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Abstract

Background: Digital health interventions (DHIs) are effective in improving poor nutrition, physical inactivity, overweight and
obesity. There is evidence suggesting that the impact of DHIs may be enhanced by improving user engagement. However, little
is known about the overall effectiveness of strategies on engagement with DHIs.

Objective: Thisstudy aimsto assessthe overall effectiveness of strategiesto improve engagement with DHIstargeting nutrition,
physical activity, and overweight or obesity and explore associ ations between strategies and engagement outcomes. The secondary
aim was to explore the impact of these strategies on health risk outcomes.

Methods: The MEDLINE, Embase, PsycINFO, CINAHL, CENTRAL, Scopus, and Academic Source Complete databases
were searched up to July 24, 2023. Eligible studies were randomized controlled trials that evaluated strategies to improve
engagement with DHIs and reported on outcomes related to DHI engagement (use or user experience). Strategies were classified
according to behavior change techniques (BCTs) and design features (eg, supplementary emails). Multiple-variable meta-analyses
of the primary outcomes (usage and user experience) were undertaken to assess the overall effectiveness of strategies.
Meta-regressions were conducted to assess associations between strategies and use and user experience outcomes. Synthesis of
secondary outcomes followed the “ Synthesis Without Meta-Analysis’ guidelines. The methodological quality and evidence was
assessed using the Cochrane risk-of-bias tool, and the Grading of Recommendations Assessment, Development, and Evaluation
tool respectively.

Results: Overal, 54 studies (across 62 publications) were included. Pooled analysis found very low-certainty evidence of a
small-to-moderate positive effect of the use of strategies to improve DHI use (standardized mean difference=0.33, 95% CI
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0.20-0.46; P<.001) and very low-certainty evidence of asmall-to-moderate positive effect on user experience (standardized mean
difference=0.29, 95% Cl 0.07-0.52; P=.01). A significant positive association was found between the BCTs social support (effect
size[ES]=0.40, 95% CI 0.14-0.66; P<.001) and shaping knowledge (ES=0.39, 95% CI 0.03-0.74; P=.03) and DHI use. A significant
positive association was found among the BCTs social support (ES=0.70, 95% Cl 0.18-1.22; P=.01), repetition and substitution
(ES=0.29, 95% CI 0.05-0.53; P=.03), and natural consequences (ES=0.29, 95% CI 0.05-0.53; P=.02); the design features email
(ES=0.29, 95% CI 0.05-0.53; P=.02) and SMS text messages (ES=0.34, 95% CI 0.11-0.57; P=.01); and DHI user experience.
For secondary outcomes, 47% (7/15) of nutrition-related, 73% (24/33) of physical activity—related, and 41% (14/34) of overweight-
and obesity-related outcomes reported an improvement in health outcomes.

Conclusions:  Although findings suggest that the use of strategies may improve engagement with DHIs targeting such health
outcomes, the true effect is unknown because of the low quality of evidence. Future research exploring whether specific forms
of social support, repetition and substitution, natural consequences, emails, and SM S text messages have a greater impact on DHI
engagement is warranted.

Trial Registration: PROSPERO CRD42018077333; https://www.crd.york.ac.uk/prospero/display_record.php?Recordl D=77333

(J Med Internet Res 2023;25:e47987) doi: 10.2196/47987
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Introduction

Burden of Chronic Disease

Chronic diseases such as cancer, cardiovascular disease, and
type 2 diabetes account for 73% of deaths and 61% of all
disability-adjusted life years worldwide [1,2]. Overweight and
obesity, poor nutrition, and physical inactivity are among the
leading modifiable risk factors for chronic diseases, and the
development of interventions to address these risk factors has
been identified as a public health priority internationaly [3].
Interventions that target overweight and obesity, nutrition, and
physical activity need to be scalable and low cost to have a
wide-reaching impact on the prevalence of chronic diseases[4].

Digital Health Interventions Can Improve Chronic
Disease Health Risks

The use of digital health interventions (DHIs) shows promise
and has been recognized by the World Health Organization
(WHO) as a way to successfully deliver health interventions
and reducerisk factorsfor chronic diseases at apopul ation level
[5-7]. Digital health describes the general use of information
and communications technologiesfor health and isinclusive of
both mobile health and eHealth, for example, websites, mobile
phone communication, and apps [8]. With >5 billion internet
usersworldwide, these technol ogies have the potential to deliver
effective health interventions at scale with high fidelity and at
alow cost in addition to addressing health inequities by enabling
the delivery of sophisticated services to individuals and
communitiesthat find traditional formsof servicesinaccessible
[9,10]. Systematic reviews of research trials evaluating the use
and effectiveness of DHIs have provided modest evidence that
such interventions can improve nutrition [4,11,12], physical
activity [13], and weight status [4,14-16]. However, various
challenges to optimizing the effectiveness of DHIs for the
prevention of chronic diseases have been identified, in particular
alack of initial and sustained user engagement [17-19].

https://www.jmir.org/2023/1/e47987

The Impact of DHIsIsOften Impeded by a L ack of
User Engagement

In total, 2 recently published conceptua models of digital
engagement have proposed multifaceted definitions of digital
engagement that include both the extent to which aDHI isused
(eg, frequency, amount and duration of access, and depth and
completion of the program) and user experience (characterized
by factors such as attention, interest, and affect) [20,21]. The
reporting of both types of engagement outcomes has been
recommended to provide a comprehensive understanding of
DHI engagement [22]. However, to date, most studies examining
DHI engagement have reported only on measures of use (eg,
number of log-insor digital activities completed asintended by
the developer) [22]. Such studies frequently report that DHIs
are often not adopted and used as intended [17], with a
systematic review of DHIsreporting “use asintended” asbeing
aslow as50% in research trials[23] and continued use of health
apps after 30 daysaslow as4% outside of a“trial context” [24].
Such findings are concerning as there is evidence suggesting
that the health impact of DHIs may be enhanced by greater
engagement; for example, areview by Donkin et al [25] of 33
DHI studies found that the number of log-ins was associated
with an improvement in health behavior outcomes, including
fruit and vegetabl e intake, weight status, smoking, and physical
activity. More recently, a systematic review of DHIs targeting
physical activity found a significant positive relationship
between physical activity and user engagement (subjective
experience, activities completed, and log-ins) [26], and another
review of DHIs targeting nutrition found early evidence of an
association between DHI use and dietary intake [27].

