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Abstract

Background: Osteoarthritis (OA) is a chronic, debilitating, and degenerative joint disease. However, it is difficult for patients
with knee OA to access conventional rehabilitation when discharging from the hospital. Internet-based rehabilitation is one of
the promising telemedicine strategies to provide a means combining monitoring, guidance, and treatment for patients with knee
OA.

Objective: Theaim of this study wasto conduct a systematic review and meta-analysis for assessing the effect of internet-based
rehabilitation programs on pain and physical function in patients with knee OA.

Methods: Keywords related to knee OA and internet-based rehabilitation were systematically searched in the Web of Science,
MEDLINE, EMBASE, CENTRAL, Scopus, PEDro (Physiotherapy Evidence Database), CNKI, SinoMed, and WANFANG
databases from January 2000 to April 2020. Only randomized controlled trialswereincluded. The authorsindependently screened
the literature. The main outcome measures were focused on pain and physical function. A meta-analysis was performed on the
collected data. Review Manager (RevMan, version 5.3) was used for all analyses.

Results:  The systematic review identified 6 randomized controlled trials, 4 of which were included in the meta-analysis,
comprising atotal of 791 patients with knee OA. The meta-analysis with the fixed-effects model showed that the internet-based
rehabilitation programs could significantly alleviate the osteoarthritic pain for patients compared with conventional rehabilitation
(standardized mean difference [SMD] —0.21, 95% CI —-0.4 t0o—-0.01, P=.04). No significant difference wasfound in theimprovement
of physical function in patients with knee OA compared with conventional rehabilitation within 2 to 12 months (SMD —0.08,
95% Cl -0.27 t0 0.12, P=.43).

Conclusions: This systematic review shows that internet-based rehabilitation programs could improve the pain but not physical
function for patients with knee OA. However, there was a very small number of studies that could be included in the review and
meta-analysis. Thus, further studies with large sample sizes are warranted to promote the effectiveness of internet-based
rehabilitation and to develop its personalized design.
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Introduction

Osteoarthritis (OA) is a chronic, debilitating, and degenerative
joint disease, which iswidely considered as a significant threat
to heathy aging [1-3]. A recent estimation revealed that
approximately 250 million individuals are suffering from OA
worldwide, and the knee joint is the most frequently affected
joint with an incidence of 16%-17% among people aged 50 to
75years[4,5]. Chronic pain and impaired physical function are
recognized asthe main issues affecting quality of lifefor patients
with knee OA [6,7]. Physical therapy is one of the effective
methods that is commonly prescribed for patients with knee
OA to aleviate pain and improve physical function [8-10].
However, it is difficult for patients with knee OA, who are
mainly middle-aged to elderly, to access conventional
rehabilitation programs that are monitored and guided by
physicians or therapists when discharging from the hospital [4].
Thus, it is necessary to develop telerehabilitation strategies to
provide the opportunity to access professional rehabilitation
programs and guides for improving the long-term outcomes of
pain and physical function for patients with knee OA.

The advent of telemedicine hasfacilitated the access of patients
to real-time communication with professional physicians or
therapists[11-13]. Telerehabilitation has been developed in the
fields of physical medicine and rehabilitation to support
continuous rehabilitation services for patients with disabilities
[14]. Several types of telerehabilitation services have been
proposed, including video conference, telephone conference,
and web-based knowledge platforms [15-17]. Of these,
internet-based rehabilitation, which combines internet
technologies with physical medicine and rehabilitation, could
vastly promote accessibility to professional physicians or
therapists for patients, even for those residing in remote areas
[18,19]. The feasibility of internet-based rehabilitation and its
effect have been investigated in patients with stroke [20,21],
chronic obstructive pulmonary disease [22-25], Parkinson
disease [26-28], multiple sclerosis [29,30] and following knee
arthroplasty [31,32].

Despite the increasing popularity of these internet-based
rehabilitation programs, there is insufficient evidence to
demonstrate their effectiveness for patients with knee OA.
Positive results have been shown in some studies in which
specific programs of internet-based rehabilitation could improve
pain and physical function for patients with knee OA as
compared with conventional rehabilitation [33,34]. However,
different views have al so been put forth, indicating no significant
change in OA-related pain and physical function during
long-term follow up of 12 months [35,36]. To our knowledge,
there has been no meta-analysis of randomized controlled trials
(RCTs) assessing the effects of internet-based rehabilitation
programs on improvement of pain and physical function in
patients with knee OA. Therefore, the aim of this systematic

https.//www.jmir.org/2021/1/e21542

review and meta-analysis was to assess the effect of
internet-based rehabilitation programs on the pain and physical
function of patients with knee OA, and to evaluate the specific
components (eg, exercise guidance, knee OA education)
designed for each of the internet-based rehabilitation programs
reported to date.

Methods

Study Protocol and Registration

All analyses were based on data from previously published
studies. Thus, no ethical approval or patient consent was
required. The review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [37]. The apriori protocol for the review
is published in the International Prospective Register of
Systematic Reviews (PROSPERO): CRD42019137907.

Information Sour ces

The following electronic databases were searched to identify
relevant studies from January 2000 to April 2020: Web of
Science, MEDLINE, EMBASE, CENTRAL, Scopus,
Physiotherapy Evidence Database (PEDro), CNKI, SinoMed,
and WANFANG. Relevant journals, conference proceedings,
and reference listswere manually searched to identify additional
studies.

Search and Eligibility Criteria

Overall Search Strategy

The search was performed using acombination of thefollowing
keywords on May 1, 2020: (osteoarthritis or osteoarthrosis or
cartilage or degenerative arthritis) AND (telemedicine or
e-health or telehealth or telerehabilitation or internet or web or
online or app or wearable or sensor) AND knee. The search
strategies for each database are presented in Multimedia
Appendix 1. In addition, the literature was searched manually
fromthereferencelistsof the articlesidentified from the search
of the electronic databases. Theinclusion and exclusion criteria
of the studieswere based on the PICO (Population, | ntervention,
Comparison, Outcome) method [38,39].

Studies

RCTs regarding the effect of internet-based rehabilitation
programsfor patientswith knee OA wereincluded in the review.
The included studies were published in English or Chinese.
Articles were excluded if the study was a non-RCT or
nonclinical trial. Abstracts from meeting proceedings with no
corresponding full article published in a peer-reviewed journal
or no specific data provided even after contacting the author
were excluded.
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Participants

The studies involved participants aged above 18 years, who
were diagnosed with knee OA by a physician or self-reported
a physician diagnosis along with matching items based on the
American College of Rheumatology clinical criteria [40,41],
and had not undergone knee arthroplasty.

I nterventions

Studies that were included in the review compared the effects
of internet-based rehabilitation programs with conventional
rehabilitation (eg, rehabilitation performed in the clinic or
hospital) or waiting without any therapy. Internet-based
rehabilitation could be the only intervention or could be
combined with another form of physiotherapy. The
internet-based rehabilitation programswere performed through
videos or graphic knowledge demonstrations, real-time
communication with physicians or therapists, and group
discussions to promote the self-rehabilitation for individuals
with knee OA.. Rehabilitation methodsinclude exercise, patient
education, and self-management. Interventions used for
participants had to be internet-based such asby email, websites,
or software systems. Studies using noninternet technology
support or not explicitly stating that internet technology was
used to support the intervention were excluded, such as
telephone, DVD, and cable television.

Outcome Measures

The main outcome measures were focused on pain (eg, the
Western Ontario and McMaster [WOMAC] pain subscale, visual
analog scale[VAS], Numerical Pain Rating Scale[NPRS]) and
physical function (eg, WOMAC functional subscale, 30-second
chair stand test, Timed Up and Go Test [TUG], and Knee I njury
and OA Outcome Score [KOOS] functional subscale) for
patients with knee OA. The primary outcome scale or the most
representative scale was selected for analysisif multiple scales
were used to evaluate the same outcome index in a study.

Search M ethods for |dentification of Studies

Two authors (LW and L QW) independently reviewed the search
results and screened the titles, abstracts, and full texts of
identified referencesto select potentially eligible studies, which
were imported into EndNote X8 (Clarivate Analytics,
Philadelphia, PA, USA).

Data Extraction and M anagement

Two authors (LW and LQW) completed data extraction
independently and assessed the risk of bias for the included
studies. A final decision was made after discussion with authors
QW and CH in cases of any disagreement related to the data
extraction process. Finally, the data were summarized in a
previously standardized worksheet of Excel for Windows 2010.
When the reported data were insufficient, we contacted the
authors for more information.

The extracted dataincluded: basic information of the study (eg,
first author, year of publication, country, email address of the
corresponding author); risk of bias (based on the PEDro scale)
[42]; participants (overall sample size and sample size for each
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condition, overall mean age and the mean agefor each condition,
and the number of men and women); type of intervention for
the experimental group (name of the program, components of
the program, intervention time, delivery location); type of
intervention for the control group (same as above); and outcomes
(eg, the WOMAC pain and functional subscale, VAS, TUG).
Outcomesreported as continuous variables are presented asthe
mean (SD).

Quality Assessment

Quiality assessmentswere performed with the PEDro scale[42].
The PEDro tool isbased on the Delphi List criteria, which was
used to evaluate the methodological quality in this study, and
isconsidered to be valid and reliable [42-44]. All included trial
reports were checked in the PEDro database to confirm their
PEDro scale score. Considering that criterion 1 was not utilized
to calculate the score, the sum of the other criteria could have
a maximum of 10 points. Trials with a score =6 points were
classified as“ good,” whereas those with a score <5 pointswere
graded as “poor” [45]. The poor-quality studies were excluded
from the analysis. The quality of studies was assessed by two
authors (SX and KS) using the PEDro scal e and associated notes
on administration of the PEDro scale [46] independently if a
scorewas not availablein the PEDro database [47]. Any dispute
was settled through discussion or with consultation of athird
reviewer (QW).

Statistical Analysis

The mean (SD) of continuous outcome variables after therapy
was used to calculate the total effect size viathe mean difference
and 95% CI. The standardized mean difference (SMD) was
calculated when studies used different methods or scales to
measure the same outcome. We assessed heterogeneity visually
and based on the |2 dtatistic [48]. The forest plots for the
meta-analysis are presented along with a description of the
results. A random-effects model was applied when substantial
heterogeneity was observed (P<.05 or 12>50%); otherwise, a
fixed-effects model was used [49]. Review Manager version
5.3 (Cochrane Collaboration, Copenhagen, Denmark) was
employed for the statistical analyses and to produceforest plots.

Results

Search and Selection

A total of 697 publications were retrieved through electronic
searching from the databases. After exclusion of the duplicated
studies and irrelevant subjects viathe initial screening of titles
and abstracts, 12 articles were systematically reviewed with 6
studies further excluded due to low quality based on a PEDro
score <5 points. Thelist of eligible studies was sent to experts
inthe field to confirm that no other studies could be identified.
In addition, the final articlesincluded in the systematic review
and meta-analysis were determined according to the guidelines
of Cochrane Handbook for Systematic Reviews of Interventions
[50Q]. Finally, 6 studieswereidentified for the systematic review,
4 of which wereincluded in the meta-analysis, involving atotal
of 791 patients with knee OA (Figure 1).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) flow diagram. CENTRAL: Cochrane Central Register of
Controlled Trials; EMBASE: ExcerptaMedicaDatabase; MEDLINE: Medical Literature Analysisand Retrieval System Online; PEDro: Physiotherapy
Evidence Database; CNKI: China National Knowledge Infrastructure.
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L United States [35,51], onefrom Australia[33], one from China
Study Characteristics [34], one from Brazil [52], and one from the Netherlands [53].
The baseline descriptive characteristics (country, sample size,  The mean age of patients with knee OA ranged from 53.1 (SD
age, and gender) of the 6 studies included in the systematic  8.5) t0 72.25 (SD 8.84) years, and all studiesincluded both men
review are summarized in Table 1. Two studies were fromthe  and women.
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Table 1. Baseline descriptive characteristics of studiesincluded in the systematic review.

Reference,  Patient characteristics Comparison Intervention Intervention Outcome
year, country time (weeks)
N Age (years),

mean (SD)
Ailyetd 20(10 Group1(n=10): Group 1: supervised Group 2: same exercise proto- 14 VAS? WOMACS, 30-s
[52]2 2020, Women, 10 54.8 (8.3); periodized circuit ~ col asgroup 1, but chair stand test, 40-m fast-
Brazil men) Group2 (n=10): trainingwithload  grientations to the exercises paced walk test, stair climb

53.1(859) progression, 3tiMes  prqyided through videos on a test

aweek website, DVD, or YouTube

Huangetal 40(30 Group 1(n=20): Group 1: convention-  Group 2: conventional rehabili- 24 WOMAC
[34] a op19, Women, 10 72.25(8.84); a rehgpilitati onin tation plusabrief GOHd—based
China men) Group2(n=20): - the clinic intervention (educational lec-

67.25 (10.97) tures, medical suggestions, and

psychotherapy)

O’'Moore 69 (55 Group1(n=25): Group 1: treatment  Groyp 2: iCBT® program for 10 ASES’, WOMAC
[33]3 2018, Women, 14 59.68(6.01);  asusud. depression added to treatment
Australia men) Group 2 (n=44): asusual

63.16 (7.38)
Allenet a 350(251  Groupl Group 1: physiother-  Group 3: internet-based exer- 48 WOMAC, 30-schair stand,
[35]2 2018, Women, 99 (n=140): 65.7  apy (evidence-based cisetraining TUGY, 2-min step test, uni-
United men) (10.3); Group 2  approach); Group 2: lateral stand time
States (n=68): 64.3 wait without any

(12.2); Group 3 therapy

(n=142): 65.3

(11.5)
Rini et al 113 (91 Group 1(n=55): Group 1: wait with- Group 2: PainCOACH program 8-10 AIMS2" 5-item arthriti spain
[51], 2015, women, 22 66.67 (11.02);  out any therapy through the internet subscale, ASES, AIMS2
United men) Group 2 (n=58): subscales rdlevant to lower
States 68.52 (7.65) extremity functioning, 20-

item PAS§, AIMS2 comor-
bidities subscale

Bossenetal 199(129  Group1(n=99): Group L:waitlist  Group2: Join2move, afully 48 Seff-reported PAJ (PASE

[53],2013, women, 70 63.0 (5.4); control without any  automated web-based interven- and ActiGraph GT3X triaxi-

Netherlands  men) (C;r:fgoi 610 therapy tion without human support d accelerometers), Kood
o 1 61. (functional subscale), self-

perceived effect, NRS™,
ASES

4 ncluded in the meta-analysis.

BWOMAC: Western Ontario and McMaster Universities Osteoarthritis index.
SVAS: visual analog scale.

4GOH: Guangdong Online Hospital.

S§iCBT: internet cognitive behavior therapy.

ASES: Arthritis Self Efficacy Scale.

9TUG: Timed Up and Go Test.

PAIMS2: Arthritis Impact Measurement Scale 2.
IPASS: Pain Anxiety Symptoms Scale.

ipa; physical activity.

KpASE: Physical Activity Scale for the Elderly.

'KOOS: Knee Injury and Osteoarthritis Outcome Score.
MNRS: numeric rating scale.

. United States developed an internet-based exercise training
Intervention Programs program (IBET) containing tailored exercises, exercise
Theinternet-based rehabilitation programsusedintheincluded  progression, video demonstrations, automated reminders, and
RCTs are summarized in Table 1. Various internet-based  guidance on progression for patientswith OA. Participantswere
rehabilitation programs have been developed in the included  encouraged to complete strengthening and stretching exercises
studies. To promote physical fitness, Allen et a [35] from the &t |east 3 times per week and to engage in aerobic exercises
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daily [35]. Similarly, Rini et a [51] from the United States
developed the PainCOACH program, which is a web-based
platform that offers physical, psychological, and occupational
therapies. PainCOACH includes 8 modulesrelated to cognitive
or behavioral pain coping skills in a self-directed manner (eg,
without therapist contact) at afrequency of one per week. Each
module took 35 to 45 minutes to complete [51]. Huang and
colleagues [34] from China developed an internet-based
rehabilitation program for patients with knee OA comprised of
three broad segments: encouragement, educational lectures, and
medical issues, each of which could be completed within 20-30
min in an independent manner. In Australia, O’ Moore and
colleagues [33] studied the effectiveness of an internet-based
cognitive-behavioral therapy (iCBT) program for older adults
with knee OA. TheiCBT Sadness Program consists of six online
lessons assigned as regular homework and provides access to
supplementary resources. Aily and colleagues[52] from Brazil
allowed patients with knee OA to utilize awebsite or YouTube
videos for rehabilitation at home 3 times a week. They also

Table 2. Assessment of methodological quality using the PEDro scale.

Xieetd

provided periodic telephone calls to motivate, clarify, and
monitor the performance of patients. In addition, a
behavior-graded activity program named Join2move was
developed by Bossen et a [53] in the Netherlands with the aim
of promoting the self-management of behaviors of patientswith
knee OA when they are at home or in the community setting.
The intervention period ranged from 8-10 weeks [51] to 48
weeks [35,53] (Table 1).

Risk of Bias

All 6 studiesincluded in thereview scored greater than 6 points
on the PEDro scale (Table 2). Even though the greatest risk of
biasliesin the nonblinding of participants, in general, the total
score of the 6 studies showed high methodol ogical rigor [54,55]
despite the fact that al studies had inadequate blinding of
participants and therapists, and 2 studies had inadequate blinding
of outcome assessors. One study did not provide adequate follow
up. Two studies did not perform an intention-to-treat analysis.
Overall, the methodological quality of theincluded studieswas
assessed as “good.”

Quiality metric Aily et a [52] Huang et al [34] O'Mooreetal [33] Allenetal [35] Rini et a [51] Bossen et a [53]
Eligibility criteria Yes Yes Yes Yes Yes Yes
Random allocation Yes Yes Yes Yes Yes Yes
Concealed allocation Yes Yes Yes Yes Yes Yes
Baseline comparability Yes Yes Yes Yes Yes Yes
Blinded subjects No No No No No No
Blinded therapists No No No No No No
Blinded assessors No Yes Yes Yes Yes No
Adequate follow up Yes Yes Yes Yes Yes No
Intention-to-treat analysis No No Yes Yes Yes Yes
Between-group comparisons  Yes Yes Yes Yes Yes Yes
Point estimatesand variability Yes Yes Yes Yes Yes Yes
Total score® 6 7 8 8 8 6
Quiality assessment Good Good Good Good Good Good

3Eligibility criteriadid not contribute to the total score: 1=yes, 0=no.

Outcomes of Interest

Pain

Pain is the most disabling symptom for patients with knee OA
[5]. Six studies included in the review evaluated the effect of
internet-based rehabilitation on osteoarthritic pain. The
WOMAC pain subscale was used in 4 studies [33-35,52], with
scores on the pain subscale ranging from 0 (no dysfunction) to
20 (maximum dysfunction) based on a 5-point Likert format,
or ranging from O (no dysfunction) to 50 (maximum
dysfunction) with the 11-box numerical rating scale format [56].
Inthestudy of Aily et a [52], the WOMAC and VASwere both
used to assess pain. The VAS is a 100-mm line and the
participants are required to place a mark between the left side
(O, representing “no pain™) and the right side (100, representing
“the worst pain imaginable”). The 10-NPRS and the Arthritis

https.//www.jmir.org/2021/1/e21542

Impact Measurement Scale 2 (AIMS2) were used in the other
two studies, respectively [51,53]. The NPRS is scored in a
similar manner to the VAS, except that the NPRS is scored from
0to 10 (0 means no pain and 10 meansthe worst possible pain).
AIMS2 is comprised of a 5-item arthritis pain subscale
indicating the severity of arthritis pain (1 means severe and 5
means none) and the frequency of severepain [57]. A study that
did not apply the WOM AC function subscal e measures showed
a significant improvement in patients with knee OA after 3
months of internet-based rehabilitation based on the NPRS, but
no significant change was observed after 12 months compared
with the control group [53]. In another study using the AIMS2
pain subscale, the pain after 8-10 weeks of internet-based
rehabilitation wasfound to be significantly improved in women
but not in men compared with that of the control group [51].

JMed Internet Res 2021 | vol. 23 | iss. 1 [e21542 | p.14
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

The meta-analysis on the effect of internet-based rehabilitation
on osteoarthritic pain as measured by the WOMAC pain
subscale contained 4 independent studies, involving atotal of
411 participants [33-35,52]. We did not find evidence of

significant heterogeneity among these studies (1°=0%, P=.77);

Xieetd

therefore, a fixed-effects model was used. The meta-analysis
showed that internet-based rehabilitation could significantly
reduce the pain of patients with knee OA compared with
conventional rehabilitation as assessed by the WOMAC pain
subscale (SMD -0.21, 95% CI -0.4 to —0.01, P=.04; Figure 2).

Figure 2. Forest plot of included studies comparing the effect of the internet-based intervention and conventional rehabilitation on pain according to
the Western Ontario and McMaster Universities Osteoarthritis (WOMAC) pain subscale.

Internet-based rehabilitation pregram Conventicnal therapy

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean sD Total _Mean SD  Total Weight IV, Fixed, 95% C1 IV, Fixed, 95% C|
Ally, J.2020 31 25 10 286 16 10 4.9% 0.23 [-0.65, 1.11]
Allen.2018 485 238 142 54 2.87 140 69.6% -0.21 [-0.44, 0.03] i
Huang.2019 71 6.55 20 1008 12128 20 9.8% -0.30 [-0.92, 0.32]
O'Moore K, A.2018 8.77 3.63 44 9.81 364 25 15.7% -0.28 [-0.78, 0.21] - I
Total (35% CI) 216 195 100.0%  -0.21 [-0.40, -0.01) .
i it = = = 2 =
Heterogeneity: Chi* =112, df =3 (P =0.77); 7= 0% 1 05 0 05 1

Test for overall effect: Z = 2.08 (P = 0.04)

Physical Function

Improving patients' functional conditions is the objective of
rehabilitation for patients with knee OA. Physical function was
assessed in 4 studies using the WOMAC function subscale
[33-35,52]. The total score of the WOMAC function subscale
(17 items) ranges from 0 (no dysfunction) to 68 (maximum
dysfunction) with a 5-point Likert response format or from 0
(no dysfunction) to 170 (maximum dysfunction) with the 11-box
numerical rating scaleformat [56]. One study assessed physical
function using the KOOS function subscale [53]. The KOOS
is a self-administered questionnaire to assess functiona status
regarding the patient’s knee problems on a 5-point Likert scale
[58]. In another study, the AIMS2 subscales were used to
evaluate the function of the lower extremities [51]. The TUG,
40-meter fast-paced walk test, 2-minute step test, unilateral
stand time, and 30-second chair stand test were used to assess
physical function for patients with knee OA in two studies

Internet-based rehabilitation program  Conventional therapy

[35,52]. The studies that did not apply the WOMAC function
subscale measures showed that internet-based rehabilitation
could not significantly improve physical function compared
with the control group [35,52], even compared with the waitlist
group as a control [35]. Only one study suggested that the
physical function could be significantly improved after 3 months
of internet-based rehabilitation compared with the waitlist group.
However, the beneficial effect did not last after 12 months[53].

The 4 studies included in the meta-analysis on the effect of
internet-based rehabilitation on function as measured by the
WOMAC function subscaleinvolved atotal of 411 participants
[33-35,52]. The fixed-effects model was used in this analysis

owing to the low heterogeneity (1°=0%, P=.71). The results
indicated that internet-based rehabilitation could not
significantly improve the physical function of patientswith knee
OA compared with the control group according tothe WOMAC
function subscale (SMD -0.08, 95% CI -0.27 to 0.12, P=.43;
Figure 3).

Figure 3. Forest plot of included studies comparing the effect of the internet-based intervention and conventional rehabilitation on physical function
based on the Western Ontario and McMaster Universities Osteoarthritis (WOMAC) function subscale.

Internet-based rehabilitation program Conventional therapy

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean sD Total _Mean SD__ Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Aily, J.2020 9.1 65 0 65 58 10 4.8% 0.40 [-0.48, 1.29]
Allen 2018 18.4 10.026 142 193 11.905 140 60.6%  -0.08 [-0.32,0.15) —i—
Huang,2019 24.46 26.14 20 304 2506 20 9.8%  -0.23[-0.85,0.39] —
O'Moore K, A.2018 26.7 18 44 3012 1088 25 157%  -0.12[-0.61,0.37] —_—
Total (95% CI) 216 195 100.0%  -0.08 [-0.27,0.12] -
Heterogeneity: Chi*=1.39, df =3 (P =0.71); 2= 0% 0.5 0 0.5 1

Test for overall effect: Z = 0.79 (P = 0.43)

Discussion

Principal Findings

This systematic review and meta-analysis investigated whether
internet-based rehabilitation programs could effectively improve
the pain and physical function in patients with knee OA. The
findings showed that internet-based rehabilitation could
significantly improve the pain of patients with knee OA but not
the physical function. Qualitative synthesis was performed for
6 studies and the meta-analysis was performed for 4 studies,
comprising atotal of 791 patients with knee OA. These triads
showed good methodological quality asassessed by high PEDro
scores (>6). However, only avery small number of studiescould
be included in the review.

https.//www.jmir.org/2021/1/e21542
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Internet-based rehabilitation program  Conventional therapy

Knee OA often causes pain, which is a significant reason for
patients to be admitted to the hospital. This meta-analysis
showed that internet-based rehabilitation could assist patients
with knee OA to self-manage and even relieve their pain after
they are discharged from the hospital. The programs such as
IBET and the web-based intervention Join2move were
demonstrated to be effective for pain reduction in patients with
knee OA [35,53]. The IBET program focused on exercise
interventions tailored to patients' needs, and played arole in
pain control [35]. Similarly, Join2move, developed by Bossen
and colleagues [53], adopts a behavior-graded activity program
to assist patients with OA to gradually increase their daily
activities in afixed amount of time [53]. These internet-based
rehabilitation programs could combine various interventions
based on the patient’s behavioral, psychological, family, and
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socia factors, which can be carried out at home or in the
community setting to alleviate osteoarthritic pain.

Furthermore, knee OA could lead to the decline of patients
physical function such as walking, shopping, and housework
[59]. This metaanalysis showed that internet-based
rehabilitation could not significantly improve the physical
function of patients with knee OA compared with conventional
rehabilitation. Allen et a [35] reported that patients who
underwent 12 months of internet-based strengthening and
stretching exercises at least 3 times per week did not obtain a
significant improvement of physical function compared with
those who received conventional rehabilitation through
face-to-face supervised exercise. Even though the patients
physical function could be improved after 3 months of the
Join2move internet-based rehabilitation, the positive effects
were not detectable at follow up of 12 months compared with
the waitlist group [53]. It was postulated that the undetectable
improvement after internet-based rehabilitation might be due
to thefact that the recruited participants often had better baseline
physical function and could accomplish the tasks assigned by
the programs [60,61]. Alternatively, we also speculate that
functional improvement may require alonger-term intervention
and more intervention formsthat can integrate daily lifefactors
and improve lifestyle function, rather than simply the external
exercise components. These results are comparable with the
results of other meta-analyses [62,63]. Wang et a [62] showed
that a telerehabilitation program (eg, telephone
counseling/coaching, video conferencing) could be effective
for pain control but not for functional improvement in patients
after knee OA replacement surgery. Another systematic review
also showed that the improvements in physical function were
not significant for patients with knee OA through
telerehabilitation exercise compared with either control or
waitlist groups [63].

Itiscritical for the designersor health care providersto develop
appropriate  modules comprised in the internet-based
rehabilitation programs. In this systematic review, we found
that the programs for knee OA possessed some common
modul es such as exercise guidance, psychological intervention,
knee OA education, and cognitive behavior management. In
addition, the different programs were manifested through the
specific modules. For example, the PainCOACH program
focused on the behavioral and cognitive management of pain

Xieetd

control for patients with knee OA, whereas the Join2Zmove
program aimed to enhance the physical function [51,53]. Inthe
future, comprehensive and personalized modules will need to
be devel oped to achieve theintegration of facilitiesand patients
in the community or home setting, and to monitor the safety
and progress via wearable devices when performing exercises
or behavior management for patients with knee OA. The
modules designed for each individual can be personalized based
on big data analysis collected from the wearable devices.

Limitations

Thereare several limitationsto thisstudy. First, therewere only
6 studies that could be included in the systematic review and
only 4 studies that were €ligible to be included in the
meta-analysis. Thus, more high-quality RCTswith larger sample
sizesin thisfield are needed. Second, the included participants
were mainly patients with knee OA who had not undergone
arthroplasty or other surgical interventions. Third, the outcome
measures used to assess pain and physical functionincluded in
the studies of internet-based rehabilitation were subjective.
Fourth, analyses of moderator variables on the effects of the
internet-based rehabilitation programs (eg, age, gender, sample
size) were not performed. Fifth, considering the diversity of
outcome indicators and the small number of included studies,
only the studies using the WOMAC scale were included in the
meta-analysis to ensure the reliability of the study and
comparison. We plan to update this systematic review and
meta-analysis with the increase of research on internet-based
rehabilitation for knee OA in the future. Finally, only 2 studies
included a follow-up period of 12 months, indicating alack of
assessments on the long-term effects of internet-based
rehabilitation.

Conclusion

Internet-based rehabilitation isapromising strategy for patients
with knee OA to obtain access to rehabilitation guidance and
monitoring at home or in the community setting. The results of
this systematic review and meta-analysis indicate that
internet-based rehabilitation programs involving personalized
modules could improve the pain but not the physical function
of patients with knee OA compared with conventional
rehabilitation. More high-quality studieswith large samplesare
needed, with a focus on the long-term outcomes of
internet-based rehabilitation for patients with knee OA.
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Abstract

Background: The use of technological devices can support the self-management of individuals with type 2 diabetes mellitus
(T2DM), particularly in addressing psychological distress. However, there is poor consistency in the literature regarding the use
of psychological instruments for the web-based screening of patients’ psychological distress and subsequent monitoring of their
psychological condition during digital interventions.

Objective: Thisstudy aimsto review previousliterature on the types of psychological instrumentsdeliveredin digital interventions
for assessing depression, anxiety, and stress in patients with T2DM.

Methods: The literature review was conducted using the PsycINFO, CINAHL and PubMed databases, in which the following
termswere considered: diabetes mellitus, measure, assessment, self-care, self-management, depression, anxiety, stress, technol ogy,
eHealth, mobile health, mobile phone, device, and smartphone.

Results: Inmost studies, psychological assessmentswere administered on paper. A few studies deployed self-reporting techniques
employing automated tel ephonic assessment, a call system for screening and monitoring patients’ conditions and preferences, or
through telephoneinterviews viainteractive voi ce response calls, a self-management support program leveraging tail ored messages
and structured emails. Other studies used simple telephone interviews and included the use of apps for tablets and smartphones
to assess the psychological well-being of patients. Finally, some studies deployed mood rating scales delivered through tailored
text message—based support systems.

Conclusions: The deployment of appropriate psychological tools in digital interventions allows researchers and clinicians to

make the screening of anxiety, stress, and depression symptoms faster and easier in patientswith T2DM. Datafrom thisliterature
review suggest that mobile health solutions may be preferred toolsto use in such digital interventions.

(J Med Internet Res 2021;23(1):€17740) doi:10.2196/17740

KEYWORDS
type 2 diabetes mellitus; technology assessment; psychological distress; technology; review; mobile phone

psychological habits. According to several studies, T2DM is
associated with significant psychological impairments,
particularly depression, anxiety, and stress[1-4]. The prevalence
_ ) i . of depression (22.4%) and anxiety (32%) in individuals with
After the diagnosis of type 2 diabetes mellitus (T2DM), people  1p is considerably higher than that in the general population
have to follow new lifestyles by changing their physical and  (109¢). with a negative impact on the disease itself [5]. The
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prevalence of depressive symptomsin older adultswith T2DM
canbeashigh as 79.4% [6]. Indeed, some studies have reported
that high levels of anxiety, depression, and stress tend to cause
impairment in health-related quality of life and poor disease
outcomes[6-9]. Factorsthat affect the quality of life of patients
with T2DM include medical comorbidities[10], older age[11],
female gender [12], and living in rural areas[10]. For instance,
authors have suggested that poor glycemic control isassociated
with the onset of depressive symptoms|[7,8] aswell as diabetes
distress [9], and these symptoms can improve with better
glycemic control. In particular, diabetes distress is different
from psychological distress, asthelatter refersto ageneral state
of emotional disturbance consisting of symptoms of depression
and anxiety [13], whereas diabetes distress or diabetes-specific
distressisaspecific term that describes an emotional statewhere
individuals experience stress, guilt or denial, and the burden of
self-management dueto diabetesitsalf. If such symptomsremain
untreated, mild diabetes distress can result in severe diabetes
distress and/or depression [14,15]. Moreover, individuals with
T2DM who have reported symptoms of anxiety should be
motivated to self-monitor glycemic levels while they are
symptomatic [6]. Indeed, symptoms of anxiety during
euglycemia—a normal level of sugar in the blood—would be
suggestive of an anxiety disorder [6]. People with T2DM also
presented with more stress symptoms compared with individuals
who do not have this chronic disease[16]. Severa studies have
highlighted that stress symptoms can interact with the endocrine
system, thereby involving physical attitude and nutritional
behaviors, by increasing the capacity to control blood glucose
[17]. Individualswith T2DM reguire continuous monitoring by
health care professionals regarding the organic effects of
diabetes; conversely, anxiety, depression, and especially stress
symptoms often remain unrecognized and therefore untreated
[18]. Previous studies have shown that these psychological
symptoms increase the risk of more negative outcomes related
to diabetes, such as glycemic control and impaired
cardiovascular functioning [19]. Indeed, authors have suggested
integrating psychological and medica care to address
psychological symptoms and unhealthy habits (ie, sedentary
lifestyle, poor diet), which often accompany depression, anxiety,
and stress, as they seem to implicate benefits regarding the
disease itself [6], the patients quality of life, and their
psychological well-being. Therefore, early detection and prompt
treatment of anxiety, depression, and stress symptoms can lead
to a better medical prognosis and a better quality of life for
individualswith T2DM. For instance, patientswith this disease
who have received psychological interventions have shown an
increasein satisfaction with treatment [20]. Therefore, asafirst
step, it is important to identify valid tools that can assess the
levels of anxiety, depression, and stress related to T2DM
management to define the appropriate treatment. Within this
framework, technological devices for supporting self-care in
patients with T2DM are increasing globally [21]. In particular,
these instruments are mainly focused on monitoring blood
glucose and physical activities through several technological
devices. The use of technological apps helps support people
with T2DM in the management of their psychological distress
and stress. However, although studies to date have shown
promising results in the use of smartphone apps for diabetes

https://www.jmir.org/2021/1/e17740
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management, there are inconsi stent findings regarding the type
of technological devices through which the best psychological
instruments, developed as paper-and-pencil tools, should be
delivered to achieve a more in-depth screening of patients
psychological distress and thereby better outline the
psychological intervention [22].

Objective

This paper intends to identify and outline the types of
technological devicesthrough which psychological instruments
should be delivered for an accurate assessment of
diabetes-related psychological symptoms, such as stress,
depression, and anxiety, in which technology represents support
aid for self-care and self-management of T2DM. Indeed, a
precise assessment of psychological symptoms through
technologies in the field of diabetes is crucia to identify and
understand problematic areasto better manage the disease itself,
reduce such symptoms, and facilitate the management of the
diseaseitsalf. Although the number of psychologicd instruments
designed specifically for diabetes has increased, reviews of
psychological instrumentsintegrated into technol ogical devices
for assessing psychological symptoms are generally scarce
among patients with T2DM. More specifically, the aim of this
review istwo-fold: (1) to summarize the types of technological
devices used to administer self-report questionnaires for the
assessment of psychological symptomsamong individualswith
T2DM, with a specific focus on the efficacy and usability of
these tools and (2) to summarize the principal instruments as
well astheir psychometric characteristicsto assess psychological
symptoms related to T2DM, with a focus on symptoms of
anxiety, stress, and depression, through the use of technology.

Methods

Study Design

This literature review sheds light on the types of technological
devices through which psychological instruments were used to
assess psychological distress among adults with T2DM. This
review was conducted through the academi c databases PubMed
(360 articles), PsycNFO (165 articles), and CINAHL (239
articles) in which thefollowing terms and their derivativeswere
considered during the search: diabetes mellitus, measure,
assessment, self-care, self-management, depression, anxiety,
stress, technol ogy, eHealth, mobile health, mobile phone, device,
and smartphone. More specificaly, the terms self-care and
self-management have been used as search wordsto find articles
in which technological devices are mentioned. Moreover,
according to the Cambridge Dictionary, the term device refers
to a machine, for instance, a phone or a computer, which can
be used to connect to the internet [23]. In this review, these
search termswere used to identify devices suitable for assessing
psychological distressin T2DM. We began the review with an
examination of the types of technologies through which
psychological questionnaires were administered and continued
by examining the principal instruments for assessing
psychological symptomsrelated to T2DM. We then concluded
the review by providing directions for future work and clinical
implications.
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Inclusion Criteria

The studies included in the review were in line with the
following inclusion criteria: (1) presence of technological
support for mental health assessment delivered to patients with
T2DM; (2) studieswith at least 60% of participantswith T2DM,
in order to have most people with only T2DM, the target
population of this study; (3) studiesthat focused on depression,
anxiety, stress, or other psychological symptoms in patients
with T2DM; and (4) samples comprising adults aged between
18 and 70 years who may present with psychological distress,
with a focus on depression, anxiety, and/or stress symptoms
related to T2DM.

Exclusion Criteria

Studies that met any of the following criteria were excluded:
(1) absence of technological support for mental health
assessment; (2) studies involving patients with other chronic
conditions or primary diseases (eg, cardiovascular disease,
cardiomyopathy, chronic kidney disease) or psychiatric
disorders, according to the Diagnostic and Statistical Manual
of Menta Disorders, 5th Edition [24]; (3) presence of
individualswith therisk of T2DM onset; (4) studiesthat focused
only on monitoring glycemic control or physical activity in
patients with T2DM; (5) presence of cognitive dysfunction in
patients with T2DM; (6) samples based only on individuals
with type 1 diabetes mellitus; (7) studies that took into account
samples of children and adolescents and/or parents supporting
their children with diabetes; and (8) studies that focused on
pregnant women with diabetes.

Results

Included Studies

On the basis of the inclusion and exclusion criteria, 17 articles
were eligible for the literature review.

Types of Technologies Through Which Tools Were
Administered

Most studies (6 articles) were conducted in paper-based
format—at baseline and follow-up—through written
guestionnaires provided by the staff or employing interviews
before the technological intervention to evaluate the
psychological distress and health-related quality of life of
patients with T2DM [25-30]. Furthermore, 4 studies
administered self-reports through the automated telephonic
assessment (ATA), acall system for screening and monitoring
that istailored on patients' conditions and preferences [31-34]
or in 1 study through telephone interviews via the interactive
voice response (IVR) call self-management support program
(ie, tailored messages, structured email) [35]. In addition, in 2
studies, tools were administered through ssimple telephone
interviews [36,37]. In 1 study, questionnaires were delivered
through tablets avail able from asite to assess the psychol ogical
well-being of patients[38], whereas another study used amobile
app [39]. Furthermore, 3 studieswere conducted using the mood
rating scale, which consists of asking the patient “how do you
feel?” through atailored text message—based diabetes support
system (ie, tablets, mobile phone) [38,40,41]. Specifically, the
mood rating scale is integrated into the technology to evaluate
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moods and their patterns over time. The research question
concerning the efficacy and usability of the tools has not found
aclear and complete answer. It seemsthat thisresearch question
was not fully addressed in previousresearch but just tangentially
touched on or inferred as a parallel finding.

Advantages and Disadvantages of Technological
Devices

The use of information and communication technology (ICT)
apps in health care settings is increasing globally. Indeed, a
useful way of communicating preventive methods to the
population is through ICT [42,43]. This is motivated by an
interest in facilitating active participation for people to
self-manage their health aswell as by the need to devel op apps
and platforms, which can be more cost-effective, compared with
traditional approaches, and also to manage chronic conditions,
such as diabetes [44,45]. For instance, the ATA or automated
telephone communication systemsis an app used to deliver both
preventive health care programs and servicesto manage chronic
conditions. Several studies have analyzed the ATA system for
the management of diabetes [46,47], heart failure [48,49],
coronary heart disease [50], and asthma [51] as well as for
health-promating methods, including dietary behavior [52,53]
and physical activity [54,55]. ATA can deliver voice messages
and gather health-related information from patients using voice
recognition programs or touch-tone tel ephone [56], in addition
to, or instead of, the telephone interaction between health
professionals and patients. In particular, ATA has 3
subcategories. (1) unidirectional ATA, which enables one-way,
noninteractive voice communication, including, for instance,
interventions such as automated reminder cals to take
medication; (2) the IVR system, which is the most common
form of two-way real-time communication, allowing automated
tailored feedback based on the monitoring of an individua’s
progress, thereby alowing one-to-one interventions [56,57];
and (3) ATA with additional functions, namely ATA Plus, such
as access to an expert to request support and ask questions via
telephone or face-to-face meetings, and also the délivery of
automated, nonvoice communications such as SMS text
messages or email [58]. ATA—conceived as a data collection
tool—presents several advantages compared with the classical
face-to-face assessment [59], such as simplicity, anonymity,
and low costs [56,60]. Therefore, ATA can allow access to
health care systems 7 days aweek for 24 hours a day, together
with immediate feedback to the patient [61,62]. Indeed, studies
reported higher levels of user satisfaction experience, suggesting
that it is accessible for both patients and health care
professionals [62]. Unlike face-to-face interactions, which can
evoke socidly acceptable answers, |eading to the underreporting
of stigmatizing behaviorsand overreporting of socially desirable
behaviors, ATA can €licit better self-reporting of specific and
sensitive problems (eg, acohol and substance use) and reduce
self-reporting bias [63] as well as health care delivery costs
[64,65]. On the other hand, ATA may aso have disadvantages
such asthe difficulty in catching, interpreting, or responding to
patients nonverbal answersto the interview questions [63,66].
Moreover, people with physical disabilities can have difficulty
in using ATA [67], and some people can prefer face-to-face
interaction rather than ATA [68]. In thisframework, the classical
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telephone interviews, unlike the ATA system, can allow
researchers and cliniciansto obtain additional indications from
the emphasis, intonation, hesitations, and the words used.
However, as with the ATA system, they may have difficulty
understanding the nonverbal responses. Telephone interviews
also include limited telephone coverage in specific areas and
lower response rates [69]. On the other hand, health
professional swho use tel ephoneinterviews as assessment tools
also have the opportunity to request a follow-up. Other digital
solutions mentioned in this review are mobile phones, tablets,
and desktop computers, in which mobile phone apps can allow
real-time tracking of mood status, for instance, in patients with
diabetes [70], anywhere and at any time, and they are
particularly suitable for delivering immediate feedback, which
makes them preferable to tablets and desktop computers.
Moreover, besides being able to send voice and text messages,
mobile phones present more advanced features, such as web
searching, high-quality cameras, a GPS, and sound recording.
Altogether with strong processors and operating systems, large
memories, and high-resolution screens, mobile phones have
turned into handheld computers. In particular, the use of mobile
phonesisincreasing in health care settings (defined as mobile
health [mHealth]), allowing health professionalsto provide easy
and rapid accessto updated medical information [ 71,72]. Indeed,
agreat number of mHealth apps have become useful tools for
health professionals, including health record maintenance and
access, clinical software apps for suggestions within disease
diagnosis, patient management and monitoring, clinical decision
making, and medical training [71,73,74]. Moreover, mHealth
has been found to support better clinical decision making and
improve patient health outcomes [74,75]. On the other hand,
one major issue concerns the security of health information
delivered via mobile phones. mHealth adopts wireless
atmospheric mediato transmit datain the form of radio signals,
which seem to be vulnerable to hackers and therefore to
modification or distortion [76]; moreover, mHealth is closely
networked with other wireless devices [77]. However, most
professionals think that mHealth could significantly improve
health care delivery processes, thereby improving patients
psychophysical health. Indeed, mHealth interventions can reduce
costs, save time, facilitate access to medical information, and
provide a simpler and quicker way for patients and clinicians
to send medical communications. Therefore, the adoption of
mHealth improvesthelifestyle, nutrition, behaviors, and quality
of life of people with various diseases, particularly with chronic
conditions. Thus, mHealth isincreasingly considered to be one
of the best digital solutionsfor the support of individualsin the
management of their disease and theimprovement of their health
conditions [77].

Principal Instrumentsto Assess Psychological
Symptomsin T2DM in the Technology Field

Most studies included in the review reported only the name of
theinstrument, thereby not providing information regarding the
psychometric properties of thetools, such asreliability, validity,
data monitoring, contextual collection, and/or whether the
instrument was specified for the population with diabetes
[28,31,33-36,38,40]. In addition, the reasons for using such
toolswere not described in the analyzed papers; thus, it was not
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possibleto ensure that the scales were used to address diabetes.
In contrast, studies that administered the Diabetes Distress
Scale-17 (DDS-17) [3] to evaluate diabetes-specific distressin
the management of the disease reported that this tool shows
good reliability and internal validity of the measure across
independent samples [28,33,36,38]. Thisis the only scale that
has been validated specifically for diabetes distress, focusing
on problems that those patients may experience, such as
emotional burden, interpersonal distress, or regimen-related
distress[3].

Another instrument that is widely used to assess depressive
symptoms through technologies is the Patient Health
Questionnaire-9 (PHQ-9); indeed, 9 studies administered the
above questionnaire[25-28,31-34,38]. The Centersfor Medicare
and Medicaid Services recommend the use of the PHQ-9 for
home health care patients. The PHQ-9 was tested in primary
care, demonstrating clinical relevance in relation to the
Diagnostic and Statistical Manual of Mental Disorder-1V-Text
Revision[24,78]. The PHQ-9 further comprises 2 components:
symptoms and functional impairment assessment, which is
useful for diagnosis, and a severity score, which is useful for
selecting and monitoring treatments [26,27,32,38]. In addition,
1 study that administered the PHQ-8, a standardized and
validated scale, showed its good reliability in assessing
depressive symptoms [37]. Therefore, the PHQ represents a
good tool to assess depressive symptoms in chronic diseases,
including T2DM, as shown by itswide use. With regard to other
psychological symptoms examined in the included studies, the
tools used to assess anxiety symptoms were few, although the
literature highlighted how anxiety could influence the chronic
diseaseitself [79] to ahigher degree than depressive disorders.
In this context, 1 study administered the Hospital Anxiety and
Depression Scale-14 items[80] to assess anxiety and depression
symptoms [40], and 2 studies [30,35] evaluated depression
symptoms using the Center for Epidemiological Studies
Depression Scale [81]. Furthermore, 2 other studies [31,33]
analyzed depression symptoms using the Hopkins Symptom
Checklist Depression-20 [82]. With regard to the evaluation of
the emotional distress experienced by people with diabetes, 2
studies [27,35] administered the Problem Areas in Diabetes
[83]. Furthermore, 2 studies administered the Brief Symptom
Inventory [84] to assessawiderange of psychological symptoms
[33,36]. Stress symptoms were eval uated using a psychological
scale through the mood rating; thiswas found to beinteresting,
asthis scale is atechnological modality to assess the nature of
mood, thereby giving specia importance to the monitoring
instead of the screening of these symptoms [38,40,41]. The
most used self-reports through technol ogies eval uating diabetes
quality of life can be grouped into 3 categories: one refers to
pain that can interfere with normal work and the other 2
categoriesrefer to the physical and emotional symptomsrelated
to the quality of life as assessed through the Medical Outcome
Study Short-Form (MOS-SF) Health Survey 12 and 36 items
[85,86], respectively, which are considered to be reliable and
valid scales [26]. Overall, 6 studies administered the short
version of the MOS [30,31,34,35,39,40] and 2 studies
administered the longer version [25,38]. One study [26]
evaluated the self-perception of quality of life through the
EuroQol-5 Dimension [87], which has been tested and validated
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to capture the difference in the quality of life in patients with
chronic diseases [28]. One study [29] analyzed the healthy
self-management of the disease itself through the Health
Education Impact Questionnaire [88], and it has also been
validated in a primary health care context with patients with
several chronic conditions, including diabetes [29]. Therefore,
it seems that these studies used tools specifically targeted to
patients with chronic diseases, including diabetes, to evaluate
their quality of life as they had to change their physical and
psychological habits. It isworth noting that one of the variables
that emerged after the revision of the included studies was
self-efficacy. Self-efficacy is a key variable in the proper
management of diabetes within the health care setting [89].
Indeed, it represents the awareness and the perception that each
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individual has of their capacity to produce the desired results
necessary to influence events, thereby affecting their lives[30].
Indeed, in the context of T2DM diabetes, a study found that
higher glycemic control is associated with better self-efficacy
and self-care behaviors [90].

A summary of the types of technological solutions through
which patient screening and psychological assessment were
conducted is presented in Multimedia Appendix 1 [25-41]. In
addition, Textbox 1 shows the advantages and disadvantages
of administering questionnairesin paper-and-pencil form versus
those in digital form. Furthermore, all the questionnaires used
to assess psychological symptoms in patients with T2DM are
described in-depth in Multimedia Appendix 2 [3,79,82-90].
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Textbox 1. Advantages and di sadvantages of administering paper-and-pencil questionnaires versus administering questionnaires through digital solutions.

Paper-and-pencil questionnaires
. Advantages

«  More cost-effective when surveying datain small samples

«  Benefits people who do not have internet access
«  Morefavorable format when it comesto longer questionnaires

« Nodigital skillsarerequired to answer

« Disadvantages
o Lack of immediate data analysis
. Dataentry is needed to store them in databases

«  Needslonger data processing
«  Printing and archiving of the questionnaires are needed
«  Thereisthe option of skipping questions

«  Human errors can occur when updating the database

Questionnaires through digital solutions
«  Advantages
«  Savetimefor clinicians and researchers
o  Faster in delivering the questionnaires
«  Directly collect data on the web
o Furnish an immediate feedback

«  Collect datafrom people around the world

« Allowslonger answers to open-ended questions

«  Givesmoretimeto fill in the questionnaires

« Disadvantages
«  Familiarity with digital devicesisrequired

« Lack of technological devices
«  Technical problems
« Unreliable network

«  Could increase aworking aliance because of human interaction

«  Handwritten responses could be difficult to interpret, especially when it comes to open-ended questions

« Moreecologica (ie, no printing and other costs at the point of completing setup)
. Better graphic layout (ie, not only color images and text, but also dynamic and interactive animation)

«  Collect al the responses, thereby avoiding unanswered questions

« Possible difficulties for data analysis derived from people filling-in the questionnaire multiple times, which would bias the results

Discussion

Principal Findings

This study aimed to review past literature regarding the types
of technological devices used to administer psychological
instrumentsfor assessing psychological distress (ie, depressive,
anxiety symptoms) and stressin patientswith T2DM. Assessing
diabetes-related psychological symptoms can be challenging,
due in part to the complexity of diabetes care. Indeed, diabetes
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self-care should be multidimensional, including treatment for
both organic and psychological symptoms, whereas at the same
time, it should use technology-based tools, which show good
psychometric propertiesand are validated by samples of patients
with chronic diseases.

First, studies seem to focus on the evaluation of psychological
distress and diabetes-specific distress, particularly anxiety,
depression, and stress symptoms. Indeed, instruments that
measure symptoms of anxiety, stress, and depression related to
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T2DM, administered through technol ogies, were analyzed, and
their efficacy and usability were evaluated. In this context, the
psychometric properties of theinstrumentsare prerequisitesfor
an accurate assessment of psychological distressin patientswith
diabetes. Inadequate reliability and validity of the tools make
it difficult to detect the psychological well-being of patients
with diabetes and theimpact of interventions on their well-being
or quality of life. Here, the timing of the test can influence its
reliability and validity, and therefore it needs to be taken into
consideration. Within a longitudinal evaluation of an
intervention, if the duration of the test wastoo short, participants
could recall information from the first time they completed it,
which could biasthe findings. Alternatively, if its duration was
too long, participants may have changed significantly, which
could also bias the results [91].

In most studies, screening was conducted using written
guestionnaires at baseline and after a follow-up as well as
telephone interviews (ie, simple telephone interviews, ATA
cals, and IVR) to assess psychol ogical symptoms[25-32,36,37].

Few studies have used digital solutions, such as mobile apps,
tablets, and computers, to deliver psychological self-reportsfor
intervention groups, even though they were investigating the
psychological symptoms related to the disease itself
[26,31,33,35-39,84]. In this context, the recent progress in
technologi es supports the ecological momentary assessment of
mood, using mood ratings through mobile devices, outside the
clinical environment. The mood rating scale can help to bypass
issues associated with infrequent reporting of depressive
symptomsand allowsfor abetter representation of the dynamic
nature of mood, which is often left unreported, and to better
guide treatment planning [92,93]. For instance, delivering
psychological instruments through technologies (eg, mobile
phone apps) allows researchersto collect data directly from the
web; thus, the wide use of the mood rating strategy would
suggest saving time [94,95]. For instance, some studies have
analyzed the feasibility of daily or weekly SMS text messages
based on mood ratings, showing that mood ratings represent a
valid monitoring strategy for patientswith depression [70,96,97].
Mobile phone apps alow real-time tracking of mood status in
patients with T2DM [70], anywhere and at any time, and they
are particularly suitable for delivering immediate feedback
(which makesthem preferabl e to tablets and desktop computers).
Moreover, they facilitate data collection in a more
contextualized, pervasive, longitudinal, and reliable way, rather
than using written questionnaires (preintervention and
postintervention). In addition, they allow adapting the
intervention to patients needs, supporting them in the
management of their chronic disease. On the basis of other
chronic diseases, mobile phone apps can provide
psychoeducation [98], smoking cessation support [99], cognitive
behavioral therapy [100], and support to caregivers [101].
Therefore, the identification of the appropriate psychological
tools that can be embedded in digital devices, such as
smartphones, could allow researchers and cliniciansto conduct
a screening of the level of anxiety, stress, and depressive
symptomsin patients with T2DM in a faster and easier way.

Second, the PHQ-9 and the DDS-17 emerged as useful tools
for the assessment of depressive symptomsin chronic diseases
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and for problems often experienced by these patients, such as
emotional burden, interpersonal distress, or regimen-related
distress[3]. Another widely used instrument isthe MOS-SF-12,
which assesses the physical and emotional symptoms related
to the quality of life.

Moreover, considering theimportance of therole of self-efficacy
in the management of emotion-related diabetes, it is
recommended that researchers and clinicians use specific tools
to address self-efficacy in those patients. Of particular note is
the fact that most studies used psychological tools in the
standard paper format to assess the effectiveness of interventions
without integrating them into digital solutions. Indeed, in this
review, few studies delivered web-based questionnaires[38,39].
As an example, the Meru Health Ascend, a smartphone-based,
therapist-supported intervention for depression and anxiety in
patients with no chronic disease, delivered 2 validated scales
for psychological distress (ie, PHQ-9 and the Generalized
Anxiety Disorder-7) on a smartphone [102].

In thisstudy, theintegration of assessment instrumentsin digital
solutions improved the assessment of depressive and anxiety
symptoms. Thus, research suggests that mHealth interventions
are functional ways of supporting the treatment of depression
and anxiety symptoms[102].

Limitations and Strengths

Thisreview presents somelimitations, asit included only papers
in English, which limits the generalization of the findings. In
addition, a limitation could be identified in the different
implications regarding the use of technological devices from
the age of 18to 70 years. Older adults may belessfamiliar with
the use of these devices. Future work should eval uate the effect
of the use of technological devices among individuals of
different ages. In the context of digita solutions, the
disadvantage of smartphone-, tablet-, or computer-based apps
is that they can be removed by the user; however, such
device-based apps and other conversational agents can represent
avaluable solution in administering psychological toolsfor the
screening of patients, especialy in emergency situations such
as the SARS-CoV-2 pandemic. Furthermore, most studies do
not provide information regarding the psychometric properties
of tools, such as reliability, validity, and contextual collection.
It could be important to include such characteristics to better
understand the instruments used for assessing psychological
distress and diabetes-specific distress. Another limitation isthe
noninclusion of videoconference calling as a digital solution,
which especially during the COVID-19 lockdown represented
the method of choice among practitioners in psychology and
psychiatry for a remote assessment of mental health. Future
studies should include these types of technological solutionsto
expand this literature review.

Finally, the focus of the review was only on psychological
measures related to T2DM. In future works, one would
recommend the integration of the assessment and monitoring
of both organic and psychological symptoms in patients with
T2DM.
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On the other hand, this review also has some strengths. In
addition to depression, the review considered all possible
psychological symptoms related to T2DM.

Future Development and Implications of the Study

This review highlighted implications that may have an impact
on future research and clinical practice. In particular, the use of
appropriate technological solutions to assess the psychological
condition of patients can alow early detection of depression,
stress, and anxiety symptoms, especialy in chronic conditions
aswell as mental disorders[103]. In less severe cases, it might
also help the deployment of mHealth interventions to support
and improve depression, anxiety, and stress symptomsin T2DM
to lower the burden for the health care system, in a stepped care
approach [104]. Previous research found that mHeal th solutions
werewell accepted by young adults[105], and further research
is required to assess their acceptability by older adults with
T2DM. Furthermore, because of the huge growth of mHealth
apps, it would be useful to screen the levels of anxiety, stress,
and depression symptoms in patients with diabetes, using
appropriate psychological instruments. Thisscreening could be
able to identify whether the patient showed mild, moderate, or
severe symptoms, thereby allowing clinicians to better set up
interventions.

Conclusions

In view of the large increase in the number of patients with
diabetes globally, it is important to intensify efforts in the
deployment of digital solutions for the accurate assessment of
patients psychological condition. These instruments can be
useful for clinicians and researchersto better monitor patients
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Abstract

Background: Medication nonadherence leads to suboptimal treatment outcomes, making it a major priority in health care.
eHealth provides an opportunity to offer medication adherence interventions with minimal effort from health care providers
whose time and resources are limited.

Objective: Theaim of thissystematic review istwofold: (1) to evaluate effectiveness of recently developed and tested interactive
eHealth (including mHealth) interventions on medication adherence in adult patients using long-term medication and (2) to
describe strategies among effective interventions.

Methods: MEDLINE, EMBASE, Cochrane Library, PsycINFO, and Web of Science were systematically searched from January
2014 to July 2019 as well as reference lists and citations of included articles. Eligible studies fulfilled the following inclusion
criteria: (1) randomized controlled trial with a usual care control group; (2) atotal sample size of at least 50 adult patients using
long-term medication; (3) applying an interactive eHealth intervention aimed at the patient or patient’s caregiver; and (4) medication
adherence as primary outcome. Methodologic quality was assessed using the Cochrane risk of bias tool. Selection and quality
assessment of studies were performed by 2 researchers (BP and BvdB or JV) independently. A best evidence synthesis was
performed according to the Cochrane Back Review Group.

Results: Of the 9047 records screened, 22 randomized clinical trials were included reporting on 29 interventions. Most (21/29,
72%) interventions specified using a(mobile) phonefor calling, SM Stext messaging, or mobile apps. A majority of all interactive
interventions (17/29) had a statistically significant effect on medication adherence (P<.05). Of theseinterventions, 9 had at least
asmall effect size (Cohen d = 0.2) and 3 showed strong odds for becoming adherent in the intervention group (odds ratio > 2.0).
Our best evidence synthesis provided strong evidence for apositive effect of interventions using SM S text messages or interactive
voice response, mobile app, and calls as mode of providing adherence tele-feedback. Intervention strategies “to teach medication
management skills,” “to improve health care quality by coordinating medication adherence care between professionals,” and “to
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facilitate communication or decision making between patients and health care providers’ aso showed strong evidence for a

positive effect.

Conclusions: Overal, this review supports the hypothesis that interactive eHealth interventions can be effective in improving
medication adherence. Intervention strategies that improve patients' treatment involvement and their medication management
skills are most promising and should be considered for implementation in practice.

(J Med Internet Res 2021;23(1):€18901) doi:10.2196/18901

KEYWORDS

eHealth; mHealth; medication adherence; interventions; long-term conditions

Introduction

Long-term medication aims to reduce the risk of disease
progression, comorbidity, and mortality [1]. These outcomes
will only be reached when patients adhere to their medication.
Presumably 50% of al patients with long-term medication are
nonadherent, leading to suboptimal treatment outcomes [2,3].
Although improvement on clinical outcomes is the ultimate
treatment goal, measuring adherence to long-term medication
allows for comparison across chronic conditions.

Medication adherence is defined as the extent to which
medication taking behavior corresponds with the medication
regimen agreed upon with the health care professiona [4].
Medication-taking behavior is influenced by different factors
such asexperience, beliefs, and culture, making it multifaceted.
Moreover, medication-taking behavior can differ between each
drug and may change over time. Targeted, timely interventions
enhancing medication adherence have therefore become one of
the major prioritiesin health care. Despite efforts, randomized
controlled trials have demonstrated limited effectiveness of
medication-enhancing interventions [5-9]. Besides, effective
interventions differed markedly and did not apply similar
intervention strategies, making comparisons or meta-analysis
difficult [3,5-7].

eHealth might provide an opportunity to offer accessible,
interactive, timely, and feasible medication adherence
interventions that require minimal effort from heath care
providers whose time and resources are limited. eHealth or
telemedi cine—these words are used interchangeabl y—is defined
as the use of information and communication technology in
health care [10]. These technologies can facilitate tailored and
interactive solutions such as targeted education, consistent
support, and skill acquisition. Thus, the multifaceted and
versatile medication-taking behavior can well be targeted by
eHealth interventions.

eHealth seems a promising way forward but recent systematic
reviews showed conflicting resultsfor eHealth interventionson
improving medication adherence[11-14]. Thesereviewsfocused
on single long-term conditions and have led to fragmented
knowledge on the effectiveness and strategies of eHealth
interventions. Evidence on eHealth interventions should be
clustered to comprehensively investigate effectiveness of
eHealth interventions and facilitate generalizability of study
findings. Sieben et a [5] and Linn et a [15] found promising
results across long-term conditions but the fast developments
in eHealth render those results outdated, their definition of

https://www.jmir.org/2021/1/e18901

eHealth as “internet” was too narrow, and included studies had
methodological limitations. Therefore the aim of our systematic
review is twofold: (1) to evaluate effectiveness of recent
interactive eHealth interventions on medication adherence in
adult patients using long-term medication and (2) to describe
applied strategies within effective interventions.

Methods

This systematic review adheres to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-analyses)
statement [16] and was completed according to the registered
protocol PROSPERO 2019 CRD42019088873 [17].

Search Strategy and Study Selection

Searcheswere undertaken in MEDLINE, EMBASE, Cochrane
Library, PsycINFO, and Web of Science to identify eligible
studies. The search strategy comprised 3 blocks: eHealth,
medication adherence, and randomized clinical trial (see
Multimedia Appendix 1 for the MEDLINE search). Reference
lists and citations of included studies were checked to ensure
literature saturation. Titles and abstracts were screened and
full-text articles were assessed by 2 researchers (BP and BvdB
or BP and JV) independently based on the inclusion criteria
bel ow. Discrepanci es between researcherswere resol ved through
discussion or by reaching consensus with the third researcher
(BvdB or JV).

Eligibility Criteria

Eligible studies fulfilled the following inclusion criteria: (1)
randomized controlled trial with ausual care control group; (2)
applying an interactive eHedlth intervention aimed at the patient
or patient’'s caregiver; (3) medication adherence as primary
outcome; (4) a total sample size of at least 50 adult patients
using long-term medication as determined by Zwikker et al
[18]; and (5) published between 2014 and July 2019. Only
peer-reviewed English full-text articles were included. We
considered all interventions solely applied over distance as
eHedlth interventions (eg, online portas, telephone calls).
Blended care interventions, where face-to-face contact is
combined with online components, were excluded. Interventions
were considered interactiveif there wastele-feedback regardiess
by whom on medication adherence (eg, bidirectional text
messaging, sending adherence reports). Only validated
medication adherence outcomes (ie, objective measures or
subjective measures that have been compared to objective
measures) were taken into account.
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Quiality of Evidence

Two researchers (BP and JV) independently assessed theinternal
validity of included studies using the Cochrane Collaboration’s
tool for assessing risk of bias[19]. Seven domains were scored
as having low (+), high (-), or unclear (?) risk of bias. Because
blinding of participants and personnel is hardly feasible in
studies evaluating interventions aimed at adherence, thisdomain
was considered high risk (=) for al studies. Studies with a
positive score (+) on at least five domains were considered
high-quality studies. If relevant information was not reported,
the corresponding author was contacted to request additional
information. When no additional relevant information was
provided, the risk of bias domain was scored as unclear (7).

Data Extraction

A standardized template was made to extract data on study
characteristics, eHealth interventions, and medi cation adherence
outcomes. Details of the eHealth interventions were extracted
according to the Template for Intervention Description and
Replication (TIDieR) checklist [20]. Additionally, the mode of
adherence tele-feedback of each eHealth intervention was
extracted. We distinguished the following modes of adherence
tele-feedback: monitoring device, SMS text messaging,
interactive voice response (IVR), mobile app, call, or e-training.
Intervention strategies were categorized based on the strategies
defined by Lowe et a [21] to support behavior change (ie,
strategies focusing on adopting treatment behaviors); to inform
and educate; to support (ie, strategies assisting consumerswith
their medicines use such as peer support); to teach skills; to
minimize risk and harms (ie, strategies focusing on preventing
or managing adverse events); to facilitate communication or
decison making; and to improve hedth care quality (ie,
strategies improving, coordinating, or integrating the delivered
care). Only the adherence outcome at study endpoint was
extracted where magnitude of the intervention effect would be
most apparent. For continuous outcomes Cohen d for assessing
effect sizewascalculated if meansand SDswere provided [22].
Dichotomous outcomes were recalculated to odds ratio (OR)

Figurel. PRISMA flow diagram of study search and selection.

Records identified
Cochrane (n=5345), EMBASE (n=1337),
PsycINFO (n=199 ), PubMed (n=2621),
Web of Science (n=4188), tracking
references & citations (n=1)
Total (n=13691)

i

Titles/abstracts screened
(n=9047)

!
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where OR >2.0 isdeemed to be astrong OR [23]. Additionally,
if the authors reported a statistical significance favoring the
intervention group compared to the control group, this was
scored positive (+). A negative score (—) means there was no
statistically significant differenceto report. Datawere extracted
by one researcher (BP) and checked for accuracy by a second
researcher (JV).

Data Analysis

Statistical data pooling was not feasible due to heterogeneity
between studies and interventions. Therefore a best evidence
synthesis was performed to examine the effectiveness of
interactive eHealth interventions on medication adherence. The
Cochrane Back Review Group defines 4 levels of evidence:
strong, moderate, limited, and conflicting evidence [24]. Strong
evidence reflects consistent (ie, 75% or more of the studies
report results in the same direction) results among 2 or more
high quality studies. Moderate evidence reflects consistent
results of 1 high-quality study and 2 or more lower-quality
studies. Limited evidence reflects the result of 1 lower-quality
study. Conflicting evidence reflects inconsistent results among
2 or more studies. If there were 2 or more high-quality studies,
the lower-quality studies were disregarded in the best evidence
synthesis. A post-hoc sensitivity analysis was performed to
examine the robustness of the best evidence synthesis using a
more stringent cut-off score (6 out of 7 instead of 5 out of 7
domains graded as low risk of bias) for determining the quality
of the studies.

Results

Search Results

Figure 1 shows a flow diagram of the literature search which
provided atotal of 9047 publications for screening and yielded
21 articles reporting on 29 interactive eHealth interventions
[25-45]. One article, by Reese et al [34], reported on 2 studies.
Five studies reported on more than 1 intervention
[28,34,35,38,45].

Duplicates removed (n=4644)

Records excluded (n=8882)

Full-text articles assessed for eligibility
(n=165)

[ Screening J [IdentificationJ

3

Full-text articles included
(n=21)
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RenderX

—

Full-text articles excluded
Medication adherence not primary outcome (n=38)
Intervention does not meet inclusion criteria (n=27)
Population does not meet inclusion criteria (n=22)
No full text (n=37)

Study protocol (n=11)
Duplicate (n=4)
Foreign language (n=5)
Total (n=144)
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Risk of Bias Assessment

Fifteen studies had a positive score on at least five domains and

Pouls et al

were regarded high-quality studies as shown in Figure 2. Two
studies had the lowest score with 2 out of 7 domains scored as
positive.

Figure 2. Summary of risk of bias assessment using the Cochrane Collaboration’s tool for assessing risk of bias.
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Figure 2. Summary of risk of bias assessment using the Cochrane Collaboration’s tool

of bias. Because blinding of participants and personnel is hardly feasible in studies

for assessing risk of bias. Seven domains were scored low (+), high (-) or unclear (?) risk

ce this domain was considered high risk (-)

Description of Study Population

Over half of the studies (13/22) included long-term medication
for cardiovascular disease, diabetes, or both. Seven studies
focused on other, singlelong-term conditions, leaving 2 studies
that looked at any long-term conditions where long-term
medication wasin use.

The smallest study reported on 70 participants at baseline and
the largest study involved 21,752 participants. Because all
studieswere randomized, baseline characteristics of the different
groups were generally the same.

Description of Study Design

Follow-up was short (ie, less than 6 months) in 11 studies and
long (at least six months) in 11 studies. The primary medication
adherence outcome of each of the studies was mainly assessed
objectively using medication monitoring devices, pharmacy
prescription data, and serum levels. The remaining 6 studies
measured adherence subjectively with validated self-report

https://www.jmir.org/2021/1/e18901

RenderX

guestionnaires (eg, Immunosuppressant Therapy Adherence
Instrument).

Description of eHealth Interventionsand I ntervention
Strategies
Twenty-nine different interactive eHealth interventions were

evaluated asshownin Table 1. Most (21/29, 72%) interventions
specified using a (mobile) phone for calling, SMS text

messaging, or maobile apps.

Most (25/29) interventions were aimed at the patient, 3
interventions were aimed at the caregiver, and another was
aimed at either patient or caregiver.

Sixteen interventionswere provided through automated software
without involvement of a health care professional: 6 mobile
apps, 5 monitoring devices, 3 SMS text messages or IVR
interventions, and 2 e-training modul es through an online portal.
Another 7 interventions were provided through automated
software in combination with tele-feedback by a health care
professional or caregiver: 4 monitoring devices, 2 IVR or SMS

JMed Internet Res 2021 | vol. 23 | iss. 1 e18901 | p.37
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

text message interventions, 1 e-training. The 6 remaining
interventions were telephone calls performed by health care
professionals.

Regarding intervention strategies, nearly al (23/29, 79%)
interventions aimed at informing and educating patients and
just over half (15/29, 52%) sought to support patients by
providing assistance and encouragement. All other strategies
(eg, teaching skills, facilitating communication or decision
making) werelessfrequently applied (see Multimedia A ppendix
2).

https://www.jmir.org/2021/1/e18901

RenderX
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Effectiveness of eHealth Interventionson M edication
Adherence

Overdl, 17 interventions yielded a statisticaly significant
improvement of medication adherence compared to the control
group (Table 2). For 14 of these interventions an effect size
(Cohen d) could aso be calculated; 2 interventions reported a
large effect size (Cohen d = 0.8) [25,29], 4 had amedium effect
size (Cohend = 0.5<0.8) [35,43,45], 3 had asmall effect size
(Cohen d = 0.2 < 0.5) [26,32,35], and 5 interventions had a
negligible effect size (Cohen d < 0.2) [27,30,37,38]. For the
remaining 3 interventions an OR could be calculated which
showed strong odds for becoming adherent in the intervention
group (OR = 2.0) [36,39,42].
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Table 1. Characteristics of the eHealth interventions.

Pouls et al

Study and medication Adherence Interven-  Control Follow-up Modeof ad- Description of theintervention
incluson  tionarm arm (n) (inweeks) herencetele-
criterion (n) feedback

Levineet al [28]

Tacrolimus None 38 50 13 App Transplant Hero isan interactive alarm to remind
patients to take their medications as well as
providing educational content.

Tacrolimus None 20 50 13 App and Transplant Hero (see above) combined with a

smart-watch  smartwatch that displayed the reminder notifica:
tions.
Cizmicet al [39]

Bisphosphonates None 127 118 4 IVR® AnIVR cal focusing on known reasons for not
initiating therapy. If the medication was not
picked up 7 days after receiving the call, are-
minder |etter was sent.

O’Connor et al [33]

Antihypertensives or None 1220 1158 9 Call A single-protocol -structured telephone call from

medication for lowering an interventionist using positive reinforcement

blood glucose or choles- and probing for reasons of nonadherence.

terol

Kessler et al [45]

Statins <80% 51 34 26 Device A wirelesspill bottle generated an a ert message,
sent to the participant, if medication was missed
the previous day and at least oncein the 2 prior
days.

Statins <80% 46 34 26 Device A wireless pill bottle generated an automated
alert message (see above), sent to the participant
and adesignated caregiver.

Méarquez Contreraset al
[29]

Antihypertensives None 73 75 52 App The AlerHTA app aimed to promote health edu-
cation in hypertension and remind for both ap-
pointments and medication intake time.

Montalescot et al [31]

Apixaban None 579 583 24 eTraining  Aneducation program consisting of an education
booklet, one or more reminder tools chosen by
the participant, and access to atelephoneclinic.

Reese et al [34]

Statins <80% 67 67 13 Device PROMOTE-1: awireless pill bottle generated a
weekly adherence report in which the patient’s
adherence was compared to other patients.

Statins <80% 67 67 13 Device PROMOTE-2: awireless pill bottle generated a
weekly adherence report.

