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Abstract

Background: Numerous wrist-wearable devicesto measure physical activity are currently available, but there is a need to unify
the evidence on how they compare in terms of acceptability and accuracy.

Objective: The aim of this study is to perform a systematic review of the literature to assess the accuracy and acceptability
(willingness to use the device for the task it is designed to support) of wrist-wearable activity trackers.

Methods: We searched MEDLINE, Embase, the Cochrane Central Register of Controlled Trials, and SPORTDiscus for studies
measuring physical activity in the general population using wrist-wearable activity trackers. We screened articles for inclusion
and, for the included studies, reported data on the studies’ setting and population, outcome measured, and risk of bias.

Results. A tota of 65 articles were included in our review. Accuracy was assessed for 14 different outcomes, which can be
classified in the following categories: count of specific activities (including step counts), time spent being active, intensity of
physical activity (including energy expenditure), heart rate, distance, and speed. Substantial clinical heterogeneity did not allow
us to perform a meta-analysis of the results. The outcomes assessed most frequently were step counts, heart rate, and energy
expenditure. For step counts, the Fithit Charge (or the Fithit Charge HR) had a mean absolute percentage error (MAPE) <25%
across 20 studies. For heart rate, the Apple Watch had aMAPE <10% in 2 studies. For energy expenditure, the MAPE was >30%
for al the brands, showing poor accuracy across devices. Acceptability was most frequently measured through data availability
and wearing time. Data availability was =75% for the Fitbit Charge HR, Fitbit Flex 2, and Garmin Vivofit. The wearing time was
89% for both the GENEA ctiv and Nike FuelBand.

Conclusions: The Fitbit Charge and Fitbit Charge HR were consistently shown to have a good accuracy for step counts and the
Apple Watch for measuring heart rate. None of the tested devices proved to be accurate in measuring energy expenditure. Efforts
should be made to reduce the heterogeneity among studies.

(J Med Internet Res 2022;24(1):€30791) doi:10.2196/30791
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diagnosis; measurement; wrist-wearable devices, mobile phone
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Introduction

Background

Tracking, measuring, and documenting one’s physical activity
can be a way of monitoring and encouraging oneself to
participatein daily physica activity; increased activity isthought
to trandlate into important positive health outcomes, both
physica and mental [1]. In the past, most physical activity
tracking was done manually by oneself or an external assessor,
through records, logbooks, or using questionnaires. These are
indirect methods to quantify physical activity, meaning that
they do not measure movement directly as it occurs [2]. The
main disadvantages of such methods are the administrative
burden on either the self-assessor or the external assessor and
the potential imprecision because of recall bias [2,3]. Direct
methods to assess physical activity [2], such as accelerometers
or pedometers that digitally record movement, are preferred
because they eliminate recall bias and are convenient. This
process of activity tracking has become automated, accessible,
and digitized with wearable tracking technology such as
wristband sensors and smartwatches that can be linked to
computer apps on other devices such as smartphones, tablets,
and PCs. When data are uploaded to these devices, users can
review their physical activity log and potentially use this
feedback to make behavior changes with regard to physical
activity.

The idea device should be acceptable to the end user,
affordable, easy to use, and accurate in measuring physical
activity. Accuracy can be defined as the closeness of the
measured value to the actual value. Accuracy can be calculated
using measures of agreement, sensitivity and specificity, receiver
operating characteristic curves, or absolute and percentage
differences [4]. Agreement can be defined as “the degree of
concordance between two or more sets of measurements’ [5].
It can be measured as percentage agreement, that is, the
percentage of casesin which 2 methods of measurements of the
same variable lead to classification in the same category.
Another example of methods of calculating agreement isthe k
statistic, which measures agreement beyond chance [6].
Sensitivity and specificity are the true positive and true negative
proportions, respectively. These proportions are calculated using
the measurement method that we are evaluating as the index
test and another method, known to be accurate, asthe reference
standard [4]. Receiver operating characteristic curves are
obtained plotting the sensitivity versus the complement of
specificity and can be used to find optimal cutoff points for the
index test. Absolute and percentage differences are used to
determine how far the index test measurement is from the
reference standard or their average [4]. Acceptability can be
widely defined as “the demonstrable willingness within a user
group to employ information technology for the task it is
designed to support” [7]. It can be assessed qualitatively (eg,
through questionnaires or interviews) or quantitatively (eg,
percentage of the time during which the device is worn or the
dataare available or measured using ad hoc scales). Onthebasis
of a2019 review, acceptability or acceptance of wrist-wearable
activity-tracking devices is dependent on the type of user and
context of use[8]. This same review indicates that research on
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accuracy has not kept up with the plethora of wearable physical
activity—tracking devicesin the market [8]. This may be because
of the rapidly changing landscape as companies continue to
upgrade models with different technical specifications and
features. The purpose of this systematic review isto assess the
acceptability and accuracy of these wrist-wearable
activity-tracking devices through a focused in-depth review of
primary studies ng these 2 characteristics.

Objectives
The first objective of this systematic review is to assess the

accuracy of wrist-wearable activity-tracking devices for
measuring physical activity.

The second objective is to assess the acceptability of
wrist-wearabl e activity-tracking devicesfor measuring physical
activity.

Methods

The methods used for this systematic review have been
registered in the PROSPERO database (CRD42019137420).

Search Strategy

The databases searched were MEDL INE, Embase, the Cochrane
Central Register of Controlled Trials, and SPORTDiscus from
inception to May 28, 2019. Search strategies were devel oped
to retrieve content on wearable activity trackers and on their
accuracy and reproducibility of results. We used search terms,
including Wearable device and Fitness tracker, to identity
studies on the use of aconsumer-based wearable activity tracker,
whereas terms such as data accuracy and reproducibility of
results were included to bring in content focused on activity
tracker validation. The search strategy is available on the web
in the PROSPERO record. A snowball search was conducted
by checking the references of relevant studies and systematic
reviewson thistopic that were identified in our original search.

Selection of Studies

For the acceptability objective, the population was the general
population, without sex or age restrictions. The intervention
was the use of awrist-wearable activity tracker. The outcome
was any quantitative measure of acceptability, including wearing
time, data availability, and questionnairesto assess acceptability.

For the accuracy objective, the population was again the general
population, the index test had to be a wrist-wearable activity
tracker, and the reference standard could be another device or
any method used to measure physical activity, including
guestionnaires and direct observation. The outcome could be
any measure of physical activity, including but not limited to
step count, heart rate, distance, speed, activity count, activity
time, and intensity of physical activity.

For both objectives, this review examined both research-grade
devices (activity trackers available only for research purposes)
and commercial devices (those available to the general public).
The included studies were limited to the community-based
everyday-life setting. Laboratory tests such as research studies
were included as long as everyday settings were reproduced,
thereby excluding patientswho wereingtitutionalized and those
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who were hospitalized. We set no restrictions on the length of
observation for the original studies.

The exclusion criteriaincluded the following: device not worn
on the wrist, studies measuring sleep, and studies on patients
who were ingtitutionalized or hospitalized.

All studiesreporting primary datawere considered for inclusion,
with the exception of case reports and case series.

Using the aforementioned inclusion and exclusion criteria and
apiloted form, weinitially screened for inclusion from thetitles
and abstracts of the retrieved articles, using the web-based
software Rayyan (Rayyan Systems Inc) [9]. Subsequently, we
screened the full texts of the studies identified as potentially
eligible from the title and abstract screening for selection.

Data Extraction and Risk-of-Bias Assessment

Datawere extracted to an Excel (Microsoft Corp) file. The data
extraction form was based on a previous publication on the
same topic [8] and adapted to the needs of this review. The
following data were extracted: general study information: first
author’s name, publication year, type of study (prospective vs
retrospective and observational vs interventional), duration of
follow-up (in days), and setting (laboratory vs field);
characteristics of the population: number of participants,
underlying health condition (eg, healthy participants, people
with severe aobesity, and chronic joint pain), gender, and age
distribution (mean and SD or median and minimum—maximum
or first and third quartiles); measures of accuracy: step count,
distance, speed, heart rate, activity count, time spent being
active, and intensity of physical activity; and acceptability of
thedevice, including but not limited to data availability, wearing
time, ease of use. Therisk of biaswas assessed using the Quality
Assessment of Diagnostic Accuracy Studies, version 2, tool
[10]. This tool guides the assessment of the risk of bhias in
diagnostic accuracy studies in 4 domains. patient selection,
index test, reference standard, and flow and timing. We rated
therisk of biasin each domain as High, Probably high, Probably
low, and Low. When necessary, the study authorswere contacted
for additional information.

Throughout title and abstract and full-text screening and the
data extraction, each step was performed in duplicate with 2
reviewers (NN and BAP) deciding independently on inclusion
or exclusion and, if needed, later having a discussion with
another author to make a fina decision. Disagreements were
solved through discussion and, when needed, with the
intervention of a third reviewer (FG, VBD, or DP). The
reviewers were trained with calibration exercises until an
adequate performance was achieved for each of these steps.

Diagnostic Accuracy Measures

When available, we extracted the mean absolute percentage
error (MAPE) or the mean percentage error. When these were
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not available, we extracted other measures in the following
order of priority: mean difference, mean bias (Bland-Altman),
accuracy determined through intraclass correlation coefficient,
and correlation coefficient (Pearson or Spearman). When the
outcome was dichotomized and sensitivity and specificity were
calculated, we reported on these values. When available, we
reported measures of variability or 95% Cls for al the
aforementioned measures. The formulas used for calculating
the MAPE, mean percentage error, mean difference, and mean
bias are reported in Multimedia Appendix 1 [11-75].

Synthesis of Results

Because of the significant heterogeneity observed in the studies
populations, settings, devices assessed, reference standards,
outcomes assessed, and the outcome measures reported, we
decided not to perform a quantitative synthesis and have
provided a narrative synthesis of the results for both the
objectives. For the accuracy objective, given the high number
of studies retrieved, we summarized results only for devices
that were included in at least two studies reporting the same
outcome. All the remaining results are reported in Multimedia
Appendix 1.

Ethics Approval

This systematic review was based on published data and
therefore did not require asubmission to aresearch ethics board.
Availability of Data and Materials

Most of the data that support the findings of this study are
availablein Multimedia Appendix 1. A guide on how to usethe
database provided in Multimedia Appendix 1 can be found in
Multimedia Appendix 2. Thefull dataset can be made available
upon reasonable request.

Code Availability

This is not applicable to this systematic review because no
guantitative data synthesis was performed.

Results

Overview

The search identified 1633 records (1614, 98.84%, after the
removal of duplicates). The study flow diagram is presented in
Figure 1. After screening the full texts of 398 articles, 65
(16.3%) were included in the systematic review. The
characteristics of the included studies are summarized in Table
1 and Multimedia Appendix 3 [11-67] for the accuracy objective
and Table 2 for the acceptability objective. All the included
studies were single-center studies, with a prospective,
observational design. The complete results for accuracy and
acceptability have been reported in Multimedia Appendix 1.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2009 study flow diagram.
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Table 1. Characteristics of the studies reporting on accuracy (N=57).

Germini et al

First author, year Setting FUP® Samplen Age Female,  Underlying health Outcome Device brand and
time, (years), % condition model
days mean
(SD)
Alharbi [11], 2016  Laboratory <1 48 66 (7) 48 Patients undergoing  Step count and Fitbit Flex
cardiac rehabilitation  pgy/paP
Alsubheen[12], Field 5 13 40 (12) 38 Healthy Step count and Garmin Vivofit
2016 energy expendi-
ture
An[13], 2017 Laboratory 1 35 31(12) 51 Healthy Step count Fitbit Flex, Garmin
and field Vivofit, Polar Loop,
BasisB1Band, Misfit
Shine, Jawbone UP24,
and Nike FuelBand
SE
An[14], 2017 Field <1 62 24 (5) 40 Healthy Active time ActiGraph GT3X
Blondeel [15], 2018 Field 14 8 65 (8) 25 COPDS Step count Fitbit Alta
Boeselt [16], 2016  Field 3 20 66 (7) 15 COPD Step count, ener-  Polar A300
gy expenditure,
and MVPA
Bruder [17], 2018 Laboratory 395 32 _d — Rehabilitation after Activity count ActivPAL
and field radial fracture
Bulathsinghala[18], Laboratory 1 20 70 (10) — COPD Physical activity ~ ActiGraph GT3X+
2014 intensity
Burton [19], 2018 Laboratory <1 31 74 (6) 65 Healthy older adults ~ Step count Fitbit Flex and Fitbit
Charge HR
Choi [20], 2010 Laboratory <1 76 13(2) 62 Healthy Energy expendi-  ActiGraph GT1M
ture
Chow [21], 2017 Laboratory 15 31 24 (5) 39 Healthy Step count ActiGraph
wGT3xBT-BT, Fitbit
Flex, Fitbit Charge
HR, and Jawbone
up24
Chowdhury [22], Laboratory 2 30 27 (6) 50 Healthy Energy expendi- Microsoft Band; Ap-
2017 and field ture ple Watch, series not
specified; Jawbone
Up24; and Fitbit
Charge
Cohen [23], 2010 Laboratory 3 57 70 (10) — COPD Speed ActiGraph Mini Mo-
and field tionlogger
Compagnat [24], Laboratory <1 46 65 (13) — Stroke Energy expendi-  ActiGraph GT3X+
2018 ture
Dondzila[25], 2018 Laboratory 362 40 22 (2) 58 Healthy Step count, ener-  Fitbit Charge HR and
and field gy expenditure,  Mio Fuse
and heart rate
Dooley [26], 2017  Laboratory 1 62 23 (4) 58 Healthy Heartrateanden- Apple Watch, series
ergy expenditure not specified; Fitbit
Charge HR; and
Garmin Forerunner
225
Durkalec-Michalski  Laboratory 2 20 26 (5) 55 Healthy Energy expendi-  ActiGraph GT1M
[27], 2013 ture
Falgoust [28], 2018 Laboratory 1 30 — — Healthy Step count Fitbit Charge HR, Fit-

bit Surge, and Garmin
Vivoactive HR
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First author, year Setting FUP? Sample,n Age Female,  Underlying health Outcome Device brand and
time, (years), % condition model
days mean
(SD)

Ferguson [29], 2015 Field 2 21 33(10) 52 Healthy Step count, MV-  Nike FuelBand, Misfit
PA,andenergy  Shine, and Jawbone
expenditure UP

Gaz [30], 2018 Laboratory <1 32 36 (8) 69 Healthy Step count and Fitbit Charge HR;

and field distance Apple Watch, series
not specified; Garmin
Vivofit 2; and Jaw-
bone UP2

Gillinov [31], 2017 Laboratory <1 50 38(12) 54 Healthy Heart rate Garmin Forerunner

235; TomTom Spark;
Apple Watch, series
not specified; and Fit-
bit Blaze

Gironda[32], 2007 Laboratory <1 3 43° 31 Pain syndromes Activity count Actiwatch Score

Hargens[33], 2017 Laboratory 7 21 31 68 Healthy MVPA, energy Fitbit Charge

and field expenditure, and
step count

Hernandez-Vicente Field 7 18 21 (1) 50 Healthy Energy expendi- Polar V800

[34], 2016 ture, vigorous ac-
tive time, active
time, and step
count

Huang [35], 2016 Laboratory 1 40 24 (3) 25 Healthy Stepcountand  Jawbone UP24,
distance Garmin Vivofit, Fitbit

Flex, and Nike Fuel-
Band

Imboden [36], 2018 Laboratory <1 30 49 (19) 50 Healthy Energy expendi-  Fitbit Flex, Jawbone
ture, MVPA, and Up24, and Fitbit Flex
step count

Jo [37], 2016 Laboratory <1 24 258 50 Healthy Heart rate Basis Peak K and Fit-

bit Charge

Jones [38], 2018 Laboratory 118 30 33® — Healthy Step count Fitbit Flex

Kaewkannate[39], Laboratory <1 7 31(0) 14 Healthy Step count Fitbit Flex, Jawbone

2016 UP24, Withings

Pulse, and Misfit
Shine
Lamont [40], 2018  Laboratory <1 33 67 (8) 64 Parkinson disease Step count Garmin Vivosmart
HR and Fitbit Charge
HR
Lauritzen[41], 2013 Laboratory <1 18 — 56 Older adults Step count Fitbit Ultra
and field

Lawinger [42], 2015 Laboratory <1 30 26 (6) 70 Healthy Activity count ActiGraph GT3X+

Lemmens[43],2018 Laboratory <1 40 31(5) 100 Parkinson disease Energy expendi-  Philips optical heart
ture rate monitor

Magistro [44], 2018 Laboratory <1 40 74 (7) 60 Healthy Step count ADAMO Care Watch

Mandigout [45], Laboratory <l 24 68 (14) 60 Stroke Energy expendi-  Actica and ActiGraph

2017 ture GTX

Manning [46], 2016 Laboratory <1 9 15(1) — Severe obesity Step count Fitbit One, Fithit Flex,

Fitbit Zip, ActiGraph
GT3x+, and Jawbone
UP
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First author, year Setting FUP? Sample,n Age Female,  Underlying health Outcome Device brand and
time, (years), % condition model
days mean
(SD)
Montoye [47], 2017 Laboratory <1 30 24 (1) 47 Healthy Step count, ener-  Fithit Charge HR
gy expenditure,
and heart rate
Powierza[48], 2017 Field <1 22 22 (2) 55 Healthy Heart rate Fitbit Charge
Price [49], 2017 Laboratory <1 14 23¢ 21 Healthy Energy expendi-  Fitbit One, Garmin
ture Vivofit, and Jawbone
UP
Redenius[50], 2019 Laboratory 4 65 42 (12) 72 Healthy MVPA Fitbit Flex
Reid [51], 2017 Field 4 2 21(2) 100 Healthy MVPA andstep  Fithit Flex
count
Roos [52], 2017 Laboratory 2 20 24 (2) 40 Runners Energy expendi-  Suunto Ambit,
ture Garmin Forerunner
920XT, and Polar
V800
Schaffer [53], 2017  Laboratory <1 24 54 (13) 42 Stroke Step count Garmin Vivofit
Scott [54], 2017 Field 7 89 — 54 Healthy Daily meanactiv- GENEActiv
ity and MVPA
Semanik [55], 2020 Laboratory 7 35 50¢ 69 Chronic joint pain MVPA Fitbit Flex
Sirard [56], 2017 Laboratory 7 14 9(2 50 Healthy Energy expendi- Movband and Sgord
and field ture, MVPA, and
step count
St-Laurent [57], Laboratory 7 16 33(4) 100 Pregnant Step count and Fitbit Flex
2018 MVPA
Stackpool [58],2013 Laboratory <1 20 22 (1) 50 Healthy Step count and Jawbone UP, Nike
energy expendi-  FuelBand, Fitbit UI-
ture tra, and Adidas mi-
Coach
Stiles [59], 2013 Laboratory 1 108 39 (6) 100 Healthy pre- Loading rate GENEACctiv and Acti-
menopausal women (BWf/s) Graph GT3X+
Steve [60], 2019 Laboratory <1 29 29(9) 41 Healthy Heart rate Garmin Forerunner
Tam [61], 2018 Laboratory <1 30 32(9) 50 Healthy Step count Fitbit Charge HR and
Xiaomi Mi Band 2
Thomson[62],2019 Laboratory <1 30 24 (3) 50 Healthy Heart rate Apple Watch, series
not specified; and Fit-
bit Charge HR2
Wahl [63], 2017 Laboratory <1 20 25(3) 50 Healthy Step count, ener-  Polar Loop, Beurer
gy expenditure,  AS80, Fitbit Charge
and distance HR, Fitbit Charge,
Bodymedia
Sensewear, Garmin
Vivofit, Garmin
Vivosmart, Garmin
Vivoactive, Garmin
Forerunner 920XT,
Xiaomi Mi Band, and
Withings Pulse
Wallen [64], 2016  Laboratory <1 22 24 (6) 50 Healthy Heart rate, energy  Apple Watch, series

expenditure, and
step count

not specified; Sam-
sung Gear S; Mio Al-
pha; and Fitbit Charge
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First author, year Setting FUP? Sample,n Age Female,  Underlying health Outcome Device brand and
time, (years), % condition model
days mean
(SD)
Wang [65], 2017 Laboratory <1 9 22 (1) 44 Healthy Step count Huawei B1, Xiaomi
Mi Band, Fitbit

Charge, Polar Loop,
Garmin Vivofit 2,

Misfit Shine, and
Jawbone UP
Woodman, 2017 Laboratory <1 28 25(4) 29 Healthy Energy expendi- Garmin Vivofit,
[66] ture Withings Pulse, and
Basis Peak
Zhang [67], 2012 Laboratory 1 60 49 (7) 62 Healthy Activity classifi- GENEActiv
cation (sedentary,
household, walk-
ing, and running)
8FUP: follow-up.
MV PA: moderate- to vi gorous-intensity physical activity.
SCOPD: chronic obstructive pulmonary disease.
dNot available.
€SD not reported.
‘Bw: body weight.
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Table 2. Characteristics of the studies reporting on acceptability (N=11).

First author, year  Setting FUp® Samplen Age(years), Female, Underlyinghedth ~ Outcomeassessed  Device brand
time, mean (SD) % condition and model
days

Boeselt [16], Laboratory andfield 7 20 66 (7) 15 copPDP Ease of useand oth- Polar A300

2016 er characteristics

Deka[68], 2018 Field 5 46 65 (12) 67 CHFEC Data availability Fitbit Charge

HR

Farina[69],2019 Field 2 26; 26 80 (6); 76 39; 73 Dementia; care- Wearing time GENEActiv

(6) givers of patients
with dementia

Fisher [70], 2016 Field 7 34 699 _e Parkinson disease Ease of useand oth- AX3 datalog-

er characteristics ger
Kaewkannate Field <1 7 31(0) 14 Healthy Ease of useand oth-  Fithit Flex,
[39], 2016 er characteristics Jawbone
UP24, With-
ings Pulse,
and Misfit
Shine

Lahti [71], 2017 Laboratory 120 40 — — Schizophrenia Data availability Garmin
Vivofit

Marcoux [72], Field 46 20 73(7) 20 Idiopathic pul- Data availability Fitbit Flex 2

2019 monary fibrosis

Naslund [73], Field 80- 5 48 (9) 90 Seriousmental ill-  Wearing time Nike Fuel-

2015 133 ness Band

Speier [74],2018 Laboratory 90 186 — — Coronary artery diss  Wearing time Fitbit Charge

ease HR2

St-Laurent [57], Laboratory 1 16 33(4) 100 Pregnant Ease of useand oth-  Fithit Flex

2018 er characteristics

Rowlands[75], Field 425 1724 13(2) 100 Healthy Data availability GENEActiv

2018

8FUP: follow-up.

PCOPD: chronic obstructive pulmonary disease.
CCHF: congestive heart failure.

43D not reported.

€Not available.

Accuracy

The accuracy of wrist-wearable activity trackers was assessed
in 57 studies on 72 devices from 29 brands. Step count, heart
rate, and energy expenditure (EE) were the most commonly
assessed outcomes in the appraised literature. The results of

https://www.jmir.org/2022/1/e30791

RenderX

these outcomes are summarized in Figure 2 (icons by Nikhil
Bapna, Yoyon Pujiyono, Chintuza, Gregor Cresnar, Andrejs
Kirma, and Yigit Pinarbasi from the Noun Project [76]), in
which we have highlighted the standout device for the most

frequently reported outcomes.

JMed Internet Res 2022 | vol. 24 | iss. 1130791 | p.18
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Germini et al

Figure2. Summary of the results for the main accuracy outcomes. MAPE: mean absol ute percentage error.

Outcome

Number of studies

>

Number of brands Number of devices

Step counts. ..
<

Fitbit Charge (+tHR): MAPE<25% in 20 (65%) studies

Heart rate

Apple Watch: MAPE<10% in 2 (22%) studies

Q

Energy oy
expenditure

Step Counts

A total of 31 studieson 72 devicesfrom 29 brandsreported data
on step counts. The reference standards used were manual count
(directly observed or on video, usually with the help of atally
counter) or automated count through video analysis, an activity
tracker (8 different devices), or a photoelectric cell.

The ActiGraph wGT3xBT-BT, tested against manual count,
showed a mean percentage error of —41.7% (SD 13.5%) [21].
The ActiGraph GT3x+ showed no statistically significant
correlation with the same reference standard [46].

The Apple Watch (series not specified) was evaluated in 6%
(2/31) of studies using manual count as the reference standard
[30,64]. The mean difference between the device and the manual
count varied from —47 (SD 470) steps to 39.44 (SD 151.81)
stepsin different walking conditions.

For the Fithit Alta, the mean step count was 773 (SD 829) higher
(P=.009) than the one obtained with the reference standard, an
accelerometer [15]. For the Fitbit Charge, the mean difference
was—59 (SD 704) steps compared with direct observation [64].
The MAPE for the same device ranged from —4.4% to 20.7%,
using different automated step count methods as the reference
standard [33,63,65]. The Fitbit Charge HR was assessed in 29%
(9/31) of studies, using direct observation [19,21,28,30,61] or
an automated method of step count as the reference standard

https://www.jmir.org/2022/1/e30791

RenderX

MAPE>30% for all the brands

[25,40,47,63]. The MAPE ranged from —12.7% to 24.1%. The
accuracy of the Fitbit Flex in measuring steps was assessed in
35% (11/31) of studies, using manual  count
[13,19,21,35,36,38,39,46] or an ActiGraph device [11,51,57]
as the reference standard. The mean percentage error ranged
from —23% to 13%. For the Fitbit One and Fitbit Zip, no
statistically significant correlation was found in step counting
using direct observation as the reference standard [46]. The
correlation coefficient was not reported. For the Fitbit Surge,
the mean difference compared with direct observation was—86.0
steps (P=.004) [28]. For the Fitbit Ultra, the MAPE was 99.6%
(SD 0.8%) [41] and the Pearson correlation coefficient against
manual count ranged from 0.44 to 0.99 in different exercise
conditions [58].

The accuracy of the Garmin Vivofit was assessed in 16% (5/31)
of studies[12,13,35,53,63], with a MAPE ranging from —41%
to 18% [13,53,63]. For the Vivofit 2, a study reported a MAPE
of 4% [65] and another study reported amean differenceranging
from 5.09 (SD 8.38) stepsto 98.06 (SD 137.49) stepsin different
walking conditions (over amaximum distance of 1.6 km) [30].

Inastudy by Wahl et a [63], the MAPE against automated step
counting using a photoel ectric cell asthe reference standard, in
different exercise types and conditions, ranged from —2.7% to
1.5% for the Garmin Forerunner 920XT, from —1.5% to 0.6%
for the Garmin Mivoactiv, and from —-1.1% to —0.3% for the
Garmin Vivosmart [63]. For the Garmin Mivoactive HR, the
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mean difference against manua step count was —19.7 steps
(P=.03) [28]. For the Garmin Vivosmart HR, the mean
difference ranged from —39.7 (SD 54.9) stepsto 5.4 (SD 5.8)
steps for different walking speeds and locations (outdoor vs
indoor) over atotal of 111-686 steps [40].

For the Jawbone UP, the MAPE was —6.73% in a study [65]
and the mean absol ute difference 806 over an average of 9959
steps in another study [29]. For the Jawbone UP2, the mean
difference ranged from 16.19 (SD 29.14) stepsto 64 (SD 66.32)
stepsfor different walking conditions over amaximum distance
of 1.6 km [30]. For the Jawbone UP24, the mean percentage
error ranged from —28% to —0.8% [21,35,36].

For the Misfit Shine, the MAPE ranged from —13% to 23%
[13,65].

For the Mio Fuse, the MAPE ranged from —-5% to —16% at
different treadmill speeds [25], whereas in another study, the
mean percentage error was <5% for the Xiaomi Mi Band 2[61].

For the Nike FuelBand, the mean percentage error ranged from
—34.3% (SD 26.8%) to —16.7% (SD 16.5%) [35], whereas for
the FuelBand SE, the M APE ranged from 10.2%to 45.0% [13].

The MAPE for the Polar Loop ranged from —13% to 27%in 3
studies [13,63,65]. Regarding 2 other devices from Polar, for
the A300, a Pearson correl ation coefficient of 0.96 (P<.01) [16]
wasreported, whereasfor the V800, the Bland—Altman biaswas
equal to 2487 (SD 2293) steps per day over amean 10,832 (SD
4578) steps per day measured with the reference standard [34].

For the Withings Pulse, the MAPE for step count ranged from
—16.0% to —0.4% [63] and the accuracy from 97.2% to 99.9%
[39]. All the remaining devices were only used in 1 study each,
and the results are reported in Multimedia Appendix 1.

Heart Rate

A total of 9 studies on 15 devices from 7 brands evaluated the
accuracy of activity-tracking devicesto measurethe participants
heart rates. The reference standards used were
electrocardiography, pulse oximetry, or another activity tracker
(4 different devices).

For the Apple Watch, the MAPE for measuring heart rate ranged
from 1% (SD ~1%) to 7 (SD ~11%) [26,31].

In the Fithit family of devices, for the Fithit Charge, the mean
bias estimated with the Bland—Altman method ranged from —6
(SD 10) bpmto—9 (SD 8) bpm [37,48,64]. For the Fitbit Charge
HR or Fithit ChargeHR2, the MAPE for measuring heart rate
ranged from 2.4% (SD ~1.5%) to 17% (SD ~20%) [26,47,62].
For the Fitbit Blaze, the MAPE ranged from 6% (SD 6%) to
16% (SD 18%) for different activities[31].

Active Time: Time Spent in Moderate- to
Vigorous-Intensity Physical Activity and Other
Outcomes

A total of 13 studies on 11 devices from 8 brands reported on
the time spent being active, most frequently defined asthetime
spent in moderate- to vigorous-intensity physical activity
(MVPA; 11 studies), expressed in minutes per day. The
reference standard for MV PA was another activity tracker (3
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different devices). Other outcomes weretime spent being active
(standing+walking+running), time spent running, or time spent
on different types of physical activity, with each of these
outcomes being reported in only 1 study.

For the Fitbit Flex, the MAPE for measuring the time spent in
MVPA varied from 7% (SD 6%) to 74% (SD 13%) [50] and
the mean percentage error ranged from —65% to 10% [11,36].
All the other devices were only used in 1 study each, and the
results are reported in Multimedia Appendix 1.

Intensity of Activity: EE and Other Outcomes

A total of 24 studies on 42 devices from 23 brands focused on
measuring the intensity of physical activity. The most frequent
measure of intensity was EE, expressed as kcal, evaluated in
92% (22/24) of studies. The lessfrequent measures of intensity
included loading rate and the classification of physical activity
(sedentary, household, walking, and running). For EE, the
reference standard used most commonly wasindirect cal orimetry
(6 different instruments). Less common reference standards
included EE estimated with other wearable activity trackers (5
different devices), estimated based on the treadmill settings, or
direct room calorimetry.

Among the ActiGraph family, the mean percentage difference
in the EE compared with the reference standard in people with
previous stroke was 3% for walking participants and 47% for
participants with wheel chair using the ActiGraph GT3X+ [24].
The Spearman correlation coefficient was 0.08 (P=.71) if worn
on the plegic side and 0.20 (P=.34) if worn on the nonplegic
sidewiththe ActiGraph GTX[45]. Using the ActiGraph GT1M,
the mean percentage difference was 0.5% (SD 8.0%) in a study
[20], whereas another study found that the device overestimated
EE at moderate intensity by 60% and underestimated EE by
40% at vigorous intensity while being 86% accurate in
measuring EE at light intensity [27].

For the Apple Watch, the MAPE for EE ranged from 15% (SD
10%) to 211% (SD ~96%) [22,26].

In the Fithit family, the MAPE from the Charge model ranged
from —4.5% to 75.0% in different studies [22,33,63] and from
—12% to 89% for the Charge HR [25,26,47,63]. For the Fitbit
Flex, a mean percentage bias of —13% was reported [36]. For
the Fitbit One, a study reported a mean bias of 2.91 (SD 4.35)
kcal per minute [49], whereas for the Fithit Ultra, the Pearson
correlation coefficient ranged from 0.24 to 0.67 for different
physical activities [58].

Among the devices from Garmin, the MAPE for EE ranged
from —21% to 45% for the Vivofit [63,66], from —2% to —-36%
for the Vivosmart [63], and from 5% to 37% for the Vivoactive
[63].

For the Garmin Forerunner, the MAPE ranged from —27% to
49% for the model 920XT [52,63] and from 31% (SD ~26%)
to 155% (SD ~164%) for the model 225 [26].

In the Polar family, the MAPE for EE ranged from 10% to 40%
for the V800 model [52], with a Bland-Altman bias of 957.5
(SD 679.9) kcal, when the mean EE measured with the reference
standard was 1456.48 (SD 731.40) kca [34]. For the Polar
Loop, the MAPE for EE ranged from 6% to 56% [63]. The

JMed Internet Res 2022 | vol. 24 | iss. 1130791 | p.20
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Pearson correlation coefficient was 0.74 (P<.01) for the Polar
A300 [16].

For the Withings Pulse, the MAPE for EE ranged from —39%
to 64% [63,66].

Outcomes Reported L ess Frequently

Other outcomes that were evaluated less frequently include
distance, reported in 3 studies on 15 devices from 7 brands,
always using the measured distance as the reference standard
[30,35,63]; speed, reported in astudy using 1 device, with actual
speed (on atreadmill) asthereference standard [23]; and activity
count, defined as the number of activities (eg, number of arm
movements or body movements based on observation or
measured acceleration data), reported from 4 studies on 4
devices from 4 different brands using as the reference standard
manual count (video recording), video analysis (automated), or
an activity tracker [17,32,42,54].

Risk of Bias

The risk-of-bias assessment for each outcome is reported in
Multimedia Appendix 1. In summary, all the studies were at
high or probably high risk of bias for the domain Patient
selection because they used a convenience sampling technique.
Almost all the studies were at low risk of bias for the domains
Index test and Reference standard because the 2 measurement
methods were applied at the same time and interpreted without
knowledge of the results obtained with the other method. A
small number of studies was identified as high risk for the
domain Flow and timing based on the high percentage (>25%)
of missing data for the index test or reference standard.

Acceptability

The acceptability of wrist-wearable activity trackers was
assessed in 11 studies on 10 devices from 9 brands.

Data Availability

In al, 36% (4/11) of studies focused on data availability,
expressed as a proportion of time in which the data were
available, and a different device was used in each of these
studies. The denominator for the proportion could be the study
duration or thetime spent exercising. Rowlandset al [ 75] found
that data availability was 52% in a pediatric healthy population
using the GENEActiv for 14 months. Deka et a [68] focused
on data availability during exercise time. In this study, adult
patients with cardiac heart failure activated their Fitbit Charge
HRin 75% of the exercise ons (over 5 days) and datawere
available for 99% of the time when activated. Marcoux et a
[72] studied the Fitbit Flex 2 in adultswith idiopathic pulmonary
fibrosis (for 46 days). Of the 20 patients, 2 did not succeed in
activating the device. Among the remaining participants, data
were available for amean of 91% (SD 20%) of the time. Lahti
et a [71] studied the Garmin Vivofit in adultswith schizophrenia
and found data available for 97% of the time (over 4 months).

Wearing Time

Indl, 27% (3/11) of studiesreported on the wearing time. Farina
et a [69], using the GENEActiv, found that 89% of the
participants with dementia and 86% of their caregivers wore
the device for the duration of the study (28 days). Speier et a
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[74], using the Fitbit Charge 2, enrolled participants with
coronary artery disease. The median time spent wearing the
activity tracker ranged from 44% to 90% over 90 days. Finally,
for Nike FuelBand, in a study on patients with schizophrenia,
the mean wearing time was 89% (SD 13%) over 80-133 days
[73].

Ease of Use and Other Char acteristics

In al, 36% (4/11) of studies focused on the ease of use and
similar characteristics of wrist-wearing devices. The Polar A300
was assessed in patients with chronic obstructive pulmonary
disease wearing the device for 3 days using the Post-Study
System Usahility Questionnaire, which calculates a score that
rangesfrom 1to 7 (thelower the better) for 3 subdomains[16].
The mean scores were 1.46 (SD 0.23) for system quality, 2.41
(SD 0.53) for information quality, and 3.35 (SD 0.62) for
interface quality. The AX3 data logger was assessed in persons
with Parkinson disease wearing the device for 7 days [70]. A
guestionnaire created ad hoc was used for the assessment; 94%
of the participants agreed that they were willing to wear the
sensors at home, and 85% agreed that they were willing to wear
the sensorsin public. However, some of the participantsreported
problems with the strap fitting and the material (number not
reported). The Fithit Flex was assessed with a questionnaire
created ad hoc in a study on pregnant women followed for 7
days [57]. The Fitbit Flex was reported by 31% to be
inconvenient, 6% to be poorly esthetic, and 12% to be
uncomfortable. Kaewkannate et al [39] asked hedthy
participants to wear 4 different devices over 28 days and
compared them using a questionnaire created ad hoc. The
Withings Pulse had the highest satisfaction score, followed by
Misfit Shine, Jawbone UP24, and Fitbit Flex.

Discussion

Study Findings

We systematically reviewed the available evidence on the
acceptability and accuracy of wrist-wearable activity-tracking
devicesfor measuring physical activity across different devices
and measures. We found substantial heterogeneity among the
included studies. The main sources of heterogeneity were the
studies’ population and setting, the device used, the reference
standard, the outcome assessed, and the outcome measure
reported.

Acceptability was evaluated in 11 studies on 10 devices from
9 brands. Data availability was>75% for the Fitbit Charge HR,
Fitbit Flex 2, and Garmin Vivofit. Data availability is defined
asthe amount of data captured over acertain time period, which,
inthis case, isover apredetermined duration of each respective
study. Data availability can be a measure of how accurate a
device is a capturing data when the device is worn. For
example, if an individual wears the device for 8 hours but only
4 hours of data are available, some questions may be raised on
the capability of the device to capture information accurately.
The wearing time was 89% for both the GENEActiv and Nike
FuelBand. Wearing time is defined as the amount of time the
device is worn over a predetermined duration for each study.
For each study, wearing time may have been assessed
differently; for example, a study may measure wearing time
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over a day, whereas another study may measure over a week.
Both data availability and wearing time can provide a deeper
look into acceptability because participants may wear a device
more frequently and, ultimately, have more data available if a
deviceismore acceptable. Accuracy was assessed in 57 studies
on 72 devices from 29 brands. Among 14 outcomes assessed,
step counts, heart rate, and EE were the ones used most
frequently. For step counts, the Fitbit Charge (or the Fitbit
Charge HR) had a MAPE <25% across 20 studies. For heart
rate, the Apple Watch had aMAPE <10% in 2 studies. For EE,
the MAPE was >30% for all the brands, showing poor accuracy
across devices.

Comparison With Other Systematic Reviews

Feehan et a [ 77] conducted asystematic review on the accuracy
of Fitbit devices for measuring physical activity. The review
did not specifically focus on wrist-wearable activity trackers;
it also included studies using activity trackers worn on other
body locations (torso, ankle, or hip). This systematic review
reported a good accuracy of Fithit devicesin measuring steps,
with 46% of theincluded studies reporting ameasurement error
within =3% to +3%. Regarding EE, the authors concluded that
“Fitbit devices are unlikely to provide accurate measures of
energy expenditure.” Studies on heart rate were not included in
the review. Evenson et al [78] performed a systematic review
focusing on Fitbit and Jawbone devices. Similarly, wearing the
device on the wrist was not an inclusion criterion. The authors
concluded that for step counts, theincluded studies often showed
ahigh correlation, with the correl ation coefficient >0.80 among
devices from both brands, with the reference standards. The
correlation was frequently low for the outcome EE. Similar to
the review by Feehan et al [77], the outcome heart rate was not
included in this systematic review. The results of these
systematic reviews are consistent with our findings for the
devices and outcomes assessed.

Strengths and Limitations

The main strengths of our systematic review include the
inclusion of all the devices reported in the literature; the
reporting on al the outcomes related to acceptability and
accuracy, with no restrictions; and the assessment of the risk of
bias of the included studies. These characteristics make this
review uniquefor thistopic. However, in our systematic review,
we decided to exclude studies in which a wearable device was
not positioned on awrist. Some devices can be positioned both
onthewrist and other sites(torso, hip, ankle, arm, or brassiere),
and the acceptability and accuracy can vary for the same device
depending on where it is positioned, increasing heterogeneity
[77,78]. Therefore, our results cannot be generalized to the
acceptability and accuracy of devices worn on sites other than
wrists. Acceptability is defined and measured in many different
ways in the literature about wearing devices and about
information technology in general [79]. These definitions are
often broad and nonspecific, with published literature suggesting
that acceptability research should become more robust [80]. For
the purpose of our paper, acceptability was operationalized
using proxies such as wearing time or data availability.
However, other definitions have proposed that acceptability is
related moreto the extent to which individualsreceiving ahealth
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care intervention find it appropriate based on cognitive and
emotional responses to the intervention [80]. It isimportant to
recognize that acceptability may be more of a holistic and
subjective construct rather than an objective one, and thus wear
time or dataavailability may not do full justice to acceptability.
Although these metrics have the advantage of being relatively
easy to obtain and reproduce, alowing for quantitative
comparisons, they are only proxies for acceptability, which is
a more nuanced concept. For example, one might wonder if
wearing time is low because a person only wears the device a
few hours each day or only on weekends or if they completely
stopped wearing it after some time. Moreover, wearing time is
more likely to offer valuable information in studieswith along
follow-up, whereas 2 out of 3 studiesreporting on this outcome
had a follow-up of <1 week. Because of the presence of
important heterogeneity among studies, we were not able to
perform a meta-analysis.

Regardless, the comprehensive reporting in this review will
allow researchers to assess the available evidence and inform
future studies, either to further assess the accuracy of wearable
devices or to inform the choice of one device over another to
use in interventional studies. To facilitate these choices, we
have provided to readers the database with the results of the
individual included studies and we did our best to offer a
synthesis of the 3 outcomes reported most frequently (step
counts, heart rate, and EE).

