit careand
Global Initiativeof ~ (aspecidly de- symptom
Obstructive Lung signed mobile manage-
Disease, admitted to  Phone, arespirato- - ment tech-
hospital at least once 'Y rate sensor, and niques
for exacerbation dur- @ Pulse oximeter),
ing the previousyear. Which is used for
. Exclusion: unableto  Participants’ self-
communicate, had monitoring of oxy-
impaired cognitive ~ 9en saturation,
function, illiterate, pyl serate, and res-
had hearing prob- piration rate
lems, or unableto op-
erate the telecare de-
vice.
Chow Hong N=281 « Inclusion: aged 65 Telephone calls, Homeviss Nurse 4 « Phys- « gubpfo23
and Kong (). g6, C: and older; admitted  comprehensiveas- its, social  caseman- weeks cal (95% Cl
Wong 185) withamedica diagno- sessment based on  calls agers, se- compo- —001to
[25] sisrelated to chronic  the OMAHA sys- nior year nent of 0.48)
respiratory, cardiac, tem, analysis of nursing QoL® . SMDO0.03
type 2 diabetesmelli- self-care barriers, students . Menta (95% Cl
tus, or renal diseases; development of compo- 02210
able to speak Can- mutual self-care nent of 0.56)
toneseand tocommu-  goals, evaluation QoL . SMDO0.17
nicate; residentinthe  of interventions o Self-ef- (95% Cl
hospital service area; ficacy _007t0
and ableto be contact- 0.42)
ed by telephone after
discharge.
«  Exclusion: identified
as having cognitive
problems, Mini-Men-
tal State Examination
score of <20; dis-
charged toingtitution-
al care; followed by a
designated disease
management program
after discharge; un-
ableto communicate;
and terminally ill.
De Auss N=71 « Inclusion: Silver Telehedth equip- Homeviss Tele 24 « Hospi- ORO0.28(95%Cl
Sen  trdia (). 36 C: Chainclientswitha  ment (Health- its, educa-  hedth weeks talad-  0.10t0 0.76)
Migue 35) diagnosisof COPD, HUB), daily mea- tionbook  nurse mis-
eta receiving domiciliary surements, record-  about sions
[26] oxygen, abletospeak ingand monitoring COPD

English, living in the
metropolitan area.
Exclusion: diagnosed
with dementia, receiv-
ing palliative care,
did not have atele-
phone landline, un-
ableto usethetele-
health equipment be-
cause of cognitive or
physical impairment.

of vitd signs, as-
sessment of gener-
a state of hedlth,
homevisits, educa
tional book about
COPD, telehealth
instruction manual,
telephone calls,
provision of sup-
port/advice/recom-
mendations
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Study Coun- Number of Inclusion/exclusion Intervention Control Providers Dura- Outcome Results
try paticipants  witeria components group tion measures
Finkd- United N=84 « Inclusion: aged 60 Home telehealth Usua care Tele- 85 Hospi- ORO0.41(95%Cl
stein  States (1. 40, C: and older, managing  program using the hedlth weeks talad- 0.15t01.14)
eta 44) 1 or more chronic VALUE worksta- nurse mis-
[27] diseases, not receiv-  tion, videoconfer- sions
ing Medicarehome  ences, electronic
health benefits but messages, ordering
had functiond limita-  of health-related
tions, ableto manipu-  and home care ser-
late acomputer key-  vices, access to
board or amouse, and  hedlth-related infor-
had abroadband con- mation, general ac-
nection availablein  cesstotheinternet,
their area. physiological mon-
«  Exclusion: not men-  itoring devices
tioned.
Fin- Aus  N=222 « Inclusion: aged 65 Tailored exercise  Usual care, Advanced 24 Hospi- ORO0.40(95%Cl
layson tralia (I: 111, C: and older; admitted  program, in-home exercise practiced weeks talad- 0.17t00.92)
etal 111) withamedica condi- visits, telephone  program  nurse, ex- mis-
[28] tion; had at least one  follow-ups, rein-  without ercise sions
risk factor for read-  forcement and fur-  regular physiolo-
mission (aged 75 or  ther explanationof telephone  gist
older, admittedtoa  theexercisepro-  follow-ups
hospital more than gram, advice and
oncein the previous  support to the care-
6 months, multiple  giver
comorbidities, living
alone, poor social
support, poor self-rat-
ing of health, func-
tional impairment, or
ahistory of depres-
sion).
«  Exclusion: requires
home oxygen, depen-
dent on awheelchair
or unable to walk in-
dependently for 3 m,
livesin anursing
home, presence of a
cognitive deficit or
progressive neurolog-
ical disease.
Gellis United N=94 The Honeywell Usua care, Home- 12 Menta . SMD 0.45
eta  Sates (.43 c: “HomMed” Hedlth education caretele- weeks compo- (95% Cl
[29] 46) Monitoring System health nent of 0.04to
for daily monitor- nurse QoL 0.86)¢
ing of weight, non- manage, Depress ,  gvD-1.10
invasive blood registered sion (95% Cl
pressure, pulse, homecare 15310
oxygen saturation, nurses 0. 66)9

and temperature;
further evaluation
of abnormal read-
ings by telehealth
nurse, education
and counseling on
disease, self-care
activities, and
Symptom manage-
ment strategies
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Study Coun- Number of Inclusion/exclusion Intervention Control Providers Dura- Outcome Results
try paticipants  witeria components group tion measures

« Inclusion: aged 65
and older, diagnosed
with heart failure or
COPD, experienced
frequent health care
encounters (ie, hospi-
talized twicein the
last 6 months or seen
at least twicein the
emergency roomin
the past 2 months),
required 3 or more
home visits per week,
consented to partici-
pate in the program
with random assign-
ment, expressed a
willingnessto learn
how to use the tele-
health monitoring
system.

«  Exclusion: unableto
learn to use the
HomMED telehedth
device due to physi-
cal disability, cogni-
tively impaired based
onamedical chart di-
agnosis and had no
caregiver, exhibited
behavioral/problems
(eg, aggression, agita
tion, delirium, para-
noia) that interfered
with learning how to
use the HomMED
telehealth device and
communicating with
the telehealth nurse.

Jolly UK N=516 o Inclusion: hasrespira=  Telephone health  Usual care  Nurse 24 « QoL « SMDO0.18

eta (I: 239, C: tory symptomsconss-  coachingwith sup- with astan- weeks o Self-ef- (95% Cl

[30] 277) tent with COPD, re-  porting written dard infor- ficacy 0.00to
ported mild dyspnea  documents, ape-  mation o Depres- 0.36)¢
at thebaselineassess- dometer, and a leaflet sion . SMDO0.23
ment, had aforced  self-monitoring di-  about the (95% Cl
expiratory volumein ary self-man- 0.06 to
1 second/forced vital agement of 0.41)9
capacity scoreof <0.7 COPD . SMD 015
after postbronchodila (95% CI.
tor spirometry (consis- 203310
tent with current UK X
quidelines) at the 0.03)
baseline assessment.

o  Exclusion: considered

by doctorsto beinap-
propriate for inclu-
sion (eg, for having a
terminal disease or a
severe psychiatric
disorder)