Statins <80% 50 50 13 Device SUPPORT-1: awireless pill bottle generated a
daily adherence report.

Statins <80% 50 50 13 Device SUPPORT-2: awireless pill bottle generated a
weekly adherence report.

Statins <80% 50 50 13 Device SUPPORT-3: awireless pill bottle generated an
email dert if the patient missed adosethe previ-
ous day.

Reese et al [35]
Tacrolimus None 40 40 26 Device A wireless pill bottle generated an alert when

medication was due and patients could select
additional reminders such as SM Stext messages,
cals, or emails.
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Study and medication Adherence Interven-  Control Follow-up Modeof ad- Description of the intervention
incluson  tionarm arm (n) (inweeks) herencetele-
criterion (n) feedback

Tacrolimus None 40 40 26 Device A wireless pill bottle generated an aert (see
above). If adherence decreased to <90%inal4-
day period, the study coordinator would call the
patient and notify the involved HCPSC.

Svendsen et al [36]

Calcipotriol/betametha  none 68 66 4 App An app which provided once-daily reminders

sone foam and information on number of treatment applica
tions and amount of prescribed foam applied.

Abughosh et al [25]

RAS inhibitors <80% 87 99 26 Call A brief telephone intervention by pharmacists
to remind the patients of their overduerefill and
to identify potential adherence barriers.

Abughosh et al [26]

RAS inhibitors <80% 248 495 26 Cal Six motivational interviewing phone calls by
pharmacy students to identify potential adher-
ence barriers and provide guidance to address
these barriers.

Choudhry et al [37]

Antihypertensives or <80% 2038 2040 52 Call Tailored telephone consultation to develop a

medication for lowering shared plan to improve adherence and disease

blood glucose or choles- control. At 6 and 9 months progressreportswere
terol mailed.
Ducoulombier et al [42]

Bisphosphonates and None 79 85 52 Call Bimonthly telephone follow-up to motivate pa-

strontium ranelate tients to maintain good adherence, detect diffi-
cultiesin compliance, and recall theimportance
of treatment continuation.

Kooij et al [27]

Bisphosphonates, RAS ~ None 2008 2914 52 Call Telephone counselling 7-21 days after the start

inhibitors, and statins of therapy assessing practical and perceptual
barriers and providing information and motiva-
tion.

Vollmer et al [38]

RAS inhibitorsand <90% 7247 7255 52 IVR An VR call when (over)due for arefill provid-

statins ing patient education and refill support.

RAS inhibitorsand <90% 7250 7255 52 IVR In addition to IVR calls (see above), areminder

statins letter was sent if they were 60-89 days overdue,
acall was made if they were =90 days overdue,
and primary care provider informed. Patients
also received a personalized health report, apill
organizer, and bimonthly mailings.

Claborn et al [40]

Highly active antiretrovi- <95% 47 50 4 e-Training  elLifeSteps asingle-session, self-paced multime-

ral therapy diaintervention tackling practical and psycho-
logical adherence barriers accompanied with a
workbook.

Coté et al [41]

I mmunosuppressants None 35 35 26 eTraining  Transplant-TAVIE was composed of 3 interac-
tive Web-based sessions by avirtual nurseaimed
at developing and reinforcing self-management
skills required for medication intake.

Kamal et al [43]

https://www.jmir.org/2021/1/e18901

RenderX

JMed Internet Res 2021 | vol. 23 | iss. 1 |e18901 | p.40
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Pouls et al

Study and medication Adherence Interven-  Control Follow-up Modeof ad- Description of the intervention
incluson  tionarm arm (n) (inweeks) herencetele-
criterion (n) feedback
Preventive medication None 100 100 8 SMS text SM SAstroke sent automated customized SMS
for stroke messages text message reminders to either patient or
caregiver.
Kamal et al [44]
Statins and antiplatelets  None 99 98 13 IVR and Daily IVR call services, daily prescription-tai-
SMS lored medication reminders, and once weekly
life style modification messages.
Miraet al [30]
All medication allowed, None 51 49 13 App A tablet-based medication self-management app
>2 (ALICE) with medication reminders and medi-
cation information such as pictures, interactions,
storage instructions, and common errorsin
medication use.
Morawski et al [32]
Antihypertensives None 209 202 12 App The Medi Safe app isamedi cation reminder app

with additional functions such as adherence re-
ports, tracking of measurements, and peer sup-
port.

3 VR: interactive voice response.
bRAS: reni n—angiotensin system.
CHCP: hedlth care professional.
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Table 2. Adherence measure and medication adherence results of the studies reviewed.

Adherence measure, study, and results on medication adherence Statistically significant®

Serum level (0 - 100)
Levineet al [28]

The coefficient of variability (SD/mean x 100) of tacrolimus levels was 33.0 for the intervention group and
32.8 for the control group (Cohen d = 0.01).

The coefficient of variability was 33.8 for the intervention group and 32.8 for the control group (Cohen d =
0.07).

Fill first prescription (0 %- 100%)
Cizmic et al [39]

49% of the intervention group filled their first prescription compared to 31% of the control group (ORb 2.17;
95% Cl 1.29-3.67).

O’Connor et al [33] -

84% of the intervention group filled their first prescription compared to 84% of the control group (OR 0.94; —
95% Cl 0.79-1.11).

Bottle openings (0%-100%)
Kesder et al [45]
Average daily adherence was 53% for the intervention group and 36% for the control group (Cohen d=0.70). +
Average daily adherence was 55% for the intervention group and 36% for the control group (Cohend=0.70). +
Marquez Contreraset al [29]
Average daily adherence was 86% for the intervention group and 63% for the control group (Cohend =4.72). +
Montalescot et al [31]
Average daily adherence was 92% for the intervention group and 92% for the control group (Cohend=0.02). —
Reese et al [34]
Average daily adherence was 77% for the intervention group and 75% for the control group. -
Average daily adherence was 71% for the intervention group and 75% for the control group. -
Reese et al [34]
Average daily adherence was 73% for the intervention group and 79% for the control group. -
Average daily adherence was 75% for the intervention group and 79% for the control group. -
Average daily adherence was 75% for the intervention group and 79% for the control group. -
Reese et al [35]

Average daily adherence (during the final 90 days) was 78% for the intervention group and 55% for the control ~ +
group (Cohen d = 0.37).

Average daily adherence (during final 90 days) was 88% for the intervention group and 55% for the control ~ +
group (Cohen d = 0.57).
Svendsen et al [36]
66% of theintervention group was considered adherent compared to 38% of the control group (OR 3.22; 95% +
Cl 1.53-6.80).
PDCY (0% - 100%)
Abughosh et al [25]
PDC was 58% for the intervention group and 29% for the control group (Cohend = 1.32). +
Abughosh et al [26]
PDC was 66% for the intervention group and 57% for the control group (Cohen d = 0.26). +
Choudhry et al [37]
PDC was 46% for the intervention group and 42% for the control group (Cohend = 0.12). +
Ducoulombier et al [42] +
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Adherence measure, study, and results on medication adherence

Statistically significant®

65% of theintervention group was considered adherent compared to 33% of the control group (OR 3.71; 95% +

Cl 1.94-7.07).
Kooij et al [27]

PDC was 81% for the intervention group and 76% for the control group (Cohen d = 1.34). +

Vollmer et al [38]

PDC was 58% for the intervention group and 56% for the control group (Cohen d = 2.09). +

PDC was 59% for the intervention group and 56% for the control group (Cohen d = 2.14). +

AACTGAI® (0% - 100%)
Claborn et al [40]

Adherence was 81% for the intervention group and 81% for the control group (Cohen d =-0.03). -

ITAS (0-12)
Coté et al [41]

Mean ITAS score was 11.7 in the intervention group and 11.3 in the control group (Cohen d = 0.30). -

MMAS? (0-8)
Kamal et al [43]

Mean MMAS score was 7.4 in the intervention group and 6.7 in the control group (Cohen d = 0.62).

MMAS (0-8)
Kamal et al [44]

+

Mean MMAS score was 7.3 in the intervention group and 7.1 in the control group (Cohen d = 0.03). -

MMAS-4 (0-8)
Miraet al [30]

Mean MMAS score was 7.4 in the intervention group and 7.3 in the control group (Cohen d = 0.12; not cor-

rected for baseline).
MMAS (0-8)
Morawski et al [32]

+

Mean MMAS score was 6.3 in the intervention group and 5.7 in the control group (Cohen d = 0.35). +

8As reported by the authors. + indicates P<.05 favoring intervention and — indicates P>.05 (no significant difference between groups).

POR: odds ratio.
®PDC: percentage of days covered.

dAll PDC outcomes were based on refill data; pill counts were considered separately.

CAACTGAI: Adult AIDS Clinical Trials Group Adherence Instrument.
fiITas: Immunosuppressant Therapy Adherence Instrument.
IMMAS: Morisky Medication Adherence Scale.

Further details of the study, population, intervention, and
outcomes can be found in the extraction database provided as
Multimedia Appendix 5.

The best evidence synthesis (Table 3) showed strong evidence
for apositive effect for SM Stext messagesor VR, mobile apps,
and calls as mode of adherence tele-feedback. The evidencefor
e-training was weak and for monitoring devices conflicting.

Inthe post hoc sensitivity analysisthe criteriafor ahigh-quality
study were more stringent (6 out of 7 domains graded as low
risk of bias). The sensitivity analysis showed that the strong

https://www.jmir.org/2021/1/e18901

RenderX

evidence for a positive effect for SMS or IVR as mode of
adherence tel e-feedback remained, whereas the evidence turned
to conflicting for interventions delivered through mobile apps
and calls (see Multimedia Appendix 3).

The level of evidence of the intervention strategies was also
assessed. There was strong evidence for a positive effect of
strategiesto teach skills, to facilitate communication or decision
making, and to improve health care quality. For all other
intervention strategies (eg, to support, to inform and educate)
there was conflicting evidence (see Multimedia Appendix 4).
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Table 3. Results of the best evidence synthesis.

Pouls et al

Mode of adherence tele-feedback and quality

Statistically significant®

Level of evidence

Monitoring device

9 HQb interventions o —
0 LQCinterventions
SMSS text messaging or IVRY
5 HQ interventions b —
0 LQ interventions
Mobile app
3 HQ interventions -
3 LQ interventions + - -
Call
4 HQ interventions +o+ o+ —
2 LQ interventions + o+
e-Training

1 HQ intervention -

2 LQ interventions - =

Conflicting evidence

Strong evidence for a positive effect

Strong evidence for a positive effect

Strong evidence for a positive effect

Moderate evidence for no effect

8+ indicates P<.05 favoring intervention; — indicates P>.05 (no significant difference between groups). In grading the level of evidence low-quality

studies were disregarded when there were 2 or more high-quality studies.
PHQ: high quality.

°LQ: lower quality.

dVR: interactive voice response.

Discussion

Principal Findings

This systematic review examined the effectiveness of interactive
eHealth interventions to improve medication adherence in
patients using long-term medication published between 2014
and 2019. A magjority, 17/29 interactive interventions, had a
statistically significant (P<.05) effect on medication adherence.
Therewas strong evidence for apositive effect for interventions
using SMSor IVR, mobile apps, and callsasmode of adherence
tele-feedback. Intervention strategiesto teach skills, toimprove
health care quality, and to facilitate communication or decision
making showed a strong evidence for apositive effect. Overall,
this review shows that interactive eHealth interventions can be
effective in improving medication adherence.

Interactive eHealth I nterventions

This study showed strong evidence for a positive effect on
medication adherence of eHealth interventions across various
channels, including SMS, VR, mobile apps, and calls. Our
findings add robustness to the positive effect of eHealth
interventions provided by previous systematic reviews and
meta-analyses [46-51]. Where those authors were cautious with
interpreting their findings because of low-quality studies, small
sample sizes, and short follow-up, many studies we included
were of high quality (22/29), had sample sizes of 100 patients
or more (19/29), and follow-up of at least six months (14/29).
IVR interventions that included information about health
consequences suggest a stronger behavioral change, including

https://www.jmir.org/2021/1/e18901

medication-taking behavior [51]. This review confirms these
findings as the included IVR interventions al contained
information on the consequences of (not) taking medication as
prescribed. For call, mobile app, and SMS text messaging
interventions it remains unclear whether there are intervention
elements (eg, content, intervention design, or extent of tailoring)
that contribute to increased medi cation adherence because most
eHealth interventions are multicomponent and elements vary
widely across interventions [46,48,50] .

We found a lack of convincing evidence for interventions
applying an electronic monitoring device or e-training. By
contrast, van Heuckelum et al [52] found a positive effect for
interventions using monitoring device feedback. In our review
all interventions coupled their electronic monitoring devicesto
the same (Way To Health) communication platform which could
be a possible explanation. Yet, van Heuckelum et al [52] also
included interventions that gave face-to-face feedback on
adherence data collected by monitoring devices. They showed
that these interventions were effective, whereas those that
applied tele-feedback were not. This suggests that feedback on
tele-monitoring of medication adherence is best given
face-to-face.

Intervention Strategies

To describe intervention strategies among effective interactive
eHealth interventionswe used L owe' staxonomy asit is specific
for adherence interventions with clear examples for each
strategy. Although other taxonomies (eg, Abraham and Michie
[53], Demonceau et a [54], Kini and Ho [7]) could have been
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used, they show many conceptual similarities with Lowe's
taxonomy. Following Lowe's taxonomy, we provide evidence
for interactive adherence interventions aimed at teaching skills
such as self-management programs, improving health care
quality by coordinating medication adherence care between
professionals, and facilitating communication or decision
making between patient and health care professional. These
results should be interpreted with caution because interventions
were multifaceted and combined different strategies.
Furthermore, the strategies with the highest level of evidence
were also those that were less used. It is not possible to assign
success to a single strategy within a multifaceted intervention.
Nonetheless, the effective strategieswe identified in thisreview
suggest to be good starting points for development or selection
of interventions.

Patient Populations

Noteworthy, the included studies in our review using eHealth
interventions to address medication adherence reflect 2 distinct
patient populations, namely, the large patient population (eg,
metabolic and cardiovascular disease) and the popul ation where
optimal  medication adherence is critica  (eg,
immunosuppressants, antiretroviral therapy). Applying eHealth
to address medication adherence can be advantageous for both
populations abeit for different reasons. eHealth interventions
can be accessible for large patient populations, giving health
care professional's alarge outreach with limited resources. For
populations where optimal medication adherence is critical,
eHealth interventions can betailored to patients’ specific needs
and provide continuous support.

Study Quality

Where others found alack of high-quality studies and stressed
the importance of improving study quality [3,9,15], thisreview
included 15 (out of 23) high-quality studies. The increase in
quality presumably is a direct conseguence of better reporting
and study designs. We chose the Cochrane risk of bias tool
(version 1) to assess study quality. Thistool focusses on internal
validity and does not cover all aspects of study design. Wefound
flaws in study design that were not covered by the Cochrane
risk of bias tool such as absence of sample size calculation,
selection bias, and disputable (adherence) outcomes. Thiscould
have (negatively) affected the implications of the results.

Clinical Implications and Future Research

We clustered evidence of various long-term conditions in our
best evidence synthesis to provide a comprehensive overview.

Authors Contributions

Pouls et al

This overview is based on the statistically significant effects
(P<.05) found by the authors and supported by the effect sizes
we caculated. Of the 17 datistically significant (P<.05)
interventions, 9 showed at least a small effect size (Cohend >
0.2) and 3 interventions showed strong odds (OR > 2.0) for
effect in the intervention group.

The synthesis was limited to medication adherence and did not
consider other clinical outcomes. Asaresult, our findings may
not be applicable one-on-one to specific conditions. Next step
is to study the identified effective interventions/strategies in
specific long-term conditions to ascertain that this may lead to
improved medication adherence and other clinical outcomes.

Only postintervention effectiveness on medication adherence
was assessed in thisreview. Whether thefound beneficial effects
will be maintained over alonger period (>12 months) remains
unclear. However, 12/17 effective interventions in our review
had a follow-up of at least six months which is considered the
shortest period to accurately assess long-term medication
adherence [4].

We were surprised to find many interactive eHealth
interventionsthat use technologies published in the 20th century.
Although technology changes, applied techniques are very
similar. To be able to build upon data and lessons learnt from
ol der technol ogies, crosslinks between similar techniques need
to be made (eg, between SM S text messaging and chat services
such as WhatsApp or WeChat).

Technological developments are very fast paced and eHealth
interventions continuously change. This high turnaround speed
createsaneed for study designsthat allow continuous evaluation
of interventions over a period of at least six months.

In this review intervention exposure ranged from a single call
to daily messages for months. To establish a relation between
exposure and medi cation taking behavior change, dose-response
studies are called for.

Conclusion

We found that a majority of interactive eHealth interventions
are effective in improving adherence to long-term medication.
Intervention strategies that improve patient’s treatment
involvement and their medication management skills are most
promising. While most interactive eHealth interventions were
multifaceted, even simple eHealth technologies such as SMS
text messaging and telephone calls can be effectivein promoting
medication adherence in awide variety of patient populations.
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Abstract

Background: Mental health disordersin youth are a global issue that have important implications for the future quality of life
and morbidity of affected individuals. In the context of public health initiatives, smartphone-based interventions have been
suggested to hold the potential to be an effective strategy to reduce the symptoms of mental health disorders in youth; however,
further evaluation is needed to confirm their effectiveness. This systematic review and meta-analysis documents and synthesizes
existing research on smartphone-based interventions targeting internalizing disorders in youth populations.

Objective: This study aims to synthesize existing research on smartphone-based interventions targeting internalizing disorders
in youth populations.

Methods: PubMed and SCOPUS were searched in 2019, and 4334 potentially relevant articleswere found. A total of 12 studies
were included in the final synthesis. We used the Hedges g meta-analysis approach and a random effects model for analysis.

Results. Theresults of thisreview note that depression and anxiety are the most commonly targeted symptoms, and unlike other
similar topics, most studies reviewed were linked to a proven treatment. The overall pooled effect from the meta-analysis showed
small but significant effects (k=12; N=1370; Hedges g=0.20; 95% CI 0.02-0.38) for interventions in reducing the symptoms of
internalizing disorders. In total, 4 subgroup analyses examining specific symptoms and intervention styles found varied small
significant and nonsignificant effects.

Conclusions; Future research should focus on developing robust evaluative frameworks and examining interventions among
more diverse populations and settings. More robust research is needed before smartphone-based interventions are scaled up and
used at the population level to address youth internalizing disorders.

(J Med I nternet Res 2021;23(1):€16490) doi:10.2196/16490

KEYWORDS
mental health; meta-analysis; mobile phone; smartphone; systematic review; youth

interventions with regard to mental health and well-being.
However, at present, the screening and support for youth mental
health issues in many primary health care systems continue to
be inadequate, as even optimistic estimates suggest that only

Introduction

Globally, between 10% and 20% of children and adolescents
experience mental illness, with approximately half of all mental

illnesses known to begin by the age of 14 years[1]. Poor mental
health during these developmental years has been linked with
unfavorable outcomes regarding employment, relationships,
family formation, and health and disability in early adulthood
[2]. Childhood and adolescence are key life stages for

http://www.jmir.org/2021/1/e16490/

50% of illnesses are detected by doctors[3]. New and innovative
strategies are needed to help address mental health issues in
youth. Smartphone-based interventions have been increasingly
employed to track symptoms and provide support for individuals
on a range of related health issues, such as concussions [4].
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Taking this potential and the relatively high digital and tech
literacy of younger populations into consideration, there has
been arecent growth in the interest of delivering mental health
interventions to youth cohorts via smartphones [5].

Internalizing disorders are those in which individuals tend to
express distress inwardly, such as anxiety disorders and mood
disorders (eg, major depressive disorder [6]). Anxiety is one of
the most common disorders in young people and is estimated
to affect 4% to 20% of children and adolescents [7], whereas
depressionissaid to affect 2% to 8% of children and adol escents
[8] and is aleading cause of disability globally [9]. Similarly,
stress is often internalized and can significantly impact an
individual’s coping abilities, self-esteem, and social relations
[10], whereas insomnia (ie, sleep problems) has a robust
relationship with depression [11] and other internalizing
symptomsincluding anxiety [12]. Disorders can begin early in
childhood and can develop into chronic conditions that
negatively impact an individual’s relationships, development,
and daily functioning in the near future [13]. These disorders
are associated with functional impairment, increased risk of
depression and suicide [14], and substance abuse issues[15] in
the long term. As a result, internalizing disorders carry the
potential for high societal burdens [16].

Recently, smartphones have become an essential tool in the
targeted support, management, and monitoring of mental health
disorders. Common mental health intervention strategies using
smartphones include text messaging services [17] and
smartphone apps[18]. Growing evidence supportsthe feasibility
and potential of smartphone-based interventions to address
mental health issues and disorders [19]. For example, positive
effects have been observed regarding memory training for older
adults[20] and for people with attention-deficit or hyperactivity
disorder [21]. Consequently, smartphones are being increasingly
used to address mental health issues of youth and adolescent
populations [22]. However, with an increase in the use of

Buttazzoni et al

smartphones as an intervention delivery strategy, thereisaneed
to improve the evaluation aspect of such interventions [23].

Justification for Review and Meta-Analysis

A recent systematic review of meta-analyses that focused on
internet- and mobile phone-based interventions for mental and
somatic conditions among children found 8 relevant
meta-analyses [24]. Of the included papers, 5 focused on
web-based or computerized interventions, one was primarily
concerned with psychological-based interventions and one
searched for but did not include phone-based interventions. The
single metaanaysis that included smartphone-based
interventions only analyzed one mobile phone-based
intervention study [25]. Another recent meta-review [22] broadly
cataloged and synthesized existing reviews of all typesfocusing
on digital health interventions for young people with mental
health problems. This review did not report any other
meta-analyses (although 2 additional relevant scoping reviews
and 1 additional systematic review were reported) beyond those
documented by Domhardt et a [24]. To date, no meta-analysis
has been conducted that has sought to quantitatively, and solely,
evaluate the effectiveness of smartphone apps with regard to
mental health (specifically, internalizing disorders) of youth
populations. Thisreview and meta-analysis are thefirst to aim
to address these points and present an evaluation.

Review Question and Objective

The primary research question guiding this review and
meta-analysis is as follows: What are the study designs,
intervention features (review), and effectiveness (meta-analysis)
of smartphone-based interventions that aim to minimize or
reduce the symptoms of youth internalizing disorders? By
applying the population, intervention, comparison, outcome,
and context model of Petticrew and Roberts [26], we
operationalized our meta-analysisresearch question as presented
in Textbox 1.

Textbox 1. Population, intervention, comparison, outcome, and context review research question breakdown (criteria and description).

«  Population: youth (in general, <18 years old; however, in some articles, youth was defined as <24 years)
- Intervention: smartphone-based interventions specifically targeting an internalizing disorder in a youth population
o Comparison: control versus intervention, group 1 versus group 2, time 1 versustime 2, etc

«  Outcome of interest: effectiveness of intervention in reducing symptoms or intensity of internalizing disorder (ie, anxiety, depression, insomnia,

stress)

«  Context: any

Following this question, the principal objective of the
meta-analysis is to quantitatively evaluate the effectiveness of

smartphone-based interventions with regard to youth
internalizing disorders.

Methods

Search Strategy

Searches of electronic databases were used to identify and
document the articles presented in this review and the

http://www.jmir.org/2021/1/e16490/

meta-analysis in June 2019. Different variations of, and other
common terms used for, each focal concept (ie, smartphone,
internalizing disorder, and youth population) were discussed
and developed by the authors, whereas specific terms were
truncated as necessary (Textbox 2).
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Textbox 2. Search strategy outline.
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«  Smartphone

“smartphone”’ OR “text” AND

« Internalizing disorder

«  Youth population

“adolescent*” OR “child*” OR “teen*” OR “youth” OR “young adult”

“cell phone” OR “cellular phone” OR “mHealth” OR “mobile health” OR “mobile phone” OR “phone” OR “SMS’ OR “short message service” OR

“anxiety” OR “depression” OR “internalizing disorder*” OR “internalising disorder*” OR “insomnia’ OR “stress” AND

When deciding on which electronic databases to select for this
review, we needed to ensure that content from the fields of
behavioral science, pediatrics, psychology, and public health
are captured. Therefore, to best incorporate this diversity in
content and research areas, we conducted the search strategy in
2 interdisciplinary databases—PubMed and SCOPUS.
Eligibility Criteria

A total of 5 specific criteria were applied to the article search.
The criteria stipulated that each article must (1) be focused
primarily on the implementation and evaluation of a
smartphone-based intervention (ie, not web-based strategies,
social media focused initiatives, etc); (2) have reported some
description of the study design and sample, as well as the
intervention strategy, implementation, evaluation, and targeted
outcome of the intervention strategy; (3) have been a primary
research study (ie, not areview, feasibility or acceptability study,
proposal, technical report etc) in the design of a randomized
controlled trial (RCT), case control, cohort, or cohort analytic
design; (4) have focused on and reported the outcome for one
or moreinternalizing disorder outcomes (ie, anxiety, depression,
insomnia, stress); and (5) be written in English. There were no
geographic or publishing date restrictions placed on the search.

Study Selection and Review Process

Initial searches of PubMed (n=1726) and SCOPUS (n=2608)
returned atotal of 4334 results (Figure 1). Removal of duplicates
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resulted in 1200 titles being discarded. The remaining 3134
titleswere vetted next, after which 2420 articleswere excluded.
Abstracts were then screened, resulting in 593 more records
being removed. After full-text assessments of the fina 121
articles were completed, atotal of 11 papers were deemed to
meet al of the eligibility criteria. Having included studies that
primarily examined adolescents but were mixed with young
adult popul ations, we decided to include 3 studies [27-29] with
similar sample demographics but had a mean sample age >18
years and did not explicitly refer to their participants as
adolescents or youth. The most common reasons for exclusion
inthefull-text assessment phase were feasibility studieslacking
aformal assessment, proposal articlesonly presenting concepts,
research papers not including a youth population, and primary
studies not reporting an internalizing disorder outcome. Of the
total, 1 paper [30] met all of the above conditions; however, its
reporting of the outcome of interest was not precise enough to
be included in the analysis. Reference list searches of the
included articles added 1 additional article to the review.
Eventually, 12 studies were documented and synthesized in the
systematic review and subsequently included in the
meta-analysis. Initia title and abstract vetting was conducted
by a team member (AB) with a second member (LM) spot
checking the abstract vetting to ensure the consistency of the
process. Similar protocolswere carried out for the later full-text
assessment and data extraction phases (AB and LM).
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Figure 1. Flow diagram of study selection processes.
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Systematic Review Data Extraction

Systematic review data extractions and meta-analysis coding
datafor all theincluded articles are availablein the Multimedia
Appendix 1. Thefollowing information was gathered from each
study: citation information, study design information (eg,
primary outcome evaluated), smartphone-based intervention
details (eg, supporting resources, delivery methods, length),
sample details, and internalizing disorder variable information
(eg, outcome measure used).

Variables and ConceptsIncluded in Meta-Analysis

Internalizing disorders are often defined as any depressive and
anxiety condition [31]. However, other definitions of
internalizing disorders have expanded the concept to include
panic and stress [32,33], whereas insomnia has become an
important symptom of depressive and anxiety disorders [31].
Therefore, this meta-analysis conceptualized internalizing
disorders as anxiety, depression, insomnia, or stress.
Smartphone-based interventions were defined as any app,
initiative, program, promotion, service, or tool that is based or
run primarily through a smartphone.

Meta-Analysis Coding

In addition to the data extractions for the systematic review
portion of this manuscript, identified studies pooled in the
meta-analysis were also coded to include statistical data. On
the basis of the availahility of reported results from each study,
statistics coded specifically for the meta-analysis included
intervention effect sizes (eg, available between- or within-group
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d values and their corresponding SDs), results of t tests (eg,
differencesin means) in caseswhere no d valueswere reported,
scale reliahility scores, scale anchors, data source report (eg,
self, other), and, if applicable, any information pertaining to
multiple measures being employed in the same study.

Meta-Analysis Approach and Statistical Procedures

To guide the meta-analysis, we drew from the outline for effect
size meta-analyses of Hunter and Schmidt [34] and chose to
use the Hedges g approach. In traditional d value meta-analysis
approaches, such as the bare bones method, no corrections are
made for any artifacts other than sampling error [34]; however,
given some of the small sample sizes of the included studies,
we elected to follow previous recommendations [35] which
stipulate using Hedges g as a correction for effect size—a
method that pools weighted SDs unlike Cohen d. Similar to
others [36], we €elected to use a more conservative approach
giventherelatively small number of primary articlesbeing used
to estimate the pooled intervention effects. The reported or
calculated effect size for the interventions was used to assess
the between-group or within-group effectiveness of the
interventions on reducing or minimizing internalizing disorder
symptoms. Importantly, among the 8 between-group studies, 5
were randomized. Once the d values from each study
(uncorrected effect sizes) were derived, we applied the Hedges
g formula to calculate corrected effect sizes [35]. A random
effects model was used for this meta-analysis because, unlike
fixed effects models, it alows for potential variation in
underlying parameters. As such, random effects models have
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been argued to more accurately reflect the real-world
heterogeneity of effects[37].

As a part of our conservative approach, all intervention
follow-up values used in the meta-analysis were the last date
(eg, 2-week and 4-week follow-ups; 4-week selected) reported
in each study. Statistics calculated in the meta-analysisincluded
the mean unweighted observed effect, mean effect sizeweighted
by sample size, SD of the sample-weighted effect, corrected
weighted variance of the effect (ie, Hedges g), and percentage
of variance because of sampling error. We also calculated the
same statisticsfor 4 separate subgroups (specific symptomsand
intervention style—2 subgroups each) of the studies. In cases
where multiple outcomes of interest were reported in asingle
study, we cal cul ated the average standardized difference across
variables to ascertain the overall effect size [34]. If no effect
sizedatawere provided, wefollowed the method by Morrisand
DeShon [38] of pooling pre- and posttest means and dividing
them by the pretest SD to calculate effects. Sensitivity analyses
following the Cochrane Handbook for Systematic Reviews of
Interventions method [39] were used to calculate effect sizes
for articlesthat only reported baseline and follow-up means (ie,

Table 1. Quality assessment of the articles included in meta-analysis.

Buttazzoni et al

no changes in means data) and to subsequently impute an SD
of the change for the experimental group. All analyses were
completed in Microsoft Excel.

Quality and Risk of Bias Assessments

Quality assessments (QAs) of the 12 studies reviewed and
analyzed are shown in Table 1. To conduct the assessments, we
used the Effective Public Health Practice Project (EPHPP) QA
tool [40]. Globa ratings for each study were developed
following the EPHPP dictionary guidelines; 2 reviewers (AB
and KB) first cal culated independent scoresfor each articleand
subsequently evaluations were compared [41]. Comparisons of
the evaluations were undertaken to address and resolve any
grading variability and other interpretation differences between
the 2 reviewers. Reviewers graded each article on its selection
bias, study design, confounders, blinding, data collection,
withdrawals, and dropouts. Ex-post comparisons of scores
between the 2 separately completed individual assessments
resulted in an interrater reliability for the QAsof over 90%. The
final results of the QA examination were mixed with 4 articles
possessing astrong global rating, 5 with amoderate rating, and
3 with aweak rating.

Study (reference) Selectionbias  Study design ~ Confounders Blinding Datacollection Withdrawals and Global rating®
dropouts

Clarke et d 2016 Moderate Moderate Moderate Weak Strong Weak Weak

[27]

Grassi et a 2009 Moderate Moderate Strong Weak Strong Weak Weak

[28]

Kauer et a 2012 Moderate Strong Strong Moderate Strong Strong Strong

[42]

Leeeta 2013[43] Weak Strong Strong Moderate Strong Weak Weak

Ranney etal 2016  Moderate Moderate Strong Weak Strong Strong Moderate

[44]

Ranney etal 2018  Moderate Strong Strong Moderate Strong Strong Strong

[45]

Reid et al 2011 [46] Moderate Strong Strong Moderate Strong Moderate Strong

Stallard et al 2018  Moderate Moderate Strong Weak Strong Strong Moderate

[47]

Takahashi et al 2019 Moderate Moderate Strong Weak Strong Strong Moderate

[29]

Werner-Seidler et al  Strong Moderate Strong Weak Strong Moderate Moderate

2019 [48]

Whittaker et a 2017 Moderate Strong Strong Strong Strong Strong Strong

[49]

Worthen-Chaudhari  Moderate Moderate Moderate Weak Strong Strong Moderate

et al 2017 [50]

per the global rating system, strong: no weak ratings; moderate: 1 weak rating; and weak: 2 or more weak ratings.

More comprehensive risk of bias assessments was also
completed for each study included in this review and
meta-analysis. A total of 2 separate toolswereemployed in this
regard: nonrandomized intervention papers' risk of bias was
assessed using the ROBINS-| (Risk Of BiasIn Non-randomised
Studies-of Interventions) tool for nonrandomized studies of
interventions [51], whereas randomized interventions (ie,

http://www.jmir.org/2021/1/e16490/

RCTs) risk of bias was assessed using the Cochrane
Collaboration tool for assessing risk of biasin randomized trials
[52]. Risk of bias assessments of the nonrandomized
interventions concluded with all 7 papers being scored as at a
serious risk of bias overall, whereas evaluations of the
randomized trials resulted in 4 of 5 papers being rated as at a
low risk of bias. Regarding the former result, this trend was
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largely a consequence of the rating system stipulating that one
rating of serious risk in any category will be scored with an
overall serious risk of bias judgment for an article [51]. More
specifically, the most common source of potential bias among
nonrandomized studies was related to uncertainties regarding
the blinding of assessors with regard to the allocation or
intervention status of participants, which isnot possibleinsingle
group interventions (4 out of 7 papers in this portion of the
review). Visual illustrations of the results can be found in
Multimedia Appendices 2 and 3.

Results

General Characteristics of Included Studies

The characteristics of the 12 included studies are presented in
Multimedia Appendix 1. In total, 5 studies were conducted in
Australiaor New Zealand, 3 in the United States, 2 in Europe,
and 2 in Asia. Regarding the evaluated sample populations, 10
of the 12 studies examined between 20 and 120 participants
(mean 114), 8 studies had a mgjority of female participants, 2
had an even split, and 2 had a mgjority of male participants.
Depressive symptomswere the most common specific symptom
addressed (in 9 studies), followed by anxiety symptoms (in 6
studies). Insomnia and stress symptoms were infrequently
targeted and were only included in studies with multiple
outcomes. Among the studies, 9 explicitly provided relevant
details or numbers; no intervention had a retention rate lower
than 70%, with 7 noting rates above 90%.

Systematic Review

Several interventions reported multiple follow-ups during the
course of their evaluation. Therange of follow-up periodsvaried
from same day postoperation [43] to 12 months[49]. A number
of different scales were used across studies to measure the
internalizing disorder outcomes. In fact, the only scales used
multiple times were the Beck Depression Inventory-II,
Depression Anxiety Stress Scale, and Center for
Epidemiological Studies-Depression Child. Most studies were
conducted in areal-world setting, such as at home or in school
locations. Other contexts included emergency rooms [44,45],
medical clinics [50] or hospitals [43], and commuting settings
[28]. A variety of different program delivery methods (eg, apps,
monitoring programs, text messages, videos) were reported
among the included studies. Only 3 studies [28,43,49] did not
examine populations particularly affected by or at risk of
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internalizing disorders (eg, at risk diagnosed disorder, history
of self-harm, etc).

Furthermore, 8 of the 12 studiesreported an empirically proven
treatment or guideline on which their intervention was based.
Cognitive behavioral therapy (CBT) was the most commonly
reported treatment, with 5 studies noting its use. Other
treatments listed were attention bias modification [27],
emotional self-awareness [42], and positive psychology, social
interaction, and gameful design [50]. Among the CBT-centered
interventions, specific features included concepts such as
emotional regulation [45], thought modification [44], photo
libraries of positive memories and physical activities[47], video
diary messages [49], and psychoeducation [48]. Documented
intervention delivery strategiesin the non-CBT studiesincluded
visual relaxation narratives [28], smartphone app games [43],
stress monitoring [46], attention bias modification task
completion exercises[27], daily reporting of moods, substance
use, sleep, and activities[42], symptom frequency and severity
tracking [50], and videos and positive messaging [29].

Effectiveness of I nterventions (M eta-Analysis)

The meta-analysis examined smartphone-based interventions
as 1 total group and based on primary outcome and intervention
style. Table 2 shows the results of the overall and subgroup
meta-analyses. The pooled unweighted sample effect sizes of
al studies (k=12; N=1370) reflect a small-to-moderate effect
(d=0.40). When sample weights are added to calculate a more
credible estimate, a smaller but significant mean effect size
(d=0.20; 95% CI 0.02-0.38) was observed. The sampling error
variance explains approximately 3.5% of the variance in this
corrected estimate. The subgroup analysisof intervention studies
primarily assessing anxiety symptoms (k=6; n=322) had a
greater sample-weighted standardized effects mean compared
with the overall group and was statistically significant (d=0.42;
95% Cl 0.00-0.83). Among a larger sample, interventions
targeting depressive symptoms (k=9; n=1102) had a notably
smaller effect that was similarly significant (d=0.16; 95% CI
0.01-0.31). When analyzing the interventions based on their
predominant style and features, the sample-wei ghted mean effect
was significant and greater for the group of all other styles (eg,
monitoring, relaxation, support, not CBT) of program delivery
(k=7; n=380; d=0.42; 95% CI 0.09-0.75). Interventions using
CBT features had avery small weighted mean effect size (k=5;
n=990; d=0.11; 95% CI —0.06 to 0.28) but were nonsignificant.
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Table 2. Effectiveness of smartphone-based interventions on reducing youth internalizing disorder symptoms, overall, by primary targeted outcome,

and by intervention style.

Analysis K@ NP |E gd |§ SDng Sgg Variance sam- g5y
pling” (%)
Total 12 1370 114 0.40 0.20 0.07 0.11 0.04 0.02t00.38
Symptom
Anxietyj 6 322 54 0.43 0.42 0.24 0.32 0.08 0.00t00.83
Depressi onl 9 1102 122 0.28 0.16 0.03 0.06 0.03 0.01t00.31
Intervention style
CBT*pased 5 990 198 0.19 0.11 0.03 0.05 0.02 -0.06t0 0.28
Other (eg, 7 380 54 0.55 0.42 0.12 0.20 0.08 0.09t00.75
monitoring,
support, relax-
ation)

8: number of studies.
BN: total sample size for studies combined.

ﬁ: average sample for studies combined.
dg: unweighted mean Hedges g.

@: sample-weighted mean effect size (ie, weighted average of Hedges g).

fSDWg: SD of the sampled-weighted effects.
g&g: corrected weighted variance of the effect (Hedges g).

hPercentage of variance sampling: percentage of variance because of sampling error (ie, average sampling error variance).

195% CI: Cls at 95% for sample-weighted mean.

Istudies with multiple outcomes were included in the subgroup analysis of both anxiety and depression.

KeBT: cognitive behavioral therapy.

Discussion

Principal Findings

This meta-analysis reviewed the features and explored the
effectiveness of smartphone-based interventions aimed at
addressing youth internalizing disorders. The review findings
indicated that the majority of interventions were grounded in
proven treatments, that depressive and anxiety symptoms were
the predominant outcomes measured and evaluated, and that
all studies were conducted in developed nations. Across the 12
studies and 1370 participants included in the meta-analyses,
and after being corrected for sample error variance, asmall but
significant pooled effect was observed with regard to reducing
internalizing disorder symptoms. When examining subgroups
based on specific symptoms and intervention styles, potentially
because of small k values, mixed results were observed among
the 4 analyses.

Findings from this review indicate that research conducted on
the effectiveness of smartphone-based interventions for youth
internalizing disorders appears to be in the nascent stages but
isgrowing. A global review ng the overal state of mobile
health apps documented 3673 mobile phone apps but found that
only 247 corresponded with published papers [53]. However,
although evaluative studies are still being conducted, this
particular body of literature may be growing. A similar review
conducted 6 years ago documented smartphone app interventions
for depression among all populations and synthesized only 8
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papers [54]; this review synthesized 12 studies for 1 specific
demographic. Given that during our full-text assessments, we
discarded over 15 potentia papersfor being in the pre-evaluation
phase (ie, they were one of a protocol, feasihility, or
acceptability manuscript), more eval uations on this topic appear
likely in the coming years.

Our review also documented that unlike findingsin other related
health fields, the mgjority of studies on this topic have been
linked to proven treatments. Researchers studying smoking
cessation, for instance, found that less than athird of web-based
interventionswere linked to proven treatment or guidelines[55].
Others examining depression apps [56], for instance, have
described similar trends. Similarly, an examination of the
National Health Service app library in the United Kingdom
revealed that only 4 of 27 apps provided any form of evidence
related to patient-reported outcomes in support of their claims
of effectiveness [57], which has subsequently raised concerns
about the reliability of thesetools as support mechanisms. This
review found that 66% (8/12) studies linked their intervention
to a proven treatment, which represents an encouraging
development in this regard and a chance to reiterate that such
research practices should be applied in all appropriate future
work.

The results of the meta-analysis confirm the tendency of digital
public health interventions to produce modest-to-low effect
sizes. Similar trends were reported in a systematic review and
meta-analysis of internet-based promotionsfor health behavior
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change by Webb et a [58], who concluded that such
“interventions had a statistically small but significant effect on
health-related behavior.” Typically, these outcomes are argued
to be aresult of amyriad of confounding variables (eg, genetic
predispositions, culture, seasonality); however, the mixed
effectiveness of interventions targeting youth populations has
previously been considered to derive from poor or insufficient
efforts to adapt the initiatives to children’s cognitive and
developmental needs [59]. A lack of professional support,
tailoring to individual needs, and formulation taking into account
immediate family and school contexts have been specifically
noted [60]. Given that tailoring or personalization of public
health interventions has been found to be desirable [61], it may
be worthwhile for future interventions dealing with younger
populations to incorporate such strategies, especially those
pertaining to cognitive abilities and app support. In fact, in a
study of Australian adolescents who were enrolled in a digital
intervention, participants professed to value the program’s
relatability, narrative structure, and personal choice aspects
[62]. Interestingly, however, across the reviewed studiesin this
review there were, generaly, relatively high retention
rates—unlike earlier reviews on similar topics such as
computer-tailored intervention for behavior change (74.4%)
[63]—although, this is likely because of many small-scale
evaluations. Nevertheless, an enhanced emphasis on these
aspects of program delivery going forward may help improve
the effectiveness of smartphone-based interventions addressing
youth populations.

Cross-study assessments of specific internalizing disorder
symptoms (eg, anxiety) and intervention style (eg, CBT based)
in our subgroup analyses revealed mixed significant effects.
Interestingly, studiesthat included interventionsfeaturing CBT,
whichisatherapeutic approach that has been recommended for
the treatment of mental health issues among adol escents [64],
only produced a small, nonsignificant pooled effect size. This
may possibly be aconsequence of such interventions till being
in their nascent stages and having only been tested on limited
populations. For comparison, Webb et al [58] similarly observed
small effects in their overall analyses of internet-based
interventions; they also found no significant effects for smaller
subgroup analyses (eg, smoking abstinence, model or
demonstration behavior change techniques). There are a few
other possible reasons for this outcome. First, thiswas likely a
consequence of the Whittaker et al [49] article'srelatively large
sample and correspondingly small effect exerting its influence
over the other smaller studies. Second, known barriersto CBT
include alack of training, infrastructure, and funding [65], which
may have been present in some studies. Finally, our conservative
approach, specifically the decision to use the last follow-up
reports and not the most recent postintervention reportsresulted
in the smallest calculations of Hedges g values (effect sizes)
used in the final meta-analysis.

Taking the review and meta-analysis results together, future
studies are warranted to better understand the specific impacts
of smartphone-based interventions on different internalizing
disorder symptoms as well as their effectiveness as a public
health program delivery method. Noting the suggested potential
of theory-informed interventions from the review of Webb et
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al [58] and the small but significant effectsfound in thisreview,
it would be prudent for future interventions targeting youth
mental to continue including proven treatments and pair them
with behavioral or social change theories in their delivery
methods. A similarly important areawill be devel oping robust
evaluation frameworks. As we identified varying lengths of
follow-up evaluations, a diverse range of assessment scales,
and avariety of different delivery strategies (eg, text messages,
apps, monitoring) among the included studies, developing
methodsto precisely understand and eval uate smartphone-based
interventions for sustainability, efficacy or user satisfaction,
and functionality should be a priority. On this point, Chan et al
[66] have previously recommended that apps be eval uated based
on 3 central criteria: integration or infrastructure, usability, and
usefulness. Future evaluative frameworks may also consider
criteriarelated to support in the form of self-help strategies, as
the method has the potential to relieve some of the burden on
existing health care services [67] and has provided positive
results for mental health interventions in individual research
studies [68].

Limitations

There areimportant caveatsto note when interpreting the results
of this meta-analysis. As an area of study, research on
smartphone-based interventions targeting youth and young
people’'s mental health, specifically internaizing disorders, is
still emerging when compared with other areas of public mental
health research. Many of the corrected estimates presented in
this meta-analysis were thus derived from small sample
populations and alimited number of studiesoveral. In addition,
owing to these small numbers, we did not correct for any other
potential errors such as attenuation or dichotomization in the
meta-analysis. Such analytical limitations are important to
disclose given that the effects of public health interventions are,
as previously noted, typically confounded by several variables
that may not be captured in the measurement of the primary
outcomes and additional corrections could enhancetheinsights
of a meta-analysis. Similar to other recent meta-analyses of
health behavior change interventions [69], our risk of bias
assessments varied widely across evaluated studies and their
intervention designs and should be considered in the context of
potential assessor biases being present. Finally, severa different
scales and measures were used to assessinternalizing disorders,
potentially resulting in some discrepancy in the measurements
of the outcomes used in the analysis. Although the observed
between-study variance because of sampling noted in our results
was rather modest, whichislikely because of the overpowering
impact of the Whittaker et a [49] sample and age restrictions
of this review—there is likely a high level of variation in our
findings derived from the clinica and methodological
heterogeneity (eg, varying levels of randomization, types of
interventions, controlsin analyses) of included studies. On the
basis of this, we encourage more specifically focused future
meta-anal ysesthat contain agreater number of studiesto assess
these forms of heterogeneity in their analyses.

Conclusions and Future Recommendations

Smartphone-based interventions targeting youth populations
appear to be an efficacious strategy to address symptoms of
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internalizing disorders. This systematic review and meta-analysis
found small but significant pooled effects sizes for
smartphone-based interventions in reducing the symptoms of
internalizing disorders among youth. However, the results also
clarify the need for more research in this area. More empirical
research studies conducted on awider range of populations and
settings and development of evaluative frameworks for
smartphone-based intervention are recommended for future

Buttazzoni et al

study. Furthermore, our meta-analysis confirmsthat only afew
of theidentified conference proceedings, feasibility studies, and
other reports have been comprehensively and rigorously
evaluated. By following these suggestions, it is possible to
further improve not only the understanding of the impact of
smartphone-based interventions on youth populations but also
better assess the efficacy of smartphones as a mechanism of
change for youth internalizing disorders.
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Abstract

Background: Worldwide, patient-centered care is becoming awidely used concept in medical practice, getting more and more
attention because of its proven ability to improve quality of care and reduce costs. Although severa studies show that
patient-accessible electronic health records (PAEHRS) influence certain aspects of patient-centered care, the possible contribution
of PAEHR implementation to patient-centered care as a comprehensive concept has not, to our knowledge, been structurally
evauated to date.

Objective: The objective of this study is to review whether and how the use of PAEHRs contributes to patient-centered care
both in general and among specific population groups.

Methods: We followed PRISMA Extension for Scoping Reviews reporting guidelines. We identified literature in 5 databases,
using the terms “ patient-accessible medical records,” “patient experiences,” and “ professional experiences’ as key concepts. A
total of 49 articles were included and analyzed with a charting code list containing 10 elements of patient-centered care.

Results: Studies were diverse in design, country of origin, functionalities of the investigated PAEHR, and target population.
Participantsin all studies were adults. Most studies reported positive influence of PAEHR use on patient-centered care; patient
accessible health records were appreciated for their opportunity to empower patients, inform patients about their health, and
involve patientsin their own care. Therewere mixed resultsfor the extent to which PAEHRs affected the rel ation between patients
and clinicians. Professionals and patientsin mental health care held opposing views concerning theimpact of transparency, where
professionals appeared more worried about potential negative impact of PAEHRS on the patient-clinician relationship. Their
worries seemed to be influenced by areluctant attitude toward patient-centered care. Disadvantaged groups appeared to have less
access to and make less use of patient-accessible records than the average population but experienced more benefits than the
average population when they actually used PAEHRs.

Conclusions: The review indicates that PAEHRs bear the potential to positively contribute to patient-centered care. However,
concerns from professionals about the impact of transparency on the patient-clinician relationship as well as the importance of a
patient-centered attitude need to be addressed. Potentially significant benefits for disadvantaged groups will be achieved only
through easily accessible and user-friendly PAEHRSs.

(J Med Internet Res 2021;23(1):€17655) doi:10.2196/17655
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Introduction

In the last 30 years, patient-centeredness has grown worldwide
in relevance in health care policy, practice, and research. In
1987, Harvey Picker developed the Pickers Principles of Patient
Centered Care [1]. Thereafter, patient-centered care gained
increasing prominencein the USwhen the Ingtitute of Medicine
advocated for patient-centered care as a cornerstone of health
care quality [2]. In 2015, the World Health Organization stated
that patient-centered care should become the standard for health
care systems all over the world [3].

Key factors in patient-centered care are responsiveness to the
patients individual needs and preferences, and partnership
between care providers and patients in decision making [4-7].
Patients are acknowledged as unique human beings with needs
and preferencesthat haveto betaken into account when clinical
decisions are made. Ideally, patients as well as their family
members or caregivers are involved in making these decisions.
This requires clear information and communication with
patients.

Patient-centered care has been gaining importance because of
its proven ability to increase the quality of care, with lower
health care utilization as a beneficia side effect [3,8-13]. The
growing importance and devel opment of the concept in different
countries has led to a diversity in models, definitions, and
terminology. For this review, we used an integrative model by
Scholl et al [5], integrating more than 400 definitions and models
into anew and comprehensible model for patient-centered care.

In the Netherlands, patient-centered care has also taken center
stage in the discussion about quality of care, especially in care
for youth [14]. To contribute to patient-centered care, three
organizationsfor preventive youth health care and youth social
servicesinthe North Vel uwe region developed aPAEHR system
[14]. The assumption that the use of PAEHRS contributes to
patient-centered care, however, has not yet been sufficiently
proven.

Several reviewersinvestigated effects of PAEHRs by reporting
on a variety of outcomes related to patient health, quality of
care, or patient satisfaction [15-23]. The aspects of
patient-centered care that have been mentioned are, for instance,
empowerment of patients, trust in care providers, and the
clinician-patient relationship. For these aspects, both beneficial
[15-19] and unfavorable or even harmful consequences of the
use of a PAEHR [19-23] to patient-centered care have been
reported. Some studies report that disadvantaged groups might
benefit lessfrom the use of PAEHRSthan others, astheir access
to and use of PAEHRs is lower than average [19,20,22,23]. To
date, we know of no published review that structurally evaluates
the possible contribution of PAEHRS to patient-centered care
as a comprehensive concept. Performing such areview would
enable us to explore whether PAEHRS could serve as atool to
strengthen this value-based health care model.

Sincetherel ationship between the use of PAEHRs and the broad
concept of patient-centered care has, to date, received limited
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attention in reviews, a broad overview of recent literature is
required, with inclusion of different study designs. With such
a broad perspective, a scoping review is more suitable than a
systematic review, as scoping reviews aim to broadly summarize
and synthesize evidence instead of finding answers to
circumscript questions and including only specified study
designs. A scoping review can be helpful to provide direction
to future research and search for gaps in knowledge [24,25].
The objective of thisreview isto provide an overview of recent
literature about experiences of patients and professionals with
the use of PAEHRs and to investigate whether and how the use
of PAEHRs contributesto patient-centered care, both in general
and among specific population groups.

Methods

Search Strategy and Inclusion Criteria

Design and reporting of this scoping review were in line with
the framework for scoping reviews by Arksey and O'Malley
[24-26], which was further devel oped by other authors, finally
leading to the PRISMA Extension for Scoping Reviews
guidelineand checklist [27,28]. Multimedia Appendix 1 contains
the completed PRISMA checklist for this review. The a priori
review protocol has not been registered. Key concepts used in
the search were “ patient-accessible medical records,” “patient
experiences,” and “ professional experiences.” Table 1 contains
the full electronic search string for the Scopus database. The
search was limited to paperswritten in English or Dutch, being
languages all authors understand, and to studies published
between January 2000 and April 2019. This period was chosen
because, in afirst quick search, most articles about PAEHRS
appesared to originate from 2000 or more recently. Five databases
were searched: (1) Pubmed, (2) Medline, (3) Scopus, (4)
Socindex, and (5) Psychinfo. Thefinal search was run on April
9, 2019. Search records were uploaded to Endnote X8 to
facilitate the article selection process.

Searches, deduplication, and first screening of titles were
performed by SJIB. In total, 1763 articles were found and
screened for digibility (Figure 1). Aberrant titleswere removed,
and abstracts of remaining articleswere independently screened
by different individuals (SJB, MG, and AG), in line with the
scoping nature of the review. Weincluded research articlesfrom
peer reviewed journals for which full text could be retrieved.
The articles were based on origina research data. They
addressed “experiences’ of professionas or patients/clients
usingaPAEHR. Articleswere screened in 3 rounds. After every
round, different interpretations were discussed between al three
screening authorsto come to aunanimous decision. If necessary,
the inclusion criteria were adapted before the next round to
ensure uniform selection. SIJB screened the remaining full text
articlesoninclusion criteria. To exclude articlesfrom predatory
journals, every journal was checked against the Journal Guide
whitelist [29]. The selection process wasfinalized by reference
tracking; all references of selected articles were checked with
theinclusion criteria and added when eligible.
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Table 1. Full search string for Scopus, split into three key concepts.

Key concepts

Search string per concept

Patient-accessible

Medical records

Patient experiences AND
physician experiences

(“Peatient” OR “Patients” OR “client” OR “clients”) AND (“access’ OR “online access’ OR “accessible”) AND
(“record” OR “records’ OR “file” OR “files”)

AND “Personal health records’ OR “Health Record, Personal” OR “Personal Health Record” OR “Record, personal
health” OR “personal health records’ OR “Personal Health information” OR “Health Information, Personal” OR
“Information, Personal Health” OR “Personal Medical Records’ OR “Medical Record, Personal” OR “Medical
Records, Personal” OR “Persona Medical Record” OR “Record, Personal Medical” OR “Records, Personal Medical”
OR “patient portals’ OR “Patient Web Portal” OR “Portal, Patient Web” OR “Portals, Patient Web” OR “Web
Portal, Patient” OR “Web Portals, Patient” OR “Patient Internet Portals’ OR “Internet Portal, Patient” OR “Internet
Portals, Patient” OR “Patient Internet Portal” OR “Portal, Patient Internet” OR “ Portals, Patient Internet” OR “Patient
Web Portals’ OR “Patient Portal” OR “Portal, Patient” OR “Open Notes’ OR “Electronic health records”

AND “patient experiences’ OR “ physician experiences’ OR “experiences’ OR “experiences, patient” OR “experiences,
patients’” OR “experiences, physician” OR “experiences, physicians’ OR “experiences, professional” OR “profes-
sional experiences’ OR “outcome assessment (health care)” OR “benefit” OR “satisfaction” OR “ patient outcomes’

Figure 1. Flow diagram of article selection.

Records identified through
database searching
(n=1763)

Exclusion: deduplication,
removal aberrant titles (n=1276)

Records after removal
duplicates and aberrant
fitles (n=417)

Screening abstracts, not meeting
inclusion criteria (n=391)

) (_ Screening _) (_Idtntil‘lcatinn_)

Full-text articles assessed
for eligibility (n=96)

Screening full text, exclusion criteria:
-no full text available (n=1)

igibility

w

-no peer reviewed journal article
y (n=15)

I . - not meeting inclusion criteria (n=33
Eligible articles (n=47) ot meeting Inclusion critena ( )

= Reference tracking (n=2)

COIEE:

Studies included (n=49)

Data Analysis

investigated PAEHR, and 10 dimensions of patient-centered
care. The dimensions of patient-centered care were derived from

Through discussion SJB, AH, and EV cameto acharting code  a model, developed by Scholl et a (Figure 2) [5]. This model
list (see Multimedia Appendix 2). The list contained codesfor  distinguishes 15 dimensions in 3 groups: (1) principles, (2)
general article information, study methods, description of the  enablers, and (3) activities. The principles represent the essential

http://www.jmir.org/2021/1/e17655/ JMed Internet Res 2021 | vol. 23 | iss. 1 |e17655 | p.64

XSL-FO

RenderX

(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

factors of a patient-centered attitude in professionals. The
principles and the enablers, which are organi zational conditions
for patient-centeredness, lay the foundation for the last group,
the activities. These are actions and measures by which
patient-centered behavior becomes visible. Assuming that use
of PAEHRs would affect the “activities’ from the model,
possibly affect the “enablers,” and not affect the “principles,”
weincluded all 5 enablers and 4 activities. We did not include
the activities* physical support” and “emotional support,” since
we expected not to find any relation with the use of PAEHRS.

Figure2. Model of Patient-centered Care, by Scholl et al (2014).

Benjaminset a

From the principles, only clinician-patient relationship was
included, because we considered this dimension adynamic one
that could beinfluenced by use of aPAEHR. A separate charting
code was created for differences among population groups,
sinceformer research suggeststhat disadvantaged groups might
benefit less from the use of PAEHRs than others[19,20,22,23].
The charting process was done by SIB and discussed afterward
with the other authors. All charted datawere aggregated through
group discussion with all co-authors.
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Results

Overview

In total, 49 €ligible articles were included [21,30-77].
MultimediaAppendix 3 presentsabrief summary of the articles,
with characteristics of each study, functionalities of the studied
PAEHR, and reported elements of patient-centered care.
Multimedia Appendix 4 provides an overview of al outcomes.
In this appendix, the articles were divided into 3 study design
groups to facilitate the analysis. The largest group (n=34)
consists of descriptive studies, both qualitative and quantitative
[21,32-35,37-43,45,47-51,53,55,56,58,59,62,63,65,69- 73,
75-77]. The other 2 groups contain pre-post-test comparative
studies [21,40,60,61, 70,71,75,76] and studies comparing
intervention and control groups [30,31,36,44,46,47,52,
54,57,64,66-68,74]. The results of 7 mixed methods studies
were divided and categorized according to the groups they best
matched with [21,40,47,70,71,75,76].

Most articles (n=29) originated from the US
[21,30,32-40,42,44-46,49,50,54-58,60,63,66,69,74,76,77].
Clustered in 5-year periods, 3 articles originated from 2000-2004
[34,40,66], 3 from 2005-2009 [43,67,68], 15 from 2010-2014
[21,33,47,49,54,55,58,59,64,69,71,73-75,77], and 28 from
2014-2019 [30-32,35-39,41,42,44-46,48,50-53,56,57,60-63,
65,70,72,76]. Duration of experience with a PAEHR varied
from 1.5 to 48 months. Population sizes were also diverse,
ranging from 9 in a qualitative study [41] to severa thousand
in an Open Notes survey study (n=29,191) [56]. Findly, the
population demographics varied; most studiesincluded abroad
range of patients (eg, patients in hospitals [30,34,60,72,76] or
inprimary care[21,32,42-46,48,49,54,57,58,63]). Other studies
focused on specific patient groups, like cancer patients
[30,37,50,59,62,75], cardiac patients[40,66,74], chronically ill
patients [31,64,71], HIV-positive patients [36,57], psychiatric
patients [35,39,70], gynecologic patients [67,68,73], and
veterans [35,36,39,55,56,69,77]. Ten studies investigated
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experiences of both patients and their care providers
[21,32,34,40,51,57,58,60,70,72]. Four studies focused on
professionals only [38,41,61,65]. Respondents in all studies
were adults, mostly of no specific age group. Three studies
surveyed parents of pediatric patients [33,37,51].

Apart from record-access, the most common functionalities of
the PAEHRs were “electronic messaging” [33,36,37,
40,51,55,56,64-66,68-70,72,74,76] and the possibility to add
or edit health information [31,34,54-56,58,62,65,70,72,74,75].
Six studies investigated a so-called active PAEHR that sent
patients “personalized health messages’ [31,34,58,63,67,68].
Other functionalities were “give feedback on health
information”[62,65], “download information to share with
others’[30,42,58], “grant direct accessto others’ [55,62,76,77],
and administrative tasks like “scheduling appointments’
[30,51,59], “paying bills” [30], and “requesting medication
refill” [30,72].

One patient-accessible record was paper-based and consisted
of abriefcase with all medical information, which was updated
after every visit to the clinic [47]. Two PAEHRswere electronic
but not available online[43,73]. OnewasaUSB-stick containing
all medical information, which was revised during every visit
to the clinic [73]. The other was akiosk in the clinic’s waiting
room, where patients could access al medical info during their
visit [43]. In one study, 9 physicians were interviewed about
their experiences with PAEHRs in general [30].

Dimensions of Patient Centeredness

The outcomes for the 10 coded dimensions of patient-centered
care have been summarized in Table 2. In 34 of the studies at
least 3 of these dimensions were explored. None of the studies
mentioned the dimensions “integration of medica and
non-medical care” and “teamwork”. The following paragraphs
describe the outcomes for each dimension of patient-centered
care. When describing outcomes, we use the term “ effect” both
for experienced effects as well as for objective results from
comparative studies.
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Table 2. Summary of results for dimensions of patient-centered care. This table represents, for every explored dimension of patient-centered care,
whether reported outcomes point in a positive or negative direction. “Negative” in a pre-post comparative design means “less positive than expected.”
In apre-post or intervention-control design, the term “neutral” refers to the outcome “no difference” or “no significant difference.”

Dimension Number of  Descriptive studies, reference number Comparative studies, reference number
studies, n
Positive Negative Positive Neutral Negative
Information 40 [21,32-34,37-434547-51 53555658, /a2 [30,31,36] b. [60,67] [61]
59,62,63,65,69-72,75-77] [44,46,47.76]
Involvement in care 33 [32,34,37,3840-4347-51,5556 59,62, N/A [36,54]b; [3046,6467,74 [60,61]
63,65,69,71,75,77] [44]
Empowerment 23 [21,3339424547485056586370,76]  N/A [46,59,60,66]; [36,40,61,68, N/A
b 70,71,75]
[76]
Communication 22 [3334.37,40414547485153555859, N/A [76] [57,66] N/A
62,63,65,70,71,76,77]
Involvement of family and friends 14 [42,45474951,55,59,62,69,71,73,76); [70]° [57] N/A N/A
[701°
Clinician-patient relationship 22 [21,32,35,38-434550,59,62,6365,71,72) [41]¢ [44,74] [57] [60,61]
Accessto care 5 [42,45,49,62,63] N/A N/A N/A N/A
Coordination / continuity of care 3 [40,58,76] N/A N/A N/A N/A
Integration medical / nonmedical 0 N/A N/A N/A N/A N/A
Teamwork 0 N/A N/A N/A N/A N/A

3N/A: not applicable.
bSignificant effect.
‘Both positive and negative aspects reported.

Information

Forty studiesinvestigated if and in what way patientsfelt more
infformed about their hedth after use of a PAEHR. We
distinguished 3 different topics: (1) what patients valued in
reading records, (2) emotional consequences, and (3)
understandability. Seven descriptive studies examined reasons
for reading medical records [32,43,45,56,62,75,76]. Patients
valued reading their record because they wanted to know about
their health or because they wanted to be sure they understood
what the doctor said or because they were curious. Patients
valued reading their records most because it improved
understanding of health issues [21,34,39,
45-47,50,53,56,60,61,65,69,71,75-77], helped to prepare for
next visits [21,56,59,61-63,65,71,75,76], and helped to
remember the care plan [21,40,42,43,45,46,49,50,56,61,76].
Reading aso helped patients to follow treatment
recommendations [33,39,41]. Six studies compared the
differencein health knowledge between intervention and control
groups [30,31,36,44,47,67]. One study found a significantly
higher “self-health management knowledge score” among
PAEHR adoptersthan among nonadopters (P<.01) [30]. Another
study found that the intervention group was significantly better
informed than the control group about their latest blood
measurement levels, including date, time, and trend changes,
and about normal lab values (P<.001) [31]. A third study found
that HealtheVet users were able to correctly identify their CD4
counts significantly more often (Fisher exact test=.048) and
their viral load (Fisher exact test=.003) than nonusers[36]. The
other studies found no significant difference [44,47,67]. Two
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pre-post studies compared expectations with experiences
[61,76]. After a period of PAEHR use, one of the studies
reported better understanding of care plansamong patientsthan
expected (OR=1.39) [76]. In the other study, however,
interviewed psychiatrists reported less improvement than
expected in the extent to which patients understood their medical
conditions or remembered their care plans [61].

Reading their records also provided patients with reassurance
[33]. In 4 qualitative studies, patients said that transparency
reduced anxiety and stress [33,45,56,62]. They experienced
waiting for news as more stressful than reading notes by
themselves. One patient said: “It iseasier to break down at home
whereyou are surrounded by family, than at the doctor’s office”
[62]. If reading records caused stress, this was in most cases
related to new diagnoses which had not yet been discussed with
the professional [33]. Stress was aso caused if health care
professionalstrivialized a patient’s problem in the record [39].
Lessthan 10% of patients often or always experienced worries
or confusion after reading their record [21,39,56,57,76]. Three
intervention-control studies found no significant difference in
anxiety levels or reported worries between users and nonusers
[47,52,57].

Six studies investigated if patients understood everything they
reed and how they felt they did not understand
[34,40,50,58,62,77]. Some patients said they would appreciate
built-in-definitions and less jargon. On the other hand, one
patient added: “1 would rather have the doctors just write what
they write and me work to understand it, than them writing it
for me and leaving something out that | would like to know”
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[40]. Moreover, athough patients found some medical
terminology too difficult, they managed to find explanations
on the internet [58,62].

I nvolvement in Care

Thirty-two studies described the impact of use of PAEHRs on
involvement in care. Twenty-three descriptive studies described
involvement of patients in their care as a benefit of using a
PAEHRs [32,34,37,38,40-43,47-51,55,56,59,62,63,65,69,71,
75,77]. Cliniciansin one study said that usingaPAEHR resulted
in a“power shift” towards patients. Some of them saw this as
a “move towards patient-centered care, creating better
opportunities for collaboration with patients’ [38]. In
intervention-control studies, the 13-question Patient Activation
Measurement (PAM-13) Questionnaire was most commonly
used to measure involvement of patients in their care. Two
intervention-control studies found a significantly higher
PAM-score in the user groups [36,54]. One study reported a
mean PAM-13 score of 47 points in the intervention group
versus 45 points in the control group (P=.0014) [54], whereas
the other study reported a mean PAM-13 score of 72.5 in the
intervention group versus amean of 63.49 in the control group
(P=.03) [36]. Three studies found no significant effect on
activation score or decision making [64,67,74]. One study,
comparing different user subgroups, reported that |ess educated
patients and non-White patients were more likely to report that
reading visit noteswas extremely important to engaging in their
care than more educated and White patients [46]. In the 2
pre-post comparisons, the observation that patientswere “fegling
morein control” was slightly lower than expected [60,61].

Five studiesinvestigated if patient involvement would result in
patients finding and correcting errors in their record
[45,60,62,65,76]. One descriptive study reported that 6 patients
in a group of 15 had found errors but had not requested
correction [62]. One study investigated a PAEHR with a
feedback option [45]. Patients valued this feedback option
becauseit helped them to correct errors. Two descriptive studies
reported that physicians felt that use of PAEHRS could prevent
medical errors and that the PAEHRs were used by patients as
a means to check for accuracy [65,76]. In one pre-post study,
patients found less errors than expected, although errors were
found and corrected; in a group of 50 patients, 3 patients
reported finding errors in medication, 2 patients found errors
in radiology test reports, and 1 patient found an error in a
laboratory test report [60].

I nvolvement of Family and Friends

Fourteen studies investigated whether and how family and
friendswereinvolved in care through use of PAEHRs. Thirteen
descriptive studies reported that patients shared health
information with relatives, friends, and health professionals
[42,45,47,49,51,55,59,62,69-71,73,76]. Petients said they shared
information to answer questions of family and friends and to
keep them informed. Sharing information a so helped to discuss
their disease with relatives or caregivers. The percentage of
patients who actually shared notes with others differed among
studies, from 15% to 67%. One descri ptive study among patients
with abipolar disorder reported that 23% of the 39 respondents
considered accessto family caregivers preferable, whereas 25%
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thought it would be harmful [70]. One study, comparing
HIV-positive patientswith other patientsin primary care, found
that HIV-positive patients were more likely than other primary
care patients to share or discuss visit notes with others, both
friends and professionals [57]. In one mixed-methods study,
caregivers especialy valued the ability for a patient to share
information with them, because this enabled them to view notes
of visits which they had not been able to attend [76].

Empowerment

In 13 descriptive studies, patients mentioned that they felt more
in control of their health or that they could take better care of
their own hedth due to reading their record
[21,33,39,42,45,47,48,50,56,58,63,70,76]. In one study, patients
appreciated the possibility to share a print-out of their record
with another doctor [59]. Patients also said that their role became
more active [45]. They experienced more ownership of their
own hedth status [63]. Three control-intervention studies
reported no significant difference in empowerment between
intervention and control groups[36,66,68]. In 7 pre-post studies,
6 studies found no significant effect on empowerment scores
[40,60,61,70,71,75]. The 7th study reported that patients were
more confident in their ability to managetheir healthinformation
(OR 2.14, 95% CI 1.59-2.89) and their care (OR 1.48, 95% CI
1.14-1.93) [76].

Communication

Twenty descriptive studies investigated the effect on
communication between patient and health care professional
and reported an improvement [33,34,37,40,41,45,47,48,
51,53,55,58,59,62,63,65,70,71,76,77]. Communication became
easier because of the PAEHRS, and interaction improved
[34,58]. The ability to view health information improved the
level of communication during subsequent visits and made it
possible to communicate “on a more level playing field” with
health care professionals [41,51]. The use of a PAEHR aso
removed barriers, for instance, “because you can ask ‘stupid’
questions that you wouldn't pick up the phone for” [33]. Two
intervention-control studies reported on communication and
found no significant differences between intervention and
control groups [57,66]. One pre-post study reported that
caregivers appreciated the possibility to view notes of visits
they could not attend, because it improved their communication
with care providers [76].

Seven descriptive studies investigated the influence of PAEHR
use on time investment, 5 of them reporting no difference
[21,32,40,58,62,65,72]. One study reported that some
professionals needed more time to edit or explain notes.
However, they framed this as “better documentation, a good
thing” [21]. In one study, a professiona said that it was
improving efficiency: “finally something to save me timel!”
[58]. Oneintervention-control study reported that professionals
received more messages per patient, but nonetheless did not
feel aperceptible changein workload [66]. Four pre-post studies
investigated expectations of more time investment, but none
demonstrated an increased time investment [21,40,60,61].
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Clinician-Patient Relationship

Seventeen descriptive studies reported on the clinician-patient
relationship [21,32,35,38-43,45,50,59,62,63,65,71,72]. Patients
reported that they were feeling better about their doctors after
reading their records [32,39]. They appreciated their doctors
expertise more and experienced a more equa relationship
[40,41,43,45,62,64,65,72]. They vaued the level of
transparency, especially when notes were written respectfully
[35,43,50,59]. Respectfully written notes contributed to their
feelings of trust [35,71]. As aresult, they felt heard and cared
for [45]. Threeintervention-control studiesand 1 pre-post study
reported on the professional-client relationship and found no
significant differences [44,57,74]. Two other pre-post studies,
however, found that the experienced increase of trust in
physicians was less than expected, both from a patient and a
professional perspective [60,61].

Related to thefear of damaging atherapeutic relationship, some
professional s expected that they would report differently if they
knew patients could be reading their visit notes. A psychiatrist
in one study said: “Sometimes a disbalance occurs, patients
‘directing their care’ and dictating their doctors how to write
their notes” [41]. These psychiatrists also feared that
transparency of records could damage the therapeutic
relationship, especially when notes revealed subjective
impressions. Four pre-post intervention studies investigated if
clinicians reported differently about sensitive subjects.
Professionals appeared to report less differently than they had
expected [21,57,58,61].

Accessto Care

An access to care dimension was mentioned in 5 qualitative
studies[42,45,49,62,63]. Patients experienced that the PAEHRS
gave easy and quick access to health information [42,45,62].
Rapid access was perceived to be advantageous in emergency
situations [49]. One study also mentioned that immediacy of
secure messaging cultivated a sense of ease of access[63].

Coordination and Continuity

In 2 qualitative studies [40,58] continuity and coordination of
care came up. Patients mentioned the benefit of being able to
bring their health information along to another care provider
and to take care of their own medication when they are out of
town.