Future Research

Further high-quality studies are needed to determine the
accuracy and acceptability of wearable devices for measuring
physical activity. Given the number of devices available (72
included in this review), it is unlikely that a single study will
be able to answer this question. This makes it particularly
important to standardize some aspects of these studies, to reduce
the heterogeneity among them, and allow for meta-syntheses
of the results with comparisons across studies, devices, and
outcomes. If the heterogeneity was acceptable, a network
meta-analysis would also allow researchers to make indirect
comparisons. The main sources of heterogeneity that could be
controlled are the setting of the study, the population, the
reference standard used, and the outcome definition and
measure. A first step in this direction would be putting together
atask force of expertsto issue guidelineson how to report these
experiments, similar to guidelines for the EQUATOR network.
A second step would be to i ssue recommendations on this aspect,
starting with accepted reference standards agai nst which devices
should be tested for each outcome, the conditions in which the
experiment should be conducted, and the way in which the
outcomes should be measured and analyzed. Regarding the
reference standards, some of these are more accurate than others.
Our approach was to take accuracy to mean criterion and
convergent validity in this review, but once there is consensus
on the acceptabl e reference standard, other comparisons should
not be included in a meta-synthesis. Regarding the method to
report on the accuracy of continuous variables (more common
inthisfield), thisisthe order of priority that we suggest: MAPE,
mean percentage error, mean difference, Bland—Altman mean
bias, and measure of correlation as the least preferred. Thisis
because the percentage error gives the reader a better
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understanding of the importance of the error (a mean error of
50 steps is much more relevant if the total step count was 100
than if it was 10,000). We preferred the MAPE over the mean
absolute error because when the absol ute valueis not used, there
is arisk of negative and positive errors balancing each other,
with therisk of overestimating the accuracy. We prefer the mean
difference over the Bland-Altman mean bias because in an
accuracy study, the reference standard is supposed to be more
accurate than the index test, and therefore the latter should be
tested against the former, not against their mean. In the case of
the acceptability outcome, consensus should be reached also
on how to define and measure it. For example, defining a
minimum set of outcomes to be reported might help in this
context. This might include reporting the percentage of
abandonment over time. Furthermore, as new devices become
available, their acceptability and accuracy should also betested
because they could differ from the acceptability and accuracy
of other devices, even those produced by the same company.
Regarding the choice of the device to use in interventional
studies, for example, in studies that aim at increasing physical
activity in a certain population, there is no one-device-fits-all
answer. This choice should be based on the available data on

Germini et al

acceptability and accuracy and be tailored to the outcome to
measure. In a study with step count as the main outcome, the
Fitbit Charge and Fitbit Charge HR might be appropriate
choices. The Apple Watch might be preferred if the main
outcome is heart rate. Active time was most often measured
through time spent in MV PA, and the Fitbit Flex is the only
device that was used in 3 studies, showing good resultsin 2 of
these. Regarding EE, we do not feel comfortable suggesting the
use of any device based on the current evidence because the
accuracy was poor acrossdevices. Thedecision should probably
be driven by the other outcomes used. Broader recommendations
should be issued in the form of guidelines from a panel of
experts using this systematic review as a knowledge base.

Conclusions

We reported on the acceptability and accuracy of 72
wrist-wearable devicesfor measuring physical activity produced
by 29 companies. The Fitbit Charge and Fitbit Charge HR were
consistently shown to have agood accuracy for step countsand
the Apple Watch for measuring heart rate. None of the tested
devices proved to be accurate in measuring EE. Efforts should
be made to reduce the heterogeneity among studies.
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Abstract

Background: Gamification refersto the use of game elementsin nongame contexts. The use of gamification to change behaviors
and promote physical activity (PA) is a promising avenue for tackling the global physical inactivity pandemic and the current
prevalence of chronic diseases. However, there is no evidence of the effectiveness of gamified interventions with the existence
of mixed resultsin the literature.

Objective: The aim of this systematic review and meta-analysisis to evaluate the effectiveness of gamified interventions and
their health care potential by testing the generalizability and sustainability of their influence on PA and sedentary behavior.

Methods: A total of 5 electronic databases (PubMed, Embase, Scopus, Web of Science, and the Cochrane Central Register of
Controlled Trials) were searched for randomized controlled trials published in English from 2010 to 2020. Eligibility criteria
were based on the components of the participants, interventions, comparators, and outcomes framework. Studies were included
when they used gamified interventions in daily life with an active or inactive control group and when they assessed a PA or
sedentary behavior outcome. We conducted meta-analyses using arandom-effects model approach. Sensitivity analyses, influence
analyses, and publication bias analyses were performed to examine the robustness of our results.

Results: The main meta-analysis performed on 16 studies and 2407 participants revealed a small to medium summary effect
of gamified interventions on PA behavior (Hedges g=0.42, 95% CI 0.14-0.69). No statistical difference among different subgroups
(adults vs adol escents and healthy participants vs adults with chronic diseases) and no interaction effects with moderators such
as age, gender, or BMI were found, suggesting good generalizability of gamified interventionsto different user populations. The
effect was statistically significant when gamified interventions were compared with inactive control groups, such aswaiting lists
(Hedges g=0.58, 95% CI 0.08-1.07), and active control groups that included a nongamified PA intervention (Hedges g=0.23,
95% CI 0.05-0.41). This suggests that gamified interventions are not only efficient in changing behavior but also more effective
compared with other behavioral interventions. The long-term effect (measured with follow-up averaging 14 weeks after the end
of the intervention) was weaker, with avery small to small effect (Hedges g=0.15, 95% CI 0.07-0.23).

Conclusions: This meta-analysis confirms that gamified interventions are promising for promoting PA in various populations.
Additional analysesreveal ed that this effect persists after the follow-up period, suggesting that it isnot just anovelty effect caused
by the playful nature of gamification, and that gamified products appear effective compared with equivalent nongamified PA
interventions. Future rigorous trials are required to confirm these findings.
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Introduction

Background

Physical inactivity and sedentary behavior (SB) are among the
leading risk factorsfor global mortality [1]. Each year, physical
inactivity is responsible for >5 million deaths worldwide [2].
In contrast, regular physical activity (PA) prevents the risk of
devel oping chronic diseases[3,4], limitstheir progression [5,6],
and reduces early mortality [7]. In paralel, there is a
dose-response rel ationship between total sedentary time per day
and overall mortality [7]. Meta-analyses demonstrate that the
risk of mortality in adults increases steadily with a sedentary
lifestyle of >3 hours per day and more significantly when this
time exceeds 7 hours per day [8]. However, recent studies have
suggested that high levels of PA could attenuate or even
eliminate the del eterious effects of SB on overall mortality [9].

In this context, it is urgent to develop interventions that can
effectively change PA. Therefore, digital health interventions
congtitute anew opportunity to take care of patients by involving
them in their treatment in a dynamic and interactive way.
Gamification isapromising avenueto capitalize on the efficacy
of digital interventions. Gamification is defined as the use of
game design elementsin nongame contexts[10]. By integrating
game mechanisms in interventions that are initially devoid of
them, the purpose of gamification isto integrate into daily life
the ingredients that make games enjoyable to motivate
participants to engage in PA [11]. The use of motivational
affordances created by gamification can influence psychological
(eg, motivation, attitude, and enjoyment) and physical outcomes
(eg, physical capacities) [12] and therefore appears as a
potentially powerful technique for behavior change.

By gamifying PA, participants are encouraged to move and
walk to play, which tendsto maketheir activities more enjoyable
and playful [13]. Unlike serious games, which refer to the use
of afull-fledged video game for educational or health purposes
(ie, avideo gameinitsentirety as opposed to sel ected elements
or individual features of a game) [10] and require a dedicated
time, a location, and implementation [14], gamification
techniques are relatively open to varying situational modes of
engagement [10] and concern instead global PA in al aspects
of daily life (eg, walking, running, or gardening). Gamification
is made possible by mobile technologies and wearable devices
that can track and collect daily activities in a continuous and
web-based manner. This allows for intervening directly on the
lifestyle of individuals without adding material or time
constraints for the participants.

However, several literature reviews [13,15,16] have reported
inconsistent results concerning the use of gamification in
behavioral interventions, with some studies demonstrating
positive effects and other studies providing more mixed effects.
These reviews also emphasized the lack of high-quality studies

https://www.jmir.org/2022/1/e26779

and highlighted the need for more rigorous trials to isolate the
impact of gamification (ie, randomized controlled tria sS[RCTS]).
Importantly, Koivisto and Hamari [ 15] suggested that the effects
of gamification could be smaller when using rigorous
experimentation. In sum, these reviews indicate that thereisno
clear evidence of the effectiveness of gamified interventions.
Nevertheless, no meta-analysis has been conducted yet.
Quantifying the effect size of gamified interventions and
identifying moderators of this effect would provide important
information about the effectiveness of such interventions.
Moreover, a meta-analysis appears as timely, as there are now
enough RCTs to conduct such an analysis.

This Study

This study is the first to quantify the effects of gamified
interventions on PA. Beyond the effect during or just after the
intervention, we also seek to evaluate the long-term effects to
determine the health relevance of these interventions. Indeed,
we reasoned that to be considered effective, gamification must
sustain its impacts over the long term and offer more than a
short-term novelty effect [11]. The generalizability of
gamification to different user populations is also a major issue
because it would determine whether gamification can be
introduced in health care settings with patients or it is more
suited in prevention for healthy audiences.

The objectives of this systematic review and meta-analysis are
to answer these research gaps by (1) evaluating the effect of
gamified interventions on PA and SB, (2) assessing the
long-term or sustained effects of gamified programs, and (3)
evaluating the generalizability of gamification across different
populations.

Methods

Design

Thisreview was conducted according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [17]. Following recommendations to minimize bias
and provide evidence of a priori analysis intentions [18], the
study was preregistered under the international prospective
register of systematic reviews (PROSPERO; registration
number: CRD42020186882) and on the Open Science
Framework (OSF) [19]. Moreover, all materials and data are
available on the OSF page of the project to facilitate
reproducibility and transparency of this review [20].

Search Strategy and I nformation Sources

We conducted asystematic literature search using five electronic
databases. PubMed, Embase, Scopus, Web of Science, and the
Cochrane Central Register of Controlled Trials. We combined
alternate terms and keywords representing synonyms for the
outcomes (PA or SB), intervention (gamification), device
(eHealth), and tria (see Table S1 in Multimedia Appendix 1

JMed Internet Res 2022 | vol. 24 | iss. 1 26779 | p.29
(page number not for citation purposes)


http://dx.doi.org/10.2196/26779
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

[21-36] for an overview of the terms used). The search strategy
was reviewed by an academic librarian. All databases were
searched individually from January 1, 2010 (2010 being the
date of the widespread adoption of the term gamification [10]),
to December 31, 2020, and the research was restricted to
English-language texts. The complete search equations for all
databases are available in Multimedia Appendix 1. In addition,
we complemented our search with reference harvesting from
the included studies and overview articles.

Eligibility Criteria
Studies were eligible for inclusion if they were RCTs and if

they met other criteria based on the participants, interventions,
comparators, and outcomes framework.

Participants

This review focused on the general population regardless of
age, gender, or health status (ie, patients with chronic diseases
were a so included). We excluded studiesinvolving participants
with contraindications to PA or with diseases preventing them
from engaging in PA or understanding the principles of the
game (intellectual and cognitive impairments).

I ntervention

Digital interventionstargeting PA or SB and incorporating game
elements and gamification techniques, such as points, levels,
rewards, leaderboards, narratives, and teams, were of interest.
We clearly distinguished between gamification and related
constructs, such as serious games. Therefore, we excluded
interventions based on active video games (i, el ectronic games
that allow playersto physically play with the images on screen)
that are more comparabl e with serious gamesthan with gamified
products.

Comparators

Studies that attempted to compare gamified interventions with
control groups without gamification elementsin arandomized
design were integrated in the review. These groups could be
either inactive (nonexposed control group, such as a waiting
list) or active (another nongamified intervention).

Outcomes

Inthisreview, weincluded studies assessing changein total PA
or leisure PA (quantity in metabolic equivalent of task [MET]
hour per week or MET minute per week or in duration, energy
expenditure [METS], moderate to vigorous PA [MVPA], step
count, walking time, and active minutes) and change in time
spent in SB (total time, leisure time, work, time spent in front
of the computer, and time spent in front of television). These
outcomes were continuous data either objectively measured
(through accelerometers, pedometers, and smartphones) or
subjectively measured by self-reported questionnaires. Data
measured objectively were always prioritized in the analyses
over self-reported questionnaires, which are more susceptible
to bias with a potential overestimation of PA [37].

In addition, studies were excluded if they came from areview,
commentary, or conference abstract; if they included data
previously published in another study; if they were not
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randomized and controlled; if they were not written in English;
and if they were published before 2010.

Screening

In total, 2 authors (AM and AC) independently screened the
titles and abstracts resulting from the search. Full texts of the
potential included studies were checked before inclusion.
Disagreements were resolved by discussion or by consulting a
third author (MD), and agreement was measured using the K
statistic. A completelist of excluded studiesis available on the
OSF page of the project.

Data Extraction

In the data collection process, AM and AC extracted data
independently and were blinded to each other using a
predetermined and tested templ ate. Disagreementswere resolved
by discussion or consultation with a third author (MD).
Extracted dataincluded the results of each study and threetypes
of potential moderators:

1. Population-level moderators to assess the generalizability
of theintervention (population characteristics, age, gender,
and pathology).

2. Intervention-level moderators to better understand
gamification mechanisms (theoretical model used to develop
the intervention, gamification elements, and modality of
the intervention [eg, internet-based, smartphone app, and
presence of socia incentives]).

3. Outcome-level moderators (outcomes, measure of PA or
SB, and device).

Risk of Bias Assessment

For each eligible study, 2 reviewers (AM and AC) assessed the
risk of bias using the purpose-built Cochrane risk of bias tool
(Table 8.5 in the Cochrane Handbook for Systematic Reviews
of Interventions [38]), which evaluates 7 domains (sequence
generation, allocation conceal ment, blinding of participantsand
personnel, blinding of outcome assessment, incomplete outcome
data, selective outcome reporting, and other risk of bias). A
judgment of the potentia risk of bias was made from the
extracted information and rated as high risk, low risk, or unclear
if the related information was not available. These evaluations
of bias are reported in the review and included in the analysis,
and ameasure of agreement with the k statistic was calculated.
After the full assessment, we decided not to present the item
blinding of participants and personnel in the review because it
was similar for all studies, which were rated as high risk,
blinding being unfeasible for thiskind of intervention.

Data Synthesis and Statistical Analyses

First, data were synthesized in a qualitative review assessing
the key elements of the studies and highlighting intervention
differences. This qualitative review integrates all studies that
met the eligibility criteria, including those for which we were
unable to extract the data.

For the quantitative analysis, means and SDs of continuous PA
or SB outcomes from individual studies were compiled when
available or estimated using the method by Hozo et al [39] when
median and | QR were reported. When the necessary data were
not availableintheoriginal article, wefirst requested them from
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the authors. If data could not be obtained, we extracted them
from the graphs when available. If this was not possible, we
excluded the study from the quantitative analysis.

A globa meta-analysis was conducted to obtain a summary
effect. In addition, when sufficient data were available (ie, 4
studies or more reporting an outcome), we conducted different
meta-analyses for each specific outcome (steps, MVPA, and
time in SB) and for the follow-up effect. To address the
nonindependence of data caused by study effect, random-effects
models [40] were preferred to the usual statistical tests. In
addition, the Hartung—K napp-Sidik—Jonkman method was used
to reduce the production of false positives inherent to the
DerSimonian-Laird method [41] and to obtain more robust
estimates of variance. Continuous outcomes were analyzed
using standardized mean difference (SMD) to account for
different measurement instruments or mean difference (MD)
when the measurements were close enough. We computed
Hedges g [42] for effect sizes, which is similar to Cohen d but
correctsfor small sample bias, which arerecurrent in the studies
included. Thus, aHedges g of 0.2 represents asmall effect; 0.5,
a moderate effect; and 0.8, a large effect [43]. We computed
SMDs for outcome scores after the intervention (presented in
the review) and change-from-baseline outcomes. Scores on
postintervention effect sizes refer to treatment group results
compared with the control group results after interventions.
Change-from-baseline score effect sizes were calculated as a
comparison between the treatment group pre—post effect size
and control group pre—post effect size.

For studies that included multiple outcomes, we kept in the
main analysisthe primary outcometargeted in theinitial article.
If none of the PA outcomesreported by astudy were the primary
ones, we selected the one that was the most relevant from the
perspective of the intervention and the original experiment. In
designs with multiple time measurements, the assessment that
was the most proximal to the end of the intervention was
conserved. A time assessment had to be performed >2 weeks
after the end of the intervention to be included in the follow-up
analysis. When studies included multiple intervention groups
with gamification features, they were combined into one group
following the formulae recommended by the Cochrane
Handbook [38]. Studiesincluding multiple control groups could
be integrated into different subgroup analysesif they compared
their gamified intervention to both an active and an inactive
control group.

Statistical heterogeneity was tested using forest plots and the

|2 statistic, which isthe most common metric for measuring the
magnitude of between-study heterogeneity and is easily
interpretable (0%-40% might not be important, 30%-60% may
represent moderate heterogeneity, 50%-90% may represent
substantial heterogeneity, and 75%-100% may represent
considerable heterogeneity) [44]. We conducted different
influential analyses to address between-study heterogeneity.
We first explored the presence of outliers, defined as studies
with Clsthat do not overlap with the CI of the summary effect.
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We al so performed leave-one-out analyses, which recal culated
the summary effect several times, with 1 study omitted each
time. Finaly, we performed a Baujat plot [45], which is a
diagnostic plot to detect sources of heterogeneity in the
meta-analysis by comparing the contribution of each tria inthe
pooled effect with the overall Cochran Q test for heterogeneity.

We applied different methods to detect publication bias (funnel
plot, Egger regression test [46], and Duva and Tweedie
trim-and-fill procedure [47]). In addition, another approach to
determinethe evidentia value of studiesincluded intheanalysis
isto check the statistical power of individual studies. Therefore,
we performed a sunset funnel plot [48], which is afunnel plot
variant that visualizes the statistical power of each study
included in the meta-analysis based on the summary effect size.

Thus, sensitivity analyses were conducted to address studies
with ahigh risk of bias or a strong heterogeneity in the sample
or studies identified as outliers. Subgroup analyses were
conducted to explore possible sources of heterogeneity and test
for population differences. Therefore, we conducted tests for
subgroup differences using arandom-effects model. In addition,
moderation analyses were performed to explore the impact of
potential explanatory variables and moderators on the effect
size with meta-regressions when sufficient data were available
(ie, at least 10 studies for each explanatory variable [38]). The
results were expressed as regression coefficient estimates, 95%
Cls, and P values.

For crossover trials, we first checked whether carry-over or
period effects were problematic in the original texts of studies.
For cluster randomized trias, we checked if the influence of
thedifferent clusterswas not too important, analyzing the values
of the intraclass correlation coefficient in the studies. Then, in
the absence of sufficient information in the published articles,
we addressed these studies as traditional parallel trials.
Nevertheless, this procedure increased the probability of a unit
of analysis error. Therefore, we performed sensitivity analyses
without clusters and crossover trials to test the robustness of
our results.

A summary of the analytical procedure is available in
Multimedia Appendix 1 (Figure S1). Analyseswere performed
on R (TheR Project for Statistical Computing) using the dmetar
package [49]. Risk of bias summary and risk of bias graphs
were made viathe robvis R package [50].

Results

Characteristics of Included Studies

We screened the titles and abstracts of 1626 articles, and 51
full-text articles were assessed for eligibility according to the
inclusion criteria. Finaly, 18 articles [21-36,51,52] were
included in the qualitative analysis and 16 were included in the
meta-analysis (Figure 1). The K value of agreement for the
screening phase was 0.64 between the 2 authors, reflecting good
agreement [53].
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) flowchart of the literature search and screening process.

PA: physical activity; RCT: randomized controlled trial.
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Table 1 provides an overview of the characteristics of the
included studies. The 16 studies included in the quantitative
analysisinvolved 2407 participantsaged 9-73 years (mean 35.7
years, SD 17.2 years), with sample sizes ranging from 20 to
602. Overall, 67% (12/18) of studiesincluded adult participants
[22,24-30,32,34-36] and 33% (6/18) of studies included
adolescents (ie, <18 years[21,23,31,33,51,52]). A total of 22%
(4/18) of studies included patients with chronic diseases (ie,
obesity [27,36], type 2 diabetes[35], and cardiovascul ar disease
[28]).

A total of 6 trials were conducted in Europe; 4 in the United
States; 3in Australiaand New Zealand; 3 in Canada; and 2 in
Asia. Studieswere published between 2014 and 2020, with 39%
(7/18) published after 2018.

Most studies were based on a smartphone app (n=10;
[23,28,30-35,51,52]), web-based (n=3; [21,24,29]), or both

https://www.jmir.org/2022/1/e26779
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(n=4; [22,26,27,36]). Nishiwaki et a [25] used a pedometer
with computerized game functions. The duration of the
intervention varied from 1 to 24 weeks, with a mean of 11.8
weeks, and the most common length was 24 weeks. The most
used game mechanics were internet-based rewards, such as
badges, medals, or trophies (13/18, 72%;
[21,22,24,26-28,30,32,33,35,36,51,52]), teams or leagues (13/18,
72%; [21-24,26,27,29,32-34,36,51,52]), levels (9/18, 50%;
[22,26,27,29,33,35,36,51,52]), points or scores (7/18, 39%;
[22,26,27,29,30,35,36]), or the presence of aleaderboard (7/18,
39%; [22,29,30,33,34,51,52]). Almost all studiesincluded social
incentives such as team collaboration, social networking, and
messaging facilitiesin their intervention (15/18, 83%; all except
Nishiwaki et a [25], Direito et a [31], and Hochsmann et a
[35]).
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Table 1. Characteristics of included studies.
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Study

Participants

Intervention

Theory

PA® outcomes

Corepal et a [21]°
Dadaczynski et al

[22]°

Direito et a [31]°

Edney et d [32]°

Garde et al [51]

Garde et al [33]°

Garde et al [52]

Gremaud et a [34]°

Hochsmann et al
[35]°

Kurtzman et al [36]°

Leinonen et a [23]b

Adolescents, n=224 (aged

12-14 years, 47% male par-

ticipants)

Adult workersin an automo-

bile manufacture, n=144
(65% male participants)

Adolescents, n=35 (mean
age 15.7 years, SD 1.2
years; 45% male partici-
pants; BMI 22.85)

Adults, n=284 (mean age
41.2 years, SD 11.2 years;
25% male participants; BMI
30.1)

Adolescents, n=47 (mean
age 10.3 years, SD 1.9
years; 34% male partici-
pants, BMI z-score 0.35)

Adolescents, n=56 (mean
age 11.3 years, SD 1.2
years, 62% male partici-
pants; BMI z-score 0.28)

Adolescents, n=37 (mean
age 10.6 years, SD 0.5
years; 43% male partici-
pants, BMI z-score 0.21)

Adult office workers, n=144

(mean age 40.5 years, SD

11.4years; 76% male partic-

ipants; BMI 29.7)

Patients with type 2 diabetes

mellitus and obesity, n=35
(mean age 58.5 years,; 53%
male participants; BMI 32)

Adults with obesity, n=196
(mean age 41.4 years, SD

12.2 years; 13% malepartic-

ipants, BMI 36.2)

Adolescents, n=496 (mean
age 17.8 years, SD 0.6
years; 100% male partici-
pants; BMI 23.1)

The “StepSmart Challenge” was aweb-
based intervention that used gamification
strategies to encourage and support PA
behavior change; duration: 22 weeks

“Healingo Fit” had the objective to pro-
mote low levels of PA using atracking-
based approach measuring PA with a
Fitbit pedometer and agamified interven-
tion accessible by desktop and mobile
devices; duration: 6 weeks

“Zombies, run! 5K Training app” was a
fully automated training program de-
signed to improvefitness, combined with
an immersing and fun story; duration: 8
weeks

“Active Team” was a mobile app de-
signed to encourage inactive adults to
meet PA guidelines. Gamification and
social features were implemented to in-
crease the social comparison, support,
and influence among participants; dura-
tion: 12 weeks

“MobileKids Monster Manor” was a
mobile exergame synchronized with an
external activity monitor. The overall
goal was to complete the story with PA
and steps; duration: 1 week

“MobileKids Monster Manor” was a
mobile exergame synchronized with an
externa activity monitor. The overall
goal was to complete the story with PA
and steps; duration: 1 week

“MobileKids Monster Manor” was a
mobile exergame synchronized with an
external activity monitor. The overall
goal was to complete the story with PA
and steps; duration: 2 weeks

“MapTrek” wasamobile health platform
that gamified Fitbit use for promoting
PA by placing usersin a series of inter-
net-based walking races; duration: 10
weeks

Theintervention wasamobileapp includ-
ing astoryline, virtual rewards, individu-
dized exercises, and daily PA promotion
through a game; duration: 24 weeks

Participants were in teams of 2 and had
to complete weekly goal targetsto win
points and badges; duration: 24 weeks

The intervention was an app proposing
amixed-reality conquering gamein
which physical and socia activities are
rewarded; duration: 24 weeks

sDTC

sCT® TPB', and health
action process approach

SDT

SCT

SDT

SDT

SDT

Taxonomy of behavior
change techniques

Behavioral economics

Transtheoretical model

Daily step count and MV-

PAY (min/day) objectively
measured (Actigraph GT3x)

Self-reported VPAY, MPAN,
and minutes walked

(min/week; 1PAQ))

MVPA, VPA, MPA, and
LPA! and sedentary time
(min/day) objectively mea-
sured (Actigraph GT3x) and
self-reported PA (PAQ-AK)

MVPA (min/day) objective-
ly measured (GENEACctiv)
and self-reported PA (Active
Australia Survey)

Daily step count and active
min/day objectively mea-
sured (Tractivity)

Daily step count and active
min/day objectively mea-
sured (Tractivity)

Daily step count and active
min/day objectively mea-
sured (Tractivity)

Daily step count and daily
active minutes count objec-
tively measured (Fithit Zip
activity monitor)

Daily step count objectively
measured (Garmin Vivofit
2

Mean step count objectively
measured (Withings wrist-
worn device)

Daily MVPA and daily
sedentary time objectively
measured (Polar Active)
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Study

Participants

Intervention

Theory

PA® outcomes

Maher et al [24]°

Nishiwaki et al [25]°

Patel et al [26]°

Patel et a [27]°

Paul et a [28]°

Thorsteinsen et a
[29°

Zuckerman and Gal-
0z [30]°

Adults, n=110 (mean age
35.6 years, SD 12.4 years,
42% male participants)

Adults, n=20 (mean age 31
years, SD 3years, 30% mae
participants; BMI 21.5)

Adults, n=200 (mean age
55.9 years, SD 9.9 years;,
44% mal e participants; BMI
27.1)

Adults with overweight and
obesity, n=602 (mean age
38.7 years, SD 10.4 years,
69% mal e participants, BMI
29.6)

Patients who survived
stroke, n=23 (mean age 55.8
years, SD 10.7 years; 48%
male participants; BMI 24.5)

Adults, n=21 (mean age
55.3 years, SD 11.2 years,
52% mal e participants)

Students, n=59 (mean age
23.4 years, SD 1.4 years,
25% mal e participants)

“Active Team” was a Facebook (Meta
Platforms) app designed to encourage
inactive adults to meet PA guidelines.
Gamification and social features were
implemented to increase the social com-
parison, support, and influence among
participants; duration: 8 weeks

Participants wore an activity monitor
with computerized game functions, such
as a story, a character, and objectives;
duration: 6 weeks

Participants were entered into a game
with their family in teams and had to
complete weekly goal targetsto win
points and badges; duration: 12 weeks

Participants had to complete weekly goal
targets to win points and levels. There
were 3 versions of theintervention: sup-
port, collaboration, and competition;
duration: 24 weeks

In the “ STARFISH” app, participants
had to complete their PA objectivesto
improve their avatar; duration: 6 weeks

Theintervention“Lifestyle Tool” consist-
ed of arule-based website designed to
help people plan and monitor their PA.
Thetool incorporated social and individ-
ual gaming components to increase mo-
tivation and engagement; duration: 12
weeks

“ StepByStep” was an accel erometer-
based mobile app with virtual rewards
and social comparison intended to moti-
vate peopleto incorporate morewalking
into their daily routine; duration: 1.5
week

TPB

Behavioral economics

Behavioral economics

Control theory and
Michie taxonomy of
behavior change

SDT

Self-reported MVPA, VPA,
MPA, and minutes walked
(min/week; Active Austraia
Survey)

Daily step count and MV PA
(metabolic equivalent of
tasks hour/day) objectively
measured (Lifecorder EX)

Daily step count objectively
measured (Withings wrist-
worn device)

Daily step count objectively
measured (Withings wrist-
worn device)

Daily step count, sedentary
time, and walking time
(min/week) objectively
measured (ActivPAL)

Self-reported weekly activi-
ty minutes (daily report
form)

Walking time (min/day) ob-
jectively measured (smart-
phone accelerometer)

3PA: physical activity.

BThe studies included in the meta-analysis.
CSDT: self-determination theory.

dMVPA: moderate to vigorous physical activity.
®SCT: sociocognitive theory.

reB: theory of planned behavior.

9VPA: vigorous physical activity.

PMPA: moderate physical activity.

iIPAQ: International Physical Activity Questionnaire.
ILPA: light physical activity.

kPAQ-A: Physical Activity Questionnaire for Adolescents.
'No theory mentioned.

Studies comparing gamified interventions with active control
groups used a similar intervention without game elements (ie,
an equivalent nongamified app [30-32] or a self-monitoring
intervention with wearables or activity monitors[25-27,34,36]).

In most studies, the interventions were based on theoretical
models. A total of 6 studies[21,30,31,33,51,52] were based on
the self-determination theory [54]; 5 [22-24,32,34] on
sociocognitive models (ie, the transtheoretical model [55], the

https://www.jmir.org/2022/1/e26779
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social cognitive theory [56], the theory of planned behavior
[57], and the health action process approach [58]); and 3
[26,27,36] on behavioral economics models.

Outcomes measured in trialswere diverse: they used either total
PA duration or MVPA duration, SB duration, daily step count,
walking duration, or active minute count. A total of 13
experiments measured PA objectively using devices such as
triaxial accelerometers (n=7; [21,28,31-33,51,52]), wearable
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devices for the general population (ie, Fitbit, Garmin, Polar,
and Withings monitors; n=6; [23,26,27,34-36]), pedometers
(n=1; [25]), or smartphones (n=1; [30]), and 5 assessed PA with
self-reported measures (International Physical  Activity
Questionnaire [22], Physical Activity Questionnaire for
Adolescents [31], Active Australian Survey [24,32], or other
[29]). A total of 6 trids [21,24,26,27,32,36] completed a
follow-up assessment from 12 to 30 weeks (mean 14.4 weeks)
after the end of the intervention.

A total of 2 studies [51,52] were excluded from the
meta-analysisand were only integrated in the qualitative review
because we were unable to extract their results.

Risk of Bias

The 2 authors extracted therisk of biasdatawith ak coefficient
of 0.79, which is synonymous with excellent agreement [53].
Multimedia Appendices 2 [21-36] and 3 present the authors
judgments about each risk of biasitem presented as percentages
acrossall included studiesin the meta-analysisand an overview
of the different biases for each study. Overall, 1 study [28] was
rated as high risk for sequence generation because assignments
were based on recruitment order. Therefore, this study was also
at a high risk for allocation concealment. A total of 3 studies
[24,29,30] were at high risk of biasfor the blinding of outcome
assessment item because they measured PA using only

Mazeas et d

self-reports. In total, 5 studies [23,29,30,49,52] were at high
risk of biasfor the incomplete outcome data item because they
reported high dropout rates and did not include
intention-to-threat analyses and 5 studies[25,28,29,31,52] were
rated at unclear risk for the selective outcome reporting item
because they had not been preregistered or published in a
protocol-study. Finally, 2 studies had other high risks of bias.
The first one [25] was a crossover trial conducted without a
washout condition, and the other one [21] was a cluster
randomized trial with no control of clustering, no consideration
of the clustering in the statistical analysis, and no test of baseline
differences among groups.

Summary Effect

Overal, the SMD d&fter the intervention for al PA outcomes
(MVPA, daily step count, number of active minutes, and
walking time) was a Hedges g of 0.43 (95% CI 0.03-0.82;
12=86%:; Figure 2), representing a statistically significant small
to medium effect. Similarly, we found a statistically significant
SMD effect of aHedges g of 0.38 (95% CI 0.07-0.69; 12=79%)
for pre—post change scores.

Only 3 studies [23,28,31] assessed sedentary time as an
outcome. Owing to this small sample size, the meta-analysis
was not performed on this outcome.

Figure2. Forest plot for the effect of gamification versus control on postintervention physical activity outcomes (moderate to vigorous physical activity,
daily step count, number of active minutes, and walking time). Tau-sgquare, chi-square, and 12 measures of between-study heterogeneity [21-36]. IV:

inverse variance.

Experimental Control
Study Mean SD Total Mean
Corepal et al., 2019 33.1  19.65 126 48.4 2457
Dadaczynski et al., 2017 526.5 240.56 80 4429 200.36
Direito et al., 2015 33.0 2061 17 305 17.99
Edney et al., 2020 108.7 53.30 128 1089 52.60

CGarde et al., 2016
Gremaud et al., 2018
Héchsmann et al., 2019
Kurtzman et al., 2018

14831.0 4819.00
8460.0 2775.00
9783.0 1334.00
5835.4 21988.20

28
72
18
130

11164.0 2868.00
7005.0 2775.00
6552.0 1280.00
5711.0 1948.00

Leincnen et al., 2017 71.5 30.80 187 528 24.40
Maher et al., 2015 528.0 391.00 47 391.0 371.00
Nishiwaki et al., 2014 10620.0 562.00 10 8711.0 523.00

Patel et al., 2017
Patel et al., 2019
Paul et al., 2016

8805.0 3382.00
7008.6 2530.56
5791.0 2952.00

94
437
15

8298.0 3836.00
6162.0 2142.00
2947.0 2399.00

Thorsteinsen et al., 2014 5744 43474 12 501.9 232.90
Zuckerman & Gal-Oz, 2014 455 2211 41 436 20.36
Total (95% CI) 1443

Heterageneity: Tau® = 0.1973; Chi® = 108.08, df = 15 (P < 0.01): I = 86%

Outliersand Influential Analyses

In the first analysis, substantial statistical heterogeneity was
observed. To address between-study heterogeneity, we first
looked for the presence of outliers. A total of 3 studies were
considered as outliers[21,25,35], and after removing them, we
till obtained a significant effect of a Hedges g of 0.34 (95%

Cl 0.17-0.51) with moderate heterogeneity (1>=58%).
L eave-one-out analyses showed that sequential removal of each

study did not have an important impact on the general effect
size, with effect sizes ranging from a Hedges g of 0.33 (95%

C1 0.00-0.66; 12=84%) to aHedges g of 0.48 (95% Cl 0.13-0.83;
12=78%; Figure S2 in Multimedia Appendix 1).
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51 7.0% 0.36[-0.04; 0.76] =
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The Baujat plot (Figure S3 in Multimedia Appendix 1) shows
that 4 studies explained more heterogeneity than the others,
more specifically, the study by Corepal et a [21] with a
heterogeneity contribution of 40.13 and an effect sizeinfluence
of 3.27.

Therefore, we excluded studies with a high or unclear risk of
bias. After doing so, the effect was not significant (Hedges

9=0.33, 95% CI —0.16 to 0.81; 12=78%).

Theinclusion of crossover and cluster randomized trialsin the
meta-analysis may lead to biases. Thus, we excluded these
designsfrom the analysis and obtained astatistically significant

effect of g=0.49 (95% CI 0.05-0.92; 1°=67%).
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Finally, we decided to exclude articlesby Corepal et a [21] and
Nishiwaki et al [25] in the sensitivity analyses (which have been
repeated afterward for each analysis) considering their influence
on the pooled result, their contribution to overall heterogeneity,
and their hugerisk of bias (no control of clustering, no statistical
consideration of clustering, and no test of baseline differences
among groupsin the study by Corepal et al [21] and no washout
period and very low power for the study by Nishiwaki et al
[25]). After doing so, we obtained a statistically significant

effect of aHedges g of 0.42 (95% Cl 0.14-0.69; 1=74%).

Subgroup Analyses

Wefound no statistical differencesin the effects between studies
with participants with chronic diseases or healthy participants
(Cochran Q=0.73; P=.39), between adults and adolescents
(Cochran Q=0.26; P=.61), between studies with objective
(devices) or self-reported PA outcomes (Cochran Q=0.23;
P=.63), between active or inactive control groups (Cochran
Q=0.01; P=.92), and between short- and long-term interventions
(less or more than 12 weeks; Cochran Q=0.60; P=.44).

When performing the sensitivity analysis, there was a
statistically significant effect of intervention on PA in adults
(Hedges g=0.36, 95% CI 0.03-0.69; 1>=71%; Figure S4 in
Multimedia Appendix 1), on healthy people (Hedges g=0.35,
95% CI 0.15-0.55; 12=63%:; Figure S5 in Multimedia A ppendix
1), when the PA measure was objective (Hedges g=0.45, 95%
ClI 0.08-0.82; 1°=80%; Figure S6 in Multimedia Appendix 1),
when the PA measure was self-reported (Hedges g=0.24, 95%
Cl 0.08-0.39; 12=0%; Figure S6 in Multimedia Appendix 1),
and for short interventions of <12 weeks (equivalent to a
3-month program; Hedges g=0.44, 95% CI 0.19-0.69; 12=16%;
Figure S7 in Multimedia Appendix 1).

Moreover, subgroup analyses allowed us to examine the effect
of gamified interventions when compared with inactive control
groups and active control groups. After sensitivity analyses, we
found a statistically significant effect of gamified interventions,
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both when compared with inactive control groups (Hedges
g=0.58, 95% CI 0.08-1.07; 1>=81%:; Figure S8 in Multimedia
Appendix 1) and when compared with active control groups
(Hedges g=0.23, 95% CI 0.05-0.41; 1>=37%; Figure S8 in
Multimedia Appendix 1).

M eta-Regressions

The age of participants (3=.01, 95% CI —0.02 to 0.04; P=.39),
their gender (3=.01, 95% CI -0.01 to 0.02; P=.47), their BMI
(B=.04, 95% CI -0.16 to 0.09; P=.53), the duration of the
intervention (f=-.01, 95% ClI -0.06 to 0.04; P=.74), or the
number of game mechanicsincluded in theintervention (3=.01,
95% Cl —-0.17t00.19; P=.91) were not statistically significantly
associated with an increasein PA.

Lack of data precluded further meta-regressions, such as
comparisons of leisure PA, or test of moderators, such as the
impact of social incentives or the theoretical model used to
develop the intervention.

Publication Bias

First, an inspection of the funnel plot showed that the effect
sizes of individual studies were relatively symmetrically
distributed around the pooled effect size. This observation was
supported by the Egger test of the intercept, which indicated no
asymmetry in the funnel plot (by=1.38, 95% Cl —0.83 t0 4.77;
P=.19). We then applied a bias-correction technique, the
trim-and-fill method, which indicated that 3 studieswere missing
at the bottom left of the funnel plot to obtain a full symmetry.
After imputing the effect sizes corresponding of these missing
studies to obtain atotally symmetrical funnel plot (Figure 3),
the bias corrected summary effect was of a Hedges g of 0.24
(95% Cl —0.24t0 0.73).

Finally, the sunset funnel plot (Figure 4) showed significant
differences in power among studies, with some characterized
by very low statistical power (7 studies under 45% power and
4 studies under 18%). The median power of all the tests was
63%.

JMed Internet Res 2022 | vol. 24 | iss. 1 |e26779 | p.36
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Mazeas et al

Figure 3. Funnel plot after trim-and-fill bias correction. A filled circle represents an included study, and an empty circle represents a missing study.
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Figure 4. Power-enhanced funnel plot. White circles represent included studies. &: true effect size; medpower: the median power of all tests; d33%:
effect size needed for achieving 33% of median power; d66%: effect size needed for achieving 66% of median power; E: expected number of positive
studies; O: observed number of positive studies; pTES: test of excess significance P value.
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Secondary Analyses

Follow-up

There was no dstatistically significant effect of gamified
interventions on total PA (MVPA and daily step count) after
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follow-up periodswith an SMD of aHedges g of 0.09 (95% ClI
-0.07 to 0.26; 1>=21%). When we performed the sensitivity
analysis, gamification significantly increased PA (MVPA and
daily step count) at follow-up (from 12 to 24 weeks &fter the
end of the intervention; g=0.15, 95% CI 0.07-0.23; 1°=0%;
Figure 5).
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Figure5. Forest plot for the effect of gamification versus control on PA outcomes (moderate to vigorous physical activity and daily step count) after
a follow-up period (from 12 to 24 weeks after the end of the intervention). Tau-square, chi-square, and 12 measures of between-study heterogeneity
[24,26,27,32,36]. |V: inverse variance.

Experimental Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Edney et al., 2020 117.2 5610 120 1117 5260 122 21.1% 0.10[-0.15; 0.35] — T
Kurtzman et al., 2018 5513.6 2044.00 121 5112.0 1678.00 66 14.8% 0.21[-0.09;0.51] —t
Maher et al., 2015 376.0 377.00 44 3350 34200 52 8.3% 0.11[-0.29;0.52]
Patel et al., 2017 8629.0 2783.00 94 8460.0 3186.00 100 16.9% 0.06 [-0.23; 0.34] —_—TE
Patel et al., 2019 6352.3 2260.17 437 5899.0 2128.00 150 38.8%  0.20[0.02;0.39] — .
Total (95% ClI) 816 490 100.0% 0.15[0.07; 0.23] ~—

Heterogeneity: Tau® = 0; Chi® = 1.06, df = 4 (P = 0.90); I = 0% ‘ T T !
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St observed. When excluding the 2 studies in the sensitivity

eps o o » analysis, we obtained a statistically significant effect of
We found no statistically significant effect of gamified  gamification on daily steps of a Hedges g of 0.49 (95% Cl
interventions on step outcomes with an SMD of aHedges g of - ( o5 93; 12=75%; Figure 6) and astatistically significant MD

0.53 (95% CI -0.09 to 1.15; |2:89%), but a significant of +1609.56 steps per day (95% Cl 372.39-2846.73; |2=86%;
improvement in the number of daily steps with an MD of Figure 7).

+1420.57 steps per day (95% CI 435.41-2405.73; 1°=95%) was

Figure 6. Forest plot for the effect of gamification versus control on steps outcomes (daily step count and walking time). Tau-square, chi-square, and
12 measures of between-study heterogeneity [22,26-28,30,33-36]. | V: inverse variance.

Experimental Control Std. Mean Difference Std. Mean Difference
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Figure7. Forest plot for the mean difference of daily steps between gamification and control. Tau-square, chi-square, and 12 measures of between-study
heterogeneity [26-28,33-36]. IV: inverse variance.

Experimental Control Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Garde et al., 2016 14831.0 4819.00 28 11164.0 2868.00 28 9.2% 3667.00 [1589.85; 5744.15] —
Gremaud et al., 2018 8460.0 2775.00 72 7005.0 2775.00 72 15.7% 1455.00 [ 548.52; 2361.48] —
Héchsmann et al., 2019  9783.0 1334.00 18 6552.0 1280.00 17 16.0% 3231.00 [2364.97; 4097.03] -
Kurtzman et al., 2018 5835.4 2198.20 130 5711.0 1949.00 66 17.3% 224.35[-378.87; 827.58] -
Patel et al., 2017 8905.0 3382.00 94 8298.0 3836.00 100 15.1% 607.00 [-409.22; 1623.22] =
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0.74; 12=93%). There was no statistically significant effect of

a Hedges g of 0.31 (95% CI —0.19 to 0.80; 1>=82%) in the
sensitivity analysis (Figure 8).