Kaza- Japan N=32 24

waet (:17,C: weeks

al [31] 15)
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Study Coun- Number of Inclusion/exclusion Intervention Control Providers Dura- Outcome Results
try paticipants  witeria components group tion measures
« Inclusion: had apro- Distanceinter- Direct Nurse « Sys . SMD®6.50
teinurialevel of 22+ viewsviaatablet face-to- trained in tolic (95% CI
or aproteinurialevel withafeaturedapp faceinter- disease blood -1.44+t0
of 1+ and a (deliveredtothe  viewsand manage- pres- 14.44)
hemoglobin Alclev- participants by intermittent ment sure . SMDO0.80
el of 27.0% (or a postal mail), a telephone (mmHg) (95% ClI
fasting blood sugar ~ guidebook, aself- calls « Dias —4.02to
level of 2130 mg/dL) monitoring note- tolic 5.62)
at ahealth check con-  book, and foot care blood « SMD 350
ducted in 2013, and  monofilament pres- (95% CI
diagnosed with type sure 0.55t0
2 diabetes mellitus. (mmHg) 6.45)9
. E_xclusion: hgstype 1 . BMI . SMDO0.68
diabetes mellitus or o« QoL (95% Cl
gestational diabetes, o Self-ef- —0.15t0
had initiated dialysis, ficacy 1.51)
scheduled for renal R SMD -0.42
transplantation in the (95% Cl
near future, undergo- 12310
ing treatment for can- 0.39)
cer, hasaterminal ill-
ness, has cognitive
impairment, or hasa
mental disorder.
Klein- United N=206 o Inclusion: aged 265 Hometelemonitor- Nointer-  Advanced 4 « QoL . SMD-0.13
pell et States (I: 134, C: athighrisk for postop- ing twice daily of  vention practice  weeks «  Hospi- (95% ClI
a [32] 72) erativecomplications; vital signsinclud- nurse tal ad- -0.14to
documented history  ing heart rate, mis- 0.16)
of congestive heart blood pressure, and sions . ORO.70
failure; New York pulse oximetry, (95% CI
Heart Association and daily monitor- 0.32to
functiona classifica- ing of weight, fo- 1.54)
tionof Il or 1V; giec- cused reinforce-
tion fraction of ment of the dis-
<40%; a history of charge plan
atrial fibrillation;
postdischarge compli-
cations of myocardial
infarction, arrhyth-
mias requiring treat-
ment, reoperation,
cardiac arrest, wound
dehiscence, apositive
wound culture; icu”
stay of >2 days, me-
chanical ventilation
for >2 days; or failure
to meet clinical path-
way discharge goals
by postoperative day
5.
«  Exclusion: not men-
tioned.
Oks-  Fin- N=1570 Routineso- Certified 48 « QoL . SMDO0.12
manet land (. 970, C: cia and nurses weeks (95% Cl
a [33] 470) health care and pub- 0.01to
lic health 0.23)9
nurses
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o Inclusion: hasagly- Individua health
cated hemoglobin coaching by tele-
(hemoglobin Alc) phone, in addition
level of >7, or atotal to routine social
cholesterol level of and health care, in-
>4.5, or alow-density cluding 8 key rec-
lipoprotein level of ommendations de-
>2.3 for the previous  veloped by Pfizer
6 months, identified  Health Solutions:
by aresearchnurseas (1) know how and
being eligible for when to call for
coaching. help, (2) learn
o Exclusion: classified about thecondition
asineligibleby prima-  and set goals, (3)
ry carephysician, un- take medicines
ableto co-operate or  correctly, (4) get
participatein health  recommended tests
coaching, major elec- and services, (5)
tive surgery planned  act to keep the
within 6 months, his- condition well, (6)
tory of major surgery make lifestyle
within the past 2 changesand reduce
years, lifeexpectancy risk, (7) build on
<1year, pregnancy.  strengthsand over-
come obstacles,
and (8) follow-up
with specialistsand
appointments
Pecina United N=166 « Inclusion: aged 60 Telemonitoring of Usual care  Geriatric 48 « QoL . SMDO0.11
eta  Swates (.77 ¢ years and older with  biometric data us- nurse weeks o  Physi- (95% Cl
[34] 89) an ERA! scoreinthe 1ng an Intel Health practition- ca -0.20to
highest decile. The ~ Guidedevice, er compo- 0.41)
ERA scoreisacom- duestionnaireson nentof « SMD-0.35
posite score of previ- SYmMptoms, video- QoL (95% Cl
ous hospitalizations, conference visits e Menta -0.65to0
age, race, and pres- compo- -0.04)
ence of chronic dis- nentof .  SMD-002
ease. A high ERA QoL (95%Cl
score ndicates an in- Depression —03310
creased risk of hospi- 0.28)
talization and emer- * (Sg'\gg (();|OO
(1]
\g/lesr:g/ department A
«  Exclusion: unable or 0.31)
unwilling to use the
monitoring equip-
ment, or if there was
aconcern about undi-
agnosed dementia af-
ter amental status
test.
Taka United N=205 Telemonitoringde- Usual care  Regis- 48 « Hospi- « ORO0.93
hashi  States (1. 102, C: vice (Intel Health tered weeks tal ad- (95% Cl
etal 103) Guide; Intel-GE) nurse mis- 0.06 to
[35] with real-time sions 14.94)
videoconferencing
capability and pe-
ripheral measures
(scales, blood pres-

sure cuff, glucome-
ter, pulse oximeter,
and peak flow da-
ta)
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Study Coun- Number of Inclusion/exclusion Intervention Control Providers Dura- Outcome Results
try paticipants  witeria components group tion measures

« Inclusion: aged =60;
enrolled in the Em-
ployeeand Communi-
ty Health program
primary care panel
and whose ERA score
exceeded 15. The
ERA isan electronic
database used to as-
sess patient risk for
hospitalizations or
emergency depart-
ment visits based on
administrative data
on age, sex, previous
hospitalizations, and
comorbid conditions
(stroke, dementia,
heart disease, dia-
betes mellitus, and
chronic obstructive
pulmonary disease).

«  Exclusion: livesina
nursing home, has a
clinical diagnosis of
dementiaor scored 29
or lessin the short
test of mental status,
unableto usethetele-
monitoring system
(ie, because of visual
impairment or anin-
ability to use the de-

vice).

Wong Hong N=610 « Inclusion: admitted  Telephone calls, Homeviss Nurse 4 e Sef-ef- « SMDO0.19

eta Kong (I: 204, C: withaprimary diagno- comprehensive as-  its, placebo caseman- weeks ficacy (95% ClI

[36] 406) sisrelatedtoarespiras  sessment based on  calls(ie, agers, «  Hospi- 0.02to
tory, diabetic, car- the OMAHA sys-  socia trained tal ad- 0.36)¢
diac, or renal condi- tem,developmutu- calls) nursing mis- . ORO0S84
tion; Mini-Mental al self-care goals, students sions (95% Cl
State Examination evaluate interven- 0.56 to
score of >20; ableto  tions 1.26)
speak Cantonese;

lives within the ser-
vicearea; can be con-
tacted by phone.

«  Exclusion: discharged
to an assisted care fa-
cility, being followed
up by animmediate
designated disease
management program
after discharge, un-
ableto communicate,
discharged for end-
of-life care.

& intervention group.

bC: control group.

SCOPD: chronic obstructive pulmonary disease.
dOR: odds ratio.

€QoL: qudlity of life.

fSMD: standardized mean difference.
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Istatistically significant.
PICU: intensive care unit.
'ERA: Elderly Risk Assessment.

Quantitative Synthesis
Quality of Life

Overview

A total of 5 of the 13 (38%) studies were RCTs that compared
the effects of anurse-led telehealth self-care promotion program
with the usual care on the QoL of community-dwelling older
adults [30-34]. The pooled SMD in the overall score for QoL
was significantly different (SMD 0.12; 95% CI 0.03 to 0.20;
P=.006; 1°=21%), with the participantsin theintervention group
having a better QoL than those in the control group.

Physical Component of Quality of Life

Two studies assessed the physical component of QoL by using
theMedica Outcomes Study Short Form Survey [25,34]. Pooled

https://www.jmir.org/2022/3/€31912

Wong et a

analyses showed that a telehealth self-care promotion program
did not lead to an improvement in physical component of QoL
over the usua care (SMD 0.01; 95% Cl -0.18 to 0.20; P=.93),

with high heterogeneity (x;°=8.42; 1°=88%; P=.004).

Mental Component of Quality of Life

As shown in Figure 3, the telehealth self-care promotion
program did not significantly improve the mental component
of QoL when compared with the usual care in the 3 studies
(SMD 0.09; 95% CI —0.09 to 0.26; P=.32) [25,29,34]. The I?
statistics reflected moderate heterogeneity among the studies

(X,°=3.74; 1°=47%; P=.15).
None of these outcomes showed evidence of publication bias

asreveded by avisual inspection of funnel plotsor the P-values
of the Egger test (P>.05).
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Figure 3. Forest plots showing the effects of nurse-led telehealth self-care promotion programmes on different outcomes.
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Four studies assessed self-efficacy [25,30,31,36], of which 2
found that the telehealth self-care promotion program had a
significantly beneficial effect over the usual face-to-face care
[30,36]. The pooled SMD in the overall score for self-efficacy
was significantly different (SMD 0.19; 95% CI 0.08 to 0.30;
P<.001). No evidence of heterogeneity (xs°=2.41; 1°=0%; P=.49)
was found and there was no sign of publication bias (P=.71).

Depression

The pooled SMD in the overall score for depression was
significantly different (SMD -0.22; 95% CI —0.36 to —0.08;
P=.003) in a meta-analysis of 3/13 studies (23%) [29,30,34].
High heterogeneity (x,2=18.2; 1>=89%; P=.009) wasindicated,
but no sign of publication bias (P=.50) was found.
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Hospital admissions were reported as the outcome in 7/13
studies (54%), with 1420 participants [24,26-28,32,35,36].
Moderate heterogeneity was found among these studies
(Xs°=14.5; 1°=59%; P=.02). The number of hospital admissions
in the telehealth group was 152 out of 640 (23.8%) and in the
usual face-to-face group of participants was 218 out of 780
(27.9%). No significant difference was found between the
groupsin the number of hospital admissions (OR 0.70, 95% CI

0.45-1.11; P=.13).