How Might Strategies | mprove Engagement With
DHIs?

Conceptual models of engagement with DHIs suggest that
exposure to engagement strategies within or adjunct to a DHI
leads to increased engagement (use and user experience) with
the active or core components of the DHI. Increased engagement
with the DHI then leadsto changesin determinants of behavior
(eg, capability, opportunity, and motivation) that, in turn,
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influence health behaviors (eg, physica activity) and health
outcomes (eg, development of chronic diseases) [20,22,28].
Despite the role of engagement in improving the health
outcomes of DHIs, digital health technologies do not routinely
incorporate user-engaging strategies into intervention designs
[29], and trialsthat test strategiesto maximize user engagement
with interventions are only beginning to emerge[20]. Therefore,
research to better understand the varying strategies that may be
used to improve engagement with DHIsiswarranted [20,21,30].

It has been proposed that several aspects of DHI's, including the
content of the DHI itself and design and delivery features of
DHIs, may enhance engagement [20,21]. Previously, behavior
change techniques (BCTs) have been used to classify the types
of strategies used as part of a DHI design to improve
engagement [31]. Michie et al [32] have devel oped ataxonomy
of BCTs, providing standardized labels and definitions and
allowing for the coding of BCTsused in interventions. The use
of BCTs may improve engagement via multiple mechanisms.
For example, the use of the BCT prompts and reminders may
directly increase engagement by reminding the user tologinto
awebsite or complete an activity such asadiet or steplog [31].
In addition, the BCT provision of tail ored feedback may increase
engagement by increasing perceived user relevance, which in
turn motivates the user to interact more with the DHI [19]. The
design features used as part of a DHI have also been identified
as strategies with the potential to improve engagement [20,31].
For example, this may take the form of the use of automated
functions that can increase interaction via videos and games or
via communicative functions such as discussion boards or live
chats[33]. Similarly, the addition of SM Stext messages, emails,
or phone calls used in adjunct to a web-based DHI could
improve engagement by creating an additional access route to
the end user, with opportunities for prompting DHI use [34] or
increasing user attention or interest in the DHI [35]. Therefore,
for the purpose of this review, we use the term “strategy” to
cover elements of the DHI content, design, and delivery
(classified using BCTs) [32] and a system developed by Webb
et a [36].

Why Islt Important to Conduct This Review?

Although multiple reviews have narratively synthesized the
effect of strategies in improving engagement with DHIs
[25,36-40], to our knowledge, only 1 review has undertaken a
meta-analysis to quantify the effect of strategies on DHI
engagement [31], just 1 review has undertaken multiple
regression to explore the types of strategies associated with
engagement [23], and no reviews have synthesized the effect
of strategies on individual health risk outcomes targeted by the
DHI. To date, the findings from these reviews suggest that the
use of digital prompts may improve engagement with
technology-based interventions [23,31]. However, these and
other reviews examining theimpact of strategieson engagement
with DHIs have been limited in scope because of the exclusion
of studies of interventions with nondigita supplementary
strategies [31,39], the restriction of inclusion criteria by DHI
types (ie, web-based interventions only) [23,37], the restriction
of inclusion criteria to a single health risk (eg, substance use
only) [40], and the use of narrow engagement outcome
definitions (ie, use analytics only) [23,31,37,39]. In particular,
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reviews that have only examined use-based outcomes (eg,
log-ins and time spent using the DHI) of engagement do not
consider the multifaceted nature of digital engagement, which
extends to the emotional and cognitive aspects of the user’'s
experience [22]. It has been recommended that the addition of
user experience outcomes can provide an indication of how
strategies may have influenced the behavior change process
[22], providing aricher understanding of possible engagement
mechanisms [20,21]. Given this, there is a need for a
comprehensive systematic review addressing the limitations of
previousreviews, using broader definitions of engagement, and
identifying the types of strategies that can be used to improve
DHI engagement. Thisreview will bethefirst to provideinsights
into the effectiveness of strategiesto improve engagement with
DHIstargeting nutrition, physical activity, and overweight and
obesity aswell asexplorethetypes of strategies associated with
engagement. The application of the review findingsislikely to
ultimately enhance the public health impact of such
interventions.

Objectives

The primary aims of the review were to (1) assess the overall
effectiveness of strategiesto improve user engagement (useand
user experience) with DHIstargeting nutrition, physical activity,
and overweight and obesity; and (2) explore the association
between individual strategies to improve engagement and
engagement outcomes. The secondary aim was to explore the
impact of strategies to improve engagement on health risk
outcomes (nutrition, physical activity, weight status, or
adiposity).

Methods

Thisreview was conducted in line with the Cochrane Handbook
for Systematic Reviews of Interventions [41] and was
prospectively registered with PROSPERO (CRD42018077333)
[42].

Eligibility Criteria
Types of Studies

Only randomized controlled trials (RCTS), cluster RCTs,
quasi-RCTs, and cluster quasi-RCTswere included asthey are
considered the most robust and reliable designsfor establishing
the effectiveness of an intervention. Studies were included if
they compared a strategy to improve user engagement with
DHIswith no strategy (ie, control) or “usual care” or compared
>2 strategies. Studies using other designs, including controlled
before-and-after studies, interrupted time series, and
multiple-baseline and observational studies, were excluded.

To be included, trials were required to report on the impact of
a defined strategy on an engagement outcome between
experimental groups receiving the same DHI, for example, a
trial evaluating the impact of a web-based program with the
addition of SMS text messages versus the same web-based
program without SM'S text messages on website engagement.
Studies that randomized participantsto different DHIs (eg, app
vs website) or to a DHI versus a non-DHI (eg, app vs
face-to-face) were not included.
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Types of Participants

Weincluded any study undertaken with adult participants (aged
>18Yy), including individuals or groups of individuals (eg, health
care providersand community organizations). Studiestargeting
the health outcomes of children or families via parent use of
DHIs were included. Studies only reporting the outcomes of
children (individuals aged <18 y) were excluded.