Moderate to Vigorous PA

There was no statistically significant effect of gamification on
MVPA with an SMD of a Hedges g of 0.09 (95% CI -0.57 to

Figure 8. Forest plot for the effect of gamification versus control on moderate to vigorous physical activity. Tau-square, chi-square, and 12 measures
of between-study heterogeneity [23,24,31,32]. IV: inverse variance.
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Total (95% CI) 380 359 100.0% 0.31[-0.19; 0.80] e ——
Heterogeneity: Tau® = 0.1189; Chi? = 16.67, df = 3 (P < 0.01); I? = 82%
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Summary of Findings (Grading of Recommendations
Assessment, Development, and Evaluation)

The quaity of evidence (grading of recommendations
assessment, development, and evaluation, [GRADE]) in the
included studies after sensitivity analyses for short-term PA,
long-term PA, MV PA, steps, and daily steps was scored from

Table 2. Summary of findings.

Mazeas et d

high to low (Table 2). The quality was downgraded for some
outcomes because of high heterogeneity, high risk of bias, or
imprecision owing to large Cls. Summaries of the various
meta-analysis conducted in thisreview both on postintervention
scores and pre—post intervention change scores are presented
in Multimedia Appendix 1 (Figures S9-S11).

Qutcome Number of participants Standardized mean difference or Quiality of evidence (grading of recommendations
(number of studies) mean difference (95% Cl) assessment, development, and eval uation)

General PA? 2197 (14) 0.42 (0.14 to 0.69) LowPcd

General PA (in comparison 1485 (7) 0.23 (0.05t0 0.41) High

with active control groups)

Long-term PA (follow-up) 1306 (5) 0.15 (0.07 t0 0.23) High

MVPAE 739 (4) 0.31 (-0.19t0 0.80) LowPCd

Steps 1438 (9) 0.49 (0.05 t0 0.93) Lowbod

Daily steps 1235 (7) 1609.56 (372.39 to 2846.73) Moderate®d

3PA: physical activity.

bDowngraoled because of high heterogeneity.
’Downgraded because of risks of bias.
dDowngraded because of imprecision (large Cls).
eMVPA: moderate to vigorous physical activity.

Discussion

Principal Findings

Summary Effect

This meta-analysis of RCTSs, including 16 studies and 2407
participants, revealed a statistically significant effect of gamified
interventions, on average, of 12 weeks on total PA (Hedges
0=0.42, 95% CI 0.14-0.69 after sengitivity analyses). Thiseffect
was small to medium, suggesting the effectiveness of gamified
interventions in promoting PA in both healthy participants and
participants with chronic diseases. This significant effect was
robust, asit persisted even after the different influence analyses
were performed. Moreover, the effect was statistically significant
both for objective measures of PA (Hedges g=0.45, 95% CI
0.08-0.82) and self-reported measures (Hedges g=0.24, 95%
Cl 0.08-0.39) after sengitivity analyses. Unsurprisingly,
subgroup analyses revealed after sensitivity analyses that the
effect of gamified interventionsis greater when compared with
inactive control groups (such as waiting lists) than when
compared with active control groups benefiting from a
nongamified intervention (Hedges g=0.58, 95% CI 0.08-1.07
vs Hedges g=0.23, 95% CI 0.05-0.41). Nevertheless, these
effects were both statistically significant. This suggests that
gamified interventions are not only efficient in changing
behavior but also, to a lesser extent, effective compared with
equivalent nongamified PA interventions (such as smartphone
apps or self-monitoring interventions). These results are
important considering the assets of gamification, which hasthe
advantages of (1) reorganizing existing activity rather than
adding additional demands to people’s lives [13], (2) being
easily implemented in natural contexts, and (3) having a broad
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accessibility through technology and advancing sensors,
permitting to address a large population.

Long-term Effect

When we analyzed the long-term effect of these interventions
based on the follow-up measures of PA, carried out from 12 to
24 weeks (mean 14.4 weeks) after the end of the intervention,
we found a statistically significant very small to small effect
size of aHedges g of 0.15 (95% CI 0.07-0.23) after sensitivity
analyses. These results indicate that the effect of gamification
persists after the end of the program, suggesting that it is not
just a novelty effect due to the playful nature of gamification.
However, thislong-term effect was weaker and decreased with
time after the end of the intervention.

Generalizability of Gamified | nterventions

The absence of subgroup differences or effects of age, gender,
and BMI on the pooled effect suggests a good generalizability
of gamified interventions, which can be used for several types
of populations. Thus, gamification may not only be efficient in
young healthy individuals but can also target any kind of
population regardless of their age or health status.

In sum, gamified interventions appear as an efficient tool to
improve the PA of various populations, with moderate
superiority over other similar interventions, such as mobile
health monitoring apps, and a moderate sustainability of the
effect after the intervention. Nevertheless, if many PA
interventions increase PA levels in the short term, trandating
these temporary changes into long-term PA participation
continues to be a challenge for PA research [59]. With that in
mind, the potential of gamification for PA increasesin thelong
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term, even minimal, is particularly important and promising in
the area of PA interventions.

Additional Findings

Effect of Gamification on the Step Count

If the overall effect of gamified interventions on PA is positive,
they increase the step count more than MVPA. Indeed, after
sensitivity analyses, on the one hand, the meta-analysesrevea ed
a dtatisticaly significant effect (Hedges g=0.49, 95% CI
0.05-0.93) of gamification for steps outcomes, with astatistically
significant improvement of 1609.56 steps per day (95% CI
372.39-2846.73) for participants benefiting from gamified
intervention versus those in the control group. On the other
hand, no statistically significant effect of gamified interventions
on MVPA was found (Hedges g=0.31, 95% CI —0.19 to 0.80).
This can be explained by the game metrics and mechanics of
the interventions included in the review, which are mainly
focused on the step count of participants. Few interventions
directly targeted MVPA. In the included studies, only 2
interventions [31,35] integrated multi-PA intensity goals and
mechanics, notably with physical exercises or running sessions
in the game. In other words, participants played most of the
timewith their number of steps and had to generally walk more
to make points and play the game. This results in an increase
in walking time but not necessarily in more intense PA.

These findings are interesting considering the potential health
benefits of increasing the number of daily steps by 1600 because
of gamification. Indeed, previous work showed that walking
was dtatistically associated with decline in all-cause and
cardiovascular mortality [60-63] and an improvement in body
composition [64]. Moreover, Oja et a [62] suggested that any
walking exposure is beneficia for cardiovascular health,
endorsing the idea that the most important is more global PA
regardless of the intensity [7,65] even when this activity only
includes walking [60]. In comparison, a previous study
evaluating the effectiveness of activity trackerswith and without
incentivesto increase PA [66] showed a significant improvement
of 1050 daily steps for the cash incentive intervention versus
the control intervention (95% Cl 600-1490) but no statistically
significant difference for the Fitbit-only group (340 daily steps,
95% Cl —100 to 790]). In light of these results, gamified
interventions appear as an added value compared with current
interventions. Considering that 40% of the volunteers in this
study abandoned their Fitbit monitor within 6 months,
gamification is also a way to keep participants involved and
motivated within the intervention.

Duration of I ntervention

Our meta-regression analysisdid not find an association between
the observed effect of gamification on PA and intervention
length. However, athough no statistically significant effect of
gamification for an intervention length of >12 weekswasfound
(Hedges g=0.41, 95% CI —-0.19 to 1.01), the meta-analysis
revedled a datidtically significant effect of gamified
interventions of <12 weeks on global PA (Hedges g=0.44, 95%
Cl 0.19-0.69). According to a previous meta-analysis that
reported significant positive effects of smartphone apps on PA
only when used over a short-term period of <3 months [67],
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these results suggest that a condensed intervention could benefit
more than alonger one, which could become redundant, boring,
and exhausting for participants in the long run.

Statistical Heterogeneity

The meta-analysis also revealed considerable statistical
heterogeneity. This heterogeneity may be explained by
differencesin study quality, diversity of designs, and variations
in study populations. Despite several subgroup anayses, we
cannot rule out that these subgroups and characteristics may
not explain all the variance of the interventions. Indeed,
demographic data often do not fully explain the differencesin
the effectiveness of interventions [68,69], and more precise
sociopsychological variables such as personality traits or
motivational factors could explain this poorly understood
significant heterogeneity. Moreover, the risk of bias analysis
and the sunset funnel plot showed substantial differencesinthe
quality of the included studies that can influence the
heterogeneity. Finally, various trial designs were used (ie,
paralel RCT, cluster RCT, and crossover RCT) that can also
contribute to the overall statistical heterogeneity.

Better Under standing Gamification M echanisms

This meta-analysis is informative regarding the effectiveness
of gamified interventions. In view of the observed heterogeneity,
the next step will be to investigate its causes from an
interventional and theoretical perspective.  Gamified
interventions involve multiple interacting elements, and it is
crucia to estimate the weight of each element in the behavior
change process and how they interact with each other. Isit game
mechanics, the implementation of behavior change techniques,
or the presence of social interactions that make gamification
effective? Unfortunately, the small number of studiesincluded
in the meta-analysis impeded us from conducting in-depth
moderation analyses to answer this question. To better
understand these relations, it is essential that both the
development and assessment of gamified interventions be
central, transparent, evidence-based, context-aware, and
research-oriented [70]. Moreover, if theoretical psychological
models are often mentioned in the introduction of articles
included in the review (Table 1), few have investigated the
psychological mechanisms of their interventions in the field
[22,31,71]. Future studies should explicitly discuss motivational
theory and systematically test the effect of gamification on
psychological outcomes known to be involved in behavior
change (eg, self-efficacy, attitudes, and intention) to better
understand its mechanisms. The consideration of personality
traits and psychological variables to determine behaviora
phenotypes [68] is a promising way to evaluate participant’'s
responses to the interventions.

Per spectivesfor FutureResearch and Implicationsfor
Practice

The findings from this meta-analysis allow us to draw and
discuss future work concerning the gamification of PA and SB.
First, future trials should be conducted with more adequately
powered sample sizes and should be strictly multiple
arms-RCTsto isolate the effects of gamification elements and
better understand gamification mechanisms. Second, the
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long-term effects are currently the main challenge of health
interventions. Thus, it is essential to investigate the evolution
of the effects of gamified interventions over time. Therefore,
there isaneed for more long-term follow-up measurements. In
addition, the potentialities of digital technologies and their
capacity to collect alarge amount of real-world data could be
used to assess the evolution patterns of the effect, allowing the
detailed identification of its sustainability and evolvement or
even make forecasts via time series analyses. Third, to our
knowledge, only 1 team of researchers worked on a gamified
intervention targeting SB by introducing sedentary breaks as a
gaming part [72]. Following this line of research, it could be
interesting to develop gamified interventions affording
participants to take more sedentary bresks. Finaly, the
cost-effectivenessratio of gamified interventions may be better
than that of many current interventions, considering the ease of
implementation and generalizability of gamification. However,
this assertion will have to be tested in future trials, including
economic analyses.

In light of our results, gamified interventions appear to be a
promising avenue to promote PA in different populations both
in prevention in healthy people and in the treatment of chronic
diseases. Gamified interventions have many benefits for
participants with chronic diseases, such as empowerment of
participants by improving their self-management skills, an effect
across broad audiences enabling to target different types of
pathologies, and an everyday life fit and easy implementation.
Similar to other digital health processes, gamification makes it
possible to address more patients, especially those who are
isolated from health care facilities. Importantly, gamified
interventions are especially pertinent during ahealth pandemic,
such as the COVID-19 outbreak, in which PAs and social
interactions are restricted because of lockdown or teleworking
and where structured PA possibilities are limited both indoors
and outdoors. Gamifying walking and daily activitiesis, in this
context, agreat way to improve PA and limit SB of individuals
in additionto providing social interaction among players. Inthe
meantime, the face-to-face management of chronic diseasesis
usually suspended during the pandemic, which underlines the
importance of offering remote supervision of PA.

Nevertheless, in view of the weaker postintervention effect, this
study suggests that a one-shot intervention is not sufficient. A
more interesting design would be to address multiple
gamification doses during or after the course of treatment to
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obtain a sustainable implementation of the PA behavior. This
configuration would also provide an ideal duration of
intervention to avoid exhausting the participants with gamified
interventions for >12 weeks.

Strengthsand Limitations

To our knowledge, thisisthefirst meta-analysisto quantitatively
evaluate the effects of gamification on PA. This review has
several other strengths. First, we conducted a comprehensive
search strategy using multiple databases in collaboration with
an academic librarian. Second, al stages of the review
(screening and data extraction) were independently realized by
2 reviewers. Finaly, various novel publication bias analyses
and influence analyseswere conducted in parallel with different
subgroup analyses and meta-regressions.

However, some limitations of this work must be mentioned.
Overall, the meta-analysis included a small number of studies,
and some articles were feasibility or pilot trials. Therefore,
several trias included small sample sizes and were highly
underpowered. Some studies were conducted with a high risk
of bias. One of the main limitations of this work is the
impossibility of demonstrating that the effect of gamified
interventions is led by gamification itself given the lack of
research examining this question. Finally, in the main analysis,
weincluded diverse PA outcomes evaluating similar constructs
but which are dightly different in practice. Moreover, not all
included outcomes were objectively measured. As the field
matures and new trials are published, an update of this work
will be important to confirm these preliminary results.

Conclusions

To conclude, gamified interventions appear to be a promising
avenue for promoting PA in various populations. Influencing
primarily the number of daily steps of the participants,
gamification is an interesting way to improve daily PA and
appears more efficient than equivalent nongamified
interventions, such as mobile health apps. However, if the effect
of gamification persists during follow-up, suggesting that
gamified interventions are more than anovelty effect, this effect
decreases with time with a smaler long-term effect. The
integration of gamification in more global health care
interventions could be a way to address this limited
sustainability. Futurerigoroustrialsarerequired to explorethese
perspectives.
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Abstract

Background: The virulent and unpredictable nature of COVID-19 combined with achange in reimbursement mechanisms both
forced and enabled the rapid adoption of telemedicine around the world. Thus, it is important to now assess the effects of this
rapid adoption and to determine whether the barriers to such adoption are the same today as they were under prepandemic
conditions.

Objective:  The objective of this systematic literature review was to examine the research literature published during the
COVID-19 pandemic to identify facilitators, barriers, and associated medical outcomes as aresult of adopting telemedicine, and
to determine if changes have occurred in the industry during this time.

Methods: The systematic review was performed in accordance with the Kruse protocol and the results are reported in accordance
with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Anayses) guidelines. We analyzed 46 research
articles from five continents published during the first year of the COVID-19 pandemic that were retrieved from searchesin four
research databases. PubMed (MEDLINE), CINAHL, Science Direct, and Web of Science.

Results: Reviewersidentified 25 facilitator themes and observations, 12 barrier themes and observations, and 14 results (compared
to a control group) themes and observations. Overall, 22% of the articles analyzed reported strong satisfaction or satisfaction
(zero reported a decline in satisfaction), 27% reported an improvement in administrative or efficiency results (as compared with
a control group), 14% reported no statistically significant difference from the control group, and 40% and 10% reported an
improvement or no statistically significant differencein medical outcomes using the telemedicine modality over the control group,
respectively.

Conclusions: The pandemic encouraged rapid adoption of telemedicine, which also encouraged practices to adopt the modality
regardless of the challengesidentified in previous research. Several barriers remain for health policymakers to address; however,
health care administrators can feel confident in the modality as the evidence largely shows that it is safe, effective, and widely
accepted.

(J Med Internet Res 2022;24(1):€31752) doi:10.2196/31752
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Introduction

Rationale

The virulent nature of COVID-19 forced social distancing and
a decrease of in-person visits to clinics around the world.
Telemedicine presented health care providers with solutions
that enabled a socia-distancing window into the clinical
environment and a continuation of the doctor-patient
relationship.

Telemedicine is defined by the World Health Organization as
healing from a distance through information communications
technologies by all health care professionals for the “exchange
of valid information for diagnosis, treatment and prevention of
disease and injuries, research and evaluation” [1]. Telemedicine
is not a perfect means of patient care; however, it offers great
advantagesto overcome geographical barriersto improve health
outcomes [1]. Validated and peer-reviewed international
statistics are elusive on adoption figures, but a recent
question-and-answer session indicates overall low adoption of
telemedicine internationally [2]. In the United States, prior to
the pandemic, telemedicine had only been adopted by 8% of
providers [3]. Providers have recognized wide acceptance of
telemedicine by patients; however, prior to the desperate
circumstances of COVID-19, they had not been willing to adopt
telemedicine on awide scale [4]. The largest challenges to the
adoption of telemedicine were identified as technically
challenged staff, resistance to change, cost, reimbursement, and
education level of the patient [5]. Telemedicine saves patients
time, consultation fees, and travel expenses [6]. However,
telemedicinerequires users at both endsto possesscertain levels
of technological skills such as those required to enable video
teleconferencing [7]. Fortunately, some countries enacted
legidation to expand the adoption of telemedicine. For example,
inthe United States, tel emedicine was not easily reimbursed by
federal programs until the Coronavirus Aid, Relief, and
Economic Security (CARES) Act legidlation [8], which greatly
increased reimbursement mechanisms for the telemedicine
modality. This change in reimbursement structure should not
beignored, and it most likely provided a significant catalyst to
the adoption of telemedicine.

A large number of articleswere published in thefirst 12 months
of the pandemic (February 2020 to February 2021) on the rapid
implementation efforts of telemedicine to enable clinics and
hospitals to continue to see patients and care for their needs
[9,10]. However, providers acknowledge some of the shortfalls
inherent to thismodality, such aslack of technical infrastructure,
cost, lack of technical staff, computer literacy of both staff and
patients, and a negative impact on the patient-to-provider
relationship [4,11-13]. A systematic review performed in 2020
on telemedicine and COVID-19 evaluated 44 articles a ong four
service lines and identified 10 themes of efficiency [14].
However, the authors did not evaluate facilitators and barriers
to adoption or health outcomes. Another systematic review [5]
was performed in 2016 on the barriers to the adoption of
telemedicine worldwide, which evaluated 30 articles across al
service linesin all countries; however, it also did not evaluate
facilitators or health outcomes.

https://www.jmir.org/2022/1/e31752
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Although analyses have been published that highlight the
advantagesto the adoption of telemedicine, with an 8% adoption
rate in the United States, the conclusions of these previous
studies may not be as robust as possible. The circumstances
presented by the pandemic have encouraged wider adoption of
thismodality of care. Therefore, with proper systematic review
techniques, reviewer observations this far into the pandemic
will undoubtedly be more robust and widely applicable to
medicine.

Objectives

The purpose of this systematic review was to evaluate the
facilitators and barriers to the adoption of telemedicine
worldwide, including an analysis of health outcomesand patient
satisfaction. A brief comparison of the results of this review
with those of reviews performed prior to COVID-19 wasfurther
performed to identify changes in these factors in light of the
pandemic.

Methods

Protocol and Registration

The Kruse protocol for writing a systematic review was
followed, and the findings are reported in accordance with the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analysis) guidelines[15,16]. This systematic review
was registered in PROSPERO on August 2, 2021 (ID
CRD42021235933).

Eligibility Criteria

The search parameterswere established to find articles published
in 2020 and 2021 concerning telemedicinein al aspects of care
and for all ages of patients, published in peer-reviewed journals,
using any method of study (mixed method, quantitative, and
qualitative). Other systematic reviews were excluded because
we wanted to compare our results to these previous reviews
without confounding the findings. The Johns Hopkins Nursing
Evidence-Based Practice Rating Scale (JHNEBP) was used to
assessthe quality of al articlesanalyzed [17]. Any studiesbelow
level 1V C were discarded due to poor quality.

Information Sources

Four research databases were searched: PubMed (MEDLINE),
CINAHL (excluding MEDLINE), Web of Science, and Science
Direct. We aso performed a journal-specific search of the
Journal of Medical Internet Research.

Search Strategy

Google Scholar was used to determine the general trends of
publication on this topic previously and to collect key terms
from published articles. These key terms were entered into the
US Library of Medicine's Medical Subject Headings (MeSH)
to create an exhaustive search string using Boolean terms. The
actual search string used was: (telemedicine OR telehealth OR
“mobile health” OR mhealth OR ehealth) AND (COVID-19
OR coronavirus). The same search string was used in all
databases. Similar filters were used in each database (not all
filters are the same between databases).
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Study Selection Process

Once the search string was entered into each database, we
filtered the results and screened abstracts for applicability.
Although filters for the four research databases differ, we
generdly filtered for the date range (2020-2021), scholarly
journals (no theses or opinions), and “full text” to ensure that
wewould have accessto the entire article. Articleswererejected
for avariety of reasons:. protocol (no resultsto analyze); opinion
(no data); reviews; did not use telemedicine; or did not
contribute to our objective statement of identifying facilitators,
barriers, or effects on patient satisfaction. The k statistic was
calculated to identify the level of agreement between reviewers
[18].

Data Collection Process

An Excel spreadsheet was used as a data-extraction tool to
collect data for reporting and analysis. This spreadsheet was
standardized according to the Kruse protocol [15]. We held
three consensus meetings to screen abstracts, analyze articles,
and discuss possible themes. After the second consensus
meeting, we performed a narrative analysis to identify themes
in the articles analyzed [19]. Because there were only two
authorson this project, both authors analyzed all articles (n=46).

Data ltems

In accordance with the Kruse protocol, PRISMA standard, and
JHNEBP, the following fields were collected: database source;
date of publication; journal; authors;, study title; PICOS
(participants, intervention, results, outcomes, study design);
sample size; bias within study; effect size; country of origin;
statistics used; quality metrics from the JHNEBP scale; and
reviewer observations asthey relate specifically to the objective
statement in areas of patient satisfaction, and facilitators and
barriers to adoption [15,17,20]. All data items were

https://www.jmir.org/2022/1/e31752
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independently collected and discussed in subsegquent consensus
meetings.

Risk of Bias Within and Across Studies

The JHNEBP rating scale was used for assessment of biaswithin
and across studies. Observations of bias and methodological
weaknesseswere noted [17]. The JHNEBP ratingsal so provided
insight into bias because poor-quality results can limit the
external validity of the experiment.

Summary Measures

Because we included mixed methods and qualitative studies,
we were unable to standardize summary measures aswould be
performed in a meta-analysis.

Additional Analyses

We performed a narrative, or thematic, analysis of the
observations to convert them into themes (common threads
between articles) [19]. We calculated the frequency of
occurrence of both themes and individual observations and
report these in a series of affinity matrices (tables). This
technique was used to identify the statistical probability for
identifying each theme, which does not identify a level of
importance but rather identifies afrequency of mention of these
themes in the literature during the period of observation.

Results

Study Selection

The database search and study selection process areillustrated
in Figure 1. The k statistic was 0.95, indicating almost perfect
agreement between reviewers [18,21]. Several studies made it
through all filters, but were still eliminated because they were
protocols (no results), opinions, out of the date range, or other
systematic reviews.
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Figure 1. Article search and selection process. WoS: Web of Science.
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Records excluded
(n=3938)

Records retrieved
(n=78)

Records not retrieved

(-0)

Screening
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Records excluded:
Protocols (n=12)
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_—

Date out of range (n=5)
(-32)

Studies included review
(n=46)

, Included \

Study Char acteristics

Reviewers collected study characteristics identified by the
PRISMA standard such as PICOS (see Table 1). Of the 46 six
studies analyzed over the 15-month period, 2 (4%) involved
adolescents, 6 (13%) involved adults >60 years, and 38 (83%)
involved adults >18 years as participants. Most participants
were current or former patients who agreed to participate in
studies. More than half the interventions were mobile health
(mHealth), telephone/televideo, or eHealth (26/46, 56%). The
rest wereinterventionsinvolving telemonitoring, patient portals,
telecoaching, web chat, and social media, which could be

https://www.jmir.org/2022/1/e31752
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cross-platform. In these 46 studies, 18 resulted in a positive
outcome over a control group (23%), 12 of which involved
medically measured outcomes (21%) as opposed to clinical and
administrative outcomes. Only 9 of the 46 (20%) studiesresulted
in no statistically significant difference between theintervention
and control groups, which means that positive results could be
obtained through telemedicine commensurate with those
obtained using traditional means of care. Four articlesanalyzed
were published in 2021 [22-25], with the remaining 42 articles
published in 2020 [26-67]. Further explanation of the results
and medical outcomes can be found the Additional Analysis
subsection.
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Table 1. Characteristics of the included studies according to the PICOS (Participants, Intervention, Results, Outcomes, and Study Design) structure.

Study Participant Intervention Results (comparedto  Medical outcomes  Design

the control group or
other studies)

Ben-Aryeet a [22] Adult patients (>18 eHealth Improved compli- Not reported Prospective, controlled,
years) undergoing adju- ance/adherence and nonrandomized
vant, neoadjuvant, or study
palliative treatment for
solid tumors

Yu et a [25] Older adult patients Telephone or televideo  Improved patient satiss  Not reported Cross-sectional
(50% >60 years, 60% faction
women, 68% one-time
telehealth users) and 45
physicians

Richards et a [24] Adult respondentsfrom Telephone or televideo  Improved patient satiss  Not reported Qualitative
aneurosurgical outpa- faction
tient clinic (mean age
63 years, 50.3% men)

Kurihara et al [23] Adult patients with Telemedicine self-test-  No control group (non-  Not reported Cross-sectional
Parkinson disease (61% ing experimental)
women, mean age 67
years) at Fukuoka Uni-
versity Hospital

Alkire et a [26] Adults(Gen X, Millen- Petient portals No control group (non-  Not reported Nonexperimental
nial) experimental)

Ballinet a [27] Older adults, 70-year-  Supervised and web-  Nosignificant differ-  Improvedinat least Randomized controlled
old men, and women based ence; decreased fat one area: decreased tria

Banbury et al [28]

Barnett et al [29]

Batalik et a [30]

Beller et al [31]

Bernabe-Ortizet a [32]

Bilgrami et a [33]

Broerset al [34]

with central obesity

Adults >50 years with
at least one chronic
condition

Adults (22-27 years; 10
men, 10 women),
clients of an alcohol
and drug counseling
service across Aus-
tralia, and 8 counselors

Adult cardiac rehabilita-
tion patients

Adult patients sched-
uled for video visits
through the University
of Virginal urology de-
partments

Adult participantsfrom
arandomized clinical
trial on a 1-year

mHealth® intervention
on blood pressure and
body weight 4 years
postcompletion

Adultswithinflammato-
ry bowel disease

Adult patientswith car-
diovascular disease

Telemonitoring

Webchat

Home-based telerehab

Televideo

mHealth

Telemedicine self-test-
ing
eHealth

mass

Telemedicineimproved
results compared to
control: companionship,
emotional support,
health literacy, self-
management

No control group (non-
experimental)

No statistically signifi-
cant difference

No control group (non-
experimental)

Telemedicineimproved
results compared to
control: decreased fat
mass

No statistically signifi-
cant difference

No statistically signifi-
cant difference; in-
creased quality of life

fat mass

Not reported

Not reported

No statistically sig-
nificant difference

Not reported

Improved in at least
one area; decreased
body weight

No statistically sig-
nificant difference

Not reported

Mixed methods, quasi-
experimental, nonran-
domized trial

Qualitative study, non-
experimental

Randomized controlled
trial

Cohort

Retrospective study of
arandomized clinical
trial

Randomized controlled
trial

Randomized controlled
trial
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Study Participant Intervention Results (comparedto  Medical outcomes ~ Design
the control group or
other studies)
Cho et al [35] Adult participants (30- mHealth Telemedicineimproved Improvedinatleast Randomized controlled
59 years) with at least results compared to one area: decreased  trid
2 conditions defined by control (decreased fat ~ fat mass, decreased
the Third Report of the mass) body weight
National Cholesterol
Education Program ex-
pert panel (abdominal
obesity, high blood
pressure, high triglyc-
erides, low high-density
lipoprotein cholesteral,
and high fasting glu-
cose level)
Claeset a [36] Adult patientswith car- eHealth Improved health behav- Not reported Randomized controlled
diovascular disease iors trial
from 3 European hospi-
tals
Coorey et a [37] Adultswho had com-  eHealth No control group (non-  Not reported Qualitative analysis of
pleted 12 months of experimental): im- arandomized controlled
follow-up from the proved self-manage- study
Consumer Navigation ment, improved health
of Electronic Cardiovas- literacy
cular Toolstrial
Ding et al [38] Adults (mean age 70.1  Telemonitoring Telemedicineimproved Not reported Randomized controlled
years) with chronic results compared to tria
heart failure controls: improved
compliance/adherence
Geramitaet al [39] Adult lung transplant ~ mHealth No statistically signifi-  Not reported Randomized controlled
recipients cant difference follow-up study
Gong et a [40] Adult hypertension mHealth Telemedicineimproved Improvedinat least Randomized controlled
results compared to one area: reductions tria
controls: improved in blood pressure
compliance/adherence
Han et al [41] Adults (<55 years) eHealth No control group (non-  Not reported Qualitative
prepandemic (S1) and experimental):
273 follow-up surveys telemedicine improved
(S2); university-affiliat- results compared to
ed, and physicians controls, improved
compliance/adherence
Harding et d [42] Adult caregiverswith  mHealth No control group (non-  Not reported Qualitative (pilot study)
837 patient assessment experimental)
outcomes
Hsiaet d [43] Pediatric patientswith  mHealth Telemedicineimproved Improved self-man-  Prospective study
asthma results compared to agement, decreased
controls. improved self- medication use, in-
management, improved crease in controlled
patient satisfaction asthma
Hsieh et al [44] Insured adults (>20 Patient portals No control group (non-  Not reported Qualitative
years) experimental)
Hutchesson et al [45]  Adult Australianwom- mHealth No statistically signifi- No statisticaly sig-  Pilot randomized con-
en with arecent history cant difference nificant difference  trolled trial
of preeclampsia
Jménez-Marreroetad  Adult patients with Televideo Telemedicineimproved Improvedinatleast Randomized controlled

[46]

chronic heart failure

results compared to
controls, decreased cost

one area: decreased
incidence of heart
failure

trial
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Study Participant Intervention Results (comparedto  Medical outcomes ~ Design
the control group or
other studies)
Katt et a [47] 180 patientswithup-  Telephone or televideo  Improved patient satiss  Not reported Qualitative
per-extremity condition faction
and 302 physicians
Kobe et al [48] Adult patients (52% Telephone or televideo  Telemedicineimproved Improvedin atleast Secondary analysis of

Lai et a [49]

Lemelin et a [50]

Manning et a [51]

Marques et a [52]

Martins et a [53]

McGillicuddy et al [54]

Mo et al [55]

Mustonen et a [56]

O Sheaet d [57]

Perri et al [58]

men, mean age 62
years, 55.5% African
American) of Duke
University Health Sys-
tem with type 2 dia-
betes, poorly controlled
hypertension, and on
prescription hyperten-
sion and diabetes medi-
cation

Adults with Parkinson
disesse (telehealth
mean age 63 years,
control mean age 70
years; 70% men, pre-
dominantly White)

Adult women (mean
age 32 years) with ges-
tational diabetes melli-
tus

Adults from families
with toddlers

Adult Valladolid Uni-
versity students (74%
women, 67.5% aged
18-23 years)

Adult patients (mean
age 62 years, 50%
women) with suspected
acute strokes at a Brazil
university hospital

Adults(mean 51.5-52.1
years) with kidney
transplants (majority
men, African Ameri-
can)

Adult patients (51.7-
53.5 years) with chronic
heart failure (approxi-
mately 66% men)

Adult patients (>45
years, mean age 65
years) with type 2 dia-
betes and coronary
artery disease (approxi-
mately 40% women)

Adults (77% men, mean
age 61 years)

Adults (mean 55.4
years) from 14 counties
in Florida (83% wom-
en, 73.9% White)

Telemonitoring

Telecoaching

Televideo

mHealth

mHealth

mHealth

Telephone or televideo

Telecoaching

eHealth

Telephone or televideo

results compared to
control

Telemedicineimproved
results compared to
control: improved com-
pliance/adherence,
health behaviors, and
patient satisfaction

Improved patient satis-
faction: telemedicine
improved results com-
pared to control

No statistically signifi-
cant difference

No control group (non-
experimental)

Telemedicineimproved
results compared to
control

Telemedicineimproved
results compared to
control

Telemedicineimproved
results compared to
control: improved emo-
tional support

No statistically signifi-
cant difference

Not reported

Telemedicineimproved
results compared to
control: decreased fat
mass, improved self-
management

one area, improved

annual rate eGFRP
decline

Not reported

| dentified other ar-
eas for intervention

Not reported

Not reported

Improved in at least
one area: decreased
mortality, decreased
intracranial hemor-

rhage

Improved in at least
one area: reduction

in mean tacrolimus

trough coefficient of
variation

Improved in at least
one area: mental
health inventory,
quality of life

Not reported

Not reported

Improved in at least
one area: decreased
body weight

randomized controlled
trial

Mixed methods

Prospective and con-
trolled clinical trial

Mixed method quasiex-
perimental and longitu-
dinal design

Qualitative

Prospective observation-
a

Randomized controlled
clinical trial

Open-label intervention-
al study

Posttrial analysis of a
randomized controlled
trial

Posttrial analysis of an
acceptability and feasi-
bility trial

Randomized clinical
trial
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Study

Participant

Intervention

Results (compared to
the control group or
other studies)

Medical outcomes

Design

Piera-Jiménez et al [59]

Press et a [60]

Ramirez-Correa et al
[61]

Ronan et a [62]

Adults (majority 50-70
years and men) from
Spain, the Netherlands,
and Taiwan

Adults (mean 54.5
years) with asthma or
chronic obstructive pul-
monary disease (majori-
ty Black women)

Adults (mean 39.9
years, 56% men)

Adultswith cysticfibro-
sisinvolved in a study
onanonlineTa Chiin-

Telemonitoring

mHealth

Telemedicine self-test-
ing
Televideo

Telemedicineimproved
results compared to
control

Telemedicineimproved

Improved in at least
one area, improved
quality of life

Increase in con-

Financial randomized
controlled trial

Randomized controlled

tervention

Sacco et a [63] Older adults (mean age
88.2 years), 59.8%

women

Adolescents (12-17
years) and mothers

Telephone or video

Scheerman et a [64] Social media

Adult Chronic Renal
Insufficiency Cohort
(CRIC) Study partici-
pants (mean age 68
years, eGFR 54
mL/min/1.73, 59%
men)

Elderly and disabled
people (average age
74.5 years, 59% wom-
en) in retirement homes
and rehabilitation cen-
ters

Schrauben et al [65] mHealth

Shareef et al [66] Robotics or artificial

intelligence

van Dijk et a [67] Adult women (mean mHealth
age 30 years), either

less than 13 weeks

pregnant or trying to

become pregnant, and

36 men

results compared to trolled asthma tria

control: improved self-

management heslth be-

haviors

No control group (non-  Not reported Cross-sectional

experimental)

No statistically signifi- Not reported Qualitative analysis of

cant difference, im- amixed methods ran-

proved health behaviors domized controlled fea-
sibility study

Improved patient satis-  Not reported Cross-sectional survey

faction, improved emo-

tion support

Telemedicineimproved Not reported Cluster randomized

results compared to controlled trial

control, improved

health behaviors

No control group (non-  Not reported Cross-sectional survey

experimental)

Improved companion-  Not reported Experiment and follow-

ship up survey

Randomized controlled
trial

Improved compli-
ance/adherence, im-
proved health behaviors

Improved in at least
one area, improved
self-management

@mHealth: mobile health.
PeGFR: estimated glomerular filtration rate.

Risk of Bias Within and Across Studies

Table 2 summarizes the quality indicators assessed for each
article with the JHNEBP tool. The strength of evidence most
frequently observed was level 111 followed by level | and level
I1. Nearly half of the articles reported strong-evidence studies
that included both a control group and randomization; the next
most common study type was nonexperimental (no control
group) or qualitative, with the least frequent type being

https://www.jmir.org/2022/1/e31752

RenderX

quasiexperimental  (included a control group but no
randomization). The quality of evidence most frequently
observed was A (high quality), followed by B (good quality).
The most common combination of strength and quality was|11
B, followed closely by | A, which speaks to both the strength
and quality of evidence evaluated by this review. The Ill B
combination highlights the number of qualitative studies with
smaller samples or selection bias.
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Evidence

Occurrence, n (%)

Strength
| (Experimental study or randomized controlled trial)
Il (Nonexperimental, qualitative)
Il (quasiexperimental)
Quality
A (High quality)
B (Good quality)
C (Low quality)

22 (48)
17 (37)
7 (15)

27 (59)
17 (37)
2(4)

Many studies used geographically localized samples, which
may limit the external validity of the results. Some studies
focused only on one gender or race, speaking to the convenience
sampl e or volunteer-basis of their design. Asking for volunteers
in a technology-oriented experiment invites bias because the
self-sdection alows for those who are already
technology-oriented or comfortable with technology to
participate. This group as the intervention can skew the results
because those already comfortable with technology will not
experience the frustration experienced by those who are not
comfortable with technology. This selection biasalso limitsthe
external validity of the results. A comprehensive list of bias,
country of origin, samplesize, strength, and quality of evidence
identified for each study can be found in Multimedia A ppendix
1.

https://www.jmir.org/2022/1/e31752

Thematic Analysis Based on Results of Individual
Studies

During the analysis phase of the systematic review process, the
reviewersrecorded observationsto identify instances of patient
satisfaction, as well as both facilitators and barriers to the
adoption of telemedicine. A thematic analysis was then
performed to make sense of the observations [19]. Multiple
instances of the same observation become atheme. A trandation
of observationsto themesis provided in Multimedia Appendix
2. The summary of analysisis provided in Table 3, which lists
the themes/observations from reviewers that correspond with
the objective statement and sorts articles from the most recent
to the ol dest.
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Authors

Patient satisfaction

Facilitators

Barriers

Ben-Aryeet a [22]

Yueta [25]

Richards et a [24]

Kurihara et al [23]

Alkirieet al [26]

Balineta [27]

Banbury et al [28]

Barnett et al [29]

Batalik et a [30]

Beller et al [31]

Bernabe-Ortiz et a
[32]

Bilgrami et a [33]
Broerset al [34]

Cho et al [35]

Claeset al [36]

Coorey et a [37]

Ding et d [38]

Geramitaet al [39]

Gong et a [40]

Han et al [41]

Harding et d [42]

Hsiaet a [43]

Not reported

Strong satisfaction

Strong satisfaction

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Strong satisfaction

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Strong satisfaction

Technical literacy, availability of technology, past ex-
perience with technology

Concerns adequately addressed, improved health be-
haviors, pandemic created acceptance of technology

Convenience of telemedicine, increased patient-
provider communication, concerns adequately ad-
dressed, increased access

Pandemic created acceptance of technology, past ex-
perience with technology

Technical literacy, past experience with technology,
perceived useful ness, increased patient-provider com-
munication, perceived ease of use

Increased connectedness, self-management, flexibility,
and access

Enabled sociad interaction; decreased anxiety; in-
creased connectedness, technical literacy, and access;
televideo enables reading of body language; education;
convenience of telemedicine

Increased efficiency, access, and patient-provider
communication, and improved standard of care

Technical literacy, increased self-management, in-
creased access, increased flexibility

Pandemic created acceptance of technol ogy, availabil-
ity of technology, fewer miles driven to appointment,
convenience of telemedicine, faster initiation of treat-
ment, decreased costs

Increased connectedness, increased adherence, im-
proved health behaviors

Pandemic created acceptance of technology

Perceived usefulness, perceived ease of use, increased
adherence

Increased adherence, increased self-management, in-
creased weight |oss, technical literacy

Technical literacy, perceived ease of use
Increased adherence, increased self-management

Increased adherence, increased self-management

Long-term use may not be required to develop good
habits

Increased adherence, increased self-management

Pandemic created acceptance of technology, increased
efficiency, increased self-management, increased ac-
cess, availability of technology

Not reported

Increased quality of life, decreased emergency room
visits, increased adherence, availability of technology,
pandemic created acceptance of technology, perceived
ease of use, convenience of telemedicine

Availability of technology, confidentiality/se-
curity

Some patients prefer in-person consultations,
decreasein patient-provider communication,
technical literacy

Not reported

Some patients prefer in-person consultations,
technical literacy

Technology needs further development,
technical literacy

Technology needs further development

Hedlth literacy, availability of technology,
technical literacy

Technology needs further development, de-
crease in patient-provider communication,
technical literacy, confidentiality/security

Discomfort for wearable monitors, technical
literacy, technology needs further devel op-
ment

Limits of reimbursement for telemedicine,
some patients prefer in-person consultations,
connectivity, technical literacy

Perceived lack of usefulness, lack of personal
desire to get better, some patients prefer in-
person consultations

Not reported

Decrease in quality of life after intervention

Technical literacy, availability of technology

Technology needs further development

Lack of personal desireto get better, technol-
ogy needs further development, technical lit-
eracy

Technology needs further development, cost

Cost, confidentiality/security, technology
needs further development

Not reported

Cost, technical literacy, interoperability,
availability of technology

Connectivity, confidentiality/security, techni-
cal literacy

Connectivity, technical literacy, cost, avail-
ability of technology
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Authors Patient satisfaction Facilitators Barriers

Hsieh et a [44] Not reported Health literacy, perceived usefulness, perceived ease  Some patients prefer in-person consultations,
of use technical literacy, cost

Hutchesson et al [45] Strong satisfaction Increased self-management, perceived usefulness, Technology needs further development, per-
perceived ease of use ceived lack of usefulness

Jiménez-Marreroetal  Not reported Decreased costs, increased adherence, increased self- Cost

[46] management

Katt et a [47] Strong satisfaction Convenience of telemedicine, pandemic created accep-  Some patients prefer in-person consultations,
tance of technology, faster initiation of treatment, workflow issues for providers
perceived ease of use

Kobe et al [48] Not reported Not reported Some patients prefer in-person consultations

Lai et a [49] Strong satisfaction Convenience of telemedicine, increased social support, Technology needs further devel opment, con-
increased self-management nectivity, decrease in patient-provider com-

munication, technical literacy

Lemelin et a [50] Strong satisfaction Education, increased socia support Not reported

Manning et a [51] Not reported Pandemic created acceptance of technology Connectivity, availability of technology

Marquez et a [52] Not reported Past experience with technology, decreased costs, Some patients prefer in-person consultations

pandemic created acceptance of technology, faster
initiation of treatment, increased access

Martins et a [53] Not reported Faster initiation of treatment, availability of technolo- Lack of infrastructure, limits of reimburse-
gy, increased access ment for telemedicine, connectivity, confiden-
tiality/security
McGillicuddy et a Not reported Increased socia support, health literacy Not reported
[54]
Mo et a [55] Not reported Increased quality of life, increased social support Not reported
Mustonen et al [56] Not reported Decreased costs Not reported
O’ Sheaet al [57] Satisfaction Increased self-management Technical literacy, perceived lack of useful-
ness, technology needs further development
Perri et al [58] Not reported Increased weight loss, increased adherence, increased  Not reported
self-management
Piera-Jiménez et al Not reported Decreased costs, no significant differencein cost care  Cost
[59]
Press et a [60] Not reported Decreased costs, education, increased access Availahility of technology, technical literacy
Ramirez-Correaet al  Not reported Increased patient-provider communication, education, Connectivity
[61] pandemic created acceptance of technology
Ronan et al [62] Not reported Convenience of telemedicine, pandemic created accep-  Technical literacy, technology needs further
tance of technology, increased social support development, availability of technology
Sacco et al [63] Strong satisfaction Increased social support, increased connectedness Not reported
Scheerman et a [64] Not reported Increased social support, improved standard of care  Not reported
Schrauben et al [65]  Not reported Health literacy, education Technical literacy, health literacy, confiden-
tiality/security
Shareef et a [66] Not reported Enabled social interaction, increased social support  Confidentiality/security, technical literacy,
perceived lack of usefulness
van Dijk et al [67] Not reported Improved health behaviors, increased adherence Not reported

Patient satisfaction was reported as “strong satisfaction” or  Twenty-fivefacilitator themesand seven individual observations
“satisfaction” in 9 (20%) and 1 (2%) of the 46 studies, wereidentifiedin theliterature by the two reviewers. Only two
respectively, and 36 studies did not report any measure of patient  studies did not identify facilitators. Facilitator themes are listed
satisfaction. No studiesreported adeclinein patient satisfaction  in Table 4.

as aresult of using telemedicine as the intervention.
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Table 4. Facilitator themes and individual observations (N=132).
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Themes/observations References Occurrence, n (%)
Increased self-management [27,30,35,37,38,40,41,45,46,49,57,58] 12(9.1)
Pandemic created acceptance of technology [23,25,31,33,41,43,47,51,52,61,62] 11 (8.3)
Increased adherence [32,34,35,37,38,40,43,46,58,67] 10 (7.6)
Increased access [24,27-30,41,52,53,60] 9(6.8)
Increased social support [49,50,54,55,62-64,66] 8(6.1)
Convenience of telemedicine [24,28,31,43,47,49,62] 7(5.3)
Perceived ease of use [26,34,36,43-45,47] 7(5.3)
Decreased costs [31,46,52,56,59,60] 6 (4.5)
Education [28,50,60,61,65] 5(3.8)
Technical literacy [22,26,30,35,36] 5(3.8)
Availability of technology [22,31,41,43,53] 5(3.8)
Increased patient-provider communication [24,26,29,61] 4(3.0)
Faster initiation of treatment [31,47,52,53] 4(3.0)
Increased connectedness [27,28,32,63] 4(3.0)
Perceived usefulness [26,34,44,45] 4(3.0)
Past experience with technology [22,23,26,52] 4(3.0)
Health literacy [44,54,65] 3(2.3)
Improved health behaviors [25,32,67] 3(2.3
Increased efficiency [29,41] 2(15)
Concerns adequately addressed [24,25] 2(15)
Enabled social interaction [28,66] 2(15)
Increased quality of life [43,55] 2(15)
Improved standard of care [29,64] 2(15)
Increased flexibility [27,30] 2(15)
Increased weight loss [35,58] 2(15)
Decreased anxiety [28] 1(0.8)
Increased technical literacy [28] 1(0.8)
Televideo enables reading of body language [28] 1(0.8)
Fewer miles driven to appointment [31] 1(0.8)
Long-term use may not be required to develop good habits [39] 1(0.8)
Decreased emergency room visits [43] 1(0.8)
No significant differencein cost of care [59] 1(0.8)
Not reported [42,48] 2 (N/A®

8N/A: not applicable.