The forest plots of all outcomes are presented in Figure 3.

Discussion

Principal Findings

In this review an attempt is made to summarize the evidence to
ascertain the effects of nurse-led telehealth self-care programs
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for community-dwelling older adults in terms of QoL,
self-efficacy, levels of depression, and hospital admissions.
Overdll, the findings of this review suggest that nurse-led
telehealth programs may improve the QoL, self-efficacy, and
depression levels of community-dwelling older adults when
compared with the usual face-to-face care. However, no
significant differences across groups were noted in hospital
admissions. Although the studies seem limited in some respects,
the findings of this review offer insights into the potential
effectiveness of employing assistive technologies in
community-based health and socia care programs and on how
these technol ogies affect the daily life of older adults, although
more studies are needed to strengthen the evidence base,
particularly in the aspects of organization and delivery.

Undoubtedly, the emergence of COVID-19 has led to a great
global need to restructure health and social care services across
patient groups, particularly regarding innovative strategies that
actively support clients and their family caregivers even at a
distance[37]. For community-dwelling older adultswho require
continuous monitoring, professional support at a distance may
be an invaluable add-on to promote self-care practices. As
highlighted in this review, nurse-led programs of care may lead
to improvementsin QoL , self-efficacy, and depression, making
it aform of professional support that merits consideration. Even
in studies where dstatistically significant findings were not
observed, improvements in health outcomes such as QoL and
self-efficacy were noted [31], as well as improved
self-management practices[30]. A similar pattern of resultswas
reported among persons living with cancer [38] and type 2
diabetes mellitus [39] who received nurse-led services. Taken
together, the findings seem to suggest that well-designed
nurse-led services delivered by trained staff may be apromising
program of care that can complement and extend existing
services from the health care facility to the home/community.
There is, however, a need to standardize the contents and
dosages of nurse-led services tailored to varied patient groups
and to test these using large-scale, well-designed RCTs to
strengthen the evidence base regarding their effectiveness in
improving other health outcomes. In addition, a process
evaluation following implementation may clarify contextual
factorsthat can hinder or facilitate the delivery of the nurse-led
programs of care and offer greater explanatory power regarding
the impact of a program.

The telehealth component of the nurse-led programs of care
mainly comprised structured telephone follow-ups that played
an essential role in delivering education, advocacy, and
coaching/behavioral change strategies. In addition, the use of
customi zed telehealth monitoring systemsinstalled in the homes
of participants or utilized as wearable tracking devices was
noted in 7 studies [24,26,27,29,32,34,35]. Evidently, as the
demand for access to health care grows along with the aging
population, the real-time monitoring of various physiological
parameterswill become a significant component of health care.
Telehealth, which represents the intersection of health and
technology, offers unique opportunities to deliver personalized
care. The findings of this study should enable researchers and
policymakersto better understand the various technol ogies and
their effectiveness. With this understanding, they can better

https://www.jmir.org/2022/3/€31912
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advise older adults on how to improve their QoL and
self-efficacy and reduce their depression using appropriate
assistive technologies. Besides, governments should recognize
and promote the use of new technol ogies and the positiveimpact
of these technologies on society, health care, and the QoL of
older adults. This is because the use of these technologies not
only improves the QoL of older adults but also has a positive
impact on the health care system by potentially reducing health
care service utilization.

Another key finding in this review isthe effect of the nurse-led
telehealth services on hospital admissions, which was noted to
be statistically insignificant across groups. In previous studies
evaluating the effects of nurse-led programs of care, the findings
regarding hospital admissionswere mixed. A recent integrative
review that included 9 studies concluded that there is no clear
evidence that community nurse-led services for older persons
reduced hospital readmissions [40]. A similar finding was
reported by studies involving other patient groups such as
children discharged from hospital [41] and persons with heart
failure [42]. By contrast, in a nurse-led program of care that
focused on delivering a 4-week self-help and empowerment
program for older adults living with chronic diseases, a
significantly lower admission rate was observed for the
intervention group compared with the control group within 84
days of an index admission [25]. Similar findings on nurse-led
interventionsleading to lower readmission rates have also been
reported among persons with heart failure [43,44]. Although
the mixed findings may be related to the nature of the
interventions, the context of their delivery, or the timeline for
the endpoint outcome assessment, it is likely that the intensity
of the needs of the individual patients contributed to the
hospitalization rates that were observed. In addition, the
limitation regarding sample size across studies might make it
difficult to draw conclusions. Thus, future studies are needed
to addressthis concern/limitation to enable stronger conclusions
to be drawn.

Limitations

Thismeta-analysishasafew limitations. First, moderate to high
heterogeneity was identified among studies that measured
depression, the physical and mental components of QoL, and
hospital admissions, because only 2 or 3 studies were available
on these outcomes. While these studies also varied in terms of
duration, content, length of follow-up, and telecommunication
tool used in the programs, it was difficult to control for these
differences by conducting a sensitivity analysis or a
meta-regression (because there were fewer than 10 studies).
Second, this study did not exclude disease-specific or transitional
self-management programsthat were provided by hospital-based
health care professionals. Although these programs were also
intended to promote self-care and health among older adults,
they emphasized disease-specific skill-based training that may
have been different from that in the other included studies.
Participants might also have been more aware of their health
after hospitalization and more willing to adhere to the
recommendations of health care professional's, which led to the
deviations in the results of the meta-analysis. A subgroup
analysis, however, did not revea differences between studies
that focused on older adults with a specific disease and ageneral
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older population. Third, the outcome measures chosen in this
study relied on subjective reports from the participants. Future
RCTs may benefit from incorporating objective measurements
of self-care behavior such as frequency of exercise, BMI, and
the pursuit of a healthy diet.

Conclusions
Thismeta-analysisof 13 RCTsrevealed that nurse-led telehealth

Wong et a

community-dwelling older adults. Despite the methodol ogical
limitations of the studies, including variations in the included
samples, the intervention content, and the duration across
studies, these results may be crucial for policymakers and health
care providers to refer to when planning and designing an
effective self-care health promotion program to empower older
adults to take an active role in taking care of their health, be
responsive to their care needs, and eventually to stay in the

self-care promotion programs may effectively improve quality
of care and self-efficacy, and aleviate depression among

community with optimal well-being through the use of
telehealth.
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Abstract

Background: Digital health technologies (ie, the integration of digital technology and health information) aim to increase the
efficiency of health care delivery; they are rapidly adapting to health care contexts to provide improved medical services for
citizens. However, contrary to expectations, their rapid adoption appearsto haveled to health inequities, with differencesin health
conditions or inequality in the distribution of health care resources among different populations.

Objective: Thisscoping review aimsto identify and describe the inequities of health care services brought about by the adoption
of digital health technologies. The factors influencing such inequities, as well as the corresponding countermeasures to ensure
health equity among different groups of citizens, were a'so studied.

Methods: Primary studies and literature, including articles and reviews, published in English between 1990 and 2020 were
retrieved using appropriate search strategies across the following three el ectronic databases. Clarivate Analytics' Web of Science,
PubM ed, and Scopus. Data management was performed by two authors (RY and WZ) using Thomson Endnote (Clarivate Analytics,
Inc), by systematically screening and identifying eligible articles for this study. Any conflicts of opinion were resolved through
discussions with the corresponding author. A qualitative descriptive synthesis was performed to determine the outcomes of this
scoping review.

Results: A total of 2325 studieswere collected during the search process, of which 41 (1.76%) papers wereidentified for further
analysis. The quantity of literatureincreased until 2016, with apeak in 2020. The United States, the United Kingdom, and Norway
ranked among the top 3 countries for publication output. Health inequities caused by the adoption of digital health technologies
in health care services can be reflected in the following two dimensions: the inability of citizens to obtain and adopt technology
and the different disease outcomes found among citizens under technical intervention measures. The factors that influenced
inequitiesincluded age, race, region, economy, and education level, together with health conditions and eHealth literacy. Finally,
action can be taken to aleviate inequitiesin the future by government agencies and medical institutions (eg, establishing national
health insurance), digital health technology providers (eg, designing high-quality tools), and health care service recipients (eg,
developing skills to access digital technologies).