Differences Among Population Groups

Sinceformer research suggeststhat different popul ation groups
do not profit equally from the use of PAEHRSs [19,20,22,23],
we searched for differences in our review. Seven studies
compared the composition of the studied population with
national demographic data. They reported that PAEHR users
weremore likely to be White and higher educated than nonusers
[30,35,36,39,40,44,45]. Four studies investigated experiences
of different ethnic and socioeconomic groups [32,45,46,49].
One descriptive study found that women, older patients, and
high frequency users found reading notes very important to
engaging in their care [45]. Another descriptive study reported
that older, lower educated, retired, and unemployed patients, as
well as patientswith a poor self-reported health and participants
in other studies were more willing to share visit notes with
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others[49]. A third descriptive study found that disadvantaged
groups such as the elderly, non-White patients, less educated
patients, or patients with poor self-reported health, reported
more often than others that use of a PAEHR made them feel
better about their doctors [32]. One intervention-control study
focused on the importance of PAEHRs to non-White and less
educated patients [46]. Both non-White and less educated
patients reported more often than White and higher educated
patients that the PAEHRs helped them to understand and
remember care plans, feel informed, and make decisions
concerning their own care. Both non-White patients and less
educated patients found reading notes extremely important to
engaging in their care.

Discussion

Summary

This review investigates whether and how the use of PAEHRS
contributes to patient-centered care, both in general and among
specific patient groups. Overal, the articles in this review
support the assumption that patient-accessible records contribute
to patient-centered care. In all 34 descriptive studies, a positive
effect isreported for different dimensions. One descriptive study
reported a possible negative effect of PAEHRs on the
“therapeutic relationship.” Five out of 22 pre-post or
intervention-control studiesreported significant positive effects
related to the dimensions “information,” “involvement of
patients,” or “empowerment.” No significant negative effects
were reported.

The studies in this review included adults only. Four studies
found that, in particular, disadvantaged groups experienced
PAEHR-related benefits [32,45,46,49].

Dimensions of Patient-Centered Care

As we expected, the effect on the different “activities’ in the
Scholl et a model [5] was described most often. Although some
effects on “enablers’ are reported, only two of the “enablers’
are mentioned: (1) access to care [42,45,49,62,63] and (2)
coordination/continuity of care [40,58,76]. A complicating
factor in the analysiswasthe varied use of dimensionsand their
definitions. For instance, whereas Scholl et a [5] distinguished
“information,” “involvement in care,” and “empowerment” as
different dimensions, some studiesincluded “involvement” and
“knowledge/information” in guestionnaires about
“empowerment” [5,40,68,71].

Furthermore, we found topics in our review that were not
described by Scholl et a [5]. One topic was that patients
contributed to patient safety by finding and correcting errorsin
their records [45,60,62,65,76]. After discussing this topic, we
added the subject to “involvement in care,” arguing that patients
showed their involvement in care by checking their record for
errors. In a recent article by Zeh et a [78], however, patient
safety was added to the Scholl et a model [5] as a new
dimension based on a Delphi study among patients. Patients
regarded patient safety as an important dimension of
patient-centered care.

Both negative and positive effects were reported for the
dimension “patient-clinician relationship.” In particular,
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professionalsin mental health care expressed concernsthat the
transparency of PAEHRs would damage the patient-clinician
relationship [38,61]. This is in line with results from other
studies. In a recent Norwegian study [79], professionals in
mental health care report significantly more often than their
colleaguesin somatic carethat they changetheir way of writing
when using PAEHRs. They also discuss significantly more often
than their colleagues in somatic care whether patients should
be denied access to their record. Dobscha et a [80] reported
that only half of the mental health professionals they queried
(107/198) considered sharing mental health Open Notes with
patients a good idea, while most of them (174/205) supported
theideain general to share medical notes with patients.

In opposition to professionals, mental health care patients in
our review felt that transparency in a PAEHR strengthened the
patient-clinician relationship, given that sensitive information
was reported in a respectful way [35,38]. The fact that
professional s see this differently could be caused by traditional
role expectations “in which the patient is viewed as someone
to ‘protect’ and for whom the clinician is responsible” [38].
These role expectations are at odds with the patient-centered
care principle of “equal partnership between client and
professional” and might cause the reluctance toward the use of
transparent PAEHRSs.

In line with this assumption, another study emphasizes the
importance of a patient-centered attitude by offering specific
recommendations for mental health professionalsto strengthen
the therapeutic aliance in the context of patient-accessible
records [35]. These recommendations focus on the “ principle”
dimensions from the Scholl et a model [5]. The findings in
these studi es strengthen the assumption in the Scholl et al model
that the “activity” dimensions only become visible if the
“principles’ of patient-centered care, reflected in a
patient-centered attitude, have been embraced by professionals.

Differences Among Population Groups

Previous research suggests that disadvantaged groups might
profit lessfrom theintroduction of PAEHRsthan others because
they make less use of PAEHRs [19,20,22,23]. In our review, 7
studies reported that users of PAEHRSs were more likely to be
White and higher educated than nonusers
[30,35,36,39,40,44,45], probably dueto different access abilities
[36]. Surprisingly, 4 other studies found that disadvantaged
groups experienced heightened benefitsfrom the use of PAEHRS
[32,45,46,49]. An explanation for this benefit could be the vaue
of rereading information that cannot be absorbed all at once.
Moreover, Bell et a [32] state that non-White patients are said
to distrust White medical professionals, not expecting them to
respect their cultural values. Reading transparent recordswould
prove otherwise and might help these patients to trust their
doctors more [32]. These findings show that disadvantaged
groups benefit from the use of PAEHRS, once they have found
their way into the system. This emphasizes the importance in
designing and implementing PAEHRsthat are easily accessible
in order to include disadvantaged groups.
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Practical Implications

Our review shows that the use of PAEHRs could enhance
patient-centered care, but the effects can be influenced by factors
on professional and patient levels. On a professiona level,
adoption of the principles of patient centered care appearsto be
crucia for a positive impact of the use of PAEHRs on the
patient-clinician relationship. On the patient level, easy access
and user-friendliness is important to secure access for all
demographics and to facilitate the PAEHR-rel ated benefits that
disadvantaged groups might experience.

Strengthsand Limitations

One of the strengths of this scoping review is that we included
all types of designs and we did not focus on “patient-centered
care-specific” search terms. As a result, we created a broad
overview on the topic. Subsequently, the analysis was guided
by the use of selected dimensions of patient-centered care from
Scholl et a [5], which helped us to organize and interpret the
information and added strength to the review. On the other hand,
the fact that the analysis was conducted in separate dimensions
made it more difficult to explore interaction and dependence
between the dimensions and to draw conclusions about the
impact of PAEHRS on patient-centered care as awhole.

Another strength isthe combination of searchesfrom 5 different
databases, from both amedical and a social perspective.

A limitation of this review is that, by specifying only
“physicians’ in our search terms and not “nurses,” “nurse
practitioners,” or nonmedical professionals, we could have
missed some articles that were relevant to the subject.

One more limitation of this review is that we included articles
in only English and Dutch and no unpublished data or grey
literature. For example, no articlesfrom Estonia or Japan could
be included, although both countries are very active in eHealth
and the government of Estonia has implemented a PAEHR
system that is being used for every citizen of the country.

The strength of the conclusionsin this review also depends on
the quality of the individual studies. Therefore, we conducted
a global quality check, where aspects of study design and
population were assessed. Although athorough quality appraisal
isnot common in scoping reviews, amore detailed quality check
could have added strength to the review. The global check
indicated that, on average, study results could have been biased
because of population selection, asvirtually all studiesincluded
only native speakers and most of the studies made use of
convenience sampling.

Conclusions

Thisreview indicates that PAEHRs bear potentia to positively
contribute to patient-centered care. However, concerns from
professionals about the impact of transparency on the
patient-clinician relationship as well as the importance of a
patient-centred attitude need to be addressed. Potentially high
benefitsfor disadvantaged groupswill be achieved only through
easily accessible and user-friendly PAEHRSs.
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Abstract

Background: A diverse array of digital technologies are available to children and young people living in the Globa North to
monitor, manage, and promote their health and well-being.

Objective: This article provides a narrative literature review of the growing number of social research studies published over
the past decade that investigate the types of digital technologies used by children and young peoplein the Global North, in addition
to investigating which of these technol ogies they find most useful or not useful. Key findings aswell as major gaps and directions
for future research are identified and discussed.

Methods: A comprehensive search of relevant publications listed in Google Scholar was conducted, supported by following
citation trails of these publications. The findings are listed under type of digital technology used for health: cross-media, internet,
social media, apps and wearable devices, sexual health support and information, and mental health support and information.

Results: Many young people in the Global North are active users of digital health technologies. However, it is notable that they
still rely on older technologies, such as websites and search engines, to find information. Apps and platforms that may not have
been specifically developed for young people as digital health resources often better suit their needs. Young people appreciate
theready availability of information online, the opportunitiesto learn more about their bodies and health states, and the opportunities
to learn how to improve their health and physical fitness. They enjoy being able to connect with peers, and they find emotional
support and relief from distress by using social media platforms, YouTube, and online forums. Young people can find the vast
reams of information available to them difficult to navigate. They often look to trusted adults to help them make sense of the
information they find online and to provide alternative sources of information and support. Face-to-face interactions with these
trusted providers remain important to young people. Risks and harms that young people report from digital health use include
becoming overly obsessed with their bodies shape and size when using self-tracking technologies and comparing their bodies
with the social mediainfluencers they follow.

Conclusions: Further details on how young people are using social media platforms and YouTube as health support resources
and for peer-to-peer sharing of information, including attention paid to the content of these resources and the role played by young
social media influencers and microcel ebrities, would contribute important insights to this body of literature. The role played by
visual media, such as GlIFs (Graphics Interchange Format) and memes, and social media platforms that have recently become
very popular with young peopl e (eg, Snapchat and TikTok) in health-related content creation and sharing requires more attention
by socia researchers seeking to better understand young people's use of digital devices and software for health and fitness.

(J Med Internet Res 2021;23(1):€18286) doi:10.2196/18286
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Introduction

Over the past decade, an expanding array of digital technologies
have emerged that can be used for promoting or managing young
peopl€e's health and physical fitness. These devices and media
are often referred to as digital health technologies. In addition
to established digital media, such as online discussion forums
and websites about health topics, telemedicine, and exergames,
these technologies include new media and devices, such as
social mediafor the discussion of health topics, appsfor mobile
devices, and wearable devices, including smartwatches or fitness
bands that assist with monitoring information about bodily
activitiesand functions[1]. Children and young people are now
often encouraged by their parents or teachers to use these
devicesand software designed to promote their health and fitness
[2-5].

In responseto these newer digital health technologies, agrowing
body of social research has devel oped to investigate how young
people living in countries that are often characterized as the
Global North are engaging with them. The Global North is a
term used in the social sciences and humanities to refer to
politically stable and wealthy countries or regions that have a
western cultural orientation (ie, Western Europe, North America,
the United Kingdom, Australia, and New Zealand). As is the
case with research, in general, on young people’s use of digital
technologies[6], far more research has been published—at | east
in the English language—on their engagement with
health-related mediaand devicesin the Global North compared
with other regions.

Thisarticle presentsanarrative review and synthesi s of the most
recent literature, published from 2010, on young people’s use
of digital health technologies in the Global North. It includes
relevant studies in disciplines such as sociology and media
studiesthat are not often considered in medical or public health
research.

The research questions structuring the narrative review were as
follows:

1. What digital mediaand devices are used for health-related
purposes by children and young people, aged 5to 30 years,
living in countriesin the Global North?

2. Which of these media and devices do they find most useful
and helpful ?

3. What arethe age-rel ated, gendered, socioeconomic, cultural,
and geographical dimensions structuring their use or nonuse
of digital health?

4. What risks and harms are associated with young people’s
digital health use?

5. What are the gaps in the socia research literature on this
topic?

Methods

There are various approaches to narrative literature reviews.
The approach adopted hereisnot the hybrid systematic narrative
review that is beginning to appear in the body of reviews
focusing on medical internet studies. Instead, this narrative
review draws from the long-established tradition of literature

http://www.jmir.org/2021/1/e18286/
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reviews in social inquiry. The purpose of thistype of narrative
review isto provide a scholarly summary and interpretation of
abody of literature rather than evaluate the validity of amethod
or amedical intervention, with the intention of integrating and
deepening understanding of aparticular research topic[7]. The
aimisto provide asynthesis of what is known about the chosen
topic and identify research gaps[8]. It is particularly useful for
synthesizing the scholarly literature in the humanities and social
sciences—the disciplines encompassed in this review.

This narrative review method does not attempt to adopt a
guantitative approach focused on rigor, avoidance of bias, and
interrater reliability, rather it focuses on a qualitative
interpretation and synthesis of the state of knowledge in a
selected body of literature on adefined topic[7]. Itisadifferent
and complementary approach to the systematic review and is
an appropriate approach to adopt for a review that is directed
at social research [7].

The approach taken for this narrative review is similar, for
example, to that undertaken for an assessment of the literature
on therole played by gangsin adolescent mental health [9] and
the health effects of video gaming [10]. Iterative searches of
Google Scholar were conducted to find relevant publications
published in English, using the search terms* children,” “young
people” “teenagers,” and “adolescents’ in combination with
“digital health” and then, more specifically, combined with
“health,” “digital media” “websites” “telemedicine’
“telehealth,” “electronic patient records” “socia media’
“apps,” “smartphones,” “wearable devices” “exergames,’
“Facebook,” “YouTube” “Instagram,” “Pinterest,” “Twitter,”
and “ Snapchat.” Google Scholar was chosen as the database to
search because, unlike other major databases such as Web of
Science, PubMed, or Scopus, it is far more inclusive of
humanities and socia sciences outputs, such as books, book
chapters, and journals, which are not included in science- or
medical-based databases, while simultaneously including the
publications listed in those databases [11].

| read al of the publications found using these searches,
including books, book chapters, reports, and journal articles. |
then followed the citation trail s, identifying and reading outputs
that cited the initial identified studies. Only publications
appearing since 2010 were included, as | wanted to limit the
review to research that considers the most recent digital
technologiesfor health. Asaninitial search demonstrated, there
has been quite alag in research on young peopl€e' suse of digital
health, with most relevant studies published since 2015.
Publications were not included in the review if they did not
have a predominantly social research focus or if they did not
specifically focus on children or young people's use of digital
technologiesfor health-related purposes (eg, publications about
digital health use by parents or health care providers on behal f
of young people, or those concerning eval uations of the accuracy
of digital health software or devices). Only those publications
referring to children or young peopleliving in the Global North
were included. Using these criteria, a total of 71 publications
were identified for inclusion in this review.

Discussion of theliterature review isorganized by type of digital
technol ogy, beginning with studies presenting abroad overview
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of digital technology usefor health across devices and software,
followed by more specific topics: use of cross-media, internet,
social media, health apps, and wearable devices. Thereis aso
discussion of the literature on sexua heath support and
information as well as mental health support and information,
as these health areas were prominent in the social research on
young people’s use of digital health. The Discussion section
summarizes the key insights and major gaps identified in the
literature and suggests directions for future socia research
studies.

Results

Cross-Media

Only asmall number of studies haveinvestigated young people's
use of digital technologies for health-related purposes across
the range of diverse media and devices currently available to
them. One of the earliest is a national representative survey of
young people, aged 13 to 18 years, that was conducted in 2014
in the United States [12]. Findings highlighted the continuing
importance to young people of face-to-face encounters with
family membersand health professionals. Whilethe respondents
did report searching online for health information, they turned
to their parents more often, as well as to doctors and nurses.
Furthermore, most respondents reported that they did not
frequently use the internet for health information. When they
did use the internet for this purpose, they tended to research
fitness, diet, or nutrition topics. This survey found that older,
wealthier, more active, and healthier young people searched
more frequently, as did African American and Hispanic
adolescents. It isnotable that most respondents did not use social
media when searching for health information. A total of 1in 5
respondents had used YouTube for health topics, which was
more than those who used Facebook or Twitter. Among the
respondents possessing a smartphone, 29% had downloaded a
health app, with fitness or exercise apps being the most common.
However, amost half of those who had downloaded a health
app hardly ever or never used it. Most respondents had never
used awearable device for health-related purposes.

Another more recent US-based project using quaitative methods
found that young people aged 13 to 18 years living in Seattle
reported three main uses of digital technology for health: (1) to
gather information, such asfrom medical websites, social media
(ie, Facebook and Pinterest), exercise apps, and YouTube for
workout information; (2) to share experiences and view others
experiences to gain socia support or inspiration; and (3) to
engagein self-tracking for health (ie, apps and wearables) [13].
Thisresearch found that social mediawas not apreferred mode
to communicate with health care providers for the participants
because of privacy and intrusiveness concerns. Online media
and apps were considered easy to use, always available,
nonjudgmental, and to have options to share information and
experiences anonymously. Negative aspectsidentified by these
young people included online health information not always
being credible, not being able to afford some health apps and
wearable devices, finding it burdensome to enter information
into apps, being tempted to always have the phone on and being
distracted, technology not being designed for teenagers’ use,
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and peers sharing health information that may be inaccurate or
may encourage risk-taking.

Saocial researchin other English-speaking countriesin the Global
North hasindicated high use of theinternet, apps, and wearable
devices for health-related purposes among young people but
also continuing support of long-standing digital platforms and
tools. A 2017 study interviewing young Australians, aged 16
to 25 years, found that they valued the convenience,
accessibility, detail, and diversity of health information offered
by digital media and devices [14]. These young people were
active users of older technologies for health, such as search
engines and websites, even morethan of new technologies, such
as social media, apps, and wearable devices. Similar to the
respondents in the US survey by Wartella and colleagues[12],
these young Australians continued to val ue personal connections
with other peoplefor providing health information and support,
including family members and friends as well as medical
professionals.

A synthesis of findings across three English-based projects
involving both qualitative and quantitative investigations among
secondary school students reported on the findings relating to
the use of social media, apps, and wearables for health-related
purposes [15]. These studies demonstrated that these young
people were both critical and vulnerable users of these devices
and software. The participants reported a range of positive
benefits, particularly in relation to supporting promotion of
healthy diet, exercise, and positive body image. However, they
also raised concerns about the power of these technologies to
shape, influence, and change their health-related behaviors.

Research among secondary school students in South West
England in a 2017-2018 study, using a survey as well as
qualitative methods, found that the participants were actively
using arange of digital devices and software for health-related
purposes [16]. Survey data showed that smartphones were the
devices most often used to access health information, and half
of the respondents were using mobile appsto track their health,
diet, or fitness levels. YouTube was the most popular source of
health information: 44% of survey respondents reported use of
this platform. Fithess was the most popular category of
health-related videos watched by participants. Many participants
also reported following content by social media influencers
about fitness and diet regimens, often organized around the
“fitspiration” or “fitspo” hashtags. However, these young people
also reported that they considered official websites, such as
those offered by government agencies, as the most helpful
source for learning about health.

Degspite these high levels of digital health use, the participants
in these Australian and English studies often noted that it could
be difficult to access the accuracy of health information online
among the multiple and varied sources available to them and
sought help from trusted adults to negotiate this information.
However, they demonstrated little notable interest or concern
about commercia third parties who might be accessing or
exploiting their health data. Participants in the English study
did express caution about the people in their lives with whom
they knowingly shared their personal health information. Most
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were willing to share their health data with their parents but to
amuch lesser extent with health professionals or their friends.

Thelnternet

Search engines, websites, and online discussion forums were
among the earliest forms of onlinetoolsfor finding and sharing
health information. As outlined in the above section, recent
research suggeststhat these resources remain popular for young
people in the Global North. Other studies also support these
findings. A systematic review of 19, mostly US-based, studies
on young peopl€'s health-rel ated internet useidentified evidence
of adolescents seeking preventive health care information,
support, and specific information about common health issues,
such as sports injuries, flu, chronic diseases, asthma, sexual
health, fitness, and infections [17]. The internet served as a
confidential source of information that was particularly
appreciated by youth facing limited access to health care or
managing cultural or religious sensitivities. The valuefor young
people seeking help and support from peers online for mental
health problems, living with chronic illnesses, and connecting
with young people with the same sexua orientation was a
common finding across these studies. Gender and age structured
young people'sdigital health practices. Girls tended to use the
internet more often than boys. Older youth preferred online
sources of health information, while younger people sought
help primarily from their parents, teachers, and other adults.
Overall, theyoung peoplein these studies perceived their online
experiences as positive, but they expressed concern about online
privacy and the accuracy of the information they were accessing.

Another systematic review assessed studies of how adolescents
search for and evaluate health information online [18]. Four
themes were identified across the literature: (1) use of search
engines, (2) difficultiesin selecting appropriate search strings,
(3) barriers to searching, and (4) absence of searching. The
review concluded that adolescents are aware of the varying
quality of online information about health and exhibit a range
of strategies for searching and appraising this information.
However, one of the most significant barriers to successfully
finding information is the volume of search returns they often
encounter, sometimesresulting in them giving up in frustration.

A French survey found that almost half of the young internet
users, aged 15 to 30 years, in France searched online for health
information. Female participants and those of higher
socioeconomic statuswere morelikely to do so[19]. In another
more recent French survey involving students aged 18 to 24
years, almost all of the students had searched on the internet
for health-related information in the past 12 months, suggesting
a growing reliance on the internet among this demographic
group in France [20].

Social Media

Inthe past 5 years, agrowing number of social researchers have
investigated how young people in the Global North use social
media for health-related purposes. Analyses of the content of
youth-oriented social media[20-22] and visual media, such as
selfies [23,24] and the use of hashtags [25,26] as a way of
organizing communities of young people around topicsincluding
fitness, sporting activities, health, diet, sexuality, gender identity,

http://www.jmir.org/2021/1/e18286/

Lupton

and self-care, have received attention in the literature.
Researchers have demonstrated that social media influencers,
microcel ebrities, and other content creators, many of whom are
young people themselves, are playing important roles in
conveying health information and providing emotional support
to young people [14-16,26-29].

The “fitspiration” or “fitspo” hashtags used with images
intended to show how physical exercise and training can sculpt
bodies, particularly on Instagram, have received particular
attention, with researchers showing how young women’s bodies
are depicted as sexuaized, normatively sim, toned, and typically
White, while young men are shown as conforming to the
muscular or hyper-muscular ideal [30-34]. The relationship
between the consumption of digital media and young people’'s
body image has al so been explored in severa studies, with some
evidence to suggest that such images can influence young
people's appraisal of, and satisfaction with, their body size,
shape, and level of fitness[16,27,35-39]. Researchershave aso
raised concerns about the promotion of health-detracting
practicesin social mediaand YouTube videos, such as self-harm
[38] and disordered or overly restricted eating [31,33,39-43].

Goodyear and colleagues used participatory class activities,
interviews, focus group discussions, and an online survey with
English students, aged 11 to 15 years, to explore their
engagement with health-related social media across the range
of platforms available to them [44]. Just over half of the survey
respondents actively used social media to search for health
information, predominantly for physical activity, diet and
nutrition, and body image. Almost half (46%) of the respondents
said that they had changed their heal th-related behaviors because
of something they had seen on social media; most of them said
the change was positive. There were five types of content these
participants identified asinfluential: (1) automatically sourced
(ie, pushed to them by the platform’s algorithms, including
advertising material), (2) suggested or recommended following
an initial search, (3) peer generated, (4) likes (ie, positive
responses from othersregarding their content, suggesting it was
good), and (5) reputable content (ie, from official organizations,
celebrities, sports figures, big name commercial companies,
etc).

A study using focus groups and a survey included adolescent
girls living in the US state of West Virginia and queried them
about their use of health-related social media[45]. Thefindings
demonstrated the popularity of Snapchat and Instagram with
this age group as social media platforms to communicate with
friends, with Facebook proving unpopular and viewed as “for
older people.” Intermsof health-related content, these platforms
were used to share nutrition information, healthy recipes, weight
loss, and fitness posts with friends.

Apps and Wearable Devices

Several systematic reviews have been published of studies
investigating various aspects of young peopl€e's use of health
apps. One focused on studies of adolescents' use of apps for
chronic disease management, finding that there was a paucity
of evidence-based apps and very few studies evaluating their
effectiveness [46]. A systematic review of research on apps
used for health promotion among adol escents and studentsfound
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that most apps were used for therapy or as part of school
programs, and only four of them had been specifically designed
for adolescents. The review identified that limited research has
been conducted on how effective these apps are for promoting
health among young people [47].

In-depth research has been able to bring to the surface some of
the reasons why young people choose to use health or fitness
apps and what aspects of the apps they find most beneficial or
helpful. Interviews with American college students who used
health and fitness apps found that most of the students had
downloaded the app to hel p with meeting goal s, which included
supporting an established behavior or adopting anew behavior.
They liked appsthat werefree, easy to use, provided visual and
auditory cues, and had game-like rewards, but they did not want
to link the appsto social media[48]. Findings from an English
study that involved a survey, workshops, and interviews with
young people aged 18to 25 years showed that acal orie-counting
app was the most popular and was used by almost half of the
participants [49]. Many participants had discontinued using a
health or fitness app, however, citing lack of interest, time, or
motivation as reasons. Some expressed concern that they were
becoming obsessive about counting calories or overexercising,
or they struggled with feelings of guilt, anxiety, failure, or
disappointment in response to the metrics generated by the app.
It was noted by some participants that they felt a need to
“reconnect” to their bodies without using digitized and
guantified datato generate an understanding of their fitnessand
health. Similar findings were reported in an interview-based
study with young New Zealanders aged 16 to 21 years [50].

Another English-based project involving focus group discussions
about fitness apps with adolescent girlswho were sportsleaders
at their school also demonstrated feelings of ambivalence on
the part of the girls [51]. These students were mostly positive
about using such apps for motivating young people to improve
their fitness and health. However, they cautioned that physical
education classes should not rely on these kinds of technologies
and that the social benefits of exercising with others could be
lost.

Far less research has directed attention to young people's use
of wearable devices for health and fitness. Studies that have
been published suggest that health and fitness apps on
smartphones remain more popular than wearable devicesamong
young people. A systematic review of the feasibility and
effectiveness of wearable activity trackers among children and
young people found that few studies had been conducted. This
research suggested that whileintervention effects from wearable
device use were generally positive, they largely related to
short-term rather than long-term effects. Feasibility studies
indicated that comfort, design, and feedback features were
important [52].

Gender differences were identified in a French survey of
students aged 18 to 24 years. The survey found that 35% of the
students had used at least one health app, mostly for physical
activity and general health monitoring, but only 4% had a
wearable device. Female students were more likely to use a
health app, while male students were more likely to use a
wearable device [20]. In a Belgian survey of adolescent high
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school students, researchersfound that one-quarter of them used
nutrition or fitness apps or both. Those who used these types
of apps more frequently were more likely to consume healthy
beverages and have a lower BMI; however, those who used
nutrition apps the most were more likely to have ahigher BMI,
probably because they were trying to lose weight [53].

Two studies investigated Finnish young people’s use of apps
and wearable devices for fitness-related purposes. One survey
found that half of the respondents said they had these types of
apps on their phones, but only 16% reported using them. Only
17% owned wearables and few participants (9%) used them
[54]. In the second project, a more specific group of Finnish
young people (ie, senior high school athletes) reported a high
voluntary use of self-tracking apps and wearable devices to
monitor their training and fitness levels, to the point that the
use of such technologies was positioned as an important
dimension of their identities as accomplished athletes [55].

A small number of projects involved providing young people
with fitness trackers to ascertain how they used them. In one
such study, Australian adolescents, aged 13 to 14 years, were
given a Fitbit Flex wristband and app and were asked to use it
for 6 weeks [56]. The participants reported finding it easy for
tracking physical activity but not as easy to use for seep.
Barriersto useincluded its lack of comfort and design, lack of
specific feedback about activity levels, and inability to useitin
water-based sporting activities. Another Australian study
involved providing younger children, aged 7 to 12 years, with
an activity tracking device (ie, KidFit) for a period of 4 weeks
and included interviews with their parents [57]. Children and
parents reported that they found the associated app easy to use;
however, the children were frustrated by not being able to
receive real-time feedback, and there were difficultiesfor some
with the band feeling uncomfortable and having to remove it
for water-based sports activities.

In a US-based research study, young people enrolled in an
after-school program were provided with Fitbits for aperiod of
6 months [58]. Data logs revealed low continuous engagement
that declined over time. When the young people did wear their
Fitbits, they engaged with their data in reflective ways. The
design of the Fitbit, environmental constraints, and motivation
were barriers to continuous engagement.

Two projects invited English young people to try Fithits. One
study involved 100 young people aged 13 and 14 years[59,60].
The researchers noted that the participants motivation to use
the wearable devices faded quite quickly, asthey became bored
with them and didliked the surveillance opportunitiesthe devices
afforded their teachers. The young peoplefelt pressured by the
demands of the step-counting goals set by the devices. They
guestioned the value of the metrics generated by their Fitbits
and resisted the ways the devices tended to limit physical
activity and health statusto certain defined measurements, such
as step counts.

The second English study adopted a combination of Fitbitsand
the WhatsApp messenger app to investigate young people’s
experiences with the devices[16]. A total of 2 girlsand 5 boys,
aged 16 to 18 years, used the Fitbitsfor 8 weeks. Several of the
participants enjoyed counting their steps, reviewing their metrics

JMed Internet Res 2021 | vol. 23 | iss. 1 |€18286 | p.80
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

instantaneously, competing with others, reaching goals and
targets, and receiving positive notification from the devices.
For some, the devices generated motivation and short-term
behavior changes. Others struggled with knowing how best to
respond to the data generated by their Fitbitswithout becoming
too obsessive about their metrics and goals, such asloss of body
weight; some simply found the process of remembering to use
the devices and to input data or understanding what the metrics
weretelling them as involving too much labor on their part. As
in the other English study, the participants recounted |osing the
motivation to wear their Fitbits or becoming annoyed with being
“nagged” by them to be more physically active.

Sexual Health Support and I nformation

Health promotion agencies often seek to develop digital
resources to support young people's sexua health. However,
these efforts tend to ignore the multiple waysin which abroader
ecosystem of digital media and devices are operating in ways
that are preferred by young people[61]. Theseinclude practices
such as consensual sexting, peer-to-peer sharing of information
in websites, social media and online discussion forums, and
YouTube videos as well as news coverage of sexual health
issues on alternative youth-oriented news platforms, such as
Buzzfeed, Broadly, and Vice [61-63]. Searching online tends
to be the first port of call for young people when they have
sexual health concerns [64] or simply want more information
about sex [65-67].

Research with LGBTQI (lesbian, gay, bisexual, transgender,
gueer, and intersex) youth has found that they consider apps
that have been specifically designed to support their health and
well-being to be “pretty pointless’ [68]. In contrast, personal
stories are valued by young people looking for information
about sexual identity [65]. In particular, the socia media
platform Tumblr has been an important resource for LGBTQI
youth to find connections with others and learn about their
sexual identities [69-71]. This opportunity has recently been
closed down, however, with Tumblr introducing a policy that
it would no longer host “adult content,” thereby effectively
censoring much LGBTQI content [69].

Mental Health Support and Information

Many websites, online programs, and apps have been created
specifically to support young people’s mental heath. A
systematic review of studies devoted to the use of mental health
appsfor children and adol escents showed that very littleresearch
has been conducted into their effectiveness[72]. Thefew studies
that have been published failed to demonstrate a significant
effect onintended outcomes. Another systematic review focused
on research that investigated young people’'s online
health-seeking behaviorsfor mental health concerns[73]. Across
the included studies, key benefits included anonymity and
privacy, immediacy, ease of access, inclusivity, the ability to
connect with others and share experiences, and a greater sense
of control over the help-seeking journey. Online help-seeking
has the potential to meet the needs of those with a preference
for self-reliance or act as a gateway to further help-seeking.
Barriers to help-seeking included a lack of mental health
literacy, concerns about privacy and confidentiality, and
uncertainty about the trustworthiness of online resources.
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Young people€’ smental health and well-being may be supported
through digital media that have not been specifically designed
for this purpose, and young peopl e themsel ves often play active
roles in generating, curating, and sharing content for these
services. For instance, platforms like YouTube, Facebook,
Twitter, Tumblr, and Instagram host discussions of topicsrelated
to health and well-being, such as mindfulness, stress relief,
healthy eating, and physica fitness, as well as provide
opportunities for young people to create informal networks to
sharetheir experiences of specific mental health conditionsand
provide information and emotional support to each other [74].
Social research studies have shown that informal online
communities devel oped by young people with peers can promote
recovery from conditions such as eating disorders [75],
depression [76], suicidal ideation, and self-harm [77].

Online discussion forums have been demonstrated to provide
help and support to many young people with mental health
conditions or difficulties [78]. A study using focus groupswith
Australian university students reported that the students
appreciated internet-based resources of mental health
information and support, particularly for their accessibility and
the anonymity and avoidance of stigma these offered [79].
However, they were also concerned about sensitive detail s about
their mental health being accessed by third parties and found
the wesalth of information distributed across the internet to be
difficult to locate and assess for its relevance. A desire for a
centralized resource was expressed by these participants.

A Canadian online survey of young people aged 17 to 24 years
[80] found that most respondents had used the internet to seek
information or help for distressing feelings. Information-based
websites were popular, followed by social media sites. Privacy
was rated as very important by these Canadian respondents, and
they particularly valued information about interventions and
treatments. New Zealand-based interviews with a group of
participants aged 16 to 21 years noted the importance of
mindfulness and meditation apps and trusting rel ationshipswith
peerson social mediafor providing relief from distress[50,81].

Discussion

Returning to the research questions addressed by this review,
the following trends and gaps were identified across the body
of reviewed literature.

What Digital Media and Devices Are Used for
Health-Related Purposes by Children and Young
People, Aged 5t0 30 Years, Livingin Countriesin the
Global North?

The reviewed research has found that many young people in
the Global North are active users of digital health technologies.
However, it is notable that they till rely on older technologies,
such as websites and search engines, to find information. In
many cases, newer media, such associal mediaplatforms, apps,
and wearable devices, arelessfrequently used by young people
for health-related purposes. Severa studies have demonstrated
that young people who have experimented with the use of
self-tracking apps and wearable devices do not necessarily
continue using them on along-term basis.
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Which of TheseMediaand Devicesdo They Find M ost
Useful and Helpful ?

Young people in this body of research have reported many
benefits from their use of digital technologies for health. They
appreciate the ready availability of information on the internet
and the opportunitiesto learn more about their bodies and health
states and how to improve their health and physical fitness by
accessing websites, discussion forums, and socia media and
by using apps.

An important finding across the literature is that apps and
platforms that may not have been specifically developed for
young people as digital health resources (eg, YouTube, Tumblr,
and Instagram) often better suit their needs. Young people
appreciate being able to connect with peers and find emotional
support and relief from distress by using social mediaplatforms,
YouTube, and online forums. They can find self-tracking apps
and platforms helpful for learning more about their bodies.
However, they can become bored, feel overwhelmed by the vast
guantities of data generated by these technologies, or find the
labor involved in self-tracking as too burdensome for continuing
use.

Another key finding across some of the reviewed research is
that young people can find the vast reams of information
availableto them on theinternet to be difficult to navigate. They
often look to trusted adults, particularly their parents and
medical professionals, to help them make sense of the
information they find online and to provide alternative sources
of information and support. Face-to-face interactionswith these
trusted providers remain important to young people.

What Arethe Aged-Related, Gender ed, Socioeconomic,
Cultural, and Geographical Dimensions Structuring
Young People’'s Use or Nonuse of Digital Health?

Published studies have mostly been based in the United States
and the United Kingdom, but there are also some publications
from researchers in Western Europe, Australia, New Zealand,
and Canada. Little research thus far has focused on comparing
the experiences of young people based on sociodemographic
attributes, such as their age, geographical location within a
country (eg, in rural or remote regions compared with urban
regions), gender, socioeconomic status, and race or ethnicity.
Those studies that have made these comparisons haveidentified
that these factors can play an important role in structuring the
ways that young peopl e engage with digital health. It isnotable
that the experiences of preadolescent children have received
little attention; most studies published thus far have focused on
teenagers and young people aged in their early 20s.

What Risksand Harms Are Associated With Young
People's Digital Health Use?

Risks and harms that young people report from digital health
use include becoming overly obsessed with their bodies’ shape
and size using self-tracking technologies and comparing their
bodies with the social media influencers they follow. The
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implications of personal data exploitation for children’s rights
[82-84] and citizenship [85] have also been noted by media
researchers. Major organizations directed at supporting
children’srightsand well-being, globally, are beginning to draw
attention to the opportunities and risks involved in introducing
digital technologies into children’s lives [86]. Young people
often have little choice in engaging with datafication
technologies[87]; for example, when they were expected to use
digital learning platforms, biometric systems, or self-tracking
devicesat school, therewaslittle or no option to opt out [2,3,82].
These technologies can limit young peopl€e’s privacy, agency,
and autonomy [88-91].

What Arethe Gapsin the Social Research Literature
on This Topic?

More comparative research needsto be conducted on how young
people from different sociodemographic backgrounds and age
groups experience digital health. There is a wide scope for
further research that can address these differentiated groups of
young people. Only a small humber of studies have directly
asked young people about their practices or attitudes concerning
their health data privacy and security. This research has found
that many young people are not overly concerned about these
issues, except where it relates to highly sensitive topics, such
assexua or mental health. Young peopletend to lack knowledge
about the third parties who access their personal health and
medical data and what these actors and agencies do with their
health information. Given the high preval ence of persona health
data hacks, breaches, and leaks [92-94], as well as third-party
use of this information across age groups [95-98], what
knowledge this age group has about these issues and how they
can better learn about and become aware of what happens to
their health data require further research attention.

Young people's use of social media and apps has received
reasonably high levels of attention by social researchers.
However, further details on how young people are using social
media platforms and YouTube as health support resources and
for peer-to-peer sharing of information, including attention paid
to the content of these resources and the role played by young
socia mediainfluencersand microcelebrities, would contribute
important insights to this body of literature.

Finally, therole played by visual media, such as GIFs (Graphics
Interchange Format) and memes, and social media platforms
that have recently become very popular with young people (eg,
Snapchat and TikTok) in health-related content creation and
sharing requires more attention by social researchers seeking
to better understand young peopl€e's use of digital devices and
software for health and fitness.

Limitations

This review was limited to research that adopted a socia
perspective, was published in English, and was conducted with
young people living in countries in the Global North. Future
reviews could address other bodies of research beyond these
parameters to supplement the findings of this review.

http://www.jmir.org/2021/1/e18286/

JMed Internet Res 2021 | vol. 23 | iss. 1 |e18286 | p.82
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Lupton

Conflictsof Interest

None declared.

References

1.  LuptonD. Digital Health: Critical and Cross-Disciplinary Perspectives. London, UK: Routledge; 2017.

2. Gard M, Lupton D. Digita health goesto school: Implications of digitising children's bodies. In: Taylor E, Rooney T,
editors. Surveillance Futures: Social and Ethical Implications of New Technologiesfor Children and Young People. London,
UK: Routledge; 2017:36-49.

3. Lupton D. Data assemblages, sentient schools and digitised health and physical education (response to Gard). Sport Educ
Soc 2014 Oct 26;20(1):122-132. [doi: 10.1080/13573322.2014.962496]

4.  Rich E. Childhood, surveillance and mHealth technologies. In: Taylor E, Rooney T, editors. Surveillance Futures. Social
and Ethical Implications of New Technologies for Children and Young People. London, UK: Routledge; 2017:132-146.

5. Rich E. Gender, health and physical activity in the digital age: Between postfeminism and pedagogical possibilities. Sport
Educ Soc 2018 Jul 13;23(8):736-747. [doi: 10.1080/13573322.2018.1497593]

6. Livingstone S, Bulger M. A global research agendafor children'srightsin the digital age. J Child Media 2014 Sep
24;8(4):317-335. [doi: 10.1080/17482798.2014.961496]

7.  Greenhalgh T, Thorne S, Malterud K. Time to challenge the spurious hierarchy of systematic over narrative reviews? Eur
JClin Invest 2018 Jun;48(6):€12931 [FREE Full text] [doi: 10.1111/eci.12931] [Medline: 29578574]

8.  Thorne S. On the evolving world of what constitutes qualitative synthesis. Qual Health Res 2019 Jan;29(1):3-6. [doi:
10.1177/1049732318813903] [Medline: 30799767]

9. Macfarlane A. Gangs and adolescent mental health: A narrative review. J Child Adolesc Trauma 2019 Sep;12(3):411-420
[FREE Full text] [doi: 10.1007/s40653-018-0231-y] [Medline: 32318210]

10. Goodman W, McFerran E, Purves R, Redpath I, Beeken R. The untapped potential of the gaming community: Narrative
review. JIMIR Serious Games 2018 Sep 25;6(3):€10161 [FREE Full text] [doi: 10.2196/10161] [Medline: 30274962]

11. Martin-Martin A, Orduna-Malea E, Thelwall M, Delgado LE. Google Scholar, Web of Science, and Scopus: A systematic
comparison of citationsin 252 subject categories. JInformetr 2018 Nov;12(4):1160-1177. [doi: 10.1016/].j0i.2018.09.002]

12. WartellaE, Rideout V, Montague H, Beaudoin-Ryan L, Lauricella A. Teens, health and technology: A national survey.
Media Commun 2016 Jun 16;4(3):13-23. [doi: 10.17645/mac.v4i3.515]

13. Radovic A, McCarty A, Katzman K, Richardson P. Adolescents perspectives on using technology for health: Qualitative
study. IMIR Pediatr Parent 2018;1(1):e2 [FREE Full text] [doi: 10.2196/pediatrics.8677] [Medline: 30740590]

14. Lupton D. ‘Better understanding about what's going on’: Young Australians' use of digital technologies for health and
fitness. Sport Educ Soc 2018 Dec 06;25(1):1-13. [doi: 10.1080/13573322.2018.1555661]

15. Goodyear V, Armour K. Young peopl€'s perspectives on and experiences of health-related social media, apps, and wearable
health devices. Soc Sci 2018 Aug 13;7(8):137. [doi: 10.3390/socsci 7080137]

16. RichE, LewisS, Lupton D, Miah A, Piwek L. Digital Health Generation? Young People's Use of 'Healthy Lifestyle
Technologies. Bath, UK: University of Bath; 2020. URL : https://staticl.squarespace.com/static/59705db2414fb5d8ec26586b/
t/5ece2cb7c9d0b7350d143fad/1590570242400/2020Di gital Heal thGeneration.pdf [accessed 2020-12-28]

17. Park E, Kwon M. Health-related internet use by children and adol escents: Systematic review. JMed Internet Res 2018 Apr
03;20(4):€120 [FREE Full text] [doi: 10.2196/jmir.7731] [Medline: 29615385]

18. Freeman JL, Caldwell PH, Bennett PA, Scott KM. How adolescents search for and appraise online health information: A
systematic review. J Pediatr 2018 Apr;195:244-255.€l. [doi: 10.1016/}.jpeds.2017.11.031] [Medline: 29398062]

19. Beck F, Richard J, Nguyen-Thanh V, Montagni |, Parizot |, Renahy E. Use of the internet as a health information resource
among French young adults: Results from a nationally representative survey. JMed Internet Res 2014 May 13;16(5):€128
[FREE Full text] [doi: 10.2196/jmir.2934] [Medline: 24824164]

20. Montagni I, Cariou T, Feuillet T, Langlois E, Tzourio C. Exploring digital health use and opinions of university students:
Field survey study. IMIR Mhealth Uhealth 2018 Mar 15;6(3):e65 [FREE Full text] [doi: 10.2196/mhealth.9131] [Medline:
29549071]

21. Toffoletti K, Thorpe H. Female athletes self-representation on social media: A feminist analysis of neoliberal marketing
strategies in “ economies of visibility”. Fem Psychol 2018 Feb 08;28(1):11-31. [doi: 10.1177/0959353517726705]

22. Jenzen O. Trans youth and social media: Moving between counterpublics and the wider web. Gend Place Cult 2017 Nov
13;24(11):1626-1641. [doi: 10.1080/0966369x.2017.1396204]

23. Butkowski C, Dixon T, Weeks K, Smith M. Quantifying the feminine self(ie): Gender display and social media feedback
in young women'’s Instagram selfies. New Media Soc 2019 Aug 27;22(5):817-837. [doi: 10.1177/1461444819871669]

24. MclLean S, Jarman H, Rodgers R. How do “selfies’ impact adolescents well-being and body confidence? A narrative
review. Psychol Res Behav Manag 2019 Jul;12:513-521 [FREE Full text] [doi: 10.2147/prbm.s177834]

25. Ambwani S, Shippe M, Gao Z, Austin S. Is#cleaneating a healthy or harmful dietary strategy? Perceptions of clean eating
and associations with disordered eating among young adults. J Eat Disord 2019;7:17 [FREE Full text] [doi:
10.1186/s40337-019-0246-2] [Medline: 31171970]

http://www.jmir.org/2021/1/e18286/ JMed Internet Res 2021 | vol. 23 | iss. 1 |€18286 | p.83

(page number not for citation purposes)


http://dx.doi.org/10.1080/13573322.2014.962496
http://dx.doi.org/10.1080/13573322.2018.1497593
http://dx.doi.org/10.1080/17482798.2014.961496
http://europepmc.org/abstract/MED/29578574
http://dx.doi.org/10.1111/eci.12931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29578574&dopt=Abstract
http://dx.doi.org/10.1177/1049732318813903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30799767&dopt=Abstract
http://europepmc.org/abstract/MED/32318210
http://dx.doi.org/10.1007/s40653-018-0231-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32318210&dopt=Abstract
https://games.jmir.org/2018/3/e10161/
http://dx.doi.org/10.2196/10161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30274962&dopt=Abstract
http://dx.doi.org/10.1016/j.joi.2018.09.002
http://dx.doi.org/10.17645/mac.v4i3.515
https://pediatrics.jmir.org/2018/1/e2/
http://dx.doi.org/10.2196/pediatrics.8677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30740590&dopt=Abstract
http://dx.doi.org/10.1080/13573322.2018.1555661
http://dx.doi.org/10.3390/socsci7080137
https://static1.squarespace.com/static/59705db2414fb5d8ec26586b/t/5ece2cb7c9d0b7350d143fad/1590570242400/2020DigitalHealthGeneration.pdf
https://static1.squarespace.com/static/59705db2414fb5d8ec26586b/t/5ece2cb7c9d0b7350d143fad/1590570242400/2020DigitalHealthGeneration.pdf
https://www.jmir.org/2018/4/e120/
http://dx.doi.org/10.2196/jmir.7731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29615385&dopt=Abstract
http://dx.doi.org/10.1016/j.jpeds.2017.11.031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29398062&dopt=Abstract
https://www.jmir.org/2014/5/e128/
http://dx.doi.org/10.2196/jmir.2934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24824164&dopt=Abstract
https://mhealth.jmir.org/2018/3/e65/
http://dx.doi.org/10.2196/mhealth.9131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29549071&dopt=Abstract
http://dx.doi.org/10.1177/0959353517726705
http://dx.doi.org/10.1080/0966369x.2017.1396204
http://dx.doi.org/10.1177/1461444819871669
https://www.dovepress.com/how-do-selfies-impact-adolescents-well-being-and-body-confidence-peer-reviewed-fulltext-article-PRBM
http://dx.doi.org/10.2147/prbm.s177834
https://jeatdisord.biomedcentral.com/articles/10.1186/s40337-019-0246-2
http://dx.doi.org/10.1186/s40337-019-0246-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31171970&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Lupton

26. Baker SA, Walsh MJ. * Good Morning Fitfam’: Top posts, hashtags and gender display on Instagram. New Media Soc 2018
Jun 10;20(12):4553-4570. [doi: 10.1177/1461444818777514]

27. Goodyear VA, Armour KM, editors. Young People, Social Media and Health. London, UK: Routledge; 2019.

28. Goodyear V. Narrative matters: Young people, social media and body image. Child Adolesc Ment Health 2020
Feb;25(1):48-50 [FREE Full text] [doi: 10.1111/camh.12345] [Medline: 32285640]

29. Baker SA, Rojek C. TheBelle Gibson scandal: Therise of lifestyle gurus as micro-celebritiesin low-trust societies. J Sociol
2019 May 10;56(3):388-404. [doi: 10.1177/1440783319846188]

30. Carrotte E, Prichard I, Lim M. "Fitspiration" on social media: A content analysis of gendered images. JMed Internet Res
2017 Mar 29;19(3):e95 [FREE Full text] [doi: 10.2196/jmir.6368] [Medline: 28356239]

31. BoeppleL, Thompson JK. A content analytic comparison of fitspiration and thinspiration websites. Int J Eat Disord 2016
Jan;49(1):98-101. [doi: 10.1002/eat.22403] [Medline: 25778714]

32. LuptonD. Digital mediaand body weight, shape, and size: Anintroduction and review. Fat Stud 2016 Nov 15;6(2):119-134.
[doi: 10.1080/21604851.2017.1243392]

33. Tiggemann M, Zaccardo M. 'Strong is the new skinny': A content analysis of #fitspiration images on Instagram. J Health
Psychol 2018 Jul;23(8):1003-1011. [doi: 10.1177/1359105316639436] [Medline: 27611630]

34. Camacho-Mifiano MJ, Maclsaac S, Rich E. Postfeminist biopedagogies of Instagram: Young women learning about bodies,
health and fitness. Sport Educ Soc 2019 May 22;24(6):651-664. [doi: 10.1080/13573322.2019.1613975]

35.  Aberg E, KoivulaA, Kukkonen I. A feminine burden of perfection? Appearance-related pressures on social networking
sites. Telematics Inform 2020 Mar;46:101319. [doi: 10.1016/j.tele.2019.101319]

36. Burnette CB, Kwitowski MA, Mazzeo SE. "I don't need peopleto tell me I'm pretty on social media:" A qualitative study
of social media and body image in early adolescent girls. Body Image 2017 Dec;23:114-125. [doi:
10.1016/j.bodyim.2017.09.001] [Medline: 28965052]

37. Goodyear V, Quennerstedt M. #Gymlad - Young boys learning processes and health-related social media. Qual Res Sport
Exerc Health 2019 Oct 07;12(1):18-33. [doi: 10.1080/2159676x.2019.1673470]

38. Fardouly J, Vartanian LR. Social mediaand body image concerns: Current research and future directions. Curr Opin Psychol
2016 Jun;9:1-5. [doi: 10.1016/j.copsyc.2015.09.005]

39. Holland G, Tiggemann M. A systematic review of the impact of the use of socia networking sites on body image and
disordered eating outcomes. Body |mage 2016 Jun;17:100-110. [doi: 10.1016/j.bodyim.2016.02.008] [Medline: 26995158]

40. Holland G, Tiggemann M. "Strong beats skinny every time": Disordered eating and compul sive exercise in women who
post fitspiration on Instagram. Int J Eat Disord 2017 Jan;50(1):76-79. [doi: 10.1002/eat.22559] [Medline: 27302867]

41. Ging D, Garvey S. ‘Written in these scars are the stories | can’t explain’: A content analysis of pro-ana and thinspiration
image sharing on Instagram. New Media Soc 2017 Jan 20;20(3):1181-1200. [doi: 10.1177/1461444816687288]

42. MarcusS. Thinspiration vsthicksperation: Comparing pro-anorexic and fat acceptance image posts on a photo-sharing site.
Cyberpsychology 2016 Jul 01;10(2):1 [FREE Full text] [doi: 10.5817/cp2016-2-5]

43. De Choudhury M. Anorexiaon Tumblr: A characterization study. In: Proceedings of the 5th International Conference on
Digital Health. 2015 Presented at: 5th International Conference on Digital Health; May 18-20, 2015; Florence, Italy p.
43-50. [doi: 10.1145/2750511.2750515]

44.  Goodyear VA, Armour KM, Wood H. Young people and their engagement with health-rel ated social media: New perspectives.
Sport Educ Soc 2019;24(7):673-688 [FREE Full text] [doi: 10.1080/13573322.2017.1423464] [Medline: 31814804]

45. Leary M, Clegg E, SantellaM, Murray P, Downs J, Olfert M. Consumption of health-related content on social mediaamong
adolescent girls: Mixed-methods pilot study. IMIR Form Res 2019 Mar 01;3(1):e€11404 [ FREE Full text] [doi: 10.2196/11404)]
[Medline: 30821696]

46. Majeed-Ariss R, Baildam E, Campbell M, Chieng A, Fallon D, Hall A, et a. Apps and adolescents: A systematic review
of adolescents' use of mobile phone and tablet appsthat support personal management of their chronic or long-term physical
conditions. JMed Internet Res 2015 Dec 23;17(12):€287 [FREE Full text] [doi: 10.2196/jmir.5043] [Medline: 26701961]

47. DuteJ, BemelmansE, BredaJ. Using mobile appsto promote a healthy lifestyle among adol escents and students: A review
of the theoretical basis and lessons learned. IMIR Mhealth Uhealth 2016 May 05;4(2):€39 [FREE Full text] [doi:
10.2196/mhealth.3559] [Medline: 27150850]

48. Gowin M, Cheney M, Gwin S, Franklin Wann T. Health and fitness app use in college students: A qualitative study. Am
J Health Educ 2015 Jul 06;46(4):223-230. [doi: 10.1080/19325037.2015.1044140]

49. Honary M, Bell B, Clinch S, Wild S, McNaney R. Understanding the role of healthy eating and fithess maobile appsin the
formation of maladaptive eating and exercise behaviors in young people. IMIR Mhealth Uhealth 2019 Jun 18;7(6):e14239
[FREE Full text] [doi: 10.2196/14239] [Medline: 31215514]

50. Trnka SH. Digital care: Agency and temporality in young people’s use of health apps. Engag Sci Technol Soc 2016 Dec
04;2:248-265 [FREE Full text] [doi: 10.17351/ests2016.119]

51. Depper A, Howe PD. Are we fit yet? English adolescent girls' experiences of health and fitness apps. Health Sociol Rev
2016 Jul 04;26(1):98-112. [doi: 10.1080/14461242.2016.1196599]

52. RidgersD, McNarry A, Mackintosh A. Feasibility and effectiveness of using wearable activity trackersin youth: A systematic
review. IMIR Mhealth Uhealth 2016 Nov 23;4(4):€129 [FREE Full text] [doi: 10.2196/mhealth.6540] [Medline: 27881359]

http://www.jmir.org/2021/1/e18286/ JMed Internet Res 2021 | vol. 23 | iss. 1 |€18286 | p.84

(page number not for citation purposes)


http://dx.doi.org/10.1177/1461444818777514
http://europepmc.org/abstract/MED/32285640
http://dx.doi.org/10.1111/camh.12345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32285640&dopt=Abstract
http://dx.doi.org/10.1177/1440783319846188
https://www.jmir.org/2017/3/e95/
http://dx.doi.org/10.2196/jmir.6368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28356239&dopt=Abstract
http://dx.doi.org/10.1002/eat.22403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25778714&dopt=Abstract
http://dx.doi.org/10.1080/21604851.2017.1243392
http://dx.doi.org/10.1177/1359105316639436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27611630&dopt=Abstract
http://dx.doi.org/10.1080/13573322.2019.1613975
http://dx.doi.org/10.1016/j.tele.2019.101319
http://dx.doi.org/10.1016/j.bodyim.2017.09.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28965052&dopt=Abstract
http://dx.doi.org/10.1080/2159676x.2019.1673470
http://dx.doi.org/10.1016/j.copsyc.2015.09.005
http://dx.doi.org/10.1016/j.bodyim.2016.02.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26995158&dopt=Abstract
http://dx.doi.org/10.1002/eat.22559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27302867&dopt=Abstract
http://dx.doi.org/10.1177/1461444816687288
https://cyberpsychology.eu/article/view/6178/5908
http://dx.doi.org/10.5817/cp2016-2-5
http://dx.doi.org/10.1145/2750511.2750515
http://europepmc.org/abstract/MED/31814804
http://dx.doi.org/10.1080/13573322.2017.1423464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31814804&dopt=Abstract
https://formative.jmir.org/2019/1/e11404/
http://dx.doi.org/10.2196/11404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30821696&dopt=Abstract
https://www.jmir.org/2015/12/e287/
http://dx.doi.org/10.2196/jmir.5043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26701961&dopt=Abstract
https://mhealth.jmir.org/2016/2/e39/
http://dx.doi.org/10.2196/mhealth.3559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27150850&dopt=Abstract
http://dx.doi.org/10.1080/19325037.2015.1044140
https://mhealth.jmir.org/2019/6/e14239/
http://dx.doi.org/10.2196/14239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31215514&dopt=Abstract
https://estsjournal.org/index.php/ests/article/view/119/59
http://dx.doi.org/10.17351/ests2016.119
http://dx.doi.org/10.1080/14461242.2016.1196599
https://mhealth.jmir.org/2016/4/e129/
http://dx.doi.org/10.2196/mhealth.6540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27881359&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Lupton

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

DeCock N, Vangeel J, Lachat C, BeullensK, Vervoort L, Goossens L, et al. Use of fitness and nutrition apps: Associations
with body mass index, snacking, and drinking habits in adolescents. IMIR Mhealth Uhealth 2017 Apr 25;5(4):e58 [FREE
Full text] [doi: 10.2196/mhealth.6005] [Medline: 28442455]

Ng K, Tynjéla J, Kokko S. Ownership and use of commercia physical activity trackers among Finnish adol escents:
Cross-sectiona study. IMIR Mhealth Uhealth 2017 May 04;5(5):e61 [FREE Full text] [doi: 10.2196/mhealth.6940] [Medline:
28473304]

Ng K, RybaT. The quantified athlete: Associations of wearables for high school athletes. Adv Hum Comput Interact 2018
Oct 01;2018:1-8 [FREE Full text] [doi: 10.1155/2018/6317524]

Ridgers D, Timperio A, Brown H, Ball K, Macfarlane S, Lai K, et al. Wearable activity tracker use among Australian
adolescents: Usability and acceptability study. IMIR Mhealth Uhealth 2018 Apr 11;6(4):e86 [FREE Full text] [doi:
10.2196/mhealth.9199] [Medline: 29643054]

Mackintosh K, Chappel S, Salmon J, Timperio A, Ball K, Brown H, et al. Parental perspectives of awearable activity
tracker for children younger than 13 years: Acceptability and usability study. IMIR Mhealth Uhealth 2019 Nov
04;7(11):€13858 [FREE Full text] [doi: 10.2196/13858] [Medline: 31682585]

Schaefer SE, Ching CC, Breen H, German JB. Wearing, thinking, and moving: Testing the feasibility of fitness tracking
with urban youth. Am J Health Educ 2016 Jan 08;47(1):8-16. [doi: 10.1080/19325037.2015.1111174]

Goodyear VA, Kerner C, Quennerstedt M. Young peopl€e's uses of wearable healthy lifestyle technologies: Surveillance,
self-surveillance and resistance. Sport Educ Soc 2017 Sep 22;24(3):212-225. [doi: 10.1080/13573322.2017.1375907]
Kerner C, Goodyear VA. The motivational impact of wearable healthy lifestyletechnologies: A self-determination perspective
on Fitbits with adolescents. Am J Health Educ 2017 Jul 28;48(5):287-297. [doi: 10.1080/19325037.2017.1343161]
Albury K. *Recognition of competition’ versuswill to app: Rethinking digital engagement in Australian youth sexual health
promotion policy and practice. Media Int Aust 2019 Jun 04;171(1):38-50. [doi: 10.1177/1329878x19850224]

McKee A. Learning from commercial entertainment producersin order to create entertainment sex education. Sex Educ
2016 Sep 11;17(1):26-40. [doi: 10.1080/14681811.2016.1228528]

Mowat H, Dobson AS, McDonald K, Fisher J, Kirkman M. “For myself and others like me”: Women's contributions to
vulva-positive social media. Fem Media Stud 2018 Nov 19;20(1):35-52. [doi: 10.1080/14680777.2018.1546209]
Freeman G, Smith LW, McNulty A, Donovan B. Sexual health and students: The pathways travelled by those with sexual
health concerns. Sex Health 2018;15(1):76-78. [doi: 10.1071/sh17083]

Starling MS, Cheshire C, Deardorff J, Nuru-Jeter A. Late adolescent user experiences with online sexual health resources:
A qualitative study. Am J Sex Educ 2018 Oct 08;13(4):487-503. [doi: 10.1080/15546128.2018.1505572]

Dolcini MM, Warren J, Towner SL, Catania JA, Harper GW. Information age: Do urban African American youth find
sexual health information online? Sex Res Socia Policy 2015 Jun 01;12(2):110-114 [FREE Full text] [doi:
10.1007/s13178-014-0174-5] [Medline: 26052264]

Doring N, Daneback K, Shaughnessy K, Grov C, Byers ES. Online sexual activity experiences among college students: A
four-country comparison. Arch Sex Behav 2017 Aug;46(6):1641-1652. [doi: 10.1007/s10508-015-0656-4] [Medline:
26659580]

Byron P. ‘Apps are cool but generally pretty pointless : LGBTIQ+ young people's mental health app ambivalence. Media
Int Aust 2019 Apr 26;171(1):51-65. [doi: 10.1177/1329878x19844034]

Byron P, Robards B, Hanckel B, Vivienne S, Churchill B. “Hey, I’ m having these experiences’: Tumblr use and young
peopl€e's queer (dis)connections. Int J Commun 2019;13:2239-2259 [FREE Full text]

Byron P. “How could you write your name below that? The queer life and death of Tumblr. Porn Stud 2019 Jun
21;6(3):336-349. [doi: 10.1080/23268743.2019.1613925]

Cavalcante A. Tumbling into queer utopias and vortexes: Experiences of LGBTQ social mediausers on Tumblr. JHomosex
2019;66(12):1715-1735. [doi: 10.1080/00918369.2018.1511131] [Medline: 30235077]

Grist R, Porter J, Stallard P. Mental health mobile apps for preadolescents and adolescents: A systematic review. JMed
Internet Res 2017 May 25;19(5):€176 [FREE Full text] [doi: 10.2196/jmir.7332] [Medline: 28546138]

Pretorius C, Chambers D, Coyle D. Young people's online hel p-seeking and mental health difficulties: Systematic narrative
review. JMed Internet Res 2019 Nov 19;21(11):e13873 [EREE Full text] [doi: 10.2196/13873] [Medline: 31742562]
Hendry NA, Robards B, Stanford S. Beyond social media panics for 'at risk’ youth in mental health practice. In: Stanford
S, Sharland E, Rovinelli Heller N, Warner J, editors. Beyond the Risk Paradigm in Mental Health Policy and Practice.
London, UK: Red Globe Press; 2017:135-154.

LaMarre A, Rice C. Hashtag recovery: #Eating disorder recovery on Instagram. Soc Sci 2017 Jun 29;6(3):68 [FREE Full
text] [doi: 10.3390/socsci 6030068]

Andalibi N, Ozturk P, Forte A. Sensitive self-disclosures, responses and social support on Instagram: The case of #depression.
In: Proceedings of the 2017 ACM Conference on Computer Supported Cooperative Work and Social Computing. New
York, NY: Association for Computing Machinery; 2017 Presented at: 2017 ACM Conference on Computer Supported
Cooperative Work and Social Computing; February 25-March 1, 2017; Portland, OR p. 1485-1500 URL : https://dl.acm.org/
doi/pdf/10.1145/2998181.2998243 [doi: 10.1145/2998181.2998243]

http://www.jmir.org/2021/1/e18286/ JMed Internet Res 2021 | vol. 23 | iss. 1 |€18286 | p.85

(page number not for citation purposes)


https://mhealth.jmir.org/2017/4/e58/
https://mhealth.jmir.org/2017/4/e58/
http://dx.doi.org/10.2196/mhealth.6005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28442455&dopt=Abstract
https://mhealth.jmir.org/2017/5/e61/
http://dx.doi.org/10.2196/mhealth.6940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28473304&dopt=Abstract
https://www.hindawi.com/journals/ahci/2018/6317524/
http://dx.doi.org/10.1155/2018/6317524
https://mhealth.jmir.org/2018/4/e86/
http://dx.doi.org/10.2196/mhealth.9199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29643054&dopt=Abstract
https://mhealth.jmir.org/2019/11/e13858/
http://dx.doi.org/10.2196/13858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31682585&dopt=Abstract
http://dx.doi.org/10.1080/19325037.2015.1111174
http://dx.doi.org/10.1080/13573322.2017.1375907
http://dx.doi.org/10.1080/19325037.2017.1343161
http://dx.doi.org/10.1177/1329878x19850224
http://dx.doi.org/10.1080/14681811.2016.1228528
http://dx.doi.org/10.1080/14680777.2018.1546209
http://dx.doi.org/10.1071/sh17083
http://dx.doi.org/10.1080/15546128.2018.1505572
http://europepmc.org/abstract/MED/26052264
http://dx.doi.org/10.1007/s13178-014-0174-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26052264&dopt=Abstract
http://dx.doi.org/10.1007/s10508-015-0656-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26659580&dopt=Abstract
http://dx.doi.org/10.1177/1329878x19844034
https://ijoc.org/index.php/ijoc/article/view/9677/2655
http://dx.doi.org/10.1080/23268743.2019.1613925
http://dx.doi.org/10.1080/00918369.2018.1511131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30235077&dopt=Abstract
https://www.jmir.org/2017/5/e176/
http://dx.doi.org/10.2196/jmir.7332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28546138&dopt=Abstract
https://www.jmir.org/2019/11/e13873/
http://dx.doi.org/10.2196/13873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31742562&dopt=Abstract
http://www.mdpi.com/2076-0760/6/3/68/htm
http://www.mdpi.com/2076-0760/6/3/68/htm
http://dx.doi.org/10.3390/socsci6030068
https://dl.acm.org/doi/pdf/10.1145/2998181.2998243
https://dl.acm.org/doi/pdf/10.1145/2998181.2998243
http://dx.doi.org/10.1145/2998181.2998243
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Lupton

77.

78.

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

McCosker A, Hartup M. Turning to Online Peer Forums for Suicide and Self-Harm Support: “It Does Help Having You
Guys’. Melbourne, Australia: beyondblue and Swinburne Social Innovation Research Institute; 2017. URL : https://www.
beyondblue.org.au/docs/defaul t-source/research-project-files/

mccosker-hartup_turning-to-online-forums_beyondblue suicide-and-self-harm 2017.pdf 2sfvrsn=e600adea 2 [accessed
2020-12-28]

Webb M, Burns J, Collin P. Providing online support for young people with mental health difficulties: Challenges and
opportunitiesexplored. Early Interv Psychiatry 2008 May;2(2):108-113. [doi: 10.1111/j.1751-7893.2008.00066.x] [Medline:
21352141]

Chan K, Farrer M, Gulliver A, Bennett K, Griffiths M. University students' views on the perceived benefits and drawbacks
of seeking help for mental health problems on the internet: A qualitative study. IMIR Hum Factors 2016 Jan 19;3(1):e3
[EREE Full text] [doi: 10.2196/humanfactors.4765] [Medline: 27026140]

Wetterlin FM, Mar MY, Neilson EK, Werker GR, Krausz M. eMental health experiences and expectations: A survey of
youths' web-based resource preferencesin Canada. JMed Internet Res 2014 Dec 17;16(12):e293 [FREE Full text] [doi:
10.2196/jmir.3526] [Medline: 25519847]

Gibson K, Trnka S. Young peopl€e's priorities for support on social media: “ It takestrust to talk about these issues’. Comput
Human Behav 2020 Jan;102:238-247. [doi: 10.1016/j.chb.2019.08.030]

Lupton D, Williamson B. The datafied child: The dataveillance of children and implications for their rights. New Media
Soc 2017 Jan 23;19(5):780-794. [doi: 10.1177/1461444816686328]

Livingstone S, Third A. Children and young peopl€'s rightsin the digital age: An emerging agenda. New Media Soc 2017
May 10;19(5):657-670. [doi: 10.1177/1461444816686318]

Third A, Bellerose D, Dawkins U, Keltie E, Pihl K. Children’s Rights in the Digital Age: A Download From Children
Around the World. 2nd edition. Melbourne, Australia: Young and Well Cooperative Research Centre; 2014 Oct. URL :
http://www.aeema.net/\WordPress/wp-content/uploads/2014/10/Childrens-Rights-in-the-Digital-Age.pdf [accessed 2020-12-28]
Mascheroni G. Researching datafied children as data citizens. J Child Media 2018 Sep 12;12(4):517-523. [doi:
10.1080/17482798.2018.1521677)

Campo S, Raymond N. Displaced Children and Emerging Technologies: Save the Children’s Opportunities for I nvestment
and Impact. London, UK: Save the Children; 2019. URL : https://resourcecentre.savethechildren.net/node/15382/pdf/
stc_tech innovation study v7_digital.pdf [accessed 2020-12-28]

Barass V. Datafied citizensin the age of coerced digital participation. Sociol Res Online 2019 Jun 28;24(3):414-429. [doi:
10.1177/1360780419857734]

Barron CM. 'l had no credit to ring you back': Children’s strategies of negotiation and resistance to parental surveillance
viamobile phones. Surveill Soc 2014 Jun 17;12(3):401-413. [doi: 10.24908/ss.v12i3.4966]

GabrielsK. ‘I keep a close watch on this child of mine': A moral critique of other-tracking apps. Ethics Inf Technol 2016
Jun 21;18(3):175-184. [doi: 10.1007/s10676-016-9405-1]

Bettany SM, Kerrane B. The socio-materiality of parental style. Eur JMark 2016 Nov 14;50(11):2041-2066. [doi:
10.1108/ejm-07-2015-0437]

Livingstone S, Stoilova M, Nandagiri R. Children's Data and Privacy Online: Growing Up in aDigital Age: An Evidence
Review. London, UK: L SE Mediaand Communications, 2018 Dec. URL : https.//www.|se.ac.uk/media-and-communications/
assets/documents/research/proj ects/childrens-privacy-online/Evidence-review-final.pdf [accessed 2020-12-28]

Argaw S, Bempong N, Eshaya-Chauvin B, Flahault A. The state of research on cyberattacks against hospitals and available
best practice recommendations: A scoping review. BMC Med Inform Decis Mak 2019 Jan 11;19(1):10 [FREE Full text]
[doi: 10.1186/s12911-018-0724-5] [Medline: 30634962]

Millard WB. Where bits and bytes meet flesh and blood. Ann Emerg Med 2017 Sep;70(3):A17-A21. [doi:
10.1016/j.annemergmed.2017.07.008]

Dyer O. Hackers demand ransom to rel ease encrypted US medical records. BMJ 2016 Apr 01;353:i11876. [doi:
10.1136/bmj.i1876] [Medline: 27037196]

Ebeling M. Healthcare and Big Data: Digital Specters and Phantom Objects. New York, NY: Palgrave Macmillan US;
2016.

Lupton D. The commodification of patient opinion: The digital patient experience economy in the age of big data. Sociol
Health I1In 2014 Jul;36(6):856-869. [doi: 10.1111/1467-9566.12109] [Medline: 24443847]

Sharon T. When digital health meets digital capitalism, how many common goods are at stake? Big Data Soc 2018 Dec
20;5(2):1-12 [FREE Full text] [doi: 10.1177/2053951718819032]

Grundy Q, Chiu K, Bero L. Commercialization of user data by developers of medicines-related apps: A content analysis.
JGen Intern Med 2019 Dec;34(12):2833-2841 [ FREE Full text] [doi: 10.1007/s11606-019-05214-0] [Medline: 31529374]

Abbreviations

GIF: Graphics Interchange Format
LGBTQI: leshian, gay, bisexual, transgender, queer, and intersex

http://www.jmir.org/2021/1/e18286/ JMed Internet Res 2021 | vol. 23 | iss. 1 |€18286 | p.86

(page number not for citation purposes)


https://www.beyondblue.org.au/docs/default-source/research-project-files/mccosker-hartup_turning-to-online-forums_beyondblue_suicide-and-self-harm_2017.pdf?sfvrsn=e600adea_2
https://www.beyondblue.org.au/docs/default-source/research-project-files/mccosker-hartup_turning-to-online-forums_beyondblue_suicide-and-self-harm_2017.pdf?sfvrsn=e600adea_2
https://www.beyondblue.org.au/docs/default-source/research-project-files/mccosker-hartup_turning-to-online-forums_beyondblue_suicide-and-self-harm_2017.pdf?sfvrsn=e600adea_2
http://dx.doi.org/10.1111/j.1751-7893.2008.00066.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21352141&dopt=Abstract
https://humanfactors.jmir.org/2016/1/e3/
http://dx.doi.org/10.2196/humanfactors.4765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27026140&dopt=Abstract
https://www.jmir.org/2014/12/e293/
http://dx.doi.org/10.2196/jmir.3526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25519847&dopt=Abstract
http://dx.doi.org/10.1016/j.chb.2019.08.030
http://dx.doi.org/10.1177/1461444816686328
http://dx.doi.org/10.1177/1461444816686318
http://www.aeema.net/WordPress/wp-content/uploads/2014/10/Childrens-Rights-in-the-Digital-Age.pdf
http://dx.doi.org/10.1080/17482798.2018.1521677
https://resourcecentre.savethechildren.net/node/15382/pdf/stc_tech_innovation_study_v7_digital.pdf
https://resourcecentre.savethechildren.net/node/15382/pdf/stc_tech_innovation_study_v7_digital.pdf
http://dx.doi.org/10.1177/1360780419857734
http://dx.doi.org/10.24908/ss.v12i3.4966
http://dx.doi.org/10.1007/s10676-016-9405-1
http://dx.doi.org/10.1108/ejm-07-2015-0437
https://www.lse.ac.uk/media-and-communications/assets/documents/research/projects/childrens-privacy-online/Evidence-review-final.pdf
https://www.lse.ac.uk/media-and-communications/assets/documents/research/projects/childrens-privacy-online/Evidence-review-final.pdf
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-018-0724-5
http://dx.doi.org/10.1186/s12911-018-0724-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30634962&dopt=Abstract
http://dx.doi.org/10.1016/j.annemergmed.2017.07.008
http://dx.doi.org/10.1136/bmj.i1876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27037196&dopt=Abstract
http://dx.doi.org/10.1111/1467-9566.12109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24443847&dopt=Abstract
https://journals.sagepub.com/doi/full/10.1177/2053951718819032
http://dx.doi.org/10.1177/2053951718819032
http://europepmc.org/abstract/MED/31529374
http://dx.doi.org/10.1007/s11606-019-05214-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31529374&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Lupton

Edited by G Eysenbach; submitted 17.02.20; peer-reviewed by V Goodyear, L McCann, A Hoskins, comments to author 17.07.20;
revised version received 02.08.20; accepted 28.10.20; published 11.01.21.