Types of I nterventions

Any studies evaluating the use of strategies to improve user
engagement with DHIs aimed primarily at preventing chronic
diseases by improving physical activity, nutrition, and
overweight and obesity (or a combination of these) were
included. Consistent with the WHO definition, DHIs were
defined as the use of digital, maobile, electronic, and wireless
technologies to support the achievement of health objectives
[8]. DHIs included but were not limited to devices used to
deliver theintervention, such as mobile phones, portable tablets
(eg, iPad), web-based interventions, mobile apps, and activity
trackers (eg, Fitbit). Strategies for improving engagement
included but were not limited to BCTs (such as prompts and
reminders, incentives, self-monitoring, or problem-solving) or
different design features (such as supplementary SMS text
messages or emails, automated functions, or communicative
functions).

Types of Outcome Measures

Primary Outcomes

Studies that included any quantitative measure of DHI
engagement, defined as the extent of DHI use as well as the
user experience, characterized by but not limited to attention,
interest, and affect, wereincluded [20]. Examples of behavioral
use outcomes include number of log-ins, frequency of use,
number of activities completed, duration of access, and
completion of the program. Examples of user experience
outcomesinclude user satisfaction, acceptability, attention, and
usability [22]. Similarly to previousreviews, engagement could
be assessed viaany objective or subjective quantitative measure,
for example, via embedded data collection systems (ie, DHI
analytics) or observation (eg, eyetracking) or as measured using
self-reported questionnaires or surveys (eg, user satisfaction
guestionnaires) [26,27].

Secondary Outcomes

Secondary outcomesincluded any measure of nutrition, physical
activity, weight status, or adiposity measured objectively or
subjectively (eg, self-reported). In contrast to the registered
protocol [42], this paper does not report on estimates of absolute
costs or adverse effects because of challenges in defining and
separating costs and adverse events resulting from strategies
from DHIs overall.

Exclusion Criteria

The following exclusion criteria were applied: (1) studies that
did not involve the use of a DHI; (2) studies that reported
engagement with CD-ROM and computer-based interventions
asthese do not function in aweb-based capacity (therefore not
meeting the WHO definition of a DHI); (3) studies in which
data related to engagement with a DHI could not be separated
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from data related to recruitment, participation, and retention
within theresearch trial; (4) studiesthat did not have aprimary
or secondary aim to examine engagement (or related concepts,
€g, use, acceptability, and feasibility) with a DHI; (5) studies
in which the interventions were targeted at those with existing
health-related conditions or diagnoses (eg, chronic diseases,
communicable diseases, or mental illness) given our interest in
generalizing findings to the general population; and (6) studies
that did not quantitatively measure engagement with the DHI
as an outcome.

Search Methodsfor |dentification of Studies

Overview

We performed a comprehensive search for published studies
across a broad range of information sources to reflect the
cross-disciplinary nature of the topic. Studies published in
English were eligible. There were no restrictions regarding
article publication date, length of the study follow-up period,
or country of origin.

Electronic Searches

Searches for peer-reviewed literature were undertaken by an
experienced librarian using the following electronic databases
from inception to July 24, 2023: Cochrane Library (including
CENTRAL), MEDLINE, Embase, PsycINFO, CINAHL,
Scopus, and Academic Source Complete.

The MEDLINE search strategy (Multimedia Appendix 1) was
adapted for each database using database-specific subject
headings and filters. Weincluded filters used in other systematic
reviewsfor study design (RCTs) [43,44], intervention strategies
[40], engagement outcomes[20,40], and DHIs[20,31,40]. This
review was conducted alongside another review that aimed to
assess the effectiveness of strategies to increase engagement
with DHIstargeting smoking and al cohol consumption. Assuch,
search terms to identify studies including DHIs targeting
smoking and alcohol consumption were also applied [45,46].
A review of the studies including DHIs targeting smoking and
alcohol consumption will be published separately.

Searching Other Resources

We screened the reference lists of al the included trials for
citations of other potentialy eligible studies. To ensure
comprehensive identification of relevant studies that were
inadequately indexed or not captured via the database search,
we conducted hand searches of all publications over a 10year
period (April 2013-July 2023) in the following journals as the
leading and largest digital health journals worldwide: Journal
of Medical Internet Research, JMIR mHealth and uHealth,
JMIR Medical Informatics, and JMIR Public Health and
Surveillance.

Selection of Studies

In accordance with the methods recommended in the Cochrane
Handbook for Systematic Reviews of Interventions [41], pairs
of reviewers (AG, NP, MM, MF, RW, HL, and Tonelle
Handley) independently screened abstracts and titles for
potentially eligible studies using the systematic review
management system Covidence (Veritas Health Innovation)
[47]. Duplicates were initialy identified and removed in
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EndNote X9.2 (Clarivate Analytics) using the automated
deduplication feature before this process was repeated in
Covidence. We obtained the full texts of all potentially relevant
or unclear articles, and pairs of reviewers (AG, NP, CB, TD,
RH, HL, and Tonelle Handley) independently screened these
against our inclusion criteria. Screening disagreements were
resolved through discussion between the pairs of review authors
and, where required, by consulting a third review author. The
review authorswere not blinded to author or journal information.
The number of articles identified, screened, eigible, and
included was recorded according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
statement [48].

Data Extraction and M anagement

Overview

Pairs of reviewers (AG, NP, HL, CB, Fiona Stacey, and Kate
Reid) independently extracted information from the included
studies. Those extracting data were not blinded to author or
journal information. Data were extracted using a standardized
tool adapted from the Cochrane Public Health Group Methods
Manual [49] previously used by thereview teamin asystematic
review [46]. All data extraction disagreements were resolved
through discussion between the pairs of review authors and,
where required, by consulting athird review author.

We attempted to contact the authors of studies with missing
data to obtain the required primary outcome data for inclusion
in the review. Where multiple publications of the same trial
were included, we extracted data from those deemed the most
applicable to the primary aim of this review. Data related to
study armsthat were not provided with aDHI (ie, true controls)
were not extracted asthey did not report on digital engagement
outcomes.