Conclusions. The application of digital health technologiesin health care services has caused inequities to some extent. However,
existing research has certain limitations. The findings provide a comprehensive starting point for future research, allowing for
further investigation into how digital health technologies may influence the unequal distribution of health care services. The
interaction between individual subjective factors as well as socia support and influencing factors should be included in future
studies. Specifically, access to and availability of digital health technologies for socialy disadvantaged groups should be of
paramount importance.
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Introduction

Background

An evolution in health care services is occurring across the
globe in response to an explosion in readily available digital
technologies. The adoption of digital technologies as a means
for citizensto access health and social careisaccelerating at an
unprecedented pace, pushing patient-centered care toward digital
health [1]. Many countries and organizations are paying greater
attention to digital health, which has seen a sharp increase in
the release of health policies and reports, such as the United
Kingdom’sDigital Srategy published in 2012 [2], the European
Union’s Europe’'s Digital Decade and Digital Europe
Programme [3], the World Health Organization’s Draft Global
Srategy for Digital Health (2020-2025) [4], China's Outline
of Healthy China 2030 Plan [5], and so on. Digital health refers
to the use of readily available information and communication
technologies for the following: to provide patients with
preventive services, treatment, and education; to promote disease
tracking and monitoring; and to enable consumersto participate
in health care services [6,7]. Digital health is the integration of
digital technology and health information with the aim of
increasing the efficiency of health care delivery and improving
the health of patients [8]. Digita health technology is the
adoption of digital technology in health, with examples being
seen in electronic health records, telemedicine or telehealth
services, robotics, and eHealth, along with mobile health
supported by the use of smartphones, wearables, mobile apps,
and various monitoring devices [9-11].

Lupton [12] had said that “Digital health technologies are
positioned to enable people to effectively become ‘managers
of their own health and heathcare” In our internet-enabled
world, the use of digital health technologies is becoming the
core of health care delivery. Studies have shown that digital
health technology can improve health literacy, enhance patient
participation in health care, enable patients to better manage
their own health, and improve health care efficiency, especialy
in patients with chronic diseases [13,14]. Digita health
technology interventions, that is, those delivered through digital
technologies, such as smartphones and websites [15], can
improve health care delivery and contribute to the triple aim of
health care, that is, better care, better health outcomes, and
reduction in medical spending [16]. However, compared with
expectations, the rapid development of digital heath
technologies has |led to health inequities.

Health inequitiesrefer to differencesin health conditions or the
distribution of health care resources among different populations
because of social conditions, such asthecitizens' place of birth,
growth, life, or work [17]. Although digital health technologies
are being adopted rapidly, it islikely that those who do not use
the internet or mobile devices regularly or have difficulty in
using them, such as older adults, those living in low-income
regions, and people in remote areas with poor internet

https://www.jmir.org/2022/3/e34144

connectivity, will be forgotten [18-20]. This phenomenon not
only represents inequities among income, education, and age
groups and between the healthiest and least healthy [17] but
also represents inequities in access to and availability of
technology, which is a continuing barrier to the use of digital
health services [21].

The potential of technologies to induce health inequities has
been widely recognized [22]. As early as 2016, the World
Bank’s Information Industry Report identified that information
technology innovations have the potentia to lead to new
inequities [20]. The report stated that those who are wesalthy
and better educated are well positioned to take advantage of the
internet. However, many global citizens do not have access to
the internet. In some regions where women have low
socioeconomic status (SES), they are discouraged from going
on the web and do not have access to cell phones [20]. In
addition, there are still people in parts of the world who are
illiterate and do not benefit from access to the internet. Some
studies found that mobile health interventions can exacerbate
treatment disparities [23,24]. Digital health technology
interventionswork better for those who are already better off—a
situation that can induce inequities. This phenomenon is well
established in public hedlth and is refered to as
I ntervention-Generated I nequalities[19]. Socially disadvantaged
groups [25] have more challenges in access to and availability
of digital health technologies [26], which may lead to more
severe health inequities.

Objectives

From an ethical perspective, health equity is more important
than health inequity as the latter can have negative social and
economic consequences [27]. The databases of Cochrane, JBI
Evidence Synthesis, and PROSPERO (the international
prospective register of systematic reviews administered by the
University of York’s Centre for Reviews and Dissemination)
show that there is no literature review to date on inequities
caused by the application of digital health technologiesin health
care services. Theaim of thisscoping review isto systematically
review and synthesizeinformation on health inequitiesin health
care delivery resulting from digital health technologies and to
provideinsightsfor future research and practice. Such areview
can provide a better understanding of the health inequities
caused by digital health technologies, the influencing factors,
and countermeasures and can inform future corresponding policy
decision-making to ensure health equities among different
citizen groups, and thereby achieve social equity and stability.

Methods

Overview

This scoping review used the framework of Arksey and
O'Malley [28], which comprises the following five stages:
identifying the research question; identifying relevant studies,
study selection; data extraction and analysis; and collating,
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summarizing, and reporting the results. The reporting of the
scoping review was guided by the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews) checklist; for details of items
included in the checklist, please see Multimedia Appendix 1
[29]. In addition, the study was registered in an open science
framework and an independent registry. The registration type
of thisscoping review is open-ended and the registration digital
object identifier is 10.17605/0OSF.IO/A5R7F.

Search Strategy

The €electronic databases Clarivate Analytics' Web of Science,
PubMed, and Scopus were searched for articles published in
English between 1990 (in the late 1990s, the combination of

Table 1. Database search strategy.

Yao et a

medical care and technology gave birth to a new field called
eHealth [30]) and 2020. Two coauthors (RY and WZ) devel oped
and performed a Boolean search strategy based on SPIDER
(Sample, Phenomenon of Interest, Design, Evaluation, Research)
type—a search tool used to identify relevant qualitative and
mixed method studies [31]. The search frame included
phenomenon of interest (digital technologies, such as ehealth
or telehealth*), evaluation (inequit*), and research type (primary
studies and literature including articles or reviews; see Table 1
for details). Through areview of the keywords that appeared in
thetitle or summary field of each article, alist of literature was
retrieved. The title information was then exported to EndNote
X9 (Clarivate Analytics, Inc) for evaluation to promote the
selection process and collaboration among reviewers.

Database Search strategy

Number of results

Web of science

TS= (eHealth OR telehealth* OR telemedicine OR mHealth OR mobile health OR health IT OR health infor-

910

mation technolog* OR health informat* OR digital health* OR digital health technolog* OR[ICT AND
(health* OR healthcare settings OR healthcare delivery OR healthcare service*)] OR [technolog* AND

PubMed

Scopus

(health* OR healthcare settings OR healthcare delivery OR healthcare service*)]) AND TS= inequit*. Time
span=January 1, 1990, to December 31, 2020.

(1990 Date—Publication] : 2020] Date—Publication]) AND (eHealth[ Title/Abstract] ORtelehealth* [ Title/Ab-
stract] OR telemedicine] Title/Abstract] OR mHealth[ Title/Abstract] OR mobile health[ Title/Abstract] OR
health IT[ Title/Abstract] OR health information technolog* [ Title/Abstract] OR health informat* [ Title/Abstract]
ORdigital health*[ Title/Abstract] OR digital health technolog* [ Title/Abstract] OR [I CT(Title/Abstract) AND
(health*[Title/Abstract] OR health care settingg] Title/Abstract] OR health care delivery| Title/Abstract] OR
health care service* [ Title/Abstract] )] OR [technolog* (Title/Abstract) AND (health* [ Title/Abstract] OR health
care settingg| Title/Abstract] OR health care delivery[ Title/Abstract] OR health care service*[ Title/Abstract])]
OR [telemedicing(MeSH Terms)]) AND (inequit*[ Title/Abstract]).

(TITLE-ABSKEY[ eHealth] OR TITLE-ABS-KEY[telehealth*] OR TITLE-ABS-KEY[telemedicine] ORTITLE-
ABSKEY[mHealth] OR TITLE-ABS-KEY[ mobile health] OR TITLE-ABSKEY[ health IT] OR TITLE-ABS
KEVY[ health information technolog*] OR TITLE-ABS-KEVY[ health informat*] OR TITLE-ABSKEY[digital
health*] OR TITLE-ABS-KEY[digital health technolog*] OR[TITLE-ABS-KEY(ICT) AND (TITLE-ABS
KEY] health*] OR TITLE-ABSKEY] healthcare settings] OR TI TLE-ABS-KEY[ healthcare delivery] ORTITLE-
ABSKEY[ healthcare service*])] OR[TITLE-ABS-KEY(technolog*) AND (TITLE-ABS-KEY[ health*] OR
TITLE-ABSKEY] healthcare settings] OR TITLE-ABS-KEY[ healthcare delivery] OR TITLE-ABS:

KEY[ healthcare service*])]) AND TITLE-ABS-KEY(inequit*) AND PUBYEAR AFT 1989 AND PUBYEAR

566

849

BEF 2021.

Inclusion Criteria

Studies were considered eligible if they met the following
criteria: (1) published in English between the years 1990 and
2020, (2) either a primary study or literature review, and (3)
discussed health inequities related to digital health technology
interventions or explored the influencing factors for digital
health inducing health inequities or the countermeasures to
alleviate health inequities.