The most commonly identified themes were increased
self-management, acceptance of the technology from the
pandemic, adherence to treatment protocols, access, and social
support. For the 46 articles, these themes represent 38% of all
132 occurrences. Other themes included convenience of
telemedicine and perceived ease of use, decreased cost,
opportunity for education, technical literacy, availability of
technology, an increase in patient-provider communication,
faster initiation of trestment, increased connectedness, perceived
usefulness, and past experience with technology. Health literacy
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and improved health behaviors were identified less frequently,
and increased office efficiencies, medical concerns adequately
addressed, enabled social interaction, increased quality of life,
improved standard of care, increased flexibility, and increased
weight loss were the least frequent themes identified. The
following seven individual observations accounted for 5% of
the total observations: decreased anxiety, increased technical
literacy, televideo enabled reading of body language, fewer
miles driven to appointment, long-term use may not be required
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to develop good habits, decreased emergency room visits, and
no significant difference in cost of care.

Twelvethemes and fiveindividual observationswereidentified
as barriers from the literature by the reviewers; 11 studies did
not identify barriers (11%). Table 5 lists the themes and
individual observations.

The most commonly listed barriers were technical literacy,
technology needs further development, availability of

Table 5. Barrier themes and individual observations (N=86).

Kruse & Heinemann

technology, and patient preference, accounting for 55% of the
total 86  occurrences. Cost, connectivity, and
confidentiality/security were also identified, as well as health
literacy, limits of reimbursement for telemedicine, and lack of
personal desire to get better with less frequent occurrences (2
each). The remaining five observations made up atotal of 6%
of the total occurrences. decrease in quality of life after
intervention, discomfort for wearing monitors, workflow issues
for providers, lack of datainfrastructure, and interoperability.

Themes/observations References Occurrence, n (%)
Technical literacy [23,25,26,28-31,35,37,41-44,49,57,60,62,65,66] 19 (22)
Technology needs further development [26,27,29,30,36-39,45,49,57,62] 12 (14)
Availability of technology [22,28,35,41,43,51,60,62] 8(9)
Cost [38,39,41,43,44,46,59] 7(8)
Connectivity [31,42,43,49,51,53,61] 7(8)
Confidentiality/security [22,29,39,42,53,65,66] 7(8)
Some patients prefer in-person consultations [23,25,31,32,44,47,48,52] 8(9)
Perceived lack of usefulness [32,45,57,66] 4(5)
Decrease in patient-provider communication [25,29,49] 313
Health literacy [28,65] 2(2
Limits of reimbursement for telemedicine [31,53] 2(2
Lack of personal desire to get better [32,37] 2(2)
Decrease in quality of life after intervention [34] 1(2)
Discomfort for wearable monitors [30] 1(1)
Workflow issues for providers [47] 1(2)
Lack of infrastructure [53] 1(1)
Interoperability [41] 1(1)

Not reported [24,33,40,50,54-56,58,63,64,67] 11 (N/AY

8N/A: not applicable.

Additional Analyses

Distribution of Publications by Country

Eighteen of the 46 studies (39%) were performed in North
America, 11 (24%) were performed in Europe, 7 (15%) were
performedin Asia, 5 (11%) were performedin Australia, 3 (7%6)
were performed in South America, and 2 (4%) were performed
in multiple countries and continents.

Comparisonsto a Control Group

Table 6 summarizes the themes and observations recorded for
results as compared to the control group identified by the two
reviewers. There is some overlap between this set of
observations and medical outcomes; the latter represent clinical
observations only, whereas the former are both clinical and
administrative in nature. Ten themes and four individual
observations were identified by the reviewers for atotal of 66
occurrences in the literature. Eleven studies were
nonexperimental in nature, which had no control group.

https://www.jmir.org/2022/1/e31752

Eighteen of the studies demonstrated either a clinical or
administrative improvement compared to the control group,
whereas nine reported no statistically significant results from
the control group. Both of these themes demonstrate the efficacy
of the telemedicine modality. The remainder of thelist in Table
6 demonstrates the specific improvements that occurred
(multipleimprovements occurred in multiple articles), including
improved patient satisfaction, improved behaviors, improved
compliance/adherence to treatment protocol, improved
self-management of condition or disease, decreased fat mass,
improved emotional support, improved companionship, and
improved health literacy. The remainder were individual
observations that combined accounted for 5% of the total
observations: improved informational support, decreased cost,
and increased quality of life. Only one article did not report a
result as compared to the control group because it was a posttrial
analysis and it did not address the control group.
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Table 6. Themesand individual observations for studies with a control group comparison (N=66).

Themes/observations References Occurrence, n (%)
Telemedicine improved results compared to control [28,32,35,38,40,41,43,46,48-50,53-55,58-60,64] 18 (27)
No statistically significant difference [27,30,33,34,39,45,51,56,62) 9(14)
Improved patient satisfaction [24,25,43,47,49,50,63] 7(11)
Improved health behaviors [36,49,60,62,64,67] 6(9)
Improved compliance/adherence [22,38,40,41,49,67] 6(9)
Improved self-management [28,37,43,58,60] 5(8)
Decreased fat mass [27,32,35,59] 4(6)
Improved emotional support [28,55,63] 3(5)
Improved companionship [28,66] 23
Improved health literacy [28,37] 23
Improved informational support [28] 1(2
Decreased cost [46] 1(2
Increased quality of life [34] 1(2

Not reported [57] 1(2

No control group (nonexperimental) [23,26,29,31,37,41,42,44,52,61,65] 11 (N/AY

8N/A: not applicable.

Medical Outcomes Commensurate With an | ntervention

Table 7 summarizes the medical outcomes observed. Seven
themes and nine individual observations were recorded
commensurate with the adoption of telemedicine for atotal of
30 occurrences. Twenty-eight studies did not report clinical
outcomes.

Twelve studies reported 12 statisticaly significant improvements
inclinical outcomes and three reported no statistically significant
difference between modalities of care. Both of these themes
demonstrated the efficacy of the telemedicine modality. The

https://www.jmir.org/2022/1/e31752
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most commonly observed theme for medical outcomes was
decreased body weight, followed by decreased fat mass,
improved self-management, increase in controlled asthma, and
increased quality of life. Thefollowing individual observations
contributed to 30% of the total observations: reduction in blood
pressure, reduction in mean tacrolimus trough coefficient of
variation, improved annual rate of estimated glomerular filtration
rate (eGFR) decline, decrease in medication use, decrease
incidence of heart failure, decreased mortality, improved mental
health inventory, decreased intracranial hemorrhage, and
telemedicine identified other areas for intervention.
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Table 7. Medica outcome themes and individual observations commensurate with adoption of the intervention/technology (N=30).

Themes/observations References Occurrence, n (%)
Improved in at least one area [27,32,35,40,46,48,53-55,58,59,67] 12 (40)
No statistically significant difference [30,33,45] 3(10)
Decreased body weight [32,35,58] 3(10)
Decreased fat mass [27,35] 2(7)
Improved self-management [43,67] 2(7)
Increase in controlled asthma [43,60] 2(7)
Improved quality of life [55,59] 2(7)
Reductionsin blood pressure [40] 13
Reduction in mean tacrolimus trough coefficient of variation  [54] 1(3)
Improved annual rate of eGFR? decline (48] 13
Decreased medication use [43] 1(3)
Decreased incidence of heart failure [46] 1(3)
Identified other areas for intervention [50] 1(3)
Decreased mortality [53] 1(3)
Improved mental health inventory [55] 1(3)
Decreased intracranial hemorrhage [53] 1(3)

Not reported

[22-26,28,29,31,34,36-39,41,42,44,47,49,51,52,56,57,61-66] g (N/AP)

%GFR: estimated glomerular filtration rate.
BN/A: not applicable.

I nteractions Between Observations

Interventions of mHealth resulted in seven occurrences of a
result (clinical and administrative outcomes) and Six occurrences
of an improvement in at least one clinical outcome. The
interventions with telephone or televideo resulted in four
instances of improved patient satisfaction and a decrease in
eGFR and weight loss. The interventions of eHealth resulted in
very few instances of either clinical or administrative outcomes
other than improved compliance and health behaviors.

Discussion

Principal Findings

Telemedicineis examined in countriesworldwide, anditisclear
that the COVID-19 pandemic caused a rapid adoption of this
modality of medicineto ensure the viability of practices. A key
issue for discussion is the differences in findings between this
systematic review and another recent similar review [14]. This
systematic review identified key facilitators and barriers, and
further analyzed health outcomes. The other similar review
identified themes of effectiveness but failed to meet the
expectations for a systematic review in terms of medical
outcomes[68]. Common themes between the two reviews were:
rapid telemedicine expansion, education, improved access,
convenience, and patient satisfaction.

Summary of Evidence

This systematic review exercised a set Boolean search string in
four common research databases to analyze 46 articles

https://www.jmir.org/2022/1/e31752
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originating from five continents for themes of facilitators,
barriers, and medical outcomes. Nearly 50% of the articles
demonstrated the strongest evidence and nearly 60%
demonstrated the highest quality of evidence. Various forms of
telemedicine were examined: eHealth, mHealth, audio only,
telemonitoring, telecoaching, telerehab, robotics or artificial
intelligence, and televideo. Twenty-five facilitator themes and
individual observations, 12 results themes and observations,
and 7 medical outcome themes and observations were recorded
and analyzed. Forty-one percent of barrier themes recorded
either an improvement or no Satisticaly significant
improvement in results compared to the control group. Forty
percent of the observations recorded an improvement in at | east
one medical outcome.

Health care administrators can focus on the findings
demonstrating that implementation of telemedicinewill increase
self-management [27,30,35,37,38,40,41,45,46,49,57,58],
adherence [32,34,35,37,38,40,43,46,58,67],, access [24,27-30,
41,52,53,60], and social support [49,50,54,55,62-64,66].
Telemedicine is shown to be an effective modality of treatment
[28,32,35,38,40,41,43,46,48-50,53-55,58-60,64] at adecreased
cost [31,46,52,56,59,60]. Patients perceive the modality to be
convenient and easy to use [26,34,36,43-45,47], and its
implementation increases patient satisfaction [24,25,43,
47,49,50,63].

Health policymakers should focus on several barriersto increase
the adoption of telemedicine. Because technical literacy,
availability of technology, and connectivity are listed as the
most often cited barriers, public programs should be offered to
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assist those with these difficulties. Technical literacy is often
associated along age or socioeconomic lines, and researchers
acknowledge the dearth of research in the area of how to
overcome this obstacle [69]. However, community centers that
provide access to computers, classes on computers, and a
dedicated broadband connection can all contribute to solutions
to these barriers.

A key similarity between the 2020 systematic review [14] and
this review is the rapid expansion of telemedicine. Eleven
articles analyzed in this review used a phrase similar to “the
pandemic created an acceptance of telemedicine technology”
[23,25,31,33,41,43,47,51,52,61,62]. A systematic review
published in 2018 cited cost as the chief barrier to adoption,
whereas this review only found cost as a barrier in 8% of all
observations [5]. The COVID-19 pandemic forced acceptance
of the technol ogy and enabled providersto not focus so intently
on the cost of itsimplementation.

Limitations

This systematic review selected 46 articles for analysis from
four commonly available research databases. A larger group
for analysis could have yielded richer results. This review also
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only utilized two researchers to analyze the data; additional
researchers could have identified additional themes. Selection
bias was controlled through independent analysis of all articles
by both reviewersfollowed by consensus meetings. Publication
bias is the largest limitation because we were unable to query
and analyze unpublished articles.

Conclusion

The COVID-19 pandemic caused huge problems to deliver
medicine traditionally. However, these problems created an
environment that limited face-to-face medical encounters and
fostered legislation to reimburse the telemedicine modality for
broad and rapid adoption of telemedicine to expand the access
of care beyond the physical wallsof the clinic. Physicians should
feel confident that the telemedicine modality will be reimbursed
and will have very little effect on patient satisfaction. Health
care administrators who have not already adopted telemedicine
should feel confident in the technology; however, they should
ensure that sufficient confidentiality and security measures are
in place. Policymakers should enact legislation to remove or
mitigate barriers such as availability of technology, technical
literacy, and connectivity, as these are commonly referred toin
the literature.
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Abstract

Background: Patientswho are chronically ill need novel patient counseling methods to support their self-care at different stages
of the disease. At present, knowledge of how effective digital counseling is at managing patients anxiety, depression, and
adherence to treatment seems to be fragmented, and the development of digital counseling will regquire a more comprehensive
view of this subset of interventions.

Objective: This study aims to identify and synthesize the best available evidence on the effectiveness of digital counseling
environments at improving anxiety, depression, and adherence to treatment among patients who are chronicaly ill.

Methods: Systematic searches of the EBSCO (CINAHL), PubMed, Scopus, and Web of Science databases were conducted in
May 2019 and complemented in October 2020. The review considered studies that included adult patients aged =18 years with
chronic diseases; interventions evaluating digital (mobile, web-based, and ubiquitous) counseling interventions; and anxiety,
depression, and adherenceto treatment, including clinical indicatorsrel ated to adherence to treatment, as outcomes. M ethodol ogical
quality was assessed using the standardized Joanna Briggs Institute critical appraisal tool for randomized controlled trials or
guasi-experimental studies. As a meta-analysis could not be conducted because of considerable heterogeneity in the reported
outcomes, narrative synthesis was used to synthesize the resuilts.

Results: Of the 2056 records screened, 20 (0.97%) randomized controlled trials, 4 (0.19%) pilot randomized controlled trials,
and 2 (0.09%) quasi-experimental studieswereincluded. Among the 26 included studies, 10 (38%) digital, web-based interventions
yielded significantly positive effects on anxiety, depression, adherence to treatment, and the clinical indicatorsrelated to adherence
to treatment, and another 18 (69%) studies reported positive, albeit statistically nonsignificant, changes among patients who were
chronically ill. The resultsindicate that an effective digital counseling environment comprises high-quality educational materials
that are enriched with multimedia elements and activities that engage the participant in self-care. Because of the methodological
heterogeneity of the included studies, it is impossible to determine which type of digital intervention is the most effective for
managing anxiety, depression, and adherence to treatment.
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Conclusions: This study provides compelling evidence that digital, web-based counseling environments for patients who are
chronically ill are more effective than, or at least comparableto, standard counseling methods; this suggeststhat digital environments

could complement standard counseling.

(J Med Internet Res 2022;24(1):€30077) doi:10.2196/30077

KEYWORDS

mHealth; mobile health; eHealth; digital health; mobile apps; smartphone apps, web-based; telemedicine; chronic diseases;
noncommunicable diseases; web-based interventions; mobile phone

Introduction

Background

Chronic diseases account for 71% of all deaths globally.
Furthermore, the recent rapid increasein the number of patients
who arechronicadly ill will heavily burden the health care sector.
This review focuses on the use of digita counseling
environments among patients with cancer and cardiovascular,
muscul oskeletal, and colorectal diseases.

Patients who are chronically ill need a variety of counseling
approaches at different stages of the disease. Patient counseling,
which refersto theinteraction between apatient and health care
professionals, can strongly support the patient’s sense of
responsibility in adhering to their treatment [1]. Most of the
novel patient counseling methods, for example, mobile, digital,
or ubiquitous counseling, can increase adherence to treatment,
which has been worryingly low among patients who are
chronically ill [2]. Digital counseling environments can provide
peer support through interaction; motivate self-care; and offer
understandable, reliable, and up-to-date information to help
patients better understand their disease and make lifestyle
changes [3-5]. In addition, novel counseling methods can help
manage patients anxiety and fear, as well as enhance patient
safety [2,6,7]. Nevertheless, the current knowledge base
regarding digital counseling for anxiety and adherence to
treatment among patients who are chronicaly ill seems to be
fragmented, which highlights the need for a comprehensive
summary of the available counseling approaches.

Digital, customer-oriented services may improve a patient's
quality of life and functionality when the service is accessible
regardless of place or time and tailored to the patient’s specific
needs [8,9]. Various technologies now enable the provision of
such services, which can provide individual counseling to
patients at the correct time and in an appropriate manner [10-12].
The provision of materialsin different formats promotestailored
counseling approaches [11-15], with previous research
demonstrating that patientsvalueinclusivity, comprehensibility,
availability, and flexibility in these services [4,13,16-18].

Inrecent years, digitalization has offered numerous opportunities
for providing health care through digital channels. The World
Health Organization defines digital health as“abroad umbrella
term encompassing e-health, as well as developing areas such
as the use of advanced computer sciences.” Mobile health
(mHealth) isasubareaof digital health, andisdescribed as*“the
use of wirelessmobiletechnologiesfor health,” whereas another
subarea, ubiquitous health, is defined as services delivered
through ubiquitous technologies such as tags, sensors, and

https://www.jmir.org/2022/1/e30077

biometric devices [19]. The main objective of digital health
could be described as using various technol ogies to support the
achievement of health goals through the internet. However, the
realm of digital health iswide and, as such, various terms have
been applied in digital health research. This review focuses on
web-based solutions and mobile apps that integrate knowledge
sharing to create participative elements for the patient. Studies
focusing on SM S text messaging and gaming were excluded.

According to the World Health Organization, digital and mobile
technologies support health care systems through targeted and
untargeted  patient communication,  patient-to-patient
communication, personal health tracking, and citizen-based
reporting. Animportant objective of digital health interventions
isthe widespread promotion of positive changes in behavior to
prevent the onset of chronic disease.

The impacts of various digital health interventions on the
management of chronic diseases, especially diabetes mellitus
[20-26], cardiovascular diseases, and cancer, have been studied
extensively by systematic reviews during recent years
[10,27-47]. However, many of the studies that have been
reviewed suffer from methodological shortcomings, that is,
insufficient power to detect changesin outcomes and relatively
short study duration [31]. This has led to a fragmented
knowledge base, and a comprehensive description of the
available digital health solutions—along with their
effectiveness—is needed to further develop counseling for
patientswho are chronically ill. Research implicationsfor future
eHealth studies have recently been identified, categorized, and
prioritized [48]. For example, randomized controlled trial (RCT)
studies with large sample sizes and long follow-up periods,
along with investigations of the cost-effectiveness and user
acceptance of eHealth interventions, should be conducted inthe
near future. Furthermore, decision-makerswill need animproved
understanding of which components of the studied interventions,
for example, frequency, duration and delivery mode, or patient
characteristics, contribute most to the overall e ectiveness of an
eHealth intervention. Ethical aspects, intervention safety, and
trandation of findings into a practical context were also
identified as necessary research elements [48].

Objectives

This systematic review aimsto identify and synthesize the best
available evidence on the effectiveness of digital counseling
environments for managing anxiety, depression, and adherence
to treatment among patients who are chronically ill.

This review answers the following question: What is the
effectiveness of the digital counseling environments compared
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with control (eg, usual care) on anxiety and depression and
clinical outcomes related to adherence to treatment?

Methods

Systematic Review

A systematic review of RCTs was conducted according to the
Centre for Reviews and Dissemination and Joanna Briggs
Ingtitute guidelines [49,50]. The research adhered to the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) statement [51] regarding the reporting of
evidence.

Inclusion and Exclusion Criteria

The selection of studieswas based on predefined inclusion and
exclusion criteria, which are reported in the patient, intervention,
comparison, and outcome format [50]. The review considered
studies that included participants who were adult patients aged
>18 years with chronic diseases; described interventions that
were digital (mobile, web-based, or ubiquitous) counseling
approaches; and reported outcomes that were patient outcomes
(primary outcomes), that is, anxiety, depression, or adherence
to treatment, and clinical indicators (secondary outcomes)
related to adherence to treatment. The comparator was no
treatment, standard care, or another type of intervention. All
RCTs and quasi-experimental studies published in English,
Finnish, or Swedish from 2008 to 2020 were considered; this
specific time period was selected to reflect the growth and
adoption of digital technologies.

Studies focusing on patients aged <18 years or describing
patients with psychiatric disorders or substance abuse problems
were excluded. Furthermore, studies focusing on traditional
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counseling, SMS text message counseling, or eHealth game
development were excluded. Studieswere also excluded if they
measured any outcomes other than those defined intheinclusion
criteriaor were protocols, reviews, editorial papers, discussions,
recommendations, or parts of books.

Search Strategy

Systematic literature searches were conducted across 4 electronic
databases (CINAHL, PubMed, Scopus, and Web of Science)
in May 2019, after which the search was complemented for the
years 2019-2020 in October 2020. The reference lists of the
included studies were screened for studies that may be relevant
to the study objective, yet were not identified during the
systematic literature search. An information specialist assisted
the researchersin forming a search strategy and conducting the
literature search. The search strategy for different databasesis
presented in Multimedia Appendix 1.

Study Selection

A total of 2056 publications were retrieved during the database
searches. These publications were then imported into Zotero
reference manager software (Corporation for Digital
Scholarship). From the 2056 publications, 549 (26.7%)
duplicates were removed. Of the 1507 studies remaining, 1434
(95.16%) were excluded after title and abstract screening by 2
independent researchers (KPP and MK) using predefined
inclusion criteria, leaving 73 (4.84%) full-text articles relevant
to the study objectives. Minor disagreements between the
reviewerswere resolved, and the researchers reached agreement.
At the completion of the screening process, of the 73 studies,
50 (68%) met the inclusion criteria and were included in the
critical appraisal. A PRISMA flow diagram was used to present
the study selection process (Figure 1).
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2009 flow diagram of study selection process. CINAHL :

Cumulative Index to Nursing and Allied Health Literature.

Critical Appraisal

The methodological quality of the 50 selected studies was
independently assessed by 2 researchers (KPP and MK) using
astandardized Joanna Briggs I nstitute critical appraisal tool for
RCTsand quasi-experimental studies[52]. The methodological
quality was evaluated by assigning points to each criterion of
the appraisal tool. Studies that scored at least 60% (8/13 points
for RCTsand 5/9 points for quasi-experimental studies) across
the appraisal criteria were included in the review. Of the 50
selected studies, 26 (52%) were included in the final review,
whereas 24 (48%) were excluded based on poor blinding,
unreliable measurement of outcomes, or inappropriate stati stical
analysis. Critical appraisa of the selected randomized controlled
trial studiesis presented in Multimedia Appendix 2 [53-76].

In the critical appraisal of the selected quasi-experimental
studies (2/26, 8%), both scored 8 points out of 9. Each study

https://www.jmir.org/2022/1/e30077
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had a control group, and there were no differences among the
participantsin the compared groups. Other than theintervention
of interest, there were no differences between the groups in
termsof care received. M ultiple measurements of the outcomes
both before and after the intervention were collected in the same
way in both studies, and appropriate statistical analysis was
conducted. The only unclear criterion concerned whether the
follow-up was complete, and if not, whether differences between
thegroupsintermsof their follow-up were adequately described
and analyzed.

Data Extraction

Data from the origina studies included in the review were
extracted to meet the Centre for Reviews and Dissemination
information requirements [49]. The first author (KPP) entered
the extracted data into a standardized form (Multimedia
Appendix 3 [53-78]) that also included the quality assessment
scores. The second author (MV) confirmed the extracted data.
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Because of the heterogeneity of outcomes reported in the
identified RCTs, a meta-analysis was not possible [49].
Narrative synthesis was used to answer the research question.

Results

Characteristics of the Included Studies

A tota of 26 studies were included in this review: 20 (77%)
RCTs [53-72], 4 (15%) pilot RCTs [73-76], and 2 (8%)
guasi-experimental studies[77,78] published from 2010 to 2020
in English in 13 countries. Details of the included studies are
described in Multimedia Appendix 3.

Participants

The participantsin theincluded studies were adult patients aged
>18 years with a range of diseases. various cancers
[53,63,65,66,69,70,73,75-77], aong with cardiovascular
[54,56-58,64,68,71,72,74], muscul oskel etal [59,62], colorectal
[55,60,61], and kidney diseases [78]. The sample size ranged
from 29 to 1000 patients, with, of the 26 studies, 9 (35%) having
enrolled fewer than 99 participants [58-60,62,64,68,73,76,78],
9 (35%) having enrolled 100-200 participants
[53,54,61,66,69,70,74,75,77], 7 (27%) having enrolled 201-500
participants [55-57,63,65,67,72], and 1 (4%) having enrolled
1000 participants [ 71]. The follow-up period ranged from days
to 12 months, more specifically, 3 months or lessin 46% (12/26)
of the studies [59-61,64,66,68-70,73,74,76,78], 3-6 months in
23% (6/12) of the studies[58,62,63,65,67,71], and 6-12 months
in 31% (8/26) of the studies [53-57,72,75,77].

Interventions

Overview

The patient counseling environments described in the original
publications  included  websites [53,55-57,59,62,63,
65,66,72,75,76], mobile apps[54,60,61,67-71,73,74,77,78], or
acombination of both [58,64]. Websites could be accessed with
all devices, whereasthe mobile apps were accessible with either
amobile phone or atablet. The mobile apps were designed to
be both iOS and Android compatible [54,61,64,74], only iOS
compatible [58,60,67,73], or only Android compatible
[68,77,78]. The interventions described in this review were
heterogeneous, with detailed information provided in
Multimedia Appendix 3. The interventions are described
according to the Template for Intervention Description and
Replication checklist [79].

Websites

Of the 26 studies, websites were the primary counseling
approach in 12 (46%). Of these 12 studies, 6 (50%) focused on
patients with cancer [53,63,65,66,75,76], 1 (8%) focused on
patientswith colorectal disease[55], 2 (17%) concerned patients
with musculoskeletal disease [59,62], and 3 (25%) covered
patients with cardiovascular disease [56,57,72]. The format,
amount, and use of the counseling materials in the presented
websites varied among the studies.

Counseling materials provided disease- or condition-specific
information in different formats. The materials were gathered
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as learning materia libraries [55,65,66,72,75,76], link
collections [53,63,72,75], and patient stories [56,72,75].

In addition, 92% (11/12) of the presented websites included
information-processing functionalities [53,55-57,59,62,63,
65,66,72,76]. Participants were encouraged to assess,
self-monitor, and report personal health data such as heart rate,
blood pressure, blood glucose level, symptoms, distress,
medication  adherence, daily exercise, and diet
[53,55,57,59,63,65,66,72,76] and fill in web-based medical,
risk factor, and lifestyle forms [55-57,65,66]. Adherence to
treatment wasfollowed by learning tasks[56,66], an e-notebook
or diary [53,55,62,63,66], and action plans [57,72,76].
Participants  also received personalized advice,
recommendations, and feedback based on their activity and
self-reports [53,55-57,59,63,65,66]. All the websites described
in 100% (12/12) of the studies included personalized content
[53,55-57,59,62,63,65,66,72,75,76], that is, counseling,
recommendations, and feedback based on the participants’ inputs
and responses.

Web-based patient—provider counseling was integrated into
58% (7/12) of the presented websites: web-based communication
occurred through e-messages [53,55,57,65,66,75] and
videoconferencing [75]. For 8% (1/12) of the websites,
participants had the option to save an updated list of questions
for the health care team [76]. Furthermore, 25% (3/12) of the
studies included a component, that is, anonymous web-based
forum group discussions [53,62,76] and blog [53], through
which users could share their experiences with other patients.

Website use and activity were measured in 17% (2/12) of the
included studies[53,63]; more specifically, these studies applied
the following website analytics: total hits per user session [53],
hits on program modules and pages [53], total viewing time
[63], number of website log-ins per person [53,63], number of
measures upl oaded, amount of e-messages sent, and number of
diary notes and postsin blog [53].

Mobile Apps

Of the 26 studies, mobile apps were the primary approach used
in 12 (46%). Of these 12 studies, 5 (42%) focused on patients
with cardiovascular diseases[54,67,68,71,74], 4 (33%) covered
patientswith cancer [69,70,73,77], 2 (17%) focused on patients
with colorectal diseases[60,61], whereas 1 (8%) was conducted
on patients requiring hemodialysis[78].

The format, amount, and use of the counseling materialsin the
mobile app varied among the studies. In addition to counseling
materials, 67% (8/12) of the presented apps included
information-processing functionalities [54,60,61,
67,68,70,71,74]. Participants were encouraged to self-monitor
and report health data such as blood pressure, physical activity,

diet, medication adherence, symptoms, and Sleep
[54,60,67,68,70,71,78]. Participants would then receive
personalized recommendations, feedback
[54,60,67,68,70,71,74,78], and timed notifications

[61,67,68,71,77,78] based on their activity and the information
they entered into the app. Furthermore, of the 12 apps, 1 (8%)
included apersonal health record [ 74] that apatient could update
with laboratory test results and use as a risk assessment tool.
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Theinput datawere also used asaclinical decision support tool
by doctors [74]. The presented apps promoted adherence to
treatment through daily or weekly challenges[54,60,67], adiary
feature [54,78], and homework exercises [69]. Of the apps,
100% (12/12) provided personalized content
[54,60,61,67-71,73,74,77,78], that is, counseling,
recommendations, feedback, or notifications based on the
participants’ inputs and responses.

Of the 12 apps, web-based counseling was integrated into 3
(25%). Of these 3 apps, 1 (33%) included 60 minutes of
individual counseling with a registered dietitian [54], 1 (33%)
involved conversational messages that were responded to by
artificial intelligence [67], and 1 (33%) included counseling
through a bulletin board and SMS text messaging with the
researcher [78].

App usewas measured and reported in 33% (4/12) of the studies.
For example, the patient satisfaction rate was calculated
[61,71,74]; thefrequency of app usewasmeasured [70,71]; and
the usability, feasibility, and acceptability of the app were
investigated [74]. Of the 4 studies, 2 (50%) reported that the
apps were rated as user friendly and easy to use, as well as
helpful or indispensable [61,74], whereas only 15% of the
participantsin 1 (25%) study perceived the app to be very useful,
with more than half of the participants perceiving the app to be
of little use [71].

Combination of Website and Mobile App

Of the 26 studies, 2 (8%) concerning patients with
cardiovascular disease used the combination of a website and
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mobile app as the primary approach for improving patients
mental health and adherence to treatment [58,64]. The format,
amount, and use of the counseling materials varied between
these 2 reports.

In addition to counseling materials, both studies reported that
the presented intervention included information-processing
functionalities. For example, participants used their mobile
phoneto enter health data such as blood pressure, blood glucose
level, medication adherence, and diet [58,64]. Adherence to
treatment was promoted by learning tasks and homework [64],
action plans for lifestyle change [64], and reminders for
self-monitoring [58]. Participants received automated,
personalized recommendations and feedback based on their
activity and input [64]. Furthermore, of the 2 interventions, 1
(50%) enabled the sharing of data, that is, a patient could share
their personal health record with family members, caregivers,
and health professionals [58]. Both the described interventions
included personalized content [58,64].

Outcomes

Overview

Of the 26 studies included in this review, 13 (50%) measured
anxiety and depression [53,55,56,62,63,65,66,69,

70,73,74,76,77], 9 (35%) measured adherence to treatment
[54,55,57,59-61,71,75,78], and 9 (35%) studied how thedigital
environment affected =1 clinical outcomesrelated to adherence
to treatment [54,57,58,64,67,68,71,72,78]. The scales used to
measure these outcomes are described in Textbox 1.
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Textbox 1. The scales used to measure the outcomes.

Outcomes and scales

o Anxiety and depression

«  Adherence to treatment

«  Clinical indicators related to adherence to treatment

Hospital Anxiety and Depression Scale [53,55,62,63,65,66,69,70,73,76,77]
General Anxiety Disorder Scale-7 [56]

Hamilton Anxiety Rating Scale [69]

Distress Thermometer [66,76]

Impact of Events Scale [76]

EuroQol [74]

EuroQol 5-Dimensional Questionnaire, Youth Version [74]

Patient Health Questionnaire-9 [56,69]

Mediterranean Diet Score [54]

Compliance Questionnaire [55]

Medical record reviews [75]

Framingham Risk Score [57]

Numerical scale from 0to 10 [59]

Mean adherence to predefined bundle of patient-dependent elements [60]

Compliance with the first low-fiber dietary change and duration of use of the clear liquid diet and bowel cleanliness using 3 scales. the
modified Aronchick scale, the Ottawa Bowel Preparation Scale, and the Chicago Bowel Preparation Scale [61]

Morisky Medication Adherence Scale [71]
Compliance of Patient Role Behavior Tool [78]

Blood pressure [54,57,58,64,67,71,72]

Weight [54,57,64,78]

Total cholesterol [54,57,64,68]

High-density lipoprotein cholesterol [54,57,64,68]
Low-density lipoprotein cholesterol [54,57,64,68]
Triglycerides [54,64,68]

Glycosylated hemoglobin level [54,57]
High-sensitivity C-reactive protein [54,57]

Serum glucose values [64]

Frequency of acohol consumption and frequency of smoking [57,58,64,71]
Frequency of exercise [57,58,64]

Exercise stress test [64]

Alanine aminotransferase, creatinine, and plasma carotenoids [57]

Anxiety and Depression

among patients with cardiovascul ar disease [74] in comparison
with the control groups.

An analysis of the 26 identified studies revealed that 3 (12%)

reported a statistically significant reduction in anxiety and
depression. A few of the presented websites significantly
reduced anxiety and depression among patients with cancer
[53,65], and a mobile app decreased anxiety and depression

In an RCT of web-based self-management support for 167
patients with breast cancer, the web choice group reported
significantly lower anxiety (mean difference —0.79, 95% CI
—1.49 to —0.09; P=.03) and depression (mean difference —0.79,
95% CI 1.18 to —0.05; P=.03) scores than the usual care group
[53]. A web-based tailored program for 273 cancer survivors
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was able to significantly decrease patients Hospital Anxiety
and Depression Scale (HADS) score (mean difference —0.90,
intervention group SD 3.83-2.79 vs control group SD 3.86-2.59;
95% Cl —1.51 to —0.29) compared with the control treatment
[65]. In a pilot RCT that included 209 patients with atrial
fibrillation [74], a mobile app reduced patients’ anxiety and
depression (P=.02) compared with the group that did not use
the app.

Of the 26 studies, in 9 (35%), the experimental group exhibited
positive changes in anxiety and depression; however, these
changes were not statistically significant when compared with
the results of the control group [55,56,62,63,66,69,70,76,77].
Of the 24 RCTs, 2 (8%) [63,66] assessed the effectiveness of
an informational website in reducing distress among patients
with cancer. Among 337 patients with breast cancer [63] and
129 patients newly diagnosed with cancer [66], the mean levels
of anxiety or depression did not significantly differ between the
intervention and control groups. However, the entire study
population exhibited a significant decrease in the HADS score
in 50% (1/2) of these studies (P=.03) [66]. According to the
visual analog scale score (which ranges from 0 to 10), the
intervention group showed significantly lower levels of distress
than the control group (mean difference —0.85, 95% CI —1.60
to —0.10; P=.03) 2 months after an intervention [66].

Inapilot RCT [76] for patients with advanced ovarian cancer,
no differences between theintervention and control groupswere
observed for any distress measure, although the group using the
patient-centered, information-based website demonstrated |ower,
albeit nonsignificant, general distress as measured by the
Distress Thermometer. In adouble-center study of patientswith
mild to moderate ulcerative colitis [55], the patients in the
control group in Denmark showed a significant improvement
in depression (P=.01) compared with those in the intervention
group, whereas the patientsin Ireland who had used the tested
website demonstrated a significant improvement in anxiety
(P=.02) compared with those in the control group [55]. Of the
24 RCTs, 2 (8%) studies, with 1 (50%) that included patients
with implantable cardioverter defibrillators [56] and 1 (50%)
that included patients undergoing lumbar spine fusion [62],
found that aweb-based platform for anxiety did not significantly
affect patients anxiety and depression. Furthermore, RCTs
investigating the effect of mobile apps on anxiety in patients
with incurable cancer [69] and pati ents undergoing breast cancer
chemotherapy [70] reported that both study groups experienced
improvements in anxiety and depression, but no significant
between-group differences existed. However, subsegquent
analyses of a subgroup of patients with severe baseline anxiety
revealed that patients using the tested app showed greater
improvements in the Hamilton Anxiety Rating Scale score
(mean difference 7.44, SE 3.35; P=.04) and the HADS score
(mean difference 4.44, SE 1.60; P=.01) than those in the control
group [69]. A Taiwanese quasi-experimental study reported that
aweb-based intervention did not significantly improve distress,
anxiety, and depression among breast cancer survivors[77]. A
pilot RCT study of femal e patients undergoing surgery for breast
cancer [73] reported similar between-group anxiety and
depression scores both preoperatively and immediately after
surgery; however, the control group, which did not have access
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to the additional information provided by the mabile app,
showed significantly lower anxiety and depression scores (P=.03
and P=.02, respectively) 7 days after surgery.

Adherence to Treatment

Of the 26 studies, 4 (15%)—2 (50%) of which tested awebsite
[55,59] and 2 (50%) of which presented a mobile app
[74,78]—reported statistically significant improvements in
adherenceto treatment in the intervention group compared with
the control group. Lambert et a [59] evaluated the effect of a
home exercise website with remote support on self-reported
exercise adherence among 80 people with upper or lower limb
muscul oskeletal conditions. The mean between-group difference
for self-reported exercise adherence was 1.3 (11 points; 95%
Cl 0.2-2.3) in favor of the intervention group, which was a
statistically significant result (P=.01). A double-center RCT in
Denmark and Ireland reported better ulcerative colitis
compliance among Danish patients who had used the tested
websites than among those in the control group after 12 months,
with adherence to 4 weeks of acute treatment also significantly
better among the patients in the intervention group (73%
compared with 42% among patients in the control group;
P=.005) [55]. At the Irish center, the patientsin theintervention
group also showed better adherence to 4 weeks of acute
treatment than those in the control group (73% vs 29%; P=.03).
Moreover, a mobile app for patients with atria fibrillation
significantly improved drug adherence (P<.001) and
anticoagulant satisfaction (P=.01) compared with usual care
[74]. In aquasi-experimental study of self-management among
84 patients requiring hemodialysis, the use of a mobile app
significantly improved self-efficacy compared with the results
from patientsin the control group (mean 4.79, SD 3.51 vsmean
-1.05, SD 2.05; t5,=—9.30; P<.001). Treatment compliance also
significantly increased in the experimental group (mean 11.57,
SD 7.63) compared with the control group (mean —1.74, SD
2.71; t5,=—10.66; P=.001) [78].

Of the 26 studies included in this review, 6 (23%) found no
significant between-group differencesin adherenceto treatment,
and 2 (8%) evaluated how the use of a mobile app affects
adherence to care among patients with cardiovascular disease
[54,71]. The presented asynchronous dietary counseling mobile
app resulted in asignificantly larger proportion of participants
who complied with the M editerranean diet (Mediterranean Diet
Scale score =29) over time (P<.001); however, no significant
between-group differences were discerned. An RCT focusing
on a mobile app for patients who had undergone surgical
coronary revascularization did not reveal any significant
between-group differencesin mean medi cation adherence scores
(mean difference 0.052, 95% CI —0.087 to 0.191; P=.46) at the
6-month follow-up point [71]. Keyserling et al [57] investigated
whether a web-based lifestyle (n=193) and a medication
intervention (n=192) can reduce coronary heart disease risk.
Both intervention formats reduced coronary heart disease risk
through the 12-month follow-up period; however, no significant
between-group differences were found [57].

Helzlsouer et a [75] reported that a web-based navigation
program for newly diagnosed |ow-income patients with breast
cancer did not significantly affect treatment completion
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compared with the control group. No significant between-group
differencesin the assessed measures of adherence were observed
in 20% (2/10) of the RCTs of mobile apps, the first of which
aimed to improve adherence as part of arecovery program after
colorectal surgery [60] and the second aiming to improve
adherence to bowel cleanliness among patients who had
undergone colonoscopy [61]. However, both the appswererated
as user friendly and a better aternative to paper instructions
(P<.001). [61]

Clinical Outcomes Related to Adherence

Of the 26 studies, 3 (12%) concerning patients with
cardiovascular disease—1 (33%) presented the combination of
a smartphone app and a website [58], 1 (33%) studied the
effectiveness of awebsite[72], and 1 (33%) presented amobile
app [68]—reported that the intervention group differed
significantly from the control group in terms of clinical
indicators related to adherence to treatment.