The following information was extracted:

1. Study design, first author surname, year of publication,
country, participant characteristics, settings, unit of
allocation, unit of analysis, and information to allow for
risk of bias (ROB) and certainty of evidence assessment
(Grading of Recommendations A ssessment, Devel opment,
and Evaluation; GRADE)

2. Characteristics of the intervention, including type of DHI,
duration, number and frequency of strategies, and the
theoretical underpinning of the intervention (if reported)

3. Primary and secondary outcome results (relevant to the
review), including data collection method, outcome
measures, follow-up period, effect size (ES), and all data
required to undertake synthesis

4. Hedthrisk outcomes (related to nutrition, physical activity,
and overweight and obesity)

5. Sourceor sources of research funding and potential conflicts
of interest

Coding of Intervention Characteristics

To standardize the types of strategies used to improve
engagement, a coding system used in a previous review
conducted by Webb et al [36], which categorized strategiesinto
BCTs and design features, was used. Pairs of reviewers (AG,
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HL, NP, and Melanie Lum) independently coded intervention
descriptions using the taxonomy of BCTs devel oped by Michie
et a [32] and the design features (modes of delivery) as
developed by Webb et a [36]. The BCT groupings and the
design features used, along with example applications, can be
found in Multimedia Appendix 2 [32,36]. When coding BCTSs,
the overarching 16 BCT groupings (rather than the 93
subcategories) were used to identify the specific techniques
used in the relevant intervention arm or arms in the included
studies. The description and examples within the subcategories
were considered when categorizing strategies [32]. Consistent
with previous studies, the design features used included 11
possible modes of delivery grouped according to 3 categories:
automated functions, communicative functions, and use of
supplementary modes [36,50]. BCTs and design features were
only coded when they were identified as strategies to increase
engagement in an intervention arm but not in the comparison
arm. For example, if multiple BCTs were coded in both the
intervention and comparison arms, only the BCTs unique to
onearm wereidentified asthe strategiesto increase engagement.
Astherewasno limit or predefined range of strategiesincluded
in the review, any unique BCTs and design features were
recorded irrespective of whether the study authors indicated
that these strategies were specifically designed to improve
engagement.

Assessment of ROB in the I ncluded Studies

Pairs of reviewers (AG, NP, RS, Sam McCrabb, Li Chai, and
Tonelle Handley) independently assessed the ROB using the
“risk-of-bias’ tool described in the Cochrane Handbook for
Systematic Reviews of Interventions [41]. An ROB judgment
(“high,” “low,” or “unclear”) was determined for each of the
domains assessed, including sequence generation, allocation
concealment, blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data, selective
outcome reporting, and “other” potential sources of bias.
Additional criteria for cluster RCTs (recruitment to cluster,
baseline imbalance, loss of clusters, incorrect analysis,
contamination, and compatibility with individually randomized
RCTs) were also included. Separate ROB assessments were
conducted on the primary outcomes (use and user experience)
and for the study overall [51]. High study ROB was defined as
scoring high on at least half of the domains assessed, unclear
study ROB was defined as scoring unclear or low on at least
half of the domains assessed, and low study ROB was defined
as scoring low on at least half of the domains assessed [52].
ROB disagreements were resol ved through discussion between
the pairs of review authors and, where required, by consulting
athird review author.

Unit-of-Analysis | ssues

Studies using clustering were examined for unit-of-analysis
errors and identified in the “Risk of bias” For both primary
outcomes, theintracluster correlation coefficient reported in the
included studies was used. If the trial did not account for
clustering, it was accounted for by adjusting the total sample
sizefor the design effect [41].
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GRADE Tool

Pairs of reviewers (AG and NP) used the GRADE system to
independently assess the certainty of the body of evidence for
the primary engagement outcomes by considering the study
limitations, consistency of effect, imprecisions, indirectness,
and publication bias[51]. GRADE disagreementswereresolved
through discussion between the pair of review authors and,
where required, by consulting a third review author. The
certainty of the body of evidence for the main engagement
meta-analyses was graded from “High” to “Very-Low” in
accordance with the Cochrane Handbook for Systematic Reviews
of Interventions [41].

Data Synthesisand Analysis

Meta-Analyses

We undertook 2 multivariate meta-analyses, one for outcomes
measuring DHI use (eg, number of log-ins or web visits, time
spent using the DHI, and number or proportion of DHI activities
completed) and one for outcomes measuring user experience
(eg, acceptability, satisfaction, usability, and attention) to assess
the impact of strategies on each conceptua model of
engagement. Given the broad definitions of both use and user
experience, multivariate meta-analyses were undertaken asthey
allow for the joint synthesis of multiple outcomes accounting
for their correlation. As this approach allows more studies to
contribute to the meta-analysis, it may improve efficiency and
decrease hias (because of selective outcome reporting) [53].

All DHI use and user experience outcomes of interest to the
review were included in the meta-analyses. Most included
studies (51/54, 94%) reported multiple measures of engagement,
had multiple intervention arms, or both. Only study arms
reporting on engagement outcomes compared with the “ control
arm” were included in the analysis. To account for multiple
outcome measures, robust variance estimation (RVE)
meta-analyses were used to account for the unknown
correlations in each study. RVE produces valid SEs, point
estimates, and Cls without needing to know the exact
within-study correlations and is robust to the choice of
within-study correlation [54]. For factorial and multiarm trials,
the outcomes for each relevant arm were entered separately,
with the correlation between the results handled by the
multivariate model. All outcomes (both continuous and
categorical) were converted to standardized mean differences
(SMDs) and their corresponding sampling variances. When
multiple time points were reported in the included studies, we
chose the time point closest to the end of the DHI intervention
delivery period to capture the most immediate and total effect
of the engagement strategies. Intention-to-treat analyses were
used in preference to complete-case analyses. For cluster RCTS,
the study’s adjusted sample size was calculated by dividing it
by the design effect. When no intracluster correlation coefficient
was reported, it was assumed to be 0.05 [55]. Outcomes without
sufficient data to calculate the SMD were excluded from the
meta-analyses. RVE was performed on the SMDs (and
associated variances) using the R package robumeta (R
Foundation for Statistical Computing) [56]. A common
within-study correlation (p) of 0.8 was assumed. To interpret
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ESs, we used guidance according to the Cohen d (small
effect=0.2; moderate effect=0.5; large effect>0.8) [57].

Assessment of Heterogeneity

For the primary outcomes, heterogeneity was evaluated by
examining forest plots for asymmetry. Statistical heterogeneity

was also quantified by calculating the 1 statistic [51]. Where

study heterogeneity was considerable (defined as 12>75%), we
conducted subgroup analyses.