Exclusion Criteria

Studies considered ineligible included those that only related
to the following: (1) books or book sections or editorials,
commentary, and columns; (2) studies beyond the reach of the
full text; (3) public health intervention and policy intervention
measures; (4) the design of health technology, service systems,
or frameworks to make up for health differences; or (5) studies
that did not explore the relationship between digital health
technologies and health inequities.

https://www.jmir.org/2022/3/e34144

Study Selection

After designing the search strategy, inclusion criteria, and
exclusion criteria, the literature was reviewed according to the
PRISMA-ScR process [29]. A total of 2325 records were
collected from the following electronic databases. Clarivate
Analytics Web of Science, PubMed, and Scopus. To review
the relevance of the literature, coauthors RY and WZ screened
thetitlesand abstracts of all remaining records after the removal
of duplicates. All full texts were read and analyzed by 2
individual researchers (RY and WZ), and individual data
extraction forms were then merged into a single, unifying
document that was used for the interpretation and presentation
of results. Discrepancieswere adjudicated by the corresponding
authors. Next, the full article text of the retrieved results was
examined by RY and WZ based on the inclusion and exclusion
criteria. Of the 2325 papers, 41 (1.76%) paperswere identified
for the systematic analysis, asillustrated in Figure 1.
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Figurel. PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews) procedural flowchart.
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[1=849], and Web of Science
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Full-text articles assessed
for eligibility
(n=166)

Hligibility

Included in final review
(r=41)

Included

Data Extraction and Analysis

A bespoke data extraction form was used to systematically
extract information rel evant to the descriptive information. Data
were extracted from each article to describe the following: (1)
the characteristics of each study (including author, year of
publication, publication country, and methods used), (2) the
concrete embodiment of the inequity of health care services
brought about by the application of digital health technology,
(3) the factors contributing to the inequities in health care
servicesresulting from the adoption of digital health technology,
and (4) the measures used to mitigate health inequities.

https://www.jmir.org/2022/3/e34144

Duplicate records or
books or editorials
{n=1293)

Records excluded afier
reviewing titles and abstracts
(n=866)

Studies judeed ineligible
(r=129)

Citation tracking
(n=4)

Furthermore, a quadlitative descriptive synthesis [30] was
performed to determine the outcomes of this scoping review.

Results

Overview of the Included Studies

Of the 41 papers retained, the earliest publication related to
health inequities caused by digital health technologies was
published in 1993. Thereafter, the number of relevant
publications remained at O from 1994-2003, fluctuated between
0 and 2 from 2004-2016, and grew after 2016, reaching a peak
of 14 in 2020, as shown in Figure 2.
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Figure 2. Changein trend of number of publications over time.
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The United States published the greatest number of papers on
the topic, accounting for 46% (19/41), followed by the United
Kingdom (8/41, 20%), and Norway (3/41, 7%), whereas other
countries published only 1 or 2 papers, as shownin Table 2. Of
the 41 records, 6 (15%) were literature reviews, 17 (41%)

Table 2. Statistics of literature publications in different countries (N=41).

records used a quantitative approach, 15 (37%) records used a
qualitative approach, and 3 (7%) records used mixed methods.
Specific information on the included studies is presented in
Table 3.

Country Number of literatures, n (%)
Australia 1(2
Bangladesh 1(2
Canada 2(5)
Indonesia 1(2
Israel 1(2
Italy 2(5)
Korea 1(2
Netherlands 1(2
Norway 3(7)
Switzerland 1(2
United Kingdom 8(20)
United States 19 (46)
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Table 3. Overview of included studies.
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Authors Year Country Research method ~ Manifestations of Influencing factors of Countermeasures for
health inequities health inequities health inequities
Yang [32] 1993 Korea Quantitative ap- Accessto hedth care  Income Countermeasures of gov-
proach resource: medical in- ernment agencies: estab-
surance access lish national health insur-
ance
Steiger et a [33] 2004 Switzerland Qualitative ap- N/A2 Age and SES” Countermeasures of
proach technology providers:
design high-quality web-
sites
Viswanath et al [34] 2007 United States Qualitative ap- Accessto hedlth care  SES Countermeasures of gov-
proach resource: technical ac- ernment agencies: struc-
cess and availability tural adjustment at the
policy system level
Kim et a [35] 2009 United States Quantitative ap- Accessto health care  Economy, age, and Countermeasures of gov-
proach resource: technology  eHealth literacy ernment agencies: free
acquisition PCs, internet connec-
tions, and help from
nursing students and ac-
commaodeation staff
Andreassen et al [36] 2010 Norway Qualitative ap- Health and disease SESand health litera=  N/A
proach outcome: disease cy
mortality
Goldberg [37] 2012 United States Qualitative ap- Health and disease SES Countermeasures of gov-
proach outcome: disease risk ernment agencies: give
priority to people with
diseases
Jones [38] 2013 United Kingdom  Quantitative ap- N/A Health conditionand  Countermeasures of gov-
proach economic barriers ernment agencies and
health care servicere-
ceivers. providetechnical
support, medical institu-
tions take actions or vol-
unteer services
Jennings et al [23] 2013 United States Overview Accessto hedthcare N/A N/A
resource: technology
acquisition
McAuley [18] 2014 United Kingdom  Combination of Accessto hedth care  SESand age Countermeasures of
qualitative and resource: technology health care servicere-
guantitative acquisition; heath and ceivers: develop informa-
disease outcome: in- tion and skills for access
creased risk of disease to digital technology
Albright et a [39] 2015 United States Quantitative ap- Accessto hedlthcare  Age N/A
proach resource: technology
acquisition
Matteucci [40] 2015 Italy Qualitative ap- Health and disease Health condition Countermeasures of gov-
proach outcome: disease risk ernment agencies: role of
community and health
professionals
Mierlo et al [41] 2016 United Kingdom  Quantitative ap- Accessto hedthcare  N/A N/A
proach resource: digital partic-
ipation
Latulippe et al [42] 2017 Canada Overview Health and disease eHedlth literacy, age, Countermeasures of

outcome: disease
prevalence, mortality;
access to hedlth care
resource: technology
acquisition

SES, rural, and sexual
orientation

technology providers:
universal eHealth care
tool and technology de-
sign
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Authors Year Country Research method ~ Manifestations of Influencing factorsof  Countermeasures for
health inequities health inequities health inequities
Hosseinpoor et a [43] 2017 Indonesia Qualitative ap- Health and disease N/A Countermeasures of gov-
proach outcome: Health out- ernment agencies: health
comes; access to inequities monitoring
health care resource: embedded in national
technical services health information sys-
tem
Veinot et al [19] 2018 United States Qualitative ap- N/A Education level and  Countermeasures of gov-
proach health literacy ernment agencies and
technology providers: in-
vest in resources and
time or technical design
that iseasy to understand
and health professionals
publish relevant policies
Bol et a [44] 2018 Netherlands Quantitative ap- Accessto health care  Age, education, and ~ Countermeasures of gov-
proach resource: digital eHealth literacy ernment agencies. devel-
health technologies op more detailed strate-
giesto bridge the digital
divide
Weiss et a [45] 2018 Italy Overview Health and disease SES, hedlth condition, N/A
outcome: disease age, and race
morbidity and mortali-
ty
Gann [46] 2019 United Kingdom Qualitative ap- Accessto healthcare Age, SES,andrura Countermeasures of
proach resource: technical health care servicere-
services ceivers: therole of li-
brariesin providing re-
sources
Toscos et al [47] 2019 United States Quantitative ap- Accessto healthcare  Ageand SES Countermeasures of gov-
proach resource: digital ernment agencies and
health technologies medical ingtitutions:
health science re-
searchersshould consider
the population with needs
and insufficient coverage
Sherman et a [1] 2019 United States Qudlitative ap- Health and disease Race N/A
proach outcome: health out-
comes
Parker et al [48] 2019 United States Quantitative ap- Health and disease N/A N/A
proach outcome: health out-
comes
Hansen et al [49] 2019 Norway Quantitative ap- Accessto health care  SES, age, and health  N/A
proach resource: technical condition
services; health and
disease outcome: dis-
ease morbidity and
mortality
Baum et al [50] 2012 Australia Qualitative ap- Accessto health care  SESand healthlitera=  Countermeasures of gov-
proach resource: technical cy ernment agencies: health