In a 6-month-long RCT that included 95 participants with
hypertension, the combination of asmartphone app and website
yielded significant improvementsin clinical indicators related
to adherence among patientsin the intervention group compared
with those in the control group [58]. More specifically, the
results showed reduced consumption of cigarettes (P<.001) and
decreased systolic and diastolic blood pressure levels (baseline:
140.6/89.4 mm Hg; end of study: 136.5/83.9 mm Hg) in the
patients in the intervention group compared with those in the
control group. Furthermore, the frequency at which the patients
in the intervention group achieved blood pressure control
increased from 45% to 59%. Similarly, e-counseling for patients
with hypertension (n=264) resulted in a significant reduction
in systolic blood pressure after 12 months in the patientsin the
intervention group compared with those in the control group
(-10.1, 95% Cl —12.5to —7.6 mm Hg vs —6.0, 95% Cl —-8.5to
-35 mm Hg; P=.02) [72]. A 12-week smartphone app
intervention for 57 patients with cardiovascular disease led to
significant reductionsin both triglyceride and total cholesterol
levelsin theintervention group compared with the control group
(P=.02 and P=.01, respectively) [68]. In the same study,
medication adherence also significantly increased in the
intervention group (43.33% vs 82.14%; P=.002), whereas the
control group only showed a minor increase (30% vs 37.93%;
P=.52). This between-group difference was statistically
significant (82.14% vs 37.93%; P=.001). No significant
between-group changes were found with respect to low-density
lipoprotein and high-density lipoprotein levels[68].

Digital health interventions for 80 patients with acute coronary
syndrome [64], 100 patients with cardiovascular disease [54],
and 84 patients requiring hemodialysis revealed improved
weight lossin theintervention group compared with the control
group (mean -5.1, SD 6.5 kg vs mean —-0.8, SD 3.8 kg; P=.02
[64]; 1.5 kg vs 1.4 kg; P=.04 [54]; and mean -0.56, SD 0.88vs
mean 0.05, SD 1.08; P=.005 [78], respectively). Among the
patients with cardiovascular disease, the digita health
intervention did not significantly affect systolic blood pressure
[54,57,64,67,71], diastolic blood pressure [54,64,71], lipids
[54,57,64], blood glucose level [64], glycosylated hemoglobin
level, C-reactive protein [54], or smoking frequency [57,71].
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Discussion

Principal Findings

This systematic review identified and synthesized the best
available evidence regarding how effective digital counseling
interventionsare at managing anxiety, depression, and adherence
to treatment among patients who are chronically ill.

The results indicate that an effective digital counseling
environment includes both high-quality educational material,
possibly enriched with multimedia elements, and activities that
engage participants. Because of the heterogeneity of the studies
included in this review, it was impossible to determine which
type of digital intervention was the most effective at managing
anxiety, depression, and adherence to treatment. Furthermore,
determining the aspects responsible for changes in
self-management was difficult. Overall, digital, web-based
counseling environments designed for patients who are
chronically ill seem to be more effective than, or at least
comparableto, standard counseling methods. Thisindicatesthat
well-accepted digital environments could complement standard
counseling. Patients should be afforded a variety of web-based
educational resources that correspond to their care objectives
and needs. These services should also be provided at an
appropriate time to ensure maximum benefits [39]. Previous
reviews have identified the highly participative features of
mHealth interventions, for example, reminders and continuous
feedback, patient-centeredness, individually tailored content,
and patient—provider communication, to be a large advantage
of these services [28,31,34,41,80,81]. Furthermore, it has
previously been suggested that digital environments have the
potential to increase patient involvement, empowerment, and
security through increased knowledge, symptom management,
participation, engagement, and improved clinician—patient
communication [82,83]. These types of services also do not
depend on location, which will improve access to care for
patients in remote locations where other services may not be
available and, therefore, counteract careinequity. Inlight of the
COVID-19 pandemic, digital environments can also support
patients who are chronically ill and living in isolated
circumstances [9].

Digital counseling environments can enhance clinical practice
and care by empowering patients with chronic disease
self-management, reducing dependency on hedth care
professionals, and possibly changing the chronic disease course
inthe long term. Furthermore, digital counseling environments
can be accommodated and used for other patient groups by
enhancing diagnostic examination success and optimizing care
procedures.

Nevertheless, digital environments can also contribute to care
inequity if certain patients do not have the ability or resources
to access digital environments. Moreover, digital environments
can cause ambiva ence and uncertainty if patientslack the digital
skills and knowledge of how to use these environments [82].

Surprisingly, all the studies included in this review were based
on basic technologies, that is, internet-based environments,
websites, and mobile apps. There were no reports of
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interventions that applied emerging technologies such as
augmented reality, virtual reality, mixed reality, or 360° virtual
reality solutions. Furthermore, none of the presented digital
counseling approaches used ubiquitous elements, for example,
tags or sensors.

Effects of Digital Counseling Environment on Patient
and Clinical Outcomes

Digital interventions significantly improved anxiety and
depression among patients with cancer [53,65] and
cardiovascular disease [74]. Positive, abeit satisticaly
nonsignificant, changes in anxiety and depression were also
measured among patients with cancer [63,66,69,70,76,77], as
well as individuals with colorectal [55], cardiovascular [56],
and musculoskeletal [62] diseases. However, apilot study [73]
found that patients in the control group—who did not have
access to the additional information provided by the mobile
app—showed significantly lower anxiety and depression than
the intervention population. As this particular study explored
patients with cancer, it is possible that the increased amount of
knowledge in the app reminded women of the cancer treatment
they were going through. In contrast, a systematic review [38]
reported that 17 studies found eHealth solutions to improve
anxiety among patients with breast cancer. Nevertheless, other
studies have reported eHeath interventions to exert
contradictory effects on anxiety [40,83]. This includes the
surprising finding that increased knowledge does not necessarily
reduce anxiety. This area of research clearly needs to be
investigated in more detail.

Various digital counseling approaches significantly improved
adherence to treatment among patients requiring hemodialysis
[78], aswdll asindividualswith muscul oskel etal [59], col orectal
[55], and cardiovascular [74] diseases. In 23% (6/26) of the
studies, although adherence to treatment increased among
patients with cardiovascular [54,57,71] and colorectal diseases
[60,61] and cancer [75], no statistically significant differences
between the groups (intervention and control) were found.
Digital interventions also significantly improved the clinical
indicatorsrelated to adherenceto treatment among patientswith
cardiovascular disease [58,68,72]. For example, eHedth
interventions significantly improved adherence to treatment
[84] and blood pressure control [29,37,41,42,45,85]. Recent
systematic reviews of mHealth interventions for hypertension
[28] and coronary artery disease [30] have provided evidence
that mHealth interventions are effective for blood pressure
control, self-management, and medication adherence. It should
be noted that the overall risk of biaswasrelatively high in both
these studies.

Thelack of significant improvementsin the outcomes of patients
who are chronically ill after digital counseling interventions
may be explained by various methodological issues such as a
short follow-up period or insufficient power to detect changes
in outcomes [31,33,34,85]. A recent umbrella review [31]
concluded that tel emedicine hasthe potential to improveclinical
outcomes in patients with diabetes; however, it was not found
to have asignificant and clinically meaningful impact on blood
pressure because the outcomes measuring blood pressure showed
low overal certainty. Risk of bias; inconsistency; differences
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in patient populations, settings, and interventions; imprecision,;
publication bias; and the underreporting of relevant information
have been listed as the main reasons why previous reports have
only provided low-quality evidence concerning the effectiveness
of digital counseling approaches. In addition, the heterogeneity
in eHealth definitions also makes between-study comparisons
difficult, which are necessary to provide health care
professionals with  evidence-based recommendations
[30,48,86,87].

Limitations

This review includes a few inherent limitations. The literature
search conducted for thisreview excluded gray literature, which
means that relevant studies may have been overlooked.
Language limitations were not used during the search process,
but only studies published in English, Finnish, and Swedish
were considered during the screening process. This may have
resulted in language bias.

A further limitation was the varying quality and heterogeneity
of the selected studies, that is, sample sizes, type of
interventions, and length of follow-up times, which differed
among the studies. The sample sizes were small (fewer than
200 patientsoverall) in 65% (17/26) of the studies. The complex
digital counseling interventionswere diverse and heterogeneous
in content and had various risks of bias in their methodol ogy.
Quality assessment was performed using astandardized Joanna
Briggs Institute critical appraisal tool for RCTs and
guasi-experimental studies[52] to avoid systematic bias. Of the
24 RCT studies, 9 (38%) scored at least 10 points out of 13,
whereas 15 (62%) scored less than 10 points out of 13. Of the
24 RCT studies, 2 (8%) had the lowest score, 8 points out of
13. Both quasi-experimental studieswererated asgood quality.
The highest risk of biasin the selected studiesrelated to blinding
of participants and personnel, blinding of outcome assessment,
and incompl ete outcome data.

Of the 26 studies, 6 (23%) did not measure anxiety, depression,
or adherence to treatment as a primary outcome of digital
counseling interventions. In addition, several different scales
were used to measure the selected primary outcomes. Because
of the heterogeneity of the outcomes measured and scal es used
in the included studies, we could not perform a meta-analysis.
This may have introduced additional biasin the results.

The review was strengthened by the use of a systematic and
extensive search process that used several databases and was
conducted with the assistance of an information specialist. To
avoid subjective selection bias, studies were selected for
inclusion by 2 researchers (KPP and MK) working
independently.

Conclusions

Among the 26 included studies, 10 (38%) digital, web-based
interventions demonstrated statistically significant positive
effects on anxiety and depression, adherence to treatment, and
clinical indicators related to adherence to treatment. Positive,
albeit statistically nonsignificant, changes were reported in 69%
(18/26) of the studies. These results indicate that digital
environments may improve anxiety, depression, and adherence

JMed Internet Res 2022 | vol. 24 | iss. 1 |e30077 | p.76
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Paaliméki-Paakki et al

to treatment among patients who are chronically ill, and hence  have significant repercussions for the health care sector.

Acknowledgments

The authors thank Business Finland (grant 6557/31/2016) and the Scholarship Fund of the University of Oulu (grants 20180022
and 20210019) for financial support during the protocol, data collection, and publication phases. These institutions had no role
in the findings or preparation of the manuscript.

Authors Contributions

The study was designed by KPP, MV, AH, and MK. KPP was responsible for data collection, data analysis, and drafting the
manuscript, whereas MV, AH, MN, and MK made critical and intellectual revisions.

Conflictsof Interest
None declared.

Multimedia Appendix 1
Search strategy for different databases.
[DOCX File, 14 KB - jmir_v24i1e30077_appl.docx ]

Multimedia Appendix 2
Critical appraisal of the selected randomized controlled tria studies (N=24).
[DOCX File, 20 KB - jmir_v24i1e30077_app2.docx ]

Multimedia Appendix 3
Details of the included studies.
[DOCX File, 54 KB - jmir_v24i1€30077_ app3.docx |

References

1. Ka&aridinen M. Potilasohjauksen Laatu: Hypoteettisen Mallin Kehittdminen. University of Oulu, Finland. 2007. URL: http:/
[urn.fi/urn:isbn:9789514284984 [accessed 2020-09-28]

2. KotsevaK, Wood D, De Bacquer D, De Backer G, Rydén L, Jennings C, EUROASPIRE Investigators. EUROASPIRE
IV: a European Society of Cardiology survey on the lifestyle, risk factor and therapeutic management of coronary patients
from 24 European countries. Eur JPrev Cardiol 2016 Apr;23(6):636-648 [FREE Full text] [doi: 10.1177/2047487315569401]
[Medline: 25687109]

3. Frederix I, Vanhees L, Dendale P, Goetschalckx K. A review of telerehabilitation for cardiac patients. J Telemed Telecare
2015 Jan;21(1):45-53. [doi: 10.1177/1357633X 14562732] [Medline: 25475219]

4. deMelo Ghisi GL, Grace SL, Thomas S, Evans MF, SawulaH, Oh P. Healthcare providers awareness of the information
needs of their cardiac rehabilitation patientsthroughout the program continuum. Patient Educ Couns 2014 Apr;95(1):143-150.
[doi: 10.1016/j.pec.2013.12.020] [Medline: 24457175]

5. Peterson JC, Link AR, Jobe JB, Winston GJ, Klimasiewfski EM, Allegrante JP. Devel oping self-management education
incoronary artery disease. Heart Lung 2014;43(2):133-139 [FREE Full text] [doi: 10.1016/j.hrtlng.2013.11.006] [Medline:
24373484]

6.  Kéhkonen O, Saaranen T, Kankkunen P, Lamidi M, KyngasH, Miettinen H. Predictors of adherenceto treatment by patients
with coronary heart disease after percutaneous coronary intervention. J Clin Nurs 2018 Mar;27(5-6):989-1003. [doi:
10.1111/jocn.14153] [Medline: 29098747]

7.  LiuX, ShiY, WilliskK, Wu C, Johnson M. Health education for patients with acute coronary syndrome and type 2 diabetes
mellitus: an umbrellareview of systematic reviews and meta-analyses. BMJ Open 2017 Oct 16;7(10):e016857 [ FREE Full
text] [doi: 10.1136/bmjopen-2017-016857] [Medline: 29042383]

8.  Information to support well-being and service renewal. eHealth and eSocial Strategy 2020. Finnish Government, Ministry
of Social Affairs and Health. Finland: Prime Minister's Office; 2015. URL.: http://urn.fi/URN:1SBN:978-952-00-3575-4
[accessed 2020-09-28]

9.  Neubeck L, Hansen T, Jaarsma T, Klompstra L, Gallagher R. Delivering healthcare remotely to cardiovascular patients
during COVID-19 : arapid review of the evidence. Eur J Cardiovasc Nurs 2020 Aug;19(6):486-494 [ FREE Full text] [doi:
10.1177/1474515120924530] [Medline: 32380858]

10. Veen EV, Bovendeert J, Backx F, Huisstede B. E-coaching: new future for cardiac rehabilitation? A systematic review.
Patient Educ Couns 2017 Dec;100(12):2218-2230. [doi: 10.1016/j.pec.2017.04.017] [Medline: 28662874]

https://www.jmir.org/2022/1/e30077 JMed Internet Res 2022 | vol. 24 | iss. 130077 | p.77
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v24i1e30077_app1.docx&filename=f6fc16dc8fc0b00be18282a57209717c.docx
https://jmir.org/api/download?alt_name=jmir_v24i1e30077_app1.docx&filename=f6fc16dc8fc0b00be18282a57209717c.docx
https://jmir.org/api/download?alt_name=jmir_v24i1e30077_app2.docx&filename=c218565d86f7c698e01d45fd6d903048.docx
https://jmir.org/api/download?alt_name=jmir_v24i1e30077_app2.docx&filename=c218565d86f7c698e01d45fd6d903048.docx
https://jmir.org/api/download?alt_name=jmir_v24i1e30077_app3.docx&filename=bf492d3b15a719a5012199981fde131e.docx
https://jmir.org/api/download?alt_name=jmir_v24i1e30077_app3.docx&filename=bf492d3b15a719a5012199981fde131e.docx
http://urn.fi/urn:isbn:9789514284984
http://urn.fi/urn:isbn:9789514284984
https://doi.org/10.1177/2047487315569401
http://dx.doi.org/10.1177/2047487315569401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25687109&dopt=Abstract
http://dx.doi.org/10.1177/1357633X14562732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25475219&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2013.12.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24457175&dopt=Abstract
http://europepmc.org/abstract/MED/24373484
http://dx.doi.org/10.1016/j.hrtlng.2013.11.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24373484&dopt=Abstract
http://dx.doi.org/10.1111/jocn.14153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29098747&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=29042383
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=29042383
http://dx.doi.org/10.1136/bmjopen-2017-016857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29042383&dopt=Abstract
http://urn.fi/URN:ISBN:978-952-00-3575-4
http://europepmc.org/abstract/MED/32380858
http://dx.doi.org/10.1177/1474515120924530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32380858&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2017.04.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28662874&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Paaliméki-Paakki et al

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Park LG, Beatty A, Stafford Z, Whooley MA. Mobile phone interventions for the secondary prevention of cardiovascular
disease. Prog Cardiovasc Dis 2016;58(6):639-650. [doi: 10.1016/j.pcad.2016.03.002] [Medline: 27001245]

Zhang H, Jiang Y, Nguyen HD, Poo DC, Wang W. The effect of a smartphone-based coronary heart disease prevention
(SBCHDP) programme on awareness and knowledge of CHD, stress, and cardiac-related lifestyle behaviours among the
working population in Singapore: a pilot randomised controlled trial. Health Qual Life Outcomes 2017 Mar 14;15(1):49
[FREE Full text] [doi: 10.1186/s12955-017-0623-y] [Medline: 28288636]

Vosbergen S, Mulder-Wiggers JM, Lacroix JP, Kemps HM, Kraaijenhagen RA, Jaspers MW, et al. Using personasto tailor
educational messages to the preferences of coronary heart disease patients. J Biomed Inform 2015 Feb;53:100-112 [FREE
Full text] [doi: 10.1016/].jbi.2014.09.004] [Medline: 25239261]

Blair J, Volpe M, Aggarwal B. Challenges, needs, and experiences of recently hospitalized cardiac patients and their informal
caregivers. J Cardiovasc Nurs 2014;29(1):29-37 [FREE Full text] [doi: 10.1097/JCN.0b013e3182784123] [Medline:
23416934]

Ayasrah SM, Ahmad MM. Educationa video intervention effects on periprocedural anxiety levels among cardiac
catheterization patients: arandomized clinical trial. Res Theory Nurs Pract 2016;30(1):70-84. [doi:
10.1891/1541-6577.30.1.70] [Medline: 27025001]

Svavarsdéttir MH, Sigurdardottir A, Steinsbekk A. How to become an expert educator: a qualitative study on the view of
health professionals with experience in patient education. BMC Med Educ 2015 May 13;15:87 [FREE Full text] [doi:
10.1186/s12909-015-0370-x] [Medline: 25966846]

Svavarsdéttir MH, Sigurdardottir AK, Steinsbekk A. What is a good educator? A qualitative study on the perspective of
individualswith coronary heart disease. Eur J Cardiovasc Nurs 2016 Dec;15(7):513-521. [doi: 10.1177/1474515115618569]
[Medline: 26588939]

ForsA, Gyllensten H, Swedberg K, Ekman |. Effectiveness of person-centred care after acute coronary syndromeinrelation
to educational level: subgroup analysis of atwo-armed randomised controlled trial. Int J Cardiol 2016 Oct 15;221:957-962
[FREE Full text] [doi: 10.1016/j.ijcard.2016.07.060] [Medline: 27441475]

Song T, Ryu S, Lee S. U-health service for managing chronic disease: a case study on managing metabolic syndromein a
health center in South Korea. Healthc Inform Res 2011 Dec;17(4):260-266 [FREE Full text] [doi: 10.4258/hir.2011.17.4.260]
[Medline: 22259728]

Ashrafzadeh S, Hamdy O. Patient-driven diabetes care of the future in the technology era. Cell Metab 2019 Mar
05;29(3):564-575 [FREE Full text] [doi: 10.1016/j.cmet.2018.09.005] [Medline: 30269984]

Honarvar B, Salehi F, Shaygani F, Hajebrahimi M, Homayounfar R, Dehghan S, et al. Opportunities and threats of electronic
health in management of diabetes mellitus: an umbrellareview of systematic review and meta-analysis studies. Shiraz
E-Med J 2018 Nov 11. [doi: 10.5812/sem|.81794]

Wu X, Guo X, Zhang Z. The efficacy of mabile phone apps for lifestyle modification in diabetes: systematic review and
meta-analysis. IMIR Mhealth Uhealth 2019 Jan 15;7(1):€12297 [FREE Full text] [doi: 10.2196/12297] [Medline: 30664494]
Faruque LI, Wiebe N, Ehteshami-Afshar A, Liu Y, Dianati-Maleki N, Hemmelgarn BR, Alberta Kidney Disease Network.
Effect of telemedicine on glycated hemoglobin in diabetes: a systematic review and meta-analysis of randomized trials.
Can Med Asso J 2017 Mar 06;189(9):341-364 [FREE Full text] [doi: 10.1503/cmaj.150885] [Medline: 27799615]
Heitkemper EM, Mamykina L, Travers J, Smaldone A. Do health information technology self-management interventions
improve glycemic control in medically underserved adults with diabetes? A systematic review and meta-analysis. JAm
Med Inform Assoc 2017 Sep 01;24(5):1024-1035. [doi: 10.1093/jamia/ocx025] [Medline: 28379397]

Kitsiou S, Paré G, Jaana M, Gerber B. Effectiveness of mHealth interventions for patients with diabetes; an overview of
systematic reviews. PLoS One 2017;12(3):e0173160 [FREE Full text] [doi: 10.1371/journal.pone.0173160] [Medline:
28249025]

Hadjiconstantinou M, Byrne J, Bodicoat DH, Robertson N, Eborall H, Khunti K, et al. Do web-based interventionsimprove
well-being in type 2 diabetes? A systematic review and meta-analysis. JMed Internet Res 2016 Oct 21;18(10):e270 [FREE
Full text] [doi: 10.2196/jmir.5991] [Medline: 27769955]

Halldorsdottir H, Thoroddsen A, Ingadottir B. Impact of technol ogy-based patient education on modifiable cardiovascular
risk factors of people with coronary heart disease: a systematic review. Patient Educ Couns 2020 Oct;103(10):2018-2028.
[doi: 10.1016/j.pec.2020.05.027] [Medline: 32595027]

Li R, Liang N, Bu F, Hesketh T. The effectiveness of self-management of hypertension in adults using mobile health:
systematic review and meta-analysis. IMIR Mhealth Uhealth 2020 Mar 27;8(3):e17776 [ FREE Full text] [doi: 10.2196/17776]
[Medline: 32217503]

Stogios N, Kaur B, Huszti E, Vasanthan J, Nolan R. Advancing digital health interventions as a clinically applied science
for blood pressure reduction: a systematic review and meta-analysis. Can J Cardiol 2020 May;36(5):764-774 [FREE Full
text] [doi: 10.1016/j.cjca.2019.11.010] [Medline: 32249065]

SuaY, Jiang Y, Thompson D, Wang W. Effectiveness of mobile phone-based sel f-management interventions for medication
adherence and change in blood pressure in patients with coronary heart disease: a systematic review and meta-analysis.
Eur J Cardiovasc Nurs 2020 Mar;19(3):192-200. [doi: 10.1177/1474515119895678] [Medline: 31856596]

https://www.jmir.org/2022/1/e30077 JMed Internet Res 2022 | vol. 24 | iss. 130077 | p.78

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.pcad.2016.03.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27001245&dopt=Abstract
https://hqlo.biomedcentral.com/articles/10.1186/s12955-017-0623-y
http://dx.doi.org/10.1186/s12955-017-0623-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28288636&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(14)00202-0
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(14)00202-0
http://dx.doi.org/10.1016/j.jbi.2014.09.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25239261&dopt=Abstract
http://europepmc.org/abstract/MED/23416934
http://dx.doi.org/10.1097/JCN.0b013e3182784123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23416934&dopt=Abstract
http://dx.doi.org/10.1891/1541-6577.30.1.70
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27025001&dopt=Abstract
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-015-0370-x
http://dx.doi.org/10.1186/s12909-015-0370-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25966846&dopt=Abstract
http://dx.doi.org/10.1177/1474515115618569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26588939&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0167-5273(16)31421-8
http://dx.doi.org/10.1016/j.ijcard.2016.07.060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27441475&dopt=Abstract
https://www.e-hir.org/DOIx.php?id=10.4258/hir.2011.17.4.260
http://dx.doi.org/10.4258/hir.2011.17.4.260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22259728&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1550-4131(18)30570-9
http://dx.doi.org/10.1016/j.cmet.2018.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30269984&dopt=Abstract
http://dx.doi.org/10.5812/semj.81794
http://mhealth.jmir.org/2019/1/e12297/
http://dx.doi.org/10.2196/12297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30664494&dopt=Abstract
http://europepmc.org/abstract/MED/27799615
http://dx.doi.org/10.1503/cmaj.150885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27799615&dopt=Abstract
http://dx.doi.org/10.1093/jamia/ocx025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28379397&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0173160
http://dx.doi.org/10.1371/journal.pone.0173160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28249025&dopt=Abstract
http://www.jmir.org/2016/10/e270/
http://www.jmir.org/2016/10/e270/
http://dx.doi.org/10.2196/jmir.5991
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27769955&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2020.05.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32595027&dopt=Abstract
https://mhealth.jmir.org/2020/3/e17776/
http://dx.doi.org/10.2196/17776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32217503&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0828-282X(19)31434-5
https://linkinghub.elsevier.com/retrieve/pii/S0828-282X(19)31434-5
http://dx.doi.org/10.1016/j.cjca.2019.11.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32249065&dopt=Abstract
http://dx.doi.org/10.1177/1474515119895678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31856596&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Paaliméki-Paakki et al

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.
49,
50.
51.

52.

Timpel B, Oswald S, Schwarz P, Harst L. Mapping the evidence on the effectiveness of telemedicine interventionsin
diabetes, dyslipidemia, and hypertension: an umbrellareview of systematic reviews and meta-analyses. JMed Internet Res
2020 Mar 18;22(3):e16791 [FREE Full text] [doi: 10.2196/16791] [Medline: 32186516]

BroersE, Kop W, Denollet J, Widdershoven J, Wetzels M, Ayoolal, et al. A personalized eHealth intervention for lifestyle
changesin patientswith cardiovascul ar disease: randomized controlled trial. JMed Internet Res 2020 May 22;22(5):e14570
[FREE Full text] [doi: 10.2196/14570] [Medline: 32441658]

Han H, Gleason K, Sun C, Miller H, Kang S, Chow S, et al. Using patient portalsto improve patient outcomes: systematic
review. IMIR Hum Factors 2019 Dec 19;6(4):€15038 [FREE Full text] [doi: 10.2196/15038] [Medline: 31855187]
Moradian S, Voelker N, Brown C, Liu G, Howell D. Effectiveness of Internet-based interventions in managing
chemotherapy-related symptoms in patients with cancer: a systematic literature review. Support Care Cancer 2018
Feb;26(2):361-374. [doi: 10.1007/s00520-017-3900-8] [Medline: 28948360]

Aminuddin HB, Jiao N, Jiang Y, Hong J, Wang W. Effectiveness of smartphone-based self-management interventions on
self-efficacy, self-care activities, health-related quality of life and clinical outcomes in patients with type 2 diabetes: a
systematic review and meta-analysis. Int JNurs Stud 2019 Feb 08. [doi: 10.1016/j.ijnurstu.2019.02.003] [Medline: 30827741]
Jin K, Khonsari S, Gallagher R, Gallagher P, Clark AM, Freedman B, et a. Telehealth interventions for the secondary
prevention of coronary heart disease: a systematic review and meta-analysis. Eur JCardiovasc Nurs 2019 Apr;18(4):260-271.
[doi: 10.1177/1474515119826510] [Medline: 30667278]

May, Cheng HY, Cheng L, Sit JW. The effectiveness of electronic health interventions on blood pressure control, self-care
behavioural outcomes and psychosocial well-being in patients with hypertension: a systematic review and meta-anaysis.
Int J Nurs Stud 2019 Apr;92:27-46. [doi: 10.1016/].ijnurstu.2018.11.007] [Medline: 30690164]

Triberti S, Savioni L, Sebri V, Pravettoni G. eHealth for improving quality of life in breast cancer patients: a systematic
review. Cancer Treat Rev 2019 Mar;74:1-14. [doi: 10.1016/j.ctrv.2019.01.003] [Medline: 30658289]

Woolley AK, Hadjiconstantinou M, DaviesM, Khunti K, Seidu S. Online patient education interventionsin type 2 diabetes
or cardiovascular disease: a systematic review of systematic reviews. Prim Care Diabetes 2019 Feb;13(1):16-27. [doi:
10.1016/j.pcd.2018.07.011] [Medline: 30131299]

Lunde P, Nilsson BB, Bergland A, Kvaaner KJ, Bye A. The effectiveness of smartphone apps for lifestyle improvement
in noncommunicable diseases: systematic review and meta-analyses. J Med Internet Res 2018 May 04;20(5):€162 [FREE
Full text] [doi: 10.2196/jmir.9751] [Medline: 29728346]

Xiong S, Berkhouse H, Schooler M, PuW, Sun A, Gong E, et al. Effectiveness of mHealth interventions in improving
medi cation adherence among people with hypertension: a systematic review. Curr Hypertens Rep 2018 Aug 07;20(10):86.
[doi: 10.1007/s11906-018-0886-7] [Medline: 30088110]

Gandhi S, Chen S, Hong L, Sun K, Gong E, Li C, et al. Effect of mobile health interventions on the secondary prevention
of cardiovascular disease: systematic review and meta-analysis. Can J Cardiol 2017 Feb;33(2):219-231. [doi:
10.1016/j.cjca.2016.08.017] [Medline: 27956043]

Hanlon B, DainesL, Campbell C, McKinstry B, Weller D, Pinnock H. Telehealth interventions to support self-management
of long-term conditions: a systematic metareview of diabetes, heart failure, asthma, chronic obstructive pulmonary disease,
and cancer. JMed Internet Res 2017 May 17;19(5):€172 [EREE Full text] [doi: 10.2196/jmir.6688] [Medline: 28526671]
Rush KL, Hatt L, Janke R, Burton L, Ferrier M, Tetrault M. The efficacy of telehealth delivered educational approaches
for patients with chronic diseases: a systematic review. Patient Educ Couns 2018 Aug;101(8):1310-1321. [doi:
10.1016/].ppec.2018.02.006] [Medline: 29486994]

Beishuizen CR, Stephan BC, Van Gool WA, Brayne C, Peters RJ, Andrieu S, et a. Web-based interventions targeting
cardiovascular risk factorsin middle-aged and older people: a systematic review and meta-analysis. J Med Internet Res
2016 Mar 11;18(3):e55 [FREE Full text] [doi: 10.2196/jmir.5218] [Medline: 26968879)]

Rawstorn JC, Gant N, Direito A, Beckmann C, Maddison R. Telehealth exercise-based cardiac rehabilitation: a systematic
review and meta-analysis. Heart 2016 Dec 01;102(15):1183-1192. [doi: 10.1136/heartjnl-2015-308966] [Medline: 26936337]
Devi R, Singh SJ, Powell J, Fulton EA, Igbinedion E, Rees K. Internet-based interventions for the secondary prevention
of coronary heart disease. Cochrane Database Syst Rev 2015(12):CD009386. [doi: 10.1002/14651858.CD009386.pub2]
[Medline: 26691216]

Timpel P, Harst L. Research implications for future telemedicine studies and innovations in diabetes and hypertension-a
mixed methods study. Nutrients 2020 May 08;12(5):1340 [ FREE Full text] [doi: 10.3390/nu12051340] [Medline: 32397096]
Systematic reviews. CRD's guidance for undertaking reviews in health care. Centre for Reviews and Dissemination. 2009.
URL: http://www.york.ac.uk/crd/SysRev/! SSL ! /WebHel p/SysRev3.htm [accessed 2020-09-29]

Aromataris E, Munn Z. JBl Manual for Evidence Synthesis. Australia: JBI - The University of Adelaide; 2020.

Moher D, Liberati A, Tetzlaff J, Altman D, PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. PLoS Med 2009 Jul 21;6(7):€1000097 [EREE Full text] [doi:
10.1371/journal.pmed.1000097] [Medline: 19621072]

Checklist for randomized controlled trials: critical appraisal toolsfor usein JBI systematic reviews. JoannaBriggs I nstitute.
2020. URL: https://joannabriggs.org/sites/defaul t/files/2020-08/Checklist_for RCTs.pdf [accessed 2020-09-29]

https://www.jmir.org/2022/1/e30077 JMed Internet Res 2022 | vol. 24 | iss. 130077 | p.79

(page number not for citation purposes)


https://www.jmir.org/2020/3/e16791/
http://dx.doi.org/10.2196/16791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32186516&dopt=Abstract
https://www.jmir.org/2020/5/e14570/
http://dx.doi.org/10.2196/14570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32441658&dopt=Abstract
https://humanfactors.jmir.org/2019/4/e15038/
http://dx.doi.org/10.2196/15038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31855187&dopt=Abstract
http://dx.doi.org/10.1007/s00520-017-3900-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28948360&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2019.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30827741&dopt=Abstract
http://dx.doi.org/10.1177/1474515119826510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30667278&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2018.11.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30690164&dopt=Abstract
http://dx.doi.org/10.1016/j.ctrv.2019.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30658289&dopt=Abstract
http://dx.doi.org/10.1016/j.pcd.2018.07.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30131299&dopt=Abstract
http://www.jmir.org/2018/5/e162/
http://www.jmir.org/2018/5/e162/
http://dx.doi.org/10.2196/jmir.9751
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29728346&dopt=Abstract
http://dx.doi.org/10.1007/s11906-018-0886-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30088110&dopt=Abstract
http://dx.doi.org/10.1016/j.cjca.2016.08.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27956043&dopt=Abstract
http://www.jmir.org/2017/5/e172/
http://dx.doi.org/10.2196/jmir.6688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28526671&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2018.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29486994&dopt=Abstract
http://www.jmir.org/2016/3/e55/
http://dx.doi.org/10.2196/jmir.5218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26968879&dopt=Abstract
http://dx.doi.org/10.1136/heartjnl-2015-308966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26936337&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD009386.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26691216&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu12051340
http://dx.doi.org/10.3390/nu12051340
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32397096&dopt=Abstract
http://www.york.ac.uk/crd/SysRev/!SSL!/WebHelp/SysRev3.htm
https://dx.plos.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19621072&dopt=Abstract
https://joannabriggs.org/sites/default/files/2020-08/Checklist_for_RCTs.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Paaliméki-Paakki et al

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

Bergsund E, CvancarovaM, Moore SM, Ekstedt M, Ruland CM. Comparing effectsin regular practice of e-communication
and web-based self-management support among breast cancer patients: preliminary results from a randomized controlled
trial. JMed Internet Res 2014;16(12):€295 [FREE Full text] [doi: 10.2196/jmir.3348] [Medline: 25525672]

Choi BG, Dhawan T, Metzger K, Marshall L, Akbar A, Jain T, et al. Image-based mobile system for dietary management
in an American cardiology population: pilot randomized controlled trial to assessthe efficacy of dietary coaching delivered
viaa smartphone app versus traditiona counseling. IMIR Mhealth Uhealth 2019 Apr 23;7(4):€10755 [FREE Full text]
[doi: 10.2196/10755] [Medline: 31012860]

Elkjaer M, Shuhaibar M, Burisch J, Bailey Y, Scherfig H, Laugesen B, et al. E-health empowers patients with ulcerative
colitis: arandomised controlled tria of the web-guided 'Constant-care' approach. Gut 2010 Dec;59(12):1652-1661. [doi:
10.1136/gut.2010.220160] [Medline: 21071584]

Habibovi¢ M, Denollet J, Cuijpers P, van der Voort PH, Herrman J, Bouwels L, et al. Web-based distress management for
implantabl e cardioverter defibrillator patients: arandomized controlled trial. Health Psychol 2017 Apr;36(4):392-401. [doi:
10.1037/hea0000451] [Medline: 28192003]

Keyserling TC, Sheridan SL, Draeger LB, Finkelstein EA, Gizlice Z, Kruger E, et al. A comparison of live counseling with
aweb-based lifestyle and medication intervention to reduce coronary heart disease risk: arandomized clinical trial. AMA
Intern Med 2014 Jul;174(7):1144-1157 [FREE Full text] [doi: 10.1001/jamainternmed.2014.1984] [Medline: 24861959]
Kim JY, Wineinger NE, Steinhubl SR. The influence of wireless self-monitoring program on the relationship between
patient activation and health behaviors, medication adherence, and blood pressure levelsin hypertensive patients: asubstudy
of arandomized controlled trial. JMed Internet Res 2016 Jun 22;18(6):e116 [FREE Full text] [doi: 10.2196/jmir.5429]
[Medline: 27334418]

Lambert TE, Harvey LA, Avdalis C, Chen LW, Jeyalingam S, Pratt CA, et a. An app with remote support achieves better
adherence to home exercise programs than paper handouts in people with musculoskeletal conditions: arandomised trial.
JPhysiother 2017 Jul;63(3):161-167 [FREE Full text] [doi: 10.1016/j.jphys.2017.05.015] [Medline: 28662834]

Mata J, Pecorelli N, Kaneva P, Moldoveanu D, Gosselin-Tardiff A, Alhashemi M, et al. A mobile device application (app)
to improve adherence to an enhanced recovery program for colorectal surgery: arandomized controlled trial. Surg Endosc
2019 May 13:742-751. [doi: 10.1007/500464-019-06823-w] [Medline: 31087175]

Sharara Al, Chalhoub JM, Beydoun M, Shayto RH, Chehab H, Harb AH, et a. A customized mobile application in
colonoscopy preparation: arandomized controlled trial. Clin Transl Gastroenterol 2017 Jan 05;8(1):e211 [FREE Full text]
[doi: 10.1038/ctg.2016.65] [Medline: 28055031]

Strem J, Nielsen CV, Jargensen LB, Andersen NT, Laursen M. A web-based platform to accommodate symptoms of anxiety
and depression by featuring social interaction and animated information in patients undergoing lumbar spine fusion: a
randomized clinical trial. Spine J2019 May;19(5):827-839 [FREE Full text] [doi: 10.1016/j.spinee.2018.11.011] [Medline:
30500464]

White V, Farrelly A, Pitcher M, Hill D. Does access to an information-based, breast cancer specific website help to reduce
distressin young women with breast cancer? Results from arandomised trial. Eur J Cancer Care (Engl) 2018
Nov;27(6):€12897. [doi: 10.1111/ecc.12897] [Medline: 30137657]

Widmer RJ, Allison TG, Lennon R, Lopez-Jimenez F, Lerman LO, Lerman A. Digital health intervention during cardiac
rehabilitation: arandomized controlled trial. Am Heart J 2017 Jun;188:65-72. [doi: 10.1016/j.ahj.2017.02.016] [Medline:
28577682]

Yun YH, LeeKS, KimY, Park SY, Lee ES, Noh D, et al. Web-based tailored education program for disease-free cancer
survivors with cancer-related fatigue: a randomized controlled trial. J Clin Oncol 2012 Apr 20;30(12):1296-1303 [FREE
Full text] [doi: 10.1200/JC0.2011.37.2979] [Medline: 22412149]

Urech C, Grossert A, Alder J, Scherer S, Handschin B, KasendaB, et al. Web-based stress management for newly diagnosed
patients with cancer (STREAM): arandomized, wait-list controlled intervention study. J Clin Oncol 2018 Mar
10;36(8):780-788 [FREE Full text] [doi: 10.1200/JCO.2017.74.8491] [Medline: 29369731]

Persell SD, Peprah YA, Lipiszko D, Lee JY, Li JJ, Ciolino JD, et a. Effect of home blood pressure monitoring viaa
smartphone hypertension coaching application or tracking application on adults with uncontrolled hypertension: arandomized
clinical trial. AMA Netw Open 2020 Mar 02;3(3):e200255 [FREE Full text] [doi: 10.1001/jamanetworkopen.2020.0255]
[Medline: 32119093]

LiuY, Chen J, Lamb KV, Wu P, Chang P, Cui Y, et a. Smartphone-based self-empowerment app on secondary prevention
of patientswith cardiovascular disease. Stud Health Technol Inform 2019 Aug 21;264:1712-1713. [doi: 10.3233/SHTI190610]
[Medline: 31438306]

Greer JA, Jacobs J, Pensak N, MacDonald JJ, Fuh C, Perez GK, et al. Randomized trial of atailored cognitive-behavioral
therapy mobile application for anxiety in patients with incurable cancer. Oncologist 2019 Aug;24(8):1111-1120. [doi:
10.1634/theoncol ogist.2018-0536] [Medline: 30683710]

Handa S, OkuyamaH, Yamamoto H, Nakamura S, Kato Y. Effectiveness of a smartphone application as a support tool for
patients undergoing breast cancer chemotherapy: arandomized controlled trial. Clin Breast Cancer 2020 Jun;20(3):201-208.
[doi: 10.1016/j.clbc.2020.01.004] [Medline: 32201165]

https://www.jmir.org/2022/1/e30077 JMed Internet Res 2022 | vol. 24 | iss. 1 |e30077 | p.80

(page number not for citation purposes)


http://www.jmir.org/2014/12/e295/
http://dx.doi.org/10.2196/jmir.3348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25525672&dopt=Abstract
https://mhealth.jmir.org/2019/4/e10755/
http://dx.doi.org/10.2196/10755
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31012860&dopt=Abstract
http://dx.doi.org/10.1136/gut.2010.220160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21071584&dopt=Abstract
http://dx.doi.org/10.1037/hea0000451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28192003&dopt=Abstract
http://wwwwebcitationorg/6c8MLgsAX
http://dx.doi.org/10.1001/jamainternmed.2014.1984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24861959&dopt=Abstract
http://www.jmir.org/2016/6/e116/
http://dx.doi.org/10.2196/jmir.5429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27334418&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1836-9553(17)30067-X
http://dx.doi.org/10.1016/j.jphys.2017.05.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28662834&dopt=Abstract
http://dx.doi.org/10.1007/s00464-019-06823-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31087175&dopt=Abstract
http://europepmc.org/abstract/MED/28055031
http://dx.doi.org/10.1038/ctg.2016.65
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28055031&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1529-9430(18)31250-6
http://dx.doi.org/10.1016/j.spinee.2018.11.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30500464&dopt=Abstract
http://dx.doi.org/10.1111/ecc.12897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30137657&dopt=Abstract
http://dx.doi.org/10.1016/j.ahj.2017.02.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28577682&dopt=Abstract
http://jco.ascopubs.org/cgi/pmidlookup?view=long&pmid=22412149
http://jco.ascopubs.org/cgi/pmidlookup?view=long&pmid=22412149
http://dx.doi.org/10.1200/JCO.2011.37.2979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22412149&dopt=Abstract
http://europepmc.org/abstract/MED/29369731
http://dx.doi.org/10.1200/JCO.2017.74.8491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29369731&dopt=Abstract
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2020.0255
http://dx.doi.org/10.1001/jamanetworkopen.2020.0255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32119093&dopt=Abstract
http://dx.doi.org/10.3233/SHTI190610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31438306&dopt=Abstract
http://dx.doi.org/10.1634/theoncologist.2018-0536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30683710&dopt=Abstract
http://dx.doi.org/10.1016/j.clbc.2020.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32201165&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Paaliméki-Paakki et al

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

85.

86.

87.