Please cite as:

Lupton D

Young People’s Use of Digital Health Technologies in the Global North: Narrative Review
J Med Internet Res 2021;23(1):€18286

URL: http://www.jmir.org/2021/1/e18286/

doi:10.2196/18286

PMID: 33427684

©Deborah Lupton. Originally published in the Journal of Medical Internet Research (http://www.jmir.org), 11.01.2021. Thisis
an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, alink to the original publication on http://www.jmir.org/, as well as this copyright and license information must be
included.

http://www.jmir.org/2021/1/e18286/ JMed Internet Res 2021 | vol. 23| iss. 1 |€18286 | p.87
(page number not for citation purposes)

RenderX


http://www.jmir.org/2021/1/e18286/
http://dx.doi.org/10.2196/18286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33427684&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jimenez et a

Review

The Role of Health Technologies in Multicomponent Primary Care
Interventions: Systematic Review

Geronimo Jimenez"? MA; David Matchar®, MD; Choon Huat Gerald Koh*, MD, PhD; Rianne van der Kleij?, PhD:;
Niels H Chavannes?, MD, PhD; Josip Car', MD, PhD

ICentre for Population Health Sciences (CePHaS), Lee Kong Chian School of Medicine, Nanyang Technological University Singapore, Singapore,
Singapore

2Department of Public Health and Primary Care, Leiden University Medical Center, Leiden, Netherlands

3Programme in Health Services and Systems Research, Duke-NUS Medical School, Singapore, Singapore

4Saw Swee Hock School of Public Health, National University of Singapore, Singapore, Singapore

Corresponding Author:

Geronimo Jimenez, MA

Centre for Population Health Sciences (CePHaS)
Lee Kong Chian School of Medicine

Nanyang Technological University Singapore

11 Mandalay Road, Level 18

Clinical Sciences Building, Novena Campus
Singapore, 308232

Phone: 65 6904 7027

Email: geronimo.jimenez@gmail.com

Abstract

Background: Several countries around the world have implemented multicomponent interventions to enhance primary care,
as away of strengthening their health systems to cope with an aging chronicaly ill population and rising costs. Some of these
efforts have included technol ogy-based enhancements as one of the features to support the overall intervention, but their details
and impacts have not been explored.

Objective: This study aimed to identify the role of digital/health technologies within wider multifeature interventions that are
aimed at enhancing primary care, and to describe their aims and stakeholders, types of technologies used, and potential impacts.

Methods: A systematic review was performed following Cochrane guidelines. An electronic search, conducted on May 30,
2019, was supplemented with manual and grey literature searches in December 2019, to identify multicomponent interventions
that included at least one technol ogy-based enhancement. After title/abstract and full text screening, sel ected articleswere assessed
for quality based on their study design. A descriptive narrative synthesis was used for analysis and presentation of the results.

Results. Of 37 articles, 14 (38%) described the inclusion of a technology-based innovation as part of their multicomponent
interventionsto enhance primary care. The most commonly identified technol ogies were the use of electronic health records, data
monitoring technologies, and online portals with messaging platforms. The most common aim of these technologies was to
improve continuity of care and comprehensiveness, which resulted in increased patient satisfaction, increased primary care visits
compared to specialist visits, and the provision of more health prevention education and improved prescribing practices.
Technol ogies seem also to increase costs and utilization for some parameters, such as increased consultation costs and increased
number of drugs prescribed.

Conclusions: Technologies and digital health have not played a magjor role within comprehensive innovation efforts aimed at
enhancing primary care, reflecting that these technologies have not yet reached maturity or wider acceptance as a means for
improving primary care. Stronger policy and financial support, and advocacy of key stakeholders are needed to encourage the
introduction of efficient technological innovations, which are backed by evidence-based research, so that digital technologies
can fulfill the promise of supporting strong sustainable primary care.

(J Med Internet Res 2021;23(1):€20195) doi:10.2196/20195
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Introduction

Primary care is often considered a cornerstone of health care
systems. Health systemswith strong primary health care produce
better and more equitable health outcomes, are more efficient,
and can achieve higher user satisfaction in comparison to health
systems with only a weak primary care orientation [1,2].
Changing demographics, anincreasingly aging population, and
the increased burden of noncommunicable diseases have been
identified as new challengesfor health systemsworldwide[3-5],
and strengthening primary care has been proposed as one
solution to address these challenges.

Many countries have implemented a wide array of innovations
to enhance primary care, ranging from policy initiatives, such
as capitated reimbursement, to ground level improvements, such
as improving access to primary care practices and enhancing
the roles of nurses to provide comprehensive primary care
services [6-8]. As in other fields, such as finance, retail, and
agriculture, an increasingly important domain for innovation
involves the incorporation of technology. Technologies are
having an impact on health service delivery and health system
administration, and they promise to provide solutions for
improving primary care [9,10].

Textbox 1. Useful definitions.

Jimenez et al

There have been many studies emphasizing individual digital
technologies for improving specific aspects of health care and
primary care. Some of these include digital health assistantsto
help with administrative tasks, medical chatbots to engage
patients more frequently, and the use of electronic health records
and telemedicine, among others [9-11]. However, no studies
have explored the role of technologies within multicomponent
effortsto enhance primary care, that is, whether within initiatives
comprised of several featuresaimed at enhancing primary care,
there was a technology element being introduced, and if yes,
what it was.

We aimed to systematically explore the role that health/digital
technologies have played in multicomponent efforts designed
to improve primary care by identifying (1) the types of
technologies implemented, (2) the functional objective of the
technology, (3) the relevant stakehol ders, and (4) whether they
have an impact on enhancing the defining features of primary
care (ie, first contact, comprehensiveness, coordination, and
continuity) [12], denoted here as the “4Cs” We explored the
overall outcomes of the multicomponent interventionsin which
technology is one component to attempt to discern the specific
contribution of the technologies within these efforts. Textbox
1 provides useful definitions for concepts and terms that will
be used throughout the article.

Multicomponent interventions/innovation environments; programs or strategies composed of several innovations/features to enhance primary care.
Innovation features: individual innovation elements included in multicomponent interventions.

Health technologies: application of scientific knowledge to solve health care-related problems, including its corresponding machinery and equipment

(includes information technology, digital health, eHealth, mHealth, etc).

4Cs: the primary care core functions (first contact, comprehensiveness, coordination, and continuity).

Quadruple aim outcomes: the four types of outcomes to measure successful health system improvements (population health outcomes, health care
utilization and cost outcomes, patient satisfaction, and provider satisfaction).

Methods

A systematic review was designed and performed following
Cochrane guidelines for conducting systematic reviews [13].
The detailed methods for thisreview are described in an article
that explored multicomponent interventions aimed at enhancing
primary care, which identified 18 innovation strategies and
provided abroader picture of the many innovation features used
internationally to improve various aspects of primary care
simultaneously [14]. A summary is provided below.

An electronic database search was performed in order to identify
(1) multicomponent interventions or “innovation environments’
aimed at enhancing primary care (with at least three innovation
features); (2) factorsinfluencing at least one of the primary care
core functions (4Cs), and (3) studies reporting on any of the
four basic types of outcomes of a successful health system (the
so-called “quadrupleaim” outcomes of population health, health
care costs and utilization, patient satisfaction, and provider
satisfaction) [15] and providing numerical values for at least
five outcome measures. In a previous scan of the literature, we
identified many specific interventions aimed at enhancing a
particular aspect of primary care services (eg, the paper stamp

http://www.jmir.org/2021/1/e20195/

checklist tool enhances asthma guideline knowledge and
implementation by primary care physicians), and based on this,
we determined that consideration of studies describing
interventionswith at least three distinct innovation features and
measuring at least five outcome measures could ensure that the
interventions were indeed “ multicomponent.”

A search strategy was devel oped, and it focused on thefollowing
three main sets of terms: (1) primary care—related terms; (2)
innovation/reform/enhancement-related terms; and (3) study
design filters (Multimedia Appendix 1). The electronic database
search was performed in Ovid/MEDLINE on May 30, 2019,
and it was supplemented by manua searches through the
references of theincluded studiesand by agrey literature search
(ie, search through materials and documents produced by
organizations outside of thetraditional commercial or academic
publishing and distribution channels, such as government and
industry documents) in OpenGrey [16], using “primary care”
and “innovation,” on December 12, 2019. From the studies
fulfilling these criteria, we selected those that had
technol ogy-based enhancements as part of the elementsin their
multicomponent interventions.
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We defined health technologies, using definitions from two
World Health Organization reports, as the “application of
scientific knowledge for practical purposes, including its
corresponding machinery and equipment, to solve health
care—related problems and improve quality of life” [17] and
encompassing digital health technol ogies (the overarching term
to include eHealth and mHealth, eg, telemedicine, electronic
health records [EHRS], and wearable sensors) and their
corresponding medical and assistive devices[9].

Quality evaluation of the included studies was based on study
design, using the National Institutes of Health—National Health,
Lung and Blood Institute’s “ Study Quality Assessment Tools”
[18], a comprehensive suite of study evaluation tools, which
has been used in a variety of systematic reviews[19-21]. Data
extraction was performed using a predefined data extraction
form for study characteristics and general information
(author/year, setting/country, policy influence, study design and

Jimenez et al

quality, and patient population involved), primary care
intervention elements, and quadruple aim outcomes, including
reported magnitudes for each outcome measure. A narrative
descriptive approach was utilized to identify and report the types
and specific details of the implemented technologies, the
involved stakeholders, whether and which 4Cs were arguably
supported, and the outcomes influenced by the corresponding
technology.

Results

Search Results

After the electronic search, subjecting the articles to the
inclusion/exclusion criteria and manual reference and grey
literature searches resulted in 37 articles fulfilling the
requirements for multicomponent interventions as described
above. From these, 14 studies had technology-based
enhancements and were included in the analysis (Figure 1).

Figure 1. PRISMA diagram describing the study selection process. Figure extended from Jimenez et al [14].

2023

Search strategy results:

>| Duplicates: 5

2018

Total articles:

Excluded from reading title and

abstract: 1770

248 articles read in full

Excluded: 213
Not enough intervention elements
and/or outcome measures: 177
Not intervention/No comparator: 10
Not primary care: 2
Not reporting quadruple aim
outcomes: 14
Protocol/Feasibility Study/No results: 5

Articles identified in grey

Qualitative: 5
Remaining studies: 35

literature searches: 0

Relevant articles identified

Articles with no technology-
based enhancements: 23

through manual searches: 2

Total included in analysis: 14

Study Char acteristics

Articles were published between 2008 and 2017, and half of
them were published since 2016. Most described studies
performed in the United States (9/14, 64%). Additionally, four

http://www.jmir.org/2021/1/e20195/
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were from Europe (two from Germany and two from Spain)
and one was from Argentina. Eight articles mentioned policies
influencing the implementation of the innovation programs as
broader country, regional, or organizational efforts to enhance
primary care (Table 1) [22-35].
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Table 1. Study characteristics organized by study type (N=14) (adapted from Jimenez et al [14]).

Jimenez et al

Study type Author Program Setting/context  Policy/ govern-  Study design Patient popula-  Innovation elements  Types of
(Year) name ment program  (quality evalua- tion (if any) includedinthefull in- outcomes
influencingin-  jon rating)? tervention® studied
novation
Controlled Coderchet _c Integrated health  Catalonia's ~ Controlled, Complex chron- - Accountability HcY costs
interven- al (2016) careorganization 2011-2015 pragmatic, ran- ic patientswho mechanisms and utiliza-
tionstudy  [22] in_the regior] of healt_h plan; domi_zed cI_ini- account_for 5% _care plan develop-  tion
Girona, Spainin creationof the cal trial, with of thehighest  ent
2011 (128,000 Programfor  threearms: one risk of highest | od
residents) ChronicCondi-  blind control health costs - Improv acce@
tionPreven-  andtwoopen  eachyear - Improved specialty
tion and Care intervention care access
groups (fair) - Enhanced coordina-
tion/information ex-
change efforts
- Provider education
or training
- Technology enhance-
ments
Controlled  Presteset ~ DIAPREM  Primary care — Random selec-  topmf patients - Effortstoimprove  Population
interven- a (2017)  study unitsof La tion of 30 PC® performancemonitor- health
tionstudy [23] Matanza County, providers and ing HC costs
Argentina 30 nurses from - Enhanced continu-  and utiliza-
40 PC units ity/transition-based tion
(fair) efforts
- Provider education
or training
- Technology enhance-
ments
Controlled Ruescas- PROP- Multicentric, PC — Openrandom-  Patientswithis- - Effortstoimprove  Population
interven-  Escolanoet RESETria study (15 health ized clinica tri- chemic heart performance monitor-  health
tionstudy a (2014) centers), partici- al with 1-year  disease ing
[24] p_ati ngin thz_a Car- follow-up - Improved patient
Idl ometagtol ic Var (good) self-management
encian Stu . .
dy - Provider education
or training
- Others
- Team-based care
- Technology enhance-
ments
Observa- Daeetal  Comprehenr A large and di- Launching of Pre-post design Medicarefee- - Caredevelopment  HC costs
tional co-  (2016)[25] sivePrima verseset of prac- theCentersfor withacompari- for-servicebene- plan and utiliza-
hort or ry Care . ticesin seven . Med?ca.re and son s:it.e (fair, ficiaries - Case management tion
Cross-sec- (CPC) Ini-  Center for Medi- Medicaid Ser- classified asret- | o Patient sat-
tiona tiative careand Medi-  vices Compre-  rospective co- - Improved access isfaction
study caid Services hensive Prima-  hort for quality - Improved patient
(CMS) regions  ry Carelnitia= evaluation) self-management
(four statesand  tive, in Octo- - Payment-based en-
three metropoli-  ber 2012 hancements
tanregionsin the e )
Uniited States) Soqal or community
services engagement
- Technology enhance-
ments
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Study type Author Program Setting/context  Policy/ govern-  Study design Patient popula-  Innovation elements  Types of
(Year) name ment program  (quality evalua- tion (if any) includedinthefull in-  outcomes
influencingin-  jon rating)? tervention® studied
novation
Observa-  Goff etal  Buena Programimple- — Controlled be- T2DM patients - Accountability Population
tional co-  (2017)[26] Salud mented at Bright- fore-and-after ~ enrolledinthe  mechanisms health
hort or wood Health study (fair) Buena Salud - Case management
Cross-sec- Center (BHC) in program
tional MA, an urban - Improved access
study community - Improved patient
health center with self-management
alargely Hispan- - Improved specialty
ic population care access
(8.8%) ! nsured_ - Social or community
primarily by - services engagement
ther Medicaid
(59%) or Medi- - Team-based care
care (28%) - Technology enhance-
ments
Observas Maenget  Proven- 36 Geisinger- PCMH"trans- Survey of pa-  General patient - Case management  Patient sat-
tiond co-  d (2013)  Hedth owned PCprac-  formationin ~ tientsin“*PHN' PopPulalionof  _ Effortstoimprove  isfaction
hort or [27] Navigator ~ tices, aswell 8  primary care  sites” A compa  PCPracticesen-  performance monitor-
Cross-sec- seven contracted rable survey of rolled in the ing
gt ?1?3 ;ga;:tl ces.ln patlentsfro_m PHN program Enhanced service
s provider non-PHN sites capacity
network. was conducted
Geisinger'sre- for comparison - Improved access
giona hedlth care (fair) - Improved patient
systemisa self-management
provider to cen- - Payment-based en-
tral y south-cen- hancements
tral, and northeast- . .
- - Social or community
ern Pennsylvania services engagement
and southern
New Jersey - Team-based care
- Technology enhance-
ments
Observa- Maenget  Proven- 36 Geisinger- PCMH trans- Multivariatelo- General patient - Case management  Population
tional co-  a (2012) Heal_th qwned PC prac- fo_rmation in gisticregron populatign of - Effortsto improve health
hort or [28] Navigator  tices, aswell as  primary care  modelswith PC practicesen-  performance monitor-
Cross-sec- seven contracted controls (mem- rolled in the ing
tiona PC practicesin bersnotinthe  PHN program .
study GHP's provider program) c Er;r;?tnced service
network, (fair, classified bty
Getsinger'sre- as retrospective - Improved access
gional hedlth care cohort for quali- - Improved patient
Sy ste_r; Isa ty evaluation) self-management
provider to cen-
tral, south-cen- - Payment-based en-
hancements

tral, and northeest-
ern Pennsylvania

- Social or community

and southern services engagement
New Jersey - Team-based care
- Technology enhance-
ments
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Study type Author Program Setting/context  Policy/ govern-  Study design Patient popula-  Innovation elements  Types of
(Year) name ment program  (quality evalua- tion (if any) includedinthefull in-  outcomes
influencingin-  jon rating)? tervention® studied
novation
Observa- Phillipset  Thelllinois IllinoisMedicaid The Analysis of Medicaidbenefi- - Accountability HC costs
tional co-  a (2014) Medicaid  beneficiaries, Memisovski  Medicaid ciaries mechanisms and utiliza-
hort or [29] Health correspondingto  v. Maram suit  claimsand en- - Care plan develop- tion
Cross-sec- Connect 15% of thetotal ~ (2004) ruled  rollment data ment
tiona and Your  state population  that lllinois from 2004 to
study Healthcare had violated 2010, covering - Care management
Plus pro- federal law by  both pre- and - Improved access
grams not providing  post-implemen- - Payment-based en-
adequate ac-  tation (good, hancements
cesstoPC ser- - classified asret- - Provider education
vicesfor its rospective co- or training
Medicaidpop- hort for quality
ulation, which evaluation) - Technology enhance-
made Illinois ments
anearly leader
in Medicaid
reform
Observas Wensinget  gpl.cen- Introductionofa — Comparative Genera popula= - Accountability HC costs
tiond co-  d (2017)  {eredcare  Programtoen- evaluation tion aged 18 mechanisms and utiliza-
hort or [30] (GPCC) hance the role of based on two yearsorolder  _ Effortsto improve tion
Cross-sec- program  general practice cross-sectional  withatleastone  performance monitor-
tiona for patients with studiesat 4 and primary care ing
study chronic diseases 5yearsafterits  visit "
in Baden-Wuert- start (T1 and - Enhanced coordina-
temberg, a Ger- T2, respective- tion/ information ex-
man federal state ly), based on change efforts
with about 10.7 datacontinuous- - Improved access
million inhabi- ly collected for - Improved patient
tants. administrative Self-managernent
control and re- .
imbursement - Inclusion of new/en-
hanced roles
purposes (good)
- Payment-based en-
hancements
- Pharmacy/medica-
tion-related efforts
- Provider education
or training
- Team-based care
- Technology enhance-
ments
Case-con- Freytaget GP-cen- A mgor Statuto-  InGermany,  Retrospective  General patient - Inclusion of new/en- HC costs
trol study @ (2016) teredpro- ry HealthInsur-  enhanced pri-  case-control population hanced roles and utiliza-
[31] gram ancefund AOK  mary carepro- study based on - Payment-based en- tion
PLUSS which ~ gramsstarted  insurance hancements
covers 41% of . in 2004 Wlth clgl ms data - Pharmacy/medica:
the populationin  thecreationof — (fair) tion-related efforts
central Germany, @alegal frame- ) .
esteblishedaGP-  WOrK o sup- - Provider education
centered health  Port “GP-cen- or training
care program in tered health - Technology enhance-
2011inthe Ger- Ca€’ ments

man federal state
of Thuringia
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Study type Author Program Setting/context  Policy/ govern-  Study design Patient popula-  Innovation elements  Types of
(Year) name ment program  (quality evalua- tion (if any) includedinthefull in-  outcomes
influencingin-  jon rating)? tervention® studied
novation
Pre-post Conrad et Group PC practices — Pre-post imple-  Group health - Enhanced service HC costs
study with  a (2016) Health Co-  within theinte- mentation pro-  cooperative’'s capacity and utiliza-
no control  [32] operative's grated care deliv- ductivity assess-  enrollees - Improved access tion
Accesslni- ery system that ment (good) | od i
tiative serves the Puget - Improved specialty
Sound regionin care access
Washington state - Others
- Payment-based en-
hancements
- Technology enhance-
ments
Pre-post Engel eta Geriatrics Twolargemedi- Adoptionof  Before-after Veteransfrom - Case/care manage-  HC costs
study with  (2016) [33] inPrimary cal center prac-  the Patient evauation of the Veterans ment and utilize-
no control Care ticesat the Veter-  Aligned Care  chartreviews  Affairshedth  _ Ennanced continu-  tion
(GPC) ans Affairs Team model  (poor) system Boston, v /transition-based
Boston Health-  of care, which enrolledinthe ot
care Systemin is adapted program .
2014 from the - Enhanced service
PCMH, by the capacity
Veterans Af- - Improved access
fairs - Team-based care
- Technology enhance-
ments
Pre-post Maenget  Proven- 36 Geisinger- PCMH trans- Pre-post (mea= GHP's Medi- - Case management  HC costs
study with & (2012)  Hedth owned PC prac-  formationin  sured at six care Advantage _ Effortstoimprove  andutilizer
no control  [34] Navigator  tices,and seven  primary care.  points) and plan members performance monitor- tion
contracted PC member fixed-  who were at ing
practicesin effectsmodel to  least 65 years Enhanced .
GHP’s provider measurewithin-  and enrolled in  ~ =hanced service
network. member varia=  dlinicsthat be-  CAPCY
Geisinger'sre- tioninthetotal camePHN sites - Improved access
gional health care cost and the - Improved patient
systemisa PHN exposure self-management
provider to re- variable over ) ] )
gionsof Pennsyl- time (good) h;!'r?é/;nnegr:tgased en

vaniaand New
Jersey

- Social or community
services engagement

- Team-based care

- Technology enhance-
ments
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Study type Author Program Setting/context  Policy/ govern-  Study design Patient popula-  Innovation elements  Types of
(Year) name ment program  (quality evalua- tion (if any) includedinthefull in-  outcomes
influencingin-  jon rating)? tervention® studied
novation
Pre-post Ralstonet  Group Adult respon- Patient-cen- Programimpact Adult respon- - Accountability HC costs
study with  a (2009) Health’'s dents(aged =18 tered system  evaluation, dents(aged=18 mechanisms and utiliza-
no control  [35] AccessIni- years) receiving reforms(such evaluating at years) receiving  _ Improved access tion
tiative carein Group asthePCMH threetime carein Group . Patient sat-
Hedlth’s Western  mode! of points, basedon Health’sWest-  ~ Improved specialty isfaction
Washington Inte-  2007) men- theimplementa- ern Washington Care aceess .
grated Delivery  tioned asa tiondatesof the Integrated Deliv- - Others Prqw der_
System shiftin the initiative’'scom-  ery System - Payment-based en- sisfaction
way accessto  ponents (fair) hancements
PCisprovid- - Technology enhance-
ed, which en-
ments
couraged
HMOs to
change their
restrictive ac-
cess system.

8Ratings: good/fair/poor. Study type linked to the tool used for quality evaluation.

PFull details of innovation elements are provided in Multimedia Appendix 2.

®Not available or not reported in the articles.

9HC: health care.

€PC: primary care.

fr2pm: type 2 diabetes mellitus.

9GHP: Geisinger Health Plan.

"PCMH: Patient-Centered Medical Home.

IPHN: PatienHealthNavigator.

IGp: general practitioner.

KAOK PLUS: health insurance scheme under Germany insurer AOK.
IHMO: health maintenance organization.

In terms of study designs and quality evaluation results, three
publications reported controlled interventions (two of “fair”
and one of “good” quality), six reported observational cohort
or cross-sectional studies with controls (four of “fair” and two
of “good” quality), one reported a case-control study of “fair”
quality, and four reported pre-post studieswithout controls (one
of “poor”, one of “fair,” and two of “good” quality). Populations
studied or linked to the results included the general population
enrolled inthe programs (in six articles), chronically ill patients
with one disease or complex chronic patients (in four articles),
and special populations, including elderly and disadvantaged
populations (in four articles).

The interventions in the articles included between four and 11
“innovation features’ (see Multimedia Appendix 2 for
definitions). The average number of features per intervention
was seven (median seven), and the most common types, beside

http://www.jmir.org/2021/1/e20195/

technology-based enhancements (present in all interventions),
were innovations to improve access (in 11 articles),
payment-based enhancements (in nine articles), and care/case
management (in seven articles). In terms of the types of
outcomes, the most commonly reported was health care costs
and utilization (in 10 articles), followed by population health
outcomes (in four articles), patient satisfaction (in three articles),
and provider satisfaction (in onearticle). These are not mutually
exclusive as one article reported on three outcomes and two
reported on two outcomes each. The remaining 11 articles
reported on one outcome each.

Technology-Based Results

Of the 37 articles, 14 (38%) describing multicomponent
interventionsto enhance primary careincluded technol ogy-based
enhancements as one of the innovation elements (Table 2)
[22-35].
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Table 2. Technology types and details, aims, stakeholders involved, 4C support, and outcome summary (N=14).

Study Technology- Specifictechnology innova- Aimand stake-  “4C” being  General resultsand direction of the effects on quadruple
basedon  tion holder (pa supported by hegith outcomes (of the full intervention)?
tient/provider/ad-  technology
min manager)
Coderchet gy RS - ldentification of patients:  For providers,to  Continuity =~ Health care costs and utilization
a (2016) complex chronic patientsare - be able to easily 1 (considerableincreasein nonurgent primary carevisits
[22] !dentl_ fied by labelling them  identi fy cor_nplex for partial and full interventions compared to each other
in unique EMRs for chronic patients and to control for both years 1 and 2)
roviders under their care ) . o
P ~ (mixed resultsfor acute hospital admission and stay
- Proactive actionsin PC®: for year 1: considerable decreasefor partial intervention
individualized care plan compared to control, but considerable increase in full
registered in unique EMRs intervention compared to partial intervention; similar
for providers for readmissions <30 daysin year 2, and considerable
decrease for partia intervention and increase for full
intervention when compared to each other)
1 (increasein the number of prescriptionsfor full inter-
vention compared to control for year 2)
Conradet  Onlinemes- - Patient-provider secure For providersand Continuity ~ Health care costs and utilization
al (2008)  sagingplat-  messaging through the My-  patients, tohave  comprehen- . . . . d
[32] form GroupHealth enrollee web-  enhanced commu- sivenpc;s 1 (considerable increase n panel size per FTE and
) ite including physician fi-  nication relative value unit per visit; considerable decreasein
Onlinepa- S INCILAING phy visits per FTE and per member per quarter costs)
tient por- nancial incentivesfor secure  por patients, to _ ) ' _
tal/website ~ Messaging patients promote self- ~ (nonrelevant increasein relative value unit per FTE)
- Internet access for en- management
rolleesto their EMRs (through access
through MyGroupHealth to their medical
- Health promotion informa-  information and
tion on the MyGroupHedlth health promotion
secure wehsite information)
Daeeta EMRs - Optimal use of hedlth | T8, For providers, to Comprehen-  Health care costs and utilization
(2016) [29] including improving EHR' bettgrfuse EHRs, siveness 1 (decreasein total Medicare expenditures [without
function and capability and useinformation  coordination  initiative care-management fees| and considerable de-
i i j|. OSupport patient inLi creasein PC visits and diabetes patients with no tests
devel oping practice capabil Continuity
. ; . care,andimprove erformed)
ity for optimal use of EHR,; quality monitor- p
enabling exchange of pati et ing « (nonrelevant effects for hospitalizations, EDY visits,
information to support care; specialist visits, admissions for ambulatory care—sensi-
and developing quality tive conditions, and likelihood of readmissions; no dif-
measurement and reporting ferences for tests performed for diabetes or ischemic
from EHRs vascular patients)
Patient satisfaction
1 (increase in satisfaction with timely appointments,
self-management support, and discussion of medica-
tions)
~ (nonrelevant differences for communication with
providers, knowledge of providers of other services, and
patient ratings of providers)
Engel etal Telephone - Proactivetelephonecon-  For providers, to  First contact Health care costs and utilization
(2016)[33] Electronic  tectwithveteransand care- - have easier refer-  continuity 1 (decreasein the number of specialist visits after years
consultations  9ivers ready accesstoprimar - ral toservices .. 1 and 2, while maintaining the number of PC visits)
ry care colleagues, and in- o pagients, to
formed use of telephonefol- o4 ce clinical
low-up to enhance care visits, while en-
whilereducing nonessentia  5nci ng care

clinic visits

- Electronic consultation for
formal referralsto geriatrics
in PC program
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Study Technology- Specifictechnology innova- Aimand stake-  “4C” being  Generd resultsand direction of the effects on quadruple
basedon  tion holder (pa- supported by - hegith outcomes (of the full intervention)?
tient/provider/ad-  technology
min manager)
Freytaget Medication- - Obligatory useof aspecif- For providers,to Comprehen- Health care costs and utilization
a (2016)  specificIT  icIT-pharmacotherapy tool support rational  siveness t (decreasein the cost of drug prescriptions; increase
[31] tool to support rational pharma-  prescription of inGP" . . -
cotherapy medicines in G con_sul tationsand decre_ase inspecia |_st consulta-
tions, hospital use, and remedies; decrease in share of
patients consulting more than one GP and accessing
specialist without referrals; increase in the number of
patientsin disease management program and homevis-
its; and decrease in the number of medical check-ups)
| (increasein the cost of GP consultations and specialist
consultations and increase in the share of patients with
five or more different medications)
 (no change in the number of ED hospitalizations or
increase in the nursery care level)
Goffeta  EHRs - Use of electronic health For providers,to  Continuity ~ Population health
(2017) [26] inqur.  registriestoidentify patients monitor care . . ; :
" e of e senies e e e ———
(quarterly, reviewed thedata tests and visits
containedin EHRsand insur- o (no relevant difference for changesin HbA 1. mea
er data focusing on specific sures, lipid measures, or other blood pressure measures;
care parametersin care[ie, changes for HbA 1 tests and lipid panels)
ordered labsand mammogra-
phy, scheduled PC visits,
etc])
Maenget EHRs - Preventive and chronic For providers,to Comprehen- Population health
a (2012, online pa- careoptimized by health IT. have e_tvail._a\bility siveness t (decrease in amputation and end-stage renal disease
2012, tientporta - Activeddlivery of informa-  ©f Patientinfor-  cogrgination  in the intervention group)
2013) Onlinemes-  tion to other team members mation for all Continuity ~ « (no difference for myocardial infarction or stroke)
[27.28,34] ingpla. @ the point of carevia medical team .
fsoi?r']:‘g P ared EHRs members Health care costs and utilization
) - Accessto the patient portal For providersand 1 (decrea&_e in the per membe( and p_er month_allovved
Modeling ¢ o . patients, to have costs; considerable overall savingswith and without Rx
and utiliza-  for reviewing medical . .
tion data records and secure messag-  €nhanced commu- coverage interaction)
tools ing with providers nication L (increese in the cost of Rx coverage, without consid-
- Predictive modelling and  FOr patients, to ering other program costs)
utilization of datatoolsand Nave accessto Patient satisfaction
normative management data their (rjnedlcal 1 (improvement in perceived changes in care delivery,
to improve care :ﬁgtc:sdsft_o pro- ie, “noticed difference in care coordination and higher
ment manage- quality,” increasein repor'ti ng of doctor’sofficeasusual
. care, and decrease in ER! visits)
For practices, to )
have improved « (norelevant changes for access to care or primary
monitoring for care provider performance)
population care
Phillipset  Onlinereg- - Multipleonlinetools, such For providers, to  Continuity ~ Health care costs and utilization
a (2014)  istries/report asregistries and report have improved t (increasein estimated cost savings and rate estimated
[29] cards cards, to assist clinicians ~ monitoring and annual savings; decrease in hospitalization, bed-day,

with population-based man-

agement

population-based
management

and avoidable hospitalization rates; and increase in al
quality measure changes [test and screenings))

o~ (decreasein the ED visit rate for IHCX but increase
for YHIﬂ)
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Study Technology- Specifictechnology innova- Aimand stake-  “4C” being  Generd resultsand direction of the effects on quadruple
basedon  tion holder (pa- supported by - hegith outcomes (of the full intervention)?

tient/provider/ad-  technology
min manager)

Presteset ~ Datamonitor- - The QUALIDIAB data For providers, to Continuity ~ Population health

a (2017)  ing system Q/st_em was used tq verify  verify _the impact t (considerable improvements for DBP, glycemia,

[23] the impact of the diabetes  of theinterven- HbA . total cholesterol. and LDL-c™ and i .

education intervention, and  tion and allocate 1c, total cholesterol, an -¢andincreasein

the data collected are useful  resources using the percentage of patients with target SBP” and HbA 1

todlocateresources (human collected data levels)

?gald Zg;r'a?:gl) considering « (nonrelevant differencesfor SBP, creatinine, protein-
uria, HDL-c®, DBP <80 mmHg, glycemia <100 mg/dL,
cholesterol <200 mg/dL, and triglyceride <150 mg/dL)
Health care costs and utilization
1 (considerableincreasein dydlipidemiapatientstreated,
eyetests, and cardiovascular evaluations)
~ (nonrelevant differences for dydlipidemia treated
under target or any hypertension treatments)

Ralstonet Onlinepa - Web access for patients For patients, to ~ First contact Health care costs and utilization
a (2009)  tientportal  that providessecureemail  facilitate access-  comprehen- 1 (improvement in“Getting Needed Care” and “ Getting
(39] Onlinemes-  With physicians, medical ing physicians,  gyeness Care Quickly” scores)

saging plat- record access, medication  making appoint- Pt ifacti

form refills, appointment ments, refilling lent satisfaction

scheduling, discussion prescriptions, ac- 1 (improvement in satisfaction with the ability to see a

groups, and health promo-  cessing medical personal doctor; time spent on the phone and waiting

tion information records, and sup- time for appointment; ease of getting care; and ratings
porting self-man- of health care, health plan, and opinion of Group Health)
agement Provider satisfaction
1 (improvement in the perception of providers toward
Group Health's quality and services provided and for
Group Health as agood place to work)
Ruescas- EMRs - Useof unique EMRsthat  For providers, to Continuity ~ Population health
Escolano et gllqw for follovyi ng cor_1t_ro| monitor patient t (considerable improvements in smoking status,
a (2014) indicatorsand risk stratifica-  progress and cholesterol, and SBP)
[24] tion manage risk

« (nonrelevant differences for DBP)
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Study Technology- Specifictechnology innova-  Aim and stake-
based on tion holder (pa-
tient/provider/ad-
min manager)

“4C" being  General resultsand direction of the effects on quadruple

supported by hegjth outcomes (of the full intervention)?
technology

Wensing et Medication- - The practice has a data- For providers, to
a (2017)  specificIT  orientated quality system support medica-

[30] tool and decision support for tion prescription
Updated IT prescribing medication; and promote
systems promptsin softwareto sup- generic medica

port use of generic and dis-  tion use
counted drugs For practices, to
- Thepractice hasup-to-date  have better orga-
IT nization to sup-

port easier patient

access

Comprehen- Health care costs and utilization

siveness 1 (decrease in the costs of medication therapy and hos-
First contact pital admissions)

1 (increasein the number of visitsto family physicians
and mean number of prescription drugs; decreasein the
number of prescriptionsthat should be avoided, contacts
with specialists with and without referrals, hospital ad-
missions, avoidable hospital admissions, number of days
at hospital, and readmissions)

3Extracted from Jimenez et al [14].

PEMR: electronic medical record.

°PC: primary care.

IFTE: full-time equivalent.

€I T: information technology.

fEHR: dlectronic health record.

9ED: emergency department.

hcp: genera practitioner.

'DBP: diastolic blood pressure.

IER: emergency room.

KIHC: Illinois Medicaid Health Connect.

'Y HP: Your Healthcare Plus.

M_DL-c: low-density lipoprotein cholesterol.
NSBP: systolic blood pressure.

®HDL-c: high-density lipoprotein cholesterol.

According to the descriptions of the articles, we were able to
identify the following six broad categories for the types of
implemented technol ogi es (description below includesintended
stakeholder and use):

1. 1. Enhancements leveraging electronic medical/health
records [22,24-28,34]: it was the most common category
(reported in seven studies from five interventions) and was
aimed at providers. Their use is related to identifying
specific groups of patients (eg, chronicaly ill) or specific
needs of patients (eg, services needed), exchanging patient
information, and devel oping quality measurements/control
and risk stratification.

2. 2. Data monitoring technologies/online registries
[23,26-29,34]: it was the second most common category
(in six studies from four interventions) and was aimed at
providers and practices. It was related to the management
of utilization data to allocate resources and improve care,
help with population-based management, and check on the
impact of programs.

3. 3. Web-based online portals and messaging platforms
[27,28,32,34,35]: it wasincluded in five studies (reporting
on three interventions) and was aimed at patients to access
their medical records, obtain additional health promotion
information, promote self-management, and facilitate access
and communication with providers.

4. 4. Medication-specific eHealth/information technology
tools[30,31]: it wasincluded in two studies and was aimed

http://www.jmir.org/2021/1/e20195/

at providers to support pharmacotherapy and medication
prescription.

5. Telephone-based enhancements [33]: it was described
in one article and was aimed at providers to communicate
with patients and caregivers, and provide follow-up to
reduce patients nonessential clinic visits.

6. Electronic consultations between providers [33]: it was
described in one study and was aimed at enhancing geriatric
referrals.

Based on the description of the technological enhancements
included in the studies, we were able to link them to the 4Csin
the following way:

1

1. First contact: Three programs aimed to apply technology
to impact this feature through tel ephone-facilitated access
to primary care colleagues, facilitated appointment
scheduling through web portals, and updated digital health
systems for easier patient access.

2. Comprehensiveness. Six interventions sought to increase
the ability to manage a wider range of problems with
technology, including providing additional health promotion
information through patients’ web portals and enhancing
capacity for providers to better use electronic medical
records, improve medication prescription, and provide
improved preventive and chronic care.

3. Coordination: Three programs used technology to
improve care coordination by improving EHR-enabled
information exchange and by alowing electronic
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consultationsto facilitate care among primary care providers
and specialists.

4. 4. Continuity: Nine interventions sought to enhance the
longitudinal relationship between patients and providers
by enhancing the identification and follow-up of patients
for individualized care, allowing more comprehensive
identification and monitoring of service needs, and
improving communication between patients and providers
via online messaging or telephone contact.

Outcomes

Since these technol ogy-based innovation elements are part of
wider innovation environments, which include additional
enhancement features, it was not possible to attribute outcomes
specifically to the identified technologies. However, we still
present the outcomes of the full innovation environmentsin an
effort to elucidate the potential role of these technologiesin the
outcomes. The numerical magnitudes for each outcome are
presented in Multimedia Appendix 3 (along with details of the
full intervention). Table 2 and the paragraphs below present a
descriptive summary and general direction of the effects for
these outcomes.

Overall, the studies presented mixed results (ie, nonsignificant
changes or significant benefits and deteriorations simultaneously
for a specific outcome) for al types of outcomes, except for
provider satisfaction, which was reported only in one study.
The most consistent improvements per type of outcome were
asfollows: (1) health care costs and utilization, increased cost
saving and decreased costs for some parameters (eg, Medicare
expenditure decreased by US $11 per beneficiary per month
[25] and drug prescriptions decreased by €44 per patient [31])
and increased primary care visits compared to speciaists; (2)
population health, improved blood pressure control, improved
glycated hemoglobin, decreased amputations and end-stage
renal disease, and decreased smoking status; (3) patient
satisfaction, increased satisfaction with timely appointments
and self-management support and increased satisfaction with
the ability to see the usual doctor; (4) provider satisfaction,
improved perception toward place of work’squality and services
provided, and its consideration as a good place to work.

The most consistent mixed results by the type of outcome were
asfollows: (1) health care costs and utilization, nonsignificant
changes or simultaneous improvements and deteriorations
depending on the study for hospital admissions, readmissions,
and emergency department visits, (2) population health
outcomes, nonsignificant changesfor cholesterol and lipid levels,
myocardial infarction, and stroke; (3) patient satisfaction, no
differences for communication with providers and for primary
care provider performance.

The most consistent deteriorations were found for some health
care costs and utilization outcomes, such as increased number
of prescriptions, increased costs for general practitioner (eg,
intervention €27 more expensive than control per patient) and
specialist (intervention €22 more expensive than control per
patient) consultations [31], and increased costsfor prescription
coverage.

http://www.jmir.org/2021/1/e20195/
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Discussion

Principal Findings

Only 38% of our identified multicomponent interventions that
aimed at enhancing primary care included technology-based
enhancements, highlighting the fact that technology has not
played amajor rolein comprehensive effortsaimed at enhancing
primary care. This is not surprising, as it has been widely
acknowledged that innovation in health care has always been
difficult [36], especialy if it has involved digita or
technological efforts[37-39].

Most of the included articles reported on health care costs and
utilization outcomes, signaling that technology-based efforts
are either aimed at decreasing costs and utilization or at least
not increasing costs without contributing to other aspects of
system success. In fact, the only considerable unintended
consequences were increased costs for general practitioner and
specidist visits, and increased costs of prescription coverage
(in some studies), suggesting that introducing technologies in
health care can lead toincreased costs, asit has been consistently
reported in the literature [40-42].

The most common technology identified within these efforts
was EHR, which is also not surprising given the widespread
advocacy for thistechnology [43,44], and it was aimed mainly
at providers or practices to facilitate information exchange
among them and improve monitoring efforts. The only identified
technology aimed at patients was the deployment of online
patient portals, where they can see their records, message their
providers, and access additional health information mostly for
health promotion, whichisinlinewith theideathat patientsare
ever more active participantsin their own health care [44,45].

When analyzing the interventions in terms of their impact on
the 4Cs, the technologies implemented were mostly aimed at
improving continuity by increasing the identification and
follow-up of patients (with labels in EHRs and telephone
communication), enhancing monitoring efforts for identifying
care and service needs (aso mostly through EHRs and online
registries), and ensuring more constant communication between
providers and patients via online messaging. This reflects the
growing importance of continuity of care, which in the past has
had weak evidence linked to its benefits, but was recently
highlighted as important, especially with regard to its link to
decreased mortality risk [46,47]. Technologies have been
promoted to improve comprehensiveness by providing additiona
health promotion information for patients, improving the ability
of providersto prescribe medications, reinforcing the ability of
primary care providers to cover a broader number of issues
themselves, and avoiding overreferring [47].

In terms of outcomes, the literature provides limited but useful
information. For example, increased patient satisfaction with
timeliness of care, scheduling, and better self-management
support could be in part explained by the use of online patient
portals. Such portals alow patients to schedule appointments,
seetheir own medical records, and access additional prevention
information. Increased primary carevisits, relative to specialist
visits, appear to result from innovationsthat enhance monitoring
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of services needed and follow-up of patients (identified through
EHRs and/or by telephone follow-up). The introduction of
medi cation-specific digital/information technology tools could
be associated with differing impacts. While studies reported a
decrease in the costs of drug prescriptions and medication
therapies, they also reported an increase in the mean number of
drugs prescribed, and it was also associated with more costly
consultations (around €25 extra per consultation [31]).

In order for digital technologies to play a more prominent role
in primary care enhancement efforts, thereisfirst aneed for a
responsible policy to support their development and introduction
[48]. For example, some of the primary care enhancement
environments have included an explicit policy encouraging the
introduction of technology or information technology initiatives
as part of their efforts [25,31,49]. To make this happen
successfully, the technology must be seen asatool that provides
needed functions in a way that is effective, humane, and
sustainable. Here, the context in which the technology will be
implemented must be considered. It is essential to engage
relevant stakeholders to deeply understand their environment
and capabilities so that the introduced technology will be truly
useful, improve (or at least not disrupt) existing workflow, and
have tangible value [37,50]. In order to establish value, thereis
aneed for technologies to be linked to evidence-based positive
outcomes, taking into account their potential to improve health
outcomes, costs, and patient and provider satisfaction.

There are some limitations for this study. The nature of the
search and the specific requirements for including studies (ie,
those describing multicomponent interventions aimed at
enhancing primary care, which provided numerical magnitudes
for reporting quadruple aim outcomes) may have made us
overlook other important technological innovations aimed at
improving primary care that had qualitative assessments only
or did not measure quadruple aim outcomes. Similarly, since
thisreview only focused on published and grey literature, it did
not account for quality improvement interventionsimplemented
at, for example, private primary care or accountable care
organizations, which may have included technological
innovations but no published results. Therefore, athough
technology may have a more prominent role in primary
care—enhancing initiatives overall, the results from published
and grey literature do not indicate so. Additionally, the fact that
technological enhancements were one of many components
within aprimary care enhancement effort, our study eligibility
criteria did not allow us to establish the actual and specific
impact of the technologies on outcomes. However, it did help
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to situate these technol ogies within multicomponent innovation
strategies and to gain preliminary insights into how
technological enhancements may  support  other
nontechnologically based innovation features and their impacts
on the four primary care functions.

Taking all of this into account, future research should try to
pinpoint the specific impact of technology-based innovation
features within wider efforts aimed at enhancing primary care.
This would mean including specific measures that could link
outcomesto the use of such technology and quantify thisimpact.
This exercise would aso help to identify which of the 4Cs of
primary careisbeing impacted by thistechnology, which would
help understand the mechanisms of how these innovations are
improving care. An additionally interesting research direction
would be to explore how technological innovations are being
leveraged at primary care private practices and/or accountable
care organizations, to understand the actual role of technology
in quality improvement initiatives for which thereisno publicly
available data. Such research could provide a more balanced
view of the actual usage of technological innovationsin primary
care at the ground level.

Conclusions

Although technology and digital health have been proposed and
encouraged as possible solutionsto improve primary care, they
have not played a magor role in formaly evaluated
multicomponent interventions aimed at enhancing primary care,
asreflected in the published and grey literature. Other types of
nontechnologically based innovations, such as those aimed at
improving access, restructuring payments for providers, and
providing team-based care, have been much more widely
implemented, reflecting that digital health technologies have
not yet reached maturity or wider acceptance as a means for
improving primary care. Leveraging technologies already in
use, such as EHRs, and internet-based technologies, such as
online patient portals, seems to provide promising avenues to
improve continuity and comprehensiveness in primary care,
which may eventually lead to better health outcomes and
improved patient satisfaction. A stronger push is needed if
technologies are meant to support wider efforts aimed at
enhancing primary care and for them to play amore substantial
rolewithin these efforts. High-level policy and financial support
must be designed to focus on the needs of a diversity of
stakeholders and to encourage evidence-based research based
on a coherent set of methods and measures. In thisway, we can
hope to fulfill the promise of technologies and digital health to
enhance health care through strong sustainable primary care.
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Abstract

Background: Web-based respondent-driven sampling is a novel sampling method for the recruitment of participants for
generating population estimates, studying social network characteristics, and delivering health interventions. However, the
application, barriers and facilitators, and recruitment performance of web-based respondent-driven sampling have not yet been
systematically investigated.

Objective: Our objectives were to provide an overview of published research using web-based respondent-driven sampling and
to investigate factors related to the recruitment performance of web-based respondent-driven sampling.

Methods: We conducted a scoping review on web-based respondent-driven sampling studies published between 2000 and 2019.
We used the process evaluation of complex interventions framework to gain insights into how web-based respondent-driven
sampling was implemented, what mechanisms of impact drove recruitment, what the role of context was in the study, and how
these components together influenced the recruitment performance of web-based respondent-driven sampling.

Results: Weincluded 18 studiesfrom 8 countries (high- and low-middleincome countries), in which web-based respondent-driven
sampling was used for making population estimates (n=12), studying social network characteristics (n=3), and delivering
health-related interventions (n=3). Studies used web-based respondent-driven sampling to recruit between 19 and 3448 participants
from a variety of target populations. Studies differed greatly in the number of seeds recruited, the proportion of successfully
recruiting participants, the number of recruitment waves, the type of incentives offered to participants, and the duration of data
collection. Studies that recruited relatively more seeds, through online platforms, and with less rigorous selection procedures
reported relatively low percentages of successfully recruiting seeds. Studies that did not offer at least one guaranteed material
incentive reported relatively fewer waves and lower percentages of successfully recruiting participants. Thetime of data collection
was shortest in studies with university students.

Conclusions; Web-based respondent-driven sampling can be successfully applied to recruit individuals for making population
estimates, studying socia network characteristics, and delivering health interventions. In general, seed and peer recruitment may
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be enhanced by rigorously selecting and motivating seeds, offering at least one guaranteed material incentive, and facilitating
adequate recruitment options regarding the target population’s online connectedness and communication behavior. Potential
trade-offs should be taken into account when implementing web-based respondent-driven sampling, such as having less opportunities
to implement rigorous seed sel ection procedures when recruiting many seeds, aswell asissues around online rather than physical

participation, such asthe risk of cheaters participating repeatedly.

(J Med Internet Res 2021;23(1):€17564) doi:10.2196/17564

KEYWORDS

respondent-driven sampling; webRDS; online sampling; public health; interventions; research methodology; hard-to-reach

populations; probabilistic sampling

Introduction

Respondent-driven sampling (RDS) is a sampling method that
leverages social networks for recruiting individuals from
populations that lack a sampling frame. The method has often
been used to sample hard-to-reach populations, such as men
who have sex with men, people who useintravenous drugs, and
individuals with a migration background [1,2].

RDS starts with a convenience sample of members of a target
population. Theinitially recruited participants (known as seeds)
then recruit individuals from their social network (known as
peers). These recruitees, in turn, invite their own peers and so
on, resulting in a series of waves of recruitment [2,3]. Usually,
RDS utilizes a coupon system to track who recruits whom, and
requires that participants self-report the size of their social
network within the target population [3]. These data can be used
in a statisticall model to account for the nonrandom data
collection. As such, under certain assumptions, RDS qualifies
as a probability sampling method that can generate unbiased
population estimates [4].

RDS has several applications besides generating population
estimates. For example, data on links between individuals
(obtained through tracking the recruitment process) allow for
studying interactions within and between participants’ social
networks. Among other things, this allows studying the spread
of diseases in populations [5]. Furthermore, RDS can be used
for recruitment of individuals for the delivery of health
interventions [6,7].

Recruitment through RDS traditionally requires physical
face-to-face interactions between individuals. However, over
the past decade a novel online variant of RDS, so-called
web-based RDS, wasintroduced. This potentially brings severa
benefits over offline RDS [8]. In particular, internet-based
recruitment may (1) provide easy access and anonymity for

http://www.jmir.org/2021/1/e17564/

participants; (2) overcome time- and location-related barriers
to recruitment; and (3) provide an efficient, less |aborious, and
logigtically demanding medium for recruitment from the
researcher’s perspective [8-12]. However, web-based RDS also
introduces challenges, such as selection bias resulting from
differential access to the internet and problems with the
credibility of online research [10].

Nevertheless, the application of web-based RDS, its potential
benefits, and its drawbacks for recruiting individuals have not
yet been studied. Therefore, we aimed to provide an overview
of web-based RDS applications and to investigate factors rel ated
to its recruitment performance, by means of a scoping review.
We are aware that the main purpose of typical RDS is to
generate population estimations. However, since we focus on
recruitment through web-based RDS, in this study, we were
equally interested in reported experiences with using web-based
RDS for the recruitment of individuals for the characterization
of socia networks and the delivery of interventions. We also
highlight potential areasfor future research on web-based RDS
and formulate general recommendations for researchers
interested in its application.

Methods

Study Design

A scoping literature review [13] was conducted to gain insights
into the application and performance of web-based RDS. We
chose to conduct a scoping review because our aims were
primarily exploratory, in the sense that we intended to provide
an overview of the work done with web-based RDS so far and
to identify factors related to the recruitment performance of
web-based RDS. Table 1 providesan overview of the web-based
RDS terminology used in this review (partially adapted from
[14]).
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Table 1. Meaning of important web-based RDS terminology.

Terms Meaning

Participant Anindividual participating in astudy or intervention.

Peers A participant’s social contacts, such as friends or family members.

Coupon Aninvitation (eg, in the form of a URL) that a participant can send to his’her peers, from the same target population,

Peer recruitment
Seed

Recruiter
Recruitee
Recruitment tree

Wave
Equilibrium
Recruitment options

Incentive

Incentive structure

to invite peersin the study/intervention. Coupons use unique identifier codes to link recruiters with their recruitees.
The process of participants recruiting their peers.

A member of the target population who is recruited by a researcher to initiate peer recruitment.

A participant who recruits a peer by sending a coupon.

Anindividual who receives a coupon from arecruiter and agrees to enroll in the study/intervention.

A visualization of the peer recruitment process, in which all recruiters and their recruitees are linked in chains.

The distance (the number of chain-links) between seeds and their recruitees, in which seedsarein wave 0, their recruitees
inwave 1, and so on.

Equilibrium is reached when the sample composition of selected key indicators (eg, age and gender) remains stable
over successive waves. Equilibrium indicates that the sample has become independent of the initially selected seeds.

The options that participants have to forward their coupons to their peers.

The stimuli provided to an individual for participation (primary incentive) or for each individual recruited (secondary
incentive) to stimulate peer recruitment. An incentive can be material (tangible, eg, agift card) or nonmaterial (intangible,
€g, anonymous survey results).

If only a primary or secondary incentive is offered, thisis referred to as a single incentive structure; if both are offered,

thisisreferred to as a double incentive structure.

Recruitment performance
measures

Measures for recruitment performance (eg, number of individuals recruited) used in this research.

Search Strategy and Article Selection

We searched PubMed, Web of Science, and Scopusfor articles.
First, apreliminary search was conducted in PubMed to gauge
the quality and quantity of web-based RDS related articles and
to identify keywords to formulate the search syntaxes.

The term web-based RDS was introduced in 2008. In order to
ensure that potentially relevant articles from before the term
wasintroduced were included, we set our search range as 2000
to 2019. The following search terms were included in the final
search syntaxes (see Multimedia Appendix 1 for the full
syntaxes used):

1. Study type: implementation, devel opment, testing, adoption,
pilot

2. Online: online, web-based, internet, internet-based

3. Recruitment strategy: respondent-driven, peer-driven,
participant-driven, snowball, chain-referral

4. Study purpose: intervention, sampling, recruitment, referral

Two researchers (YH and M S) independently screened thetitles
and abstracts of all unique records identified. The full text of
selected records were then screened by oneresearcher (YH), to
apply the below dligibility criteria. After this, the remaining
articles were critically reviewed by YH, MS, and NH, before
being included.

Eligibility Criteria
We included peer-reviewed articles that described the use of
web-based RDSfor the recruitment of participantsfor research

purposes (ie, for making population estimates or for studying
socia networks) or for health intervention delivery. Articles

http://www.jmir.org/2021/1/e17564/

that at least reported the numbers of seeds, subsequent recruitees,
and discussed barriers and facilitators to the application of
web-based RDS were included. We excluded studies that
combined online and offline RDS without reporting on both
approaches separately; if a study reported online and offline
RDS separately, the online component was included. As we
meant to provide an overview of the applications and
performance of web-based RDS, our study was not limited to
any particular target population or geographical area. We
excluded studies that were not available in English or Dutch.

Data Extraction and Analysis

A data extraction table was developed to collect and organize
data. The table'stopics were iteratively identified and selected
based on (1) STROBE (Strengthening the Reporting of
Observational Studiesin Epidemiology) RDS guidelines [15],
(2) topicsdiscussed in aliterature review with asimilar purpose
and context (offline RDS) to this study [1], and (3) discussion
between YH, MS, and NH. Additional topics included study
design, main findings, recommendations for further research,
and limitations.

We used the process evaluation of complex interventions
framework [16] to analyze the application and recruitment
performance of web-based RDS. This framework explains the
outcomes of an intervention as a function of implementation
characteristics, mechanisms of impact, and contextual factors.
We adapted thisframework to fit web-based RDS specifications.
In this study, we viewed web-based RDS as an intervention
with the purpose of recruiting individuals. We defined outcomes
as web-based RDS recruitment performance, implementation
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characteristics as the seed selection and recruitment process,
mechanisms of impact as mechanisms to stimulate peer
recruitment, and context asthe setting in which web-based RDS
was conducted.

Figure 1 (adapted from [16]) shows the analytical framework
integrated with a schematic representation of the web-based
RDS recruitment process. Table 2 shows the extraction table’s

Helmset d

topics, and operationalized measures thereof, grouped by
components of the process evaluation framework.

Anayses focused on uncovering factors that influenced
recruitment performance, based on comparing implementation
characteristics, peer recruitment and recruitment performance
measures between included studies. Data were presented in a
narrative fashion.

Figure 1. Analytical framework for web-based RDS recruitment performance (adapted from [16]).

Seed selection & recruitment

Peer-recruitment

Wave 1
recruitees

Target population Seeds

WebRDS recruitment
|
|
|
I
|
I

Wave 2
recruitees

Wave 3
recruitees

O Responded and eligible
O Responded, but not eligible
. Responded, eligible, and has recruited peers

(@) Seed

@ Not responded/unknown

Seed selection (by researcher)

——C Respondent-driven recruitment

recruited

x IMPLEMENTATION

]

ﬁ CHARACTERISTICS MECAN S DHINE A « Total participants recruited
£ . « Successfully recruiting
£ - Seed recruitment S articipants

= . » Recruitment options P P

= « Seed selection Coupons + Waves

g + Number of seeds 2 + Equilibrium

2 « Reminders

g

2

£

RECRUITMENT PERFORMANCE

Duration of data collection
Barriers/facilitators

ﬁ

T T

ﬁ

STUDY SETTING

« Country
« Target population
« Purpose

http://www.jmir.org/2021/1/e17564/

RenderX

JMed Internet Res 2021 | vol. 23 |iss. 1 |€17564 | p.108
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Helmset al

Table 2. Topicsfor data extraction and associated measures.

Topics Measures

Study setting (context)

Country «  Country
Target population «  Target population (specify)
Purpose «  Study purpose (eg, population estimates, social networks, intervention)

Seed recruitment and selection (implementation characteristics)

Seed recruitment «  Recruitment platform (specify)
Seed selection «  Selection procedure (specify)
Number of seeds recruited o  Number of seeds recruited that participated in the study

Peer recruitment (mechanisms of impact)

Incentives «  Material or nonmaterial (specify)
« Single or double (specify)
«  Maximum value of incentive

Recruitment options «  Recruitment options (specify)
Coupons o  Number of coupons allowed (ie, that a participant can forward)
Reminders «  Reminders sent to enhance recruitment (yes/no)

Recruitment performance (outcomes)

Total participants recruited *  Samplesize®

Successfully recruiting partici pantsb'c «  Proportion of seedswho successfully initiated recruitment
«  Proportion of all participants who successfully recruited peers to the study

Waves e Maximum number of waves observed

Equilibrium «  Equilibrium reached (yes/no, and after how many waves)

Duration of data collection «  Duration of data collection

Barriers and facilitators « Barriersand facilitators indicated to have influenced recruitment performance

8sample size was calculated as sample size minus duplicate or fraudulent entries, if reported.

B\we defined a successful ly recruiting participant as a participant who invites at least one other person who participates in the study, regardiess of the
igibility (the latter says more about how strict or elaborate researchers set dligibility criteriarather than about participants’ ability to peer recruit). This
excludes participants who merely sent out invitations with no response. If reported, duplicate or fraudulent entries were excluded.

CIf not otherwise reported, this metric was manually counted and calculated from the reported recruitment tree.

Ethical Considerations Results
No ethical issues were foreseen in this study.

Included Studies

We identified 393 unique records. The final number of articles
included in this review was 18. See Figure 2 for a detailed
account of the study inclusion procedure.
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Figure2. PRISMA flowchart.
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detail: n=24
secondary search: n=5
°
©
=2
(%]
£
Included in review
(n=18)
. relevant to the spread of infectious diseases [24,25,28], and 3
Study Settings Sp [ ]

Six studies took place in the United States [8,17-21], 6 studies
took place in Western Europe [22-27], 4 studies took place in
southeast Asia[23,28-31], and 2 studies took placein Oceania
[32,33]. Studies were published between 2008 and 2019, with
the majority [17,18,22-24,26,27,30,32,33] from 2015 onward
(see Table 3).

In 12 studies, participants were recruited with the aim of
generating population estimates [8,19-23,26,28,29,31-33]; 3
studies aimed to study social networks and contact patterns

http://www.jmir.org/2021/1/e17564/

studies recruited participants for delivering interventions
[17,18,27].

Studies focused on a diverse set of target populations: the
general population [19,24,25,28,30,32], university students
[8,20], men who have sex with men [23,29,31], individualswho
smoke [17], individuals using wheelchairs [33], parents of
children aged 10 to 14 [18], peopl e with precarious employment
[22], young adults at risk of chlamydia infection [27],
individualswho have migrated from Syria[26], and individuals
who use marijuana[21].
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Reference

Setting

Study purpose

Target population

Final samplesize (excluding
fraudulent/duplicate entries,
as reported)

Jonsson et a [22] Stockholm county, Sweden  Generating population esti-  People with precariousem- 595 (551)
mates ployment
Weinmann et a [26] Munich, Germany Generating population esti-  Individuaswhohavemigrat- g5 [
mates ed from Syria
Oesterle et a [18] Washington and Colorado,  Intervention delivery Parentsof childreningrades 235 (—)
United States 6-8 (ie, aged 10-14 years)
Tran et a [30] Vietnam Generating population esti-  General population (youth 366 (356)
mates and young adults)
Sadasivam et a [17] United States Intervention delivery Individuals who smoke 759 (—)
Bourke et a [33] New Zealand Generating population esti-  Individuals using 19 (19)
mates wheelchairs
Hildebrand et al [32] Perth metropolitan area, Generating population esti-  General population (youth) 780 (—)
Australia mates
Stein et al [24] Netherlands Studying socia networks ~ General population 1448 (1429)
and contact patternsrelevant
to the spread of infectious
diseases
Stromdahl et al [23] Sweden Generating population esti-  Menwho havesex withmen 148 (130)
mates
Theunissen et a [27] South Limburg, Netherlands  Intervention delivery Young adults at risk of a 68 (68)
Chlamydia trachomatisin-
fection
Bengtsson et al [31] Vietnam Generating population esti-  Menwho havesex withmen 982 (870)
mates
Crawford [21] Oregon, United States Generating population esti-  Individualswho usemarijua- 72 (—)
mates na
Stein et a [25] Netherlandsand Thailand ~ Studying social networks &  General population 358 (—)
contact patterns relevant to
the spread of infectious dis-
eases
Stein et a [28] Thailand Studying social networks& General population 257 (245)
contact patterns relevant to
the spread of infectious dis-
eases
Bauermeister et a [19] United States Generating population esti-  General population (young 3448 (—)
mates adults)
Bengtsson et al [29] Vietnam Generating population esti-  Menwho havesex withmen 676 (591)
mates
Wejnert [20] Cornell University, United  Generating population esti-  University students 378 (—)
States mates
Heckathorn and Wejnert [8] Cornell University, United ~ Generating population esti-  University students 159 (—)
States mates
N ot specified.

Recruitment-Related Results
Seed Recruitment and Selection

Five studies recruited seeds through online platforms in the
form of targeted Facebook advertisements[17-19,32] or online
participatory research panels [24] (see Multimedia Appendix
2), while 6 studies combined online (eg, online advertisements)
with offline platforms, such as interest groups [23,26,28],

http://www.jmir.org/2021/1/e17564/
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researchers’ social networks [22,25,26,28], or social venues
[22,26,29,31] and 2 studies only recruited seeds offline—1 at
a sexua health clinic [27] and 1 through a previous research

project [21].

In most studies, researchers established contact with potential
seeds as part of the seed selection procedure. Thiswas doneto
confirm potential seeds’ identity or digibility [22,27,32,33], to
select seeds with specific characteristics [19,22,26,30], or to
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confirm potential seeds’ motivation and ability to invite and
recruit peers[21-23,30]. Contact between researchers and seeds
consisted of phone calls [19,22], emails [8,18,25,28], or
in-person or group meetings [25,27,28]. In 3 studies, seed
selection consisted only of an online eligibility screener and
consent form [17,24,30].

The number of recruited seeds ranged between 1[21] and 1015
[24].

Peer Recruitment

Most studies allowed participants to recruit their peers (eg, by
sharing a URL) through preferred means of communication,
such as WhatsApp or Facebook [17,19,21,22,29-32] or email
[8,20,33]. Some studies additionally provided participantswith
the opportunity to provide their peers’ contact details to the
researchers, after which they contacted participants' peers via
email (see Multimedia Appendix 2) [22,24,25,28,29,31].

In 4 studies, there was no limit for the number of coupons that
participants could forward [17,18,27,30]. In other studies, the
limt was 3 coupons [8,20,26,32,33], 4 coupons
[22-25,28,29,31], 5 coupons [21], or 10 coupons [19].

Most studies had a double-incentive  structure
[8,17-20,22,23,26,29,31-33]. The magjority of studies used
material incentives as opposed to [8,19,20,22,23,26,30,32,33]
or in combination with[17,18,24,29,31] nonmaterial incentives,
and 4 studies only used nonmaterial incentives [21,25,27,28].

Material incentives were electronic gift cards[19,22,23,26,32],
phone credits [29-31], or lottery tickets [24,29,31,33].
Nonmaterial incentives included showing participants
aggregated study results [21,29,31] or visua insights into the
study’srecruitment process (eg, anonymized recruitment trees)
[17,21,24,25,28], allowing participants to donate material
incentives [29,31], and delivering political or social messages
to prospective participants [18,21].

The maximum value of material incentives that participants
could earn ranged between US $12.45 in Vietnam [29,31] and
US $115 in the United States [17], but 2 studies had no
maximum incentive value, since their number of incentivized
coupons was unlimited [18,30].

Nine  studies  reported sent  reminders

[17,22,24,27-29,31-33].

having

Recruitment Performance

The final sample sizes ranged between 19 [33] and 3448 [19].
Three studies recruited less than 100 participants [21,27,33],
and 6 studies recruited more than 600 participants
[17,19,24,29,31,32] (see Multimedia Appendix 2).

The proportion of seeds and the proportion of all participants
who successfully recruited ranged between 7.5%[18] and 100%
[21], and between 9.2% [27] and 55% [8], respectively. The
maximum number of waves ranged between 1 [33] to 29 [31],
and 8 studies reported fewer than 10 waves
[17,21,23-25,27,28,33]. RDS sample distribution reached
equilibriumin 5 studies, after 1to 11 waves[8,20,22,26,29,31].
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Data collection took between 72 hours [8] and 7 months [25].
In most studies, data collection took between 2 months and 3
months [18-21,26,28,30].

Factors I nfluencing Recruitment Performance

Overall, studies that recruited more seeds relatively often used
online platforms (such as Facebook or other web communities)
for seed recruitment, selected seeds less rigoroudly (eg, with
lessor no contact between potential seeds and researchers), and
recruited seeds from larger geographical areas (eg, the entire
country as opposed to a municipal area). Studies that recruited
fewer seeds relatively often did so through a combination of
both online and offline, or only offline platforms, with more
elaborate seed selection procedures, and in smaller geographical
aress.

Studiesthat recruited more seeds, through online platforms, and
with lessrigorous selection procedures, reported relatively lower
percentages of successfully recruiting seeds. For example, the
3 studies that recruited the most seeds reported between 7.6%
and 24.7% successfully recruiting seeds [17,18,24], compared
to 67.4% to 100% in the 3 studies with the fewest recruited
seeds [8,20,21].

Studies that did not offer at least one guaranteed material
incentive (ie, not lottery-based compensation) reached no more
than 6 waves and reported between 9.2% and 38.9% successfully
recruiting participants [21,25,27,28].

Authors of included studies suggested a lack of monetary
incentives[21,25,28,33], alack of different recruitment options
[19,22], and cheating (in order to retrieve multiple incentives)
by participants [8,19,29,32] as potential factors related to
web-based RDS protocols that influenced recruitment
performance. The incompatibility of questionnaires or
recruitment options with mobile platforms [18,19,23,30], and
recruitment emails being identified as spam [8,19,28] were
suggested as technical difficulties influencing recruitment
performance. Seeds' motivation (or a lack thereof) to initiate
recruitment [22,28,32,33], stigma regarding the study subject
[27,33], online connectedness of the target population
[8,17,22,26,33], and differential access to the Internet
[8,18,19,28-32], were suggested as psychological and structural
characteristics of the target population influencing recruitment
performance.

Discussion

Overview

This is the first review investigating the application and
recruitment performance of web-based RDS; a novel online
sampling method. We identified 18 articles that described the
use of web-based RDS. Out of all studies, 12 recruited
participants for making population estimates, 3 recruited
participants to study social network characteristics (contact
patterns relevant to the spread of infectious diseases), and 3
recruited participants to deliver interventions. Studies were
conducted in 8 countries, including both high- and low-middle
income countries, over 4 continents. Between 19 and 3448
participantswere recruited from various populations, including
somewithout asampling frame, such as men who have sex with
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men. The heterogenous nature of the included studies (with
respect to their aims and setup) made it difficult to compare
their recruitment processes and to draw generalizableinferences
regarding recruitment performance.

Principal Findings

We found that studies that recruited relatively more seeds,
through online platforms, and with less rigorous selection
proceduresreported lower percentages of successfully recruiting
seeds. The exact reasons for this observation remain unclear.
However, we suggest that recruiting more seedsrelatively limits
the time and resources available to thoroughly prepare (ie,
motivate and inform) and select seeds. In turn, this may limit
seeds' motivation to initiate peer recruitment, or lead to less
suited (eg, less socially connected) seeds being selected. Both
of these factors are known to be important for inducing and
sustaining seed and peer recruitment [34,35].

Studies that did not offer at least one guaranteed material
incentive reached relatively lower percentages of successfully
recruiting participant, and fewer waves. We thus suggest that
such incentives are particularly important to sustain recruitment,
as sampling waves increase (ie, monetary incentives appear to
carry further than nonmonetary incentives). Thisisin agreement
with wider offline RDSliterature[34] and indicatesthat benefits
of online recruitment for participants (eg, easy access for
participants) and nonmonetary incentives do not render material
incentives redundant if the primary am is to generate
recruitment waves.

However, some studies that recruited participants for
interventions reported relatively low percentages of successfully
recruiting participants, despite offering substantial monetary
incentives. This indicates that online peer recruitment for
interventions benefits (or suffers) from factors other than peer
recruitment for research purposes. Potentially, peer recruitment
for interventions depends more on participants’ affinity toward
anintervention (eg, related to intervention framing, packaging),
or itsanticipated or experienced outcomes. Note, however, that
these findings are based only on few studies and require further
research to substantiate.

The mgjority of studiestook between 2 and 3 monthsto collect
data. However, online recruitment wasrelatively faster in some
studies. For example, one study [8] achieved their targeted
sample size (N=150) in 72 hours, and another [19] recruited
3448 participantsin 6 weeks. Both these study populationswere
composed of university students who may be particularly
digitaly literate and have extensive well-connected online
networks. Thisfinding indicatestheimportance of thesefactors
when considering applying this online method.

Strengths and Limitations

One strength of this literature review was the wide search
strategy. It provides an extensive overview of peer reviewed
literature relevant for investigating web-based RDS
peer-recruitment processes. Another strength wasthe application
of the process eval uation framework, which offered a practical
structure for investigating different factors influencing
web-based RDS recruitment performance.

http://www.jmir.org/2021/1/e17564/
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One limitation is that we excluded all articles not reporting on
the recruitment process in sufficient detail and all studies not
exclusively using online peer recruitment or reporting on online
and offline peer recruitment separately. Some valuable
contextual and comparative information between online and
offline recruitment might therefore have been missed. For some
crucia recruitment performance measures (eg, the percentage
of successfully recruiting participants), we had to rely on a
manual count of recruitment trees, since the origina data sets
were unavailable.

Practical Implications and Opportunitiesfor Future
Resear ch Using Web-Based RDS

Based on this review, it remains difficult to assess how
successful web-based RDS is at achieving the aims for which
it is employed (ie, generating population estimates, studying
socia networks, delivering interventions). For example, only
5 out of 12 studies aiming to generate population estimates
reported that the sample composition reached equilibrium.
Several studies likely achieved equilibrium (estimated from
reported sample size and observed number of waves), but did
not report this as such. Studies that used web-based RDS for
studying socia networks or delivering interventionswere mostly
feasibility or implementation studies, making it difficult to
assess how successful the online method is at reaching the
endpoints. At this point in time, we believe that there are not
enough studies to draw meaningful conclusions regarding the
overall success of web-based RDS for generating population
estimates, studying social networks, or delivering interventions.
Nevertheless, web-based RDS may be a particularly suited
recruitment method when random sampling techniques are not
feasible, the target population is geographicaly dispersed or
hidden (whichisachallengefor offline sampling), and the target
population is extensively connected online [8]. Therefore,
despite the heterogenous nature of the studies included in this
review, which limits the generalizability of the studies
recruitment processes and performance, we outline several
recommendations for future research into, or using web-based
RDS.

First, consistent with offline RDS literature, the results suggest
that recruiting arelatively small and thoroughly selected group
of seeds (to whom a significant amount of resources can be
dedicated for motivational and informing purposes) and
providing at least one guaranteed material incentiveisthe most
successful strategy for generating asubstantial number of waves
[1,34]. Assuch, thisisthe preferred setup for studies aiming to
reach equilibrium for population estimates. If this is not the
primary objective, for example when recruiting individuals for
studying network characteristics or delivering interventions,
recruiting alarger number of seedsthrough lessrigorous means
and providing lower or nonmaterial incentives may be preferred.