services

promotors must under-
stand and explain the
complex interaction
among digital literacy,
health literacy, and basic
literacy
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Authors Year Country Research method ~ Manifestations of Influencing factorsof  Countermeasures for
health inequities health inequities health inequities
Banerjee [51] 2019 United Kingdom  Qualitative ap- N/A Race Countermeasures of gov-
proach ernment agencies and
technology providers:
health professionals
should receive better
training in the evidence
and use of DHIS; the par-
ticipant should be consult-
ed during the design and
implementation phase of
the technology
Rich et a [52] 2019 United Kingdom Qualitative ap- N/A Economy Policy documents should
proach focus on inequities
Ahmed et a [53] 2020 Bangladesh Combination of Accessto healthcare  Age, SES, and digital Countermeasures of
qualitative and resource: technical health awarenessand  health care service re-
guantitative services skills celvers: raising public
awareness and political
incentives
Glied et a [54] 2008 United States Quantitative ap- Health and disease Education N/A
proach outcome: disease
mortality
Fujiokaet a [55] 2020 Canada Overview Health and disease Race, income, and N/A
outcome: health out-  health condition
comes
Khilnani et a [56] 2020 United States Qualitative ap- Health and disease Age, SES, rural,and  N/A
proach outcome: health out-  digital resources
comes
DeGuzman et a [57] 2020 United States Quantitative ap- Accessto health care  Rura and broadband ~ Countermeasures of
proach resource: technical coverage health care service re-
services celvers. public libraries
provide equipment and
hardware support
Gann [58] 2020 United Kingdom Qualitative ap- Health and disease Economy and age Countermeasures of gov-
proach outcome: health out- ernment agencies: encour-
comes age enterprises to donate
tablets, smartphones, and
laptops, and provided
tablet devices to hospi-
tal's, nursing homes, and
hospice care institutions
Bommakanti eta [59] 2020 United States Quantitative ap- N/A Ageand SES N/A
proach
Weiss et a [60] 2020 Norway Quantitative ap- Health and disease SES N/A
proach outcome: health out-
comes
Nittas et al [24] 2020 United Kingdom Overview Accessto health care  Race, SES, and place  N/A
resource: accessand  of residence
availability of technol-
ogy
Karri et a [61] 2020 United States Quantitative ap- Accessto health care  SES, race, age, and N/A
proach resource: technical health condition
services
Jaffe et al [62] 2020 Israel Quantitative ap- N/A Age and rural N/A
proach
DeGuzman et a [63] 2020 United States Combination of Accessto health care  Digital literacy and N/A
qualitative and resource: digital skillsand provision of
guantitative health technologies  broadband facilities
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Authors Year Country Research method ~ Manifestations of Influencing factorsof  Countermeasures for
health inequities health inequities health inequities
Sun et a [64] 2020 United States Qualitative ap- Accessto health care  Digital literacy Countermeasures of gov-
proach resource: technical ernment agencies:
services strengthen the national
digital health strategy
and the governance of
human rights—oriented
digital health technolo-
gies at the national level
Ukohaet al [65] 2019 United States Quantitative ap- Health and disease Socioeconomic fac-  N/A
proach outcome: health out-  tors, age, and race
comes and care
Hamideh et a [66] 2020 United States Review N/A Age, race, income, ru-  N/A
ral, health condition,
and health literacy
Erhunmwunseeeta 2020 United States Quantitative ap- Health and disease Incomelevel, rura lo- N/A
[67] proach outcome: treatment cation of the hospital
results and insurance status

3N/A: not available.
bSES: socioeconomic status.
°DHI: digital health intervention.

Inequities Caused by Digital Health Technologies

Health inequities were reflected in 2 aspects. The first was
access to and availability of digital health technologies by
different socia groups, with 19 (46%) of the 41 studies
describing unfair distribution. Among these 19 studies, 9 (47%)
studies referred to alack of network infrastructure (eg, internet
broadband access, satellite towers, and power) and the
availability of smartphones or computers when using digital
health technologies [32,39,41,43,47,53,57,63,64]. A study
pointed out that access to home-based telemedicine was
inequitably distributed in the United States owing to the limited
reach of fixed broadband in rural areas [57]. Of the 41 studies,
12 (29%) studies reported an unfair phenomenon of digital
exclusion [19,23,24,34,35,41,44,46,49,50,61,64]. A study
described how, without proper planning and safeguards, digital
health technol ogies can contribute to expanding health inequity,
widening the digital divide that separates those who can from
those who cannot access such interventions [64].

Theremaining (17/41, 41%) studies discussed therelated health
outcomes caused by thelack of or limited accessto digital health
technologies[1,18,36,37,40,42,43,45,48,49,54-56,58,60,65,67].
Researchers have reported different health outcomes following
the introduction of digital health technology interventions,
including disease incidence rates and mortality, with particular
attention paid to chronic diseases and Black groups
[49,56,58,60]. For example, the average blood sugar level of
diabetic patients who use innovative health technologies
generally drops[49], and the use of robotic lobectomy islimited
by sociodemographic factors, leading to significant treatment
differencesin patients with lung cancer [67].

Factors L eading to Health Inequities

Most (37/41, 90%) papers reported the factors that influence
health inequities brought about by digital health services. Of
these 37 studies, 18 (49%) studies reported the important role

https://www.jmir.org/2022/3/e34144

of age in determining whether patients use or do not use digital
health technologies, especially among the older adults
[18,33,35,39,42,44-47,49,53,56,58,59,61,62,65,66]. Race and
ethnicity have long been considered as one of the causes of the
causes of health inequities [51]; the acknowledged health
benefits of eHealth or mobile health initiatives have seen limited
application among Black communities
[1,24,42,45,51,55,61,65,66]. In addition, some studies (8/41,
20%) reported that citizens living in rura areas were affected
by poor accessto and availability of digital health technologies
resulting from limited internet broadband coverage
[24,42,45,46,56,57,62,66]. In rural areas with multiple health
barriers, the unequal distribution of health information is more
complex and, therefore, may exacerbate rather than narrow the
gap [68]. Furthermore, SES (eg, education and income) [69]
was aso discussed. Some (18/41, 44%) studies have reported
differences in the acquisition and adoption of digital health
technologies by different groups of citizens based on a
combination of income and education
[18,24,33,34,36,37,42,44,46,47,49,50,53,56,59-61,64], whereas
others (13/41, 32%) have independently explored the 2
dimensionsof income[32,35,38,52,55,58,65-67] and educational
attainment [19,44,54,62].

In addition to the above factors, poor health conditions have
been observed to hinder accessto digital health technologies at
aphysical level [38,40,45,49,55,61] or alack of confidencein
health advice and health decision-making at a psychological
level [38,42]. A literature review found that some people may
have difficulty learning to use the internet because of visual or
hearing impairment, arthritis, or hand movement difficulties
[38]. Studies (11/41, 27%) have also pointed out that the
so-called low eHedlth literacy (defined as “the ability to seek,
find, understand, and appraise health information from electronic
sources and apply knowledge gained to addressing or solving
ahealth problem” [70]), including alack of awareness of digital
health services, literacy, and skills, aswell asthe understanding
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of the operation mode and availability of digital health, may
reduce acceptance of digita heath technologies
[20,35,36,38,41,42,50,53,63,64,66].

Countermeasures L essening Health | nequities

Measures of Government Agencies and Medical
I nstitutions

Government agencies and medical institutions are required to
aleviatetheinequitiesin digital health technology interventions.
This study identified that human rights—oriented digital health
technologies should be strengthened at the national level [64]
and new research trgjectoriesfor policy documents must explore
how culture, practice, and power relationshipsinfluence access,
availability, and engagement with digital health technologies
[34,52]. Furthermore, those who develop and apply these
interventions, including policymakers and public health
professionals, should have a better understanding of whether,
how, and under what circumstances digital health technology
i nterventions can overcomeinequities and realize their potential
[19,40,51,61]. Studies (2/41, 5%) have also recommended that
the monitoring of health inequities be embedded within national
health information systems and suggested that hybrid web-based
and offline interventions can ameliorate health inequities
[20,43].

Studies (4/41, 10%) reported that government agencies and
medical ingtitutions should provide help with resources, whereby
government agencies could establish universal health insurance
[32], provide free PC and internet connection help [35,38], and
provide limited resourcesto treat disabled populations, such as
those with brain injuries [37]. At the same time, government
agencies should ensureincreased public funding input [65] and
encourage compani esto donate tabl ets, smartphones, and |aptops
to hospitals, care homes, and hospice facilities[58] to makethe
use of servicesmore accessibleto socially disadvantaged groups,
such as families who were not originally connected to the
network [47].

Actions of Digital Health Technology Providers

Digital health services are inseparable from the design and
development of targeted digital health technology. A study in
Switzerland [33] proposed the adoption of high-quality internet
portals with hashtags to promote autonomous learning and use
among citizens. A study pointed out that most digital health
technologies were not designed for socially disadvantaged
groups, such asolder adults or those with limited health literacy
skills[47]. Therefore, the individual needs of groups should be
carefully considered, including those of groups that need to be
consulted during the design and implementation stage [42,51];
resources and time should be invested in the design of
easy-to-understand language [19] and bespoke digital health
tools should be created and popularized to maximize
acceptability [51].