YuC, LiuC, DuJ, LiuH, Zhang H, Zhao Y, MISSION-2 Collaborative Group. Smartphone-based application to improve
medication adherence in patients after surgical coronary revascularization. Am Heart J 2020 Oct;228:17-26. [doi:
10.1016/j.ahj.2020.06.019] [Medline: 32745732]

Liu S, Tanaka R, Barr S, Nolan RP. Effects of self-guided e-counseling on health behaviors and blood pressure: results of
arandomized trial. Patient Educ Couns 2020 Mar;103(3):635-641. [doi: 10.1016/j.pec.2019.10.007] [Medline: 31669047]
Foley NM, O'Connell EP, Lehane EA, Livingstone V, Maher B, Kaimkhani S, et al. PATI: Patient accessed tailored
information: a pilot study to evaluate the effect on preoperative breast cancer patients of information delivered viaamabile
application. Breast 2016 Dec;30:54-58. [doi: 10.1016/].breast.2016.08.012] [Medline: 27611236]

GuoY, ChenY, LaneDA, LiuL, Wang Y, Lip GY. Mobile health technology for atrial fibrillation management integrating
decision support, education, and patient involvement: MAF app trial. Am JMed 2017 Dec;130(12):1388-1396 [ FREE Fulll
text] [doi: 10.1016/j.amjmed.2017.07.003] [Medline: 28847546]

Helzlsouer K, Appling S, Gallicchio L, Henninger D, MacDonald R, Manocheh S, et al. A pilot study of avirtual navigation
program to improve treatment adherence among low-income breast cancer patients. JOncol Navigat Surv 2016;7(7):20-29
[EREE Full text]

Petzel SV, Vogel RI, Cragg J, McClellan M, Chan D, Jacko JA, et al. Effects of web-based instruction and patient preferences
on patient-reported outcomes and learning for women with advanced ovarian cancer: arandomized controlled trial. J
Psychosoc Oncol 2018;36(4):503-519 [FREE Full text] [doi: 10.1080/07347332.2018.1457125] [Medline: 29791275]
Fang S, Wang Y, LU W, Lee K, Kuo Y, Fetzer SJ. Long-term effectiveness of an E-based survivorship care plan for breast
cancer survivors: aquasi-experimental study. Patient Educ Couns 2020 Mar;103(3):549-555. [doi: 10.1016/j.pec.2019.09.012]
[Medline: 31558323]

Park OL, Kim SR. Integrated self-management program effects on hemodialysis patients: a quasi-experimental study. Jpn
JNurs Sci 2019 Oct;16(4):396-406. [doi: 10.1111/jjns.12249] [Medline: 30669185]

Hoffmann T, Glasziou P, Boutron |, Milne R, Perera R, Moher D, et a. Better reporting of interventions: template for
intervention description and replication (TIDieR) checklist and guide. Br Med J 2014 Mar 07;348:91687 [FREE Full text]
[doi: 10.1136/bmj.g1687] [Medline: 24609605]

XulL,LiF ZhouC, Li J, Hong C, Tong Q. The effect of mobile applicationsfor improving adherencein cardiac rehabilitation:
a systematic review and meta-analysis. BMC Cardiovasc Disord 2019 Jul 12;19(1):166 [FREE Full text] [doi:
10.1186/s12872-019-1149-5] [Medline: 31299903]

Fredericks S, Martorella G, Catalo C. A systematic review of web-based educational interventions. Clin Nurs Res 2015
Feb;24(1):91-113. [doi: 10.1177/1054773814522829] [Medline: 24571963]

Oberg U, Isaksson U, Jutterstrom L, Orre CJ, Hornsten A. Perceptions of persons with type 2 diabetes treated in swedish
primary health care: qualitative study on using eHealth services for self-management support. IMIR Diabetes 2018 Mar
12;3(1):€7 [FREE Full text] [doi: 10.2196/diabetes.9059] [Medline: 30291075]

Richards R, Kinnerdey P, Brain K, McCutchan G, Staffurth J, Wood F. Use of mobile devicesto help cancer patients meet
their information needs in non-inpatient settings: systematic review. IMIR Mhealth Uhealth 2018 Dec 14;6(12):€10026
[FREE Full text] [doi: 10.2196/10026] [Medline: 30552082]

Pouls B, Vriezekolk J, Bekker C, Linn A, van Onzenoort HA, Vervloet M, et a. Effect of interactive eHealth interventions
on improving medication adherence in adults with long-term medication: systematic review. J Med Internet Res 2021 Jan
08;23(1):€18901 [FREE Full text] [doi: 10.2196/18901] [Medline: 33416501]

Brars G, Pettersen T, Hansen T, Fridlund B, Halvold LB, Lund H, et al. Modes of e-Health delivery in secondary prevention
programmes for patients with coronary artery disease: a systematic review. BMC Health Serv Res 2019 Jun 10;19(1):364
[FREE Full text] [doi: 10.1186/s12913-019-4106-1] [Medline: 31182100]

Penedo FJ, Oswald LB, Kronenfeld JP, Garcia SF, CellaD, Yanez B. The increasing value of eHealth in the delivery of
patient-centred cancer care. Lancet Oncol 2020 May;21(5):240-251. [doi: 10.1016/s1470-2045(20)30021-8]

Bruce C, Harrison P, Giammattei C, Desai S, Sol J, Jones S, et al. Evaluating patient-centered mobile health technologies:
definitions, methodol ogies, and outcomes. IMIR Mhealth Uhealth 2020 Nov 11;8(11):e17577 [FREE Full text] [doi:
10.2196/17577] [Medline: 33174846]

Abbreviations

HADS: Hospital Anxiety and Depression Scale

mHealth: mobile health

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT: randomized controlled trial

https://www.jmir.org/2022/1/e30077 JMed Internet Res 2022 | vol. 24 | iss. 1 |e30077 | p.81

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.ahj.2020.06.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32745732&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2019.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31669047&dopt=Abstract
http://dx.doi.org/10.1016/j.breast.2016.08.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27611236&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0002-9343(17)30712-X
https://linkinghub.elsevier.com/retrieve/pii/S0002-9343(17)30712-X
http://dx.doi.org/10.1016/j.amjmed.2017.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28847546&dopt=Abstract
http://advancingsynergy.com/wp-content/uploads/2018/07/TEN_PilotStudy_JONS_August2016.pdf
http://europepmc.org/abstract/MED/29791275
http://dx.doi.org/10.1080/07347332.2018.1457125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29791275&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2019.09.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31558323&dopt=Abstract
http://dx.doi.org/10.1111/jjns.12249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30669185&dopt=Abstract
https://www.bmj.com/content/348/bmj.g1687
http://dx.doi.org/10.1136/bmj.g1687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24609605&dopt=Abstract
https://bmccardiovascdisord.biomedcentral.com/articles/10.1186/s12872-019-1149-5
http://dx.doi.org/10.1186/s12872-019-1149-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31299903&dopt=Abstract
http://dx.doi.org/10.1177/1054773814522829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24571963&dopt=Abstract
http://diabetes.jmir.org/2018/1/e7/
http://dx.doi.org/10.2196/diabetes.9059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30291075&dopt=Abstract
http://mhealth.jmir.org/2018/12/e10026/
http://dx.doi.org/10.2196/10026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30552082&dopt=Abstract
https://www.jmir.org/2021/1/e18901/
http://dx.doi.org/10.2196/18901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33416501&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-019-4106-1
http://dx.doi.org/10.1186/s12913-019-4106-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31182100&dopt=Abstract
http://dx.doi.org/10.1016/s1470-2045(20)30021-8
https://mhealth.jmir.org/2020/11/e17577/
http://dx.doi.org/10.2196/17577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33174846&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Paaliméki-Paakki et al

Edited by R Kukafka; submitted 30.04.21; peer-reviewed by S Fredericks, X Guo; comments to author 28.06.21; accepted 21.11.21;
published 06.01.22.

Please cite as.

Paaliméki-Paakki K, Virtanen M, Henner A, Nieminen MT, Kaaridinen M

Effectiveness of Digital Counseling Environments on Anxiety, Depression, and Adherence to Treatment Among Patients Who Are
Chronically I1l: Systematic Review

J Med Internet Res 2022;24(1):€30077

URL: https://mww.jmir.org/2022/1/e30077

doi:10.2196/30077

PMID: 34989681

©Karoliina Paalimaki-Paakki, Mari Virtanen, Anja Henner, Miika T Nieminen, Maria K&aridinen. Originally published in the
Journal of Medica Internet Research (https.//www.jmir.org), 06.01.2022. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, alink to the original publication on https.//www.jmir.org/,
as well asthis copyright and license information must be included.

https://www.jmir.org/2022/1/e30077 JMed Internet Res 2022 | vol. 24 | iss. 1 |e30077 | p.82
(page number not for citation purposes)

RenderX


https://www.jmir.org/2022/1/e30077
http://dx.doi.org/10.2196/30077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34989681&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Keller et a

Review

Digital Behavior Change Interventions for the Prevention and
Management of Type 2 Diabetes: Systematic Market Analysis

Roman Keller?, MSc; Sven Hartmann®, MA; Gisbert Wilhelm Teepe’, MSc; Kim-Morgaine Lohse®, MSc; Aishah
Alattas', MSc; Lorainne Tudor Car®®, PhD, MD; Falk Miiller-Riemenschneider?’, MD, PhD; Florian von
Wangenheim™*, PhD; Jacqueline Louise Mair*?', PhD; Tobias Kowatsch™**", PhD

Future Health Technol ogies Programme, Campusfor Research Excellence and Technological Enterprise, Singapore-ETH Centre, Singapore, Singapore
2Saw Swee Hock School of Public Health, National University of Singapore, Singapore, Singapore

SCentre for Digital Health Interventions, Institute of Technology Management, University of St Gallen, St Gallen, Switzerland

4Centre for Digital Health Interventions, Department of Management, Technology, and Economics, ETH Zurich, Zurich, Switzerland

SLee Kong Chian School of Medicine, Nanyang Technological University, Singapore, Singapore

6Department of Primary Care and Public Health, School of Public Health, Imperial College London, London, United Kingdom

7Yong Loo Lin School of Medicine, National University of Singapore, Singapore, Singapore

" these authors contributed equally

Corresponding Author:

Roman Keller, MSc

Future Health Technol ogies Programme
Campus for Research Excellence and Technological Enterprise
Singapore-ETH Centre

1 Create Way

CREATE Tower, #06-01

Singapore, 138602

Singapore

Phone: 65 82645302

Email: roman.keller@sec.ethz.ch

Abstract

Background: Advancements in technology offer new opportunities for the prevention and management of type 2 diabetes.
Venture capital companies have been investing in digital diabetes companies that offer digital behavior change interventions
(DBCIls). However, little is known about the scientific evidence underpinning such interventions or the degree to which these
interventions leverage novel technology-driven automated developments such as conversational agents (CAS) or just-in-time
adaptive intervention (JITAI) approaches.

Objective:  Our objectives were to identify the top-funded companies offering DBCls for type 2 diabetes management and
prevention, review thelevel of scientific evidence underpinning the DBCIs, identify which DBCI s are recognized as evidence-based
programs by quality assurance authorities, and examine the degree to which these DBCIs include novel automated approaches
such as CAs and J'TAI mechanisms.

Methods: A systematic search was conducted using 2 venture capital databases (Crunchbase Pro and Pitchbook) to identify the
top-funded companies offering interventions for type 2 diabetes prevention and management. Scientific publications relating to
the identified DBCls were identified via PubMed, Google Scholar, and the DBCIS websites, and data regarding intervention
effectiveness were extracted. The Diabetes Prevention Recognition Program (DPRP) of the Center for Disease Control and
Prevention in the United States was used to identify the recognition status. The DBCIS' publications, websites, and mobile apps
were reviewed with regard to the intervention characteristics.

Results: The 16 top-funded companies offering DBClsfor type 2 diabetes received atotal funding of US $2.4 billion as of June
15, 2021. Only 4 out of the 50 identified publications associated with these DBCIs were fully powered randomized controlled
trials (RCTs). Further, 1 of those 4 RCTs showed a significant difference in glycated hemoglobin A ;. (HbA ) outcomes between
the intervention and control groups. However, all the studies reported HbA ;. improvements ranging from 0.2% to 1.9% over the
course of 12 months. In addition, 6 interventions were fully recognized by the DPRP to deliver evidence-based programs, and 2
interventions had a pending recognition status. Health professionals were included in the majority of DBCls (13/16, 81%,),
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whereas only 10% (1/10) of accessible appsinvolved a CA as part of the intervention delivery. Self-reports represented most of
the data sources (74/119, 62%) that could be used to tailor J TAIS.

Conclusions: Our findings suggest that thelevel of funding received by companies offering DBClsfor type 2 diabetes prevention
and management does not coincide with the level of evidence on the intervention effectiveness. There is considerable variation
inthelevel of evidence underpinning the different DBClsand an overall need for more rigorous effectivenesstrials and transparent
reporting by quality assurance authorities. Currently, very few DBCls use automated approaches such as CAsand JITAIs, limiting

the scalability and reach of these solutions.

(J Med Internet Res 2022;24(1):€33348) doi:10.2196/33348

KEYWORDS

digital health companies; health care; type 2 diabetes; prevention; management; conversational agent; digital behavior change
intervention; investment; just-in-time adaptive intervention; digital health; diabetes; agent; behavior

Introduction

In 2019, approximately 463 million adults were estimated to
be living with diabetes [1]. This estimate is expected to rise to
more than 700 million by 2045 [1]. More than 90% of this
burdenis caused by type 2 diabetes. [1,2]. Over 1 million deaths
worldwide were attributed to this condition in 2017 alone,
making it the ninth leading cause of mortality [3]. Diabetesis
also a leading source of global heath expenditure with an
estimated annual cost of US $760 hillion in high- and
low-income countries, including the United States (US $259
billion), China (US $109 hillion), and Brazil (US $52 billion)

[1].

Guidelinesfor the prevention and management of type 2 diabetes
include specific recommendationsfor lifestyle behavior changes
such as diet, exercise, smoking cessation, and the addition of
oral antidiabetic agents or insulin therapy in some cases [4,5].
Traditionally, diabetes prevention and self-management
education programs have been delivered in person with
individual or face-to-face group interactions between health
professionals and participants[6]. However, traditiona in-person
approaches have been hampered by low uptake and engagement
rates [7]. Qualitative literature suggests that participants often
find face-to-face programs difficult to attend because of issues
with the timing of the courses, lack of transport, family and
work commitments, or negative feelings toward participating
in groups [8]. More recently, digita behavior change
interventions (DBCIs) for diabetes prevention and management
have emerged as potentially effective, scalable, and low-cost
options to provide behavioral counseling when in-person
programs are not accessible or attractive [9-11].

DBClsareinterventionsthat use digital technology to encourage
and support behavior change that will maintain or improve
health through the prevention and management of health
problems and can, for example, be delivered through computer
programs, websites, mobile apps, or wearable devices [12].
DBCls may involve telehedth elements such as remote
monitoring by health professionalswho provide virtua support,
either individually or in groups, or fully automated interventions
that are based on agorithms [13]. DBCls are becoming
increasingly automated, interactive, and personalized because
they use self-reports of users or sensor data to tailor feedback
without the need for inputs from health professionals[14]. This
development is facilitated by new technology-driven
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developments such as conversational agents (CAs) and
just-in-time adaptive interventions (J TAls). CAs, also known
as chatbots, are computer systems that imitate human
conversation using text or spoken language and can offer
personalized human-like interactions [15-18]. Evidence from
interventions using CAs show promising findings in terms of
patient satisfaction [19], treatment success [20], and the
capability to build work alliances with the patient [21-23]. CAs
can also foster experiences equivalent to those offered by human
coaches but with the additional advantage of being persistent
and more consistent in providing choices that cultivate user
autonomy [24]. This makes the use of CAs in DBCls an
encouraging component to complement or replace the need for
human health professionalsin intervention delivery.

Moreover, recent advances in wireless devices and mobile
technology have enabled the design of JITAls that can provide
behavior change support at opportune moments and in response
toanindividual’s changing contexts[25-27]. More specifically,
JTAlsadapt the provision of intervention content (eg, thetype,
timing, and intensity) by measuring the health condition or
patient behavior with mobile technology such as smartphones,
sensors, and software analytics to deliver intervention content
at the time and in the context that the person needs it the most,
and thisislikely toimprove health-related behaviors[25,27-29].

Novel technology-driven opportunities for DBCls in diabetes
care have attracted various hedth care stakeholders such as
investors, health insurance companies, researchers, physicians,
and patients[30]. The global market for digital diabetescareis
rapidly growing and is expected to be worth US $1.5 billion in
2024 [31]. In 2018 alone, venture capital companies invested
a record US $417 million into digital diabetes companies, a
12-fold increase in funding compared to 2013 [32]. However,
little is known about the DBCIs provided by companies that
have a substantial impact on the market, including the content
of the interventions, how effective they are in managing and
preventing type 2 diabetes, and the degree to which these
interventions leverage new technology-driven developments
such as CAsor JTAls.

The aim of this paper isto systematically review the solutions
provided by the top-funded companies offering DBClsfor type
2 diabetes prevention and management with a particular focus
on how new technological developments, such as CAs and
JTAIs, are being used to automate and scale-up intervention
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delivery. Therefore, the paper has the following objectives: (1)
to identify the top-funded companies offering DBCIs for type
2 diabetes management and prevention, (2) to appraisethelevel
of evidenceto support these DBCIsin theform of peer-reviewed
publications and recognition by national authorities for
delivering evidence-based programs, and (3) to describe the
characteristics of these DBCIs, with particular focus on the use
of automation involved in the DBCIs by investigating the use
of CAs, involvement of human health professionals, and what
as well as how health and behavioral outcomes are measured
that could be used to tailor JITAIS.

Methods
Sear ches

Companies
Digital health companies offering DBClswere identified using
2 venture capital databases, Crunchbase Pro and Pitchbook

Table 1. Search strategy used in Crunchbase Pro and Pitchbook.

Keller et a

[33,34]. Both databases are among the most comprehensive and
accurate venture capital databases and are commonly used as
data sources for academic reports and by investors [35]. We
define digital health companies as companiesthat build and sell
digital health products or services according to the definition
of Safavi et a [36].

Searches were carried out on July 23, 2020, and they were
updated on April 8, 2021 (Crunchbase Pro only). The total
funding amount was last updated on June 15, 2021 using
Crunchbase Pro). In case of conflicting funding information
between the 2 databases, Crunchbase Pro data were reported,
as Crunchbase Pro has better coverage than Pitchbook with
respect to the financing rounds and total capital committed [35].
The search strategy included an extensivelist of termsdescribing
the constructs “verticals, methods, and industries,” “ diabetes,”
and “management and prevention.” The overview of the
complete search strategy used for Crunchbase and Pitchbook
isgivenin Table 1.

Search category Search terms

1. Verticals, methods, and industries

Monitoring Equipment OR diagnostic OR HealthTech OR healthcare devices OR connected health* OR

Therapeutic Devices OR Digital Health OR digital health* OR health* technology OR health* app* OR

wearables OR Mobile health OR mhealth OR mobile app OR personal health OR virtua care OR e-health OR
assitive technology OR telehealth OR telemedicine OR health* platform OR healthcareit OR data management
OR Artificial Intelligence & Machine Learning OR Cloud data services OR analytics OR health* diagnostics
OR Big Data OR information OR digital OR data OR biometrics OR home heslth care OR medtech OR self-

monitoring
2. Diabetes

3. Management and prevention

obesity OR blood sugar OR blood glucose OR insulin OR diabet*
diabetes management OR diabetes treatment OR diabetes control OR diabetes monitoring OR blood sugar

monitoring OR disease monitoring OR disease management OR risk reduction OR disease prevention OR di-
abetes prevention OR prevention OR prediabet*

Inclusion and Exclusion Criteria

Wewereinterested in the companies having asubstantial impact
on the market and their ability to develop evidence-based
solutions. Therefore, we decided to limit the scope of the
analysisto the 15 top-funded companies defined asthe leading
companiesintermsof thetotal funding amount, given that these
companies are likely best equipped to develop and evaluate
their interventions.

Companies were included if they (1) offered a DBCI for the
prevention or management of type 2 diabetes and (2) involved
amobile app as the main intervention component. Companies
were excluded if their DBCI (1) did not predominantly involve
behavior change, (2) did not involve a mobile app as the main
intervention component, and (3) did not focus on type 2 diabetes.
We also excluded companies where the targeted conditions of
the companies’ DBCls were not clearly identifiable.

Company Selection

Following the removal of duplicates, companies were ranked
in the order of their funding amount. Company screening was
conducted by screening from the most to the least funded
companies until 15 companieseligiblefor inclusionin the study
were identified. All the remaining companies were excluded
due to insufficient funding amount. The list of the identified
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companies was reviewed by 3 experts with extensive industry
and academic experiencein thefields of digital health and type
2 diabetesto confirm that all relevant companies, covering the
current market, had been identified through database searching.
The expertsincluded 2 scientific researcherswith over 10 years
of work experience with DBCIs at universities in the United
Kingdom and United States and 1 industry expert with several
years of work experience at one of the global market leaders
for diabetes management systemsin Germany.

Publications

We searched PubMed and Google Scholar for scientific articles
published up to April 30, 2021, using search terms
“Name_Intervention” AND (Smartphone OR Application OR
App OR Intervention OR Mobile Hedlth) relating to the
identified company’s DBCI. In addition, we identified studies
by screening the websites of the companies for publication
references.

Inclusion and Exclusion Criteria

To investigate the impact of the included DBCIs on health or
behavioral outcomes in the study population, we included
publications reporting quantitative results of experimental trials.
Therefore, we excluded studiesthat did not involve effectiveness
outcomes and those that did not report quantitative results.
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Furthermore, we excluded protocol studies and studies that
targeted conditions other than type 2 diabetes.

DBCls

All the identified DBCls included a mobile app as the main
form of intervention delivery. We searched and downloaded all
the identified apps from the 2 most popular app stores, Google
Play Store and Apple App Store [37], between October 12,
2020, and April 10, 2021. If an app was not accessible, the
companies were approached via email to request access. If no
reply was received for the first email, a follow-up email was
sent 2 weeks later. We aso reviewed the DBCIS and
companies’ websites as well as the identified publications for
information on the characteristics of the DBCls. Additional
hardware devices such as activity trackers, blood glucose meters,
wireless scales, or blood pressure devices that came as a part
of the intervention program were not available and were
therefore not reviewed.

Data Extraction

Data extraction of companies, publications, and DBCls was
performed by 2 independent investigators (RK and SH).
Disagreements were discussed and resolved by consensus. If
no agreement was possible, disagreements were resolved
through discussion with athird reviewer (GWT). Dataextraction
was performed using the Covidence Systematic Review software
(Veritas Health Innovation Ltd) [38].

Companies
The extracted data for each company included the founding

year, total funding amount, number of employees, and company
headquarter location.

Publications

From the identified publications, we extracted the publication
year, study design, number of participants, measured outcomes,
quality of evidence (using the criteria of the US Preventive
Services Task Force), journal impact factor, comparison to other
treatment methods, and study findings. Similar to Safavi et a
[36], the quality of individual studieswas defined according to
the USPSTF hierarchy of research design as follows: Level 1
includes evidence obtained from properly powered and
conducted randomized controlled trials (RCTs), well-conducted
systematic reviews, or meta-analyses of homogeneous RCTSs.
Level 2 includes evidence obtained from well-designed
controlled trials without randomization, well-designed cohort
or case-control analysis studies, or multipletime-seriesdesigns
with or without the intervention or dramatic results in
uncontrolled studies of large magnitude. Level 3 includes
opinions of respected authorities, based on clinical experience
or descriptive studies, or reports of expert committees[39]. As
we were interested in the best available scientific evidence
regarding the interventions, we extracted the results of
publications with quality level 1. We specifically examined the
primary outcome(s) from RCTs that were powered to detect
change.

DBCls

For each DBCI, we extracted the name of theintervention, name
of the app, app accessibility information, number of app
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downloads (from Google Play Store only, as this information
is not available on the Apple App Store), operating systems,
cost, addressed category of the health care continuum
(management or prevention), and the involvement of health
professionals. For each DBCI with app access, we a so extracted
information on the avail ability of a CA and the measured health
and behavioral outcomes. We were particularly interested in
what and how health and behavioral outcomes were measured
and if they could potentialy be used to tailor JTAls. Health
and behavioral outcomes were defined as any biomarkers or
health behaviorsrelevant for diabetes care such asdiet, physical
activity, or blood glucose tracking. Measurements included
self-report data or sensor and device analytics [40-42]. More
information on the framework used to assess the measurements
of health and behavioral outcomes can be found in Multimedia
Appendix 1.

Wewerea sointerested in whether the DBCIls were recognized
by a national authority as an evidence-based program. For this
purpose, we used the Diabetes Prevention Recognition Program
(DPRP) developed by the US Centers for Disease Control and
Prevention (CDC) [43]. The DPRPisthe quality assurance arm
of the National Diabetes Prevention Program, which is a
partnership of public and private organizations that aim to
prevent or delay type 2 diabetes [43]. Through the DPRP, the
US CDC recognizes organizationsthat have demonstrated their
ability to deliver an effective lifestyle change program. The
organizations are required to use a CDC-approved curriculum
and can deliver the intervention either in person by employing
atrained human health coach or through avirtual setting with
interaction involving a lifestyle coach [44]. The organizations
are evaluated regularly based on the participant data submitted
to the DPRP. These data need to fulfill a set of requirements,
including a reduction in the risk of diabetes by achieving
improvements in participant outcomes such as weight loss or
glycated hemoglobin (HbA ;) reductions [44].

Data Synthesis

The information extracted from the companies, publications,
and DBClswas summarized narratively.

Results

Selection and Inclusion of Companies

The searchyielded atotal of 133 companieson Crunchbase Pro
and 399 companies on Pitchbook. After removal of duplicates,
489 companieswere eligible for screening. After screening, 54
companieswere found to beineligible for study inclusion, with
the most common reason being not predominantly involving
behavior change (36/54, 67%). Of theremaining 435 companies,
420 were excluded due to insufficient funding to be among the
15 top-funded companies. An additiona company (KKT
Technology Pte Ltd) was included on the recommendation of
the independent experts, ultimately resulting in 16 companies
eligible for study inclusion. Figure 1 outlines the selection
process and reasonsfor exclusion. All the DBCl s of theincluded
companies were available in English language.

The apps of 6 DBCIls were not accessible to the study authors
(Virta, Dario, Welldoc, Liva, Twin, and Sweetch) because they

JMed Internet Res 2022 | vol. 24 | iss. 1 |e33348 | p.86
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

were only available with a subscription service, in a specific
geographic region, with an employer subscription, or when

referred by aphysician. Therefore, no information on the health

Figure 1. Flowchart of the company selection process.
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Company Characteristics

The funding amount of the 16 top-funded digital health
companies chosen for inclusion in the analysisranged from US
$657.3to 15.5 million, totaling US $2.355 hillion, asindicated
in Table 2. Moreover, 11 companies (69%) were headquartered

https://www.jmir.org/2022/1/e33348

in the United States, 2 (13%) in the United Kingdom (13%),
and 1 each in Denmark, Israel, and Singapore (6%). The year

of founding ranged between 2005 and 2018, with 81% (13/16
companies) founded from 2011 onward. Additional information
regarding the companies characteristics can be found in
Multimedia Appendix 2.
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Table2. Overview of funding amounts determined for the included companies and scientific evidence obtained for the included digital behavior change

interventions.
Company name Funding DBCI® name Number of publications categorized by DPRP® recognition®
(million US$) evidence level®
Level 1 Level 2 Level 3
Noom Inc 657.3 Noom 1 7 0 Full
VirtaHealth Corp 373 Virta 0 7 0 None
Omada Health Inc 256.5 Omada 0 11 0 Full
Livongo Health Inc 235 Livongo 1 3 0 Full
VidaHealth Inc 188 Vida 0 2 0 Full
DarioHealth Corp 169 Dario 0 0 0 None
Informed Data Systems Inc (One Drop) 106.2 One Drop 0 2 0 Pending
Lark Technologies Inc 95.7 Lark 0 1 0 Full
Welldoc Inc 55.2 BlueStar 1 5 0 Pending
LivaHedthcare ApS 435 Liva 1 3 0 None
Twin Health Inc 435 Twin 0 1 0 None
Ovivalnc 33 Oviva 0 2 0 None
KKT Technology Pte Ltd (Holmusk) 313 GlycoLeap 0 1 0 None
Sweetch Hesalth Ltd 275 Sweetch 0 1 0 None
Nemaura Medical Inc 25 BEATdiabetes 0 0 0 None
Fruit Street Health Inc 155 Fruit Street 0 0 0 Full

3DBCI: digital behavior change intervention.

bPublication evidence level determined usi ng the criteria of the US Preventive Services Task Force.

°DPRP: Diabetes Prevention Recognition Program.

dRecognition was established as none, pending, preliminary, or full, in line with the DPRP.

Scientific Evidence

Totally 50 published studiesrelated to the 16 companies’ DBCls
focusing on effectiveness were identified, as shown in Table 2.
Further details on the study characteristics are available in
Multimedia Appendix 3. The publication dates ranged from
2008 to 2021, with 86% (43/50) of the studies published from
2016 onward. The sample size of each study ranged from 16 to
35,921 participants. Out of the 50 studies, only 4 (8%) had
quality level 1, evaluating DBCls Noom, Livongo, BlueStar,
and Liva. The remaining 46 studies (92%) had quality level 2.
No studies were found for interventions Dario, BEAT diabetes,
and Fruit Street. For 8 DBCls, the recognition status in the
DPRP of the US CDC was available, of which 6 DBCls
achieved full CDC recognition (Noom, Omada, Livongo, Vida,
Lark, and Fruit Street), and 2 DBCI s had a pending recognition
status (One Drop and BlueStar).

Effectiveness of DBCls

Of the 4 identified studies with quality level 1, 3 were RCTs
having a duration of 12 months involving interventions Noom,
BlueStar, and Liva[45-47], whereas 1 study involving Livongo
[48] was a6-month-long intervention tested within arandomized
crossover trial spanning 12 months, with crossover at 6 months.
BlueStar wasthe only intervention that resulted in asignificantly
greater improvement in the HbA . of the intervention group
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than that of the usual care group (mean difference 1.2%; 95%
Cl 0.5-1.9; P=.001) at 12 months follow-up [47]. In the study
with Noom, Toro-Ramos et al [46] found no difference in the
HDbA ;. (mean difference 0.006%; SE 0.07; P=.93) between the
intervention and control groups at 12 months follow-up [46].
Johansen et al [46] found that the Livaintervention did not reach
the prespecified criterion for equivalence (mean difference
-0.26%; 95% CI -0.52t0 —0.01; P=.15) [46]. In the randomized
crossover trial of Livongo, Amante et a [49] reported similar
rates of HbA . change in both groups (intervention/usual care
and usual carefintervention), and a significant treatment effect
(mean change for intervention/usual care—1.1%, SD 1.5; mean
change for usual carefintervention -0.8%, SD 1.5; P<.001)
during thefirst 6 months. However, in the mixed-effects model,
there was no significant improvement in HbA . between the
intervention and usual care conditions (mean change 0.4%;
P=.06). Compared to baseline, theinterventions of Noom, Liva,
and BlueStar showed HbA ;. reductions of 0.23% [45], 0.31%
[46], and 1.99% [47] at 12 months, respectively. Using Livongo
yielded HbA;. reductions of 0.9% and 1.2% for the
intervention/usual care and usua caref/intervention group,
respectively [48]. A summary of all the reported effectiveness
measures among the identified scientific publications can be
found in Multimedia Appendix 3.
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Characteristics of DBCls

The full list of the included DBCIs is outlined in Table 3.
Overdll, 11 DBCIs were found to address diabetes prevention
and management (Noom, Omada, Livongo, Vida, Lark,
BlueStar, Liva, Oviva, GlycoLeap, Sweetch, and
BEATdiabetes), whereas 4 DBCls addressed only diabetes
management (Virta, Dario, One Drop, and Twin), and 1 solely
focused on diabetes prevention (Fruit Street). The program costs
varied, ranging from US $19.99 to $249 per month, whereas
some were available on an annual basis or covered by health
care providers, health plans, or employers. Furthermore, 11
DBCIs(Noom, Virta, Omada, Vida, One Drop, BlueStar, Liva,
Oviva, Glycol eap, BEATdiabetes, and Fruit Street) involved
ahuman health professional aspart of theintervention delivery,
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and 2 DBCIs (Livongo and Dario) offered it as an optional
feature. Among the 3 remaining DBCls, 2 did not employ a
health professional (Lark and Sweetch), and this could not be
determined in 1 DBCI (Twin). Of the 16 included DBCls, 10
apps were accessibleto the authors. Only 1 of the 10 accessible
apps employed a CA (Lark).

We found that al the 10 accessible apps (10/16, 63%) tracked
health or behavioral outcomes using self-reports as well as
sensor and device analytics. Diet and body weight were the
most frequently tracked health and behavioral outcomes (n=10),
followed by physical activity or exercise (n=9), blood glucose
(n=7), blood pressure and HbA ;. (n=5), mood (n=3), sleep
(n=3), medication (n=2), waist circumference (n=1), well-being
(n=1), calories (n=1), heart rate (n=1), and stress (n=1).
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DBClI2name Hedthcontinuum Cost HHP? CACused Tracked hedth  Self-reports;
category involved and behaviora  sensor and de-
involv outcomes vice analytics
Noom Preventionand  US $59/month or $199/year Yes No Physical activi- Open questions,
management ty, body weight, ratings, multiple
sleep, diet, and  choice, physical
blood pressure  activity record-
ings, and ac-
celerometer gy-
roscope
Virta Management US $249/month plusaone-time $250 initiationfee  Yes _d — —
Omada Prevention and US $140/month for the first 4 months and Yes No Blood glucose, Open questions,
management $20/month for the following months physical activi- ratings, multiple
ty, body weight, choice, body
diet, and blood sensors, physi-
pressure cal activity
recordings, and
Bluetooth
Livongo Prevention and Purchase free; costs covered by employer, health  Yes, but No HbA 1.8, blood Open questions,
management plan, or health care provider optional glucose, physi- ratings, body
cal activity, ;’f”;;ﬁ;i’;h
body weight, di- ’
et, and blood f”d accelerome-
pressure er gyroscope
Vida Preventionand  Free download, free 1 week trial, and subscription  Yes No HbA ., physicd  Open questions,
management US $58.25-$79/month activity, body ~ ratings, multiple
weight, stress, ~ choice, and
and diet Bluetooth
Dario Management Basic US $25-$30/month, pro US $33-$40/month,  Yes, but — — —
and premium US $70-$85/ month optional
One Drop Management Digital membership US $19.99/month, supplies ~ Yes No HbA 4., blood  Openquestions,
$20.99/month, and combined package glucose, physi-  ratings, multiple
$30.99/month cal activity, choice, loca-
body weight,  tion, camera,
medication, di- and telephone
et, and blood
pressure
Lark Prevention and Lark Weight Loss Pro US $19.99, Lark Wellness  No Yes Physical activi- Open questions,
management Pro $14.99, and Lark Diabetes Prevention Program ty, body weight, ratings, multiple
Pro $119.99 sleep, mood, choice, Blue-
well-being, and  tooth, ac-
diet celerometer gy-
roscope, GPSf,
and app usage
BlueStar Prevention and Unclear Yes — — —
management
Liva Prevention, Man- Unclear Yes — — —
agement
Twin Management INRY 1450 (1 INR=US$0.01344) for al4-day trial; Unclear  — — —
price for continuous use unclear
Oviva Prevention and CHF" 484 (1 CHF=US$1.09204) carried by hedlth Yes No Blood glucose, Open questions,
management care provider physical activi-  ratings, multiple
ty, body weight, choice, and
mood, and diet camera
GlycoL eap Prevention and Free, but only availablefor diabetic and prediabetic  Yes No HbAq., blood  Openquestions,
management patients through their doctor if they are part of the glucose, body ~ ratings, camera,
project or through particular employers weight, mood,  Bluetooth, and
and diet photos
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DBCI2name Hedthcontinuum Cost HHPP CAC used Tracked hedth  Self-reports,
category . and behavioral  sensor and de-
involved outcomes vice analytics
Sweetch Prevention and Unclear No — — —
management
BEATdiabetes Preventionand  Unclear Yes No HbA., blood  Openquestions,
M anagement glucose, physi-  ratings, multiple
cal activity,  choice, and
body weight, Bluetooth
medication,
waist circumfer-
ence, and diet
Fruit Street Prevention US $19.99/month Yes No Blood glucose, Open questions,
physical activi- ratings, physical
ty, body weight, activity record-
deep, heartrate, ings, camera,
calories, diet, and Bluetooth

and blood pres-
sure

3DBCI: digital behavior change intervention.
PHHP: human health professional.
CCA: conversational agent.
d—app not accessible.

®HbA 1¢: glycated hemoglobin A .
fGPS: Global Positioning System.
9INR: Indian Rupee.

NCHF: Swiss Franc.

Thefindings regarding the usage of self-reportsaswell as sensor
and device analytics are summarized in Figure 2. In the 119
usages considered, self-reports were used 74 times (62%),
whereas sensor and device analytics were used 45 times (38%)
as the data source of the 10 accessible apps. Self-reports were
most frequently measured by closed questionsincluding ratings,
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RenderX

Likert scales, and multiple-choice questions (49 times, 41%)
followed by open questions (25 times, 21%). The sensor and
device analyticsthat were most frequently used were Bluetooth
and cameras, which were used 18 (15%) and 7 times (6%),
respectively. The darker color indicates a higher number of
occurrences.
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Figure 2. Gray scale illustrating the number of times health or behavioral outcomes were measured by self-reports or sensor and device analytics
summarized considering all the 10 reviewed apps. DA: device analytics, GPS: Global Positioning System.
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Discussion

Principal Results

Of the 16 companies and DBCls included in this review, only
4 were assessed for their effectiveness in changing HbA . via
high-quality RCTs. Results from the 4 RCTs analyzed indicate
these DBCIs have avarying effect on HbA ;.. For example, the
BlueStar intervention showed a significant improvement of
1.2% in HbA ;. compared to the usual care group at 12 months,
whereas the Noom, Livongo, and Liva interventions did not
show any significant improvements. Furthermore, there was a
widerangein the number of effectiveness studiesacross DBCIs,
with 1 study having no published scientific evidenceto 1 having
11 associated publications. We found a trend toward more
published studiesinvolving higher-funded companies, with the
3top-funded companies (Noom, Virta, and Omada) accounting
for more than half (26/50, 52%) of all publications. We also
found that 5 of the highest-funded DBCls achieved full
recognition status from the DPRP (Noom, Omada, Livongo,
Vida, and Lark), whereas only 1 among the lower-funded
companies with funding ranks 9 to 16 (Fruit Street) received
full DPRP recognition. Further, 2 DBClsin our sasmple (Dario
and BEAT diabetes) were neither recognized by the DPRP nor
had any published effectiveness studies available. More
adequately powered and high-quality RCTs are needed to
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confirm the effectiveness of top-funded DBCIs for type 2
diabetes prevention and management.

Recognition by national authorities to deliver evidence-based
programs can be an important reference point for potential
consumers and physicians when deciding to use or prescribe a
particular intervention program and can serveto incentivize the
adoption of impact-focused interventions[36]. Recognition can
benefit the companies offering the interventions by providing
sustainability and reimbursement for the intervention through
many private and public payers that require recognition, such
asMedicare[49]. Recognition can also be an effective marketing
tool and encourage referrals. However, we only found 1
certification program for evidence-based diabetes prevention
or management programs, which was the DPRP offered by the
US CDC [43]. This lack of quality assurance programs could
hamper consumers' and health care providers' decision-making
processes when identifying the most effective programs.
Therefore, additional quality assurance programsthat can certify
diabetes prevention and management interventions based on
evidence-based criteria are necessary, especially for diabetes
management interventions and in countries other than the United
States.

Reduction in HbA is one of the key clinical outcomes for
assessing the effectiveness of interventions for type 2 diabetes
prevention and management and is also one of the effectiveness
criteriato achieverecognition by the DPRP[44]. Inthe4 RCTs
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evaluated in our analysis, the Noom and Liva interventions
showed modest HbA ;. reductions of 0.2% to 0.3% [45,46],
whereasthe BlueStar and Livongo interventions showed higher
HbA ;. reductions of over 1% [47,48]. According to the criteria
of the DPRP, an HbA ;. reduction of 0.2 percentage points is
considered sufficient for a lifestyle change program to receive
recognition [44], although a change of 0.4% to 0.5% is
considered a clinically meaningful improvement [50]. The 4
RCTs reviewed [46-49] were also powered to detect changes
in HbA . between 0.4% and 1%. Therefore, this raises the
guestion of whether the effectiveness criterion of the DPRP
standards around the changein HbA ;. issufficient. Furthermore,
even though recognition from the DPRP guaranteesthat acertain
level of diabetes risk reduction was achieved because of a
specific DBCI, the recognition does not give any further
information on the magnitude of the reduction, as data that
companies submit to achieve DPRP recognition are not made
publicly available. Thislack of information limitstransparency
for researchers, investors, users, and payersto identify the most
effective programs. Moreover, this lack of data transparency
could become even more troublesome if companies that are
already recognized to deliver evidence-based programs arethen
unwilling to invest additional resources into research and
development. Therefore, we highlight the need for more
transparency regarding data related to the effectiveness of
DBCIs. We believe that our findings aso indicate the
importance of encouraging the digital health industry to build
more evidence-based DBCIs. Clarifying the regul atory landscape
around DBClsand devel oping incentives that lead to a stronger
customer market have been identified as 2 possible areas that
policy makers may address to foster such an encouragement
[36]. In addition, we recognize the poor standard of reporting
by the DBCI companies regarding the app features, employed
behavior change techniques, and information on what and how
sensing dataare being utilized. Thislack of transparent reporting
islikely because companiesthat devel op these proprietary apps
tend to be reluctant to disclose app detail sthat could potentially
be useful for competitors. From aresearch perspective, thislack
of transparency makes it difficult to compare intervention
features objectively. It also reveal sthe need for more transparent
reporting on the characteristics of DBCIs by the companies.

In our reviewed DBCIs, the most commonly tracked health and
behavioral outcomes were diet and body weight, which were
tracked in al the 10 accessible apps, followed by physical
activity or exercise, which was tracked in 9 apps. Other
frequently tracked outcomeswere blood glucose (7 apps), blood
pressure, and HbA ;. (5 appseach). Our findingsarein linewith
previous studies that reviewed apps for self-management and
lifestyle modification in type 2 diabetes patients [51-53] and
are also similar to the opinion of clinical experts regarding
important intervention components[53,54]. However, wefound
that less than 40% of health and behavioral outcomes were
measured using sensors and device analytics and that most
outcomes were measured by self-reports. Although such
self-reports can be used in the form of ecological momentary
assessments [55] that are closely related to the concept of J TAIs
[56], self-reports can be burdensomefor participantsto complete
and may lead to difficulties in keeping users engaged [25,57].
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Therefore, we believe that self-reports are not sufficient to
leverage the full potential of JITAls. The low usage of
measurements from sensor and device analytics indicates that
it is unlikely that the investigated interventions use JTAI
mechanisms to tailor the intervention content to the user. In
addition, there is no clear evidence on how these intervention
components are related to intervention effectiveness; therefore,
future studies must identify which DBCI features most
successfully impact intervention effectiveness.

Our review also aimed to assess the extent to which human
health professionals and automated CAs are used within the
DBCls. We found that 13 of the 16 DBCIs involved a human
health professional, of which 2 DBCls offered it as an optional
feature. We found that among the 10 apps that were available
to us, only 1 app used a CA. The high usage of human health
coaches alongside the low usage of CAs, and the unlikely use
of JTAI mechanisms to tailor intervention content, indicates
the low use of automation among the investigated DBCls. This
limitsthe overall scalability of existing DBClsand the potential
of theinterventionsto reach agreater proportion of the eligible
population [58] because the involvement of human health
coachesis generally time- and resource-intensive.