Second, despite the limited number of studies that recruited
participants for interventions in this review, some implications
inthisregard stand out. For example, one study [27] found that
through web-based RDS, individuals could be reached for
sexually transmitted di sease testing who were not reached before
through traditional sexual health services. Another study [17]
similarly noted that with each successive wave, the proportion

JMed Internet Res 2021 | vol. 23 | iss. 1 [e17564 | p.113
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

of not-ready-to-quit smokers in the sample increased. These
findingsindicate that web-based RDS recruitment is particularly
interesting for interventionsif the aimisto reach more reluctant,
or previously unreached individuals. The challenge here is to
adequately incentivize peer recruitment (as discussed under
principal findings).

Third, the results indicate that providing multiple recruitment
options and facilitating the use of mobile platforms for
participation and recruitment may enhance web-based RDS
recruitment performance. However, it remains largely unclear
how these factors influence peer recruitment across different
Settings, or even within certain target popul ations. For example,
as indicated also by severa studies included in this review,
differential access to mobile communications, or the internet
in general, may impose barriers to peer recruitment to readily
excluded members of a given population. In addition, online
communication behavior and thetypesof digital communication
platforms used may differ between different networks, which
could affect even relatively well-connected individuals. Thisis
exemplified by one study [32] included in this review that
compared web-based RDSto traditional offlineRDS and found
that individual swith lower socioeconomic statuswere lesslikely
to berecruited through web-based RDS. Besides socioeconomic
status, other factors known from literature that influence access
to or use of theinternet (and may therefore a so influence online
peer recruitment) include sociodemographic (eg, age, gender),
socioeconomic (eg, household income, educational attainment),
social (eg, degree of isolation, political context), and personal
(eg, self-efficacy, mental health) factors [36]. To account for
these potential sources of bias, we suggest thorough exploration
of the target population’s online networks and communication
behaviors, in aformative research stage.
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Finally, we recommend that researchers using web-based RDS
follow STROBE-RDS guidelines when reporting their studies
[15]. A number of studies did not consistently report the
numbers of total distributed and returned coupons, the numbers
of recruitment waves, the numbers of individuals collecting
their incentives, and the numbers of recruitees by seeds. Similar
gaps in reporting on offline RDS data have been found in a
previous review [37]. In addition, we encourage researchersto
report relevant recruitment performance measures, such as the
percentages of successful recruiters or the average numbers of
recruitees per participant. This information is crucia for
studying how to optimize peer recruitment in the future.

Conclusions

We have given a comprehensive overview of web-based RDS,
what it isused for, how it is applied, and what factorsinfluence
its recruitment performance. Web-based RDS can be
successfully applied to recruit individualsfor making population
estimates, studying social networks, and delivering health
interventions. Peer recruitment may be enhanced by rigorously
selecting and motivating seeds, offering at least one guaranteed
material incentive, and facilitating adequate recruitment options
regarding target populations online connectedness and
communication behavior. Potential trade-offs should be taken
into account when implementing web-based RDS. Examples
are recruiting many seeds and less opportunities for rigorous
seed selection procedures, aswell asissuesaround online rather
than physical participation, such as risks of cheaters through
repeated participation. Furthermore, we have demonstrated the
feasibility of—and described outcome measures for—research
into web-based RDS recruitment using a process evaluation
approach. The main points discussed in this literature review
provide researchers with guidelines on key aspects and
technicalities to consider when planning their web-based RDS
research.

[PDF File (Adobe PDF File), 61 KB - jmir_v23i1e17564_appl.pdf ]
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Abstract

Background: In response to COVID-19, there has been increasing momentum in telehealth development and delivery. To
assess the anticipated exponential growth in telehealth, it is important to accurately capture how telehealth has been used in
specific mental health fields prior to the pandemic.

Objective: Thissystematic review aimed to highlight how telehealth has been used with clinical samplesin the neurodevel opmental
field, including patients with neurodevelopmental disorders (NDDs), their families, and health care professionals. To identify
which technol ogies show the greatest potential for implementation into health services, we eval uated technol ogiesfor effectiveness,
economic impact, and readiness for clinical adoption.

Methods: A systematic search of literature was undertaken in April 2018 and updated until December 2019, by using the
Medline, Web of Science, Scopus, CINAHL Plus, EMBASE, and Psyclnfo databases. Extracted data included the type of
technol ogy, how the technology was used (ie, assessment, treatment, and monitoring), participant characteristics, reported outcomes
and authors’ views on clinical effectiveness, user impact (ie, feasibility and acceptability), economic impact, and readiness for
clinic adoption. A quality review of the research was performed in accordance with the Oxford Centre for Evidence-Based
Medicine Levels of Evidence.

Results: A total of 42 studies met the inclusion criteria. These studies included participants and family members with autism
spectrum disorders (21/42, 50%), attention deficit hyperactivity disorders (8/42, 19%), attention deficit hyperactivity or autism
spectrum disorders (3/42, 7%), communication disorders (7/42, 17%), and tic disorders (2/42, 5%). The focus of most studies
(33/42, 79%) was on treatment, rather than assessment (4/42, 10%) or monitoring (5/42, 12%). Telehealth services demonstrated
promisefor being clinically effective, predominantly in relation to diagnosing and monitoring NDDs. In terms of NDD treatment,
telehealth services were usually equivalent to control groups. There was some evidence of positive user and economic impacts,
including increased service delivery efficiency (eg, increased treatment availability and decreased waiting times). However, these
factors were not widely recorded across the studies. Telehealth was demonstrated to be cost-effective in the few studies that
considered cost-effectiveness. Study quality varied, as many studies had small sample sizes and inadequate control groups. Of
the 42 studies, only 11 (26%) were randomized controlled trials, 12 (29%) were case studies or case series, 6 (14%) were qualitative
studies, and 5 (12%) were noncomparative trials.
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Conclusions: Telehealth has the potential to increase treatment availability, decrease diagnosis waiting times, and aid in NDD
monitoring. Further research with more robust and adequately powered study designsthat consider cost-effectiveness and increased
efficiency is needed. This systematic review highlights the extent of telehealth technology use prior to the COVID-19 pandemic
and the movement for investing in remote access to treatments.

Trial Registration:

PROSPERO International Prospective Register of Systematic Reviews CRD42018091156;

https://www.crd.york.ac.uk/prospero/display_record.php? D=CRD42018091156

(J Med Internet Res 2021;23(1):€22619) doi:10.2196/22619
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Introduction

Background

Neurodevelopmenta disorders (NDDs) are lifelong disorders
that typically develop during the early stages of child
development and have ahigh frequency of co-occurrence[1,2].
In this systematic review, NDDs are defined in accordance with
the Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition criteria[3], and include autism spectrum disorder (ASD),
attention deficit hyperactivity disorder (ADHD), intellectual
disability, communication disorders, specific learning disorder,
motor disorders, stereotypical movement disorder, and tic
disorders. Young people with NDDs have been identified as
particularly vulnerable to the mental health impacts of
COVID-19, dueto changesin support and routine and increased
isolation and loneliness [4,5].

Prior to the COV1D-19 pandemic, telehealth interventionswere
attracting interest as effective options for improving mental
health provision in overstretched health services. The COVID-19
pandemic has increased the demand for effective mental health
support, and the growing need to offer easy-to-access remote
service availability [4,6,7] has substantially increased tel ehealth
use[8]. It istherefore essential that we not only identify which
existing telehealth technologies show the greatest efficacy for
use with individuals with NDDs, but also capture the state of
the existing evidence base in order to evaluate the inevitable
growth of thisfield.

Prior Work

There is no universally agreed upon definition for telehealth
[9]. In this systematic review, we use the term “telehealth” to
encompass telemedicine, telemental health, and telepsychiatry.

In a systematic review of the use of telehealth services for
communication disorders, Malini-Avejonas and colleagues[10]
found that over 85% (88/103) of telehealth studies reported the
advantages that telehealth has over nontelehealth approaches.
For example, Moalini-Avejonas and colleagues [10] reported
that telehealth istypically viewed favorably by usersand health
care practitioners, as telehealth helps to reduce geographical
barriers and possibly save time during consultations and travel.
However, barriers to telehealth implementation have been
identified. These barriers relate to training, technology issues,
and acceptance by both health care practitioners and patients
[10]. Indeed, a study that explored the views of hedlth care
practitioners (ie, neurol ogists) toward digital devicesin clinical

http://www.jmir.org/2021/1/e22619/

practice found that while the majority (95%) of the 405
participants used computers regularly at work, less than half
(43.5%) used atablet [11]. This suggeststhat one of the barriers
to the uptake of technology may be acceptance from health care
professionals.

Sutherland and colleagues [12] have also updated a systematic
review [13] of telehealth literature on participants with ASD.
During 2010-2016, 14 studies with a total of 284 ASD
participants assessed tel eheal th services, including assessments,
interventions, functional behavioral analyses, and language
therapy. These studiesincluded avariety of controls, including
comparisons between tel ehealth and face-to-face sessions (6/14,
43%), onlinelearning with and without tel eheal th sessions (6/14,
43%), and tel ehealth servicesthat provided no intervention and
those that provided treatment as usual (2/14, 14%). Although
these studies varied in quality, telehealth services were
comparable to faceto-face services and better than
control/comparison groups in experimental studies. Another
systematic review found that tel ehealth systems have been used
to deliver education to parents and support the diagnosis and
treatment of ASD [14].

In terms of ADHD, only 1 systematic review has focused on
the use of telehealth. This review found 11 articles, which al
reported data from 3 trials that were conducted in 2007-2017
[15]. The majority (10/11, 91%) of studies used a sample of
children. Telehealth was viewed favorably, as it was well
accepted by health care professionals and users and shown to
provide improved outcomes, such as reduced symptomology
and improved functioning. However, the authors concluded that
further research was necessary to assess the usefulness of
telehealth in health care delivery [15]. Thisreview highlighted
alack of research on using telehealth to replace usual treatment
rather than augment usual treatment, and a lack of studies that
consider the assessment, diagnosis, and treatment of adultswith
ADHD.

Although condition-specific systematic reviews have been
conducted, no single review has assessed the use of telehealth
across peoplewith different NDDs. Thisisimportant, given the
prevalence of NDD comorbidities. Many previousreviews have
also been limited to trials. Although trials are important, user
feedback, economic impact, and readinessfor clinical adoption
areimportant for rapidly developing policiesfor implementing
telehealth services after the COVID-19 pandemic.
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The Goal of This Study

The aim of this systematic review was to highlight how
telehealth has been used, prior to the COVID-19 pandemic,
with clinical samples within the neurodevelopmenta field,
including patients with NDD, their families, and health care
professionals. In light of the post-COVID-19 pandemic call for
implementing the rapid adoption of telehealth into clinical
practice [16], this systematic review focused on studies that
reported on the clinical/service eff ectiveness, economic impact,
and user impact (ie, feasibility/acceptability) of telehealth to
aid in assessment, diagnosis, monitoring, and treatment. This
review serves to identify potentially effective telehealth
technologies for use with patients with NDDs and document
the evidence base prior to the anticipated rapid expansion of
telehealth in the neurodevelopmental field.

Methods

Study Design

This systematic review was part of alarger review [17], which
assessed all technology that has been used for NDDs. The
protocol for our main review was registered with PROSPERO
(CRD42018091156). Given the vast number of obtained papers
that related to telehealth, it was most appropriate to present
these in a stand-alone article. The literature search was
undertaken in accordance with the recommended principlesin
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines[18].

Search Strategy

A systematic search of literature was undertaken by an
information speciaist (EY) using the following databases:
Medline, Web of Science, Scopus, CINAHL Plus, EMBASE,
and Psyclnfo. Searches were also performed in the Cochrane
Library, Journal of Medical Internet Research, Institute of
Electrical and Electronics Engineers, and Association for
Computing Machinery Digital Library databases. The search
included all termsthat related to NDDs and tel ehealth, including
controlled vocabulary headings such as*Intellectual Disability,”
“Mentally Disabled Persons” “Learning disorders,”
“Developmentd Disabilities,” “Neurodevelopmental Disorders,”
and “Telemedicine” Keywords and synonyms that related to
all NDDs, including “ASD,” “ADHD,” “Tic Disorders,
“Communication and Language Disorders” “Learning
Disorders,” and “Learning Disabilities,” were also used for the
search. Termsthat rel ated to teleheal th included keywords, such
as “tele care,” “tele coaching,” “telecomm,” “teleconference,”
“teleconsultation,” “telehealth,” and “telemanagement,” aswell
as terms that related to teletherapy, telepractice, and eHealth.
As this study was part of a wider search of al technologies,
additional terms that related to various technologies, such as
mobile apps, video games, virtual reality, and robotics, were
alsoincluded. However, the results of the search for theseterms
are presented in another study [17]. A copy of the Medline
search strategy isincluded in Multimedia Appendix 1. Endnote
software (Clarivate) and Microsoft Excel were used to manage
the data. The initial search was restricted to published,
peer-reviewed, academic papers written in English, and was
conducted in March/April 2018 and recently updated in July
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2020 to cover the period of January 2014 to December 2019.
The World Health Organization has acknowledged December
2019 asthe month that thefirst case of COVID-19 was officially
recorded [19].

PICOS (population, intervention, comparison, outcome, study
design) guidelines were used to define the inclusion criteria.
With regard to population, we included studies that involved
peoplewith NDDsor parents, carers, or health care professionals
who worked with people with NDDs. With regard to
intervention, we included studiesthat clinically used telehealth
equipment in the assessment, diagnosis, monitoring, or treatment
of NDDs. No restrictions on comparisons were put in place for
literature. With regard to outcomes, included studies were to
have at least 1 outcome of interest from clinical effectiveness,
economic impact, and user impact. Based on the National
Ingtitute of Clinical Excellence glossary, the following terms
werereferred toin the search: (1) “clinical effectiveness,” which
refers to how beneficial telehealth wasin terms of assessment,
monitoring, or treatment compared to usua care, a control
group, or another type of care; (2) “economic impact,” which
refers to the evaluation of service delivery efficiencies (eg,
whether an intervention reduces clinician time), as well as any
economic evaluation (eg, cost-effectiveness or costs and benefits
evaluations) of telehealth; and (3) “user impact,” which refers
to the feasibility of using teleheath in terms of technical
feasibility (ie, how simple or difficult it was to use telehealth
services) and the administrative infrastructure (ie, how the
technology fits within an organization). Usability impact also
covered design factorsthat affect the user experience and users
acceptability of the technology (ie, users willingness to attend
and engage with the technology). With regard to study types,
we excluded systematic reviews and meta-analyses.

Studies on telehealth were restricted to those that used
synchronous (ie, real-time) remote clinical care in relation to
the diagnosis, monitoring, or treatment of an NDD. Although
studiesthat involved both audio and video communication were
included, studies that provided care via only atelephone were
excluded. Studieswere also excluded if they used asynchronous
(ie, nonreal-time) data, including email communi cations between
patients and health care practitioners, physiological data (eg,
electroencephal ogram data) that were remotely interpreted, and
data regarding telehealth services that were delivered solely in
educational/employment settings, such as schools or vocational
training centers. In addition, studies were excluded if they did
not involve an NDD clinica sample or if they focused on
lifestyle interventions (eg, obesity management rather than NDD
treatment).

Data Extraction and Quality Assessment

Titles and abstracts were reviewed for initial screening, and
excluded papers were further independently screened. Two
authors (AZV and CLH) independently reviewed full textsand
extracted data by using an Excel database. Extracted data
included authors and the year of publication; brief summaries
of the study design, including the type of telehealth used and
study methods; how the technology was used (ie, assessment,
treatment, or monitoring); and information on participant
samples, including the number of participantsin asample, health
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condition, gender, population type (ie, parent, clinician, or
children/young people populations), and age (ie, if children
werestudied). The relevant outcomesthat related to the authors
views on clinical effectiveness, user impact, economic impact,
and readiness for clinic adoption were also noted. Resultswere
synthesized in tabulated form (Multimedia Appendix 2).

A quality review of the research was also conducted. Papers
were appraised by 3 authors (CLH, SSH, and BJB) based on
the Oxford Centre for Evidence-Based Medicine Levels of
Evidence. Each paper wasrated with ascore of 1-5; randomized
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controlled trials (RCTs) were typically ranked high (score=1)
and qualitative papers/judgments were typically ranked low
(score=5). Throughout the paper, this score is referred to as a
quality rating (QR) [20]. Disagreements were resolved through
discussion.

Results

The process of identifying and selecting studies is outlined in
aflow diagram (Figure 1), and asummary of theincluded papers
is presented in Multimedia Appendix 2.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2009 flow diagram depicting the study selection process.

p—

Study Char acteristics

A total of 42 studies met the inclusion criteria. The greatest
number of studies were conducted on ASD (22/42, 52%) and
ADHD (8/42, 19%). Studies on communication disorders (7/42,
17%), and tic disorders (2/42, 5%) were the |east represented.
Additionally, 3 (7%) studies used a sample of participantswith
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ADHD, ASD, or both. Of the 42 papers, 23 (55%) reported a
wide range of additional diagnoses, such as another coexisting
NDD (10/23, 43%), oppositional defiant disorder (7/23, 30%),
and anxiety (4/23, 17%), and 19 (45%) studies did not report
any comorbidities. Most studies (29/42, 69%) reported data
from children’s parents/carers. Of these 29 studies, 22 (76%)
included children aged <7 years, 3 (10%) included adult

JMed Internet Res 2021 | vol. 23 | iss. 1 [€22619 | p.120
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

telehealth service users, and 7 (30%) documented the perspective
of health care professionals. Approximately half (20/42, 48%)
of al papers reported on data from a male or predominantly
male sample. However, in parent/carer studies, the primary
caregiver was more likely to be female. Most studies were
conducted inthe United States (27/42, 64%), Australasia (7/42,
17%) and Europe (6/42, 14%). Studies typically focused on
treatment (33/42, 79%), rather than monitoring (5/42, 12%) or
assessment (4/42, 10%).

Outcomes of interest
Assessment

Summary of Assessment Papers

We found 4 papers that focused on the assessment of NDDs.
Of these 4 papers, 3 (75%) used tel ehealth to remotely diagnose
ASD [21-23] and 1 (25%) assessed the objective measurement
of hyperactivity in patients diagnosed with ADHD [24]. All
ASD studies involved parents and children under 6 years of
age. The ADHD study involved children and young people aged
6-16 years. All studies had <65 participants (range 17-65;
Multimedia Appendix 2). Of the 4 papers, 3 (75%) had a QR
of 2[22] or 3[23,24], and 1 (25%) [21] had the lowest QR of
5.

Clinical Effectiveness

The Wehrmann and Miiller [24] pilot non-RCT used webcam
footage to create a video-activity score to measure physical
activity as an objective assessment of hyperactivity in children
with suspected ADHD. The video-activity score did not show
criterion validity with clinicians' or parents’ hyperactivity
ratings.

Thefindingsfrom the ASD studies were more favorable. Reese
and colleagues [22], who reported preliminary RCT findings
on which families were assigned to in-clinic or telehealth
evaluations, found that families could be coached to complete
ASD assessment activities with young children via
videoconferencing and clinicians could make accurate diagnoses
remotely. Similarly, Juarez et al [21] reported on 2 studies, of
which 1 compared atelediagnosisto aface-to-face assessment.
This study demonstrated that, compared to gold-standard tools,
remote ASD diagnostic consultations resulted in clinicians
correctly diagnosing 78.9% (15/19) of children. No children
were inaccurately diagnosed with ASD. Stainbrook and
colleagues [23] investigated referrals before and after the
introduction of a telehealth service. They found that
implementing a diagnostic consultation service for ASD, in
partnership with an early intervention service, increased referrals
for diagnostic evaluation and the likelihood of families attending
appointments. Following referral, 56 (89%) of the 63 families
chose to receive further appointments via telehealth services
rather than face-to-face services, and families with complex
problems were the most likely to access clinic services.

User Impact, Feasibility, and Acceptability

In a second qualitative feasibility study, Juarez and colleagues
[21] reported positive user feedback from both health care
professionals and families. Families from rural areas reported
geographical and time barriers to accessing traditional health
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care. These barriers were reduced with remote diagnoses,
leading to high level s of satisfaction. Stainbrook and colleagues
[23] found that families were more likely to attend telehealth
appointments. Following referral, 56 (89%) of the 63 families
choseto receive appointments viatel ehealth servicesrather than
face-to-face services, and familieswith complex problemswere
the most likely to access clinic services.

Service Delivery Efficiencies and Economic | mpact

Stainbrook and colleagues [23] were the only authors to
document service delivery efficiencies. They reported that
implementing atel ehealth servicereduced thetimeto diagnosis
by 11-12 months.

Readiness for Clinic Adoption

Degspite the effectiveness and positive user impact of telehealth
in the assessment of ASD, the studies all had a small sample
size. Of the 3 ASD papers, 1 (33%) did not report on suitability
for implementation [23] and 2 (67%) stated that further research
isnecessary [21,22]. The ADHD assessment paper [24] reported
negative findings and concluded that tel eheal th assessmentsfor
ADHD were not suitable for implementation. As such, prior to
the COVID-19 pandemic, there were no tel ehealth technol ogies
that were reported to be efficacious in assessing NDDs and
suitable for immediate adoption in practice.

Monitoring

Summary of Monitoring Papers

We found 5 articles that reported on a sample of children with
ADHD andtheir families. All paperswerebased onthe CATTS
(Children’'s ADHD Telemental Health Treatment Study) [25].
Wefound an RCT that assessed the effectiveness of atelehealth
service for children with ADHD, which included
pharmacological treatment monitoring and caregiver behavior
training/psychoeducation. The RCT study compared families
who received augmented treatment as usual, which involved
only 1 telehealth consultation, to families who received 6
telehealth sessions, which were conducted approximately 1
month apart. The papers were generally highly rated (QR=2),
and the main study was an RCT. Secondary papers looked at
caregiver outcomes [26,27] and health care professionas
decisions on medication changes [28]. The remaining paper
received alow QR (QR=5) because of the qualitative nature of
the report, which focused on caregiver satisfaction and
engagement, and health care professional fiddlity [29]. Although
not all studies were directly related to monitoring, they were
collated together to allow the reader to understand that data
were from multiple articles that related to the same trial. We
found 4 studiesthat were based on the main trial’s dataset, which
included 223 families of children with ADHD aged 5-12 years
and their carers [25]. The remaining study [27] involved a
subsampl e of 37 participants.

Clinical Effectiveness

Overdl, both methods of telehealth delivery resulted in
reductionsin ADHD and oppositional defiant disorder behaviors
and improvements in role performance and impairment, with
thetelehealth model generally resulting in better outcomes[25]
and better parental mental health [26] than face-to-face models.
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In a feasibility trial of a subsample of families, Tse and
colleagues[27] assessed the outcomes from baselineto 25 weeks
and found similar outcomes for child ADHD behaviors.
However, they also found that parents who used telehealth
services had considerably lessimprovement in caregiver strain
and empowerment than those who received face-to-facetraining.

User Impact, Feasibility, and Acceptability

High levels of engagement and satisfaction were reported by
parents [27,29]. Rockhill et al [28] reported that fidelity was
not impacted by telehealth delivery. The authors argued that
teleheath provides added value in terms of increasing
treat-to-target goals and offering support to health care
professionals.

Service Delivery Efficiencies and Economic | mpact

Service delivery efficiencies and economic impact were not
reported in any monitoring papers.

Readiness for Clinic Adoption

Myersand colleagues[25] provided clinical guidance regarding
the use of telehealth in treating children with ADHD, and the
results from the RCT were promising. Further research is
recommended in the devel opment of the CATTStrial, including
research that involvesthe greater use of teachersin interventions
and objective school outcome measures, such asthe completion
of homework and behavioral observations, to further validate
the tool. Tse and colleagues [27] concluded that telehealth
delivery was promising in terms of readinessfor clinic adoption,
but telehealth for caregivers' distress needed further study,
including theinvestigation of the best delivery modality. Future
research on the cost benefits of telehealth models of care for
ADHD was aso recommended. These findings indicated
promise in the implementation of technologies for monitoring
ADHD.

Treatment

We found 33 papers that reported on the use of telehealth
technologiesto treat NDDs. The majority of the papersfocused
on ASD (18/33, 55%). Other reported conditions were ADHD
with or without ASD (5/33, 15%), communication disorders
(7/33, 21%), tic disorders (2/33, 6%) and learning disabilities
(1/33, 3%). Due to the volume of treatment papers, each
condition will be considered in turn.

ASD

Summary of ASD Treatment Papers

In terms of ASD, 1 paper presented a case report of a
16-year-old male with Asperger syndrome, social isolation, and
depression. Clarke [30] reported that communicating via
telehealth allowed a clinician to develop a relationship with a
young person who was later able to attend a clinic in person
and reconnect with his family. The remaining papers (17/18,
94%) focused on some aspect of parent training. Of these 17
papers, 6 (35%) reported on providing telehealth-delivered
functional analysis and communication training to parents
[31-36], and 1 (6%) reported on using telehealth-delivered
functional analysistotrain ahealth care professional [37]. These
studies mainly consisted of case studies or case series (6/7, 86%)
that used amultiple baseline experimental design and had aQR
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of 3 [35] or 4 [31,32,34,36,37]. Another paper (1/7, 14%)
reexamined 2 nonresponding participants’ data from an RCT
(QR=4) [33].

Wefound 4 studies on 4 programsthat incorporated self-directed
online learning with remote therapy, support, or coaching
[38-41]. These included studies on ImPACT Online
Communication Training [38,39], which evaluated thefeasibility
(QR=4) and clinical efficacy (QR=3) of the IMPACT Online
program in addressing social communication development, and
a noncomparative feasibility study (QR=4) on OASIS ABA
(Online and Applied System for Intervention Skills Applied
Behavior Analysis)-based parent training [40]. Another
program, which involved reciprocal imitation training, was used
in asingle-subject multiple-baseline design study (QR=4) [41].

In a noncomparative tria that gathered data from before and
after intervention (QR=4), Little and colleagues [42] studied
occupational-based coaching via telehealth for increasing
positive interactions and everyday routines. This included an
evaluation of acceptability/cost [43] and a linked qualitative
(QR=5) appraisal of parents’ perceptions [44]. The remaining
programs were the Sunny Starts parent training program for
increasing sociocommunicative behavior, which was used in a
case series with multiple baseline experimental data (QR=4)
[45]; the RUBI-PT (Research Unit on Behavioral
Interventions-Parent Training) program, which was devel oped
by the Research Unit on Behaviora Interventions Autism
Network and targeted behaviors such as aggression and tantrums
in children with ASD; benchmarking, which was used in atrial
that compared the data of new servicesto datafrom previously
published clinical trials (QR= 4) to evaluate effectiveness (eg,
reduction in disruptive behavior), feasibility, and acceptability
[46]; and parent coaching with a focus on educating parents
about effective approaches for children with ASD (eg, social
narratives and visual schedules), which wasused in aqualitative

paper (QR=5) [47].
Clinical Effectiveness

The majority of the ASD papers reported that treatment was
clinicaly effectiveinimproving caregiver knowledge, caregiver
competence, and child participation (6/18, 33%) [38-42,45],
increasing communication responses (2/18, 11%) [34,45], and
reducing problem behaviors (5/18, 28%) [31,32,35-37]. We
found 1 (5%) paper [33] that discussed 2 young children with
ASD who underwent functional communication training, but
this was unsuccessful in reducing problem behaviors. The
authors suggested that although not all patients can be treated
viatelehealth, if sessionsare recorded, watching the recordings
can lead to the identification of the reason why treatment was
not successful. Ingersoll and colleagues [39] noted that both
online self-directed training and therapist-assisted,
parent-mediated tel ehealth intervention led to improvementsin
fidelity, self-efficacy, stress, and parents' perceptions of their
child, and that families who received therapist coaching and
support gained improved social skills.

User Impact, Feasibility, and Acceptability

High levels of engagement and satisfaction were reported by
parents [40,43,46]. However, difficulties surrounding failing
technology and incomplete personal interaction were also

JMed Internet Res 2021 | vol. 23 | iss. 1 [e22619 | p.122
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

documented [44,47]. Ingersoll and colleagues [38] found that
parental engagement and satisfaction were similar for both
self-directed and therapist-assisted methods of telehealth
delivery. However, having a therapist increased engagement
and led to higher rates of telehealth service completion. Parents
often engaged with the program (ie, without therapist support)
outside of traditional working hours, which allowed for greater
flexibility than in face-to-face coaching.

In a qualitative study, Ashburner et al [47] explored the
perceived advantages and disadvantages of a follow-up early
intervention service that was delivered via remote technology,
by comparing the service to previous face-to-face services.
Content analysis showed that parents, service providers, and
the ASD specialist perceived remote technol ogiesto be hel pful
in upskilling parents/service providers and enabling familiesto
access support from home. However, al study participants
agreed that remote technol ogy should be used to augment, rather
than replace, face-to-face contact, which is similar to the
findings reported by Little et al [43].

The use of telehealth for training health care professionals was
also shown to be a promising way of providing support to
practitionersinthefield, which led to the greater implementation
of target strategies [37].

Service Delivery Efficiencies and Economic | mpact

Suessand colleagues[32] reported on telehealth service delivery
efficiencies and argued that in some cases, brief, efficient
telehealth appointments bypasses the need for further in-clinic
support and allows for quicker treatment initiation. Several
authors[40,41,47] suggested that tel ehealth hasthe potential to
increase accessto ASD services(ie, particularly inremote areas)
and reduce costs, time, and travel. Lingren et a [35] compared
the costs of therapy for caregiversof children with ASD between
different telehealth models, including in-home telehealth,
regional clinic telehealth, and in-home, face-to-face telehealth
models. The costswerelowest for the in-home teleheal th model,
but the in-home and in-home, face-to-face telehealth models
were substantially less costly than the costs for face-to-face
in-home therapy. Similarly, in a study that involved a 12-week
telehealth intervention for families with a child with ASD, the
authors reported that the costs for both outpatient and in-home
care model swere approximately 2.6 times more expensive than
the costs for telehealth models [43].

ADHD

Summary of ADHD Treatment Papers

We found 5 treatment papers from the ADHD sample that
included patients with ADHD and patients with ASD. The
highest quality paper (ie, asmall RCT with aQR of 2) compared
patients who underwent internet-based cognitive behavioral
therapy based on the InFocus program (ie, with/without therapi st
support) to those in the waitlist control [48]. The other papers
were of much lower in quality. We found 1 experimental pilot
study (QR=5) that used a nonrandomized pre-post intervention
study design to assess the feasibility and acceptability of a
parenting group training program delivered viatelehealth [49].
Additionally, Sehlin and colleagues [50] provided qualitative
data (QR=5) for a study that involved a face-to-face meeting
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that was followed by 8 weeks of internet-based chat sessions
for providing coaching and support. Another qualitative paper
(QR=5) conducted implementation interviews with health care
professionals after providing coaching and support at 3 trial
sitesin Sweden [51]. Thefinal paper used amultiple descriptive
case design (QR=4) to assess caregiver perspectivesin asample
of 10 caregiversof young peoplewith ADHD or ASD who took
part in an internet-based intervention [52].

Clinical Effectiveness

In general, clinical effectiveness was unclear or not reported
(3/5, 60%) [50-52], and al studieswerelimited by small sample
sizes (range 7-45). We found 2 group therapy telehealth
programs that showed great promise. A study [48] found that
an internet-based cognitive behavioral therapy telehealth
treatment program, which included weekly online group therapy
sessionsfor adultswith ADHD, wasno moreclinically effective
than unsupported self-help alone. However, people in both
programs faired better than those in the waiting list controls.
The second group therapy program showed a trend of
improvement in child ADHD symptoms following a group
parenting intervention, but the program was not adequately
powered [49].

User Impact, Feasibility, and Acceptability

Sehlin et a [50] found that although remote coaching was
perceived favorably by participants, difficulties surrounded
failing technology and incomplete personal interaction were
reported. Shah and colleagues [49] a so reported that clinicians
experienced difficulties with internet connections and found it
hard to read body language and expressions, as faces were
sometimes out of focus during video appointments. They also
reported that patients experienced disturbancesfrom other family
members, and that the inability to role play during telehealth
appointments was problematic. However, parents were at ease
and relaxed during telehealth appointments.

Gillberg and Wentz [51] assessed professionals’ perceptionson
internet-based support and coaching and the barriers and
facilitators to implementation. Facilitators of positive
perceptions included improved access, equality distribution,
and the delivery/quality of health care services. Reported barriers
included the design of theintervention, technical issues, attitudes
of staff, organizational culture and structure, and work division
and resource allocation.

Service Delivery Efficiencies and Economic | mpact

Most studies (4/5, 80%) did not report the economic impact.
However, cost-savings in terms of time and travel were noted
in 1 (20%) study [49].

Other NNDs (ie, Communication Disorders, Tic
Disorders, and Learning Disabilities)

Summary of Other Treatment Papers

Treatment programsfor communication disorders (eg, stuttering)
were evaluated in 7 papers. A noncomparative trial (QR=4)
investigated the Camperdown Program, which was used to
reduce stuttering in adolescents [53]. The remaining papers
assessed the Lidcombe program for preschoolers. With regard
to the Lidcombe program, we found 1 RCT (QR=2) that
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compared telehealth care delivery toin-clinic, face-to-face care
delivery [54], and 1 study (QR=2) that involved a quantitative
evaluation of parent satisfaction ratings [55]. We found 1 paper
(QR=4) that involved a noncomparative trial that assessed
reductions in stuttering severity and frequency, as well as
satisfaction with telehealth delivery [56]. The remaining papers
al had the lowest quality rating (QR=5). We found 2 papers
that discussed clinical insights from health care professionals
who wereinvolved in telehealth treatment delivery for patients
with stuttering [57,58]. We also found a descriptive-analytic
study of satisfaction with telehealth treatment for stuttering [59].
Furthermore, we found 2 papers on a pilot open-case series
(QR=4) [60] and an RCT that used awaiting list control for the
assessment and treatment of chronic tic disorders (QR=2) [61].
The final paper (QR=5) provided an account of a telehealth
servicethat was delivered at alarge-scale regional servicelevel
[62].

Clinical Effectiveness

In terms of the Lidcombe program, the Phase | [56] tria
demonstrated the efficacy of remotely delivering the program
to families with a preschool child who stutters. However, the
results of amain parallel, open-plan, noninferiority RCT trial
[54] showed that it was not clear whether webcam treatment
was noninferior to standard treatment in the short term. Carey
and colleagues [53] conducted a Phase Il clinical trial that
examined adolescents' responsivenessto the webcam-delivered
Camperdown program, and found that adol escents experienced
substantially reduced stuttering in terms of both frequency and
severity, although relapse was a problem.

User Impact, Feasibility, and Acceptability

High levels of engagement and satisfaction were reported by
parents/carers [53,60,61]. The use of telehealth to train health
care professionals was shown to be a promising way of
providing support to practitionersin the field [58]. Jahromi and
Ahmadian [59] explored satisfaction in telespeech therapy
among 30 Iranian patients aged >14 years. The authors reported
that satisfaction with the therapy was high, but the low internet
speed in the country was a major challenge for half the
participants, as they could not maintain eye contact with the
therapist due to the distorted image transmission. Similarly,
another study reported that difficulties arose with regard to
completing certain aspects of treatment due to limited web
camera viewing ranges and audio/visual difficulties[61].

The feasibility of delivering both the Lidcombe and
Camperdown programs viatel eheal th methods was documented,
and parents were generally satisfied [53,54,56]. However,
Bridgman and colleagues [57] highlighted that individual
adjustments were required to tailor the treatment process to
families’ needsin order to maximize outcomes. Ferdinandsand
Bridgman [55] examined parent satisfaction and stuttering
severity at baseline and during the 9-month/18-month follow
up, and found that increased parental satisfaction was generally,
but not always, linked with the severity of stuttering. This
demonstrates the need to provide treatment at the family level
when monitoring children with communication disorders. There
was no considerable difference in parent satisfaction between
clinic and telehealth care delivery.
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Ricketts et a [60,61] conducted pilot studies that explored the
feasibility of assessing tic severity over voice over internet
protocol (VolP), which allows users to make and receive calls
via an internet connection. They compared the feasibility,
acceptability, and efficacy of VolP-delivered therapy for tic
disorders to those of awaitlist control. They found a decrease
in tic severity that was similar to the decrease identified in the
original Cognitive Behavioral Intervention for Tics trial [63]
and greater than that of the waitlist control [61].

Service Delivery Efficiencies and Economic | mpact

Merrill et al [62] provided an overview of Ohio’'s Telepsychiatry
Project for Intellectual Disability, which provides specialized
mental health services to rura communities. This paper
documented telehealth from a service delivery perspective.
Although no specific figures were given, the report indicated
that the service improved access to care, reduced emergency
department visits’hospitalizations, and resulted in cost savings,
including reduced travel expenses, medical expenses, and
support costs. Similar cost savingswere reported in other studies
[54,59].

Readiness for Clinic Adoption

Of the 33 treatment papers, 5 (15%) deemed telehealth to be
suitable for clinic adoption, either as an adjunct to current
practicesor onitsown[30,47,50,59,62]. Furthermore, 24 (73%)
papers noted that telehealth required further research before
being implemented into clinical practice. Theremaining papers
were unclear/did not report on readiness for clinic adoption.
Prior to the COVID-19 pandemic, the delivery of interventions
viatelehealth for parents of children with ASD, young people
and adults who stutter, and adults with intellectual disability
werethought to be suitablefor clinic adoption. For young people
who struggle with attending appointments, therapy conducted
via Vol P was recommended. In addition, coaching and support
via a chat program was recommended as an adjunct to usual
treatment for young people and adults with ADHD/ASD.

Discussion

Principal Results

The purpose of this systematic review was to examine the
evidence base for the clinical use of technology within the
neurodevelopmental field prior to the COVID-19 pandemic, to
identify possible telehealth technol ogies that can be considered
for wide-spread implementation and document the current state
of the evidence base prior to the anticipated rapid devel opment
inthisfield.

Assessment

Telehealth has been used to assess small samples of peoplewith
ASD, and telehealth shows promise for clinical adoption. In
terms of economic impact, there are potential cost savings and
serviceefficiencies, but the evidence baseislimited. The ADHD
assessment tool is not clinically effective, and there has been
no evidence for the assessment of other NDDs at present.

Monitoring
As identified in a previous review by Spencer and colleagues
[15], all studies that used telehealth for monitoring were for
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monitoring ADHD, and all studieswere from the sametrial (ie,
the CATTS[25]), which had promising resultsfor acceptability
and effectiveness. Telehealth monitoring seems to be an
approach that should be considered for clinic adoption.

Treatment

Telehealth has been used to treat a range of NDDs. However,
the majority of conditions fall under ASD, and treatment has
mainly focused on parent training interventions. These
interventions have shown some evidence of clinical efficacy,
such asimproving caregiver knowledge, competence, and child
participation, and reducing problem behaviors. Even when
telehealth is not clinically effective, the recording of sessions
can help health care professionals identify why the treatment
did not work [33]. Treatments for communication disorders
have al so focused on parent intervention programs, which have
shown some evidence of clinical efficacy and no differencein
parent satisfaction between remote delivery and face-to-face
delivery. Despite the fact that previous literature has suggested
that the evidence for using telehealth to manage communication
disorders is substantial [10], our review did not revea alarge
number of papers that involved communication disorders, as
more papers focused on ASD. Furthermore, our findings on
effectivenesswere mixed; thelack of an adequate control group
was alimiting factor in several studies[53].

We found little evidence for the delivery of parenting
interventionsfor ADHD. However, it is possible that the search
terms used in this review limited access to such papers.
Telehealth services for young people and adult service users
tended to focus on the remote delivery of coaching, support,
and therapy. The 1 case study of ayoung person with ASD who
received online therapy had a promising outcome. People with
ASD may particularly benefit from using technology to
overcome communication difficulties, as this involves fewer
socia pressures than face-to-face therapy [64].

Cognitive-behavioral strategies have been used for both ADHD
and tic disorders, and mixed clinica efficacies have been
reported. Thereisalarger body of evidence for using behavioral
and cognitive-behavioral treatments for tic disorders than
evidence for using such treatments for ADHD, but further
research is necessary for both disorders. There was limited
evidence for using telehealth as a means of providing training
to health care professionals. However, barriersto thisapproach,
including the design of the intervention, technical issues,
attitudes of staff, organizational culture and structure, and work
division and resource allocation, were widely reported.

In summary, there is a much larger body of evidence for the
efficacy of providing remotely delivered interventionsto parents
and children than evidence for providing such interventions to
young people and adult service users. Thereisalso asmall body
of evidencefor using tel ehealth to train health care professionals.
Generally, the user impact for al participants was positive.
Therewas very little research on economic impact. Overall, the
evidence base is of variable quality.

Key Implementation Issues

This systematic review highlighted key implementation issues
for using telehealth services. The number of telehealth
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technologies that are ready to be implemented in practice is
limited, as most studies stated that further research is necessary
before such technologies are acceptable for clinical adoption.
Service providers should consider both service users' opinions
on such technology and the evidence base when choosing
whether to implement telehealth technology into clinical
practice. If families view telehealth technology as an adjunct
to usual treatment, cost savings may not be achieved.

Thetelehealth delivery of treatments may have benefits. In some
studies, allowing users to access treatment at convenient times
and providing personalized treatment led to greater treatment
engagement and completion. Families were more at ease and
relaxed when participating in telehealth treatment. The need to
personalize treatment to individuals and families was apparent
across severa studies. This is particularly important, as
disruptions by other family members can occur. Thereislimited
evidence for service delivery efficiencies. Implementation
difficulties included failing technology, audio and visual
problems, and difficulties in making eye contact. These were
particularly problematic in countries with low internet speeds.
Inlinewith previousreviews, severa studies have reported that
health care professionalsfound reading body language and facia
expressions difficult due to distorted images [10,65].

Directions for Future Research

This systematic review reveals that there is a lack of research
that assesses the use of telehealth in aiding the diagnosis of a
wide range of NDDs, and that the current focus is on autism.
In general, cost-effectiveness and possible service efficiencies
are underinvestigated, but they are an important consideration
for real-world implementation. Future research should focuson
developing guidelines and blueprints for how to best integrate
telehealth careinto clinical practice [66].

Limitations

The limitations of this study must be taken into account when
interpreting the findings. As the search yielded a much greater
number of papers than anticipated, the search was limited to
the previous 5 years. This was a deviation from the initial
protocol. However, it can be argued that this method allowsfor
a more effective analysis of current technology and precludes
theinclusion of outdated technology. Furthermore, limiting the
search to published academic papers may have exacerbated the
risk of bias, asauthorswere not contacted for unpublished work
due to the volume of published papers obtained. This is a
limitation of our study, and further reviews should explore
unpublished data, especially data from conference papers, as
these provided avast amount of possibly relevant data. However,
conference papers were excluded from this systematic review
due to time constraints.

The majority of studies were conducted in high-income
countries, thereby limiting the generalizability of our findings.
Itislikely that therewould beintercountry variationsin barriers
to implementing new technology into existing health care
systems. Although these barriersaretypically considered outside
the remit of standard reporting for trials, an understanding of
these barriers is important if these technologies are to be
routinely implemented.
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The majority of data were of mid- to low-quality, and our
findings should be interpreted with caution. Thiswas generally
because of small sample sizes and the high number of
qualitative/reflexive study designs. However, RCTs are
time-consuming and do not always|end themselvesto real-world
evaluations.

Conclusions

Our literature search highlighted that, prior to the COVID-19
pandemic, there was promising evidencefor the use of telehedlth
inclinical practice, in relation to NDDs. Telehealth technologies
were more frequently used to support the treatment and

Vaentineet d

monitoring of NDDs; there was less evidence for their use in
supporting the assessment of NDDs. The main focus of
telehealth in the neurodevelopmental field was on ASD and
ADHD, which aretwo of the most commonly occurring NDDs.
Therewas evidence of good clinical outcomes and cost savings
for health care providers. However, further research isrequired
to substantiate this evidence. With the growing need to provide
easy access to remotely delivered clinical support for enabling
the wide-spread reach of health care and reducing the risk of
spreading infectious diseases, it is essentia that real-world
evaluations for implementation and cost-effectiveness are
conducted.
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Abstract

Background: Asthe aging population continuesto grow, the number of adultsliving with dementiaor other cognitive disabilities
in residential long-term care homes is expected to increase. Technologies such as real-time locating systems (RTLS) are being
investigated for their potential to improve the health and safety of residents and the quality of care and efficiency of long-term
carefacilities.

Objective: The aim of this study is to identify factors that affect the implementation, adoption, and use of RTLS for use with
persons living with dementia or other cognitive disabilities in long-term care homes.

Methods: We conducted a systematic review of the peer-reviewed English language literature indexed in MEDLINE, Embase,
PsycINFO, and CINAHL from inception up to and including May 5, 2020. Search strategies included keywords and subject
headings related to cognitive disability, residential long-term care settings, and RTLS. Study characteristics, methodologies, and
data were extracted and analyzed using constant comparative techniques.

Results: A tota of 12 publications were included in the review. Most studies were conducted in the Netherlands (7/12, 58%)
and used adescriptive qualitative study design. We identified 3 themesfrom our analysis of the studies: barriersto implementation,
enablers of implementation, and agency and context. Barriers to implementation included lack of motivation for engagement;
technology ecosystem and infrastructure challenges; and myths, stories, and shared understanding. Enablers of implementation
included understanding local workflows, policies, and technologies; usability and user-centered design; communication with
providers; and establishing policies, frameworks, governance, and evaluation. Agency and context were examined from the
perspective of residents, family members, care providers, and the long-term care organi zations.

Conclusions: Thereisastriking lack of evidenceto justify the use of RTLSto improve the lives of residents and care providers
inlong-term care settings. Moreresearch related to RTL S use with cognitively impaired residentsis required; this research should
include longitudinal evaluation of end-to-end implementations that are developed using scientific theory and rigorous analysis
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of the functionality, efficiency, and effectiveness of these systems. Future research isrequired on the ethics of monitoring residents
using RTLS and itsimpact on the privacy of residents and health care workers.

(J Med Internet Res 2021;23(1):€22831) doi:10.2196/22831

KEYWORDS

assi stive technol ogy; real-timelocation system; long-term care; implementation science; dementia; Alzheimer disease; ambulatory

monitoring; wearable technology; qualitative research

Introduction

Background

In Canada, approximately 87% of people living in residential
long-term care homes, or nursing homes, have dementia or
another type of cognitive disability [1]. This percentage is
expected to increase asthe number of people older than 65 years
is predicted to grow by 68% over the next 20 years[2] and the
number of people living in North America with dementia is
anticipated to increase by 63% [3]. The subsequent increase in
the number of older adults living with cognitive disabilitiesis
driving health care decision makers to consider the use of
automation and novel technologiesin an effort to decrease the
cost of care while improving safety, quality of care, and
efficiency in long-term care [4].

Real-time location systems (RTLS) consist of a software app
and reference pointsthat detect and synthesize positioning data
fromwirelesstags or transmitters attached to objects or people.
RTLS are being adopted in heath care with the goal of
improving health and safety. Uses of RTL S include monitoring
handwashing [5], fall prevention [6], tracking of individuals
[5,7] and assets [8], enhancing independence [9,10], and more
recently for collecting health data[6,11-13]. RTLS use tags or
badges attached to patients or assets, receiver devices, and
software to continuously and inconspicuously monitor activity
in real time over wireless networks.

Therising interest in the use of RTLSin long-term care homes
isrelated not only to the ability to remotely track the movement
of individuals and assets [5] but also to its potential to gather
clinically significant objective streams of datato augment care
providers' subjective observation [6] and to increase safety and
productivity in the face of an aging workforce [14,15]. RTLS
are increasingly perceived as having the potential to enhance
independence and improvethe physical safety of residentsliving
in long-term care while also reducing the widespread use of
restrictive measures such as antipsychotic drugs, physical
restraints, and secure units[16-18]. Thesefirst-generation smart
systems [19] that use wireless geolocation have been
successfully implemented in other industries such asinsurance
[20] and telecommunications[21] but present novel challenges
when deployed in health care, particularly when they are also
used to generate personal data from vulnerable people [22]. In
fact, although the intent of care providers and organizationsis
to use RTLSto improvethelives of peopleliving with dementia
or other types of cognitive disabilities, their use may provide
the opposite result by threatening residents privacy and
restricting their activity within the range of thetechnology [23].

http://www.jmir.org/2021/1/e22831/

Industry hasleveraged the ability to collect, store, combine, and
analyze large quantities of data about customers, despite data
sets being anonymized. The disclosure of sensitive personal
information, such as location data, poses reputational risk and
risks to employability, insurability, and even civil liability.
Moreover, the probability of harm increases with time and the
frequency of data collection [24]. In health care, critical
approaches to the implementation of monitoring technologies
suggest the need for ingtitutional accountability for any increased
harm from their implementation, particularly for vulnerable
populations [25]. Furthermore, there are recognized global
standards around privacy for persons with disabilities, such as
the United Nations Convention on the Rights of Persons with
Disabilities, Article 22, that protects against privacy intrusions
regarding the place of residence or living arrangements [26],
which should also guide the implementation of monitoring
technologies. Pursuant to recent criticism that the ethical
standard of autonomy based on independence and
noninterference is less relevant in long-term care [27], the
introduction of RTLS into institutional settings requires a
cautious approach that identifies all stakeholders' perspectives
(eg, residents, residents’ families, care providers, organizations,
and society in general) and accounts for the benefits and risks
to each that may result. Implementation of these technologies
should only proceed when all risks have been accounted for and
mitigated or when they are outweighed by agreed-upon
aggregated benefits.

Objectives

The question as to whether RTLS are valid, reliable, accurate,
and adoptable in long-term care settings, particularly for the
purpose of optimizing independence and safety for residents
living with dementia or other cognitive disabilities is not well
reported. In this paper, we explore the factors influencing the
implementation, adoption, and use of such systems by
conducting a systematic review to identify related literature
from academic and peer-reviewed journals. The study of health
care interventions, particularly focusing on the understanding
and evaluation of their implementation, is important for
researchersand health care managers. Theinteraction of agents
such as organizations, care providers, and residents, their
contexts, and their processes (both established and introduced
by an intervention or novel technology) must be anticipated or,
at thevery least, accommodated in asuccessful implementation
[28,29]. The authors are part of a large team of researchers
exploring whether clinically relevant physical, cognitive, and
mental well-being information about residents living with
dementia can be derived from geolocation data. Before
introducing RTLS software to various pilot locations that
provide residential long-term care for adults with dementia or
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other cognitive disabilities, the authors seek to better understand
the factors influencing the success of RTLS implementation,
particularly inlong-term care settings (eg, residential long-term
care homes, long-stay psychiatric care facilities).

Methods

We conducted a systematic review of the academic,
peer-reviewed literature using the Joanna Briggs I nstitute (JBI)
approach [30] devel oped to support evidence-based practicein
health care settings [31]. The JBI methodology alows for the
appraisal and integration of quantitative and qualitative forms
of knowledge related to the research question so that findings
from both methodologies may complement one another. This
type of review strengthens the findings and generates more
robust conclusions, thus making them more applicableto policy
and practice [32]. Given the complexity and novelty of
implementing and evaluating RTL S in long-term care settings,
this methodol ogy is especially suitable. Inclusion and exclusion
criteria were prespecified, and procedural decisions were
documented.

Data Sources and Searching

In collaboration withaMedical Library Information Specialist,
we searched the electronic databases Embase (1974: week 25,
2019), CINAHL (1981: August 3, 2019), MEDLINE (1946:
August 3, 2019), and PsycINFO (1967: August 3, 2019). Search
strategies included subject headings and keywords related to 3
concepts that were combined using AND OR. The search
conceptswere (1) illnesses, diagnoses, and disorders associated
with cognitive disability; (2) long-term care settings (eg,
long-term care homes); and (3) RTLS (eg, GPS, sensor-based
systems). The Ovid MEDLINE search strategy is given in
Multimedia Appendix 1. We restricted searches to adult
populations (18 years and older), and primary research studies
and reviews published in English. The hand-searching process
included reviewing relevant journalsand references of included
studies and searching Google Scholar to identify unindexed
references; selected papers were included in the screening
process. An updated search was conducted on all databases, and
citations of selected papers, to April 16, 2020, resulting in the
addition of one paper.

Study Selection

We included primary research studies and reviewsthat (1) used
and/or described issuesrelating to RTLS, (2) focused on adults
18 years or older with cognitive disability, and (3) focused on
long-term care homes or other types of residential facility
settings. In the screening process, we excluded studies that (1)
did not satisfy the inclusion criteria; (2) involved, or referred
to, children or youth (17 years or younger); (3) focused on
individual swithout cognitive disabilities; or (4) were conference
abstracts, editorials, and commentaries.

Before commencing the screening process, acalibration exercise
was conducted to ensure reliability in correctly selecting paper
for inclusion. Thisprocessentailed 4 researchers (YK, AG, JM,
and AB) independently screening a random sample of the
references. This process was repeated until unanimity was
achieved; any conflictswere resolved through discussion. Titles
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and abstracts of all references were then screened independently
for inclusion by at least 2 reviewers (YK and AG or JM).
Conflicts were resolved via discussion or by a third reviewer.
All references that were found to be eligible or potentialy
eligible underwent full-text screening to confirm eligibility,
papers were screened independently by 3 reviewers (YK, AG,
and JM), and conflicts were resolved by discussion.

Data Extraction and Quality Assessment

Data and information from publications were systematically
extracted using a prepiloted data extraction form created in
Microsoft Excel. Extracted information included publication
information and type, methodology, theoretical or conceptual
frameworks used, target population characteristics, study
participant characteristics, ingtitution information, and nature
of RTLS. Onereviewer independently extracted thisinformation
(YK), and the extracted data were reviewed by at least 1 other
reviewer (JM or AG). All included publications were critically
appraised for quality using the corresponding JBI quality
assessment tool for the publication type and/or study design
[33]. One reviewer independently assessed quality, and
assessments were confirmed by at least 1 other reviewer (IM
or AG).

Data Analysis

Selected publications were imported into NVivo 12.0 software
(QSR International) for data management and analysis. An
initial set of categorieswereidentified apriori during the scope
determination phase of the review; these provided the basis for
the initial round of descriptive coding (eg, resident, outcomes,
risk). We progressively developed new concepts, and codes
were then added, updated, or deleted and then later combined
into larger themes. By applying constant comparison techniques,
weiteratively revised the coding framework and simultaneously
coded and analyzed the data[34,35]. This began with 3 authors
(IM, AG, YK) independently reading each paper several times
to identify links between them and conducting an initial round
of coding using theinitial set of codes and identifying new ones
(eg, open coding). We then discussed and further refined the
coding framework [36]. This was followed by several rounds
of axial coding and sel ective coding comparing and contrasting
findings across studies, identifying patterns, and conceptualizing
broader themes that were then iteratively discussed among the
authors (JM, AG, YK), with conflicts resolved via consensus

[37].
Results

A total of 689 eligible references were identified through
literature searches, and after screening, 12 publications were
included in the review and are appended in Multimedia
Appendix 2 [4,9,15,27,38-45]. Figure 1 shows a PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) flow diagram summarizing the results of the
searching and screening process. All studies were published
between 2010 and 2019. Most studies (7/12, 58%) were
conducted in the Netherlands, and half of the total studies
focused exclusively on persons living with dementia (6/12,
50%). A variety of study designs were used; 3 were
guasi-experimental quantitative studies[38-40], 2 were concept
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mapping studies[41,42], 2 were qualitative case studies[4,43],
1 was a descriptive study [44], 1 was a qualitative descriptive
study [9], 1 was an ethnographic study [45], and 2 wereliterature
reviews (Niemeijer et a [45]; Oude Weernink et a [15]). Of
the 12 publications, 2 were analyses of the same data set [4,43].
Of the publications examining the actual use, as opposed to the
potential use, of RTLS (8/12, 67%), the most commonly used
technologies were GPS and radio-frequency identification.
Seven of the 12 publications collected qualitative data and/or
feedback from individuals who would be tracked by the RTLS

Grigorovich et a

and other stakeholdersinteracting with the technology (eg, care
providers); of these, 3 included data and feedback from
residents. We conducted quality assessments of the included
studies using the applicable JBI quality assessment tool. Quality
assessments were performed independently by 1 review author
(YK) and verified by a second review author (AG or JM). Most
of the publicationswere considered good quality, except for the
study by Bowen et al [44], which was rated as poor quality.
None of the studies were excluded on the basis of quality
assessments.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram. RTLS: real-time locating system.
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The selected studies were not overtly informed by
implementation science theory [28]. Although normalization
process theory [46] informed data collection for 1 study [43],
its absence in the study design and analysis makes it difficult
to extract meaning and better understand and control the barriers
and facilitators that Greenhalgh et a [47] suggested actively
affect the technology effectiveness. However, in our anaysis
of the collected data, we were able to identify 3
implementation-related themes (eg, barriers, enablers, agency
and context) and severa subthemes that may be useful for
informing the execution of RTLS projects in residentia care
settings for adults living with cognitive disabilities.

Theme 1: Barriersto I mplementation

Implementation barriers are those factors that, if present, will
actively impede the adoption and use of an RTLS. They are
aggregated under 3 categories. lack of motivation for
engagement; technology ecosystem and infrastructure; and
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myths, stories, and shared understanding. All arerelevant tothe
resident, frontline care provider, and/or organizational contexts.

Lack of Motivation for Engagement

As with other technologies, an RTLS is likely to be used less
often and at afraction of its capabilities; lack of care providers
and other stakeholders' engagement is considered a barrier to
technology adoption and meaningful use [48,49]. Hall et al [4]
noted that the most common justification for the use of
monitoring technologies such as RTLS for persons living with
cognitive disability isto enhance safety and quality of carewhile
also achieving institutional aims of functional efficacy, increased
security (or reduction of risks), and reduction of staff burden,
and if these expectations are not met, it elicited responses of
disappointment and disengagement. Unlessthereisacompelling
rationale for the need to increase a resident’s safety, frontline
care providers appeared unwilling to support RTLS
implementations [4]. Bowen et a [44] dso found that care
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providerswere less engaged when they viewed implementation
as being conducted only for research purposes rather than for
a permanent adoption that would affect their clinical routines.
The persons who are the intended target for monitoring using
RTLS in the selected papers are among the lowest adopters of
novel technologies [50], consistent with Olphert and
Damodaran’s [51] digitally disengaged populations, who
experience cognitive and physical challenges with the uptake
and sustained use of digital technologies. Although thismay be
a generational phenomenon, all of the studies indicated that
resident participants in the selected studies had limited
technological familiarity or expectations with respect to the
RTLS (eg, study by Hall et al [43]) and were not perceived as
being motivated or capable of understanding the implications
of these technologies beyond their having more freedom of
movement as a result [4]. However, they were able to discern
others freedom as being different from their own as a result of
others use of RTLS or find new private spaces using it
themselves [27].

Thedirect and indirect costs of RTL S represent adistinct barrier
to organizationa engagement and implementationinlong-term
care settingswhereincremental technology costs are scrutinized
carefully for cost efficiencies such as reduced staffing costs [40]
and complexity versus high value outcomes such as greater
safety in comparison with the status quo [4,43]. Furthermore,
contractual agreements between ingtitutions and incumbent
suppliers may limit access to novel technologies and prevent
personalization of digital solutions that improve adoption [43].
With economies of scale favoring larger institutional
competitors, thereisahigher likelihood of historic or contractual
procurement obligations, preventing the entrance of new
competitors willing to adapt to organizational needs[4].

Care providers and residents lack of understanding of
organizational strategic goals and value of the RTLS and the
data it produces may also negatively affect their engagement
[4,9,44]. This might explain care providers removing or not
replacing removable tags on patients, not responding to alerts
[4,44], and not replacing tag batteries [4]. Providers are also
reluctant adopters of the technology when one of the direct or
indirect goals is workforce surveillance, whether it potentially
enhances organizational reputation or quality of care [43].
Managers acknowledged the autocratic implications of RTLS
on both care providers and residents, as did the RTLS
developers, although one study reported a lack of awareness
among providers and family members of residents when
discussing these ethical tensions [4,43].

All selected papers, except Bowen et a [44], who focused on
what they described as critical adoption issues that must be
overcome for deployment (p 191), identified ethical concerns
related to the use of RTLS. Hall et a [43] pointed to the
complexity and discordance of the ethical issuesthat arise when
the locations in which RTLS are installed have multiple
identities—as a workspace, a space for care delivery, and as a
residential domicile. Niemeijer et al [45] focused on the ethical
concerns regarding surveillance technologies internationally
but presented these issues not as barriers to adoption of RTLS
per se, but rather considerations for an ethical debate (p 1129).
The debate occurs when persons living with cognitive
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disabilities are perceived as lacking decision-making capacity
and when providers' and families’ dutiesto safeguard residents
personal health and safety conflict with residents’ right to
privacy and dignity [52]. For this reason, we do not present
ethical dilemmas that result from the use of RTLS as a barrier
but will explore them in detail in the Discussion section.

Technology Ecosystem and | nfrastructure Challenges

Underperforming technology is one of the greatest barriers to
successful RTLS implementation [15,53]. The ecosystem into
which it is introduced must support its functionality. For
instance, RTLS that take a walled-garden approach to protect
an intellectual property or distinctiveness compromise
interoperability with other institutional applicationsor platforms
and add unnecessary and often unrealistic complexity that
negates the value of their use [43]. Other issuesinclude lack of
range and signal strength [40], tag battery life [4,15,40], loss
of antennastrength and connection [40], and tagsthat are easily
soiled or misplaced [44]. The functionality of an RTLS can
present direct and unintended barriersto adoption. For instance,
the ability to remove a system’s wearabl e sensors is necessary
for daily hygiene and maintenance purposes but presents an
opportunity for these sensors to become lost—a catastrophic
failure of this system, given its singular purpose to locate an
object in time and space [44]. Some managers cited the
technology’s lack of robustness and inability to withstand the
rigors of daily use as reasons to reject or reconsider its use [4].
Facility design is often not ideal for RTL S installations, where
thick walls or crowded space for installation of cables or new
equipment might thwart their optimal functioning [44]. The
frequency of false-positive alarms has been identified as 1 of
the top 10 hazards in medical device technology [54] and a
workflow disruptor that can lead to health care provider error
[55] and fatigue [56]. Numerous studies mentioned the burden
of frequent alarms generated by RTLS as negative for care
providers and residents but conversely noted that they raised
providers awareness of potentially risky incidents [4].

The lack of information in the papers related to location data
storage, system security, and the specifics of data ownership
and use was notable. The review paper by Oude Weernink et
al [15] is the only one that identified system security (rather
than security related to the safety of the individual wearer) as
a potential barrier to the acceptance of RTLS. Asthe decision
to use and place pervasive monitoring devices is not made by
residents, the sacrifice of privacy for independence is not
consciously made by residents. Niemeijer et al [45] suggest that
discussions about data security and attitudestoward monitoring
technologies are more skeptical in Europe than North America,
perhaps reflecting the timing and adoption of the General Data
Protection Regulation in 2016 regulating institutions' safe
collection and transfer of individuals' private data. However,
this was not evident in the selected literature.

Myths, Stories, and Shared Understanding

Insufficient training and clear communication preimplementation
may contribute to the perception that use of RTL S supportsthe
normative blame culture that arises when accidents occur in
long-term carefacilities[4,43]. Early care providers and other
stakeholders' engagement and instruction that discusses not
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only the functionality of the technology but also its intended
benefits and anticipated challenges might address myths and
disinformation [44] or potential resistance to RTLS use [15],
all of which create barriers to implementation. Care providers
were particularly worried about the potential for RTLS to be
used for workplace oversight, although management in these
studies appeared reluctant to acknowledge its active use in the
supervision of care providers [4,43]. Inevitably, installation of
an RTLS will affect existing routines and work practices [4],
although they present less of a barrier to implementation when
they fit with the technology’s processes and functionality [44].
Although there are indications that RTLS may be useful in
identifying traffic flow bottlenecks of providers or residents,
helping to prevent medical errors, and reducing resident and
operational risks[15], these systemsareinsufficient correctives
to problematic workplace attitudes and cultural issues[43]. The
mythsthat RTL S have no discernible negative effects manifested
in a variety of areas such as reduced commitment to training
and hasty implementations and are justified by its apparent
simplicity [4].

Theme 2: Implementation Enablers

Implementation enablers are those factors that, if present, will
actively facilitate the adoption and use of an RTLS. They are
classified into 4 categories. understanding local workflows,
policies, and technologies; usability and user-centered design;
communication with care providers; and establishing policies,
frameworks, governance, and evaluation.

Understanding Local Workflows, Policies, and
Technologies

Bowen et al [44] described lessons learned where researchers
and/or those implementing RTLS should ensure that they are
aware of local and site-specific workflows, policies,
technologies, and layout to ensure that the RTLS can be
implemented effectively. Examplesinclude ensuring that RTLS
do not emit signals that might interfere with existing medical
equipment and selecting RTL S wearablesthat are distinct from
other types of wearables for ease of identification. In addition,
trialing the technology before its implementation is key to
identify and modify the technology to ensure that it does not
potentially conflict or interfere with the existing workflows,
policies, and other types of technology.

Usability and User-Centered Design

Many of the studies, both experimental and descriptive, suggest
that the usability and acceptability of RTLSwould be enhanced
through the active engagement of all stakeholders, including
residents, families, and care providers in implementation
planning [15,40,42-45]. Bowen et a [44] found that engaging
care providers and residents regarding the proposed RTLS and
its components all owed them to modify the wearable component
so that it was perceived as being less identifiable as a
surveillance device by integrating atimepiece into the wristband.
Hall et al [4,43] and Masciadri et a [40] suggested that
designing an RTLS to be as unobtrusive as possible is an
enabler, as it will be less noticeable to monitored residents.
Niemeijer et a [41,45] added that implementation of RTLS
should be person-specific and tailored to meet individual
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residents needs and requirements and their families
preferences. Similarly, Masciadri et a [40] suggested that
implementation should be context-specific and tailored to the
preferences of stakeholders (eg, higher numbers of sensors for
elevators and entrances for safety).

Communication With Care Providers

Communicating with, and providing training to, care providers
regularly is suggested as enabling acceptance, compliance,
understanding, and effective usage of RTLS [4,15,41,44].
However, communicationswith care providers seldom occurred
through, or in concert with, leadership or management teams.
Often, research teams would establish direct relationships and
lines of communication with individual care providers, which
improved their acceptance and understanding. Bowen et al [44]
found that communicating and obtaining approval with/from
leadership and management teams did not ensure that study
information was communicated to al care providersin the home
and suggested that researchers should make separate efforts to
inform and accommodate care providers across different shift
schedules [4,44]. Bowen et a [44] further suggested that
conducting regular visits to implementation sites can help to
address emerging concernswith providers and identify the root
causes of challenges. Communication with care providers, as
well astheir training, should also be tailored to ensure that the
aims, benefits, and usage of the technology, how it fitsin with
the values and practices of the home, and its functional usage
[4,15,41] are clear.

Establishing Policies, Frameworks, Governance, and
Evaluation

Ensuring care providers and organizations are aware of whose
responsibility it isto maintain the technol ogy and to whom they
report any issues would increase their confidence [41,42].
Similarly, relevant laws and policies with respect to privacy
protection should be clearly defined and articulated to all
stakeholders[42]. Contingency and emergency planning should
also be discussed so that all are aware of how any potential
failingswill be addressed and by whom, astechnol ogies become
embedded in usua care [42]. Regular and clear evaluation of
the monitoring technology should occur, including evaluating
the quality of life of residents who are being monitored, to help
guide decision making regarding whether the technol ogy should
be used. This decision-making process should be clearly
described and communicated to everyone involved [41,43,45].

Theme 3: Agency and Context

Theimplementation of an RTLSin any setting isinfluenced by
what people do (agentic contributions) and the relationship
between agents (individuals and groups) and their contexts
(spatial, organizational, and normative). In long-term care
homes, this is made more complex by the tensions and
opportunities for actions that arise as a result of the goals and
values of different stakeholders or groups of agents (eg,
residents, family members, care providers, and organizations),
their relationship with each other, and their relative
decision-making power with respect to the adoption and use of
the RTLS. Despite this complexity, the collected papers rarely
acknowledge these tensions, and for the most part, explore the
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motivations and actions of care providers and organizationsin
isolation, largely divorced from a consideration of the
relationship between them, with others, or with the context.
Thisis problematic, asresearch in other congregate settings for
older adults on monitoring technologies demonstrates that the
failure to account for the mismatch in priorities between
stakeholders may lead to resistance and discontinuation [57].

Residents

Although residents living with dementia are identified as the
primary agent on whose behaf RTLS are implemented in
long-term care settings, they are not the people who are driving
their implementation. Little research has been done on the
perceptions and experiences of residents with this type of
technology, and they are generally perceived as being passive
recipients of care. Furthermore, although the main justification
for the need for an RTLS is that it will improve the
independence and safety of residents living with dementia (eg,
increased freedom of movement, prevention of harm), almost
no research has explored thisin practice. The availableresearch
focuses on the use of restraints and demonstrates that there is
no difference in positive affect between residents with high
activity of daily living (ADL) dependency who are physically
restrained and residents monitored with an RTLS [39] and
suggests that the introduction of RTLS does not lead to a
reduction in the use of physical restraints[9].

Residents are described as being generally accepting of the use
of RTLS[44], perhaps because they do not notice thetechnol ogy
and/or understand exactly how it works or influences their
movements or interactions with providers [4,44]. Ther
occasional resistanceto these technologiesisdismissed asbeing
because of alack of understanding, which is attributed to their
cognitive disability or inadequate technological design, rather
than being accepted as a valid expression of choice. For
example, Bowen et al [44] reported that residents who objected
to these technologies did so because they mistakenly believed
that the sensors could videotape, record their conversations, or
restrict their movements in real time. Similarly, Hall et a [4]
and Bowen et a [44)] reported that explaining the purpose of
the technology to residents—monitoring their movements
remotely to enhance freedom of movement—could lead to
rejection of an RTLS if the residents were not already aware
that their movements were restricted or monitored otherwise.
Residents' removal of tags or wearable components of RTLS
was attributed to poor design esthetics and/or uncomfortable
placement (eg, male residents who refused to wear a pink
wearable or perceived being tagged with a bracelet as
stigmatizing) rather their objection to their purpose [4,44].

Family Members

Available research suggests that family members are treated by
direct care staff and organizations as key decision makers with
respect to implementation of RTLS, regardless of whether they
act as a substitute decision maker or have formal power of
attorney [58]. Family members generally endorse the use of
monitoring technologies for residents if they believe that it
enhancesresidents’ physical safety by either supporting earlier
detection of risk of injury (eg, fall prevention, altercation with
another resident) or risk of neglect or abuse from staff
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[40,41,44,45]. They aso prioritize the physical safety of
residents over the potential risk that these technologies may
pose to their privacy and/or autonomy, with some perceiving
technological monitoring without the use of video cameras as
being more privacy-protecting than continuous in-person
observation [41,45].

Care Providers

Similar to family members, providersperceived RTLS asbeing
valuable components of care that support their responsibility to
safeguard residents, and most research focused on their use of
these systems to enhance in-person monitoring [4,9,43]. A key
cited benefit of RTLS, generally supported by providers, was
the ability to locate residents or monitor their movement
remotely inreal time[15,40,44]. Care providers, however, were
less enthusiastic about the use of RTLS by the organization to
locate or to monitor their activities and expressed worry that
these technol ogies might be used to sanction them. For the most
part, researchers did not explore this topic in depth, with some
suggesting that providers’ worrieswere unfounded and because
of their lack of understanding of the purpose of implementing
an RTLS (eg, Bowen et al [44] called it amyth). Lack of trust
in thetechnol ogy because of its nascent devel opment and ethical
implications of using it with vulnerable populations can result
in disengagement by care providers and residents either through
nonuse or by use that ignores the risks and may result in
overconfidence in its capabilities [45].

Organization

The main stakehol ders behind implementations of RTL S appear
to be senior leadership or management [4,43], who perceive
these technol ogies as enhancing organizationa protection from
risk and liability (eg, prevention of injury to residents, defense
against allegations of negligence) or as leading to cost savings
(eg, reduction in providers, monitoring provider performance)
[4,40,42-45]. These stakeholders al so suggested that continuous
datacollection using RTLS may be useful for mitigating family
members potential concerns about residents or as protection
against complaints and litigation regarding neglect or abuse
[40,44]. However, no studies have explored whether these
benefits are realized in practice or whether organizations use
RTLS in this manner. Management does, however, use RTLS
to monitor providers performance in both covert and overt
ways and perceives this as permissible based on organizations
duty of care to residents [4,43]. In general, management
considered the risks of RTLS to be less of abarrier to adoption
than the risksto the ingtitutional reputation of not meeting their
duty of carethrough adequate facilities, services, and innovation
through people [43].

Discussion

With the anticipated aging of the population in many western
countries[59-61], thereisincreasing interest in the potential of
using technologiesto improve the health, safety, and quality of
life in long-term care homes while reducing the cost of care
delivery. Our review of the scientific literature related to the
use of RTLS to monitor individuals living with dementia or
other types of cognitive disability in residential care settings
reveals scant evidence of implementation science theory to
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inform and optimize outcomes, with the exception of 1 study
[4,43]. Implementation science advocates for a clear
understanding and resolution of issues related to novel
technologies (in their broadest sense, including artifacts such
as hardware, software, processes, and policies) and the context
and setting in which it is being applied [62,63].