Subgroup and Sensitivity Analyses

Using multivariate meta-analyses, we performed subgroup
analyses by use outcome measure (eg, time, log-ins, and
activities completed), type of DHI (web-based program, activity
tracker, mobile app, and telehealth), health risk (overweight and
obesity, nutrition, and physical activity), and the study setting
(closed, controlled data collection and delivery vs open, remote,
and “real world” data collection and delivery). Sensitivity
analyses were undertaken to determine whether the findings
remained robust using different within-study correlations,
whether studies were omitted that only reported medians rather
than means (use meta-analysis only), and the effect of removing
studieswith an overall high ROB. Following avisual inspection
of the meta-analysis forest plots, an additional sensitivity
analysis removing outliers was undertaken (use meta-analysis
only).

Meta-Regressions

To explore the association between individual strategies (BCTs
and design features) and engagement outcomes, RVE
meta-regressions were conducted where sufficient data were

available. We deemed sufficient data to be available if there
were =15 outcomes reported for an individual engagement

strategy.

Secondary Outcome Synthesis

To synthesize the effects of the use of engagement strategies
on the primary health risk outcome targeted by the DHI, we
used the direction of the effect where available rather than
statistical significance in accordance with SWiM (Synthesis
Without Meta-Analysis) guidelines [58]. Similarly to previous
reviews of nutrition, physical activity, and overweight and
obesity interventions [52,59], we focused on a single measure
of each health risk factor outcome from each study, which was
selected based on a hierarchical criterion: validated measures
over nonvalidated measures, global scores over individual
constructs, measures that were deemed most relevant to
answering the review question or were most commonly used
among the included studies over other measures, and results
from adjusted anayses over unadjusted analyses. Whereasingle
measure could not be determined using the hierarchy, a
web-based random number generator was used to select the
measure to be included. For health risk measures that were
reported at multiple time points, consistent with the outcomes
chosen for engagement, the time point closest to the end of the
intervention was extracted. For studies with multiple relevant
intervention arms, we extracted findings from each intervention
arm compared with the control arm.
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Following the removal of duplicates and manual searching of
reference lists of theincluded studies, 65.65% (24,584/37,449)
of abstracts were retained for review, with 2.23% (549/24,584)
undergoing full-text review (Figure 1).

Results

Search Results
The searches resulted in 37,449 potentially relevant abstracts.

Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flow diagram. * This review was conducted in conjunction
with amirror review of digital health interventions targeting smoking and alcohol consumption, the results of which will be reported elsewhere.
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Included Studies and Participants

The characteristics of each study are described in Multimedia
Appendix 3 [33,55,60-122]. There were 54 relevant studies
reported across 62 publications included in the review. The
studies were RCTs (46/54, 85%) [33,60-104], factoria RCTs
(2/54, 4%) [105,106], or cluster RCTs(6/54, 11%) [55,107-111].
The sample sizes ranged from 10 to 8112 participants. The
countries of origin included 50% (27/54) of studies from the
United States [33,55,66,68,69,72-77,79-81,83,84,88,89,92-94,
97-99,104,105]; 28% (15/54) of studies from Austraia
[60,61,63-65,70,82,85,86,90,96,102,103,106,111]; 6% (3/54)
of studies from the Netherlands [62,87,107]; 6% (3/54) of
studies from the United Kingdom [67,71,110]; 6% (3/54) of
studiesfrom Canada[78,95,108]; and 2% (1/54) of studieseach
from China[109], Brazil [91], and Germany [101]. Overweight
and obesity wasthe health risk primarily targeted in 57% (31/54)
of the studies [33,55,62-65,67,69-72,74-76,79-81,83,
84,87,89,91-94,98-100,104,107,112], whereas 37% (20/54) of
the studies primarily targeted physica  activity
[60,61,68,73,77,78,82,85,86,90,95,101-103,105,108-111,113]
and 6% (3/54) primarily targeted nutrition [66,96,106]. The
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technol ogies used to deliver the DHIsincluded websites (33/54,
61%); mobile apps (11/54, 20%); SMS text messages (2/54,
4%); activity trackers (3/54, 6%); telehealth (1/54, 2%); a
combination of an activity tracker, smart scale, and maobile app
or website (1/54, 2%); a combination of an activity tracker,
smart scale, and mobile app (1/54, 2%); a combination of a
website and mobile app (1/54, 2%); and a combination of a
website and telehealth (1/54, 2%). Most studies (45/54, 83%)
had 2 armsincluded for the purpose of analysis, with 13% (7/54)
of the studies including 3 arms [63,66,69,79,82,102,107] and
4% (2/54) of the studies using a 2 x 2 randomized factorial
design [105,106]. A total of 65 intervention arms and 54
comparison arms were identified as relevant to the review.

Strategies to | mprove Engagement

Use of BCTsIdentified as Engagement Strategies

For the purpose of the review, we considered any “unique” BCT
(ie, a BCT identified in the intervention description of an
included study arm but not in the comparison study arm) as a
potential engagement strategy. A total of 61% (33/54) of the
studies were identified as using one or more BCTs as an
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engagement strategy [33,55,61-69,71,72,76-80,83,88,89,92,93,
98,99,102-109,111]. The identified engagement strategy BCTs
are listed in Multimedia Appendix 4 [33,55,62-64,
67,69,71,72,74-76,79-81,83,84,87,89,91-94,97-100,104,107,116,118).
In the remaining 39% (21/54) of the studies, no BCTs were
identified as engagement strategies.

Examples of the types of BCTs identified as engagement
strategies in the included studies can be found in Multimedia
Appendix 2 [32,36]. The BCT social support wasidentified as
an engagement strategy in 35% (19/54) of the studies
[33,61-64,66,68,72,76,79,80,93,98,102-104,106,109,111],
reward and threat (eg, providing material incentives) was
identified in 22% (12/54) of the studies
[55,67,78,92,93,99,102,105-107,109,111], antecedents (eg,
changing the socia environment to facilitate performance) was
identified in 7% (4/54) of the studies[71,76,79,93], associations
(eg, use of prompts) wasidentified in 13% (7/54) of the studies
[64,68,77,88,93,102,108], goals and planning was identified
in 11% (6/54) of the studies [33,64,68,93,102,114], feedback
and monitoring was identified in 9% (5/54) of the studies
[63,64,68,76,102], and shaping knowledge wasidentified in 7%
(4/54) of the studies[76,79,93,109]. Other BCTswereidentified
in <6% (3/54) of the studies.