Recommended Measures for Health Care Service
Receivers

The eHealth literacy of health care service receivers is an
important factor hindering access to digital health services.
Addressing health inequities depends on increasing public
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awareness [53]. Some studies (5/41, 12%) suggested that
relevant technical tools and volunteers can be provided [1,38]
to develop patients' confidence and skillsin digital technology
access and improve their eHealth literacy [18,38,50,58]. In
addition, some studies (2/41, 5%) reported on the important
roleof libraries. Asaspecial public space, libraries have unique
benefits, including auxiliary digital access, health information
resources and services[46,57], and the voluntary servicesthey
provide, which can help patients improve their health literacy
[46].

Discussion

Principal Findings

This scoping review identifies and describesthe health inequities
in health care services brought about by the adoption of digital
health technologies. The evolution of publications over time
and their distribution by country in the included literature
reflects the concerns of related researchers to some extent. The
rate at which the related literature has increased over timeis
consistent with the developing trend in heath information
technology. Theincluded literature that has been published from
12 countriesindicate the specific prevalence of health inequities
on aglobal scale. Among them, the United States and the United
Kingdom have published the most papers, mainly because they
were the first to invest heavily in digital health information.
Accordingly, health inequities caused by digita health
technologies have been quickly noticed and studied.

The health inequities caused by digital health technologies
highlight that not al citizens have equal access to and use of
interventions, resulting in different health outcomes for the
population. From our analysis of the studies investigated, we
identified that these indicators, including age, race, SES, health
conditions, eHealth literacy, and geographic location, all affect
health inequity among groups. First, most theoretica
frameworks that are widely used to understand the adoption of
new technologies by users, such as the technology acceptance
model, the extended unified theory of acceptance and use of
technology, and the diffusion of innovations theory, have
demonstrated potential individual differences by considering
factors such as age and race. Regarding age, we found that older
patients had less ownership, which was consistent with other
studies[59,71]. During the COVID-19 pandemic, mobile smart
devices have been the most effective way for people to seek
medical treatment. The ol der adults may be unableto use mobile
devices to register health codes or even for medical service
preregistration. However, their long-term demand for medicines
is higher [46], reflecting the gap in the use of digital health
technologies among different age groups. Rogers [72], in his
book Diffusion of Innovations, proposed that the older adults
belong to laggards; they are relatively conservative when they
encounter technological innovation and they feel skeptical and
cautious about new things, which may affect their health.
Meanwhile, in terms of gender, previous studies have reported
ageneral trend that women are more involved in health issues,
eHealth, and social media[49]; however, there are also studies
that report that women in Africaaretheleast likely to use digital
health technol ogiesworldwide [46]. M oreover, previous studies
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have found that gender and some ethnic differencesin internet
use may have disappeared among the general population [73,74]
but differenceswill still expand with age. Health inequities have
gradually become asocial issuethat has received attention from
government  decision-making departments and related
institutions. The National Institutes of Health added a health
information section to its official website, which includeslinks
to many health care websites, such as child and adolescent
health, men’s health, women’s health, minority health, and older
adult health, to provide users and inquirers with the ability to
obtain web-based health information.

Second, health inequities caused by socioeconomic status are
prevalent throughout society, and digital health technologies
are accessed to agreater degree by individual swith higher social
standing. Link [75] referred to SES as a fundamental factor in
health inequities. Social causality provides a theoretical
explanation for health inequities and maintains that SES, such
as education and income, are an important cause of health
inequities. The knowledge gap hypothesis[76] holdsthat asthe
mass media increasingly disseminate information to society;
higher SES groups accessinformation at afaster rate than lower
SES groups, so the knowledge gap between these groups will
expand. On the basis of existing studies, the main reasons for
health inequities caused by SES are as follows: (1) increased
income can improve living conditions and access to digital
health technologies and (2) a good educational level provides
advantages in the adoption of digital health technologies [77].
Asearly as 20 years ago, Gordon Brown, the United Kingdom’s
Chancellor of the Exchequer, announced a plan to shrink the
digital divide, proposing the provision of free internet access
for poor communities, free information technology training,
and 100,000 second-hand computers for low-income families.
Asearly as 2010, the United States enacted the Affordable Care
Act, which promoted access to and availability of health care
information resource services by inquirers, especially those that
were uninsured and low-income [78].

Third, as health literacy in the digital eramay be considered a
prerequisite for solving heath problems in web-based
environments[44], it requires peopleto better understand mobile
health devices such as mobile health apps and how to obtain
health information through the internet. In addition, the level
of health literacy in the digital era determines the severity of
health inequitiesto alarge extent and thelevel of health literacy
in the digital era is not determined by individuals alone.
Compared with individual-level behavioral interventions, policy-
and system-level interventions often have a greater impact on
a population’s hedlth literacy in the digital era [34,79]. In
February 2000, the US government released the report From
the Digital Divide to Digital Opportunity, pointing out that the
importance of bridging the digital divide lies in the
popularization of professional technology, skills training, and
the practicality of network content.

Asaresult, it can be found that it is hecessary for stakeholders
to take some measures to jointly build patient-centric digital
health technology services to reduce inequities, promoting
greater patient access to and use of high-quality digital health
technology services. First, policymakers and medical
decision-makers should promote digital health technologiesto
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poverty-stricken areas and provide low-income patients with
free and high-quality health information resources and services,
asappropriate[56]. Second, medical ingtitutions should simplify
the web-based service process and create channels for family
members, relatives, friends, and physicians to make
appointments. Manual service windows, such as registration,
payment, and printing test results, should be reserved to deliver
a combination of web-based and offline medical services[24].
Third, related institutions should increase investment in
education and train individuals in health literacy or health
information literacy to improve health outcomes and reduce
health inequities [44]. Meanwhile, it is suggested that relevant
departments should promote and encourage the older adults,
the poor, the poorly educated, and other socially disadvantaged
groupsto use the internet and enrich and standardize the health
information and knowledge of the internet to improve their
eHealth literacy [18,38]. In view of the difficulties in the
application of the internet in daily life, industry training
institutions and experts should be organized to carry out special
training to improve their operational ability with digital health
technol ogies. Finally, when designing tools, health care service
providers must participate in the development of assistive
technologies, simplifying operations to help individuals who
are older, have poor electronic literacy, or are poorly educated
to overcome difficulties in using the internet and consider the
patient’s reading and writing skills and major languages, aswell
as the ways and facilities used [80]. In addition, guide
manufacturers should design and produce special easy-to-use
manuals and video tutorials for the functions of products
commonly used by the older adults [51].

Research Gaps

We found that the literature included in this study still had
certain research gaps. First, from the perspective of research
methods, most of theincluded literature was based on statistical
analysis and a qualitative approach to confirm the influence of
variousfactors such asage on health inequities. Futureresearch
can use machine learning, deep learning, and other methods to
explore the impact of more indicators on health inequality, dig
deeper into the incidence relation between indicators, and then
analyze the causal relationship of related indicators to propose
more targeted countermeasures.

Second, in terms of influencing factors, scholars have studied
objective factors such as age, race, rural residence, hedlth
conditions, and eHealth literacy. However, subjective factors,
such as an individual's willingness to use digital health
technologies and attitudes toward the internet, have not been
studied. Age and education also influence eHealth literacy but
the literature we have included does not study the moderating
effect of age, education, and other factors on the relationship
between eHealth literacy and health inequities. Therefore, future
research could include subjective factors and the social support
received by individualswhile consi dering the moderating effects
of multiple factors.

Finally, from the strategy perspective, the included literature
showed that no more innovative technologies were applied to
socialy disadvantaged groups. In the new digital health era,
people are demanding more high-quality and personalized health
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care services. In the future, services should be provided to
different socially disadvantaged groups based on their population
classification. The integration of multiple digital health
technologies, such as internet multiparty voice call technology
and virtual reality, could be applied to disease diagnosis and
treatment, virtual reality in surgery, telemedicine, and health
management monitoring to assist individual sin obtaining better
health care services.

Limitations

This study had several limitations. First, we only searched the
literature in the three databases of Clarivate Analytics' Web of
Science, PubMed, and Scopus, which may have resulted in the
related literature not being retrieved. Second, owing to thelarge
differences in the types of literature studies and outcome
indicators included in the study, only 17 (41%) of the 41
included articles discussed related health consequences, such
as morbidity and mortality, caused by digita hedth
technologies. Therefore, we failed to perform a meta-analysis
of quantifiable outcome measures. Third, we aimed to reduce
publication bias, and although our inclusion criteriawere broad,
our search was limited to articles written only in English.
Finally, the decision to exclude gray literature, including books
and reports, might have led to the exclusion of relevant literature
that could possibly have been used to widen or further support
the perspectives presented in our results. Nevertheless, as gray
literature includes reports and documents often drafted by
political or special-interest organizations, it is more difficult to
assess underlying biases, which may negatively add biasto our
results.