Much of the justification for the use of RTLS or other types of
surveillance technologies in long-term care focuses on its
potential to enhance the quality of life and physical safety of
residents with cognitive disabilities, in particular through the
avoidance of segregation or physical restraints [42]. Te
Boekhorst et a [39] and Zwijsen et a [9] found that care
providers perceive the use of surveillance technology as an
intermediate measure for use before physical restraints, and
participants in a study by Niemeijer et a [42] reported that
although surveillance technology could prevent some forms of
freedom restriction, it too can impede movement. The limited
available evidence does not demonstrate a reduction in the use
of restraintsin practice, although it is unclear whether thiswas
because of the misapplication of these technologies. For
example, although Te Boekhorst et a [39] did not find that
RTL S enhanced the quality of life for residents, they suggested
that the restricted movement of residents with high ADL
dependency might negate any independence benefits ascribed
to the use of RTLS. Similarly, Zwijsen et a [9] suggested that
an RTLS was not seen as a replacement for restraints because
although it supported ubiquitous monitoring, it did not prevent
risk or replace the need for providers to respond to risky
situations [4]. Despite the suggestion that RTLS might reduce
or replace in-person care (which is often an expressed concern
of providers), the proper use and monitoring of the technology
can be equally time-consuming [45]. The flood of data that
reguire monitoring and action was seen as a potential deterrent
to its adoption, in particular because of the lack of expertisein
transforming data into clinically useful information in practice
[4]. Although thereis some valuein improving communications
about the technology and processes, Bowen et a [43]
demonstrated that this does not trandlate into improved trust in
the technology or management or adherence to protocols. Trust
was also challenged when the RTL S was unreliable, requiring
workarounds and additional provider time [4].

Technologies are increasingly integrated with humans, from
wearables such as RTLS to biomedica implants such as
pacemakers. As Latour and Venn [64] have pointed out, this
intermingling means that technol ogies influence the behaviors
and processes of humans and their institutions and vice versa.
The features of some technologies, such as ubiquitous
surveillance, may, asaresult, be perceived as ethically untenable
and unalterable and, thus, may not be appropriate for use in
some populations or settings. Although the focus of this study
isnot on the ethics of RTL S implementation per se, half of the
selected papersin this study report ethical issuesto agreater or
lesser extent. The presence of ethical arguments acknowledges
that the use of RTLS introduces tensions between the values,
goals, and autonomy of different stakeholders (eg, providers or
organizations and residents) with respect to the use of RTLS,
particularly when they are used in the care of persons living
with dementia or other types of cognitive disabilities in
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long-term care settings [9,45,65]. This population is considered
vulnerable, and both providers and organizations have a duty
of care to them, suggesting an asymmetry of dependency and
dignity that must be acknowledged and resolved before
implementation of surveillancetechnology. Niemeijer et al [41]
suggest that there is an inherent duality... rooted in the moral
conflict between safety and freedom (p 303), where autonomy
is offered in return for surveillance using RTLS [15]. They
further point out that older adults in particular may feel that
they have to accept an RTL S and sacrifice personal privacy for
independence in a type of digital quid pro quo. Furthermore,
family members and substitute decision makers favor the use
of RTLSto enhancethe physical safety of residentsand perceive
the potential risks to privacy as less important [4,42,43].
Although thereislimited research on the experiences of persons
living with dementia with RTLS, it is concerning that the
available research suggests that their refusal of RTLS may not
be respected [4,44]; resolving this dilemma is an ethical
imperative to avoid coercive practices and respect resident
autonomy. This is supported by recent efforts to develop and
implement new technologies by integrating the ethical values
and priorities of stakeholders into design and development
[66,67].

Recommendations

Health care organizations are bound by workplace safety and
data privacy laws and regulations that struggle to keep up with
novel technologies [68]. The literature suggests that care
providers and residents must rely on the culture and values of
each individual organization to guide the adoption of RTLS.
Our analysissuggeststhat thereisinterest among providersand
organizations to better integrate nascent RTLS into work
routinesthat improve safety and quality of care. However, there
are numerous barriers to their effective use, including lack of
engagement, trust, shared understanding of goals, and areliable
and appropriate RTLS that meets the needs of residents and
care settings. A variety of factors to improve implementation
of RTLS in the long-term care setting should be considered,
including integration with local workflows, policies, and
technologies and ensuring that care providers, residents, and
families are involved, and if possible, leading that process
[65,69]. Given the financial constraints in this sector, policy
makers should consider the creation of a variety of incentives
to encourage the use of technology implementation best
practices, such as improved staff training and technology
infrastructure development, to optimize outcomes and impact
on care quality [70].

Decision makersmust al so be awarethat daily interactionswith
care providers are often the primary source of social contact for
many residents, and thus, the replacement of human contact
with surveillancetechnol ogy may unintentionally increase social
isolation [45]. Where possible, ingtitutions should select a
flexible, interoperable RTLS that allows customization to suit
individual residents, settings, and technological ecosystems
[43], understanding that resident and operational needs change
over time [27]. Technology developers need to be sensitive to
the financia constraints that dominate this sector [43] and aim
to build technologies that are elegant in their simplicity and
easy to use and focus on solving issues at alower total cost of
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ownership (eg, financial, infrastructure, effort, privacy) [40] to
institutions, providers, and residents. | ssues such as poor battery
life, lost tags, and interoperability are solvable with current
technology [15]. Researchers are well advised to devise RTLS
research protocols and pilot studies that prompt all relevant
stakehol ders to engage meaningfully with the technol ogy.

The ethical use of RTLSin long-term care settingsis similar to
other decisions made by providers and management, in that it
requires an assessment of the potential benefits and harms, both
direct and indirect, to al stakeholders involved. However, this
iscomplicated, given that personsliving with dementiaor other
cognitive disabilities are not assessing the possible risks and
benefits independently. Many preferred to defer to family
members and other proxies rather than support residents in
making independent choices about the use of monitoring
technology [4]. Although substitute decision makersarelegally
mandated to make choices on behalf of residents who lack
capacity, this does not absolve them, researchers, and care
providers from asking whether the use of an RTLS is ethical,
whether it is something residents would want, and what
constitutes an acceptablerisk asaresult of their implementation.
It is clear that the use of monitoring technologies with
individuals who are nonverbal or have cognitive disabilities, to
addressissues such as mobility and independence and improve
predictive clinical diagnostic capabilities, has preceded our
understanding of therights, risks, and unintended consequences
of their use in long-term care. A complete assessment of these
issuesisrecommended before any implementation, drawing on
a growing body of work exploring ethical design and
implementation of technologies for vulnerable populations
[71,72]. Furthermore, it is optimal to anticipate conflicts of
interest, such asincidental monitoring of care providers, before
they become barriers to a successful implementation [45], and
to explore other mechanisms for workforce management [43].
Although this study focused primarily on monitoring residents
with RTLS, care providers were also monitored either directly
with tagsor indirectly through theimputation of activity related
toresidents, such asthetimeit took them to respond to an alarm.
Although RTLS may offer data to help assess and optimize
clinical workflows, automatically open and lock doors, and
improve operations [15], it aso has the potential to reduce
employee privacy and may negatively affect care provider
recruitment and retention [43] in asector that already struggles
to find qualified staff [73].

Grigorovich et a

Limitations

Although the quality of selected papers was acceptable, the
limited number of studiesand their small sample sizesreflective
of qualitative research methodol ogies and exploratory research
suggest that generalization of our results and recommendations
for future research should be limited to similar population
samples and sectors. Furthermore, 3 of the studies that were
included in thisreview [38-40] contributed alimited amount of
dataand information to the main research objective of examining
factors influencing the implementation, adoption, and use of
RTLS.

Conclusions and Future Research

Thereisastriking lack of evidence to support the justification
and implementation of RTLS to improve the quality of life of
residents and work of care providersin long-term care settings.
More research related to RTLS use with individuals with
cognitive disabilitiesisrequired and should include longitudinal
evaluations of end-to-end implementationsthat are theoretically
informed and include rigorous analysis of functionality,
efficiency, and effectiveness in improving outcomes that are
important to all stakeholdersinvolved [4,42]. Empirical studies
that rigorously evaluate the practical utility and adoption of
RTLSand their related processesinto a controlled environment,
the value of customization to the requirements of individual
residents, and technol ogy infrastructure versus one-size-fits-all
adoptions are also required to advance our understanding of
their utility.

The use of RTLS to support workflow efficiencies, manage
person-to-person contact, and collect clinical data for use in
diagnosis and therapeutics is largely unexplored and offers
opportunities for future research and use. The workload and
care provider capacity for real-time monitoring and data
management and analysis for optimal use and outcomes must
be made explicit and included in cost-benefit analyses that
precede the purchase and adoption of these systems.
Furthermore, training for the operation and use of RTLS will
requireincremental skillstraining and increased staffing levels,
a least in the short term, in a sector where availability of
resources and high workloads are already problematic issues.
Finally, ethical considerations related to monitoring residents
with RTLS, and also directly or indirectly their care providers,
are acknowledged but not settled and require further empirical
research.
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Abstract

Background: With the rapid development of information and communication technologies, smart homes are being investigated
as effective solutions for home health care. The increasing academic attention on smart home health care has primarily been on
the devel opment and application of smart home technol ogies. However, comprehensive studies examining the general landscape
of diverse research areas for smart home health care are till lacking.

Objective: This study aims to determine the intellectual structure of smart home health care in atime series by conducting a
coword analysis and topic analysis. Specifically, it investigates (1) the intellectual basis of smart home health care through overall
academic status, (2) the intellectual foci through influential keywords and their evolutions, and (3) intellectual trends through
primary topics and their evolutions.

Methods: Analyseswere conducted in 5 steps: (1) data retrieval from article databases (Web of Science, Scopus, and PubMed)
and the initial dataset preparation of 6080 abstracts from the year 2000 to the first half of 2019; (2) data preprocessing and
refinement extraction of 25,563 words; (3) a descriptive analysis of the overall academic status and period division (ie, 4 stages
of 3-year blocks); (4) coword analysis based on word co-occurrence networks for the intellectual foci; and (5) topic analysis for
theintellectua trendsbased on latent Dirichlet alocation (L DA) topic modeling, word-topic networks, and researcher workshops.

Results: First, regarding the intellectual basis of smart home health care, recent academic interest and predominant journals
and research domains were verified. Second, to determine the intellectual foci, primary keywords were identified and classified
according to the degree of their centrality values. Third, 5 themes pertaining to the topic evolution emerged: (1) the diversification
of smart home health care research topics; (2) the shift from technol ogy-oriented research to technological convergence research;
(3) the expansion of application areas and system functionality of smart home health care; (4) the increased focus on system
usability, such as service design and experiences; and (5) the recent adaptation of the latest technologiesin health care. Based on
these findings, the pattern of technology diffusion in smart home health care research was determined as the adaptation of
technologies, the proliferation of application areas, and an extension into system design and service experiences.

Conclusions: The research findings provide academic and practical value in 3 aspects. First, they promote a comprehensive
understanding of the smart home health care domain by identifying its multifaceted intellectual structurein atime series. Second,
they can help clinicians discern the development and dispersion level of their respective disciplines. Third, the pattern of technology
diffusion in smart home health care could help scholars comprehend current and future research trends and identify research
opportunities based on upcoming research waves of newly adapted technologies in smart home health care.

(J Med Internet Res 2021;23(1):€19625) doi:10.2196/19625
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Introduction

The rapid development of information and communication
technologies, including the Internet of Things (IoT) and
ubiquitous computing, have made home environments highly
intelligent and allow smart homesto berealized [1]. In previous
research, the smart home was characterized as the integration
of technologies such as home automation, automatically
controlled systems, communication networks and connecting
devices and services, remote access and control, and home
intelligence, with the context awareness of users [2,3].
Accordingly, the purpose of smart homes has been defined as
providing abetter home life experience with enhanced security,
safety, communication, comfort, and entertainment through
technical management of the home environment [4]. On the
other hand, ethical and legal concerns surrounding smart home
technologies have been pointed out regarding the security,
privacy, and confidentiality of users[5,6]. Nonetheless, with a
prudent approach to these ethical and legal challenges, smart
homes could be an effective tool for continuous, remote, and
nonintrusive health monitoring and disease prevention while
guaranteeing users independence and quality of life[7,8].

Variousterms have been used to describe such technol ogy, such
as“smart homesinor for health care” [7,8], “ health smart home”
[9,20], and “ubiquitous health care” [11,12]. For consistent
terminology, we adopted the term “smart home health care”
and established the following operationalized definition [13],
which embraces both technical and experiential perspectives:

Smart home health care is a health care service in
one's residence incorporated with 10T technology
and ubiquitous computing, which has the
characteristics of home automation and home
intelligence, communication networks, and remote
access and control by authorized health care
personnel. It offersinformal health care services such
as real-time or long-term health monitoring,
unobtrusive activity support without interference with
daily lives, and disease prevention through anomaly
detection. It can reduce care costs, allow satisfactory
service experiencein a comfortable and private home
environment, and ensure the independence of
residents.

The academic focus of previous smart homeresearch hasmainly
been on the development and application of smart home
technologiesin the fields of computer science and engineering
[2-4,14]. Likewise, smart homesfor health care have primarily
been examined from the perspective of technological application
[7,8,15,16]. Such studies have analyzed and classified smart
home health care services according to the type of sensor,
network or communication technology, and algorithm models
of data processing [3,7,8]. Despite the recent increase of
technology-related research on smart home health care,
comprehensive studies on the general state of itsdiverseresearch
areas remain lacking.

Therefore, it is necessary to comprehend the current landscape
of smart home health care research and seek future research
opportunities. The specific research questions we used to

http://www.jmir.org/2021/1/e19625/
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investigate the intellectual structure of smart home health care
are the following: (RQ1) What is the overall academic status
of the current research on smart home health care, and which
research fields have mainly been focused on? (RQ2) What are
the representative keywords in the research on smart home
health care, and how havethey evolved over time? (RQ3) What
are the intellectual trends in smart home health care research,
and what are the main research orientations?

Thus, the objective of this study isto determine representative
research topics on smart home health care and their evolutionary
trends, and determine the intellectual structure of smart home
health care research by conducting bibliometric network
analysis. The resulting findings could lead to a comprehensive
understanding of the current literature on smart home health
care and enable scholars to extend their academic interests in
future research.

Methods

Bibliometric Network Analysisand Coword Analysis

Bibliometric network analysis refers to a computer-assisted
scientific review methodology that provides quantitative and
statistical analysis by summarizing alarge number of research
publications through various descriptors and indicators [17].
Havemann and Scharnhorst [18] organized the approaches of
bibliometric networksinto the following categories. (1) citation
networks of articles and journals; (2) bibliographic coupling
networks; (3) cocitation networks of articles, authors, and
journals; (4) co-authorship networks, and (5) word
co-occurrence networks (ie, coword analysis). Among them,
coword analysis has been considered an effective approach for
understanding key topicsin a certain research area, calculating
the association strength of representative terms, and illustrating
the field's knowledge structure by revealing patterns and trends
among those topics[19,20]. Researchers have combined coword
analysis with cluster analysis, multidimensional scaling, or
social network analysis (SNA) to statistically investigate word
co-occurrence patterns using titles, keywords, and abstracts
[21,22]. In health informatics research, the combination of
coword analysisand SNA has been adopted to identify thetrends
of specific themes in health care, such as mobile health [23],
cybersecurity [24], and robotic or mixed reality surgery [25,26].
Accordingly, we adopted coword analysis combined with SNA
to better understand key topics in smart home hedth care
research. The analysis flow in this study was adopted from
previous research [27,28] and included data retrieval, data
preprocessing and refinement, and data analysis.

Topic Analysis Combining Topic Modeling and Social
Network Analysis

To complement the coword analysis with word co-occurrence
networks, we adopted topic modeling to identify more detailed
topic groups and their evolutionary trends. In machinelearning
and natural language processing, topic modeling isaprominent
technique for data mining, latent data detection, and finding
associations among dataand text documentsto discover hidden
semantic structures [29,30]. Latent Dirichlet allocation (LDA)
[31], one of the most popular text mining methods [32], was
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adopted in this study to identify latent topics in the retrieved
data and classify words and documents into topics. We also
combined topic modeling with SNA to establish word-topic
networks and better understand the relations among topics.

Data Collection and Analysis Process

Data Retrieval

We collected articles relevant to this research from the journal
databases of Web of Science, Scopus, and PubMed. Web of
Science and Scopus are two of the most authoritative scholarship
databases, with peer-reviewed papers covering awide range of
subjects in various disciplines [33]. PubMed was also chosen
in order to supplement domain-specific knowledge pertaining
to health care. To retrieve the articles, a keyword search query
was composed as follows:

Query = ((“intelligent” OR “smart”) AND “home’) AND
((“health” AND “care”) OR “ehealth” OR “mhedth” OR
“uhealth™))

Article types were limited to journal articles and proceeding
papers, article language was constrained to English, and the
time period was limited to the year 2000 onwards, considering
the recency of smart home technologies. The dataretrieval was
conducted on July 1, 2019, and 6579 articles were initialy
collected (4683 from Web of Science, 1421 from Scopus, and
475 from PubMed). From the raw dataset, we excluded data
that were duplicated among databases or that had no information
on the year of publication, author, or abstract. Theinitial dataset
of 6080 articles was prepared using the following bibliometric
data: title, year of publication, author, journal, abstract, and
keywords.

Data Preprocessing and Refinement

Noun data needed to be extracted from the abstract dataset in
order to constitute a text corpus. For this, we conducted data
preprocessing according to the stages of dictionary devel opment:
exception, definition, and synonyms. First, the “exception”

Kang et d

dictionary was established to remove any general terminologies
which are routinely utilized in abstracts to explain research
structures, processes, and methodologies (eg, background,
method, result, discussion, literature, purpose, implementation).
Second, the “definition” dictionary was developed to define
compound nounsas 1 word (eg, “ smart home,” and not “smart”
and “home” separately). To expand the definition dictionary,
academic compound nouns were added to reflect the author
keywords data. Third, the “synonym” dictionary was produced
to detect duplicate meanings and replace them with 1
representative word (eg, “smart home” would represent “ smart
house” “intelligent home,” “intelligent smart home,” and the
plural forms of the same terms). The synonym dictionary also
combined the singular and plural forms of the same termsinto
singular words. After this process, 25,563 words from 6080
abstracts were prepared as the text corpus for the following

steps.

After defining the text corpus, data refinement was conducted
in order to filter terms of high frequency but general usage. The
dataset was arranged as aword-document matrix by occurrence,
and was transformed into a co-occurrence matrix using the
symmetric Ochiai-Salton algorithm. To filter normally used
terminology, this study adopted the term frequency—inverse
document frequency (TF-IDF) text-mining method. For data
preprocessing and refinement, we utilized Python (version 3.7,
Python Software Foundation [34]) and NetMiner (version 4.3;
Cyram Inc[35]) commercial software. Since NetMiner software
speciaizesin conducting semantic network analysis and offers
a graphical demonstration of the network, it was also used in
the following analysis stage to determine the networks and
visualizations.

Data Analysis

Figure 1 depicts the overall process of this research
methodology. The data analysis was conducted according to 3
subanalysis stages.

Figure 1. Research methodology. DB: database; RQ: research question; SNA: social network analysis; TF-IDF: term frequency—inverse document

frequency.
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First, we conducted a descriptive analysis based on the
frequency of publication. From this, the research areas and
principal journals relevant to smart home health care research
could beidentified. Theresultsfrom thisanalysis could answer
the first research question regarding overall academic status as
an intellectual basis for smart home health care. After the
descriptive analysis, time periods were divided by a certain
scalein order to conduct further time-series analyses and explore
various evolutions. To decide the time scale, we examined the
evolution of technology and health research, or how health care
research has evolved in response to recent emerging
technologies. For this, we searched for several keywordsdirectly
pertinent to the study and emerging technology keywords [36]
(eg, artificial intelligence[Al], loT, and blockchain) associated
with health care on the Web of Science database. Considering
the evolution of yearly publication frequencies for those
keywords, the time scale was divided into 4 stages of 3-year
blocks: 2008-2010, 2011-2013, 2014-2016, and 2017-2019.

Second, we conducted a coword analysis combined with SNA
to establish word co-occurrence networks. This was based on
document frequency, TF-IDF values, and the degree centrality
of keywords in word co-occurrence networks. Influential
keywords and keyword evolution could then be determined,
answering the second research question regarding theintellectual
foci. We constructed word co-occurrence networksto transform
the word-document networksinto word-word networks, having
weights of word co-occurrence frequency with a proximity
measure of the correlation type inner product. Using
degree-centrality analysis and link reduction, influential
keywords were extracted by filtering the top 100-degree
centrality words. Primary keywords (the top 40) were positioned
according to their degree centrality values and compared within
the time series to understand their evolution.

Figure 2. The evolution of publication frequencies from 2000-2019. (Th
it was not included in calculating for the exponential curve.).
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Third, we conducted atopic analysis combining topic modeling
and SNA to establish word-topic networks. This allowed usto
investigate the primary topicsin smart home health care research
and their evolutions within the time series, answering the third
research question about intellectual trends. For topic modeling,
we adopted an L DA with aMarkov Chain Monte Carlo learning
method to identify latent topics and classify words and
documents into topics. Word-topic networks were then
constructed and visualized according to allocation probability
values. Three authors of this study held 3 consecutive researcher
workshops to interpret the topic analysis results qualitatively
to (1) name the individual topics from the results of LDA
separately, (2) compare the name results of the 3 researchers
and establish 1 set of topic names by reaching a consensus on
any discrepancies, and (3) classify them into superordinate topic
groups regarding the visualized word-topic networks. Lastly,
the document frequencies allocated to the topic groups were
counted and compared among different time periods to
comprehend the topic evolution.

Results

Descriptive Analysis

Overall Academic Status

Using theinitial 6080 articles, an overview of smart home health
care research was compiled. Figure 2 shows the evolution of
publication frequency from the year 2000, with the exponential
curve being calculated to exclude the data on the first half of
2019. This shows that publication frequency rapidly increased
inthelast 10 years, illustrating the high level of research interest

and academic popularity of smart home health care (R>=0.979).

e publication frequency in 2019 was based on the first half of the year; thus,
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Research holdsthe highest rank with 504 publications, followed

health care research from the year 2000; thejournal frequencies by JMIR mHealth and uHealth, JMIR Research Protocols,

of 1548 journalswere counted. The Journal of Medical Internet
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congtituted 17.62% (1071 of 6080 articles) of the total articles
on smart home health care research.

Table 1. Thetop influential journalsin smart home health care research from 2000-2019.

Journal Article frequency
Journal of Medical Internet Research 504
JMIR mHedlth and uHealth 392
JMIR Research Protocols 175
International Journal of Medical Informatics 91
BMC Medical Informatics and Decision Making 7
BMC Public Hedlth 65
JMIR Menta Health 65
Journal of Medical Systems 63
Trids 59
Plos One 54
Journal of Telemedicine and Telecare 51
Studies of Health Technologies and Informatics 48
Methods of Information in Medicine 46
Journal of the American Medical Informatics Association 44
Sensors 44
BMJ Open 43
Health Informatics Journal 41
|EEE Journal of Biomedical and Health Informatics 33
IEEE Access 32
International Journal of Environmental Research and Public Health 32
Trandational Behavioral Medicine 32
Journal of Health Communication 31
Peatient Education and Counseling 31
ACM International Conference Proceeding Series 29
BMC Health Services Research 28
Telemedicine and eHealth 26
Contemporary Clinical Trias 25
JMIR Cancer 23
Aids and Behavior 22
CIN: Computers, Informatics, Nursing 22
Global Health Action 22
Journal of Biomedical Informatics 22

According to the academic area classification of Web of Science,
the subject or type of journalsthat are pertinent to smart home
health care research, derived with the same search query, is
shownin Figure 3. The most predominant research domainsare
still from the engineering side, such as Computer science
information system (23.77%) and Electrical or electronic
engineering (22.48%). However, studies from medical and
health care areas, such as Medical informatics (17.83%) and

http://www.jmir.org/2021/1/e19625/

Health care sciences and services (17.31%), also constitute
considerable portions of smart home health care research.
Various medical fields, such as Geriatrics or gerontology,
Neurosciences, Rehabilitation, and Psychiatry, emerged as small
portions of thetotal research since advanced smart home health
care technologies have already been heavily investigated in
engineering domains.
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Figure 3. The academic area classification of journals on smart home health care research by Web of Science.
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Asexplained in the M ethods section, the evol ution of technology
in association with health research was examined in order to

select atime scale for further time-series analyses. The advent
of new technologies can influence health care research and be
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adopted in health care and medical fields in diverse ways.
Hence, severa keywords used in the query of this study and
emerging technology keywords [36] coupled with health care
were searched in the Web of Science, and the publication
frequencies were counted yearly from the year 2000. The result
isillustrated in Figure 4.

Figure 4. The evolution of publications relevant to emerging technologies and health research from 2000-2019.
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We specifically focused on the keywords“ mHealth” (ie, mobile
health), “Al and health,” “10T and health,” and “blockchain and
health,” which are technologies with significant influence on
datacollection and processing, service delivery, and interactions.
The moments of advent were identified as the moments where
publication frequency doubled compared to the previous year,
exceeded 10 for the first time, and continued to gradually
increase; this occurred for Al and health in 2008, mHealth in
2011, loT and health in 2014, and blockchain and health in
2017. As Al had been grestly researched prior to 2000, the
adaptation of Al in the health care field also occurred early,
particularly in Al-assisted medical diagnosis research. Given
thisbackground, the advent year of the Al and health topic could
be decided earlier than those of other topics. In accordance with
the distribution of frequency, atime scale of 4 stages of 3-year
blocks (2008-2010, 2011-2013, 2014-2016, and 2017-2019)
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was chosen. Despite the existence of telehealth research in the
years between 2000 and 2007, this initial period was not
included in the time-series analysis because the number of
articles published at the time was insufficient to conduct a
bibliometric network analysis, as shown in Figure 2.

Coword Analysisfor the Intellectual Faoci

In accordance with the time scale division, Table 2 shows
general information on the words and documents per period.
Over the total period, 25,556 words were extracted from 5810
documents. Approximately 75.0% of keywordsoccurredin 1-3
documents, 10.2% in 4-7 documents, and 5.0% in 8-13
documents. On average, any given keyword appeared in 9.2
documents, with the actual number of documents in which a
given keyword appeared ranging from 1 to 813. The number of
documentsdrastically increased throughout 4 periods, and period
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4 contained half of thetotal documents (50.6%) despite the data
in 2019 only comprising half ayear. The number of words has
also considerably grown, with the words from period 4
occupying 65.9% of the total 25,556 words.

Both the number of links created from word-document networks
and those calculated by TF-IDF (which can represent how

Table 2. Genera information of the time-series analysis.

Kang et d

significant a word is in a certain document by eliminating
ordinary words with high frequency but low importance)
constituted more than half of the total networks. The evolution
of documents and keywords could also imply that smart home
health care research has been rapidly devel oping quantitatively
and qualitatively.

Variables Total period  Period 1 Period 2 Period 3 Period 4
(2008-2019)  (2008-2010)  (2011-2013) (2014-2016)  (2017-2019)
Number of documents, n (%) 5810 (100) 308 (5.3) 707 (12.2) 1855(31.9) 2940 (50.6)
Number of words, n (%) 25,556 (100) 3814(14.9) 6868 (26.9) 12,749 (49.9) 16,831 (65.9)
Number of links in the word-document network, n (%) 333,921 (100) 14,724 (4.4) 36,642 (11.0) 107,405(32.2) 175,150(52.5)
Number of links in the word-document network, TF-IDF (%) 223,422 (100) 10,643 (4.8) 25342(11.3) 72,230(32.3) 115,207 (51.6)

Among the word-document networks, the links whose TF-IDF
values were above 0.5 and the top 10% of words in terms of
document frequency were extracted. Then, word co-occurrence
networkswere al so constructed in order to determinethe primary
keywords based on precise figures, namely degree centrality.
Sincethelinksfrom the original networksweretoo massive (as
shown in Table 3), they were extracted in 2 steps: (1) by the
top 100 words in degree centrality values, and (2) by link
reduction according to a threshold of word co-occurrence

Table 3. Properties of word co-occurrence networks by time series.

frequency. “Network degree centralization” is a measurement
that assesses the degree of inequality compared with a perfect
“star network,” which is the most unequal network type [37].
The values of the network degree centralization index changed
during the time series, showing a relative decentralization in
periods 2 and 4. This may indicate a horizontal expansion of
research toward the significant subject areas during those
periods.

Properties Period 1

(2008-2010)

Period 2
(2011-2013)

Period 3
(2014-2016)

Period 4
(2017-2019)

Word co-occurrence networ k information, n

Linksin the origina network 184,550

Links in the extracted network 1 4053

(by the top 100 words in degree centrality values)

Linksin the extracted network 2 236

(by link reduction)

Threshold of co-occurrence frequencies for link reduction® 7
Network degree centralization, index % 30.2
Distribution of degree centrality

Mean of degree centrality 0.048

Standard deviation 0.074

Min. of degree centrality 0.000

Max. of degree centrality 0.343

414,721 1,084,449 1,576,645
4705 4943 4931

302 318 380

10 25 12

23.7 47.1 34.4
0.061 0.064 0.077
0.072 0.079 0.077
0.000 0.000 0.000
0.293 0.525 0.414

#The threshold value was decided by alink reduction simulation, identifying the point where the network component number suddenly increased.

Moreover, the evolution of word co-occurrence networks was
visualized using document frequency as the node size for each
word, as exhibited in Multimedia Appendix 1. In period 1, the
keywords “monitoring,” “smart home” “communication,”
“home care,” and “environment” were highlighted, while most
of the remaining keywords were not sufficiently distinguished.
In period 2, the top keywords in period 1 gained more
prominence, and several additional words (eg, “sensor,’
“activity,” and “work”) noticeably emerged. In period 3,
mHealth-relevant keywords, such as “mobile phone” and

http://www.jmir.org/2021/1/e19625/

“SMS,” became distinct. In period 4, existing keywords (eg,
“mobile phone,” “mobile app,” “barrier,” “experience,” and
“strategy”) expanded their links. In comparison to prior periods,
particularly period 1, the emphasized keywords in period 4
depicted a relatively even distribution of weights (ie, size of
nodes); this implies that various research topics had been
generated and investigated by many studies.

To determine the influential keywords and keyword evolutions
in response to the second research question on intellectual foci,
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40 primary keywords were determined based on their degree
centrality values from the word co-occurrence networks (as
shown in Multimedia Appendix 2). The primary keywordswere
categorized into the different groups based on their degree
centrality values: core, semiperiphery, and periphery. The
centrality value thresholds were decided based on the number
of keywords in each group according to the data on degree
centrality [38]. “Monitoring and (probably remote)
communication in smart homes for home care of the elderly”
was the main theme combining the core keywords in period 1.
In period 2, the centrality values of “smart home,” “activity,”
and “environment” increased in the core group, while “ sensor”
moved from the semiperiphery group to the core group. It may
beinferred that research on smart home health caretechnol ogies,
such as cases utilizing various types of sensors, was heavily
conducted in this stage. In period 3, with the proliferation of
mHealth research, keywords such as*“mobile phone” and“SM S’
shifted from the semiperiphery or periphery group to the core
group. In period 4, “mobile app” transferred from the
semiperiphery to the core group, while “barrier” and
“experience” |eaped from the periphery to the core group. This
may imply that the applicability and user experience (eg,
engagement, acceptability) of smart home health care services
gained strong research attention in this period. The primary
keywords extracted from the centrality analysis showed
consistent resultswith the highlighted keywordsin the previous
word co-occurrence networks; this may enhance the validity of

Figure5. Topic evolution of research on smart home health care.

Kang et d

the deductive processin determining intellectual keywordsand
their changes.

Topic Analysisfor the Intellectual Trends

Asexplained in the M ethods section, atopic analysis combining
topic modeling and SNA was conducted in order to investigate
the primary research topics on smart home health care and their
evolutions; this would address the third research question on
intellectual trends. During the L DA topic modeling process, the
number of topics were decided based on the number of
documents in each period (ie, 13 topicsin period 1, 20 topics
in period 2, and 30 topics in both periods 3 and 4). According
to the alocation probability of a word per topic, word-topic
networks were constructed and visualized, extracting the top
100 to 150 words in probability values for effective plotting.
During the 3 researcher workshop sessions, we established the
name of each topic, embracing thetop 5 keywords of allocation
probability individualy in the first session and together in the
second, in order to arrive at a consensus regarding any
discrepancies. In the last session, we classified the topics into
groups, considering their meanings and network dispositions
from the visualized word-topic networks. Figure 5 illustrates
the topic evolution, showing the frequencies and percentages
of topics in each period; Table 4 displays the topic analysis
results of topic naming and grouping; and Multimedia A ppendix
3 visualizes the word-topic networks associated with topic
groups.

Topic Evolution of Research on Smart Home Healthcare
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Through the analysis of topic modeling and word-topic
networks, the dynamics of topic evolution were used to identify
theintellectual trends regarding smart home health care. These
trends can be summarized in 5 aspects: (1) the diversification
of smart home health care research topics; (2) the shift from
technology-oriented research to technological convergence
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research; (3) the expansion of application areas and system
functionality of smart home health care; (4) the increased focus
on system usability, such as service design and experiences;
and (5) the recent adaptation of the latest technologiesin health
care.
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Table 4. Topic analysis results from (1) LDA topic modeling, (2) word-topic network, (3) topic naming and grouping workshops.

Period and topic group Topic number Topic name Document frequency
Period 1
A TO3 Telemonitoring 20
TO4 Monitoring technology/infrastructure 24
TO5 1T-based decision support 18
T09 Smart home activity detection 59
T10 eHealth infrastructure 27
B TO1 Lifetime family care 15
TO6 Elderly care 13
TO8 Robot-based health service 15
T13 Health event management 13
C TO7 Web-based health education 21
T11 Web-based health contents delivery 35
D T02 Security architecture in hospitals 27
T12 Care delivery strategy 21
Period 2
A TO1 Elderly care 66
TO2 Network integration 30
TO4 Signal/image detection 31
T09 Communication platform 37
T12 Privacy and security 40
T13 Classification algorithm 25
T14 Smart home activity detection 79
T15 Monitoring technology/infrastructure 55
B TO3 Chronological disease 26
TO5 Clinical service 20
TO6 PHR based on social media 22
T20 Health activity management 22
C TO7 Online patient community 41
T17 Age-sensitive web accessibility 21
D T08 Telemedical service 33
T11 Primary care delivery 26
T19 Care delivery policy 50
E T10 eHedlth literacy 24
T16 Healthcare ICT investment (mobile) 38
T18 Mobile-based health contents delivery 21
Period 3
A TO1 loT and sensor network system 146
TO4 Activity sensing algorithm 126
T13 Telemonitoring infrastructure 44
T18 Privacy and security 47
B TO6 e-Fitness 24
TO8 Chronological disease 46
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Period and topic group Topic number Topic name Document frequency
T12 Self-management 54
T15 Exercise management 106
T16 Elderly care 105
T20 Cancer management 45
T22 Mental health management 58
T26 Lifetime family care by gamification 29
T27 Chronological disease management 50
C T11 eHealth service benefit 38
D TO7 Telemedical service 40
T28 Care delivery policy 179
E T24 Health literacy 80
TO2 Health behavior awareness (mobile) 24
T10 Age/gender-sensitive notification 58
T17 M edication management (mobile) 80
T25 Community healthcare (mobile) 72
T29 mHealth data communication 52
G TO5 mHealth technology acceptance 30
T14 eHealth system design 63
T21 mHealth app design 56
T23 Usability for health workers/patients 49
T30 System design 27
H TO9 Health worker training 49
| TO3 Assessment accuracy 52
N/AZ T19 Etc 26
Period 4
A T19 Activity sensing algorithm 212
T20 Smart home technology infrastructure 307
B TO3 Activity management 120
T12 Chronological disease management 67
T13 Mental healthcare 73
T17 Emergency management 72
T18 Rehabilitation training 70
T21 Cancer management 89
T22 Mental healthcare 130
T24 Chronological disease management 56
T25 Telemonitoring 71
T26 Weight management 95
T28 Age/gender-sensitive service 80
N/A N/A N/A
D T02 Care cost-€ffectiveness (hospital) 61
TO5 Telemedicine platform 78
T10 Community service 181
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Period and topic group Topic number Topic name Document frequency
E TO4 Health literacy 111
F TO1 Mobile support for smoking cessation 109

TO7 Lifetime family care (mobile) 88
T15 Healthcare service providing (mobile) 117
T23 Medication management (mobile) 86
G TO6 mHealth system design 160
T14 Health system design 37
T16 Elderly technology acceptance 69
T27 Medical healthcare app 65
T29 Technology acceptance 75
T30 Mobile health system design 65
H N/A N/A N/A
| T11 Assessment algorithm 87
J TO8 Blockchain and healthcare 66
T09 Telemedicine/tel esurgery technology 43

3N/A: not applicable.

The research topics on smart home health care were diverse
throughout the 4 time periods. Based on the preliminary topics
from LDA modeling, 10 topic groupswereidentified: (A) smart
home technologies and infrastructure, (B) health monitoring
services (application areas), (C) web-based hedth care (eHealth),
(D) telemedical services and policies by medical institutions,
(E) hedlth literacy, (F) mobile-based health care (mHealth), (G)
mobile health care system design (usability, experience), (H)
health worker training, (I) assessment, and (J) new technologies
in health care

It was found that the number of topic groups present increased
in every period. As shown in Table 4, period 1 started with 4
topic groups, namely, “smart home technologies and
infrastructure,” “application areas of health monitoring
services,” “web-based health care (eHealth),” and “telemedical
services and policies by medical institutions.” In period 2, 2
topic groups—*health literacy” and “mobile-based health care
(mHealth)”—emerged. In period 3, another 3 topic groupswere
added: “mobile hedlth care system design,” “health worker
training,” and “assessment.” Notably, in period 4, one topic
group, “new technologies in health care” was added, and 2
topic groups, “web-based health care (eHealth)” and “health
worker training,” were withdrawn. Though the topic group on
eHealth decreased continuously from period 1, this does not
mean that research on eHealth simply vanished; the relevance
of eHealth to smart home health care could have simply reduced
when compared to that of mHealth, as represented by topic
groups (F) and (G).

Second, results showed that the mgjority of the research focus
gradualy shifted from technology-oriented research to
technological convergence research. In Table 4, in topic group
A, diverse smart home health care technol ogy-oriented research
topicswereinvestigated, such as* smart home activity detection”
(P1-TO9, P2-T14), “monitoring technology/infrastructure”

http://www.jmir.org/2021/1/e19625/

(P1-T04, P2-T15), “privacy and security issuesin smart home
for health caretechnology” (P2-T12, P3-T18), “1oT and sensor
network system” (P3-TOl), “activity sensing algorithm”
(P3-T04, P4-T19), and “ smart home technology or infrastructure
(P4-T20)." The portion of this topic group constituted
approximately 50% of al articles in periods 1 and 2, but it
shrank to below 20% in periods 3 and 4, even though their
frequencies dlightly increased. Instead, technological
convergence was enlarged in smart home health care research,
investigating diverse application areas of smart home health
care services, as explained in the next aspect.

Third, the application areas and functionality of smart home
health care expanded as topic group B (Table 4) attained the
highest frequency in periods 3 and 4. The subtopicsin thisgroup
showed diverse areas of smart home health care, such as* mental
health management” (P3-T22, P4-T13/T22), “chronological
disease management” (P2-T03, P3-T08/T27, P4-T12/T24),
“activity management” (P2-T20, P4-T03), “ cancer management”
(P3-T20, P4-T21), “elderly care’ (P1-T06, P3-T16), “exercise
management” (P3-T15), “weight management” (P4-T26),
“emergency management” (P4-T17), and “rehabilitation
training” (P4-T18), in their order of frequency. Moreover, in
the early periods, the application areas were more focused on
extended medical care, such asthe management of elderly care
and chronological disease, or “clinical services’ (P2-T05).
However, in the later periods, diverse health care services in
daily lives, such as “lifetime care by gamification” (P3-T26)
and “e-fitness’ (P3-T06), emerged.

Fourth, the focus on system usability, such as service design
experiences, increased from period 3 (as demonstrated by topic
group G, Table 4). The mgjor subtopics with high frequencies
in this group were the aspects of system or application design
issues, such as “mHealth system design” (P4-T06, T30),
“mHealth app design” (P3-T21, P4-T27), and “eHealth system
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design” (P3-T14). In addition, the user aspects of service
experiences were also accentuated in periods 3 and 4, as shown
by “technology acceptance” (P4-T29), in association with the
unified theory of acceptance and use of technology [39,40], and
“usability for health workers or patients’ (P3-T23) [41,42].

Lastly, the results showed that the latest technol ogies were being
adapted in smart home health care research, as seen in topic
group J(Table 4), which emerged in period 4. The subtopics of
this group were “blockchain and health care” (P4-T08) and
“telemedicine or telesurgery technology” (P4-T09). As
illustrated in Figure 4, blockchain technology emerged just
before period 4, and research on the topic coupled with health
care began to increase in association with data privacy and
security [43,44] and system interoperability [45]. Furthermore,
therole of telemedicine and smart home health care servicesin
surgery domains, as part of perioperative or postoperative
procedures, gained more academic interest during this period
[46].

Discussion

Principal Findings
Based on the analysisresullts, several discussion points emerged

regarding the intellectual structure of smart home health care
research.

First, mobile technol ogies have broadened the scope of private
spaces and accelerated the expansion of home care to smart
health care services. In the past, persona hedth care was
associated with the home environment, but the intervention of
mobile or smartphones has expanded the boundary of personal
health care beyond the home. Accordingly, the adoption of
mobile technologies in smart home services has increased and
diversified the service areas, service functions, usability, and
experiences of home care services. As shown in Multimedia
Appendix 2, “mobile phone” and “mobile app” emerged in the
core group in periods 3 and 4, instead of “smart home,” which
wasinthecorein periods 1 and 2. Thismay imply that the home
concept includes mobile personal space with regard to health
care.

Second, smart technology evolution has enabled hospital-led
services to be offered as personalized services. Hospital-led
telehealth research in the past has been infused with home health
care research, and the mobile technologies that are relevant to
physiological monitoring and privacy protection have enhanced
the association of hospital care and personal home care. While
alarge part of existing research in medical informatics used to
focus on eectronic medical records (EMR), recent research
interest has been focused on personal health records (PHR) due
to the adaptation of enabling mobile technologies (eg, 10T,
sensor technology, blockchain) [47,48]. Moreover, mobile
technologies could realize the concept of connected hospital or
extended medical experiences, enhancing remote medical
examination, treatment, and management.

Third, the pattern of technology innovation diffusion [49,50]
in smart home health care research may be identified from the
topic evolution results. Based on the findings in the topic
evolution analysis, the technology diffusion in smart home
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health care fields has evolved from (1) the adaptation of
technologies and (2) proliferation of application areas to (3)
extension into system design and service experiences. Thus, it
may be anticipated that the perspective of service design and
experiences with diverse smart home health care application
areaswould be developed in the near future. Furthermore, when
new technology appears in health care industries, a similar
pattern of research evolution could be expected. For instance,
blockchain technol ogies, which were recently adapted in smart
home health care research, became an emerging topic (Table
4, PA-T08) in period 4. This technology could lead to a further
investigation of the diverse application areas of smart home
health care, resulting in asmart home health care system design
coupled with blockchain technology and user experience
features.

Lastly, this pattern of the technology diffusion processin smart
home health care could have particular aspects caused by the
medical or health carefield's unique characteristics. Ethical and
legal issues pertaining to persona health data are fregquent
concerns when technologies are integrated into health care
services. Policies, regulations, and legislation systems relating
to privacy and security issuesin smart home health care services
require greater attention than other commercial services[51,52].
Moreover, health care services usually demand alarge number
of clinical trials and verifications in order to generalize their
applicability. Therefore, the technology diffusion process in
smart home health care may take more prudence and time to
evolve into further stages than other types of smart services.
Nevertheless, as shown in Figure 4, the time lag of the
adaptation of state-of-the-art technology in health careindustries
becomes shorter (eg, from Al to “Al and health,” from loT to
“loT and health,” and from blockchain to “blockchain and
health™). With the fourth industrial revolution, the cycle of
technology diffusion in smart home heath care could be
gradually reduced.

Limitations and Further Research

Despite the findings on the intellectual structure of smart home
health care research, this study has several limitations due to
its methodol ogical approach. First, as coword analysisand topic
analysis are quantitative and statistical analysesthat summarize
a large number of publications, qualitative research would be
required in order to investigate specific topics in-depth among
the various topic groups exhibited in Table 4.

Coword analysis is suggested as a prior stage to a systematic
review to guide and accelerate the review process [53].
Therefore, a qualitative and thorough systematic literature
review investigating specific topic groups can be conducted in
future research. Second, this study adopted a semantic network
analysis approach based on keywords and abstractsin order to
identify keywords and topicsin smart home health care research.
However, the traditional approach in bibliometric analysis,
whichisbased on co-authorship and citation information, could
be applicable in future studies to investigate knowledge flows,
research groups, and organizational influences. Third, this study
extracted a text corpus only from noun data, following the
general approach of semantic network analysis. However, if a
text corpusis extracted from both adjectives and nouns, amore
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specific context in the usage of noun datamay be explored with
further analysis. Lagt, the text corpus was established from
academic articles; thus, the perspective of commercial and
business-wise cutting-edge technologies in the health care
industry might not have been sufficiently included in this study’s
findings.

Conclusions

This research aimed to determine the representative research
keywords and topics in smart home health care research and
their evolutionary trendsto demonstrate theintellectual structure
of smart home health care by conducting bibliometric network
analysis. First, we identified the academic status of the
intellectual basis for smart home health care. With the recent
increase in academic interest, smart home health care has been
primarily investigated in research domains such as computer
science information systems, electrical engineering, medical
informatics, and health care science and services. Second,
keywords and centrality analysiswere conducted based on word
co-occurrence networks to determine the intellectual foci. The
evolution of primary keywords was demonstrated throughout
4 periods, and the top 3 keywordsin each period wereidentified:
“monitoring, communication, smart home,” “smart home,
monitoring, sensor,” “mobile phone, SMS, monitoring,” and
“mobile app, barrier, experience” respectively. Third, we
conducted a topic analysis based on topic modeling and
word-topic networksin order to determinetheintellectual trends.
Accordingly, 5 aspects of topic evolution emerged: (1) the
diversification of smart home health care research topics, (2)
the shift from technology-oriented research to technological
convergence research, (3) the expansion of application areas
and system functionality of smart home health care, (4) the
increased focus on system usability, such as service design and
experiences, and (5) the recent adaptation of the latest
technologies in hedlth care.
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Abstract

Background: There is a growing body of evidence regarding eHealth interventions that target substance use disorders.
Development and funding decisions in this area have been chalenging, due to a lack of understanding of what parts of an
intervention work in which context.

Objective:  We conducted a realist review of the literature on electronic cognitive behavioral therapy (eCBT) programs for
substance use with the goal of answering the following realist question: “How do different eCBT interventions for substance use
interact with different contexts to produce certain outcomes?’

Methods: A literature search of published and gray literature on eHealth programs targeting substance use was conducted. After
data extraction, in order to conduct afeasible realist review in atimely manner, the scope had to be refined further and, ultimately,
only included literature focusing on eCBT programs targeting substance use. We synthesized the available evidence from the
literature into Context-M echanism-Outcome configurations (CMOcs) in order to better understand when and how programs
work.

Results: A total of 54 papers reporting on 24 programs were reviewed. Our final results identified eight CMOcs from five
unique programs that met criteria for relevance and rigor.

Conclusions: Five strategiesthat may be applied to future eCBT programs for substance use are discussed; these strategies may
contribute to a better understanding of mechanisms and, ultimately, may help design more effective solutionsin the future. Future
research on eCBT programs should try to understand the mechanisms of program strategies and how they lead to outcomes in
different contexts.

(J Med Internet Res 2021;23(1):€20557) doi:10.2196/20557
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Introduction

An estimated 269 million individuals worldwide used drugsin
2018, which represents a 30% increase from 2009 [1]. Globally,
around 36 million individuals have adrug use disorder; however,
only 1 out of 8 individuals who need substance use treatment
receive it [1]. In particular, North America is currently
experiencing an unprecedented epidemic of drug overdose
deaths, as nearly 45,000 individuals died from an opioid
overdose in the United States in 2018 and over 4000
opioid-related deaths occurred in Canada in the same year [2].
The current system of addiction care has to deal with severa
challengesin providing care, especially for the most vulnerable
populations. One such major challenge of the system of careis
the availability of resources, which is limited in respect to
incidence, prevalence, and distribution of substance use
conditions [3]. Many also experience barriers in accessing
treatment due to discrimination and stigma, particularly those
in correctiona settings, ethnic minorities, immigrants, and
refugees[1]. Inrural areas, people do not have sufficient access
to specialist care. In the Yukon, for example, assuming a
psychiatrist-to-population ratio of 1:10,000 [4], there should be
between 4 and 5 psychiatrists. Currently, there areonly 2
full-time genera psychiatristsin theterritory (ie, 1.6 per 100,000
population). Nunavut and the Northwestern Territories do not
have any practicing psychiatrists [5]. Given the pressing need
for effective measures to tackle this public health crisis, all
stakeholders are increasingly committed to developing and
implementing innovative solutions.

eHealthisamajor field that has attracted growing attention for
itsversatility and accessibility. Theseinterventions are delivered
viaelectronic devices, such as computers, tablets, smartphones,
and other handheld devices; delivery modes include websites,
email, maobile apps, text messages, and telephone calls [6]. In
this review, we distinguish between web-based interventions,
intended for use through an internet browser on a computer;
computer-based interventions (ie, software that is run offline
on acomputer, for example, from a CD or DVD); and apps (ie,
nativeiOS and Android apps). These eHealth interventions have
been used to target arange of substance use problemsand have
demonstrated effectiveness in previous meta-analyses [7-15].
However, the development of eHealth interventions for illicit
drug useis still at a more formative stage.

Potential advantages of eHealth interventions are their wide
reach, particul arly among subpopul ations such asyoung people
and peopleresiding in rurd areas; higher likelihood of disclosing
information due to anonymity, especialy given the sensitive
nature of substance use; lower maintenance cost, especially for
automated self-help interventions; and easy transferability of
the interventions to other languages and settings [16].
Additionally, fidelity is assured if educational materia is
delivered via the internet, as the materia is delivered in its
entirety and not adapted to a teacher’s or counselor’s style of
delivery. This is not an uncommon problem and may cause
removal of essential components of a program. Programs may

http://www.jmir.org/2021/1/e20557/

also be expanded to other settings and still delivered in a
consistent manner without the need for additional resources.
Despite these disadvantages, many challenges with eHealth
interventions can be avoided or mitigated by identifying the
optimal eHealth intervention for a certain setting and context.

Given the increasing use of eHealth interventions to tackle the
overdose crisis, decision makers need to make informed
decisions about future investmentsin eHealth for substance use.
Decisions must be based on several layers of complexity. First,
eHedlth interventions have substantia heterogeneity in the
nature of the intervention (eg, information, psychoeducation,
cognitive behavioral therapy [CBT], peer based, etc), mode of
delivery (eg, website vs app), level of therapist involvement
(eg, automated vstherapist assisted), and price (eg, freevspaid).
Second, contextual factors, such as targeted subpopulation (eg,
at-risk youth, inmates, and individuals with chronic substance
use disorders [SUDs]) and implementation strategy (eg, part of
school curriculum, part of arehabilitation program, and freely
available online), play an important role in the outcomes of
eHealth interventions. Finally, the time frame for evaluating
the desired outcomes should &l so be determined.

Traditional evaluations and systematic reviews tend to
predominantly focus on whether the programs “worked” (eg,
reduced substance use), often without an understanding of the
complexity of the intervention in terms of for whom they may
or may not have been effective, under what circumstances, and
why. The redlist review methodology used in this study can
answer questionswith thislevel of complexity. In this case, the
basic evaluative question “What works?’ changes to “What is
it about this program that works, for whom, and under what
circumstances?’ [17]. Mechanisms matter in this approach
because they explain the process that leads to outcomes, and
the context is important because it changes the processes by
which an intervention produces an outcome. Therefore, both
context and mechanism must be systematically examined along
with the intervention’s strategy and outcome.

Realist reviewstend to start their synthesis with awider scope
and focus it during the review’s iterations. In this review, all
eHealth interventions targeting substance use were explored in
the first iteration, and eHealth interventions based on CBT (ie,
electronic CBT [eCBT]) were chosen asthe scope of therealist
review in the subseguent iterations. Thiswasdueto CBT being
one of the most common evidence-based interventionsthat can
be effectively delivered in an eHealth setting, among various
approachesfor substance use. In order to unpack the underlying
mechanisms of how specific intervention strategies work in
specific contexts, an important first step in a realist review is
to narrow down, clarify, and refine the scope and, thus, the
review question [17]. The aim of this realist review was to
answer the following question: “How do different eCBT
interventions for substance use interact with different contexts
to produce certain outcomes?’
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Methods

Realist M ethodology

The methodol ogy for thisreview has been adapted from Pawson
et a [17], with an additional round of scoping to refine and
clarify the research question in order to be able to conduct a
feasiblerealist synthesis. Our research question stems from the
following fundamental realist question: “What worksfor whom
and why?" Specifically, “In an environment in which certain
contextual factors (C) are at play, program activities or
strategies (S) areimplemented. These strategies, in combination
with the contextual factors, trigger certain internal processes or
changes in the participants way of thinking, which is the
mechanism (M) that, in turn, triggers the desired outcome (O)”
[18]. Identifying program strategies and the mechanisms they
trigger, alongside the context in which they are implemented,
will alow us to generate knowledge that is useful for the

Shamset d

implementation of programsand research that regul ate outcomes
in specific contexts. One intervention has multiple program
strategies and each can trigger one or more mechanisms in
different contexts that cause desirable or undesirable outcomes

[17].

In this review, we aso made use of the reconceptualization
proposed by Dalkin et a [19], who argue that realist syntheses
have difficulty deciding which aspects of an intervention
contribute  contextually or mechanisticaly to a
Context-Mechanism-Outcome configuration (CMOc). It is
important for both aspects to come together to be able to fully
explain a program from arealist perspective.

By adding program strategy (ie, mechanism resource) as a
variable between context and mechanism response (see Figure
1), we can be more accurate in how we construct our CMOcs
and ensure that the mechanism is described more completely
in terms of which resource triggers which response [19].

Figure 1. Overview of results according to the Context-Mechanism-Outcome formula proposed by Dalkin et al [19].

Contexts

= Target population

Program or

Intervention
Strategies

- App, web, or computer

- Therapist-assisted
or self-help

Search

We conducted a search on two electronic medical
databases—MEDLINE and Embase—on June 26, 2018. The
results were limited by published year (ie, 2009 to present) and
by language (ie, English). The three main reasons for initially
limiting the scope of the literature search in this study were as
follows: (1) thetendency of realist reviewsto develop acreeping
nature consuming excessive amounts of time and resources, (2)
the time-sensitive nature of the review given the relevance of
itsresultsto the opioid crisis, and (3) limited available resources.
Moreover, we restricted the literature search to the past 10 years
to ensure inclusion of current and relevant eHealth programs.
The search strategy consisted of three baskets of key terms:
substance use- and addiction-related keywords, eHealth- and
web-related keywords, and the three keywords prevention,
intervention, and treatment. Keywords under each group were
combined with the “OR” operator, while the groups were
merged with the “AND” operator. The three baskets helped in
limiting results to find papers that focused on interventions for
substance use using web-, computer-, or mobile-based
components. The search returned 3184 records (see Multimedia
Appendix 1). A gray literature search using Google and the
search string “web-based substance intervention” was limited
to the first 500 results and was completed on July 3, 2018.

Screening

Two reviewers independently screened the titles and abstracts
of all database results. Disagreements were discussed between
the reviewers and if not resolved, a third party in the research
team was consulted. Inclusion criteria were as follows: (1) the

http://www.jmir.org/2021/1/e20557/
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Mechanisms Outcomes

Triggered responses or - Engagement
reasoning of participants ]
to a program strategy —
delivered in a context

that leads to outcomes

- Adherence or retention

- Substance use

paper examined web- or computer-based interventions, (2) the
intervention targeted substance use (ie, acohol, tobacco,
cannabis, opioids, and stimulants), (3) theintervention tool was
not being used for an electronic medical record or an electronic
health record, (4) the intervention was not delivered via a
wearable device (eg, watch or pedometer), and (5) if the
intervention had telephone calls or text messaging as part of the
intervention, it was also accompanied by a web-based
component. Interventions that targeted only mental health
conditions without a substance use component were not
included. After removal of duplicatesand screening, 186 records
were included: 161 from MEDLINE and Embase and 25 from
the Google search. References of key paperswere tracked, and
experts were consulted to identify additional relevant articles
that were missed by the search. An additional 55 articles were
included through reference tracking and expert consultation,
resulting in atotal of 241 articles being reviewed in full.

Quality Appraisal and Data Extraction

Data extraction began with the use of an appraisal formto ensure
the fit of the papers for this review by examining rigor and
relevance (see Multimedia Appendix 2). The form was adapted
from the National Collaborating Centre for Methods and Tools
appraisal form, in addition to consultation with the research
team by pretesting the form to ensure its utility. Initially, the
team also appraised two articles together and discussed the
results asateam to ensure a consistent approach for this process.
In realist reviews, the appraisal process is not based on the
standardized evaluation of methodology that is typically used
in systematic reviews (ie, randomized controlled trial studies
possess the highest methodological standard) [17]. Rather, the
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appraisal process is based on the reviewer’s judgement of the
fitness of an article for that specific synthesis [17]. The
assessment of methodological soundness and trustworthiness
of the paper is based on the appropriateness of the methodol ogy
with what was stated as the goal or objective of the study. This
rigor was assessed using the following questions: (1) Did the
authors have clearly defined research goals? (2) Were the
research goals adequately addressed in the results and discussion
sections of the article? (3) Was the methodology used in the
study appropriate with respect to the research goals? and (4)
Overdll, did the study have reliability and validity? Following
these criteria, a study may be excluded for reasons such as the
sample size being too small or too homogeneous (eg, only
female). Relevance was ensured by considering whether the
paper had a direct relevance to our research project by
contributing to forming the program theory. During this process,
18 articleswere excluded because they did not meet rigor and/or
relevance requirements. Furthermore, after excluding study
protocolsand those articles that were not accessible, 208 articles
met theinitial review inclusion criteria and were used for data
extraction.

Data extraction was completed with a data extraction template
that collected information on intervention details, study setting
and context, results, and mechanisms. During this process, it
became clear that the scope of the synthesis was too broad,
given the limited time and resources available. To address that,
articles that were of the review type (ie, systematic reviews),
protocols, and cost-effectiveness studies were excluded from
the synthesis.

After preliminary data extraction, we further narrowed down
the scope to only focus on CBT-based programs. First, all
studies that looked at eHealth interventions that were based on
a CBT theoretical framework were identified. Second, studies
were excluded if (1) they solely addressed acohol and/or
tobacco use with no other substance use, (2) they were review
papers, and (3) they did not identify or discuss any mechanisms
of change. Alcohol and tobacco use eHealth interventions have
alargebody of literature devoted to them and they tend to target
a wide array of populations, which may result in very
heterogeneous contexts compared to other substance use
interventions. This study sought to narrow down its focus to
illicit substances, therefore excluding nicotine and alcohol. It
is important to note that recreational cannabis use was still
illegal in Canada at the time of the review and is still illegal in
most countries around the world, including in the United States
under federal law; therefore, these studieswereincluded in this
review. A total of 54 articles met the eligibility criteria after
refining the scope and were included in the final synthesis.

http://www.jmir.org/2021/1/e20557/
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Context-M echanism-Outcome Configurations

In order to study how different strategies and contexts produce
particular outcomes, each reviewer extracted candidate CM Ocs
based on qualitative discussionsfound in theidentified literature
that described how an intervention or parts of an intervention
may or may not work. The context and outcomes of the paper
were summarized in order to create full CMOcs that included
a program strategy, context, mechanism, and outcome. After
identifying al candidate CMOcs, along with their program
strategies, the quality of each CMOc was appraised using the
following criteria: (1) How rigorous and specific was the
CMOc? (2) Wasit possible to make aclear distinction between
program strategies (ie, mechanism resource) and mechanism
response? and (3) How relevant was the CMOc in improving
the understanding of, and providing strategiesto improve, eCBT
interventions for substance use? Reviewers analyzed studies
for themes in the candidate CM Ocs using keywords identified
in the mechanisms, outcomes, and program strategies. Four
reviewers rated and discussed the quality of the candidate
CMOcs (i, rigor and relevance) and, in consultation with the
principal investigator, candidate CM Ocswere reduced to afinal
set.

Results

A total of 54 papersfrom 24 unique programsthat are grounded
in CBT theory were reviewed. Eight CMOcs from five unique
programs met the inclusion criteria and were included in the
final synthesis.

Table 1 summarizes the eight CM Ocs that were included from
the reviewed literature regarding eCBT interventions [20-31] .
The study setting, which includes how and where the study was
carried out, isan important part of the intervention context. For
example, the Computer-Based Training for Cognitive Behavioral
Therapy (CBTACBT) studieswere delivered asablended model
combining CBT4CBT with treatment as usual, such as
methadone maintenance treatment for opioid use disorder, as
well as having a research associate available at all times to
answer questions related to the program. The Self-Help for
Alcohol and Other Drug Use and Depression (SHADE) and
CBT for insomnia (CBT-1) interventions, on the other hand,
were delivered to participants with the assistance of therapists
or clinicians. Out of the five programs, two were delivered in
a web-based format, two were computer-based interventions
(eg, using CDs or DVDs in an offline context), and one was
delivered as an app. Most interventions were targeting
individuals with SUDs.
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Table 1. Summary of components of the eight Context-M echanism-Outcome configurations (CM Ocs).

Shamset d

CMOc No. Context of intervention Program strategy Mechanism Outcome Program
1 Individuals with substance use disorder ~ The program focused  Improvement in coping Reduced cue-induced  cpT4CBT?
(SUD) onstrengthening coping  skills, strengthening of ex-  craving, resulting [20-23]
No human involvement; self-help electron- skills ecutive cognitive control,  from areduction of
ic cognitive behavioral therapy (eCBT) and reduction of attention-  attentional bias
d biastoward drug-related  Retention in treatment
cues Drug use and absti-
nence
2 Individualswith SUD and possiblecogni- The program material  Negative effect on self-ef- Reduced retentionin  CBT4CBT
tive impairment was prepared for higher  ficacy and commitment to  treatment [24,25]
No human involvement; self-help ecBT  literacy levelsand nor-  abstinence, specifically in - igher dropout rates
mal levels of cognitive  people with cognitive im-
functioning pairment
3 Individualswith SUD accessing Breaking The program provided  Recognition of problem Increased useof mod- BFO [26]
free Online (BFO) drug and alcohol treat- tailored feedback onthe areas ules that were high-
ment services acrossthe United Kingdom level of impairment on lighted red (ie, highest
No human involvement; self-help eCBT ~ €&ch module level of impairment)
4 Individualswith SUD accessing BFOdrug Completion of ahigher Dosageeffect (ie, morein-  Increased improve- BFO [26]
and alcohol treatment services acrossthe dose of moduleswas  terventiontaskscompleted ment in functioning
United Kingdom facilitated by the pro-  will lead to improved out-
No human involvement; self-help eCBT ~ 9ram comes)
5 Individualswith SUD accessing BFO drug  Participantsweregiven Recognitionof dysfunction- Reduced severity of ~ BFO [26]
and alcohol treatment services acrossthe cognitive restructuring  a beliefs alcohol dependence
United Kingdom training
No human involvement; self-help eCBT
6 Individualswith current comorbid depres-  The programwasde-  Feelings of empowerment  Increased clientinitia= gy pgP
sion and problematic alcohol and cannabis signed asaself-helpin-  and possible enhancement  tive and acceptability [27,28]
use tervention in problem-solving skills
Therapist clinician—assisted eCBT
7 Veterans with cannabis use disorder and ~ Participantswerere-  Feelings of accountability —Increased adherence  cgT.(©
current sleep problems minded to track behav- to tracking behavior  coach
Therapist clinician—assisted eCBT ror [29,30]
8 Veterans Users participated in Relatability and relevance  Improved likability, — cqpmpd [31]

No human involvement; self-help eCBT

focus groups and indi-
vidual feedback ses-
sionstoinform develop-
ment of the program

of content to target popula
tion (ie, veterans)

ease of use, and rele-
vance of the program

Increased engagement

8CBTACBT: Computer-Based Training for Cognitive Behavioral Therapy.
bSHADE: Self-Help for Alcohol and Other Drug Use and Depression.
°CBT-I: cognitive behavioral therapy for insomnia
dCHMF: Coming Home and Moving Forward.

CBT4CBT isacomputer-based program to help people stop or
reduce the use of substances, including a cohol. The two studies,
from four papers, included in this synthesis had 77 and 101
participants with mean ages of 40.6 and 43.1 years, respectively.
A total of 40% and 60% of participants were female,
respectively. We found that CBT4CBT, provided as part of a
blended model—treatment as usual (eg, methadone treatment
+ CBT4CBT)—of substance use treatment in the clinic for
people with SUD, can improve retention in treatment and
abstinence by strengthening participants’ coping skills and
executive cognitive control, aswell asreducing attentional bias
(ie, CMOc 1). The authors associate a reduction in attentional
bias with areduction in cue-induced craving [20-23].

http://www.jmir.org/2021/1/e20557/

Additionally, for CBT4CBT, two additional studies were
included. Participantsin the two studies had amean age of 42.3
and 38.3 years, respectively. Sample sizes were 52 and 120, of
which 40% and 33.3% were female, respectively [23,24]. We
found that cognitive impairment had a negative influence on
retention in treatment through affecting participant change
mechanisms, such as self-efficacy and commitment to abstinence
(ie, CMOc 2). Preparing material for low literacy levels can
possibly address this issue to some extent [32].

Breaking Free Online (BFO) is aweb-based rel apse-prevention
program that targets individuals with SUD. One mgjor study
with a large sample (N=2311) was included in our synthesis
and resulted in three CM Ocs. The mean age of the participants
in this study was 42.2 years (range 15-76) and 45% of the
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participants were female. We found that providing tailored
symptom feedback on biopsychosocial impairment (seeLifestyle
Balance Model in Davies et a [33]) that highlights areas the
user needs to work on will increase usage of those modules by
the user, because users are able to recognize the importance of
working on those areas with significant levels of impairment
(ie, CMQc 3) [26].

In the BFO study, we also found that the greater number of
modules completed, the greater the improvement reported in
functioning, due to the so-called dosage effect (ie, CMOc 4).
The dosage effect indicates that an increase in the number of
tasks or intervention strategies completed will lead to improved
outcomes; inthis case, agreater improvement in biopsychosocia
functioning [26].

Findly, in the BFO study, we found that in an eCBT
intervention, cognitive restructuring can help lower the severity
of alcohol dependence becauseit targets “ dysfunctional beliefs
that underpin and maintain unhelpful and unheathful
behaviours’ (ie, CMOc 5) [26].

The SHADE intervention is a computer-delivered motivational
trestment for individual swith co-occurring SUD and depression.
The mean age of the participantsin the SHADE study was 35.37
years (range 18-61), and 54% of the participants were female
inatotal sampleof 97. Inthetherapist clinician—delivered CBT
group, 19 out of 35 (54%) participants completed all sessions.
In the computer-delivered group, 15 out of 32 (47%) participants
completed all sessions. A total of 30 participants were not
assigned to any treatment group. The self-help nature of the
program, which alows users to take charge of their own
intervention, increased client initiative and, thus, treatment
acceptability through a sense of empowerment and enhanced
problem-solving skills (ie, CMOc 6). Client initiative is one of
the subcategories of treatment acceptability and describes the
extent to which a client feels that they are directing therapy.
The authors suggest that higher levels of client initiative are
associated with changes in acohol use. It has also been
suggested that the self-help nature of atreatment leadsto more
sustainable outcomes in the longer term [27,28].

CBT-I Coach is a mobile app designed to be an adjunct to
in-person CBT-I. Two studies of CBT-1 Coach were included.
Thefirst study had 4 male veterans with amean age of 47 years
(SD 16.31, range 27-65). The veterans diagnosed with DSM-5
(Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition) cannabis use disorder and sSleep problems were
randomized to receive a 2-week intervention with (1) the CBT-I
Coach mobile app (n=2) or (2) aplacebo, control mood-tracking
app (n=2). In the second study, the participants mean age was
48.50 years (SD 14.93). The total sample size was 18 and 39%
of the participants were female. The CBT-I Coach studies
suggest that including regular reminders (eg, daily notifications)
can help increase adherence to the tracked behavior, because
individuals feel like they are being held accountable to the
program (ie, CMOc 7) [29,30].

Coming Home and Moving Forward (CHMF) is a web-based
self-hel p program for recent combat veteranswith posttraumatic
stress disorder and substance use. M ean age and range were not
reported, but veterans were either part of focus groups (n=18)

http://www.jmir.org/2021/1/e20557/
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or individual feedback sessions (n=34). Each group had 4 female
participants. The veterans that participated in this study found
aweb-based intervention based on CBT principlesto belikable,
easy to use, and relevant to their experiences, because focus
group feedback helped to make the intervention more
contextually anchored in their experiences (CMOc 8) [31].

Discussion

Principal Findings

In thisreview, we sought to answer the following question based
ontheorigina realist review question: “How do different eCBT
interventions for substance use interact with different contexts
to produce certain outcomes?’ The review reveded some
strategies that could be used in some contexts in order to
improve substance use outcomes. The results of the review
identified five strategies that may be considered when
developing or implementing an eCBT intervention targeting
substance use.

Thefirst strategy isto consider addressing cognitive functioning
and/or impairment. Thereisabody of evidence on the potential
impact of cognitive functioning on treatment response and
substance use outcomes in web- or computer-based CBT
interventions[34-37]. Some authors suggest that more than 50%
of people entering substance use treatment have some level of
impairment [37-39]. Assessing neuropsychological functioning
and tailoring content to the appropriate level of cognitive
functioning is, therefore, important in order to improve
understanding of the material. Simplifying content or targeting
impairment directly via cognitive training are two other
strategies [40,41]. The program strategy identified in CMOc 3
may be applied to thiskind of impairment as well.

The second strategy is to tailor content to the user's needs.
Tailored content may help improve engagement and other
treatment outcomes [42]. One strategy identified in a program
that addressed cognitive functioning (ie, CMOc 3) assessed
levels of impairment in the aspects of the Lifestyle Balance
Model [33] and provided participants with tailored feedback,
highlighting the most important modules to work on. This
resulted in highlighted modules being worked on more, and
those modul esresulted in greater improved treatment outcomes
in comparison to modules that were worked on less [26].

Third, cognitive restructuring has been effectively used in
dealing with negative thoughts [43]. Thereis evidence that the
delivery of cognitive restructuring material can be effectivein
adigital context. In astudy conducted on BFO [26], completion
of the negative thoughts, cognitive restructuring, Lifestyle
Balance Model intervention strategies was associated with
improved outcomes across all measures, including severity of
alcohol dependence, depression, anxiety, and quality of life.

Fourth, our review revealed that despite increasing focus on
including users experiences and perspectives in the
development of new solutions, existing solutions were more
often adaptations and digitalization of conventional treatment
approaches. This does not leave much room for involvement
of usersin forming the digital solution. One program targeting
veterans used focus groups to make the intervention more
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tailored to the veterans' needs. As aresult, veterans described
the program as likable, easy to use, and relevant to their
experiences [31]. This shows the importance of including the
target population in the early stages of the intervention design.

Finally, engagement is a key ingredient that needs attention in
order to increase usage, retention, and adherence to an eHealth
intervention [42,44]. This review identified multiple strategies
that can be used to improve engagement of users with the
program. The dosage effect explains that an increase in usage
of moduleswill lead to greater improvement in desired outcomes
[26]. Facilitating the completion of intervention strategies and
modules should be a key focus of eCBT interventions.
Additionally, if utilized well, the self-help nature of some
interventions may be an advantage, as it may increase client
initiative and, thus, acceptability of the program (ie, CMOc 6).
Making sure additional criteria for acceptability are met, such
as ease of use and an intuitive system design (eg, by applying
cocreation principles in the design and development of
interventions), can further help to improve engagement and
other treatment outcomes. As described in CMOc 7, timely
reminders can also play an important role in improving
engagement with programs.

Limitations

Themajority of publicationsin thisfield reported on randomized
controlled trials. An issue with conducting a realist review on
these types of publications is that their primary focus is on
guantitative results without any attempt to interpret the
mechanisms. Thus, any realist review must generally focus on
screening of the discussion section of publications to identify
author opinions or any qualitative information that may shine
a light on the mechanisms of how certain interventions work.
Very few of the studies published in the literature on eHealth
CBT interventions for substance use provided enough
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information to investigate the theory and the mechanisms that
drove the intervention outcomes in different contexts. As such,
most of the information was inferred from an appraisal of the
authors' comments, and subjectivity of these inferences must
be acknowledged. Only one study statisticaly analyzed
mechanisms of action [26].

Another limitation is the lack of reporting of more proximal
outcomes in the studies; for example, retention or adherence
outcomes, changes in perception, willingness to change, and
self-efficacy. Although long-term goals, such as reducing
substance use, are crucial for understanding effectiveness of
interventions, proximal outcomes may be of help when trying
to understand the mechanisms of action behind the effects.