We identified 4 potential reasons that might account for this
low use of automation among the investigated DBCIs. First,
automated approaches, such as CAs, are il part of an emerging
area within type 2 diabetes management and DBCls. It is
possible that users might have concerns when relying on CAs
for actionable medical information around diabetes[59]. Second,
app features that use sensor technologies might not be
adequately developed to replace input from human health
professional s or self-report methods, thusleading to significant
user burden. For example, the current state-of-the-art food
volume estimation approaches to assess dietary intake are not
yet usable in commercial apps due to several gaps and
technological issues [60]. Therefore, many apps rely on user
inputs, for example, by selecting serving sizes of identified
foods, based on which nutritional values can be estimated [60].
Third, there appears to be insufficient evidence to support the
widespread use of fully automated approaches without remote
access to a human health professional [13]. Thus, additional
RCTsor cohort studies that directly compare DBClsinvolving
digital human coaches with fully automated approaches are
needed to better understand the potential and effectiveness of
automated DBCIs. Fourth, in the current standards and operating
procedures of the DPRP, liveinteractionswith lifestyle coaches
should be offered at least on a weekly basis during the first 6
months[44]. Although email and text message interactions may
contribute toward thisrequirement, it islikely to be challenging
for companies aiming to offer fully automated DBCIs to meet
this requirement. Recognition by the DPRPis valuableto many
companies [49]; nevertheless, satisfying the requirement of
offering live coaching interactions prevents the recognition of
fully automated approaches and limits the scalability of DBCls
for type 2 diabetes prevention. Further research is warranted to
establish if human coaches are indeed necessary to deliver an
effective lifestyle change program.
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Strengths and Limitations

This study has several strengths. First, we conducted a
comprehensive company search involving 2 widely used venture
capital databases [35], and we had 3 independent digital health
experts confirm that thefinal list of included companies covered
the market. Second, we conducted comprehensive data
extraction using multiple sources, including databases,
intervention websites, peer-reviewed publications, and mobile
apps. Third, we summarized only the highest quality scientific
evidence on the effectiveness of the included DBCls.

However, our review has some limitations. First, even though
we identified the top-funded companies in the field, this does
not guarantee that their interventions reach a significant
proportion of the target population. Many of the reviewed
companies are till in the start-up phase where they typically
acquire considerable funding; however, their DBCls may have
limited accessibility, for example, only through referral by
partnering clinicians. Second, we were only able to access 10
out of the 16 DBCI apps, as some apps were only accessible
with a subscription service, in a specific geographic region,
with a doctor’s prescription, an access code, or through an
employer subscription. Although we systematically contacted
the companies and requested app access, we only received
additional access to 5 paid or proprietary apps through the
companies. Third, we were unable to access, and therefore
assess, any additional devices that may have accompanied the
DBCI apps. Some of these devices record additional health
parameters via sensors, such as (smart) blood glucose meters,
(smart or wireless) scales, activity trackers, or smartwatches.
Therefore, we could not assess all the functionalities of these
devices, which limited the comprehensiveness of our review.
Fourth, we were not able to assess certain app featuresthat were
behind a paywall. This was often the case for support that was
delivered through health professionals. Fifth, the DPRPis only
relevant for interventions targeting diabetes prevention and
therefore does not cover DBCIs that solely target diabetes
management. In addition, not all reviewed DBClswereavailable
in the United States; consequently, they are not eligible to
achieve recognition by the DPRP. Sixth, given that most of the
investigated DBCIls and all DBCIs with a corresponding fully
powered RCT address diabetes management and diabetes
prevention, it was not feasible to separately report the results
in these 2 categories.

Acknowledgments

Keller et a

Comparison With Prior Work

This is the first systematic assessment of the top-funded
companies that offer DBCIs for type 2 diabetes prevention or
management. Previous reviews have focused on appsand digital
interventions for diabetes management, but they were mostly
limited to interventions reported in scientific research without
aparticular impact on the market [51,52,61-64]. These reviews
generdly found DBCls to be effective in improving
diabetes-related outcomes, particularly HbA . [51,52,61-64],
whichisinlinewith our findings; nevertheless, they also concur
that the current evidence is limited and there is a need for
adequately powered, rigorous trials with long-term follow-ups
to determine the clinical and economic impact of such
interventions [52,65]. In terms of JTAIs, a recent systematic
review investigating popular mental health appsfor individuals
with depression concluded that JITAl mechanisms have not yet
been translated into mainstream depression apps [66], which
also aligns with our findings.

Conclusions

Our findings suggest that the level of funding received by
companies offering DBCIs for type 2 diabetes prevention and
management does not coincide with the level of evidence on
the intervention effectiveness. There is significant variation in
the level of evidence underpinning the different DBCls and an
overall need for more rigorous effectiveness trials as well as
additional certification programs for evidence-based diabetes
prevention and management interventions in countries other
than the United States. In addition, we emphasize the need for
more data transparency from quality assurance authorities to
inform stakehol ders and consumers on how effective each DBCI
is in improving diabetes-related outcomes. We further found
low usage of CAs, an unlikely use of JTAI mechanisms, and
ahighlevel of support from human health professionals among
the apps investigated, which indicates low usage of automated
approaches. Because automation and technology are critical
factorsto increasethe interventions’ scalability, further research
is warranted to establish the effectiveness of fully automated
DBClIs in comparison to those offering support from human
health professionals. Finaly, we recommend that national
authorities such as the DPRP help reduce barriers for the
recognition of fully automated approaches and encourage policy
makers to foster an environment that encourages the digital
health industry to build more evidence-based solutions.
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Abstract

Background: An understanding of the technology acceptance of home-based cardiac telerehabilitation programs is paramount
if they are to be designed and delivered to target the needs and preferences of patients with coronary heart disease; however, the
current state of technology acceptance of home-based cardiac telerehabilitation has not been systematically evaluated in the
literature.

Objective: We aimed to provide a comprehensive summary of home-based cardiac tel erehabilitation technology acceptancein
terms of (1) the timing and approaches used and (2) patients' perspectives on its usability, utility, acceptability, acceptance, and
external variables.

Methods: We searched PubMed, CENTRAL, Embase, CINAHL, PsycINFO, and Scopus (inception to July 2021) for
English-language papers that reported empirical evidence on the technology acceptance of early-phase home-based cardiac
telerehabilitation in patients with coronary heart disease. Content analysis was undertaken.

Results: Thesearchidentified 1798 studies, of which 18 studies, with 14 unique home-based cardiac tel erehabilitation programs,
met eligibility criteria. Technology acceptance (of the home-based cardiac telerehabilitation programs) was mostly evaluated at
intra- and posttrial stages using questionnaires (n=10) and usage data (n=11). The least used approach was evaluation through
gualitative interviews (n=3). Usahility, utility, acceptability, and acceptance were generally favored. External variables that
influenced home-based cardiac telerehabilitation usage included component quality, system quality, facilitating conditions, and
intrinsic factors.

Conclusions: Home-based cardiac telerehabilitation usability, utility, acceptability, and acceptance were high; yet, a number
of external variablesinfluenced acceptance. Findings and recommendationsfrom thisreview can provide guidance for devel oping
and evaluating patient-centered home-based cardiac telerehabilitation programs to stakeholders and clinicians.

(J Med Internet Res 2022;24(1):€34657) doi:10.2196/34657
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technology acceptance; coronary heart disease; home-based; tel erehabilitation; web-based; mobile application; acceptance; heart;
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Introduction

Within the spectrum of cardiovascular diseases, coronary heart
disease is the most common cause of mortality and morbidity
globally and presents a major health care burden [1]. Cardiac
rehabilitation is a widely accepted treatment modality for
secondary prevention of coronary heart disease [2], but
long-standing challenges regarding accessibility to cardiac
rehabilitation facilities, conflicing work and care
responsibilities, low socioeconomic status, and costs of
rehabilitation programs have led to disappointingly low reported
uptake rates among eligible patients worldwide (10% to 30%
[3]). A recent challenge is the COVID-19 pandemic [4]. In the
acute phase of the pandemic, nonurgent outpatient services,
such as center-based cardiac rehabilitation, were partially or
completely closed as limited resources and personnel were
redirected to critical areas. Even in the long-term phase of the
pandemic, efforts to limit the spread of COVID-19 infection
through measures such as safe distancing further limited the
capacity for delivery of center-based cardiac rehabilitation group
exercise and therapy sessions [5]. Thus, alternative secondary
prevention strategies for coronary heart disease are a priority
across health care systems during the COV1D-19 pandemic and
beyond [4].

Home-based cardiac telerehabilitation—defined as the use of
information and communication technol ogies (eg, mobile- and
web-based platforms, wearable sensor devices) to deliver remote
exercise supervision, education, counseling on cardiovascular
risk factor modification, and psychosocia support exclusively
at home—is one such emerging alternative [6]. A recent
systematic review and meta-analysis [7] of randomized
controlled trials comparing home-based cardiac telerehabilitation
to center-based cardiac rehabilitation in patients with coronary
heart disease found equivalent effects on functional capacity,
cardiac-related hospitalization, physiological risk factor control,
quality of life, depression, and behaviors such as physical
activity, smoking cessation, and medication adherence.
However, adapting digital solutions for health problemsis not
without its challenges; attempts to scale up effective digital
health research interventionsinto real-world health care systems
have been met with difficulty, especially for complex
interventions that require user interaction [8,9]. The successful
incorporation of such digital health technologies into clinical
practice is contingent upon end-users’ (ie, patients) acceptance
and sustained engagement with the intervention, and thus, these
are important aspect for researchers, health care systems, and
policymakers to consider [9,10].

The technology acceptance model provides a framework for
modeling end-user acceptance [11] and theorizes that both
perceived usefulness (ie, utility) and perceived ease of use (ie,
usability) of atarget system directly influence intention to use
(ie, acceptability), which then influences actual system use (ie,
acceptance of the system) [11]. External variables such as
technology self-efficacy and training, objective system design
features, and the process of system implementation are thought
to indirectly influence system acceptability and acceptance by
influencing system utility and usability [11]. An understanding
of the wusability and utility of home-based -cardiac
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telerehabilitation programs is paramount if they are to be
designed and delivered to target the needs of patients with
coronary heart disease in a way that ensures programs are
accepted. However, the current state of technology acceptance
of home-based cardiac telerehabilitation has not been
systematically evaluated in the literature. We aimed to provide
a comprehensive summary of the technology acceptance of
home-based cardiac telerehabilitation among patients with
coronary heart disease.

Methods

Study Design

We performed a systematic scoping review to comprehensively
collate, summarize, and map [12,13] existing evidence on
home-based cardiac telerehabilitation research in terms of
usability, utility, acceptability, and acceptance testing. We used
the Arksey and O'Malley methodological framework [12]:
identifying the research questions, identifying relevant studies,
study selection, charting the data, collating, summarizing, and
reporting the results. To ensure quality and transparency, this
review was conducted and reported in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-analyses
Scoping Review guidelines [14]. A review protocol (not
registered) was prepared prior to the start of this review.

I dentifying the Research Question

Thefollowing research questions were identified to answer the
objective of thisreview: (1) What are the timing and approaches
used to evaluate the technology acceptance attributes in
home-based cardiac telerehabilitation? (2) What are patients
perspectives on the technology acceptance constructs (ie,
usability, utility, acceptability, acceptance, and external
variables) of home-based cardiac tel erehabilitation?

Identifying Relevant Studies

We followed recommendations by Arksey and O'Malley [12]
and undertook an iterative approach, through ongoing
consultations with a university resource librarian throughout
the search process, to identify relevant literature. We piloted an
initial search strategy in PubMed and EMBASE to identify a
sample of relevant papers. Thiswas followed by an analysis of
the keywords used in thetitlesand abstracts and in theindexing
of these relevant papers. Preliminary results revealed that terms
related to the concept acceptance were not commonly indexed
inrelevant papers. Thereafter, we used termsrel ated to coronary
heart disease, rehabilitation, and telehedth. We searched
PubMed, Cochrane Central Register of Controlled Trials,
Embase, Cumulative Index to Nursing and Allied Health
Literature, PsycINFO, and Scopus databases (inception to July
2021). Nolimitson study design were placed. Additionaly, we
manually searched the reference lists of relevant systematic
reviews and papers included in this review (Table S1 in
Multimedia Appendix 1).

Study Selection

Overview
Literature evaluating the technology acceptance constructs of
home-based cardiac telerehabilitation that used empirical
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methods (both quantitative and qualitative) and were published
in English were considered. Case reports, conference abstracts,
editorials, protocols, and reviews were excluded. The PCC
(Population, Concept, Context) framework [14] was used to
develop and set the inclusion and exclusion criteria. Search
results were imported to Endnote (version X9, Clarivate
Analytics) for management. Two independent authors were
involved in the study selection process. Records deemed rel evant
by both authors were included. Consultation with athird author
was used to resolve any disagreements regarding inclusion.

Population

Papers with a study population of patients with a documented
medical diagnosis of coronary heart disease, acute coronary
syndrome, myocardial infarction, angina pectoris, or who had
undergone revascularization (ie, coronary artery bypassgrafting
or percutaneous coronary intervention) were included. We
excluded papers with a study population of patients with heart
failure (regardliess of |eft ventricular gection fraction), astheir
therapeutic needs and subsequent evaluations of home-based
cardiac telerehabilitation in terms of usability, utility,
acceptability, acceptance, and external variables would differ
considerably from those of patientswith coronary heart disease.

Concept

For the purpose of this study, the constructs of the technology
acceptance model were conceptualized as follows: (1)
usability—degree to which the system is easy to use and free
of effort; (2) utility—degree to which the system improves
user's performance and functions as intended; (3)
acceptability—behavioral intention or willingness to use the
system; and (4) acceptance—actual usage of the system [11,15].
Home-based cardiac tel erehabilitation was defined asany mobile
health app or website used either as a stand-alone platform or
supplemented with other modes of delivery, such as telephone
or video calls, short message service, email, or telemonitoring,
to exclusively deliver early cardiac rehabilitation or secondary
prevention [6]. The decision to focus on mobile- or web-based
home-based cardiac telerehabilitation was made with the purpose
of scoping the technologiesthat allowed for greater interaction,
flexibility, and independence in rehabilitation programs. Papers
were included if they addressed the testing and evaluation of
technology acceptance constructs from patient perspectives.
L ate-phase home-based cardiac telerehabilitation programs, in
which thefocusis placed on long-term maintenance of lifestyle
change, were excluded since we were only interested in the
early and active rehabilitation phase (ie, focus on health behavior
change, risk factor modification and psychosocial well-being.).

Context

The context for telerehabilitation programs was limited to those
in ahome setting only; hence, we excluded home-based cardiac
telerehabilitation delivered alongside center-based cardiac
rehabilitation (ie, hybrid cardiac rehabilitation services).

Charting the Data

Authors, publication year, country of origin, study design,
subcategory of coronary heart disease population, sample size,
characteristics of home-based cardiac telerehabilitation program,
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approach, and timing of technology acceptance evaluation data
were extracted by the first author and confirmed by the second
author, who made adjustments and included additional
information where necessary. Features of the home-based
cardiac telerehabilitation programs were categorized according
to recommendations by Whitelaw et al [16] to facilitate uptake
of digita hedth interventions. We categorized the core
components present in the home-based cardiac telerehabilitation
programs using American Heart Association classifications[6].

Coallating, Summarizing, and Reporting the Findings

We used a 3-phase process [17] to systematically conduct our
content analysis of the technology acceptance of home-based
cardiac telerehabilitation among patients with coronary heart
disease: preparing, organizing, and reporting of data. Because
the aim of the review was to structure a descriptive analysis of
home-based cardiac telerehabilitation acceptance based on the
constructs of the technology acceptance model, we used a
deductive content analysis approach [18,19].

A structured categorization matrix was prepared based on the
constructs of the technology acceptance model: usability, utility,
acceptability, acceptance, and external variables. Two authors
concurrently and independently reviewed all the studies for
content and coded data that corresponded to categories in the
matrix. Content that did not fit into the other categories was
gathered and coded under the category external variables and
was analyzed based on the principle of inductive content
analysis—open coding was undertaken, and datawere grouped
into similar categories and labeled with subcategories using
content-characteristic words [17]. After data were organized,
each author reviewed all of the studies under each category to
check thereliability of the content analysisprocessand identify
discrepancies in the collating and categorization of study data.
Discussions were held until both authors were in agreement
with the content under each category. Consultation with athird
author was used to resolve any disagreements. The timing of
home-based cardiac telerehabilitation evauations was
categorized based on when evaluation was undertaken relative
tothetria implementation stage—pretrial, intratrial, or posttrial.

Quality appraisal was not performed as the objective of this
scoping review was to provide an overview of the existing
evidence on the evaluations of usability, utility, acceptability,
and acceptance in home-based cardiac telerehabilitation,
regardless of the quality of the evidence [12].

Results

General

The search generated 1136 unique papers. After title and abstract
screening, 1084 papers were excluded. The remaining 52
full-text paperswereretrieved and screened, and 35 paperswere
excluded (Table S2 in Multimedia Appendix 1). Manual
searches of the reference lists of relevant papers identified 1
paper for inclusion; therefore, 18 papers [20-37], with 14
independent home-based cardiac telerehabilitation programs,
were included in this review (Figure 1).
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-analyses) flow diagram. HBCTR: home-based cardiac telerehabilitation.

Characteristics of Studies

Studies included in this review (Table S3 in Multimedia
Appendix 2) were published between 2007 and 2021; the
majority (n=14) were published after 2013. Studies were
conducted in thefollowing countries; China[23,24,28,31,33,34];
Australia [29,30,32,36]; Canada [35-37]; United States of
America [22,25]; United Kingdom [20,21]; and New Zealand
[27]. Studies included patients who had the following: stable
angina; myocardial infarction; stable coronary heart disease; or
underwent coronary revascularization (ie, coronary artery bypass
grafting or percutaneous coronary intervention). In studies that
reported age and gender of participants, the mean age of patients
ranged from 53 to 66 years and the proportion of female patients
ranged from 9.4% to 33%. Devi et a [21] and Varnfield et al
[29] were earlier papers reporting on the same home-based
cardiac telerehabilitation programs as those in Devi et a [20]
and Varnfield et a [30], respectively. Zutz et a [35] and Lear
et al [36] were both earlier papers reporting on the same
home-based cardiac tel erehabilitation program asthat in Banner
et a [37].
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Characteristics of Home-Based Cardiac
Telerehabilitation Programs

Home-based cardiac tel erehabilitation programs were delivered
mainly via smartphone apps (n=11) and websites (n=3) and
were supplemented by other modes of delivery: text messaging
(n=6), telephone calls (n=5), emails (n=2), videoconferencing
(n=1), and telemonitoring (n=10). Telemonitoring devices that
supported remote supervision of exercisetraining by the cardiac
rehabilitation team and patients’ self-monitoring of physical
activity included heart rate monitors, accelerometers, and
pedometers.

Features of the home-based cardiac telerehabilitation programs
included engagement of stakeholders, clinicians, and patients
throughout the design or devel opment of the home-based cardiac
telerehabilitation program (n=3); testing of the home-based
cardiac telerehabilitation program by cardiology experts and
patients (n=8); provision of face-to-face training on use of
home-based cardiac telerehabilitation for patients (n=10);
ongoing technical support throughout home-based cardiac
telerehabilitation program (n=4); and consideration of data
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privacy and security in the use of technologies in home-based
cardiac telerehabilitation (n=7).

The American Heart Association core components|[ 6] that were
present in the home-based cardiac telerehabilitation programs
were patient assessment (n=14), exercisetraining (n=13), dietary
management (n=10), risk factor management (n=11), medication
adherence (n=8), and psychosocial support (n=6). Only 5 studies
[23,24,26,30,31] had a comprehensive home-based cardiac
telerehabilitation program that included all the core components
(Table $4 in Multimedia Appendix 2).

Timing and Approachesto Evaluation

Home-based cardiac tel erehabilitation programs were commonly
evaluated at the pretrial stage (n=5) and using a combination

Ramachandran et al

of intraand posttrial measures (n=4), followed by intratrial only
(n=3), posttrial only (h=1) and a combination of pre-, intra,
and posttrial measures (n=1) (Figure 2). Thefollowing methods
were used to evaluate home-based cardiac telerehabilitation:
guestionnaires (n=10); usage data (n=11); and interviews (n=3).
Except for one study [22] that used the System Usability Scale,
the remaining questionnaires used were ad hoc surveys. Yu et
al [33] used a combination of captured usage data and
patient-report questionnaires to evaluate acceptance of
home-based cardiac telerehabilitation at both the intra- and
posttrial stage. Higgins et al [26] used both questionnaires and
interviews to evaluate both usability and utility of their
home-based cardiac telerehabilitation program.

Figure 2. Evaluation timing (left) and approach (right) over the dimensions of the technology acceptance model constructs. HBCTR: home-based

cardiac telerehabilitation.

Number of HBCTR programs
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Timing of HBCTR Evaluation
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O Usability

O Utility

1

Questionnaires Usage Data Interviews

Approach to HBCTR Evaluation

Usability

Of the 18 studies, 7 studies [22,25-27,29,32,37] reported the
usability of home-based cardiac telerehabilitation programs.
Specific outcomes measures within the usability construct
included perceived ease of system use and navigation
[22,25,29,32], ease and comfort of use of wearable devices[27],
system learnability [22,26], and comprehension and ease of
undertaking tasks on the system [27,37]. Overall, studies
reported high usability rating scores and qualitative feedback

from  participants regarding homebased cardiac
telerehabilitation use.
Utility

Specific outcomes measureswithin the utility construct included
perceived usefulness in supporting behavior change
[21,23,26,27,37], in managing psychol ogica well-being[21,26],
in controlling symptoms [21], in tracking goals and progress
[21,25-27,37], in reducing outpatient visits [23], and of the
overall home-based cardiac tel erehabilitation system [23,29,33].
Utility of home-based cardiac tel erehabilitation was generally
favorably perceived, with the exception of 2 studies[29,33] in
which perceived usefulness of the system was rated poorly.

Acceptability

High rates of acceptability werereported in 3 studies[22,27,33],
ranging from 81.3% to 88% of participants who agreed that
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they would continue to use the home-based cardiac
telerehabilitation system regularly after they had completed the
study intervention period. Prior to system use, one study [24]
reported an acceptability rate of 59.3% (participants who were
potentially willing to participate in a home-based cardiac
telerehabilitation program).

Acceptance

Most studies reported participants' usage of the home-based
cardiac telerehabilitation system either through direct evaluation
of program usage data or through self-reported participant
survey responses (Table 1). Studiesincluded avery broad range
of outcome measures including engagement with home-based
cardiac telerehabilitation [20,22,23,33,35,36] (ie, frequency and
volume of website log-ins, smartphone app usage, activity
tracker wear time); tasks completed [22,23,25,31,33] (ie,
frequency and volume of educational modules reviewed, vitals
logged, counseling sessions attended, response to program
reminders), and captured exercise data[22,27,28,30,32,34] (ie,
objective telemonitoring data on the uptake, adherence, and
completion of prescribed exercise sessions and goals). Overall,
usage was high, reflecting high end-user acceptance. Only 5
studies [22,25,30,33,34] reported usage data for specific
components over time to determine the timepoints when
participant usage tapered or ceased (Figure 3).
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Table 1. Acceptance of home-based cardiac tel erehabilitation programs.

Method, definition of actual use, and data timepoint

Acceptance of home-based cardiac tel erehabilitation program

Program usage data

Engagement with home-based cardiac telerehabilitation program

6 weeks

12 weeks

16 weeks

24 weeks

Tasks completed
12 weeks

16 weeks

24 weeks

52 weeks

Captured exercise data

6 weeks

8 weeks

12 weeks

24 weeks

Mean total number of 29 website log-ins (range 7-44; average 5 times per week)
[20,21]

Mean total number of 50 website log-ins (range 26-86; average 4.2 times per week)
[35]

Wearable worn for amedian of 61 of 84 study days (IQR 35-78) for amedian of
12.7 hours (IQR 11.1-13.8) per day [22];

Mean decrease in wear time of 0.06 hours per week over 12 weeks [22]

Mean total number of 27 website log-ins (range 0-140) [36]

Proportion of participants who used and operated the app was 88.1% (4 weeks);
42.5% (8 weeks); 26.3% (12 weeks); 13.0% (16 weeks); 10.2% (20 weeks); 9.2%
(24 weeks) [33]

Participants completed an average off 66% (range 12.5%-100%) of weekly tasks
(ie, intake form, heart rate upload, blood pressure data entry) [35]

Median number of 11 weekly telephone counseling sessions attended; 91.7% of
weekly telephone counseling sessions completed [22]

Blood pressure recordings logged 3.6 (SD 2.1) times per week (at 4 weeks) and 3.6
(SD 1.9) (at 12 weeks); weight recordings logged 3.3 (SD 2.2) times per week (at
4 weeks) and 3.4 (SD 1.7) (at 12 weeks); mean 26.3 (SD 17.2) health-related mes-
sages text messages sent; reported exercises that met prespecified target heart rate
an average of 3.5 (SD 1.4) times per week (at 4 weeks) and 3.5 (SD 1.1) times (at
12 weeks) [25]

41% of participants uploaded =32 exercise reports (average 2 exercise sessions per
week); 26% of participants uploaded the required 8 blood pressure reportsthroughout
study [36]

Total of 122 individua chat sessions (mean 3.6 per participant) with either nurse,
dietician, or exercise specialist [36]

Participants used an average of 2.4, 2.6, and 2.7 hours of nursing, dietitian, and ex-
ercise specialist time, respectively [36]

Proportion of participants who responded to medication reminders and health ques-
tionnaireswas 34% (4 weeks); 21.2% (8 weeks); 14.2% (12 weeks); 11% (16 weeks);
8.3% (20 weeks); 7.7% (24 weeks) [33]

96.3% of participants read education papers 4 times per month; 98.8% of participants
consulted with their health care managers 1-4 times per month; 82.7% of participants
sent their test results (ie, blood pressure and blood results) 4-8 times over 52 weeks
(31]

86.6% of participants completed scheduled exercise sessions [32]
Uptake® rate: 80%; adherence® rate: 94%; completion® rate: 80% [30]

Uptake rate: 87%; adherence rate: 75%; completiond rate: 75% [34]

86% of prescribed exercise goals completed over the 12-week study period; average
decline of 8% completion per additional study week; 34% of walking goas completed
over the 12-week study period; mean weekly increase in completion rate of 1% per
additional week [22]

Adherence rate to prescribed exercise was 58.34% (range 0-100) [27]

Participants exercised an average of 5.1 (SD 0.6) times aweek; each timewas 31.4
(SD 4.5) minutes [28]
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Method, definition of actua use, and data timepoint Acceptance of home-based cardiac tel erehabilitation program

Self-reported survey responses
Engagement with home-based car diac telerehabilitation program

24 weeks o 100% of participants received WeChat modul es and messages [23]
o 17.4% of participants reported using the app every day; 44.6% of participants often
forgot to use the app [33]
Tasks completed
24 weeks o 95% of participants read 75%-100% of WeChat modules and messages; 89% of

participants read WeChat modules more than twice) [23]

8Uptake was defined as attending baseline assessment, and uploading exercise data once to the home-based cardiac telerehabilitation platform.
bAdherence was defined as uploading 4 weeks of exercise data onto the home-based cardiac tel erehabilitation.

CCompletion was defined as attendance at the 6-week assessment.

dCompl etion was defined as attendance at the 8-week assessment.

Figure 3. Technology acceptance of home-based cardiac telerehabilitation (HBCTR) programs.

Component/Content Quality
Remote supervision & feedback
Self-management activities
Self-monitoring features
Tailored education content
Interaction with healthcare professionals
& peers

Individualized exercise prescription

/

Utility
(Perceived Usefulness of HBCTR)
Support behavior change
Manage psychelogical well-being
Control symptoms
Track goals & progress
Reduce outpatient visits

System Quality
Server connection
Reliability of technology system
(battery life, signal strength)

Acceptance
(Actual System Use of HBCTR)
Engagement with HBCTR program

I
Tasks completed

\ Captured exercise data

Acceptability
(Intent to Use HBCTR)
Willing to participate
Willing to continue use

.

[

/

Facilitating Conditions
Convenient time/location
Access to technology
Early program intreduction
Weather conditions

Usability
(Perceived Ease of Use of HBCTR)
System navigation
Wearable device use & comfort
Systemn learnability & comprehension
Performing tasks on the system

Intrinsic Factors
Lack of time

Lack of motivation

Technology self-efficacy
Technology reliability & accuracy beliefs

Age-related beliefs

Technology anxiety
(safety and data privacy)

r \
| |

[
|

|
|

|
|

[
|

|
|

|
|

I
|

|
|

[
|

|
|

|
|

[
|

|
|

[
|

|
|

|
|

[
|

|
|

|
! ]
] |

|
|

[
|

|
|

|
|

[
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|
] |
\ J

External Variables

Component Quality

The magjority of the existing literature (n=8) on home-based
cardiac telerehabilitation evaluation reported the program
components that participants valued: remote supervision and
feedback [21,24,27-29,37], support for self-management and
self-monitoring [21,24,27,35,37], range of relevant educational
modules [21,26,28], ability to communicate with health care
professionals [21,27,35], and individualized exercise
prescription [27]. Participants desired more interactive
components such as chat platforms and noticeboardswith peers
to facilitate peer interaction and support [26,27,35] and greater
intra- and postprogram support [27]. Participants in one study
[26] wanted specific education content pertaining to death
anxiety, and content that aligned rehabilitation goals with the
purpose of living.

https://www.jmir.org/2022/1/e34657

RenderX

System Quality

Two studies [32,35] detailed participants’ perspectives on the
technical efficiency of the home-based cardiac telerehabilitation
system. Specifically, issues relating to server connection and
reliability of the technology (ie, equipment battery life and
signal strength) were reported as these influenced participants
ability to engage with the program without interruption.

Intrinsic Factors

Participants reported several intrinsic factors at the individual
level that influenced how they perceived home-based cardiac
telerehabilitation programs (n=5). These included lack of time
[21,27,37], lack of motivation [21,27,37], perceived sl f-efficacy
in operating the telerehabilitation system [28], perceived
reliability and accuracy of technology [24], apprehension rel ated
to safety and data privacy [24], and preconceived beliefs
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regarding the suitability of home-based cardiac telerehabilitation
for older age[21,27].

Facilitating Conditions

The existence of resource and situationa factors facilitated the
usage of home-based cardiac telerehabilitation programs in
included studies (n=5). Participants val ued the accessibility and
convenience offered by home-based cardiac telerehabilitation
as it overcame redtrictions related to time and location
[21,27,37], but some expressed that regular accessto theinternet
and computers would have facilitated uninterrupted usage of
the program in earlier studies [29,37]. Situational factors such
astiming of program introduction al so influenced participants
perception of home-based cardiac telerehabilitation usage
[21,26]. Participants reported wanting the program to begin
sooner after their diagnosis to facilitate early establishing of
routines and prevent potential cardiac complications [21,26].
Wet and cold seasons were reported as a barrier to outdoor
physical exercises[21].

Details of the externa variables, usability, utility, and
acceptability of home-based cardiac telerehabilitation reported
in included studies can be found in Table S5 (Multimedia
Appendix 2).

Discussion

Principal Findings

In our scoping review, we found that most evaluations were
undertaken at the intratrial and posttrial stage using singular
methodological approaches, and although home-based cardiac
telerehabilitation had high usability, utility, acceptability, and
acceptance, patients reported a number of external variables
such as component quality, system quality, intrinsic factors,
and facilitating conditions that influenced how they interacted
with the home-based cardiac telerehabilitation program.

Timing of Home-Based Cardiac Telerehabilitation
Evaluation

Early evaluation of end-user acceptance and feasibility issues
can critically inform the development and design of digital
interventions and mitigate risks that an intervention is later
undesirable or even abandoned at trial implementation stages
[10,38]. Through our scoping review, we found that the magjority
of home-based cardiac telerehabilitation programs reported
evaluations of technol ogy acceptance either during or after trial
implementation; evaluations wererarely reported at the pretrial
stage. This may reflect atendency in implementation research
to prioritize the evaluation of trial intervention effectiveness
over trial implementation effectiveness [39]. Yet, achieving
intended trial effects is greatly dependent on participants
sufficient engagement with the implemented technology in a
trial that strongly appeals to their contextual health care needs
[10]. Hence, thereis a need for future research on home-based
cardiac tel erehabilitation to refocus efforts of program evaluation
more upstream, so that identified technology acceptanceissues
can be addressed and programs finetuned to ensure optimal
success before trial implementation.
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Approachesto Home-Based Cardiac Telerehabilitation
Evaluation

Our review of the methodological approaches used to evaluate
the technology acceptance constructs in home-based cardiac
telerehabilitation revealed 3 main concerns. First, although
home-based cardiac telerehabilitation programs used either
guantitative (ie, survey questionnaires) or qualitative (ie,
interviews) approaches to evaluate usability, utility, and
acceptability, only 3 studies [21,26,37] employed qualitative
methods (Figure 2), and only one study [26] used both
approaches in tandem to evaluate the same technology
acceptance attribute. Questionnaires are usually inexpensive
and useful in gathering quantitative data in large samples but
lack the ahility to facilitate comprehension of in-depth individua
variation in behaviors, perspectives, and experiences that
qualitative interviews provide [40]. Such information is crucial
to designing and delivering homebased cardiac
telerehabilitation programsthat truly match patients’ needsand
preferences. We recommend that future home-based cardiac
telerehabilitation programs empl oy a mixed methods approach,
comprising both quantitative and qualitative methods to
guarantee evaluation resultsthat are practical, interpretable, and
comprehensive [40].

Second, apart from one study [22] that used the System Usability
Scale questionnaire, the remaining home-based cardiac
telerehabilitation programs in this review used customized ad
hoc questionnaires to measure the constructs of technology
acceptance. This corresponds with the findings of previous
reviews [38,41], which mostly included studies that evaluated
digital health technology acceptance attributes using quantitative
measures that lacked the psychometric properties of reliability
and validity. This finding highlights an apparent scarcity of
validated toolsto eval uate technol ogy acceptancein the context
of digital health [38]. Furthermore, this could reflect the need
for researchersto develop their own questionnairesthat consider
program-specific components, with general acceptance concepts,
to allow for an assessment of technology acceptance attributes
that is tailored to the particular home-based cardiac
telerehabilitation context and popul ation. However, this makes
comparing results across studies challenging. It would be
commendabl e to see future research efforts dedicated to adapting
existing questionnaires or even validating new tools that
encompass the unique home-based cardiac telerehabilitation
context. We believe that having such generalizable measures
can greatly advance home-based cardiac telerehabilitation
research and practice by creating opportunities for comparable
data on technology acceptance constructs to be analyzed and
for comparative benchmarks to be set in home-based cardiac
telerehabilitation program eval uation.

Third, home-based cardiac telerehabilitation programs had
varied definitions and measurements of acceptance (ie, actual
system usage) (Table 1). This is consistent with previous
literature on the use of digita heath technologies for
cardiovascular disease self-management [42] and may be
indicative of attempts to examine the multifarious behavior
changes addressed in cardiac rehabilitation. Given that user
engagement with technology isadynamic process occurringin
a self-directed manner by which users continually decide to
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either use or abandon atechnology system [38,43], evaluations
of home-based cardiac telerehabilitation acceptance should
account for thistemporal nature and analyze how usage evolves
over the course of therehabilitation program. Thisis especially
important as interventions such as home-based cardiac
telerehabilitation are theorized to require sustained use over
time to realize intended effects. However, only 5 home-based
cardiac telerehabilitation programs [22,25,30,33,34] reported
usage over time (date-tagged acceptance data). Gallagher and
Zhang [10] recommend the clear identification of individual
digital health components targeted at behavior change and the
integration of software capabilities that can monitor the usage
of respective components. Asthe eventual goal of home-based
cardiac telerehabilitation programs is successful incorporation
into clinical practice, it would beinteresting to see future studies
examine the causal relationships between the level of
home-based cardiac telerehabilitation usage and objective
intervention outcome over time to determine the specific dose
of a home-based cardiac telerehabilitation component needed
to achieve optima behavioral, physiological, and clinica
outcomes.

Technology Acceptance of Home-Based Cardiac
Telerehabilitation

The acceptancerates observed in our review could be explained
by the high usability, utility, and acceptability reported in the
programs and correspond to the fundamental basis of the

https://www.jmir.org/2022/1/e34657
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technology acceptance model, that is, that technology acceptance
isdetermined by the degree of value and perceived burden [11].
This finding not only offers validation to the technology
acceptance model but points to the potential of home-based
cardiac telerehabilitation to revolutionize the landscape of
secondary prevention by blending traditional services provided
by health care professional s with technol ogy-enabled self-care
platforms to continue the provision of patient-centered care.
This is especially crucia during the current COVID-19
pandemic to mitigate the demand for in-person services [4].
The suitability of home-based cardiac telerehabilitation as an
effective alternative to center-based cardiac rehabilitation has
been recently reported [7], with prospects for significant
economic cost-savings through improved productivity and health
outcomes [44]. Yet, an evaluation of end-user acceptance is
foundational if barriers and gaps to patient uptake are to be
addressed, and if successful wide-scale implementation of
home-based cardiac telerehabilitation into clinical practice is
to be realized. In the context of home-based cardiac
telerehabilitation for patients with coronary heart disease, our
review underlined the external variables that have influenced
patient’s perceived usability and utility of home-based cardiac
telerehabilitation. Recommendations for addressing these
variables are offered in in the following paragraphs and may
serve to provide a foundation for the development and design
of future home-based cardiac telerehabilitation programs (Table
2).
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Table 2. Recommendations to improve home-based cardiac tel erehabilitation acceptance and its evaluation.

Topic Recommendation

Evaluation timing

Home-based cardiac tel erehabilitation program eval uation should be undertaken throughout the entirety of the develop-

mental and implementation, ie, before, during and after trial implementation.

Evaluation approach
titative and qualitative methods.

Home-based cardiac telerehabilitation program evaluation should employ a mixed approach comprising of both quan-

Measurement tools must be tailored to encompass the unique context of home-based cardiac telerehabilitation by
adapting existing questionnaires or validating new ones.

Evaluations of home-based cardiac telerehabilitation technology acceptance should analyze how usage of individual
program components evolves over the course of the rehabilitation program.

Causal relationships between home-based cardiac tel erehabilitation usage and i ntervention outcomes shoul d be examined
to determine specific doses needed to achieve optimal behavioral, physiological, and clinical outcomes.

Design and testing

Developers should prioritize user-centered approaches by partnering with end users (ie, clinicians and patients) in the

co-designing of programsin the early stages of program design.
Field-testing and eval uations of the technol ogies supporting home-based cardiac tel erehabilitation services should occur

prior to trial implementation stages.

Individualization

Home-based cardiac telerehabilitation programs should be offered as early as possible for patients.

Alternatives for either indoor or outdoor exercise training should be programmed.

Accessibility
community

Home-based cardiac tel erehabilitation programs should be adapted to the socioeconomic needs of end users and their

Partnerships with local governing bodies should be established to marshal resources and secure funding to invest in

required infrastructure.

The prospects of insurance coverage for home-based cardiac telerehabilitation programs should be explored.
home-based cardiac tel erehabilitation programs should be reasonably priced with subsidies for mobile phones, data

plans and wearables.

Home-based cardiac tel erehabilitation should provide patients with transparent privacy policies and comply with data

Patients should be provided introductory training sessions that are supported by practical step-by-step instruction

Data privacy and security

governance regulations and security protocols.
Training

manuals.
Technology support

Designated technical support staff should be made available on home-based cardiac telerehabilitation platforms.

Recommendations for Home-Based Cardiac
Telerehabilitation Development

Home-based cardiac telerehabilitation developers should
prioritize user-centered approaches by partnering with end users
(ie, clinicians and patients) in the co-design, field test, and
evaluation of technol ogies supporting tel erehabilitation services
[10]. Accounting for the needs and preferences of patients in
the early stages of program design can help mitigate concerns
regarding home-based cardiac telerehabilitation component
quality and can help in identifying issues with home-based
cardiac telerehabilitation system quality program testing prior
to trial implementation stages. However, we observed that less
than one-fifth of home-based cardiac telerehabilitation programs
reported including end users in the design and development
stage and just over half undertook user testing of the home-based
cardiac telerehabilitation system (Table S4 in Multimedia
Appendix 2). American Heart Association’s recommendations
on home-based cardiac telerehabilitation [6] and the Beatty et
al [45] framework for mobile technology in cardiac
rehabilitation can guide the development and evaluation of
future home-based cardiac tel erehabilitation programs.

Facilitating conditions, such as the timing of program
introduction, prevailing weather conditions, and access to
internet and computers, were reported to influence patients' use

https://www.jmir.org/2022/1/e34657

of home-based cardiac telerehabilitation programs. Given that
peak lifestyle changes occur in thefirst 6 months after diagnosis
[46] and that early cardiac rehabilitation isasignificant predictor
of cardiac function and functional capacity [47,48], home-based
cardiac telerehabilitation should be offered as early as possible
for patients to ensure optimal outcomes. Home-based cardiac
telerehabilitation should also offer patients aternativesfor either
indoor or outdoor exercise training, especialy in regions with
seasonal weather changes. Additionaly, as inequities in
cardiovascular health still  exist, an examination of
socioeconomic characteristics are crucial if technology
accessibility and affordability issues surrounding home-based
cardiac telerehabilitation usage are to be addressed [49,50].
Accessto technology infrastructure remains unevenly distributed
worldwide, with internet use being significantly lower in low-
and middle-income regions than in high-income regions [51].
Partnerships with local governing bodies should be established
to marshal resources and secure funding to invest in required
infrastructure [52]. Collaborating with nongovernment
organizations to advocate for prospects on insurance coverage
and to negotiate reasonable pricing and subsidies for mobile
phones, data plans, and wearables will aid in supporting the
long-term implementation and scale-up of home-based cardiac
telerehabilitation in clinical practice [53].
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Although intrinsic factors such as lack of time and motivation
areless amenable to change, program adaptations can be made
to palliate concernsregarding data privacy, perceived technology
self-efficacy and reliability, and preconceived age-related beliefs
regarding home-based cardiac tel erehabilitation usage. Program
training, technological support, and the availability of
transparent privacy policies, especially for older adults, can
reduce potential uneasiness and facilitate willingnessto engage
in digital health technologies such as home-based cardiac
telerehabilitation [4,54,55]. Even though the majority of
included home-based cardiac telerehabilitation provided
face-to-face program training, less than one-third offered
ongoing technological support during program intervention,
and only haf indicated using secure password-protected
platforms (Table $4 in Multimedia Appendix 2). Future
programs should devel op introductory training sessionsthat are
supported by practical step-by-step instruction manuals with
designated technical support staff on home-based cardiac
telerehabilitation platforms that comply with data governance
regulations and security protocolsto mitigate the risk of privacy
breaches [54,55].