Acknowledgments

Yao et a

Conclusions

This scoping review investigates the existing literature on
inequities in health care services caused by the adoption of
digita health technologies. We identified health inequities
brought about by digital health technologies, related influencing
factors, and countermeasures against the inequities. Theresults
of the review show that health inequities caused by the adoption
of digital health technologies in health care services can be
reflected in the following two dimensions: the inability of the
population to obtain and adopt technology (eg, no access to
technology) and the different disease outcomes among
populations under technical intervention measures (eg, disease
mortality). In addition, this study found that factors (including
age, race, region, economy, and education level), hedth
conditions, and eHealth literacy had an impact on theinequities.
Government agencies, medical institutions, digital technology
providers, and health care service receivers need to initiate
relevant actions to reduce these inequities. Considering the
increasing number of health technol ogy interventions provided
by mobile technologies, digital health plans that may bring
inequities should beimplemented and eval uated more carefully.
Meanwhile, all parties should pay attention to the impact of
individual subjectivefactors, social support, and theinteractions
of different factors. The results of this review can help socialy
disadvantaged groups acquire and usedigital health technologies
more efficiently, thereby ensuring health equity among different
groups of citizens and achieving social equity and social
stability.
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Abstract

Background: Medical crowdfunding provides opportunities for individuals who lack financial resources to access the health
services that they need. Despite the popularity of medical crowdfunding, the current understanding of the success of medical
crowdfunding campaigns is fragmented and inadequate.

Objective: We aimed to comprehensively investigate which factors lead to the success of medical crowdfunding campaigns.
Methods: A search was conducted in PubMed, PsycINFO, Web of Science, ACM Digital Library, and ScienceDirect from

2010 to June 2020. Papers directly and indirectly related to the success of medical crowdfunding campaigns were included. Two
reviewers independently extracted information on the success of medical crowdfunding campaigns.

Results: Our search yielded 441 articles, of which 13 met theinclusion criteria. Medical crowdfunding isincreasingly attracting
academic attention, and most studies leverage text analysis as their research methods; however, there is alack of consensus on
thedefinition of medical crowdfunding among researchers. Four categoriesof factorsthat affect the success of medical crowdfunding
were identified: platforms, raisers, donors, and campaigns.

Conclusions: Although somelimitations exist in our systematic review, our study captured and mapped literatures of the success
of medical crowdfunding campaigns systematically, which can be used as the basis for future research on this topic.

(J Med I nternet Res 2022;24(3):€30189) doi:10.2196/30189

KEYWORDS

medical crowdfunding; success factor; systematic review; methodology; theories; preconceptions; crowdfunding; fundraising;
financial resources; health care

crowdfunding websites for medical expenses is expected to
increase by 25% annually [3]. Web-based medical crowdfunding
emerged after 2008, during which the economic crunch led to

Introduction

Crowdfunding has a massive impact on how people access

health care services [1]. Due to the low requirements and easy
set-up of crowdfunding websites, the usage of crowdfunding
platformsfor health-related fundraising is growing increasingly
popular. Crowdfunding platforms, such as GoFundMe,
Kickstarter, and FundRazr, are highly utilized for raising funds
for a variety of causes, especialy medical needs [2]. Some
crowdfunding websites report that the category medical
campaigns ranks as the top-grossing [3]. The usage of

https://www.jmir.org/2022/3/€30189

an equally enthusiastic increase in the use and accessibility of
social media platforms [4]. Medica crowdfunding is
donation-based and is used to raise money for those who have
medical costs. Medical crowdfunding may represent how people
respond to the gaps in national health payment systems [5];
many health needsthat are not met by national health insurance
coveragearereflected in medica crowdfunding platforms[5-7].
The lower the national insurance coverage, the greater the
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number of medical crowdfunding projects [8]. The benefits of
medical crowdfunding include expanding funder participation
in the health market, improving the access to financial support,
drawing funding to neglected healthissues, and improving socia
engagement [9]. Medical crowdfunding also has been shown
to reduce the rate of personal bankruptcy [10]; therefore, it is
becoming an important way to deal with medical financial
issues.

Generally, the success of a medical crowdfunding campaign
could be defined as the degree to which the medical
crowdfunding campaign achieves or exceeds the goals set by
fundraisers. However, despite the convenience and popularity
of medical crowdfunding websites, the successrates of medical
crowdfunding campaigns on different platforms vary
dramatically. For example, in China, campaigns have been
reported to achievejust 18% of their goals[11], whereas, inthe
United States, medical crowdfunding campaigns have achieved
over 40% of their goals on average [4]. Overal, only 10% of
medical crowdfunding campaigns have been reported to reach
their fundraising target [4], and some campaigns reach their
fundraising targets within a short time, while others struggle to
raise their target amount. Success factors of medical
crowdfunding campaigns are factorsthat lead the campaignsto
achieve or exceed the target amount [12]. Thus, knowing these
factors could help improve the success rate of medical
crowdfunding campaign.

Medical crowdfunding can not only make up for the deficiencies
of health insurance systems but can al so address problems such
aslimited financing channels and low private capital utilization
rates[1,13,14]. However, the negative consegquences of medical
crowdfunding have also become apparent and have been
increasing [3,15-17]. Factors such aslow-entry barriersto launch
or donate to campaigns, too much separation between raisers
and donors, and anonymity could increase the risk of fraud in
medical crowdfunding campaigns [18,19]. In addition, the
current understanding of medical crowdfunding successfactors
is limited. The importance and potential issues of medical
crowdfunding have stimulated the interest of academic
researchers [20]. Although the success factors of medical
crowdfunding campaigns have been previously considered, each
study has examined the factors from different perspectives and
using samples from different countries. For example, Durand

Hou et al

et al [12] analyzed successfactors only from text features. Thus,
current literature on the successfactors of medical crowdfunding
campaigns is segmented, lacking the ability to give a holistic
understanding of the factors. A systematic review [21] was
needed to systematically search, criticaly appraise, and
synthesize studies, to explore the success factors of medical
crowdfunding campaigns. We aimed to comprehensively and
systematically investigate the factors leading to the successes
of medical crowdfunding campaigns.

Methods

Overview

We chose to conduct a systematic review, rather than choosing
another method, for the following reasons: First, a systematic
review could provideacomprehensive understanding concerning
the success factors of medical crowdfunding campaigns. The
comprehensive understanding could be asolid basis for further
studies on this topic. Second, a systematic review could limit
biasinidentifying and rejecting bias by using explicit methods.
Third, conclusions of the systematic review may be more
reliable and accurate because it summarizes previous literature
systematically. Fourth, the findings of systematic review could
be used to reduce the delay between scientific discoveries and
implementation. The generalizability of findings could be
established by comparing studied success factors of medical
crowdfunding campaigns [22].

Literature Search

We used PubMed, PsycINFO, Web of Science, ACM Digital
Library, and ScienceDirect databases. These databases were
chosen because they cover most disciplines that study medical
crowdfunding, namely, medicine, information, psychology,
global health, computer science, and business economics.
Keywords and synonyms used in this search revolved around
2 concepts—crowdfunding, and health (Textbox 1). Database
searches were conducted on June 8, 2020 by 2 authors (LZ and
XH) with Library and Information Science expertise. Theresults
were exported to Zotero (version 5.0.0.0; Corporation for Digital
Scholarship) and organized into folders by database. PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-analyses) was used to document the review process was
used.

Textbox 1. Search strategy. The terms were searched in keyword, Boolean/phrase search modes, and al fields, within PubMed, PsycINFO, Web of

Science, ACM Digital Library, and ScienceDirect respectively

« 11 crowdfunding or crowd funding
e 22 hedth or disease or illness or medical or hospital or treatment

e 331and2

Inclusion and Exclusion Criteria

Papers that focused on the success of medical crowdfunding or
other factors related to the success of crowdfunding (eg,
narrative strategies and ethical factors of medical crowdfunding)
published between 2010 and 2020 (because medical
crowdfunding emerged after 2008) within conference
proceedings or journals were included, and papers without

https://www.jmir.org/2022/3/€30189

research design details or results or not be written in English
were excluded.

Quality Assessment

Papers were rated for quality using the McGill Mixed Methods
Appraisal Tool version 2018 [23]. Its internal reliability,
usability, and content validity have been verified in several
studies [24,25]. Quality criteria are applied based on the study
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design (qualitative research, quantitative research, mixed method
research) and methodology (such as randomized controlled,
nonrandomized and descriptive studies). We used criteria [23]
for quantitative descriptive studies: (1) Isthe sampling strategy
relevant to address the quantitative research question? (2) Isthe
sample representative of the population understudy? (3) Are
measurements appropriate? (4) s there an acceptabl e response
rate