Conclusions

To our knowledge, thisisthe first published realist review that
aims to identify what works for whom in eCBT interventions
that target SUD. The review identified eight CMOcs from five
programs, and we discussed five strategies that we have
identified through synthesis of the findings from the CMOcs:
addressing cognitive functioning, tailoring content to user needs,
addressing negative thoughts, cocreation, and addressing
engagement. These strategies, among others, may be considered
when devel oping or making funding decisionsregarding eCBT
programs for SUD. eCBT interventions are an increasingly
popular tool for program developers for addressing substance
use problems, yet additional research is needed to identify what
factorslead to desired outcomes and to explain the mechanisms
of change. Thus, future studies should focus on clearly defining
the components of anintervention, recording these mechanisms,
and defining their relationship to outcomes and context, in order
to better understand what components of a program work and
why.
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Abstract

Background: The broad availability of smartphones and the number of health apps in app stores have risen in recent years.
Health apps have benefits for individuals (eg, the ability to monitor one's health) as well as for researchers (eg, the ability to
collect datain popul ation-based, clinical, and observational studies). Although the number of health apps on the global app market
ishuge and the associated potential seemsto be great, app-based questionnairesfor collecting patient-related data have not played
an important role in epidemiological studies so far.

Objective: This study aims to provide an overview of studies that have collected patient data using an app-based approach,
with aparticular focus on longitudinal studies. Thisliterature review describes the current extent to which smartphones have been
used for collecting (patient) data for research purposes, and the potential benefits and challenges associated with this approach.

Methods: We conducted a scoping review of studies that used data collection via apps. PubMed was used to identify studies
describing the use of smartphone app questionnaires for collecting data over time. Overall, 17 articles were included in the
summary.

Results: Based ontheresultsof thisscoping review, thereare only afew studiesthat integrate smartphone appsinto data-collection
approaches. Studies dealing with the collection of health-related data via smartphone apps have mainly been developed with
regard to psychosomatic, heurodegenerative, respiratory, and cardiovascular diseases, as well as malign neoplasm. Among the
identified studies, the duration of data collection ranged from 4 weeksto 12 months, and the participants mean ages ranged from
7 to 69 years. Potential can be seen for real-time information transfer, fast data synchronization (which saves time and increases
effectivity), and the possihility of tracking responses longitudinally. Furthermore, smartphone-based data-collection techniques
might prevent biases, such as reminder bias or mistakes occurring during manual data transfers. In chronic diseases, rea-time
communication with physicians and early detection of symptoms enables rapid modifications in disease management.

Conclusions: The results indicate that using mobile technologies can help to overcome challenges linked with data collection
in epidemiological research. However, further feasibility studies need to be conducted in the near future to test the applicability
and acceptance of these mobile apps for epidemiological research in various subpopulations.

(J Med Internet Res 2021;23(1):€17691) doi:10.2196/17691
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apps; questionnaire; survey; epidemiology; healthcare
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Introduction

Fischer & Kleen

Methods

Worldwide, there were 2.39 hillion smartphone usersin 2017,
and this number is predicted to exceed three billion by 2021
[1]. Undoubtedly, smartphones have become part of everyday
life for many people around the world. Alongside the increase
in smartphone use, the market for smartphone apps has risen
massively in recent years [2]. In health care, it is anticipated
that apps have the potential to decrease both spatial and
administrative barriers [2]. However, removing barriersis only
one potential outcome resulting from the use of these
applications. The market for mHealth apps is growing rapidly.
In 2015 aone, there were more than 100,000 new health apps
published in relevant app stores, with approximately threebillion
downloads of apps related to health, fitness, and medicine [2].
In comparison to 2013, the number of downloaded apps has
almost doubled [2]. Consumers use apps to track steps, heart
rate, sleep patterns, and so forth. Smartphones also function as
new tools for measuring the health of individuals. Moreover,
smartphone apps may deliver data at the population level. For
that reason, smartphones are expected to be beneficial to health
care research and epidemiological studies. Over the last two
decades, surveys have ceased to exclusively use traditional
methods of data collection, such as paper or telephone-based
guestionnaires; questionnaires have instead been developed
using electronic systems, such as internet-based surveys and
personal digital assistants. Although there has been ahugerise
in the use of smartphones, issues regarding the benefits and
potential uses of app-based questionnaires still need to be
addressed [3]. Various studies have devel oped smartphone apps
for educational or communication purposes for medical school
students and clinicians [4]. However, only afew questionnaires
on smartphone apps have been used in clinical settings, such as
in sleep disorder tracking and for the administration of
psychiatric questionnaires [5-7]. Beyond epidemiology, public
health, and health servicesresearch, there are approachesin the
field of cognitive science that have also detected the potential
for data collection via smartphone apps[8].

Although data collection using smartphone apps has not yet
been comprehensively studied and is not very frequently used,
the availability of and accessto smartphones among theworld’s
population raises the potential for large-scale surveys in
(longitudinal) population-based studies. This scoping review
focuses on studies investigating the acceptability, feasibility,
and performance of mobile apps for data collection in
longitudinal studies, irrespective of the studies purposes (eg,
measuring vital parameters, providing questionnaires) or the
types of apps in question (eg, apps that are medical products
prescribed by physicians or those that are lifestyle products
selected by users). To guide the scoping review, we focused on
the following 4 overarching research questions: 1) which types
of studies (feasibility/pilot vs full-scale) have been conducted
to date, 2) over what period of time has data been collected
within these studies, 3) which specific target groups (eg,
children, elderly, migrants) have been included in the studies,
and 4) what potential benefits and challengesto app-based data
collection are described in the studies?

http://www.jmir.org/2021/1/e17691/

We conducted a scoping review using PubMed. In thefirst step,
we employed a broad search strategy to include al articles
dealing with apps, smartphone devices, or mHealth in the
context of data-collection activities. Hence, thefollowing search
algorithm was used:

(app[ Title/Abstract] OR appg[ Title/Abstract] OR

smartphone* [ Title/Abstract] OR
mHealth[ Title/Abstract] OR “mobile
health” [ Title/Abstract] OR mobile

phone*[ Title/Abstract] ) AND (cohort*[ Title/Abstract]
OR survey*[Title/Abstract] OR
questionnaire* [ Title/Abstract])

All articles published up to December 31, 2017 were considered
by two independent reviewers. This led to 1922 matches after
incorporating the predefined filtersfor studies conducted among
humans and those written in the requi site publication language(s)
(English or German). The following main exclusion criteria
were defined a priori:

«  SMS-based approaches (including SMS reminders and
supportive text messages in interventional studies)

«  Web-based approaches/questionnaires, which can also be
conducted on smartphones

«  Nomophobia (fear of being out of cellular phone contact)

- Distraction by smartphones while driving

« “App" asan abbreviation for unrelated issues (eg, amyloid
precursor protein)

«  Screen mediatime usage among children or adolescents

«  Mobile phone access and usage in various populations

« Vdidation of paper-based compared with
software/app-based questionnaires

«  Articles dealing with Electronic Health Records

« mHealth interventions using apps only for treatment or
educational purposes (eg, limited to disease treatments)

After screening all articletitlesand abstracts against the criteria
listed above, 1808 articles were excluded. This led to 114
articles for which areview of the full text was performed. Due
to thelarge number of articles still remaining, further exclusion
criteriawere defined and the particular reason for exclusion was
documented. Using this procedure, 97 further articles were
excluded for the following reasons:

«  Cross-sectional study design [9-15]

«  Qualitative study design [16]

«  Study protocol [17]

«  App without purpose of data collection [18-26]

«  Apponly for self-monitoring or willingnessto self-monitor
disease or certain lifestyle measures (no data storage for
researcher) [27-48]

« Mobiletype programs/programmed phones, personal
monitors, or ecological momentary assessment protocols
displaying on mobile phone screens (without the
involvement of an app) [49-52]

«  Advanced data-collection systemswithout the need for data
entry by the patient/interviewee (eg, using Global

JMed Internet Res 2021 | vol. 23 | iss. 1 |e17691 | p.171
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Positioning System location and phone usage data
automatically) [53-55]

« App as assistive working tool for researchers or medical
staff (no data entry from interviewees/patients) [56-73]

«  Study duration less than one month or one-time data entry
[47,74-100]

« No possibilities, problems, or perspectives mentioned in
the study [101]

« Reviews dealing with smartphone apps, mobile phone
surveys, and new data-collection methods in general
[102-105]

Thus, studiesincluded in the review met the following criteria:

- Datacollection with asmartphone app, including apps used
for disease screening

- Apps either prescribed by a physician or selected by the
user

«  More than self-management functions

« App available on smartphone

Figure 1. Flowchart of the scoping review.

Database research in PubMed
(n=1822)

Fischer & Kleen

- Dataentry completed by theinterviewees/patients (or close
relatives)

«  Repeated data entry on alongitudinal basis (more than one
month)

- Possibilities, problems, and perspectives of data-collection
apps described

- Feasibility studies with attitudes toward
sharing
health information (with researchers or physicians) within
smartphone apps or smartphone devices

The final summary consisted of 17 studies, which were
summarized using content analysis (Figure 1). There were 3
guiding questionsfor the content analysis: (1) in which settings
have apps for data collection been used so far, (2) what
challenges and requirements exist regarding the implementation
of apps, and (3) what potential does data collection with
smartphone devices have? These aspects are synthesized in the
Results based on those aspects described in the primary articles.

k4

Full text articles assessed
(n=144)

k J

Included in the review
(n=17)

Results

Overview: StudiesCoallecting Patient Health Data Over
Time
A total of 17 studies were included in the synthesis of the

scoping review (Table 1). These studies were conducted for the
following reasons:

- Totrack real-time changesin symptom(s) (severity) or other
disease-related patterns (for creating modified/redefined
treatment plans) [106-115]

- To determine users compliance and engagement with
technology adoption, patient data collection, and provider
communication with smartphone app [107,111,112,114,115]

http://www.jmir.org/2021/1/e17691/

Exclusion:
Screening of titles and abstracts
(n=1808)

Exclusion:
Screening of full texts
(n=97)

+ Totest an app for aftercare assessment [116-118]

« To screen for certain (disease or patient-related) outcomes
[119]

« Todevelop an app-based participatory surveillance system
for collecting syndromic data [120]

« To provide a practica guide to developing and
implementing alongitudinal study with an app [121]

Of these 17 studies, 7 were feasibility or pilot studies. The
country with the largest number of studies was the US (7/17);
2 studies based in Sweden and 2 more were based in the
Netherlands. All (feasibility/pilot and full-scale) studies on data
collection over alonger period of time using smartphone devices
used a medical or health-related indication, with a wide range
of indication areas. The two main indication areas were
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psychosomatic disorders (eg, depression, mood, post-traumatic
stress disorder) and neurodegenerative diseases (eg, Parkinson
Disease). The other studies focused on indication areas such as
respiratory diseases (eg, asthma), cardiovascular diseases (eg,
acute stroke, atria fibrillation), malignant neoplasms (eg,
prostate cancer), sleeping disorders (eg, insomnia, sleep apnea),
infectious diseases (eg, acute febrileillness and gastroenteritis),

Table 1. Overview of studiesincluded in the scoping review.

Fischer & Kleen

weight loss in obese people, gestational diabetes mellitus,
abdominal surgery, chronic pain, and drinking behavior in
adolescents. Target groups were related to pregnancy
(breastfeeding [108], depression [109], and gestational diabetes
mellitus [122]) or focused on children [120] and young people
[119].

Reference Feasibility or  Country Indicationarea  Study design  Duration of Participantsat  Specific target
pilot study datacollection baseling, n group
Bot et a (2016) [106] O us Parkinsondisease Observational 6 months 8320 N/A2
Burke et a (2017) [121] ad us Obesity Observational 12 months 151 N/A
Chan et al (2017) [107] xP us Asthma Observational 6 months 7593 N/A
Cooray et al (2015) [116] X Sweden Stroke Cohort 2 months 48 N/A
Demirci and Bogen (2017) [108] X us Breastfeeding Observational 8 weeks 61 Pregnancy
Faherty et a (2017) [109] X us Depression Cohort 8 weeks 36 Pregnancy
Horsch et a (2017) [110] X Netherlands Insomnia RCT® 6-7 weeks 151 N/A
(with 3-month
follow-up)
Isettaet a (2017) [111] | Spain Obstructivesleep Observational 6 weeks 60 N/A
apnea
Jamison et a (2017) [112] | us Chronic pain Observational 3 months 105 N/A
(with option
for 6 months)
Labhart et a (2017) [119] X Switzerland  Alcohol consump-  Observational 7 weeks 176 Young people
tion
Noeet a (2017) [113] X Wales Mood tracking Observational 8 weeks 76 N/A
Olson et a (2017) [120] X Guatemala  Acutefebrileill-  Cohort 9 months 469 Children
ness and acute
gastroenteritis
Pavliscsak et a (2016) [117] g England PTSD and/or TBI RCT 36 weeks 95 N/A
in rehabilitation
Peleg et a (2017) [122] g Italy and Atrid fibrillation Cohort 9 months 29 Pregnancy
Spain and gestational
diabetes mellitus
SilvadeLimaet al (2017) [114] X Netherlands Parkinsondisease Observational 6-13 weeks 953 N/A
and North
America
Sundberg et a (2017) [115] X Sweden Prostate cancer  Intervention 11 weeks 130 N/A
Symer et a (2017) [118] | us Abdominal Observational 4 weeks 31 N/A
surgery

3N/A: not applicable.
bStudies marked with an “X” are not feasi bility or pilot studies.
®RCT: randomized controlled trial.

The sample sizesdiffered greatly, ranging from 29 to 8320 study
participants at baseline. The participants mean ages ranged
from 7 years [120] (athough children did not enter data
unsupervised, and so parents were necessarily involved) to 69
years [115], although not every study provided information on
the (mean) age of study participants. The majority of studies
(10/17) had an observational design, with one using an
ecological momentary assessment [121]. Of the observational
studies, 4 were cohort studies, 2 were randomized controlled

http://www.jmir.org/2021/1/e17691/

trials, and 1 was a nonrandomized controlled intervention trial.
Theduration of datacollection varied between the studiesfrom
4 weeks to 12 months. Further details are provided in
Multimedia Appendix 1.

Potential of Using Smartphone Devicesfor Data
Collection Over Time

Within the reviewed articles, several potential benefits of using
smartphone devices for data collection are described. Firstly,
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automatic push notifications offer the potential to providedaily,
weekly, or monthly remindersor any kind of information[117].
This can be linked to multiple further functions, showing
advantages for researchers aswell asfor users. For that reason,
an app can be used as adata-collection tool or asareminder for
the elderly, has potentia for self-interventions (eg, when users
can track their symptoms), and can be used for real-time
information transfer. Patients tracking their symptoms, for
example, can use appsto help themselves monitor their diseases,
aswell as help physiciansto create tailor-made treatment plans
[117]. Some other advantages can be derived from sharing
real-time data between researchers via (secure) platforms as
well as storing and replacing data from one software function
to another without dataloss or mistakesin dataentry [106,116].
Rapid data synchronization between data entry (from the user)
and demand-oriented provision of the data (for the researcher
or the physician) isalso possible[116]. Dataentry occurs almost
simultaneously with its storage and access, which saves time
and increases effectivity. With the support of smartphone
devices, data collection is possible on a daily basis over long
periods of time, and questionnaire responses can be tracked
longitudinally [117]. Smartphone-based interventions, or
aftercare assessment via the smartphone (in lieu of going to a
hospital or seeing a physician), remove barriers and save time;
they also remove administrative barriers and travel difficulties
(eg, for aftercare assessment). Furthermore, data loss due to
reminder bias can be prevented [116].

With sensitive (health) data, there is always a need for data
protection. When using secure data storage and unique random
codes for user identification, anonymity and data security can
be ensured by using apps[106,117].

Challengesin Using Smartphone Devices for Data
Collection Over Time

Although data collection with smartphone apps has great
potential, there are also challenges and disadvantages. Asisthe
case for traditional methods of data collection, follow-up with
smartphones can be nonuniform [106]. For that reason, users
(or patients') engagement and compliance over longer periods
of timeisacritical issue. Optimally, for conducting studies on
smartphone devices, people need to own smartphones with an
available mobileinternet connection. Otherwise, it is necessary
to provide these devices to the participants. This might be
feasible for a cross-sectional study of short duration, but for
large sample sizes and over longer periods of time this is an
obstacle[110]. Furthermore, participant-related preferencesare
to carry no more than one device [109,121]. Overall, arisk of
loss to follow-up exists [108], as in other longitudinal data
collections, which might be due to either lack of motivation or
technical issues, such as poor data signal or participant
discomfort using mobile phones [120]. Therefore, interactive
and feedback elements and rewards may lead to greater
adherence [112,113].
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Discussion

Overview

Although the studies identified in this scoping review claimed
significant potential for health-related data collection using
smartphone devices, it isobviousthat very few approaches have
integrated these devicesinto clinical or epidemiological research
activities so far. Thisis particularly true for the data collection
in longitudinal study designs. Although apps can be simply
tailored to the needs of target groups [12], only a few studies
[108,109,120,122] focused explicitly on specified groups. Most
of the articles identified in this review dealt with a particular
medical or health-related issue. However, apart from pregnancy
and childhood, the study participants consisted of nonspecific
target groups. For example, we were not able to identify any
study particularly focusing on migrant populations. Therefore,
the main result of this overview about mobile apps for data
collection in epidemiological research is that further studies
and, depending on the results of such studies, adequate solutions
for implementing modern technologies for data collectionin a
priori defined target groups is urgently needed. Thisis also a
requirement for achieving high usability. Althoughit ispossible
to design an app using free or low-cost development toals, this
can be difficult when app designers are unfamiliar with these
tools. In such cases, a pilot test with a subpopulation is highly
recommended [11]. This is particularly important because a
previous study [10] has indicated greater commitment and
engagement in using app-based data collection tool s, especialy
among young and middle-aged populations as compared to
older populations.

General population surveys frequently do not adequately
represent population subgroups. This challenge is reinforced
by the fact that specific groups, such as migrants or refugees,
are difficult-to-sample populations. These challenges apply to
the fact that such difficult-to-sample populations can be rare,
difficult to locate, difficult to enumerate, and/or difficult to
interview [123]. Therefore, the implementation of mobile apps
for data collection might be particularly suitable for vulnerable
but also highly mobile populations, such asmigrants, in general,
or refugees in particular. Accurate data about health status,
health determinants, use of health-care services, and risk
behaviorsamong migrants are needed in order to monitor health
and improve health services among this population subgroup
[124]. As of yet, health-related data on migrants, and refugees
in particular, are scarce, and data-collection approaches face
several methodological limitations.

As aready highlighted in a narrative review of data-collection
practices for monitoring migrant health in Europe [124], there
areseveral legal obstaclesrelated to data protection which need
to betaken into account. Dueto the recently enforced European
General Data Protection Regulation [125], aspects of informed
consent, privacy and confidentiality, and theright to withdrawal
or omit itemswill receive further attention in the future. These
new data protection regulations need to be kept in mind when
devel oping and implementing data-collection tools. Thesetools
should provide additional information to already established
instruments such as the census, death registers, and disease
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surveillance systems. These established instruments only
partially include information on migration status, and if they
do, theinformationisonly available at ahighly aggregated level
[126]. Further information on the health of migrantsisavailable
based on epidemiological studies of population samples using
medical diagnoses [127]. However, these analyses face the
challenge that migrants may encounter barriers in accessing
health services. This may lead to an underestimation of the
disease burden [127].

To overcome these challenges, which lead to an
underrepresentation of specific subgroups and, therefore,
insufficient datafor action [128], several measures have already
been taken. These measures include, but are not limited to,
disproportionately allocated sampling, multiplicity sampling,
and the use of multiple frames. However, it hasto be noted that
oversampling of people with a migration background is not
sufficient to avoid systematic bias in the sample due to
nonparticipation. Further measures, such as personal contacting,
multilingual instruments and interviewers, and extensive public
relations, have to be taken into account. All of this can be done
within smartphone-based apps. For the target groups of migrants
in epidemiological studies, no singe simple solution exists
[123,129,130]. However, studies indicate that constant
communication and follow-up of study participants enhances
the response rates in longitudina studies and improves the
quality of data[131]. For that reason, mobile apps may provide
solutionsfor overcoming common challengesin epidemiol ogical
data collection.

Limitations

Overall, theresults of this scoping review need to beinterpreted
with caution. We were only able to provide a broad overview
of challenges and potential benefits linked with data collection
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Conclusions

It appearsthat the challenges connected to data collection among
migrant subgroups can be overcome by using the innovative
technologies of mobile apps. These approaches alow the
recruitment of study participants from diverse ethnic
backgrounds when designed in a migration-sensitive,
cross-language, and cross-cultural fashion. Continuing contact
with study participants can be ensured during longitudinal
studies. Thisis of particular relevance for mobile populations,
such as refugees, who might not have reached their place of
destination at the time of recruitment. Furthermore, due to the
cost-effectiveness of app-based data collection, the challenges
of small sample sizes and low response rates can be at |least
partially overcome. However, feasibility studies need to be
conducted in the near future to test the applicability and
acceptance of mobile appsfor epidemiol ogical research among
various subpopulations.
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Abstract

Background: A population-level survey (PLS) is an essential and standard method used in public health research that supports
the quantification of sociodemographic events, public health policy development, and intervention designs. Data collection
mechanismsin PL S seem to be a significant determinant in avoiding mistakes. Using electronic devices such as smartphones and
tablet computers improves the quality and cost-effectiveness of public health surveys. However, there is a lack of systematic
evidence to show the potential impact of electronic data collection tools on data quality and cost reduction in
interviewer-administered surveys compared with the standard paper-based data collection system.

Objective: Thissystematic review aimsto evaluate theimpact of theinterviewer-administered electronic data collection methods
on data quality and cost reduction in PLS compared with traditional methods.

Methods: We conducted a systematic search of MEDLINE, CINAHL, PsycINFO, the Web of Science, EconLit, Cochrane
CENTRAL, and CDSR to identify relevant studies from 2008 to 2018. We included randomized and nonrandomized studies that
examined data quality and cost reduction outcomes, as well as usability, user experience, and usage parameters. In total, 2
independent authors screened the title and abstract, and extracted data from selected papers. A third author mediated any
disagreements. The review authors used EndNote for deduplication and Rayyan for screening.

Results: Our search produced 3817 papers. After deduplication, we screened 2533 papers, and 14 fulfilled theinclusion criteria.
None of the studieswere randomized controlled trials; most had a quasi-experimental design, for example, comparative experimental
evaluation studies nested on other ongoing cross-sectional surveys. A total of 4 comparative evaluations, 2 pre-post intervention
comparative evaluations, 2 retrospective comparative evaluations, and 4 one-arm noncomparative studies were included.
Meta-analysis was not possible because of the heterogeneity in study designs, types, study settings, and level of outcome
measurements. Individual paper synthesis showed that electronic data collection systems provided good quality dataand delivered
faster compared with paper-based data collection systems. Only 2 studies linked cost and data quality outcomes to describe the
cost-effectiveness of electronic data collection systems. Field data collectors reported that an electronic data collection system
was afeasible, acceptable, and preferabletool for their work. Onsite data error prevention, fast data submission, and easy-to-handle
deviceswerethe comparative advantages offered by el ectronic data collection systems. Challenges during implementation included
technical difficulties, accidental dataloss, device theft, security concerns, power surges, and internet connection problems.
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Conclusions: Although evidence exists of the comparative advantages of electronic data collection compared with paper-based
methods, the included studies were not methodologically rigorous enough to combine. More rigorous studies are needed to
compare paper and electronic data collection systemsin public health surveys considering data quality, work efficiency, and cost

reduction.
International Registered Report Identifier (IRRID):

(J Med Internet Res 2021;23(1):€21382) doi:10.2196/21382

KEYWORDS

RR2-10.2196/10678

electronic data collection; demographic and health survey; tablet computer; smartphone; mobile phone

Introduction

Until well-established civil and vital statistics systems are in
placein low- and middle-income countries (LMIC), monitoring
sociodemographic events using data on vital societal statistics
will remain dependent on aternative data sources. Public health
surveys—such as censuses, demographic and health surveys
(DHS), and hedlth and demographic surveillance—serve as a
data lifeline for these countries [1,2]. Mortality and morbidity
indicators, service utilization, and population-level program
impact evaluations are usually calculated from household-level
data. Further analysis of these population-level epidemiologic
indicatorsis helpful inidentifying the determinants of mortality
and morbidity. Data collection and management isthe first step
in the process of evidence generation from household surveys,
in which data quality errors could be introduced or prevented.
Avoiding errors at this stage is the first-line choice to avoid
inherited errorsin further data management processes[1,3,4].

Thecurrent classical datacollection and management processes
inLMIC are heavily dependent on paper-based manual methods
[4,5]. Paper-based data collection requires extensive human and
material resources, especialy for large-scale surveys. It aso
incurs high printing and data entry costs and requires extradata
quality assurance steps during and after data collection.
Moreover, it takes a long time for an error-free data set to be
ready for analysis [6,7]. Theintrinsic mode of paper-based data
collection affects the data quality, timeliness, and cost of survey
implementation, among other factors [8-10].

The rapid development of the global telecommunications
infrastructure provides an opportunity for mobile and wireless
technologies (mobile health [mHealth]) to support health
services and research. Harnessing this technology’s potential,
particularly in LMIC where the disease burden is highest, is
becoming a popular strategy led by relevant activitiesin World
Health Organization member countries [11]. There are diverse
mHealth solutions broadly categorized as a tool to support
communication between hedth service institutions and
individuals. These include hedlth call centers; reminders to
attend appointments; providing access to information and
education for health care professionals, for example, accessto
electronic health care databases and clinical decision support
systems; and supporting health monitoring and surveillance (eg,
data collection and reporting in health surveys, surveillance,
and patient monitoring) [12].

The implementation of tablet- or smartphone-based data
collection tools is becoming increasingly popular in public

http://www.jmir.org/2021/1/e21382/

health surveysto mitigate challenges encountered i n paper-based
datacollection [13,14]. Compared with face-to-faceinterviews,
a self-administering mode of electronic data collection tools
could potentially increase the response rate among stigmatized
groups. These tools have been tested in the contexts of drug
abuse [15] and sexual health or HIV [16-18] in public health.
The findings conclude that respondents prefer electronic data
collection tools asasolution for reporting sensitive information.

Considering data collectionin clinical trials, electronic clinical
report forms (eCRF) show a potentia advantage over
paper-based clinical case report forms (CRF) [19-22]. Studies
have identified the relative advantages of electronic data
capturing tools in terms of data quality, timeliness, and
implementation cost.

A handful of experience reports are available on the use of
electronic data collection methods in health and demographic
surveillance systems (HDSS) in the International Network for
the Demographic Evaluation of Populations and Their Health
(INDEPTH) network. The HDSS site in Malawi used an
OpenHDS data system as a means of GPS data collection [23].
One surveillance site in Kenya also reported the adoption of
technological innovation using OpenHDS to manage a
large-scale malaria survey in western Kenya. The findings
asserted that electronic data collection (EDC) enabled the
collection of demographic and malaria data quickly and
effectively. Moreover, the possibility of real-time data quality
controls using the system led to an efficient workflow and
subsequent cost savings[24]. The Kombewa HDSS in Kenya
also collected data electronically using PDAs and computer
notebooks [25,26]. Since 2010, the Magu HDSS sitein Tanzania
has used EDC to enable enumerators to record household
information directly in the PDA [27]. The Dabat HDSS sitein
northwest Ethiopia also reported the use of PDAS as a means
of data collection [6,28]. Most HDSS and DHS till use a
paper-based data collection system, and those sites with EDC
implementation experience have rarely published their
experience or the comparative impact of EDC and paper-based
data collections. Despite the individual implementation
experiencesthat suggest that EDC tools can improve dataquality
and work efficiency and reduce overall survey costs, systematic
reviews of the available evidence are limited. The focus of the
available systematic reviewsis primarily on the mixed potential
of mHealth, not specifically on the impact of mobile devices
on improving the data coll ection and management processesin
surveys[13,29,30]. Therefore, the impacts of EDC tools in
surveys need to be separately analyzed and reported. The
available Cochrane systematic review on the impact of data
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quality parameters focuses on self-administered EDC tools and
excludesinterviewer-administered methods[14]. In the case of
face-to-face interviews, the data collection process involves
interaction between the questionnaire, respondent, and
interviewer. The difference in the mode of questionnaire
administration can have serious effects on data quality [9].
Moreover, conducting faceto-face surveys has more
organizational costs involved than self-administered surveys.

Therefore, a  systematic review that  considers
interviewer-administered data collection may complement this
evidence. Wefound no systematic review that analyzed the data
quality and cost-effectiveness of electronic and paper-based
interview-administered public health surveys. The objective of
this systematic review isto synthesi ze the evidence on the effect
of using EDC systems on data quality and cost reduction in
public health surveys, with a focus on studies reporting
comparative impacts of paper-based data collection and EDC.

Methods

We registered a detailed protocol with PROSPERO, an
international database of prospectively registered systematic
reviews, with the registration number CRD42018092259.
PRISMA (Preferred Reporting Items for Systematic Review
and Meta-Analysis) guidelines were used to report our
systematic review [31,32]. The protocol of this study has been
published [33].

Inclusion Criteria

We assessed studiesthat investigated the effect of EDC methods
on improving the data quality and cost-effectiveness in public
health surveys or surveillance, compared with traditional
paper-based data collection methods. We included all mobile

Table 1. Subject term trandations for individual databases

Zelekeet a

apps with technologies that directly support the data collection
process by enabling data collectors and interviewers to collect
and send dataaswell as enabling supervisors and datamanagers
to monitor the data collection process. The study participants
included in our review are defined as data collection tool users
who use amethod of data collection.

Studies with the following characteristics were included:

«  Thestudy compared either dataquality or cost-effectiveness
or both as primary outcomes and reported thesein the paper.

« The intervention consisted of mobile information and
communication technol ogy devices along with mobile apps,
which include PDAS, cellphones, smartphones, and tablet
computers—devices used specifically for data collection
and reporting processes during surveys.

- The control and intervention groups were compared in
face-to-face interview-administered surveys conducted at
the household level.

- Demographic surveillance sites were based on clinical
settings and not mandated for standard clinical trials (eg,
CRF vs eCRF).

« The paper was published between January 2008 and
December 2018.

Search Information Source and Search Strategies

Studies were identified through systematic searching in the
following el ectronic databases. MEDLINE viaOvid, CINAHL
via EBSCO, PsycINFO via Ovid, EconLit via EBSCO, the
Social Science Citation Index, the Science Citation Index via
the Web of Science and CENTRAL, and the Cochrane Library
(Table 1). In addition, the reference lists of al the included
citationswere screened. We also searched clinical trial registries
for unpublished and in-progress studies.

MEDLINE and Cochrane PsycINFO

CINAHL

Mobile applications Not available
Computers, handheld

Electronic health records Not available
Cell phone Cellular phones
Surveys and questionnaires Surveys; questionnaires
Interviews as topic Interviews
Costs and cost analysis Costs and cost analysis

Data accuracy Not available

Mobile devices, computer peripheral devices

Mobile applications

Computers, handheld

Electronic health records

Cell phone

Data collection methods

Included in data collection methods
Costs and cost analysis

Not available

The search strategy reported in the protocol was refined and
updated in collaboration with aresearch librarian. This strategy
considered 3 categories: the technology or intervention used
(eg, mobile device, mobile phone, mHealth, or EDC), area of
application (eg, datacollection, demographic and health survey,
or large-scale survey), and the outcome of interest (eg, data
quality, missing data, and cost-effectiveness). We linked
synonyms and controlled vocabulary with Boolean operators

http://www.jmir.org/2021/1/e21382/

OR and the categories with the operator AND. Textbox 1
presentsthe search strategy in MEDLINE viaOvid. Appropriate
modifications to control for vocabulary and syntax were made
to the search strategy for each database (Textbox 1). Additional
search strategiesfor PsyclNFO, CINAHL, Web of Science, and
Cochrane databases are presented in the supplementary file
(Multimedia Appendix 1). All searches were conducted in
January 2019.
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Textbox 1. Search strategy in MEDLINE via Ovid.

MEDLINE(R) and Epub Ahead of Print, via Ovid

1. (((tablet or handheld or hand held or electronic) adj2 (device* or computer*)) or ((electronic or digital) adj2 (form? or data capture* or survey* or
case report form? or data collection?)) or Open Data Kit or ODK or EDC or eCRF or eHealth or mHealth or digital health or Android or tablet? or
PDA? or personal digital assistant? or app? or (mobile adj2 (technolog* or application? or app?)) or ((maobile or cell* or smart) adj2 phone*) or
smartphone* or cellphone*).ti,ab.

2. exp “mobile applications’/

3. exp "computers, handheld”/

4. exp “electronic health records’/
5. exp “cell phone’/

6. or/2-5

7.10r6

8. (field work or fieldwork or HDSS or CAPI or computer assisted personal interviewing or questionnaire* or survey* or interview* or (population
adj2 surveillance) or DHS or EDC or (data adj2 (gather* or captur*)) or (health and demographic surveillance system?)).ti,ab.

9. exp “surveys and questionnaires’/
10. exp “interviews as topic”/

11. or/9-10

12.8o0r 11

13. ((cost? adj2 (analy?s or comparison* or saving? or measure? or effectiv* or reduction? or reduce? or reduction or reducing or decrease? or
decreasing)) or (cost benefit adj2 (analy?s or comparison* or measure?)) or (cost utility adj2 (analy?s or comparison* or measure?)) or economic
evaluation? or quality control? or (data adj2 (quality or accuracy or accurate* or error? or error rate? or incomplete* or complete* or inaccurate* or

inaccuracy or valid*))).ti,ab.

14. exp “costs and cost analysis’/
15. exp “data accuracy”/

16. or/14-15

17.13 or 16

18. 7 and 12 and 17

19. Limit 18 to yr="2008 -Current”

Study Selection

We imported al citations from all databases to EndNote for
deduplication management and further screening. Although we
planned to use the Covidence web-based screening tool to
manage thetitle and abstract screening process, wefinally chose
the Rayyan QCRI (Qatar Computing Research Institute)
screening tool because it is freely available and provides
sufficient screening functionalities. Two authors (AZ, MPH in
Health Informatics, and TN, M Scin Informatics) independently
screened thetitles, abstracts, and full text, based ontheinclusion
criteria. Disagreements and uncertainty on the screening results
were first resolved through discussion among the reviewers,
followed by consultation with the third (FF, Postdocin Medical
Informatics) and fifth authors (RR, Professor in Medical
Informatics). We used a pretested and standardized (through
calibration exercise) Microsoft Excel sheet for data extraction
based on the inclusion criteria and the objectives of the review.

Data Management and Extraction Process

Two reviewers extracted the following information from the
papers:

« Bibliographic information (authors, titles, journals, and
year of publication).

http://www.jmir.org/2021/1/e21382/

+  Characteristics of theintervention (eg, hardware, software,
and networking).

«  Study methods (design, setting, participants, and sample
size).

« Assessaed outcomes (data quality, cost-effectiveness, and
others).

+  Quantitative or qualitative summary of the main findings,
including descriptive frequencies and statistical tests.

Thefull description of the data extraction items can be accessed
in the published protocol [33].

Risk of Biasor Quality Assessment

Randomized controlled trials are suitable for evaluating whether
drugs are effective; however, for interventions that involve
health care delivery modes, it may not be appropriate or possible
to conduct a randomized controlled trial. We aimed to assess
the quality of the datain the included studies using parameters
such as random sequence generation, allocation conceal ment,
blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting, and
other biases. However, the included studies were neither
randomized controlled trials nor nonrandomized trials with
clinical outcomes; they were mainly prospective comparative
experimental studies, cross-sectiona studies, or historical
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secondary datarecord comparisons. Theremaining studieswere
a one-time feasibility study or experience reports from the
implementation or use of an EDC tool in public health practice.

Data Synthesis

There was substantial heterogeneity among the studies
concerning the intervention (mobile electronic data capturing
tools such as PDA, smartphone, or tablet computer and the app
they used), outcome types (error rate and missing or inaccurate
data), and level of outcome measurements (sample level,
household level, and variablelevel) of the mHealth interventions
and study outcomes.

The studies were found to be noncombinable, and combining
these studies would not have been methodologically sound.
Consequently, we performed anarrative synthesis of the studies.

Results

Study Selection and Characteristics

The search performed in the included databases yielded 3817
results. After deduplication, 2533 results were exported to the

http://www.jmir.org/2021/1/e21382/

Zelekeet a

Rayyan QCRI screening tool (Figure 1). Of these, 2500 papers
were discarded after title and abstract screening, asthese papers
clearly did not meet our criteria. Of the 33 full-text papers
included, only 14 met the amended inclusion criteria. The
original protocol was aimed at including comparative studies
that addressed paper-based and electronic tools in the same
study, conducted household-level data collection in acommunity
field setting, and reported primary outcomes (data quality or
cost-effectiveness) of both data collection tools in the same
paper. Only 7 studies (that are heterogeneous) fulfilled these
criteria. Dueto the limited evidence, we extended our inclusion
criteria to cover studies that use the tools in demographic
surveysor surveillance systemsin aclinical or hospital setting.
We aso included one-sided study design papers that only
reported primary outcomes (cost or data quality) and EDC
methods, without formal comparison with paper-based data
collection methods. This widening of the scope provided an
additional 7 papers (3 comparative and 4 noncomparative EDC
papers) to bring the total to 14: 10 comparative and 4
noncomparative single-arm studies were included for final
full-text extraction (Figure 1).
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Figure 1. Screening process based on the PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analysis) flowchart template.
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CINAHL (n=853) EconlLit (n=27)
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c
: |
E Records identified through Additional records identified
8 database searching through other sources
= (n=3817) (n=0)
A r
—_— Records after duplicates removed
(n=2533)
o
=
(-
3 "
® Records screened Records excluded
(n=264) (n=2269)
on L
Full-text articles Full-text articles excluded,
- with reasons
£ assessed for eligibility > (n=19)
S (n=33) « Clinical trial or cohort
= CRF-eCRF (n=2)
w | Not public health (n=1)
No quantitative data
— Studies included in quality or Cost outcome
qualitative synthesis reported, only lesson
(n=14) leamed
(n=12)
b e Summary of separate
= 3 studies (n=2)
- Studies included in » Other interventions
= quantitative synthesis (n=2)
(meta-analysis)
(n=0)

- assessed the outcomes using paper-based data collection and
StUd)_/ CharaCter_'St'CS _ o . EDC in the same anaysis. Furthermore, 4 papers [43-46]
The final systematic synthesis analysis included 14 studies  reported either data quality or cost-related outcomes or both in
conducted in 12 LMIC. Of these 14, 10[7,34-42] comparatively g study conducted using an EDC tool (Table 2).
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Table 2. Study and content characteristics of the included papers

Zelekeet a

Category Studies, n References
Country (n=14)
Kenya 2 [36,45]
Ethiopia 1 (71
China 2 [42,43]
Malawi 1 [39]
India 1 (37]
Philippines/Bangladesh 1 [34]
Sudan 1 [35]
Burkina Faso 2 [40,44]
Tanzania 1 [38]
South Africa 1 [41]
Nigeria 1 [46]
Study setting (n=10)
Household community setting 7 [7,34,35,37-40]
Clinical/hospital setting 3 [36,41,42]
Comparison of paper-based and electronic data collection (n=10)
Both from the same study 8 [34,35,37-42]
Compared from 2 studies conducted at different times 2 [7,36]
Purpose of the study design (n=7)
Primarily designed to evaluate paper-based and electronic tools 5 [35,37,39,41,42]
Secondary byproduct of another primary survey 2 [7,36]
Types of outcomes (n=10)
Only data quality outcomes 1 [35]
Only cost outcomes 2 [34,40]
Both cost and data quality outcomes 7 [7,36-39,41,42]
Level of data quality outcome assessment (n=8)
Household level 2 [7,38]
Questionnaire level 4 [7,35,41,42]
Variable level 3 [36,37,39]
Type of data quality outcome comparison (n=8)
Missing 4 [7,36,38,39]
Inaccurate 4 [7,36,38,39]
Mixed (identified as error) 5 [35,37,38,41,42]
Economic evaluation type (n=11)
Complete input cost 3 [36,38,40]
Partia (differential) cost 8 [7,37,39,41-43,45,46]
Usability/user preference evaluation (n=14)
Reported after formal evaluation 6 [7,34,37-39,42]
Reported with informal discussion 1 [36]
No user evaluation information 7 [35,40,41,43-46]
Study, intervention, or evaluation year (n=10)
2008-2012 5 [36,38,41,42,44]
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Category Studies, n References
2013-2018 5 [34,35,37,43,46]
Publication year (n=14)
2008-2012 2 [42,46]
2013-2018 12 [7,34-41,43,45,46]

Furthermore, 5 studies[35,37,39,41,42] were primarily intended
to evaluate and compare data quality and cost-related outcomes
from a prospective study design using paper-based and
electronictools. Theremaining 5 papers[7,34,36,38,40] reported
the outcomes from previoustechnology utilization experiences.
The reported outcomes were not primarily intended to evaluate
the tools; rather, data quality and cost-related outcomes were
extracted from surveys at different times.

Regarding the settings, 7 studies [7,34,35,37-40] in the
comparative group included datafrom ahousehold-level survey,
and 3 studies [36,41,42] conducted surveysin clinical settings
or research centers.

Types of Outcomes

Data Quality Outcomes

Data quality outcomes, as defined in the methods section,
comprise the frequency of errors (incomplete, missing, or
inaccurate items) on 3 levels, based on the reported outcomes
at the household, questionnaire, and variable levels. At the
household level, the incidence of 1 or more errors among the
total number of households included in the surveys and data
analysis were reported in 2 papers [7,38]. Similarly, the
frequency of 1 or more errors per complete questionnaire,
regarded asaquestionnaire-level error, wasreported in 4 studies
[7,35,41,42]. At a variable level, a count of the errors in a
complete set of questions or variables in questionnaires
measured as avariable error were mentioned in 3 papers (Figure
2) [36,37,39].

Figure 2. Forest plot comparison of heterogeneity characteristics of the data quality outcomes.

Electronic Paper Risk Ratio
Authors Level of Analysis Error Type  Errors N Error N RR 95%-CI

(King et al. 2013) Household inaccuracy error 170 9433 279 12112 0.78 [0.65; 0.94] )

(King et al. 2013) Household inaccuracy error 57 9433 133 12112 - 0.55 [0.40; 0.75] Group 1:
(Mukasa etal. 2017)  Household error 15 961 166 961 - 0.09 [0.05; 0.15] Household level
(Mukasa et al. 2017) Household missing error 6 961 19 961 —— 0.32 [0.13;0.79]

(Mukasa et al. 2017) Household inaccuracy error 11 9861 136 961 - 0.08 [0.04; 0.15]
(Zhang et al. 2012)* questionnare error 0 120 55 120 0.01 [0.00; 0.14]
(Ahmed et al. 2018) questionnare error 10 100 51 100 — 0.20 [0.11; 0.36] GI‘OU].‘»_Z

(Dillon et al. 2014)* questionnare error 7 105 35 95 - 0.18 [0.08; 0.39] Questionnare

(King et al. 2013) questionnare missing error 763 50858 660 38851 0.88 [0.80; 0.98] level
(McLean et al. 2017) variable missing error 153 21937 492 21976 0.31 [0.26; 0.37]

(McLean et al. 2017) variable inaccuracy error 19 3622 9 3590 2.09 [0.95; 4.62) Group 3
(Giduthuri et al. 2014) variable error 442 22230 445 22230 0.99 [0.87; 1.13] Variable level
(Njuguna et al. 2014)* variable missing error 25 18480 181 18480 - 0.14 [0.09; 0.21]
(Njuguna et al. 2014)* variable inaccuracy error 8 2009 186 1993 - 0.04 [0.02; 0.09]
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The cost of implementing electronic and paper-based data
collection processes was estimated by most studies (12 out of
14). The majority of these estimated the partial or differential
costs unigue to that study and its EDC [7,37,39,41-43,45,46].
Only 3 paperslisted the full implementation cost [ 36,38,40] for
both the study and the EDC. Except 2 studies that compared
costs per correctly entered data observation or error-free

http://www.jmir.org/2021/1/e21382/

RenderX

databases [39,41], none attempted to link the data quality
outcome measures to the cost inputs.

Effect on Data Quality: Missing Data and | naccuracy
Errors

Errors are reported in terms of missing and inaccurate data in
4 studies [7,36,38,39], while a combination of both errorsas a
singleerror indicator isreported in 4 others[35,37,38,42] (Table
3).
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Table 3. Extracted data quality outcomes.
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Study and  Typeof compari-  Study population Interven-  Methods of paper- Outcome measurement Result Biases(sdec-
country son, study design, and sampleunit  tion: de- based and electron-  sharacteristics® tion, informa:
and setting? viceor app ictool administra- tion, or con-
tion founding)
Ahmedet B: Exploratory pi- «  Sampleunit: EDC: Daily sample ran- A:Dataqualityer- « PPDC:5ler- Selection
a [35], Su- lot study nested respondents  Smart- domization for rors, questions rorsfrom 100 andinforma
dan and experimented .  Samplesize: phone EDC or PPDC. 1 with no answers, question- tion
in cross-sectional 100foreach opK©gpp respondentsimulte- or wrong use of naires
household surveys (PPDC® and neously inter- theskippattern  « EDC: 10 er-
ED Cd) viewed by 2 inter- B: After dataentry rors from 100
viewerswith differ- C: Errors mea- electronic
ent tools (PPDC sured at the ques- forms
and EDC) tionnaire level « 83%errorsin
D: Used similar PPDC
questionnaires
(BOLD' survey
core question-
naire)
Kingetal A:Pre-andpostde- Sample units: EDC: For  Paper and electron- A: Dataquality, . PPDC: Miss- Sdection,in-
[71, signinfull EDC | Houscholds €xample, icsurveysat differ- percentage of indi- ing rate at the formation,
Ethiopia implementation .  PPDC: 9433 tabletcom- ent placesand viduals enumerat- guestionnaire and con-
evaudionincross ,  Epc: puter or times, 1 datacollec- ed with at least 1 level is1.7% founding
sectional house- 12,112 self-devel-  tor at atime blank fieldinthe « EDC: Miss-
hold surveys . Individuas ©OPedAn- census record ing 1.5% at
enumerated  droid app Percentage of P=.01
in PPDC: householdswith «  PPDC: Miss-
38,851 and incorrect unique ing ratein
in EDC: identifying num- GPS data
50,858 ber (inaccuracy at 0.6%
. Individuas the household lev- (N=9263)
examinedin el) . EDC: Miss-
PPDC: GPS with blank ing ratein
33,800 and entries (missing at GPS 1.1%
in EDC: the household lev- (N=12,064;
The proportion of son-days)
total time « PPDC: Pro-
B: After dataentry portion of to-
(raw data sets) tal time 790
C: Atthequestion- person-days
nareand house- .  EDC: Propor-
hold levels tion of total
D: Used the same time 511 per-
questionnaire son-days
(Trachomalmpact
Evaluation Survey

questionnaire)
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Study and  Typeof compari-  Study population Interven-  Methods of paper- Outcome measurement Result Biases(sdec-
country son, study design, and sample unit  tion: de- based and electron-  sharacteristics tion, informa:

and setting? viceor app ic tool administra- tion, or con-
tion founding)
McLeanet A: Prospective . PPDC:426 EDC: Independent paral- «  A:Missingdata « PPDC: Misss Selection
a [39], evaluation nested respondents  Tablet lel EDC or PPDC, defined as not ing 492 and informa-
Malawi and experimented o EDC:558  computer 1 datacollector at asked (blank; dis- (2.2%) of tion
in cross-sectional respondents and smart- atime counting not appli- 21,976 fields
household surveys «  Time: 3 phone, cableblank quess « EDC: Miss-
at HDSSY sites weeks ODK app tions) or as blank ing 153
and entered as un- (0.7%) of
known combined, 21,937 fields
Internal validity: (RRh 32,
defined as afield 95% Cl 2.7-
withanimpossible 3.8)
or inconsistent . PPDC: Inter-
value and time for nal inconsis-
submission tenciesin 19
« B: Notclear (0.5%) of
. C: Variable-level 3590 fields
error count . EDC:Interna
« D: Useddifferent inconsisten-
questionnaires ciesin9
(0.2%) of
3622 fields
(RR 0.5, 95%
Cl 0.2-1.1)
o  Timefromin-
terview to da
ta availability
onthe
database
« PPDC: mean
3.4 days
(range 3.0-
3.7)
« EDC: mean
2.1 days
(range 2.0-
2.3)
Giduthuri ~ A: Prospectiveex- «  98inter- EDC: Arespondentsmul- «  A:Discrepancies o  PPDC: Mean Selection,in-
etd [37], perimenta compar- viewsin Tablet taneously inter- with reference to number of pa-  formation,
India ative study de- EDC and comput- viewed by 2 inter- device-attributable per-at- and con-
signed for house- PPDC er/ODK viewerswith differ- errors tributableer-  founding
holds selected ran- app ent tools (PPDC o Paperentriesincor- rors 4.68
domly and EDC) rect or missing (445/22,230,
and tablet entries 2.01%)
missing because « EDC: Mean
paper interviewer number of
(lead) did not fol- tablet-at-
low the skip logic tributable er-
o Tabletentriesin- rors 4.65
correct or missing, (442/22,230,
paper entriesmiss- 1.99%)

ing because tablet
interviewer’'s
(lead) skip logic
was considered an
error of EDC

B: During dataen-
try

C: Variable-level
error count

D: Used the same
questionnaire
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Study and  Typeof compari-  Study population Interven-  Methods of paper- Outcome measurement Result Biases(sdec-
country son, study design, and sample unit  tion: de- based and electron-  sharacteristics tion, informa:
and setting? viceor app ic tool administra- tion, or con-
tion founding)
Mukasaet A: Retrospective « 961 house- EDCor Repeated survey, «  A:Errorcategory o Households  Selection,in-
a [38], record review of holds for PDA PPDC first, fol- from the database: with errors formation,
Tanzania  household survey EDC and BlackBerry lowed by EDC, 1 accuracy, logic, « PPDC: 166 and con-
data PPDC customized datacollector at a and consistency; (17%) founding
HRS time range; andcom- « EDC: 15
pleteness and (2%)
missing values « PPDC more
« B:Afterdataentry likely with ac-
from database curacy errors
o  C:Erroridentified (79%; 95%
at the household Cl 72%-
level 86%); EDC:
o D:Usedthe same (58%; 95%
questionnaire Cl 29%-87%)
o FErrorsin
EDC more
likely to be
related to
completeness
(32%; 95%
Cl 12%-56%)
thanin PPDC
(11%; 95%
Cl 7%-17%)
Zhangeta B: Prospective « 60 mothers EDC: Arepondentsmul- «  A:Dataqudityer- «  Households  Selection,in-
[42], China comparison study foreachtool smart- taneously inter- rors; missing con- with errors formation,
conducted in a (EDCand  phones, viewed by 2 inter- firmation of de- e« « PPDC: andcon-
clinic PPDC) leased soft-  viewers with same fault option, sur- 55/120  founding
ware tools (PPDC or vey date, missed . EDC:O
EDC). Random questions, 2 op- . .
assignation of re- tions circled, » Questionnaire
spondentsto one of wrong options pars V\."th no
the tools chosen, date, ID; reo_orq| ng
database comple- van atlons.
tion (dataentry, * ° EDC:
checking, and data 15/60
dleaning) . PPDC:
« B:Beforeand af- 20/60
ter dataentry . EDC: 134 of
«  C: Questionnaire- 186 variables
level error count (72.0%) did
. D: Used the same not have any
qUeStl onnaire recordi ng
variation
. PPDC:1260f
184 variables
(68.5%) did
not have any
recording
variation
o Indataentry:
65.0%
(78/120) of
the PPDC
records did
not match
database com-
pletion time
. PPDC: 16
hours, EDC:
30 min
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Study and  Typeof compari-  Study population Interven-  Methods of paper- Outcome measurement Result Biases(sdec-
country son, study design, and sample unit  tion: de- based and electron-  sharacteristics tion, informa:
and setting? viceor app ic tool administra- tion, or con-
tion founding)
Njugunaet A: Pre-and « EDC:880 EDC: Paperandelectron- «  A: Incomplete e Missingerror: Selection, in-
a [36], postimplementa- question- smart- ic surveys at the records or vari- . « EDC: formation,
Kenya tion evaluation in naires(May phones, same place but dif- ablesin selected 2518480 and con-
hospital-based 2011-Jure  pagTl app ferent times, 1 data questionsina . PPDC: founding
surveillance data 2012) collector at atime questionnaire; 1811829
collection . PPDC: 880 questions requir-
question- ingresponseswith °©  /acouracy er-
naires (Jan- or without pro- ror: )
uary 2010- grammed checks  *  ° EDC:
June 2011) on the smartphone 8/ 2009
version; percent- « PPOC.
age of erroneous 186/1807
and inconsistent
responsesin the
questionnaires
«  B: Error count
from original re-
sponses in the pa-
per
o C: Vaiable-leve
error count
o D: Usedthe same
questionnaire
Dilloneta B:Prospectivedata « EDC:105 EDC: Onedatacollector « A:Datacollection «  Overal num- Selection,in-
[14], South collection in case respondents tablet com- interviewed al re- errors defined as ber of errors  formation,
Africa control studyina . PPDC:95  puter, self- spondents either nonsensical or im- per 100 ques- and con-
hospital setting respondents developed  with paper or with possible inputs, tions founding
app electronic toolsin missing data, or . EDC:0.17er-
arandom order inputsinconsistent rors, PPDC:
or incompatible 0.73 errors
with previousre- «  P<.001
sponsesduringthe «  Interview du-
interview; minor ration (EDC:
errorsclassified as 5.4 min;
differencesof 1 PPDC: 5.6
year or lessin date min)

calculations. Ma-
jor errors classi-
fied asall other er-
ror types

B: Not clear

C: Variable-level
error count

D: Used similar
questionnaires

8A: full implementation; B: pilot testing.
bA: type of outcome; B: stage of error assessment for paper questionnaire; C: error measurement level; D: questionnaire name/s similarities.
®PPDC: pen and paper data collection.

dEDC: dlectronic data collection.

€ODK: Open Data Kit.
fBOLD: Burden of Obstructive Lung Disease.

9HDSS: health and demographic surveillance systems.

PRR: risk ratio.
'HRS: Household Registration System.
JFAST: Field Adapted Survey Toolkit.

An exploratory pilot study nested and experimented in a
cross-sectional household survey in Sudan compared dataquality
errors, questions with no answers, or incorrect use of the skip
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pattern in 100 convenience samples. A pair of data collectors
simultaneously interviewed each respondent—21 with pen and
paper and 1 with electronic tools—and recorded the data
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separately. In the paper-based data collection, 51 of the 100
guestions had one or more errors, compared with 10 errorsin
the electronically submitted forms [35].

A study in India by Giduthuri et al [37] aso compared error
rates between paper-based and electronically collected data
from a comparative prospective experimental study. The data
collectors were randomly assigned to use either pen and paper
or EDC tools while interviewing each respondent
simultaneously. Audio-recorded data during the survey were
used as a reference to compare discrepancies and
device-attributable errors. According to the reference, paper
errors indicate when a paper entry was incorrect and when a
tablet entry was missing because the paper-based tool
interviewer (lead) did not follow the skip logic. Furthermore,
tablet entries were incorrect or missing and paper entries were
missing because of the electronic tool interviewer’s (lead) skip
logic was considered an error of the electronic data collection
tool. The mean number of paper-attributable errors was 4.68
(445/22,230, 2.01%), while the mean number of
tablet-attributable errors was 4.65 (442/22,230, 1.99%); thus,
no significant differences were observed [37].

A study in China compared smartphone and paper-based data
collectionin aninfant feeding practice survey conducted in rural
clinics. Purposive sampling techniques were used to select 120
mothers, 60 per survey tool group. Two data collectorswith the
same tool (paper or electronic) interviewed 60 mothers in
random order, yielding 120 records for each tool. For the
paper-based questionnaire, 55 of 120 questionnaires had 1 or
more errors or missing data. The most frequent error was a
missing confirmation of the default option, which was observed
156 times in 49 questionnaires. No missing error was reported
for the EDC tool group [42]. The mean duration of aninterview
was 10.22 (SD 2.17) min for the smartphone method and 10.83
(SD 2.94) minfor the pen and paper method. M oreover, database
completion took 16 hours (including data entry, checking, and
data cleaning) for pen and paper data collection (PPDC), while
it took half an hour for EDC [42].

A prospective evaluation experiment conducted a nested,
ongoing, cross-sectional household survey at HDSS sites in
Malawi. In 3 weeks, 426 interviews with PPDC and 558
interviews with EDC were conducted. Data collectors
independently interviewed different households in a 1 data
collector in 1 home mode. Missing data were defined as not
asked (blank; discounting not applicable blank questions) or as
blank and entered as unknown combined. Internal validity was
defined as afield with an impossible or inconsistent value and
timefor submission. In paper questionnaires, missing datawere
reported in 492 (2.2%) of 21,976 fields, compared with 153
(0.7%) of 21,937 fieldsin electronic forms (risk ratio [RR] 3.2,
95% Cl 2.7-3.8). Interna inconsistencies were found in 19
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(0.5%) of 3590 fields collected by PPDC compared to 9 (0.2%)
of 3622 fields for EDC (RR 0.5, 95% CI 0.2-1.1) [39].
Moreover, the mean data availability duration in databases was
3.4 days (95% CI 3.0-3.7) in PPDC compared with 2.1 days
(95% Cl 2.0-2.3) for EDC. The mean number of interviews per
day was similar for both groups at 10.7 (95% CI 8.7-12.6) for
PPDC and 11.8 (95% CI 8.1-15.5) for EDC [39].

A tablet computer-based data collection system was
implemented in a large-scale study of trachoma impact
assessment surveysin Ethiopia[7]. Dataquality outcomeswere
compared with asimilar paper-based survey conducted 7 months
earlier in a different part of the country. The sampling units
were households (PPDC: 9433 vs EDC: 12,112), and the study
enumerated 38,851 individualsin the PPDC survey and 50,858
inthe EDC survey. Individual senumerated with at least 1 blank
field in a single respondent response were defined as missing
data (1.7% for PPDC vs 1.5% for EDC; P=.01). Missing data
at the household level for GPS with blank entries was also
reported (EDC: 1.1% vs PPDC: 0.6%; P<.01). Inaccuracy errors
were defined only in a percentage of households with an
incorrect unique identifying number (PPDC: 2.3% vs EDC:
1.8%). Data entry and analysiswere donein lessthan 1 day for
EDC, while it took 14 days for data entry and an additional 5
days for double data entry discrepancy checks for PPDC [7].

Apart from the above studies, interview time or mean data
availability duration in the databases were al so reported in some
papers. A study in Kenyareported faster data upload to a central
database in EDC and a median duration for data upload of 7
days (range 1-13 days) after data collection for EDC and 21
days (range 4-56 days) for PPDC (P<.01) [36]. A combined
report from Indonesia and the Philippines showed that the
median time between data collection and data entry for PPDC
surveys was approximately 3 months, compared with 2 days
for EDC [34]. Time analysis from a large-scale survey in
Tanzania reported that the median duration of an enumeration
session per household was 9.4 min (90% central range 6.4-12.2)
for paper surveys and 8.3 min (6.1-12.0) for electronic surveys
(P=.01) [38].

Effect on Cost-effectiveness

Most of the studies reported cost analysis for the expenses
incurred to conduct surveys using paper-based and electronic
tools. However, the included studies varied significantly in the
types and level of cost analysis reported in their groups. Most
of the recommendationsfrom the Consolidated Health Economic
Evaluation Reporting Standards (CHEERS) statement [47] were
not included. In Table 4, we provide basic information on the
study and country, analytic method and model, participants per
intervention, time horizon, discount rate, currency, included
cost inputs, cost ranges, outcomes, consequence, and conclusion
information.
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Table 4. Extracted cost information (based on Consolidated Health Economic Evaluation Reporting Standards eval uation template)

Studyand Analytic Interventions Time horizon, Included costinputsand Dataquality Costrangeof inter- Conclusionsand remark
country  method or studiedor popula- discount rate, assumptions (1=PPDC; outcomelink vention (1=PPDC;
model tion per group currency (base 2=EDC) withinput ~ 2=EDC)
(1=PPDC? year) cost
2=EDCP)
Kingeta Inputcost « 9433 * NR® «  Printing and data Notlinked 1. US$13,883 Costsof theequip-
[71, analysis « 12112 NR entry costs 2. US$10,320 ment in EDC ap-
Ethiopia . USS$ «  Tablet and acces proximately the
(2011) sories Single-use same as with data
cost entry cost, recur-
rent use of EDC
may save costs.
Use of person day
for comparison of
personnel costs
McLean Inputcost « 426 o lyear o Printingandentry Notlinked 1. £18,895 Intotd, the esti-
etd [39], andysis .« 558 « NR cost and paper 2. £11,427 mated costsfor the
Malawi Differentia .  British archival stages unique to
cost Pound « EDC development the paper-based
(2016) and configuration, processis 65%
device cogt, data of- higher per annum
ficer cost than the unique
costs for the EDC
system
Giduthuri Differentid «  98inter- « NR «  Printing and data Not linked  For 96 interviews, Theinitia invest-
eta [37], input cost views for « NR entry expenses thecostis ment in tablet-
India anaysis both,and « US$ «  Cost of tablet com- 1. US$2598 based interviews
extrapolated (2013) puters and server 2. US$2648 was higher com-
for larger charges pared to paper,
samples whiletherecurring
1000 costs per interview
were lower with
the use of tablets
EDC islessexpen-
sivefor larger sur-
veys
Mukasa  Cost and « 1000house- « NR(used . Allfixedcostsand Error rate For 1000 house- For error-free data
eta [38], cost-effec- holds for deflator running costs holds, error-free sets, surveysusing
Tanzania tiveness both vaues) .« Toestimatethe data set: electronic toals,

e NR(usd costs for 2015, the 1. US$1161 compared with pa:
the num- formulafor expendi- 2. US$9380 per-based tools,
ber of turein 2016 = Ex- were |ess expen-
house- penditure in 2008 x Crude data set: sive by 28% for
holds) Deflator 2016, defla- 1. US$993 recurrent and 19%

. US$ tor 2008 2. US$891 for total costs
(2008) «  Deflator values of

209.5 for 2008 and
233.6 for 2016

http://www.jmir.org/2021/1/e21382/

RenderX

JMed Internet Res 2021 | vol. 23 | iss. 1 [€21382 | p.196
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Zelekeet a

Study and Analytic Interventions Timehorizon, Included cost inputsand Dataquality Costrangeof inter- Conclusionsand remark
country  method or studiedor popula- discount rate, assumptions (1=PPDC; outcomelink vention (1=PPDC;
model tion per group currency (base 2=EDC) with input 2=EDC)
(1=PPDC? year) cost
2=EDCP)
Zhanget Inputcost « 60 « NR Both EDC and Not linked  Samplesize: 60 The mean costs
a [42], analysis « 60 e NR(usd PPDC: Itemsfor each per questionnaire
China «  Extrapolat- projected preparation, train- 1. US$1500 were higher for
edto samples) ing, fieldwork and 2. US$2700 the smartphone
« 1200 . USS$ data collection, and . questionnaire
. 1600 (2012) logistics Sample size: 1200 No linked analysis
Only printing and 1L USHL570 for data quality
transporting the 2. Cost per sam- and cost
questionnaire, sta- ple, US
tionery, and data $23.77
entry Sample size: 1600
Only renting the 1. US$28,520
smartphone and the 2. Cost per sam-
software ple, US
Assumptionsfor the $25.98
extrapolation are
not known
Njuguna Inputcost « Both880 « NR First- and second-  Not linked  First year: For establishment
eta [36], analysis . Extrapolat- « 2years year costs of start- 1. US$15999 cost, EDC 9.4%
Kenya ed for the « USS$ ing up and operating 2. US$17,500 more than PPDC;
first year's (2011, based on payroll in- in2years, EDC
establishing 2012) formation Second year: costs reduced 7%
and second 1. US$54,001 compared to
year's oper- 2. US$50,200 PPDC
ating cost No linked analysis
for data quality
and cost
Dillonet Inputand =« 95 « British Salary per correctly  Error rate Salary cost per EDC salary cost
al [41], economic . 105 pound entered question month: per correctly en-
South analysis (2012) Technology costs 1 £1000 tered question is
Africa and tablet computer 2 £915 0.5 timesthat of
and additional over- PPDC
head costs (storage Equipment cost: Initial technology
spacefor paper hard 1. £420 costs for the EDC
copies; office space 2. £1036 is 2.47 times that
for data entry clerk, of PPDC
and for EDC, hard- Cost per question
ware maintenance . EDC: £0.18
and upkeep) . PPDC:£0.20
Formulas presented
by Wlther e o EDC saved
[19]. £101.20 per month
Assumed minimum EDC Cost recoup
staffing: time 6 months

1field worker, 1 da-
taentry clerk, and 1
data supervisor
1fieldworker and 1
data manager
(EDC)

Calculation based
on 46 questionsina
questionnaire, 5in-
terviews per day, 22
working days per
month, 110 inter-
views per month,
and 5060 questions
per month
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Study and Analytic Interventions Timehorizon, Included cost inputsand Dataquality Costrangeof inter- Conclusionsand remark
country  method or studiedor popula- discount rate, assumptions (1=PPDC; outcomelink vention (1=PPDC;
model tion per group currency (base 2=EDC) with input 2=EDC)
(1=PPDC? year) cost
2=EDCP)
Flexman Inputdata « 5398 o 2013ver- « Differentia costess Notlinked « Printingcost «  For small-scale
etd [34], andysis . 516 ba autop- timation formula per paper surveys, the up-
Bangladesh sies' data excluding similar questionnaire front costs of pur-
and collec- cost for EDC and US $0.246 chasing electronic
Philip- tionin PPDC, for example, (Bangladesh) tabletswasthe pri-
pines demo- data collector cost and US mary cost, and it
graphic (see the full paper $0.774 had a higher total
and mentioned on page (Philippines) cost. For large-
surveil- 4) « Costof asin- scale surveys, the
lance « Thecost for data gle electronic costs associated
sites entry for asingle tablet US with dataentry ex-
enterer is the one- $393.78 ceeded the cost of
time cost of acom- (Bangladesh) the tablets, so
puter plusthe and US « EDCprovidesa
monthly salary mul- $365.76 cheaper method of
tiplied by the num- (Philippines) data collection
ber of months re- « Costofa o Historical cost da-
quired computer for tafrom 2 coun-
dataentry US tries. For projects
$984.49 that require fewer
(Bangladesh) than 150 tablets
and US and collect over
$1000.00 10,000 surveys,
(Philippines) the upfront cost of
«  Monthly the tablets will
sdlary of data likely be substan-
enterer US tially lessthan the
$384.62 cost of data entry
(Bangladesh)
and US
$326.00
(Philippines)
o Averagenum-
ber of sam-
ples per per-
son per month
107.8
(Bangladesh)
and 145.7
(Philippines)
Lietzetd Compara « 10,000 + HDssY .+ Fixedcosts: person- Notassessed Costperhousehold «  Cost analysis esti-
[40], tive input households and nel (team lead), of- visit mated that the
Eurkl na c_ost analy- for both HMSE _floe, and housekeep- 1 HMS+ CDA survey
as0 sis 2010 and ing HDSS would reduce the
nflated Variable costs: data (PPDC): US annual costs of
t0 2014 collectors, supervi- $251,641 survey implemen-
values sors, consumables, 2. CDA (EDC): tation by about US
: transportation, and US $206,037 $45,000
* CDA'ac- training (full textin «  Nolink with the
tual Textbox 1) Cost per (10,000 data quality out-
pretest- . Fixed and variable HDSS) come
ing ex- costs Financial costs 1. EDC:US$21
penditure of the standalone 2. PPDC: US
in 2014 (HDSS and HMS) $25
and integrated
(CDA) survey ap-
proaches were esti-
mated from the per-

spective of theim-
plementing agency

http://www.jmir.org/2021/1/e21382/ JMed Internet Res 2021 | vol. 23 |iss. 1 |€21382 | p.198
(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

3PPDC: pen and paper data collection.

PEDC: dectronic data collection.

°NR: not reported

9HDSS: hedlth and demographic surveillance systems.
®HMS: Household Morbidity Survey.

fcDA: Comprehensive Disease Assessment.

Studies from Ethiopia [7], Malawi [39], India [37], and
Bangladesh and Philippines [34] reported a differential input
cost unique to paper-based or electronic tools. For paper-based
data collection, these were printing and data entry costs, and
for EDC systems, the cost of electronic devices hardware,
software, and accessories. The general assumption was that all
other costs, such as personnel costs, were the same for both
tools. Another cost assumption was that of the cost of
small-scale, short-duration surveys. Such kinds of small costs
were extrapolated to large-scale surveys with no clear
information about the model or the cost assumptions followed
to reach the large-scale costs. The studies concluded that EDC
was expensive for small-scale surveys, astheinitial investment
in hardware and software outweighs the paper-based printing
and data entry costs. However, large-scale surveys showed a
significant decrease in cost for EDC surveys;, for example, the
paper-based survey cost was up to 65% higher per annum than
the unique costsfor the EDC system [39]. None of these studies
linked the input cost with data quality errors.

Detailed cost information and the link between cost and data
quality were reported in a retrospective data analysis in
Tanzania. However, the base year for the cost was 2008, and
deflator values of 209.5 for 2008 and 233.6 for 2016 were used
to report the costs. For 1000 households, the cost per error-free
dataset was US $11,610 for PPDC and US $9380 for EDC. For
error-free data sets, surveys using electronic tools—compared
with paper-based tools—were 28% less expensive in recurrent
costs and 19% less expensive in total costs[38].

A study in South Africaalso reported cost inputs linked to data
quality outcomes [41]. The formula presented by Walther et al
[19] was used with minimum staffing: for PPDC, 1 field worker,
1 data entry clerk, and 1 data supervisor, and for EDC, 1 field
worker and 1 data manager. In addition, 46 questions in a
guestionnaire, 5 interviews per day, 22 working days per month,
110 interviews per month, and 5060 questions per month were
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planned. The EDC salary cost per correctly entered question
was 0.5 times that of PPDC. Overall, the cost per question was
£0.18 for EDC and £0.20 for PPDC. The equipment cost for
PPDC was £420, compared with £1036 for EDC. EDC saved
£101.20 per month, and the EDC cost recoup time was reported
as 6 months.

Lingani et al [40] in Burkina Faso and Njuguna et a [36] in
Kenya reported a detailed financial cost comparison for the
establishment of PPDC and EDC at HDSS and a hospital -based
surveillance system, respectively. The Kenyan report indicated
that during establishment, the cost of EDC was 9.4% higher
than that of PPDC. However, after 2 years, EDC costs decreased
by 7%, compared with PPDC (see Table 4 for detailed cost
information).

Technology Characteristics, User Preference, and
Acceptance

The mobile devices used for data collection included PDAS,
smartphones, tablet computers, and notebooks (Table 5). The
included studies (6/12, 50%) al so reported the use of open source
Android apps called open data kit appsto customize the software
according to their needs. Microsoft Windows and BlackBerry
operating systems were installed on mobile devices.

Data transfer from mobile devices to the central server was
conducted using one of the following methods:

» Direct transfer from the data collection site to the server
using a mobile data network [34-36] and secure virtual
private network [45].

« Direct transfer using Wi-Fi connection only [37,39].

«  Transfer using secure digital memory card [7,38].

« Transfer using USB cable [41].