Use of Design Features I dentified as Engagement
Strategies

Similarly to BCTs, we considered any “unique” design feature
(ie, a feature identified in the intervention description of an
included study arm but not in the comparison study arm) as a
potential engagement strategy. A total of 61% (33/54) of the
studies were identified as using one or more design features as
an engagement strategy [60-67,70,72,76,77,79,80,82,83,
85,87,88,91,93,94,96-98,101-104,106,108,109,111], with the
remaining 39% (21/54) of the studies not using any design
features as engagement strategies. Thedesign featuresidentified
in each study are listed in Multimedia Appendix 4
[33,55,62-64,67,69,71,72,74-76,79-81,83,84,87,89,91-94,97-100,104,
107,116,118]. The design feature enriched information
environment (eg, supplementary content and links, testimonials,
videos, or games) was identified as an engagement strategy in
22% (12/54) of the studies [60,62,64,70,79,82,83,
85,87,93,102,106], automated tailored feedback was identified
in 19% (10/54) of the studies[62-64,70,93,94,98,101,102,106],
automated follow-up messages was identified in 11% (6/54) of
the studies [62,64,65,76,77,88], peer-to-peer access was
identified in 15% (8/54) of the studies
[63,72,93,103,104,106,109,111], the use of SMStext messages
was identified in 11% (6/54) of the studies
[65,76,77,93,106,113], and the use of telephone calls was
identified in 11% (6/54) of the studies [67,70,80,93,97,102].
Other design features were identified in <7% (4/54) of the
studies.

Use of Other Strategies for Engagement

The strategies to improve engagement used in 19% (10/54) of
the studies [73-75,81,84,86,90,95,100,110] were unable to be
classified asBCTsor design features using the existing criteria.
Thesetypes of strategiesincluded comparing 2 different modes
of delivering peer social support (web-based platform and in
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person) [ 74], providing the whole family with an activity tracker
to support family group goal setting versusjust 1 family member
(child) [110], comparing different frequencies of prompts to
enter tracking data into a web-based platform [84], comparing
different framing of prompts (prevention- vs promotion-based
prompts) [81], providing an activity tracker to record steps
versus no activity tracker [86], providing digital scales and
activity trackersto giveto friendsto enhance the social climate
versus no additional egquipment for friends [75], using smaller
peer support groups to support group adhesion versus large
generic discussion groups|[ 73], comparing different frequencies
of live and prerecorded physical activity sessions [95], and
providing acceptance and commitment therapy versusno therapy
[100].

Types of Engagement Outcomes

All but 2 of the studies (52/54, 96%) [94,96] reported use
measures of engagement (ie, activities completed, log-ins, or
time), and 54% (29/54) reported user experience measures of
engagement [60-65,72,75,81-87,90,92,94-98,100-103,109,110].
Use outcomes of engagement were assessed objectively viadata
captured by the DHI (eg, analytics) or subjectively via
self-report (eg, survey items). User experience outcomes were
captured subjectively via self-report (eg, survey items) and
objectively in one study using an eye-tracking device. In total,
403 engagement outcomes (n=219, 54.3% related to use and
n=184, 45.7% related to user experience) wereidentified across
the 54 included studies (Multimedia Appendix 4
[33,55,62-64,67,69,71,72,74-76,79-81,83,84,87,89,91-94,
97-100,104,107,116,118]).

Types of Health Risk Outcomes

Health risk outcomes were reported in 93% (50/54) of the
studies. Of these 50 studies, 31 (62%) reported on overweight-
and obesity-related outcomes, [33,55,62-65,67,69-72,
74-77,79-81,83,85-87,89,91-95,98,99,104], 29 (58%) reported
on physical activity [55,61,64,65,68,70,73,77,78,82,
85-88,90-93,95,97,100-105,107-109,111], and 14 (28%)
reported on  nutrition  outcomes  [64,65,70,71,77,
83,87,91,93,96,97,104,106,107]. Outcomesrel ated to overweight
and obesity included BMI, BMI z-score, weight change, waist
circumference, percentage of weight loss, and the proportion
of participantswith clinically significant weight loss. Outcomes
related to physical activity included steps (number, mean/day,
and changein daily step counts), moderate to vigorous physical
activity (min, mean min/day, and mean 10-min bouts/wk),
physical activity (total and min/wk), physical activity level
score, kilocalories expended per kilogram, and the Godin
Leisure-Time Exercise Questionnaire. Outcomes related to
nutrition included fruit, vegetable, sweet snack, and energy
(calorie and kJ/day) intake; percentage of caloriesfrom saturated
fat; and diet quality.

M ethodological Quality of Studies: ROB of Included

Studies

For the included engagement outcomes (use and user
experience), the ROB is reported separately in Multimedia
Appendix 5 [33,55,60-64,66-111,114,116-118,122]. Figure 2
shows the percentage of studies with high, unclear, and low
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ROB for each domain. An assessment of overall bias found
most studies (30/54, 56%) to be at low risk, 39% (21/54) of the
studies to be unclear [33,55,65,66,68,72,74,76,81,82,84,86,
89,92,95,97-100,102,104], and 6% (3/54) of the studies to be
at high risk [85,87,101].

Most studies were deemed low risk for “random sequence
generation”  (36/54, 67%) [55,60-62,64,65,67,69-73,
75,77-82,85-88,90,91,93,94,96,97,100,102,103,106,108,110,111]
and “selective outcome reporting”  (45/54, 83%)
[33,55,60-76,78-85,87,90-97,101-103,105-107,109-111]. For
use outcomes, most studies were deemed low risk for
“incomplete outcome data” (34/52, 65%)
[33,60,61,63,66-70,73,75-80,83,84,83-93,98-100,103,105-107,109-111]
and “blinding of outcome assessment” (40/52, 77%)
[33,55,60-67,69-73,75-77,79,80,82,83,87,90-93,95,98-100,103-111].
For user experience outcomes, the ROB for “incomplete
outcomedata’ was mixed, with half (14/28, 50%) of the studies
rated as high risk [62,64,65,72,81,82,85-87,95,96,98,101,102].
For user experience outcomes, the ROB for “blinding of

Figure 2. Risk-of-bias summary. RCT: randomized controlled trial.