Limitations

This scoping review has some limitations that need to be
acknowledged. First, the inclusion of only English-language
papers may have resulted in the omission of eligible papers
published in other languages. However, our comprehensive
search strategy and broad inclusion of different study designs
with no time restrictions allows for breadth and depth of
inclusion in this review. Second, athough the technology
acceptance model offers a user-centered approach in mapping
patient perspectives of home-based cardiac telerehabilitation
program acceptance, content analysis is inherently reductive
and could have limited the scope of our findings. However, the
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thematic analysis undertaken to explore the external variables
influencing home-based cardiac telerehabilitation acceptance
could have mitigated the risks of missing meaningful datafrom
the studies included in our review. Lastly, although end users
in this user-centered approach also include health care providers
delivering home-based cardiac telerehabilitation, the evaluation
of technology acceptance from provider perspectives was not
included because it was not the focus of thisreview. It islikely
that the underlying determinants of home-based cardiac
telerehabilitation acceptance may differ in these users. We
recommend that future research in the field of home-based
cardiac telerehabilitation aim to include literature in other
languages, utilize other available conceptual frameworks on
digital health acceptance, and accommodate perspectives from
different categories of end users in order to fully comprehend
and address home-based cardiac telerehabilitation
implementation and acceptance.

Conclusions

We drew on the technology acceptance model to map available
research on patient’s technology acceptance of home-based
cardiac telerehabilitation. Our results demonstrated that, while
patient perspectives on home-based cardiac telerehabilitation
usability, utility, acceptability, and acceptance were high, a
number of external variables influence technology acceptance
of home-based cardiac tel erehabilitation programs. Additionally,
gapsin current home-based cardiac tel erehabilitation evaluation
timing and approaches were revealed. As the appeal for
home-based cardiac telerehabilitation grows during the
COVID-19 pandemic and beyond, findings from this review
can be used to provide guidance for stakeholdersand clinicians
in developing and evaluating patient-centered home-based
cardiac telerehabilitation programs.
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Abstract

Background: Peopleare now connected in aborderlessweb-based world. The modern public, especially the younger generation,
relies heavily on the internet as the main source of health-related information. In health care, patients can use social media for
more tailored uses such as telemedicine, finding a provider, and for peer support.

Objective: The aim of this narrative review is to discuss how social media has been used in the health care industry from the
perspective of patients and describe the main issues surrounding its use in health care.

Methods: Between March and June 2020, areview of the literature was conducted on PubMed, Google Scholar, and Web of
Science for English studies that were published since 2007 and discussed the use of social media in health care. In addition to
only English publications that discussed the use of social media by patients, publications pertaining to ethical and legal
considerations in the use of social mediawere included. The studies were then categorized as health information, telemedicine,
finding a health care provider, peer support and sharing experiences, and influencing positive health behavior. In addition, two
more sections were added to the review: issues pertaining to social media use in health care and ethical considerations.

Results: Initialy, 75 studies were included. As the study proceeded, more studies were included, and atotal of 91 studies were
reviewed, complemented by 1 textbook chapter and 13 web references. Approximately half of the studies were reviews. The first
study was published in 2009, and the last was published in 2021, with more than half of the studies published in thelast 5 years.
The studies were mostly from the United States (n=40), followed by Europe (n=13), and the least from India (n=1). WhatsApp
or WeChat was the most investigated social media platform.

Conclusions: Social mediacan be used by the public and patientsto improvetheir health and knowledge. However, duediligence
must be practiced to assess the credibility of the information obtained and its source. Health care providers, patients, and the
public need not forget the risks associated with the use of social media. The limitations and shortcomings of the use of social
media by patients should be understood.

(J Med Internet Res 2022;24(1):€30379) doi:10.2196/30379
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Introduction

Methods

Background

There has been an inexorable increase in digitization over the
last 2 decades. Over the years, internet use has remarkably
developed, in away that its use has become effortlessly easy.
Websites have been developed into user-friendly apps, mobile
phones have become smartphones, and internet coverage has
become broader than ever. Interactive websites (Web 2.0) are
increasingly overshadowing traditional static websites. Web
2.0 is a term that refers to different types of websites and
applications that alow any user to generate content and share
it on the web in aweb-based community. Social mediaisatype
of Web 2.0 that has been recently introduced as internet-based
websites and apps, where user-generated content is created and
conveniently exchanged with other users [1]. It is designed as
a space for people to obtain information, share experiences,
build communities, connect electronically both informally and
professionally, and link them to others with common interests,
which led to the emergence of the term self-media. Users
generally need to create a profile or account on the vector and
then determine with whom to share it, whether it is a list of
known users with similar interests or a broader public
community that has access to the vector.

Research in Context

As the consumption of social media has grown, it has become
an essential tool used in many industries. In health care,
traditional services have been complemented by social media.
A simple search on PubMed with thewords social mediawould
yield several studies, reflecting how relevant the topic is to
health care. Although the vast majority of studies investigated
social media from the perspective of a health care provider
(HCP), there is an abundance of studies that investigated how
patients and the public are using it as a resource to supplement
traditional health care. Studiesvaried in their aims, designs, and
methodology, and presented mixed findings. Although most
studies found promising results, some findings highlighted
several limitations and negative issues regarding the use of
social media by patients [2-8]. Most included reviews have
focused on 1 or 2 main domains of the use of social mediain
health care such as telemedicine and smoking cessation [9,10].
To our knowledge, no review has holistically discussed the use
of social media from the perspective of a patient. In this
narrative review, we try to answer the question, “I1n what ways
have patients used social mediain relation to health care?’ by
accumulating, summarizing, and reorganizing findings from
published literature.

Objectives

This review aims to discuss how social media has been an
essential tool in the health care industry from the perspective
of patients. The discussion is supplemented with a discussion
on issues pertaining to the use of social media and the ethical
considerations that emerged from the literature.

https://www.jmir.org/2022/1/e30379

M ethodology Overview

Thisreview isacontinuation of thefindings presentedin Social
Media and Healthcare, Part 1. Literature Review of Social
Media Use by Health Care Providers, which discussed the use
of social mediain the health careindustry from the perspective
of an HCP [11]. The original plan was to conduct a general
review on the use of social mediain health care. Owing to the
abundance of information, a decision was made to divide the
findingsinto 2 reviews.

Search Strategy and I nformation Sources

In the first phase, a comprehensive search on PubMed, Google
Scholar, and Web of Sciencewas conductedin March and April
2020 for medical publications on the use of social media in
health carein English from 2007 to date. A combination of the
following keywords was used to search for relevant articles:
social media (Medical Subject Headings [MeSH] term) OR
social networking/social network OR internet (MeSH term) OR
Instagram OR Facebook OR WhatsApp OR Linkedin OR
YouTube OR Twitter AND health care OR health (MeSH term)
OR medicine (MeSH term) OR physician (MeSH term) OR
nursing (subheading) OR dentistry (MeSH term) OR
telemedicine (MeSH term), recruitment, OR education
(subheading) OR career OR behavior/behaviour (MeSH term)
OR research (MeSH term). As studies emerged, asecond search
was conducted in June 2020 with the following combinations:
social media (MeSH term) OR social networking OR internet
(MeSH term) AND legal liability (MeSH term) OR
professionalism (MeSH term) OR impact (MeSH term) OR
ethics (MeSH term) OR limitation OR harm.

Screening Process

An EndNote (EndNote 20; Clarivate Analytics) library was
created, in which the articles were entered and duplicate
publications were removed. For articles to be included, they
had to (1) be about social media and hedlth care from the
perspective of patients; (2) bein the English language; (3) have
accessible full text; and (4) be published in 2007 or later.
Exclusion criteria were as follows: (1) abstracts only, without
full text; (2) non-English; and (3) irrelevant, such as those
discussing social media use from the perspective of an HCP or
the use of non-Web 2.0 applications. Reviews and observational
and experimental studieswereincluded, with no exclusion based
on the study design. The dligibility of the titles and abstracts
was al so assessed. Finally, thefull textswereretrieved. Manual
reference screening of the included studies was performed to
locate other relevant articles.

Categorization

Onthebasis of the key outcomes, articleswereinitially divided
into two groups: patient/the public and other relevant issues.
Asmoreinformation was obtained, the latter wasfurther divided
into two groups: issues pertaining to social media usein health
care and ethical considerations. Issues pertaining to social
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media use in health care covered studies on the limitations,
negative effects, and harms of use of social mediain health care
that emerged from the literature. Ethical considerations
presented information about legal and ethical issues pertaining
to the use of social mediain health care.

To best present the findings, the group titled patient/the public
was subsequently divided into 4 subgroups. The first subgroup
was health information; although this point was discussed in
the first review, in this part we have discussed how patients
receive information, rather than how HCPs disseminateit. The
second subgroup was tel emedicine; issues pertaining to the use
of telemedicine by patients were discussed. Finding an HCP
was the mirror image of the group named career
devel opment/practice promotion, which was discussed in the
first review. In the previous review, we discussed how HCPs
use socia media to market themselves and their practice,
whereasin this study, we explored theimpact of thison patients
decision-making. The fourth subgroup was peer support and
sharing experiences, which was unique to patients and the
public, and discussed how social mediais used among patients
for compassion and as adigital word of mouth.

In the first review, a section titled influencing positive health
behavior was comprehensive. After reviewing it, adecision was
made to move it to this review as a fifth group, as it was more
relevant to patients than HCPs.

https://www.jmir.org/2022/1/e30379
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Results

Overview

In this section, the search results in terms of the included
publications are presented. The findings pertaining to the content
of theindividual studies were categorized and are presented in
the Discussion section.

Search Results

A total of 7387 articleswereretrieved from the search, and after
removing the duplicate articles, 5683 (76.93%) articles
remained. A total of 85.53% (4861/5683) of articles were
marked as ineligible and were thus excluded. An additional
13.07% (743/5683) of articles were excluded after title and
abstract screening based on theinclusion/exclusion criteria, and
0.07% (4/5683) were irretrievable. The full text of 1.31%
(75/5683) of publications was screened and included. Owing
to the daily emergence of relevant publications and reference
screening, 16 more studies and 1 textbook chapter were added
as the review proceeded by updating the search. A total of 91
articles and 1 textbook chapter were included in the analysis.
Figure 1 shows a flow diagram explaining how the fina
inclusion was attained after the selection procedure.
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Figure 1. Flowchart of the literature search results.
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Characteristics of Included Studies

Figure 2 shows the number of included studies per publication
year, with more than half of them published in thelast 5 years.
In terms of geographic location, the 91 publications were
distributed asfollows: 40 (43%) from the United States, 6 (6%0)
from Canada, 2 (2%) from Latin America, 10 (10%) from the
United Kingdom, 13 (14%) from Europe, 8 (8%) from the
Middle East, 1 (1%) from India, 7 (7%) from Asia, and 4 (4%)
from Australia

https://www.jmir.org/2022/1/e30379
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The included publications were complemented with web
references and a textbook chapter. Original studies accounted
for 42.8% (39/91) of the cited references. The remaining
publications were meta-analyses, systematic reviews, narrative
reviews, coping reviews, short communications, commentaries,
viewpoint papers, and overviews. The social media platforms
specifically investigated in some of the studies were Twitter or
Weibo (n=1), WhatsApp or WeChat (n=10), Facebook (n=6),
YouTube (n=2), Instagram (n=3), and blogs (n=1). Multimedia
Appendix 1 [1-91] provides characteristics of the included 91
studies in chronological order.
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Figure 2. Number of included publications per year.
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Qualitative Synthesis of the Results

All relevant information regarding the research question was
extracted and summarized from the included studies.
Information was then categorized into the emerging themes, as
presented in the review: (1) social media use from the
perspective of patients; (2) issues pertaining to the use of social
mediain health care; (3) ethical considerations; and (4) public
health implications. The retrieved information was then
qualitatively synthesized in the discussion for each category.

Discussion

Principal Findings

HCPsand patientstypically represent the 2 ends of most health
carerelationships. HCPisaterm used in this review to include
physicians, dentists, nurses, medical or dental allied personnel,
and health care organizations, whereas patients is a term used
to include patients under the care of an HCP and the public.
Thereisoverlap intheways HCPs and patients use social media.
In the following section, only information unique to the
perspective of patients, which has not been coveredin Part |, is
presented [11]. Collaterally during the search, studies that
investigated ethical and legal considerationsin the use of social
media and others that discussed its shortcomings and barriers
have emerged. These points have also been briefly discussed.

Social Media Use From Patients' Per spective

Overview

In this digital age, people are accustomed to using the internet
for health communication. The new term netizen has been
introduced and isinformally used to describe a habitual user of
the internet. It is indisputable that patients greatly incorporate
socia mediain seeking health care and that the publicisheavily
reliant on it to obtain health care information. Perhaps no
exampl e supports this notation, as recently witnessed amid the
COVID-19 pandemic. Thereis an abundance of information in
theliterature pertaining to this subject. In thefollowing section,
information has been presented in 5 categories.
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Year

Health Information

For agood proportion of the public, young peoplein particular,
social networking sites are the first resource to find general and
health-related information [1]. Many individualswith amedical
concern are now seeking answers on the web and can virtually
obtain them at anytime from anywhere [12]. Social media has
radically transformed the way patients obtain information about
procedures as well. In a 2009 study, 61% of American adults
reported |ooking ontheweb for healthinformation [13]. Another
study in 2013 found that the first motive of patients for
health-related use of social mediais seeking information about
health, adisease, or trestment of adisease; Twitter wasthe most
commonly used platform for that information [14]. Moreover,
74.9% of web-based health-rel ated information seekers searched
for ora health—related information [15].

Health organizations, HCPs, and lay people make an
exceedingly large amount of health-related information available
on social media. However, the amount of information available
may be overwhelming, and the sources may be unverified. The
authenticity of the information posted should be questioned,
and the recipients must be wary of the information they
encounter because many posts do not undergo any quality
regulation or verification, and the users are usualy in control
of the content they encounter [13].

Perhaps there has never been a time where social media was
used to obtain health care information, as was the case during
the COVID-19 pandemic. In a single day in March 2020,
COVID-19—elated termswere mentioned morethan 20 million
timeson social media[92]. Almost every social mediaplatform
imaginable contributed to the dissemination of information
pertaining to the pandemic. Health authorities have used their
socia mediaaccountsto effectively share scientific information
and combat what has been described as an infodemic [93]. Now
that vaccines against SARS-CoV-2 are available, social media
has been used again as a public podium for individualsto share
their thoughts of and experiences with vaccination. Although
social media has an unprecedented capacity to make
evidence-based informati on accessibleto the public and promote
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positive health behaviors, it has also been a major factor in
propagating vaccination hesitancy, thus posing athreat to global
public health [16,17].

In conclusion, HCPs will continue to be challenged by
misinformation readily available to patients on socia media
They must be determined to abide by evidence-based health
care and ready when challenged by misinformed patients. HCPs
also have a duty to make scientifically solid information more
accessible to the public. At present, targeted health education
interventions are strongly encouraged to foster public trust in
vaccination and increase their uptake of the COVID-19 vaccine.

Telemedicine

Communication and monitoring in health care have been
outsourced to social media in recent years. Appointments
became web-based, health information became available onthe
internet, and examinations and laboratory results became
available on the web-based portal of the facility [18]. Care has
been delivered remotely through telemedicine apps, which are
the best access to care for some populations, such as those in
isolation or in rura areas [12]. Monitoring patients in their
homes can improve health care services [19]. Good overall
sati sfaction has been reported with new telemedicine strategies
that shift care to a more patient-centered one [9]. Not only is
telemedicine efficient, but it is also time- and cost-saving.

In a 2016 study, telemedicine impression via WhatsApp and
clinical assessments was consistent in 82% of the cases
examined. Furthermore, telemedicine consultation reduced
geographic barriers for initial clinical consultations, and most
patients were encouraged to pursue a clinical examination [4].
For instance, Georgia Health Sciences University has enabled
patientsto access aweb-based platform to reach their physicians
to ask questions or request prescription refills [20]. There is
evidencethat telemonitoring of pregnancy iseffective, especialy
for patientsin rural areas who do not haveto travel to ahospital
[9]. In a 2018 study on telemedicine in China, a participant
made acomment that suggested seeing aphysician while staying
at home if people could shop while staying at home [21].

To summarize, patients are encouraged to use telemedicine
servicesthat have become readily available and have remarkably
improved since the COVID-19 pandemic. However, they must
also remember that telemedicineis not the only meansto receive
health care, nor isit suitable for al cases. Patients have aright
to traditional health care as needed and must comply with
traditional appointments and hospital visits that are deemed
necessary by the treating physician.

Finding an HCP

Social media has now become the new word of mouth.
Web-based resources are being increasingly used and highly
regarded to make health care decisions, including finding an
HCP[6]. Infact, aconsiderable number of patientsare currently
searching for HCPs on social media. Some make educated
decisions after comprehensive research on the academic
qualifications and experience of the practitioner, whereas others
follow their emotions after encountering an inviting post or an
attractive image, with the latter comprising a huge pool of
patients [6,22,23,94].
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The content available on social media has an impact on
prospective patients: 41% of social media users are influenced
by the content they encounter on the web [95]. For example, a
study showed that patients are keen to know qualifications of
dentists before they visit the office and may use of Linkedin
for that purpose because many dentists showcase their expertise
on that platform [24]. Furthermore, patients ranked academic
qualifications as the most important content they sought on a
Facebook page; some reported that they also sought positive
reviewsand awardsin addition to the original content. In another
study, patients reported that the most important factors in
selecting a dentist on social media were the reviews and the
qualifications of the dentist, with the least important factors
being the awards obtained and the number of likes [22].

The attractiveness of a practitioner or provider on social media
should not be underestimated. In fact, a study found that 57%
of consumers thought that hospitals socia media presence
would strongly influence their hospital choice [25]. In another
study, 53.4% strongly agreed about the necessity of having a
social media presence for dental practices, and 55.1% thought
that socia media presence was effective in attracting new
patients [22]. An interesting study on plastic surgery practices
found that the average total number of followers per practice
was significantly associated with the placement of the practice
on the front page of Google, compared with the second page.
Even after amultivariate adjustment of years of experience and
education, use of social media remained an independent
predictor of placement on the front page of a Google search [6].
A review by Nayak and Linkov [26] showed that patients used
social mediato find surgeons and that the social media presence
of the surgeon can dramatically increase their image as an
expert. On the other hand, it was found that unprofessional
behavior of an HCP on social media can adversely affect the
trust of patients [27,28].

Similar to most marketing strategies, thereisno one-size-fits-al
means to be successful as an HCP on social media. However,
if HCPs recognize the importance of building a relationship
with their audiences through social channels, their brands will
become more credible and appealing to the target patients. On
the other hand, patients must perform due diligence to profile
HCP credentials and not rely solely on their perception of their
presence on social media.

Peer Support and Sharing Experiences

Not only do HCPsfind support and compassion on social media
but also do patients. Individualswith chronic disease use social
media to communicate with others and exchange experiences.
Thisis especially helpful in rare medical conditions, in which
case patients may be geographically distant. Even the family
and friends of patients can receive emotional support or request
guidance and advice from health care professionals on social
media platforms.

Facebook groups for individuals with specific medical
conditions are abundant and actively engage members in
peer-to-peer support [29,30]. A number of social networking
sites, such as PatientsLikeMe, provide patientswith information
and the opportunity to gain support from other people with the
samemedical condition [31]. Instagram accounts have also been
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created to provide information and peer-to-peer support for
patients with health care needs, such as adolescents with type
1 diabetes [32]. Moreover, a study showed that a WhatsApp
group for hypertensive patients with type 2 diabetes promoted
the adherence of patients to treatment [33].

Health-promoting messages coming from social networks
instead of experts were perceived as less disempowering and
more effective[13,34]. YouTube has been used by patientswith
cancer to share personal stories [35]. Moreover, arecent study
explored cancer survivorship on social media and found that
the content shared by survivors displayed their physical,
emotional, and psychological health [36]. Although Instagram
was used mainly for sharing images posted by survivors
themselves or others, Twitter was used primarily for sharing
facts and fundraising. In the first week of the COVID-19
pandemic, Twitter users were found to use the tool to notify or
warn their friends and followers about the outbreak; that is,
Twitter was a platform for people to bond around the topic of
COVID-19 [37].

Patient experienceisreceiving asubstantial amount of attention
lately, and social media provides patients with opportunitiesfor
their voicesto be heard and their conversationsto be amplified.
They can share their experiences in discussion forums, via
instant messaging, or post them on the web for the public to see
[38]. As patient communities become more interconnected,
patients can recommend or defame a practice and compare
different experiences. Social media also alows patientsto like
posts, which may elicit notificationsto othersin their networks
[39]. Word-of-mouth marketing between patients with similar
conditions or circumstances is aso easy with social media.
Recommendations or opinions of users have been perceived to
be more credible than other advertisement methods, mainly
because of the personal nature of the communication that takes
place between users on social media[13].

In conclusion, patients find support from peers on social media
and express their feelings about their well-being and the health
care they receive. It seems that a snowball effect occurs in
patient communities on socia media, where the more
patient-generated content is being shared, the more the public
is attracted, the more interaction takes place, and the more
content is generated in return.

Influencing Positive Health Behavior

Supplemental el ectronic communication with patients has been
found to emphasize health care guidelines and improve treatment
adherence in patients with chronic diseases [40]. In 1 study,
60% of physicians reported favoring interacting with patients
on socia media to encourage behavioral changes and drug
adherence in the hope that these efforts would lead to better
health outcomes [41]. Through socia media platforms, HCPs
can disseminate positive messages to awide population of users
swiftly and influence healthier behaviors through social
reinforcement [42]. For example, a study used several social
media platforms to encourage blood donation, indicating that
social media helped to improve blood donation practices in
Saudi Arabia, where there is a shortage of blood donors [2].
Furthermore, a 23-fold increase in donor pledge in web-based
state organ-donor registries was observed just a week after
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Facebook allowed its users to state their organ-donor status in
their profile [42]. A review by van den Heuvel et a [9] found
that exercise apps possibly led to less gestational weight gain
and an increase in smoking abstinence in pregnant women.

Social media can also increase the public's awareness and
compassion toward individuals with special health care needs.
Social media platforms are increasingly being used for
antistigma campaignsto influence public attitudes. Having their
unheard voices made public without barriers can be of
tremendous relief to individual s with special health care needs.
An example is the role of socia media in destigmatizing
epilepsy [43]. Moreover, Twitter has been successfully used to
combat mental illness stereotypes. The platform has facilitated
education and contact between individuals with mental illness
and has also highlighted injustice [44]. Facebook also enables
users to discuss mental illness without the burden of social
discomfort [44]. In China, where sharing theintention to attempt
suicide on social mediais considered a public health concern,
socia mediacan be successfully used to enhance suicide literacy
and thus be effective for reducing the stigmaattached to suicidal
ideation and increasing help-seeking behaviors [45]. In
Australia, social media is considered an effective means of
delivering suicide prevention activities to a large humber of
young adults[46]. A project called #chatsafe was devel oped to
assist young people in communicating about suicide via social
media to feel better and deglorify suicide; the project was
recently globalized [47,48].

Just as socia media has the potential to promote healthy
behaviors, it can also reduce risky behaviors. It can expand the
reach of public health efforts and deliver intervention content
in an interactive format. An example is smoking cessation
campaigns [49]. Reminders and discussions on Facebook and
WhatsApp were found to be effective in preventing smoking
relapseinindividualswho had stopped smoking [50]. Ina2017
systematic review, Facebook and Twitter were found to be
feasible and preliminarily effective for smoking cessation, with
studies reporting greater abstinence, reduction in relapse, and
anincreasein quitting attempts among users[10]. Thesefindings
are in agreement with the results of a more recent review, in
which the use of Facebook, Twitter, and WhatsApp by an online
smoking cessation community showed promising results in
helping smokers quit [51]. An initiative on Facebook targeted
young adults as an intervention for smoking and heavy drinking
[52]. Although the interest in changing smoking habits was
bigger than that for drinking behavior, and the participants
favored changing 1 habit at atime, they accepted and received
the post messageswell. In areview by Kazemi et al [53], socia
media was found to help provide HCPs with a platform for
combating illicit drug use. It was also found that social media
can identify patterns of emerging drug use and that data mining
tools can complement the current surveillance methods for
tracking drug abuse. In a 2019 cross-sectional study, Generation
Z and millennials, apopulation with high rates of substance use
disorder, thought that social media platforms could be helpful
in preventing recurrent drug use; however, fewer than half of
the participants expressed a willingness to be monitored via
social media to support their recovery [54]. Participants from
both cohorts had seen more drug cues on social mediathan they
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saw recovery information, which highlightsthe need for digital
interventions to improve drug use treatment and recovery
outcomes.

The impact of social media on sexua behavior has aso been
investigated. One study created an intervention page on
Facebook to promote sexual health and serve as a safe space
for youth to share ideas and experiences with peers and
professionals[55]. It wasreported that for ashort term (baseline
to 2 months), condom use among high-risk youth in the
intervention group was stable, whereas it decreased in the
control group. Furthermore, the Facebook initiative was able
to reach minority communities in which sexually transmitted
infectionsand HIV infectionswere prevalent. In a2016 review,
51 studies that investigated social media for sexua health
promotion with social media as the sole intervention or in
combination with other interventions were reviewed [56]. A
total of 8 publications reported increased condom use, use of
health services, and HIV self-testing. Two publications reported
areduction in gonorrheacasesand an increasein syphilistesting.
Most publications targeted the youth. Facebook is the most
commonly used social media platform, either exclusively or in
conjunction with other platforms.

There is evidence that social media promotes physical activity
and weight loss. In China, astudy compared weight lossamong
participants in a control group (receiving routine publicity on
weight loss) and those in a WeChat group with 6 months of
weight loss intervention [3]. Male participants in the WeChat
group lost significantly more weight than their control peers,
although the former were significantly younger. It was found
that the more actively participants were using WeChat, the more
weight they lost. Another study among medical students found
that those who were part of a motivational Facebook group
increased their physical activity after 1 month. The likelihood
(odds ratio) of becoming sufficiently active by joining the
Facebook page was 3.51 [57]. A study on 341 college students
with obesity found that the social media approach facilitated
short-term weight loss, with the participantslosing considerable
weight at 6 and 18 months [58]. An initiative on Instagram was
found to be attractive and effective in reinforcing the
maintenance of an appropriate level of physical activity [59].
In another study, a health app was developed and found to be
successful in motivating users to be physically and socially
activeinreal life[60]. During the COVID-19 pandemic, videos
of trainers motivating people to work out in their homes during
the lockdown went viral. Similar initiatives were seen taking
place on every continent, and what could have been adepressive
sedentary lockdown to many became a more bearable time.

Cancer prevention efforts have traditionally focused on adults.
As health behaviors can aid in cancer prevention, and many
behaviors are established in young adulthood, it is logical to
target preventive programs in the younger population. In
addition, because most of today’syouth are digital natives, using
social mediafor promoting cancer-preventing behaviors seems
to be a promising strategy. A comprehensive study discussed
the potential of social mediain cancer prevention and laid the
foundation for future research [61].
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A comprehensive 2019 systematic review found variation in
the strength of evidence regarding the impact of social media
on behavior change [96]. However, social media campaigns
have generally aided in the reduction of sedentary behavior,
contribution to smoking cessation, and improved sexual health,
in addition to being cost-effective. It was also found that social
media better prompted users to access support services,
especially smoking quit phone services. llicit drug and smoking
campaigns appeared to be more effective for the younger
generation. Furthermore, expanding the duration or intensifying
campaigns was found to be effective. Evidence suggests that
targeting messages at a specific target audience increases their
impact.

In conclusion, social media has helped patients adhere to
treatment, access health care guidelines, and adopt positive
health habitsto varying degrees. Thereisno single platform for
obtaining these positive outcomes. Stakeholders, researchers,
and HCPs must use the platform they consider more effective
for and accessible by their target population and customize their
content interms of simplicity, frequency, method, and duration.
Researchers should aim to conduct studiesthat can be effectively
adapted to more than one platform or setting and reach alarger
population. Future studies should include greater racial diversity
among the participants.

I ssues Pertaining to Social Media Use in Health Care

There will aways be a positive and a negative side of using
social media in health care [62]. Although social media has
been heavily used by health organizations, medical personnel,
patients, and the public, in general, its use is associated with
barriers, limitations, and shortcomings. First, internet
connectivity is required to access social media. Despite the
widespread use of the internet worldwide, 41% of the global
population still has no accessto theinternet [97]. Unfortunately,
low-income families and individuals with disabilities are less
likely to use the internet, resulting in further exclusion of
individuals who are already marginalized [63] Second, some
degree of technology skillsisessentia to enter thedigital world.
Although basic skills are not very difficult to acquire, digital
literacy can be challenging for some populations, such as older
adults and individuals with intellectual impairment [64].

Some studies have investigated the shortcomings of
technology-mediated remote hedth care. Inefficiency of
web-based medical visits compared with face-to-face
engagements has been perceived [65]. A dermatology study
found that the quality of the images obtained in group
discussions was inconsistent [66]. There is aso a fear that
patients enjoying the convenience of telemedicine are deterred
from visits to the hospital when necessary [14,67]. Moreover,
financial limitations should be considered since e-consultations
and web-based visits may not be covered by insurance
companies[14].

Connections established through social mediamay dissolvethe
boundaries between professional and personal lives [68]. A
recent study found that patients often extend internet friend
requests to their physicians on Facebook; however,
recommendations often discourage personal web-based
communi cation between practitionersand patients [40]. Personal
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boundaries may be violated by inappropriate curiosity, as social
media can provide a wedlth of information about its users
[25,69]. Patients may have unrestricted access to the personal
information of HCPs available on the internet, and HCPs also
have access to patient information that may not be availablein
the health care setting. Nevertheless, patient information
received from web-based sources may be helpful in certain
health care settings; for example, HCPs may observe alack of
adherence to medical recommendations and may alter
management accordingly [18].

In social media communication between patients and HCPs,
there may be frequent interruptions; the false sense of having
to be available 24/7; disparity on urgency; compromised verbal
communication and body language, especially in texting
services; noncompliance with specific terms of a social media
platform; lack of proper guidelines for group moderators to
manage discussions and controlling content; difficulty in
obtaining printed records of communication; and no accurate
records of all web-based encounters in the medical records of
the patients [27,70,71]. There is aso the possibility of identity
theft, since any user can create an account, use any name and
profile picture, and claim to be someone else. For instance, the
logo of the American Society of Colon and Rectal Surgeons
was used by a hospital in a different country to request an
endorsement [8].

Social media is a double-edged sword for HCPs. As fast as a
positivereview travels, so does a negative one. Patients unhappy
with a service, payment, treatment outcome, or legal actions
may start awar against the practitioner or practice. Teaming up
with more keyboard warriors or internet trolls can have a
disastrous emational and professional impact on HCPs. In 2016,
awell-respected orthopedi ¢ surgeon was awarded US $480,000
in damages for defamation after continual vilification by a
patient and her kin through a website and social media. The
defamatory material included a fake shaming website that
gresatly resembled thelegitimate businesswebsite of the surgeon,
on which they referred to him as the butcher. Similar materials
were posted on a couple of social media platforms such as
Facebook, YouTube, and Pinterest [98].

HCPs usually support and defend one another. However, some
may find social mediaa good medium to begin a battle against
a competing HCP, justifiable or not. Negative professional
criticism, displayed publicly on social media, is a violation of
the medical codes of ethics; it expresses ill will and aims to
tarnish the image of one’s professional colleagues. Destructive
negative criticism of colleagues on social media damages the
medical profession and itsreputation. On apositive note, digital
shaming is unlawful in many countries and may lead to legal
consequences [99].

Although it comes at a relatively low cost, the volume of
information on social mediamay be overwhelming. In addition,
the information can be unreliable, difficult to prove as valid,
vary in quality and consistency, outdated, not subjected to peer
review, invalid, incorrect, not applicable to all situations, not
generalizable, opinions and preferences presented as facts, or
entirely false[14,38,72]. Thisisapublic health threat, the effect
of which is difficult to quantify. It can be difficult for
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inexperienced HCPs and the public to discern reliable
information; thus, there is a risk of absorbing both valid and
less credible information. With digital media, social mediain
particular, misinformation can be easily amplified within echo
chambers, which consist of individuals with similar mindsets
and beliefs [73]. With artificial intelligence incorporated into
technology, algorithm-driven filters selectively display content
based on user preferences [73]. For example, a mother who is
uncertain about vaccinating her child may join a group of
antivaccine mothers to learn more about their concerns. Not
only would she be bombarded with antivaccination information,
from that point on, antivaccination related information will be
targeting her on several socia media platforms, fostering
antivaccination which may not be at her nor her child's best
interest.

It is a fact that public voices disseminating inaccurate health
information are usually far better heard and related to than
evidence-based knowledge from experts and official health
organizations [74]. It was noted that disinformation travels at
the same speed that information does, which is why some
organizations and authorities have dedicated time and effort to
fight myths and disinformation in social media platforms, as
seen in the exclusive website section of the World Health
Organization dedicated to myth-busting COVID-19
disinformation [72,75]. Another negative consequence of social
media is the poorly defined audience; information shared by
HCPs may entirely miss the target population. Moreover, with
social media, there is a risk of early adoption of unvalidated
research and preliminary findings that carry a risk of future
medical reversal, which would create more hesitancy in the
public and HCPs aike [73]. Another major problem in
publishing scientific information on the web is that the user
may have hidden conflicts of interest that are not disclosed. It
is crucial that every effort be made to criticaly appraise the
information available on social media.

The rapid speed at which information travels may have a very
negative impact on the general well-being of the public. For
exampl e, disseminating alarming and exaggerated information,
misinformation, and manipulated information about COVID-19
may cause fear, anxiety, undue stress, and depression at a
societa level, even inindividual swithout underlying psychiatric
illnesses [72]. People may also publicly share their negative
feelings, such as anxiety, worry, and conspiracism on socia
media. Such posts may have a contagious effect. At the
beginning of the COVID-19 pandemic in the first few weeks
of 2020, a study in China surveyed over 4000 participants.
Frequent exposure to social media was associated with high
odds of anxiety and depression in the general population aswell
as among health care workers [5]. Another study found that
53.8% of respondents expressed encountering a moderate or
severe psychological impact from the COVID-19 pandemic
[76]. Furthermore, a UK study found a positive relationship
between the use of social media as a source of information on
COVID-19 and conspiracy theory beliefs, especially among
younger participants[77].

Being highly influential and used by alarge young population,
social mediamay aso promote unhealthy habits such astobacco
and alcohol use, violence, unhealthy dietary choices, and
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high-risk sex, especialy if they are promoted by digital
community leaders (ie, influencers) [70,78,79]. Furthermore,
enforced advertisement on social media and the subconscious
messages of what looks good through seductive photographs
may have negative unintended consequences for body image
and self-esteem in some users and could provide patients with
unrealistic expectationsfor treatment [80]. The publicisusually
unaware that practitioners showcase successful outcomes
selectively and that the pictures may not reflect the true skills
and proficiency of a practitioner [71]. This may discourage
students and recent graduates who may have not yet obtained
the skills of experienced HCPs. Some social media groups are
based on misconceptions and can be misleading to the public,
such as groups that promote freedom to take off the masking
during the COVID-19 pandemic. However, social media
platforms have begun taking action to limit discussions of that
sort [74].

Posting photographs of procedures and before-and-after
photographs in a reasonable amount may be beneficial and
educational; however, some practitioners makeit agoa initself.
If overdone, these postslosetheir educational value and become
unprofessional advertising and marketing tools[80]. In addition,
the pressure to be socially accepted and celebrated, especially
through social media, may be difficult to handle. Some
individuals, including HCPs, measure their self-worth and seek
validation from feedback on social media (eg, number of
followers, retweets, and likes). Social media users whose
self-confidence is lacking can become more anxious or
depressed, which will lead to less self-confidence and erosion
of self-worth. It is advisable that HCPs re-evaluate the val ue of
social media if it starts to affect them negatively. It might be
advisable to cut back or opt-out all together. Just as it applies
to the public, if HCPs are psychologically impacted and
struggling, it is better to seek professional help early on.

Although the use of social media among adolescent patients
has been shown to be effective in promoting positive health
behaviors such as increased physical activity and smoking
cessation, the negative impact of social media on the mental
health of young people cannot be neglected [50,60]. There is
evidence to support less use of social media as a protective
factor for mental health in young people[81,82]. In recent years,
cyberbullying has emerged as a threat to the mental well-being
of young people. A 2015 review found a consistent relationship
between cyberbullying and depression among adolescents[83].
In another review, victims of cyberbullying were found to be
affected by worry, fear, depression, and loneliness [7]. It was
also found that being a cyberbullying victim was associated
with more self-injurious behaviors and suicidal thoughts. Inthe
2019 study by Viner et al [84], the authors analyzed data from
the Longitudinal Study of Young People in England and found
that the frequent use of social media by young girls was
associated with decreased well-being and increased
psychological distress. However, they also found that the
negative impact of using social media appearsto stem from the
harmful content users are exposed to and the displacement of
healthy lifestyles rather than social media use per se. A review
in 2017 found that social media use substituted socia
interactions, leading to depression and anxiety [7].

https://www.jmir.org/2022/1/e30379
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A major problem with social mediauseisthat the content posted
is prone to be judged and evaluated by whoever sees it. The
judgment can be very subjective based on the rater and may
reflect unfavorably on HCPs. The trust of patients may be
shaken over one bad or inappropriate post. There are no clear
guidelines about e-professionalism and what is considered
appropriate; it is inherently subjective [85,86]. A review by
Neville and Waylen [27] displays practical examples of
e-professionalism that help simplify the concept. The digital
footprint has an impact not only on the reputation of the user
but also on the profession. Postings on social media can be a
permanent record, even after the content is deleted.

Social media posts can be viewed by a large audience base
beyond the intention or imagination of users [38]. Employers,
program directors, and health officials have the authority to
discipline HCPs for unprofessional behavior or breaches of
patient privacy, which may ultimately affect the credentialsand
licensure of the practitioners[20,40,87]. Even appropriate posts
may be unfairly scrutinized and negatively judged when viewed
out of context. There is aso the problem of conflicting
timestamps, such as atweet or a post shared at atime when the
HCP was in the middle of a procedure or should have given
greater attention to a clinical situation, which could be very
damaging to ajury of peers and the public’s opinion [8].

In the United Kingdom, 45% of pharmacy students stated that
they have posted content on the web about which they are not
comfortable with future employers seeing [88]. In addition,
about 60% of medical schools reported incidents in which
students posted inappropriate content on the web [20].
Furthermore, over half of the medical students surveyed in one
study admitted to having embarrassing Facebook photographs
of themselves[89]. In astudy by Langenfeld et al [86], 12.2%
of residents had had clearly unprofessional behavior on
Facebook, such as Hedth Insurance Portability and
Accountability Act violations and binge drinking; an additional
14.1% demonstrated potentially unprofessional behavior,
including political statementsand the use of alcohol and tobacco
[86].

Ethical Consider ations

Social media communications with or about patients can lead
to a breach of privacy and anonymity of patients, which may
result in legal actions against HCPs and their institutions. To
avoid legal consequences, any post about patients, whether in
text, video, or image, should be deidentified, in accordance with
Health Insurance Portability and Accountability Act regulations
[25]. It isadvisableto always obtain consent before sharing any
patient information, even if the content is anonymized [71,90].
In 2011, an emergency physician discussed patient care on
Facebook. Although she did not identify the patient, she shared
enough information to make identification easy to othersin her
community. Asaresult, shewasfired [100]. In 2016, apediatric
anesthesiologist made inappropriate political comments on
Facebook and was ultimately fired from the University of
Colorado [101].

It is paramount that HCPs realize that professional demeanor
is expected on the internet asin real life. Although no formal
contract is established between HCPs and patients in the
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web-based world, the same rights and responsihilities
traditionally applied should be considered on the internet. In
2013, an obstetrician made unsympathetic comments about an
always late patient. She accidently made them public. The post
and subsequent comments became viral and was featured on
the news. Thousands of people petitioned, and the physician
endured several professional and personal consequences, but
she was not fired from her practice [102]. In another instance,
apatient complained to the mediaabout ahospital in Californig;
inretaliation, the hospital disclosed information about the patient
to the media without permission and was ultimately fined US
$275,000 [103]. In April 2020, an emergency physician in
Washington was fired after criticizing his hospital for its
COVID-19 response on social media[104].

Thereare severa other issues pertaining to ethical considerations
when using social media in health care. One example is the
recruitment of minors on social mediafor research purposes. It
isnot difficult to locate and recruit research participants bel ow
the age of 18 yearson social media. However, individual s below
that age have not reached cognitive maturity to make
thought-through decisions regarding participation in research.
Obtaining parental consent or targeting parents may be amore
ethical alternative [18]. Another example is falsifying images
posted on social media. Photographic technique artifices, such
as modifying angles or digitaly altering photographs to
exaggerate treatment outcomes, is deceiving to patients and is
considered unethical abuse [80].

As the use of socia media by HCPs has increased, health
authorities have published guidelines and recommendationsfor
the use of social media. For example, in 2011, the American
Medical Association published its policy on professionalism
onsocial media[91]. Later in 2013, the General Dental Council
in the United Kingdom published a document titled, Guidance
on using social media [105]. It is imperative that medical
curricula tackle e-professionalism, professional internet
etiquette, and digital ethics, asthe use of social mediain health
careisthe new norm among the millennial generation of HCPs.
For more information, it is recommended to read the review by
Langenfeld and Batra [8], in which recommendations for
e-professionalism have been proposed. In addition, refer to the
guidelineson the use of social mediathat have been summarized
by Dhar [71].

Public Health Implications

Social media has the potential to transmit health-related
information and promote health to the public. Striking the right
balance between digital and traditional health careisimperative.

Fars et a

Social media is omnipresent in our lives today, and the best
guard we have is to be acquainted with it and practice due
diligence in using it to our favor for the promotion of health
care. Nevertheless, HCPs, patients, and the public in general
need not forget the risks to which they may be exposing
themselves. Asmedical professionals, HCPsare bound to ethical
principles toward their colleagues, patients, and the public in
the digital as much as in the rea world. Whether
e-professionalismisformally taught, ethicsisamatter of choice.

Limitations

Despite its comprehensiveness, because of this review being a
narrative review, it is descriptive in nature and did not include
a formal appraisa of the included studies. Data from the
included studies were summarized and reorganized but not
analyzed. Although our search was comprehensive, some
relevant studies may have been unidentified. Bias may have
occurred in selecting and assessing the literature, as it was not
donein a systematic manner, giving the type of review.

Conclusions

This narrative review aimed to discuss how patients have been
using social media in the context of health care and describe
the main issues pertaining to its use in health care. As can be
seen, multidimensional health care, such aswhen pairing health
care with social media and other forms of communication, has
been shown to be very successful. The outcome is maximized
when the audience is reached numerous times, in multiple
Settings, and from various sources. The number of digital natives
isincreasing and will continue to grow in health care settings.
Thus, it is advisable to acknowledge that social media will
remain an essential part of health care for many years.

Despite emerging evidence that the use of social media has
facilitated health care, it has not and will probably not entirely
replace traditional health care. The use of socia media is
associated with barriers, limitations, and shortcomings that
continue to emerge in the literature. To maximize the benefits
while minimizing compromiseto the care provided and avoiding
liahility, HCPs and patients must perform due diligence before
considering socia media in health care and should make
educated judgments on a case-by-case basis.

Associal mediaisarelatively recent occurrence, moreresearch
is needed to determine its long-term effectiveness and to find
the best strategies that would maximize its advantages while
limiting its risks. e-Professionalism and the ethical
considerationsin using social mediain health care can be further
explored.
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