Data transfer to a server located in a foreign country using a
mobile network was not considered appropriatein some studies
due to data ownership or security concerns[7,43].
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Study and  Analytic method or Interventions  Time horizon, discount  Included cost inputs and assumptions ~ Data quality outcome link
country  model studied or rate, currency (baseyear) (1=PPDC; 2=EDC) with input cost
population
per group
(1=PPDC?
2=EDCP)
Njuguna « HTC smartphone Directto «  Programmed checks Limited or poor internet network  Data saved in the smart-
eta [36], ¢  oSoftware: FAST?  Server with and restrictions Occasional server communication  phone's memory and later
Ethiopia Kit: Microsoft mobilenet- «  Error messagenotifi- breakdowns uploaded on to the server
. Purchased work cation for inaccurate Delayed data submission from convenient places
data entry
Ahmedet « Samsungsmart-  Mobileinter- «  ODK functiondities Limited or poor internet network in - Used ODK offline and
a [35], phone net network certain areas submitted the data after
Sudan *  Customized ODKP Unexpected software closure or restarting the smartphone
«  Open source freeze
Accessihility of the aggregate web-
site in Sudan was challenging
Using Arabic languagein the ODK
was challenging for form develop-
ment and data retrieval
Kingetal « Samsungtablet  gpCcaq «  ODK functionali- Limited or poor internet network in - Data stored first on the su-
[7, computer with pass- ties+ User-defined certain areas pervisor laptop and then
Ethiopia «  SwiftInsghtsMo- word-protect- survey preferences, uploaded to the local serv-
bile1.1 ed download- generation of er to maintain the
+ Bacodescaner g tothesu- uniquerecord identi- sovereignty and security of
4.3.1 Open source pervisor's fication (Textbox 1) the data set
developed laptop
Flexman « Samsungtablets  Directto «  ODK functionalities Sufficiently strong internet network  Purchase memory cardsfor
etal [34], « ODK server with (no explicit descrip- the tablets to back up data
Bagadkeh . Customizedin mobile net- tion) locally
and ODK work
Philip-
pines
Giduthuri «  SamsungNoteex- Encrypted Not described Required highly trained interview- Not described
etd [37], ternal recorder and upload- ers
India «  Enhanced ODK ed over a Dataloss by the interviewer dueto
development Wi-Fi con- accidentally pressing the delete
nection to a button
central serv-
er after re-
turning to
the office
Musska « PDA BlackBerry Micro SD o Skip function Device stopped functioning during  Not described
eta [38], « KR software card interview or submission
Tanzania BlackBerry OS®
o  Customizedin
HRS software
McLean «  Toshibatablets Secured «  ODK functiondlities The existing wireless network was A dedicated, secured de-
eta [39], and Samsung wireless net- sufficiently strong to upload the vice charging area
Malawi smartphones work (not re- data
. ODK layed on Adequate battery life for a day
«  Contractual pay-  phone net- Lack of internal staff for form devel-
ment for formde-  work) opment

velopment

Required outsourcing cost

11 of 92 tabletsbrokein 4 yearsand
had to be replaced

Only 1 functioning tablet and 1
smartphone went missing over the
4-year period
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Included cost inputs and assumptions

(1=PPDC; 2=EDC)

Data quality outcome link
with input cost

Study and  Analytic method or Interventions  Time horizon, discount
country  model studied or rate, currency (baseyear)
population
per group
(1=PPDC?
2=EDCP)
Dillonet « Tablet, PC, and Datatransfer «  Fecilitate data
al [41], mobile phone throughUSB checksand early de-
South « Self-developeda  connections, tection and correc-
Africa C#-based program  avoiding the tion of faulty proce-
with XML need for a duresand dataman-
constant in- agement
ternet con-
nection
Jngetad .  Smartphone Storedsafely «  ODK functionalities
[43],Chi- « ODK andimport- onthesmart-
na ing and extraction phone and
software uploaded to
« ODK Briefcasev  acomputer
1.4 Production secured by a
password.
Compiled
data sent to
the country
coordinator
Byasset . PDA Datacopied «  GPS, time stamp
a [44], « Pendragon 4 soft- for PDAS
Burkina ware programmed memory
Faso cards
Maduga . Mobilephone Trainedto «  ODK functiondities
eta[46], - ODK upload com-
Nigeria «  Android pleted forms
o Locdly cus onto asecure
tomized server, with
back-end ac-
cess provid-
ed to only
the research
team lead

A well-run staff training program
Staff was already technically
trained

Lack of reliableinternet connection

Interviewers do not have direct ac-
cessto submit the datato the server
in Washington, forcing them to
store the data on the smartphones
for a short period

Loss of data due to smartphone
damage

Uploading datawas achallenge for
older smartphone users

Use several available mobile-
charging arrangements in vehicles
or solar panels

Temporary system clock changes
inafew PDAs

Some incompl ete GPS data strings
48/151 PDA encountered technical
errors

Limited network connection
Fluctuation of power and internet
connection

Datatransfer through USB

Building aserver in China
that can be easily accessed
would facilitate improved
data security and immedi-
ate assignment of cause of
death on smartphones at
the time of interview

Saving data from the
PDAS internal volatile
memory to nonvolétile
memory cards. Protective
plastic cover for the safety
of PDA was important

The extra 2 phones served
as backup in the event of
malfunction or challenges
with the global system for
mobile communication
mobile and data networks.
Multiple SIM cards were
provided in an attempt to
mitigate the problem

3FAST: Field Adapted Survey Toolkit.

bODK: Open DataKit.
SD: Secure Digital.

9HRS: Household Registration System.

€0S: operating system.

Technical Challengesin Electronic Data Collection

Preference, Acceptability, and Feglings

Limited or poor internet connectivity, occasional server
communication interruptions, language challenges, the need for
highly trained data collectors, device stack or freezing, device
loss and breakdowns, and limited battery or power sources are
among the technol ogical challengesfaced in theimplementation
of EDC systems(Table5). The solutionsinclude offline storage
and transfer as soon asthe data collectors obtain reliableinternet
connection (store and forward methods), transferring data using
USB cables or secure digital cards, purchasing backup mobile
devices or batteries, and using paper questionnaires at times of
device mafunction.

http://www.jmir.org/2021/1/e21382/

A total of 6 papers [7,34,37-39,42] reported that user
preferences, acceptance, and opinions were assessed using
formal evaluation methods, such asindividua or focus groups
or qualitative interviews. Detailed comparative advantages and
disadvantages of paper and electronics tools are reported in
thematic-based tablesin [7,38,39].

The use of smartphones to collect data was faster, easier to
follow, and more convenient, asthe data collectors did not have
to carry cumbersome paper questionnaires and less space was
needed to store their data collection tools. Additional
functionalities—such as automatic retrieval of respondentsand
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other members of the household or GPS functionalities—are
also reported as an advantage.

The risk of data loss with paper-based surveys was perceived
as being less than that with EDC, as paper questionnaires are
tangible and enable immediate review, identification, and
correction of mistakes. Paper surveyswere also perceived to be
easier for manipulating, adding, or changing data—for instance,
including a household member absent during the survey who
was later encountered by the survey team. The automated skip
function was advantageous and time saving. The enumerators
did not have to read the questions on every visit to the same
household.

Enumerators described that the devicesfelt exciting, interesting,
and prestigious, and they were skilled professionalsin the eyes
of the community. Some fieldworkersfelt that EDC interviews
took longer, and occasionally, devicesfroze during an interview.

Some studies that were excluded from our review aso offer
important insights about preference, acceptability, and local
experiences [48-51].

Discussion

This systematic review synthesized the available comparative
evidence on paper-based and electronic data collection tools
and the potential effect of using these tools on data quality,
implementation  cost, and user preferences in
interview-administered public health surveys. The systematic
review included studies from 2008 to 2018 that wereidentified
through multiple online electronic database searches. We
identified more than 3500 papers and screened more than 2500
titles and abstracts to include 14 full-text papers based on our
inclusion criteria. We extracted and synthesized available
evidence regarding data quality, cost-effectiveness, timeliness,
and user preferences. No paper hasreported astudy design with
a classical randomized control approach. Randomization was
reported to indicate either respondent all ocation to paper-based
or electronic tools or data collectors' exposureto one of the data
collection tools. Meta-analysis was not possible due to the
heterogeneous nature of study designs, measurements and
outcometypes, and study settings. Instead, a narrative synthesis
based on predefined data quality, cost and related outcomes
acceptability, and preferences was conducted.

We employed arigorous systematic review processto formulate
the research questions, prepare individua database-tailored
search strategies, execute searches in multiple databases, and
independently screen and extract evidence from thousands of

papers.

However, the results were inadequate for meta-analysis. The
final included studies were heterogeneous and could not be
combined to generate better estimates. Low-quantity and
low-quality phenomena are becoming evident in most recent
systematic reviews assessing mHealth or eHealth outcomes
[13,29,30].

This scarcity might result from the following reasons: lack of
primary studieswith arigorous study design, insufficient search
strategy or review process, or unnecessary narrowing of astudy
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focus. The most commonly reported reason is a lack of
sufficient, well-planned, rigorous studies. The lack of evidence
might be due to reluctance to evaluate the system after
implementation and due to publication bias because of
unsuccessful or disappointing findings [52]. Apart from a few
studies[35,37,39,41,42], thoseincluded in our systematic review
were not primarily designed to evaluate the impact of EDC
compared with PPDC. Instead, the studies were a byproduct of
survey experience from a comparative analysis using their
secondary data. Information from such implementation practices
can provide insights or lessons for readers, but the comparative
outcomes might be influenced by unplanned and uncontrolled
confounding variables[7,36]. Elimination of observed and
unobserved factors that might otherwise plausibly explain the
difference in outcomes in the study design can increase
confidencein the assertion that the estimated impact constitutes
the real impact of the tools. The studiesincluded in thisreview
suffered from multiple biases during sample size estimation,
selection (purposive vs random selection), and data quality
outcome measurement level (before or after data entry). We
recommend that future research focus specifically on the mode
of data collection measurement and on quantifying the impacts
with sound research designs.

Generating afull economic eval uation of the evidencefacilitates
a comparison between interventionsin terms of their costs and
intended outcomes and can be used to inform decisionmakers
or funders of the availabl e choi ces among alternatives upon cost
justification [53,54]. In our systematic review, we attempted to
extract the available cost information using the CHEERS
checklist [47]; however, most of the expected items in the
checklist were not reported. A majority of the studies lacked a
detailed description of unit costs, data sources, and cost
calculations. Moreover, most used atime horizon of 1 year and
failed to assess long-term costs and data quality effects. The
rationale for the choice of the time horizon was aso not
explicitly stated.

Degspite these limitations, the available cost data could provide
clues regarding the existing cost parameters for paper- and
electronic data collection systems. Two studies managed to link
the cost of implementing EDC and PPDC toolsto data quality.
Such cost-effectiveness analyses should be encouraged in future
studies. Thereisno clear answer or guideline to shape the type
and level of rigorous studies in health information technology
evaluation [55,56]. Details of evidence-based health informatics
history, current practices, and future recommendations are
discussed el sewhere [52]. Further debate and consensus among
academics and researchers in biomedical informatics should
continue to determine how and when health information
technology evaluation is rigorous and produces good quality
data [57].

The studiesidentified in this review were conducted in various
countries and in the context of different health care systems.
Generalizing and applying results from different contexts is
difficult because of variations in clinical practice, costs, and
their analysis. However, what was consistent across all studies
was a lack of reporting on the feasibility of adopting these
technologies based on economic and organizational factors.
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It was surprising to see limited publications from global survey
implementation organizations for the DHS and INDEPTH
network groups, as those projects have many years of
multinational implementation experience [4,58]; however, apart
from experience reports, comparative evaluation studiesin those
areas are rare. Further evaluation research in these projects
might produce evidence of data quality, cost, timeliness, and
the success and failure factors for multinational projects.

There are positive perceptions regarding the acceptability,
usability, and preference of EDC over PPDC among data
collectors. This positivity is because technology enables data
collectors to focus on their work, get immediate feedback
regarding their mistakes, correct their errors while in the field,
and leave few data quality issues to revisit. It is not known
whether thisexcitement isashort-term effect immediately after
the technology introduction or a stable long-term view based
on longer exposure. A short period of technophilic or
technophobic attitudes might lead to inaccurate overall
impression of thetool, as accurate impression can only develop
with longer exposureto the technology [59]. The generalizability
and applicability of the results, given the different types of
devices with different technical specifications and the rapid
pace at which technology advances, need critical evaluation.
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The generalizability of the findings of this systematic review
is also challenged by the studies themselves, considering the
variations in the characteristics of data collectors, level of
outcome measurements, settings of the survey, and the
psychometric properties of the survey questionnaires.

Conclusions

This systematic review showed that, despite consistent claims
of a positive impact of technology on data quality and
cost-effectiveness, the available evidence is small in quantity
and low in quality. Purposefully designed comparative studies
assessing the impact of data quality and cost-effectiveness are
needed for implementation in organizations and by decision
makers.

Despite the heterogeneity and low quality of the included
studies, their qualitative synthesis showed the superiority of
EDC systemsover paper-based systemsfor dataquality, process
efficiencies, and cost.

Comparative evaluation studies sourced from international
survey-implementing organizations where their routine data
collection modeis EDC can provide abetter platform for impact
evaluation research in large-scale surveys.
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Abstract

Background: Interoperability and secondary use of datais a challengein health care. Specifically, the reuse of clinical free text
remains an unresolved problem. The Systematized Nomenclature of Medicine Clinical Terms (SNOMED CT) has become the
universal language of health care and presents characteristics of a natural language. Its use to represent clinical free text could
constitute a solution to improve interoperability.

Objective:  Although the use of SNOMED and SNOMED CT has already been reviewed, its specific use in processing and
representing unstructured data such as clinical free text has not. This review aims to better understand SNOMED CT's use for
representing free text in medicine.

Methods: A scoping review was performed on the topic by searching MEDLINE, Embase, and Web of Science for publications
featuring free-text processing and SNOMED CT. A recursive reference review was conducted to broaden the scope of research.
The review covered the type of processed data, the targeted language, the goal of the terminology binding, the method used and,
when appropriate, the specific software used.

Results: Intotal, 76 publications were selected for an extensive study. The language targeted by publications was 91% (n=69)
English. The most frequent types of documents for which the terminology was used are complementary exam reports (n=18,
24%) and narrative notes (n=16, 21%). Mapping to SNOMED CT wasthefinal goal of theresearchin 21% (n=16) of publications
and a part of the final goal in 33% (n=25). The main objectives of mapping are information extraction (n=44, 39%), feature in a
classification task (n=26, 23%), and data normalization (n=23, 20%). The method used was rule-based in 70% (n=53) of
publications, hybrid in 11% (n=8), and machine learning in 5% (n=4). In total, 12 different software packages were used to map
text to SNOMED CT concepts, the most frequent being Medtex, Mayo Clinic Vocabulary Server, and Medical Text Extraction
Reasoning and Mapping System. Full terminology was used in 64% (n=49) of publications, whereas only a subset was used in
30% (n=23) of publications. Postcoordination was proposed in 17% (n=13) of publications, and only 5% (n=4) of publications
specifically mentioned the use of the compositional grammar.

Conclusions: SNOMED CT has been largely used to represent free-text data, most frequently with rule-based approaches, in
English. However, currently, there is no easy solution for mapping free text to this terminology and to perform automatic
postcoordination. Most solutions conceive SNOMED CT asasimpleterminology rather than asacompositional bag of ontologies.
Since 2012, the number of publications on this subject per year has decreased. However, the need for formal semantic representation
of freetext in health care is high, and automatic encoding into a compositional ontology could be a solution.

(J Med Internet Res 2021;23(1):€24594) doi:10.2196/24594
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Introduction

Background

The ability to meaningfully exchange and process data is of
utmost importance in health care, whether it isinside a hospital
setting either among different health structures or among health
systems in different countries [1-3]. The use of a common
terminology is away to improve both interoperability and the
secondary use of data [4].

The Systematized Nomenclature of Medicine Clinical Terms
(SNOMED CT) wascreated in 1999 by the fusion of 2 important
health care terminologies—SNOMED reference terminology
(SNOMED RT) and Clinical Terms Version 3. It was first
released in 2002. SNOMED CT is currently considered as the
most comprehensive, multilingual, clinical heath care
terminology in theworld, with more than 350,000 conceptsand
amillion relationships [5-7]. It is maintained and published by
SNOMED International, a nonprofit organization comprising
39 member countries [8]. In the last 18 years, SNOMED CT
has grown in size and coverage and has been included as a
standard vocabulary in the meaningful use program [9]. Thisis
an important step for any electronic health record willing to
attain interoperability.

With 3 components, namely concepts, descriptions, and
relationships, SNOMED CT can be observed asboth acomplex
ontology and a graph containing vertices and labeled edges.
Thisstructure allowsinteresting features such as compositional
grammar, expression constraint queries, or postcoordination. It
is therefore possible to create postcoordinated concepts that
represent new meanings not present in the terminology. These
postcoordinated concepts can then be queried and processed
with the rest of the terminology [5,10,11].

These characteristics, similar to those of a natural language,
make SNOMED CT a candidate for representing clinical free
text in asemantically rich, machine-readable manner. Although
encoding free text into SNOMED CT can be done manually, it
is costly and not scalable for large data sets. Therefore, it is
often accomplished by natural language processing (NLP). NLP
isan activeresearch branch in the biomedical field and has been
broadly applied in the scientific literature and clinical text for
diverse tasks [12-14]. However, NLP applications on clinical
documents arelessfrequent. Among the reasons explaining this
disparity arethelimited accessto corporaof clinical documents
and thelack of publicly available annotated corpora[15]. These
barriers are even more important for languages other than
English.

Objectives

SNOMED CT has already been the subject of many studiesand
evaluations of its coverage, ability to represent complex
concepts, or usability inaclinical setting [16-19]. Its usage has
already been a subject of reviews; however, those publications

are older than 10 years [13,20] or focus on its general use
without focusing on its usage to process and represent

http://www.jmir.org/2021/1/e24594/

unstructured data such as clinical free text [7]. Therefore, this
work aims to better understand the use of SNOMED CT for
representing free text in medicine via a scoping systematic
review. It also aims to decipher the use of this terminology
across fields, languages, and countries and how it is used from
an analytical point of view, such as terminology source up to
exploiting its advanced features, that is, postcoordination and
compositional grammar.

Methods

Article Selection Process

An exploratory research performed using text-based querieson
MEDLINE and Google Scholar helped in defining the queries,
topics, and objectives of this study. This work led to the
selection of 3 databases for the review based on previous
reviews addressing similar topics [7,20,21]. This choice was
madeto increase coverage. Purely engineering-rel ated databases,
such as the Institute of Electrical and Electronics Engineers
Xplore or the Association for Computing Machinery digital
library, were not selected because of the technical content of
their publications, which was often not related to real clinical
settings.

In thiswork, clinical freetext is considered as any text written
inanatural language about a patient, which does not come from
a finite value set. Freetext fields in structured forms and
problem lists have been included to broaden the scope.

The selected databases were PubMed [22], Embase [23], and
Web of Science [24]. The fina query used was as follows:
(“SNOMED-CT” OR “SNOMED CT”) AND (“free-text” OR
“free text” OR “narrative”). These keywords were defined
during the preliminary research. The bottleneck wasthe presence
of theterm“SNOMED CT,” and no other synonyms of narrative
or free text were added as they did not change the results. The
final query was made on August 9, 2019.

To be selected, an article must meet the following inclusion

criteria:

« It should be published in scientific journals or conference
proceedings after 2002.

« It should include the usage of SNOMED CT to represent
or process clinical free text.

The limitation on the date was set to avoid publications that
focused on the previous versions of SNOMED.

Although the selection was voluntarily broad, white papers,
editor papers, posters, or conference abstracts were excluded.
Articles not available in English were also excluded. The
Unified Medical Language System (UMLS) [25] devel oped by
the National Library of Medicine (NLM) combines biomedical
terminologies in a single resource. Since the release of the
UMLS-labeled 2004AA [26,27], it contains SNOMED CT. In
this work, publications focusing on the usage of UMLS were
included only if they specifically mentioned the usage of
SNOMED CT.
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To beasinclusive as possible on the chosen topic, the references
in every publication were also reviewed to include new
publications. Therecursive reference review was stopped when
no additional publications were added to the set. This has been
done with the aim of reducing the impact of the query on the
final selection of articles. Moreover, 3 review articles about
information extraction from clinical free text wereincluded in
the selection. Despite not meeting the inclusion criteria, they
were considered as a source of reference to other publications

Textbox 1. Categories of documents.

Gaudet-Blavignac et al

meeting the criteria. Obvioudly, they were not the target of the
topic review described below.

Topics Reviewed

The articles were then studied to extract some specific topics
in a systematic manner. The first topic reviewed was the type
of document used as a free-text source. To better detect which
data were used in these publications, we defined the categories
described in Textbox 1.

and his or her physical examination such as admission notes

o Death certificates

«  Autopsy reports
« Incident reports

o Allergy reports

pathology, and genomic reports

«  History and physical examinations: this category includes documents summarizing the situation of a patient admitted in a health care structure,

«  Clinical summaries: this category includes any document summarizing a care episode such as a discharge summary

«  Problem lists: this category regroups documents listing the problems of a patient admitted in a health care structure

«  Complementary exam reports: this category regroups any document related to a complementary exam, including but not limited to radiology,

« Narrative notes: this category includes progress notes, nurse notes, and clinical notes not further specified

« Various: this category was selected when a publication used more than one type of document according to this classification

The publicationswere then classified according to thelanguage
they targeted in their work. All the selected publications
included a part where the free text was mapped to SNOMED
CT concepts. This terminology binding step was classified
depending on its justification and whether it was the final goal
of theresearch or a step toward another goal. Textbox 2 defines
the types of reasons. These reasons have been defined
empirically to fully cover the possibilities encountered in
publications. For each type, a point was added if it was present
in the publication.

The method used for the terminology binding to SNOMED CT
was classified as “manual,” “rule-based,” “machine learning,”
or “hybrid” for each article. The definitions used for these
categories are listed in Textbox 3. When mapping was
accomplished using a specific software, it was reviewed.

The general usage of SNOMED CT wasreviewed on 2 specific
topics: whether thefull terminology or asubset of conceptswas
used and whether more advanced features of SNOMED CT
were included in the study.

Textbox 2. Categories classifying the reason for the terminology binding to Systematized Nomenclature of Medicine Clinical Terms.

Information extraction: Systematized Nomenclature of Medicine Clinical Terms (SNOMED CT) is used to extract meaningful information from
freetext. The focus must be aimed at extracting information, not structuring or encoding it. Publications using the terminology binding to extract
clinical information from documents that fall under this category

Data normalization: SNOMED CT is used to encode existing data. This category is different from information extraction because it focuses on
adding semantics to the data while keeping it intact. It includes publications where SNOMED CT is used to define a template or to support
information entry

Synonym resource: SNOMED CT includes synonyms for alarge number of its concepts. In this category, SNOMED CT is used as a source for
synonyms

Quality evaluation: SNOMED CT is used to evauate the quality of care or documentation
Coverage evaluation: The focusisaimed at evaluating the coverage of SNOMED CT for a specific task by mapping it to free text

Similarity evaluation: SNOMED CT is used to evaluate similarity among data. It is usually made by using the relationships present in SNOMED
CT to compute the semantic distance between concepts

Gold standard creation: SNOMED CT is used to create a gold standard data set

Feature in a classification task: SNOMED CT mapping is used as afeature in a classification task
Value set creation: SNOMED CT is used to define a specific value set

Mapping to other terminologies: SNOMED CT is used as a bridge to other terminologies

http://www.jmir.org/2021/1/e24594/
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Textbox 3. Definition of the categories used to classify the mapping method.
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«  Manual: the mapping is made by manually reading the text and assigning the correct concept [28,29]
«  Rule-based: the mapping is made using rule-based methods such astext search, regular expressions, finite state machines, or atool that is defined

as rule-based [30,31]

«  Machinelearning: the mapping is made using probabilistic algorithms based on alearning mechanism such as support vector machine, conditional

random fields [32], or naive Bayes [33]

«  Hybrid: the mapping is made using both rule-based and machine learning methods, whether it is simultaneously combined or sequentially [34]

Results

Article Selection

After 3 rounds of recursive reference review, the final selection
included 76 publications and 3 reviews. Complete list of the
publications is provided in Multimedia Appendix 1
[14,16,28-101]. Those reviews [13,102,103] will be excluded
from the rest of the analysis, as they were only studied to
broaden the scope of this review. The flow diagram according
to PRISMA (Preferred Reporting Itemsfor Systematic Reviews

Among the 76 selected articles, 42 (55%) publications were
journal articlesand 34 (45%) were conference proceedings. The
number of publications published per year is shown in Figure
2. The 76 publications were issued from 37 journals and
conference proceedings, with 10 journals or proceedings
appearing in more than one publication in the selection (Table
1).

Overall, 238 unique authorswere credited in the selection. More
prolific authors (more than one authorship) are displayed in
Figure 3.

and Meta-Analyses) [104] is shown in Figure 1.
Figure 1. Flow diagram of the selection process. SNOMED CT: Systematized Nomenclature of Medicine Clinical Terms.

Records retrieved by queries on
databases
(n=150)

- PubMed: 57
- Web Of Science: 34
- EMBASE: 59

Records screened after
duplicate removed
(n=73)

Records excluded for not meeting
criteria -
(n=24)

Records selected by recursive
references review
(n=40)

Articles excluded on full-text read +
(n=10)

Record selected for full-text
read and references review
(n=39)

- No use SNOMED CT: 4
- No use of free text: 5
- Full text not available: 1

- Firstround: 29
- Second round: 10
- Third round: 1

L

Articles included
(n=79)

- Qriginal articles: 76
- Reviews: 3
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Figure 2. Number of publications per year of publication.
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Table 1. Journals and conferences having more than 1 article in the selection.

Name of journal or conference Publications, n

AMIA2 Annual Symposium proceedings 15
Journal of Biomedical Informatics 8

~

BMCP Medical Informatics and Decision Maki ng

Journal of the American Medical Informatics Association
Studies in Health Technology and Informatics

Journal of Digital Imaging

AMIA Joint Summits on Translational Science proceedings
Mayo Clinic Proceedings

Electronic Journal of Health Informatics

N N D NN W N

International Journal of Medical Informatics

AMIA: American Medical Informatics Association.
BMC: BioMed Central.
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Figure 3. Number of authorships for the most prolific authorsin selection.
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reports (18/76, 24%), followed by narrative notes (16/76, 21%)

Type of Data and publications using more than one type of document (14/76,
Thetypesof documents used in each publication aresummarized  18%).

in Table 2. The most frequent types are complementary exam
Table 2. Number of publications per type of document used for the mapping.

Document Type

Publications (N=76), n (%)

Complementary exam report 18 (24)
Narrative note 16 (22)
Various 14 (18)
History and physical examination 8(11)
Clinical summary 6 (8)
Death certificate 5(7)
Problem list 34
Not available 3(4)
Incident report 1(1)
Autopsy report 1(1)
Allergy report 1(1)
Language

The target languages in the publications are listed in Table 3.
Most papers focused on English (69/76, 91%). The 3 other
languages were Swedish, Czech, and Chinese (Table 3).

Table 3. Target language in publications.

Language Publications (N=76), n (%)
English 69 (91)

Swedish 3(4)

Czech 3(4)

Chinese 1(1)
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Reason for the Terminology Bindingto SNOMED CT

As the focus of this work is to depict how the research
community uses SNOMED CT to process clinical free text,
selected articles had to include a part in which free-text data

Gaudet-Blavignac et al

were mapped to SNOMED CT concepts. However, the mapping
part was only a step toward another goal in many cases (eg,
classification task [35,36], similarity measures [29,37], etc;
Table 4).

Table 4. Role of the Systematized Nomenclature of Medicine Clinical Terms mapping in the publications.

Role of the SNOMED CT?mapping

Publications (N=76), n (%)

Final goal
Part of final goal
Step toward other goal

16 (21)
25 (33)
35 (46)

8SNOMED CT: Systematized Nomenclature of Medicine Clinical Terms.

The reasons for the SNOMED CT mapping in publications are
displayed in Table 5. The most frequent reason is information
extraction (44/76, 39%), followed by feature in aclassification

Table5. Reason for the mapping in publications.

task (26/76, 23%) and data normalization (23/76, 20%). The
remaining categories appear in 5 publications or less.

Reason for the SNOMED CT2? mapping

Publications, n (%)

Information extraction
Feature in a classification task
Data normalization

Coverage evaluation
Similarity evaluation

Quiality evaluation

Value set creation

Synonym resource
Terminology mapping

Gold standard creation

Total number of points given

44 (39)
26 (23)
23(20)
5(4)
4(4
313
3(3)
2(2)
2(2)
1(1)
113 (100)

3SNOMED CT: Systematized Nomenclature of Medicine Clinical Terms.

Mapping M ethod

The type of method used for mapping according to the
previously defined classification is presented in Table 6, and
the methods used per year is displayed in Figure 4. The
evolution of the methods shows that articles presenting machine

learning approaches were published only in 2008, 2009, and
2014. Hybrid approaches are present during the period 2005 to
2010 and in 2019. With 70% (53/76) of publications, rule-based
approaches were the most common method used to perform
this task, although the number of publications per year is
reducing overall.

Table 6. Method used for mapping free-text data to Systematized Nomenclature of Medicine Clinical Terms.

Method for SNOMED CT? mapping

Publications (N=76), n (%)

Rule-based
Manual
Hybrid

Machine learning

53 (70)
11 (14)
8 (11)
4(5)

3SNOMED CT: Systematized Nomenclature of Medicine Clinical Terms.
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Figure 4. Number of articles applying a specific method for Systematized Nomenclature of Medicine Clinical Terms (SNOMED CT) mapping when

available.
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. L Only software used to produce a mapping into SNOMED CT
Software Used for Terminology Binding are considered. Software used only for a step of the NLP

Table 7 shows the software used to specifically map free-text  pipeline such as negation detection or tokenization and not
datato SNOMED CT concepts, the number of publicationsin  resulting in a concept-mapping output are not listed.
which they appear, and whether they are publicly available.

Table 7. Tools used for mapping free text to Systematized Nomenclature of Medicine Clinical Terms concepts.

Name of tool Publications, n Availability for public use
Medtex 12 No
MCVS? 8 No
MTERMS® 4 No
MetaMap 3 Yes
MetaMap transfer 3 Yes
Open biomedical annotator 2 Yes
MedL EEC 2 No
CTAKES 2 Yes
Lingoengine 1 Yes
Snapper 1 No
iSCOUT 1 No
RapTAT® 1 No

3MCVS: Mayo Clinic Vocabulary Server.

PMTERMS: Medical Text Extraction Reasoning and Mapping System.
®MedLEE: Medical Language Extraction and Encoding System.
dcTAKES: clinical Text Analysis and Knowledge Extraction System.
®RapTAT: Rapid Text Annotation Tool.

Although all the software aim to detect concepts in free text,  strict comparison. Therefore, the following review focusesonly
the wide disparities in methods and evaluation metrics, the on the systems themselves and their published evaluation.
subsets of concepts used, and the output terminologies prevent
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Medtex [38], developed by the Australian eHealth research
center, is built based on other existing tools (GATE [105],
metamap transfer MMTx [106], and NegEx [107]) and can
annotate free text with SNOMED CT concepts and negation
marks. Although it isused in 12 publications, to the best of our
knowledge, no strict evaluation of the mapping has been
published.

The Mayo Clinic Vocabulary Server (MCVS) [16], also called
Multi-threaded Clinical Vocabulary Server [39], is able to map
free text to codes in various classifications, among which,
SNOMED CT codes. It is the subject of an evaluation of over
4996 problem statements, which resulted in a sensitivity of
99.7% and a specificity of 97.9%. It is linked to LingoEngine
[40], which is described as a commercially available product
linked to MCVS.

The Medical Text Extraction Reasoning and Mapping System
(MTERMYS) [41] isasystem that uses shallow and deep parsers
to extract and structure information from freetext by using local
and standard terminol ogies. The system al so proposes mappings
between the terminologies. It has been used to extract
medication information, allergens, allergic reactions, [42,43]
and family relatives [44]. Each of these uses required specific
customization, such as adding ad hoc dictionaries. Evaluations
proposed in publications about MTERMS cover the encoding
of information in multiple terminologies and are restricted to a
specific subject. The evaluation of alergy datashowsaprecision
of 84.4%, a recall of 91.0%, and an F-measure of 87.6%.
Moreover, the evaluation of family relatives showed aprecision
of 100%, arecall of 97.4%, and an F-measure of 98.7% over
291 occurrences.

MetaMap [106], and its Java implementation MMTX, was
developed by the NLM. Its goa isto map the biomedical text
to the UMLS Metathesaurus [108]. Since 2004, the UMLS
Metathesaurus contains SNOMED CT. Although MetaMap
only mapsfreetext to the UMLS concept uniqueidentifier(CUI),
the link between a CUI and a SNOMED CT concept is present
in the Metathesaurus and it is possible to specify vocabulary
sources used for mapping. Therefore, in this work, MetaMap
is considered as atool that can map free text to SNOMED CT
concepts. A redlistic evaluation of the performance of this
software has never been performed [109]. However, specific
task eval uations and comparisonswith other software have been
published [110-112]. They showed a performance of 88% in
recall, 89% in precision, and 88% in F-score on clinical notes,
aprecision of 85% and arecall of 78% on concepts extracted
from medical curriculum documents [110]; and finaly, a
precision between 33% and 76% on multiple web-based
biomedical resources for the mapping of biological processes,
depending on the data sources [111]. However, no specific
evaluation of the SNOMED CT mapping has been published.

The Open Biomedical Annctator (OBA) [113] is an
ontology-based web service that can annotate free text with a
variety of ontologies. It uses and improves the annotations of
a concept recognizer called Mgrep [114] and is developed by
the National Center for Integrative Biomedical Informatics at
the University of Michigan. Publications using OBA in the
selection did not propose an evaluation of the SNOMED CT

http://www.jmir.org/2021/1/e24594/
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mapping. However, a comparison of Mgrep with Metamap
showed a precision between 58% and 93% for biological
processes depending on the data source [111]. However, these
evaluations are not focused on SNOMED CT.

The Medical Language Extraction and Encoding System[115]
developed in Columbia University aims to transform clinical
datainto controlled vocabularies. It has been specifically adapted
for UMLS and evaluated on 300 random sentences with a
precision of 89% and a recall of 83% [116]. However, this
evaluation does not mention SNOMED CT or theUMLSversion
used.

The clinical Text Analysis and Knowledge Extraction System
(CTAKES) [45], devel oped inthe Mayo Clinic, isan open-source
NLP software aimed at information extraction. It includes a
dictionary lookup component able to map the free-text data to
UMLS concepts. The named entity recognition component has
been evaluated on a corpus of 160 notes manually annotated
with UMLS concepts including SNOMED CT, and shows an
F-score of 71.5% for exact and 82.4% for overlapping spans
[46].

Shapper [117] by the Australian eHealth research center is a
software with the ability to input free-text data and perform the
mapping from a terminology to SNOMED CT. To the best of
our knowledge, no strict evaluation of the software has been
performed. Shapper has been used in the selection to classify
narratives into symptom groups [47].

ISCOUT appearsin only one publication in the selection. This
software, developed at the Brigham and Women's Hospital in
Boston, is used internally for document retrieval according to
alist of terms from aterminology [48]. In the publication, it is
used with a list of concepts from various terminologies,
including SNOMED CT, to retrieve documents. However, no
evaluation of concept detection is proposed.

The Rapid Text Annotation Tool (RapTAT) [33] is a token
order—specific naive Bayes—based machine learning system
designed to predi ct an association between phrases and concepts.
It has been evaluated on the manually annotated 2010 i2b2
shared task data [118] and compared with the MCV S output,
defined as the gold standard on 2860 discharge summaries. On
the manual data set, RapTAT reached a precision of 95%, a
recall of 96%, and an F-measure of 95%. To reproduce the
MCVS output, RapTAT achieved a precision of 92%, a recall
of 85%, and an F-measure of 89%.

Among all software, 5 are available, either as a web-based
interface or as an installer for public usage. For example,
Metamap, MMTx, and cTAKES are open source, OBA is
avallable as a web-based interface, and LingoEngine is
commercialy available.

Subset Usage

As SNOMED CT includes more than 340,000 concepts, the
research studies described in publications often restrict their
usage to a subset of the terminology (Table 8). The complete
SNOMED CT terminology was used in 64% (49/76) of the
publications. A subset of the terminology was used in 30%

JMed Internet Res 2021 | vol. 23 | iss. 1 [e24594 | p.215
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

(23/76). The size of these subsets could vary from less than 10

Gaudet-Blavignac et al

concepts [47] to several thousand [37].

Table 8. Subset of Systematized Nomenclature of Medicine Clinical Terms used in publications.

Subset of SNOMED CT@ used

Publications (N=76), n (%)

Full terminology
Subset
Not available

49 (64)
23 (30)
4(5)

8SNOMED CT: Systematized Nomenclature of Medicine Clinical Terms.

Advanced Functionalities Used

SNOMED CT includes a large set of functionalities atop the
classical ontology usage, among which the most interesting are
the combinatorial possibilitiesthat offer postcoordination. Table
9 shows whether a publication performed postcoordination to

Table 9. Use of postcoordination.

a certain extent. Among the 13 publications using this feature,
4 of them (5%) [30,35,36,49], al by the same first author,
specifically mentioned the compositional grammar published
by SNOMED CT [10]; however, the others do not elaborate
nor propose simple postcoordination such as combining concepts
witha“+" sign.

Usage of postcoordination

Publications (N=76), n (%)

No 61 (80)
ves 13 (17)

Not available 2(3)

Discussion as the breakthrough has already been published in another

Principal Findings

SNOMED CT ismostly used to represent information found in
the complementary exam reports (18/796, 24%). This is
potentially influenced by an important number of studies
focusing on radiology [119] and pathology, as complementary
exam reports are often produced by those divisions. Moreover,
pathology being historically the field of SNOMED CT, it could
have influenced its application in thisdomain. In addition, these
types of reportsare usually focused on specific clinical questions
and arguably convey more specific informational content.

The second type of free text represented in our results is
narrative notes (16/76, 21%). Potentially, this can be explained
by the large conceptual span of SNOMED CT, which alows
good informational coverage on textual data.

Finally, alarge set of articlesdo not filter datafor specific types.
Thisis explained by publications focusing more on providing
a solution to map SNOMED CT concepts to text in general,
without targeting a specific type of document. Thisis supported
by the fact that those publications have the mapping to
SNOMED CT concepts astheir final goal in 9 out of 14 (64%)
publications, which is significantly higher than the rest of the
selection (16/76, 21%).

In the selection, only 7 out of 76 (9%) publications focused on
alanguage other than English. Multiple reasons can explain this
predominance of the English languagein research studies. First,
NLP is known to be dependent on language. Work performed
in a language cannot easily be transferred to other languages.
Therefore, the overhead to begin NLP research in another
languageis substantial and brings few rewardsin thefirst stages,

http://www.jmir.org/2021/1/e24594/

language.

Second, SNOMED CT—Iike most international classifications
and ontol ogies—wasfirst published only in English. Rule-based
methods, which are the most frequently used methods for
SNOMED CT mapping, rely on the assumption that the
description of a concept can be directly mapped to free text,
which is not possible when the language of the text is not the
language of the classification. However, trandations of
SNOMED CT exist for Spanish, Swedish, and recently French
[120]. Therefore, there is hope for new developments as the
barriers to the language start to be overcome.

Finally, several publications use public data sets such as the
i2b2-shared task data sets [33,34,41,50,51] or the MIMIC Il
[52] data set asthe sources of narrative documents. These public
datasetsare valuablefor promoting researchinNLP onclinical
free text and are the subject of many publications. The
availability of such resources in languages other than English
is scarce.

Unsurprisingly, the most frequent reason for mapping to
SNOMED CT is information extraction (44/76, 39%), as the
ability of SNOMED CT to represent medical knowledgeisthe
core feature of this terminology. Nonetheless, 26 articles
(34.21%) used the resulting mapping as a feature in a
classification task, usually using a learning algorithm such as
support vector machines or conditional random fields [53,54].
SNOMED CT isused in these cases as aproxy for the semantic
content of the data, between free text and structured data, to
simplify the task of classification and improve results.

Similarity evaluation is the goal in 4 publications (5.26%).

Whether it is to compare cases [55], documents [29,37], or
concepts [56], the similarity is computed using the SNOMED
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CT concepts. Both the polyhierarchy and the defining
relationships can be used to compute the semantic distance
between concepts. However, only 3 of the publications used
them. Thisis an example of the added value SNOMED CT can
bring to the secondary use of medical data.

Only 21% (16/76) of the publications mapped free text to
SNOMED CT asafinal objective. Thisisexplained by thelarge
number of publications reusing a mapping tool developed in a
previous publication for new goals. To illustrate this
phenomenon, Nguyen et al [38] reuse the software Medtex
presented their study in multiple publications[14,30,35,36,49].
Thisisalsotruefor large publicly availabletoolssuchasMCVS
[16,17,57] or MTERMS [41,42].

The 3 most represented software in the selection—Medtex,
MTERMS, and MCV S—are not available for public use. They
mainly appear in publications by teams that have developed
them. However, 2 software packages are available under an
open-source license and can be freely used to map free text to
SNOMED CT concepts, Metamap (and MMTx), and cTAKES.
These tools are avail able to perform automatic annotation with
SNOMED CT; however, none of them are specifically aimed
at this ontology nor do they include features such as
postcoordination or multiplelanguage support. Thereiscurrently
no clear solution for mapping free text to SNOMED CT
concepts out of the box with a specific focus on this ontology
and itsfeatures. This could explain the overall small number of
publicationsin the selection.

Rule-based methods arelargely used to perform mapping (53/76,
70%). Thistendsto show that they are more suited for thistask.
This phenomenon could be dueto the large number of concepts
in SNOMED CT. The amount of annotated data needed to
automatically map free text with more than 340,000 classesis
enormous and would require an important investment.

The evaluations of the automatic mapping found in publications
show that thisis not atrivial task. Most solutions for mapping
lack a clear and definitive evaluation, and when available, they
usually focus on asmall set of documents; they use a subset of
the terminology or do not rely on a gold standard. Thisgap in
research could be explained by several reasons.

The number of concepts in SNOMED CT is large, and all
granularities coexist. To express a simple concept such as
Tuberculous pneumonia, asingle concept can be used: 80003002
(Tuberculous pneumonia[disorder]) or any combination of less
granular concepts (233604007 | Pneumonia [disorder],
233618000 |Mycobacterial pneumonia [disorder], 56717001 |
Tuberculosis  [disorder], 113858008 |Mycobacterium
tuberculosis complex [organism], etc). However, all these
representations can be equally correct from a semantic point of
view. Therefore, it is difficult to compute the recall as a gold
standard, which usually represents only one of these
representations. Moreover, SNOMED CT contains 18
subhierarchiesfocusing on different thematics (clinical findings,
body structure, etc), which make the decision of which concept
to use even more difficult. For example, the hierarchy of the
observable entities defines what can be observed in a patient,
but the clinical finding hierarchy contains the results of those
observations. The choice between a finding and an observable
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entity isnot always clear and can heavily depend on the context.
Finally, the usage of postcoordinated termsincreases the set of
expressions that can be used to represent the same concept.
Overall, thetask of evaluating the automatic mapping of natural
language to a SNOMED CT concept lacks a pragmatic and
applicable method; therefore, it is often limited to small-scale
evaluations or manual validations.

The version of SNOMED used in publications (SNOMED,
SNOMED CT, or SNOMED RT) is not always specified,
especialy when the usage of this terminology is not the main
goal of the research. Moreover, the usage of SNOMED CT is
implicit when UMLS s used. Thisremark, aswell asthe small
number of publications mentioning postcoordination,
emphasizesthefact that SNOMED CT isoften seenasasimple
terminology, without the need to useits advanced features. This
phenomenon is also shown by the fact that only a subset of the
terminology is used in 64% (49/76) of the publications. Using
a subset simplifies the mapping task by reducing complexity
but also prevents from benefiting from the power of the
polyhierarchy and the relationships among concepts.

As clinical free text is written in natural language and since
SNOMED CT isdesigned asaformal language, it issurprising
that very few papers use this functionality when mapping to
free text. Although this can be explained by the fact that even
if SNOMED International provides compositional grammar,
there is, to the best of our knowledge, no explicit roadmap to
useit for such atask. Postcoordination requires deep knowledge
of the terminology and access to a terminology server that
handles the resulting data. As SNOMED International is not a
software provider, this has to be achieved either using the
open-source server Snowstorm [121], for which SNOMED
International does not provide technical support, or by relying
on a private company software.

This work shows that although SNOMED CT is widely used
in health care, its use to represent free-text data still remains a
challenge. Polyhierarchy and compositional grammar are at the
core of SNOMED CT and they can bring significant value to
data; however, when it comes to mapping concepts to free text,
there seems to be a margin for approaches that take advantage
of those features. The same can be observed on the usage of
SNOMED CT to process free text in languages other than
English.

Although machine learning is clearly on the rise in multiple
fields of medical informatics and scientific research in general,
itisrarely used to map freetext to SNOMED CT, most probably
because of the size of the corpus needed to train on such alarge
set of classes. In contrast, rule-based symbolic approaches seem
more suited and are used to map large terminol ogiesto free-text
data. A combination of the strengths of both hybrid approaches
could be away to improve performance.

Finally, an openly available tool that would process free texts
and map them to SNOMED CT conceptsis yet to be created.
Limitations

Although thereview has been conducted following a systematic
approach, this work has some limitations.
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The last publication research was conducted in August 2019.
It is possible that new publications have been published since
then. Aswe have observed, the number of publications selected
per year is reducing; therefore, we consider the impact of this
gap to be arguably small. Although the recursive reference
review has been performed with the aim of broadening the scope
of theincluded papers, it is possible that some studiesthat have
not yet been cited by other papers have not been considered.
For example, the high-throughput phenotyping NLP system
described by Schlegel et al. [122] did not appear in the search
nor during the recursive reference review. This system uses a
series of linguistic and semantic indexesto processclinical data
and characterizesit using ontologies such as SNOMED CT and
the International Classification of Diseases 10.

In the selection, a large number of publications are published
by the same groups of authors and propose similar works. This
could result in an overestimation of the impact of those
publications on a complete selection.

Finaly, it is possible that because of the choice to focus on
biomedical databases to gather publications, some articles
published on more engineering-oriented databases have not
been included.
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Conclusions

In conclusion, clinical free-text processing and SNOMED CT
have been an important subject for research, but the number of
publications has been diminishing in recent years. Most of the
publications that we found mapped free text to SNOMED CT
to obtain a semantic representation of the dataand used it asa
first step toward other goals such as document classification or
information retrieval .

Almost none of the publications used advanced features of
SNOMED CT, such as the polyhierarchy or postcoordination.
Most publications conceive SNOMED CT only as a
terminology, a dictionary, or aresource for synonyms.

Publications focusing on languages other than English are rare
and, if software exists for mapping English free text to
SNOMED CT, most of them are not available for public use or
focus on UMLS and not strictly on SNOMED CT. There is
currently no easy solution for mapping free-text data into the
SNOMED CT concepts, especidly if the source language is
different from English or if postcoordination is needed.

However, the need for formal semantic representation of health
care data and the secondary use of free-text datais high, and
automatic encoding into a compositional ontology could be a
way to achieve interoperability.
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Abstract

Adaptive leadership has become an essential skill for leaders in health systems to respond to the COVID-19 pandemic as new
knowledge emerges and case countsrise, fall, and rise again. This leadership approach has been described as an iterative process
of taking awide view of the situation, interpreting the meaning of incoming data from multiple directions, and taking rea -time
action. Thisprocessisalso common in start-ups, which attempt to create new products or services of uncertain valuefor consumer
markets that may not yet exist. Start-ups manage uncertainty through “pivots,” which can include changes in the target group,
need, features, or intended benefit of aproduct or service. Pivots are large changes that account for the high likelihood of getting
something wrong during development, and they are distinct from the “tweaks’ or small tests of change that define quality
improvement methodology. This case study describes three pivotsin the launch of aremote monitoring program for COVID-19.
Adaptive leadership helped inform strategic decisions, with pivots providing a framework for internal and external stakeholders
to articulate options for changes to address shifting needs. There is considerable uncertainty in the appropriate design and
implementation of health services, and although this case example focuses on the use of adaptive leadership and pivots during a
pandemic, these strategies are relevant for health care leaders at any time.

(J Med Internet Res 2021;23(1):€25507) doi:10.2196/25507
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Introduction

Addressing the COVID-19 pandemic has required many shifts
in strategy as new knowledge about the diseasg, its trajectory
and spread, and itstreatment has emerged. Health system leaders
have been required to adapt health care delivery to clinical and
system uncertainty as well as to the changing demographics of
the populations that are most affected by the disease. For
example, in mid-March 2020, the government of the Canadian
province of Ontario encouraged the transfer of stable
hospitalized patients to long-term care to prepare for asurgein
hospital admissions dueto COVID-19 [1]. By mid-April 2020,
hospitals were mostly empty, so these transfers were paused;
by mid-May, no patients were being transferred from hospitals
to long-term care, and 82% of the deaths due to COVID-19 in
Canadawere occurring inlong-term carefacilities[2]. Protecting
the capacity of acute care hospitals to prepare for the surge in
casesled to strategic shiftstoward, and then away from, transfers
to long-term care in reaction to new information.

Adaptive challenges, or problems that cannot be solved by
applying “current technical know-how or routine behavior,”
can be managed using adaptive leadership, asfirst proposed by
Heifetzin 1994 [3]. Key aspects of thisleadership styleinclude
taking awider view of the situation, interpreting what is really
going on, and taking real-time action to rapidly ameliorate the
situation in response to the perceived or projected needs[3]. In
other words, adaptive leadership is about anticipating future
needs, trends and options; articulating these needs to build
collective understanding and support for action; adapting to
allow continuous learning and the adjustment of responses as
necessary; and having accountability, including transparency
in decision-making processes and openness to challenges and
feedback [4]. These skills are all essential during a pandemic
[3,5-8].

The level of uncertainty in health care has risen substantially
during the COVID-19 pandemic. Practical approaches to
managing extreme uncertainty may come from groups that are
accustomed to this management, such asthe founders of start-up
companies. Start-upsare highly practiced in adaptive leadership
because they devel op products and servicesthat do not yet exist
and may not be effective for a consumer market that may not
materialize. To address this challenge, start-ups have
operationalized many adaptive strategies, most notably the
concept of “pivots,” which are used to match a service to a
public need [9]. These include large changesto programs, such
as narrowing or expanding the set of functions, changing
customer segments, focusing on a different customer need, or

http://www.jmir.org/2021/1/e25507/
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changing delivery channels [9]. For example, the makers of
Burbn, an app that allowed users to check in, post their plans,
and share photos, noted that use of the first two functions was
limited; therefore, they “zoomed in” on the photo-sharing feature
and relaunched as Instagram [10]. YouTube began as a video
dating website and successfully “zoomed out” to become the
video streaming service known today [11]. When applied to
health care, pivots may help organizations articulate different
options that can be tested quickly to meet health system needs
during times of extreme clinical and system uncertainty.

Pivots and adaptive leadership appear to be complementary.
Adaptive leadership supports the program team in making
required changes in values, beliefs, and behaviors so they can
continue to meet the needs of their patients and of the health
care system. Ideally, this approach helpsteamsto create meaning
for large changes, potentially protecting against change fatigue,
and positions the management of constant change as a core skill
for the teams. Pivots provide a framework to facilitate difficult
strategic decisions.

In March 2020, as the number of people testing positive for
COVID-19 in Canada was rising [12], Women's College
Hospital, an academic ambulatory hospital in downtown
Toronto, a diverse city with a population of approximately 3
million, saw a need to support people in the community who
tested positivefor COVID-19. Thisneed led to the devel opment
of COVIDCare@Home (CC@H), aremote monitoring program
to support people who test or are presumed to be positive for
COVID-19 in their homes. CC@H offers remote monitoring
using telephone and video visits 7 days a week by an
interprofessional, family medicine-ed team, which aimed to
follow patients during the acute phase of the illness (typically
14 days from symptom onset) or until they were discharged to
community-based care from their primary care provider. To
accelerate the process, senior hospital leaders enabled program
leads to make rapid, informed, and strategic choices, drawing
on principles of user-centered design with patient and provider
interview feedback collected during the initial development
[13,14]. This case study describes the application of adaptive
leadership and three of the key pivots that allowed CC@H to
launch within one week and adapt to the changing needs of
patients with COVID-19 during a period of rapid changes in
clinical and health system needs. A timeline of the pivots in
relationto COVID-19 caseratesin Toronto isincluded in Figure
1. Descriptions of the named pivots are visualized in Figure 2,
and detailed examples based on CC@H are provided in Table
1
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Figure 1. Mapping the pivots of the COVIDCare@Home program to an approximation of the number of cases (confirmed and probable) of COVID-19

in Toronto, Ontario, Canada, from March to October 2020.
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Figure 2. Names and brief descriptions of pivots. Images were obtained from the Noun Project [15].

Zoom-in

A single feature is chosen to become the main
feature.

User Segment

A service may not be working for the users it was
designed for, but a different user may benefit.

Platform

Moving from a service with a set of features to
a platform which connects those who deliver a
service to those who use that service.

Value Capture

A change in how the company captures value,
such as profits or exchange of services.

Channel

A different product or mode of delivery is used to
increase effectiveness.
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Zoom-Out

Current features are insufficient, so the range is
expanded.

User Need

A different need is addressed if the current need
is no longer important

Business Architecture

Two major business architectures include:
1. high margin/intensity, low volume;

Engine of Growth

Explore different ways in which a program
can grow.

Technology

The same solution is delivered to the user using a
different technology.
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Table 1. Names, descriptions, and examples of the pivots that are mainly relevant to COVIDCare@Home. The pivots were named by Ries [9] and
adapted for the health care context by the authors. “User” can refer to patients, customers, or other groups.

Pivot category and name Description Example

Pivots applied to CC@H

Zoom-in A single featureis chosen to become the main featureand ev- The CC@H team quickly “zoomed in” to focus
erything elseiscut away, thusoptimizing delivery of thisfeature  on remote monitoring of community-based pa-
and its value proposition. tients, while other strategies were deprioritized.

Business architecture Thetwo major businessarchitecturesinclude (1) high margin/in-  The CC@H program initially provided low-inten-
tensity, low volume and (2) low margin/intensity, high volume. sity careto ahigh volume of patients because the
These approaches cannot be applied simultaneously. teaminitially predicted high demand, then pivoted

to low volume/high intensity when the COVID-
19 case counts decreased and the patients were
found to be more medically and socially complex.

Engine of growth There are different ways in which aprogram can grow, suchas  The second wave of COVID-19 required CC@H
changing the cost structure to make better use of existingre-  to move from a short-term program with high re-
sources; encouraging policy changes to generate new revenue  source use to along-term sustainable program

sources; or developing a hub-and-spoke model to support with limited resources, such as by decreasing re-
replication in other sites. liance on the use of high-cost staff such as physi-
cians.
Channel Changing to adifferent product or mode of delivery toincrease Many health careingtitutions changed their prima-
effectiveness. ry channel of delivery during the COVID-19

pandemic when moving from in-person to virtual
patient visits. Another example is the movement
of CC@H from primarily using video visits with
patientsto using digital surveysto triage patients.

Technology The same solution is delivered to the user using acompletely  The CC@H team began sending pulse oximeters
different technology, such aswhen new technology isavailable and thermometers to support monitoring rather
at better value. than only using paper-based systemsfor tracking

physiological parameters.
Pivotsthat could be applied to CC@H

Zoom-out Thereverse of thezoom-in pivot. When the current featuresare  To support the higher-intensity approach, CC@H
insufficient for the user, the range of featuresis expanded. could expand their services, such asby providing
home care in addition to remote monitoring for
patients at higher risk in the community.

User segment A service may not be interesting to the usersit was designed  In the future, CC@H could change their patient
for, but early insights suggest a different user may benefit. population, such as to focus on postdischarge or
complex patients who may receive more benefit
from this approach.
User need If early user feedback shows that the problem being solvedis ~ Asevidence of post-acute COVID-19, also known
not very important, the team may pivot to address adifferent  as“long COVID,” emerges[16] and emphasison
need. new cases decreases, CC@H may move away

from focusing only on supporting recently diag-
nosed patients to include longer follow-up of pa-
tients with continuing symptoms.

Platform A service with a set of features changesto aplatform that con- CC@H could shift to a remote monitoring plat-
nects those who deliver a service to those who use that service.  form that connects speciaty servicesto amultidis-
ciplinary team to remotely monitor patients with
different conditions.

Value capture Theisamonetization or revenue model. Leaders changehow CC@H could changeto offering apaid serviceto
the company captures value, such asincreased focus on profits other institutions or include it as part of inpatient
or exchange of services. care for hospital partnersto allow for reimburse-

ment in a bundled payment.

cc@H: CoVIDCare@Home

; . : capacity by mid-April, with a projected 80,000 cases by April
PIVOJ_[ L 'Zoomlng In on Remote 30if current measureswerefollowed [17]. Therewere concerns
Monitoring that hospitals would become overwhelmed. The literature
contained one well-described model for remote monitoring in
primary care[18]. In adesireto keep people out of hospital who
could safely care for themselves at home with support, CC@H

In Ontario, modeling data presented on April 3, 2020, projected
that the demand for intensive care unit beds would exceed the
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was launched by Women’s College Hospital on April 8, 2020.
Partners in this program included the Department of Family
and Community Medicine at the University of Toronto and
Mount Sinai Hospital, an acute care academic hospital that is
part of the Sinai Health System.

Initial strategies of CC@H included setting up atelephoneline
to provide primary care providers with access to expertise in
social work, pharmacy, nurse navigation, genera internal
medicine, respirol ogy, and psychiatry. Theteam al so devel oped
resources to support early discharge from acute care and
developed a protocol for remote monitoring of patients in the
community [19]. CC@H quickly “zoomed in” (Table 1) on
remote monitoring of community-based patients within the
Greater Toronto Areawho tested positivefor COVID-19, while
other strategies were deprioritized. Thiszoom-in pivot enabled
the team to focus resources on refining remote monitoring
processes, including video and telephone visits, methods for
remote triaging, clinical pathways to address symptoms, and
use of devices, such as sending pulse oximeters and
thermometersto patients. Remote monitoring servicesfollowed
2020 recommendations from Greenhalgh et al [18] and were
made available 24 hours per day for up to 14 days. Details are
published elsewhere [20].

For initial staffing, a primary care, team-based approach was
used, relying on redeployed physicians and staff from Women's
College Hospital, primary careresidents, and amultidisciplinary
team (MDT) of providers. The MDT included nurses, a
pharmacist, social workers, mental health workers, and other
available specialists, who worked together to remotely address
clinical needs aswell asthe social determinants of health of the
patients.

Pivot 2: Supporting Complex Patients

The original aim of CC@H aligned with system projections
that support would be needed for a high volume of patientswho
tested positive for COVID-19 at a low intensity, including
occasional contact with mechanisms for escalation as needed
[17]. However, with theinitial health system focus on protecting
acute care[1] and then onlong-term care[2], therewas delayed
recognition of the need to support underserved popul ations who
were at high risk, such as those in congregate living settings or
whose low incomes, precarious work, or housing situations
made their social situations particularly complex [21-23]. For
CC@H, this meant that fewer patients were admitted to the
program than anticipated; however, those who were admitted
had complex needs beyond their COVID-19 diagnosis [20].

By early May, half of the patients admitted to CC@H had one
or more comorbidity [20], and 56% belonged to occupational
groups who are more likely to contract COVID-19 (such as
personal support workers, shelter workers, and cleaners) and to
have social challenges (such asfood insecurity or lack of access
to financial support), which increased the risk of poor health
outcomes[20,21]. For these reasons, the program pivoted from
high patient volume with low patient contact to low patient
volume with high service intensity. There was an average of
4.4 visits per patient in the first month [20], with visits focused
on monitoring symptoms and addressing medical and social

http://www.jmir.org/2021/1/e25507/

Laur et al

needs, and subsequent visits were scheduled at the end of each
visit based on patient preferences and clinical judgment. This
type of shift in intensity is called a business architecture pivot
(Table 1), which posits that a business can be low-margin,
high-volume or high-margin, low-volume but not both [9]. The
analogous situation in health care is a shift in the intensity and
volume of a service, which in this case alowed for a more
patient-centered approach that supported complex patients. The
pivot facilitated use of services such as accessto menta health
support (ie, brief counseling and access to community
resources), navigation of government support (ie, providing
information on what financial or other programsthe patient was
eligible for and how to apply), and strategies to address food
insecurity (ie, providing information on grocery delivery
services, food banks, and other local initiatives available during
the pandemic).

Regarding staffing changes, as the program grew, the original
plan wasto recruit more physicians and registered nurses (RNS)
to support the high volume of patientswith COV1D-19-specific
needs. However, with the focus on supporting patients with
complex needs, anurse practitioner (NP) was assigned instead.
The NP could focus on case management specifically for
complex patients who needed more intense support and
delivered clinical care when the number of patients in the
program increased. The emphasis was on comprehensive care,
and social workersand mental health professionals also became
more involved in case management.

Pivot 3: Adapting, Spreading and
Sustaining the Program

When the number of COVID-19 cases decreased across Ontario
in July and August 2020 [24], CC@H responded by ramping
down; redeployed staff were allowed to return to their original
roles, and many participating primary care physicians returned
to their prepandemic practice models. The program remained
nimble, retaining the ability to service higher volumesif needed.
In September, when asecond wave of cases began to build with
predominately younger and lower-risk patients [24], a new
emphasis was placed on improving triage. This approach
included light-touch digital monitoring systems, such as
electronic survey questions for low-risk patients, to help triage
patient risk and increase the frequency of monitoring.

This second wave of COVID-19 cases necessitated an engine
of growth pivot (Table 1), moving from a short-term program
with high resource use and access to redeployed staff to a
long-term sustainable program with limited resources and a
staffing model that did not rely on redeployment. To achieve
this change, the program leaders decreased reliance on the use
of high-cost staff such as physicians. With increasing clinical
confidence, the program team felt more comfortable with
minima physician contact for low-risk patients, enabling
physiciansto prioritize complex and high-risk patients. “ Digital
Care Coach,” an electronic medical record (EMR) tool that
includes a symptom questionnaire to enable |ow-touch remote
monitoring, was prepared, and triaging guidelines (criteria for
low-, medium-, and high-risk patients based on symptoms,
patient history, and clinical judgment) were adapted to enable
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longer times between virtual visits. This EMR tool monitored
symptoms of low-risk patients and provided educational
materias, allowing the program to provide care to more patients
while maintaining staffing levels and hel ping providersto focus
on higher-risk patients.

Regarding staffing changes and communication strategies, to
run a more sustainable program, the number of physicians
involved in the program did not increase in proportion to the
number of patients; instead, the program relied on more NPs
and RNs to manage lower-risk patients, supported by digital
tools such as Digital Care Coach. Communication strategies
also became more sustainable, with the use of a patient roster
and weekly clinical case conferences rather than daily huddles.
The emphasis shifted to effective use of time and resources for
alonger-term program.

Barriers and Enablers

Significant enablers of the rapid launch of CC@H included the
suspension of many elective activitiesin the hospital aswell as
asense of urgency. The leadership commitment to rapid action
helped overcomethetypical barriers and delays associated with
building new programs in large organizations. Senior leaders
worked closely with the program lead to ensure the necessary
staffing, resources, and information technology support were
available. The program lead facilitated integration of the EMR
system into the program workflow, responded to stakeholder
feedback in real time, developed more efficient processes for
care delivery, and thus built trust among the team that enabled
future pivots. Everyoneinvolved saw the need for this program
and worked through several hurdles to meet this need. Among
those hurdles was adapting the EMR system to meet the
changing needs of the program, which led to a steep learning
curve for providers who were accustomed to a different EMR.

Maintaining the appropriate staffing level swas also challenging
dueto the fluctuating case numbers. A core group of physicians
wereinvolved for several monthsat atime, varying their number
of hours per week with the program, rather than adding new
providers. The social work and mental health professionalsand
pharmacists remained constant throughout; however, there was
high turnover among RNs and NPs. Providers were flexible,
moving between several programs across Women's College
Hospital based on program needs and provider skills. Providers
were aware of this shifting need, and training was provided to
facilitate transitions. With increasing focus on the socia
determinants of health, more mental health and social workers
were needed, and the team was required to keep up to date on
the services that were still open to know which service to
recommend.

The rapid speed at which pivots occurred was both an enabler
and a barrier. Changes were enacted quickly (typically within
a few days) to meet the needs of patients, which limited the
timefor team consultation and led to amore top-down approach.
The daily huddles and weekly meetings enabled the team to be
informed of changes quickly and to beinvolved in ensuring that
the changes worked for them. Although decisionsto pivot were
made by leadership, those decisionswereinformed by the team
and adapted based on their continuous input in the huddles.

http://www.jmir.org/2021/1/e25507/
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The decision to makethis program primary care-led was another
significant enabler, asit allowed for aholistic approach to care,
addressing issues beyond the COVID-19 diagnosis, including
socia determinants of health. The primary care approach may
help with the spread of the program, as it can be used in
low-resource settings and in any primary care-ed facility, such
as long-term care. The program could also be adapted for
patients who do not have COV1D-19 and can be integrated into
the general delivery of primary care. This remote monitoring
approach did have severa barriers, particularly regarding the
use of technology, as many patients were unabl e to access video
visits due to device compatibility, internet bandwidth, and other
reasons. The team had to rely on different methods, including
providing care via telephone or other video calling methods,
such as FaceTime.

System-level enablers included increased access to human
resources for pandemic-specific programs. The launch of
medical billing codes for telephone and video visits facilitated
physician involvement though financial renumeration of virtual
care services provided. The availability of medical residents
whose rotations were suspended was key, as the residents were
ableto servein the model and quickly adapted to new systems
and ways of working. System-level barriers included the
limitations of billing codes to support case conferences and
coordination.

Discussion

Therapid launch and strategic pivots enacted through adaptive
leadership in CC@H enabled the team to continue to meet the
needs of their patientsthrough different waves of the pandemic.
This provides a concrete example of how adaptive leadership
in health care can support important outcomes in times of
uncertainty [5-7].

Thereis considerable uncertainty in the appropriate design and
implementation of health services, and although this case
example focuses on the use of adaptive leadership and pivots
at the organization level during apandemic, these strategiesare
relevant for health care leaders at any time. These leadership
skills can be learned, and the use of specified pivots may help
describe options for major modifications based on emerging
evidence and facilitate this adaptive approach in practice. This
case focuses on individual- and organizational-level changes,
and further work is needed to consider applicability at the
population level, such as how elected leaders may use this
approach and how to prepare the population for these rapid
changes. Using this approach takes practice and courage. While
theliterature provides basic steps[ 3], there are few documented
examples of the types of choicesthat are involved in practicing
this form of leadership.

Training in the design and deployment of new services can
facilitate this leadership strategy, as can the use of real-time
data in implementation and outcome measures to guide
decisions. Training for all staff on this adaptive approach would
also be beneficial so the team members can be ready for rapid
change, understand their role in the change process, and know
when and how to provide feedback. Thisrapid feedback process
will beimportant for staff and leadership to ensure that the pivot
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aligns with the needs of the team and that they have the trust of
the team to go forward. The“balcony view” clearly articulated
in adaptive leadership theory also acknowledges the need for
system-level thinking to meet the needs of the health care
system, providers, and patients. The combination of adaptive
leadership and pivots provides a mechanism for making major
changes in a complex system such as health care.

Additional contextual factors may have enabled the use of
adaptive leadership in CC@H, such as initial close
communication with senior leadership, access to staff from
different disciplines, and a dedicated program lead who had
training in systems engineering and had worked at start-ups.
Although some of these factors are difficult to reproduce or
sustain, clear communication from senior leadership and trust
among team members are key and are achievable in other
settings to facilitate use of adaptive leadership.

Comparison to other COVID-19 remote monitoring programs
highlights directionsthat could have been taken by CC@H. For
example, a model from Minneapolis used newsfeeds with
reminders and daily check-in questionnaires about symptoms.
Initially, CC@H started to develop a similar dashboard;
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however, while the Minneapolis program was monitoring over
1300 patients [10], CC@H only had 100 patients in the first
month. Without the changein intensity (Pivot 2), CC@H would
have continued to provide light-touch care for patients and
would not have been able to provide the comprehensive care
and case management needed for patients with complex needs
at the time. However, in the second wave (Pivot 3), use of
dashboards and low-touch monitoring became a priority to make
the program more sustainable given the rising number of
low-risk patients.

Conclusion

The CC@H program is using adaptive leadership and pivots to
nimbly adapt to meet the changing needs of their patients during
thistime of clinical and system uncertainty, demonstrating the
value of thisapproach. By using pivotsasaframework for large
strategic changes rather than small tweaks, pivots can provide
direction and meaning to support health system leaders as they
quickly adapt to changing needsin health care. Thiscombination
of adaptive leadership and pivots is broadly relevant at most
levels of health care leadership.
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Abstract

Remote approaches for dementia research are required in the era of COVID-19, but moving a research program from in person
to remote involves additional considerations. We recommend using outcome measures that have psychometric properties for
remote delivery, and we recommend against adapting in-person scales for remote delivery without evidence for psychometric
equivalency. We suggest remote research designs that maximize benefit for participants, which could have implications for control
groups. Researchers should plan for flexibility in their methods for remote research and must not assume all participants will be
able to videoconference; telephone-only research is possible. We recommend performing an assessment of information
communication technology infrastructure and prior exposureto thistechnology with each participant before making afinal choice
on remote methods for research. In general, researchers should adapt their methods for remote research to each participant rather
than requesting participants to adapt to the researchers. Screening for sensory loss should be conducted, and the impact of this
on the use of technology for remote research should be considered. In this viewpoint, we detail how individualized training is
required prior to engaging in remote research, how training plans interact with cognitive impairments and, finally, the steps
involved in facilitating technol ogy-based remote data collection.

(J Med Internet Res 2021;23(1):€24098) doi:10.2196/24098

KEYWORDS
COVID-19; telehealth; videoconferencing; dementia; information communications technology

validation studies? This decision-making process could have
implications for research design—for example, does the use of
acontrol group make some research untenable at this particul ar
time given the impacts on the risk benefit analysis? Clearly, the

Introduction

Remote approaches for dementiaresearch overcome barriersto
participation in the eraof COVID-19 requiring social distancing

measures, but are also required to mitigate other factors, such
as geographic barriers experienced by rural families [1-3]. In
the midst of the COVID-19 pandemic, however, there are
additional considerations: is this research necessary at time?
Does participation involve undue stress or increase risk
exposure? Does the use of remote methods undermine the
quality of the research? For example, many of usare conducting
remote dementia assessments, but would this method of
diagnosis meet the research standards for a gold standard in

http://www.jmir.org/2021/1/e24098/

RenderX

risk benefit analysis depends on circumstances. We argue that
in-person contact in the eraof COV1D-19 should be minimized
for research, and that virtual or remote methods, which arein
many situations the only option, are ethically preferred. Where
an ethical decision-making process has determined the benefits
to outweigh the (ideally minima) risks, weaimin thisviewpoint
to provide guidance on how to move your research from
in-person to remote work.
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Remote Dementia Research: Should You
Do It?

Remote research can refer to research conducted solely by
telephone (landline or smartphone interface) or by
videoconferencing. Videoconferencing can occur viatelehealth
networks provided by local health care (ie, videoconferencing
equipment in hospital or clinic settings) or with internet-based
software platforms for participants with adequate in-home

Table 1. Zero to 100 in remote dementia research overview.

O'Connéll et a

information communications technology (ICT) such as
Microsoft Teams, Webex, Zoom, or Skype. The stepsto consider
in remote research are summarized below. We draw your
attention to the ordering of some steps, which might be
counterintuitive.  Most  notably, for those using
videoconferencing for remote research, we recommend choosing
avideoconferencing platform after you have conducted an ICT
assessment with each participant (process described in Table
1).

Issue

Considerations

Recommendation

1. Theoretica assessment of the
feasibility of remote measurement

2. Assessment of therisksand bene-
fits of the research design for partic-
ipants

2. Theoretica assessment of the
likely ICT®infrastructure of your
research population

3. Assessment of |CT infrastructure
for each participant before research
participation starts

4. Consider the needs of participants
with cognitive or sensory impair-
ments, or both

5. Consider platform for videocon-
ferencing research

6. Train participants for remote re-
search

7. Obtain remote consent

8. Set the scene

Areyour research outcomes adaptable for remote
research without compromising evidence for va-
lidity?

Participants may be under additional pressureand
reluctant to participateif it is not clear how they
will benefit. For example, isit essential to have a
control group in your behavioral intervention
study?

Is videoconferencing possible or is telephone-
based contact most likely for remote research?

Telephones are common, but do they have a
computer, smartphone, or tablet? Do they have
broadband access? Do they have speakers or
headphones? Do they have a microphone?

We detail special considerations for sensory and
cognitive impairments, but these are highly indi-
vidualized to each participant.

Only some videoconferencing platforms are pri-

vate and secure, which is necessary to meet REBP
approval. Consider what you need in terms of
number of peoplejoining and consider your par-
ticipants’ experiences.

Training and support for remoteresearch islikely
required, and we detail some strategies to help
with training.

We detail issuesin obtaining consent, including
obtaining proxy consent remotely.

We detail steps required to minimize distractions
during the remote visit.

Choose measures with evidence for remote validity or tele-
phone validity or choose scales with very few adaptations
from in-person administration.

Consider participant burden asforemost to being “ pandemic-
friendly.” Choose a single-group repeated-measure design
whereindividuals act astheir own controlswhen it is uneth-
ical or not practical to have a control group, or consider use
of await-list control group. Streamline your approach to
measurement to reduce response burden.

Plan for flexibility in remote research—even if you prefer
videoconferencing, aways include telephone-only contact
as a backup plan.

Use a screening question like “do you have a computer,
tablet, or smartphone that you use to connect with others?’
A consideration: budget to send necessary ICT equipment
to remote participants if appropriate.

Screen for cognitive and sensory impai rments and adapt your
method of remote research accordingly.

Adapt to your participant’s preferences and prior experiences
with software; do not make them adapt to you.

Plan to spend a sizeable amount of time training participants
to use new ICT equipment/platforms.

The method used for remote participation should be the same
as that used for informed research consent—for telephone
contact, telephone consent; for videoconferenced contact,
videoconferenced consent.

Plan for communication failures by obtaining multiple
methods for communication.

4 CT: information communications technol ogy.
PREB: research ethics board.

Remote Measurement: Can You Do It?

If you use any standardized or quantified scales for research,
you must first decide if you can translate these to remote
admini stration without invalidating the measurement properties
of the scale. It is possible you will need to consider using
alternative assessment methods, and it might involve changing
your research design to qualitative vs quantitative. Scales that
have evidence for psychometric properties under the conditions
of remote administration are the best choice. It isnot advisable

http://www.jmir.org/2021/1/e24098/

to use ascale that has established psychometric properties only
for use in person and modify this for remote administration
under the assumption that it is equivalent to in-person
administration. We do not recommend this practice because it
introduces unknown sources of measurement error or could
change the validity of measurement [4,5]. Does this mean no
modified tests can be used? No, but we recommend examining
the literature for evidence of impact of changing mode of
administration to remote methods on measurement. We
recommend following the helpful guidelines suggested by a
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