Primary Outcomes

Overall Effectiveness of Strategiesto Increase Use
Outcomes of Engagement

Overview

For the meta-analysis of use outcomes, 201 outcomes from 94%
(51/54) of the studies with 17,828 participants were included.
The excluded use outcomes and studies and reasons for
exclusion are summarized in Multimedia Appendix 6
[33,55,61,66-80,84,85,88,89,91,93,94,96,98,99,102-108,111,118].

Detailsof the study arms, SMDsfor each comparison condition,
and 95% Cls are provided in Multimedia Appendix 4
(3356624670, 71,72,74 76,79-81,.838487,8091-A97-100104.107116118).
Pooled analysis of the 51 included studies found a very
low-certainty level of evidence of a small-to-moderate positive
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outcome assessment” was also mixed, with 50% (14/28) of the
studiesrated as unclear [61,65,81,84,86,90,92,94-98,100,103].
Almost half (26/54, 48%) of all the studies had low risk for
“alocation concealment” [60,65,67,70,71,75,77-79,82,83,
85-88,90,91,93,96,100,102,106,108-111], and just over half
(29/52, 56%) were unclear for “blinding of participants and
personnel” use outcomes [33,55,60,65,66,72-74,76-78,
81,82,84,86,88-90,92,95,97-100,102-104,110,111], whereas
61% (17/28) of the studies were unclear for “blinding of
participants and personnel” user experience outcomes
[60,65,72,81,82,84,86,90,92,94-98,100,102,103].

Of the 6 cluster RCTs[55,107-111], most wererated aslow for
“basdineimbaance’ (n=4, 67%) [55,107,109,111], “recruitment
tocluster” (n=6, 100%), “lossof cluster” (n=5, 83%) [107-111],
and “incorrect analysis’ (n=4, 67%) [55,107,109,111]. For
“other bias (contamination),” most studies (5/6, 83%) wererated
as unclear [55,107-109,111]. For “compatibility with
individually randomized RCTs,” al cluster trials (6/6, 100%)
were rated as having an unclear ROB.

effect of the use of any strategy (including BCTs and design

features) on DHI use (SMD=0.33, 95% Cl 0.20-0.46; 1°=85.9%;
P<.001; Table S1 in Multimedia Appendix 7). The certainty of
evidence (using GRADE) was assessed as very-low because of
downgrading by 1 level for inconsistency (substantial

heterogeneity; 1°=85.9%), 1 level for indirectness, and 1 level
for imprecision (Table S1 in Multimedia Appendix 7).
Subgroup and Sensitivity Analysis

In total, 2 sensitivity tests were undertaken. One was to
determine whether the findings remained robust when using
different within-study correlations, and the second was to
determine whether the findings remained robust when omitting
studiesthat only reported mediansrather than means. Theresults
are displayed in Tables S2 and S3 in Multimedia Appendix 7.
For both sensitivity tests, there were only minor differences
between the 2 sets of results. Inspection of theforest plot (Figure
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S1 in Multimedia Appendix 7) indicated that an outlier, the
study by Alley et a [60], could have been driving the significant
results as the SMD for this study was much larger than that for
any other study. However, the P value remained significant
after apost hoc sensitivity analysis excluding the study by Alley
et a [60] from the meta-analysis (SMD=0.30, 95% Cl 0.18-0.43;
P<.001; Table $4 in Multimedia Appendix 7). The results of
an additional sensitivity analysis excluding studies with an
overall high ROB found that the point estimate increased dightly
(SMD=0.36, 95% CI 0.23-0.49; P<.001; Table S5in Multimedia
Appendix 7). The subgroup analyses found no substantial
differences in the SMD according to health risk outcome
targeted, DHI type, type of use outcome, or study setting (Tables
S6-S9 in Multimedia Appendix 7).

Associations Between I ndividual Strategies and Use
Outcomes of Engagement

Use of Individual BCTs as Strategiesto | mprove
Engagement

For those studies reporting on use outcomes, 112 outcomes
from 63% (32/51) of the studies that used one or more BCTs
as an engagement strategy were included
[33,55,61-64,66-69,71,72,76-80,83,88,89,92,93,98,99,102-109,111].
There were no BCTs coded as engagement strategies for the
remaining 89 outcomes from 41% (21/51) of the studies. To
determine whether there was an association between the use of
individual BCTsand use outcomes of engagement, we undertook
9 meta-regressions based on there being a sufficient number of
outcomes reported for a particular engagement strategy.
Sufficient outcomeswere availablefor the engagement strategy
social support (63 outcomes from 19/51, 37% of the studies),
followed by reward and threat (49 outcomes from 11/51, 22%
of the studies), goals and planning (26 outcomes from 6/51,
12% of the studies), associations (24 outcomesfrom 7/54, 13%
of the studies), feedback and monitoring (21 outcomes from
5/51, 10% of the studies), scheduled consequences (20 outcomes
from 2/51, 4% of the studies), antecedents (19 outcomes from
4/51, 8% of the studies), repetition and substitution (17
outcomesfrom 3/51, 6% of the studies), and shaping knowledge
(15 outcomes from 4/51, 8% of the studies). The results of the
meta-regressions can be found in Table S10 in Multimedia
Appendix 7. Small-to-moderate, statistically significant
associations were detected for the use of the BCTs social

support (ES=0.40, 95% CI 0.14-0.66; 1°=85.2%; P<.001) and
shaping knowledge (ES=0.39, 95% CI 0.03-0.74; 1°=85.4%;
P=.03) as engagement strategies to improve DHI use but not
for any other BCTs.

Use of Individual Design Features as Strategiesto | mprove
Engagement

We identified 111 outcomes from 61% (31/51) of the studies
that used one or more design features as an engagement strategy,
and they were included in the metaregressions
[6067,70,72,76,77,7/9,80,82,838687,8391,93,97,98,101-104,106,108109,111].
There were no design features coded as engagement strategies
for the remaining 90 outcomesfrom 43% (22/51) of the studies.
Several meta-regressions were undertaken to explore any
associations between specific design features and use
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engagement outcomes. There was a sufficient number of
outcomes availablefor the design features enriched information
environment (57 outcomes from 12/51, 24% of the studies),
automated tailored feedback (34 outcomes from 9/51, 18% of
the studies), telephone contact (25 outcomes from 6/51, 12%
of the studies), email (20 outcomes from 5/51, 10% of the
studies), peer-to-peer access (20 outcomes from 8/51, 16% of
the studies), and automated follow-up messages (17 outcomes
from 6/51, 12% of the studies). The results of the
meta-regressions can be found in Table S10 in Multimedia
Appendix 7. No statistically significant effects were detected
for any of the meta-regressions.

Overall Effectiveness of Strategiesto Increase User
Experience Outcomes of Engagement

Overview

For the meta-analysis of engagement outcomes of user
experience, 178 outcomes from 44% (24/54) of the studieswere
included. The excluded outcomes and studies and reasons for
exclusion are summarized in Multimedia Appendix 6
[33,55,61,66-80,84,85,88,89,91,93,94,96,98,99,102-108,111,118].

Details of the study arms, SMDsfor each comparison condition,
and 95% Cls are provided in Multimedia Appendix 4
[335662:64,6789,71,7274-76,/9-81.8384,878991-9497-100104107,116118].
The results of the meta-analysis revealed that there was very
low-certainty of evidencefor asmall-to-moderate positive effect
of strategies on user experience outcomes of engagement
(SMD=0.29, 95% CI 0.07-0.52; 1°=78%; P=.01; Table S11in
Multimedia Appendix 7). The certainty of evidence was assessed
asvery low because of downgrading by 1 level for inconsistency
(substantial heterogeneity; 1°=78%), 1 level for indirectness,
and 1 level for imprecision (Table S11in Multimedia Appendix
7).

Subgroup and Sensitivity Analysis

Sensitivity tests to determine whether the findings remained
robust using different within-study correlations are provided in
Table S12in Multimedia Appendix 7. Littleto no variation was
detected. Theresults of a sensitivity analysis excluding studies
with an overall high ROB found that the overall point estimate
increased (SMD=0.34, 95% CI 0.08-0.60; P=.01; Table S13in
Multimedia Appendix 7). The subgroup analyses exploring
differences by DHI type found significantly lower SMDs for
studies using mobile apps (SMD=-0.46, 95% CI -0.83t0 —0.10;
P=.02) and SM Stext messages (SMD=-0.43, 95% CI -0.73 to
-0.14; P=01; Table S16 in Multimedia Appendix 7). The
subgroup analyses exploring differences by health risk outcome
targeted and study setting found no significant differences in
the SMDs (Tables S15-S17 in Multimedia Appendix 7).

Associations Between I ndividual Strategies and User
Experience Outcomes of Engagement

Use of Individual BCTsas Strategiesto Improve
Engagement

For those studies reporting user experience outcomes, we
identified 60 outcomes from 33% (8/24) of the studies using
one or more BCTs as an engagement strategy
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[62-64,72,83,92,102,109]. There were no BCTs coded as
engagement strategies for the remaining 117 outcomes from
67% (16/24) of the studies. To determine whether there was an
association between the use of BCTs and user experience
outcomes, we undertook 8 meta-regressionsfor the BCTssocial
support (50 outcomes from 6/24, 25% of the studies), feedback
and monitoring (42 outcomes from 3/24, 13% of the studies),
self-belief (39 outcomes from 2/24, 8% of the studies), reward
and threat (36 outcomes from 3/24, 13% of the studies), goals
and planning (36 outcomes from 2/24, 8% of the studies),
associations (36 outcomes from 2/24, 8% of the studies),
repetition and substitution (30 outcomes from 1/24, 4% of the
studies), and natural conseguences (30 outcomes from 1/24,
4% of the studies). The results of the meta-regression can be
found in Table S14 in Multimedia Appendix 7. A
moderate-to-large statistically significant association was
detected for the use of the BCT social support (ES=0.70, 95%

Cl 0.18-1.22; 12=68.3%; P=.01), with small-to-moderate
associations found for repetition and substitution (ES=0.29,
95% CI 0.05-0.53; 1=78.3%; P=.02) and natural consequences
(ES=0.29, 95% CI 0.05-0.53; 12=78.3%; P=.02) as engagement
strategiesto improve DHI user experience but not for any other
BCTs.

Use of Individual Design Features as Strategiesto | mprove
Engagement

For those studies reporting on user experience outcomes, we
identified 113 outcomes from 67% (16/24) of the studies using
one or more design features as an engagement strategy
[60,62-65,72,82,83,85,87,94,96,97,101,102,109]. There were
no design features coded as engagement strategies in 64
outcomes from 33% (8/24) of the studies. We undertook 6
meta-regressions exploring associations between individual
design features and user experience outcomes. These included
the automated functions of enriched information environment
(68 outcomesfrom 8/24, 33% of the studies), automated tailored
feedback (49 outcomesfrom 6/24, 25% of the studies), telephone
contact (31 outcomes from 2/24, 8% of the studies), email (30
outcomes from 1/24, 4% of the studies), automated follow-up
messages (27 outcomes from 3/24, 13% of the studies)
[62,64,65], and the supplementary design feature SMS text
messages (20 outcomes from 1/24, 4% of the studies) [65]. The
results of the meta-regression can be found in Table S14 in
Multimedia Appendix 7. Small-to-moderate statistically
significant associations were detected for the use of email

(ES=0.29, 95% Cl 0.05-0.53; 1°=78.3%; P=.02) and SMStext
messages (ES=0.34, 95% Cl 0.11-0.57; 1>=78.8%; P=.01) as
engagement strategies to improve DHI user experience but not
for any other design features.

Secondary Outcomes

Theimpact of strategies on health risk outcomesfor each study
is reported in Multimedia Appendix 4
[335662:64,6780,71,7274-16,/9-81.8384,878091-H497-100104107,116118).
Of the included studies (N=54), 7% (4/54) did not report any
health outcomes at follow-up [60,66,84,110], and health
outcomes could not be extracted for 2% (1/54) of the studies as
they did not report these outcomes separately for theintervention
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and control arms [107]. In total, 13% (7/54) of the studies
contributed findings from more than one intervention arm
[63,69,79,82,102,105,106]. Overall, among the 57% (31/54) of
studies reporting overweight- and obesity-related outcomes,
41% (14/34) of the outcomes were positive and in the
hypothesized direction (ie, improvements in the intervention
arm compared with the control arm). Among the 54% (29/54)
of studiesreporting physical activity outcomes, 73% (24/33) of
the outcomes were positive and in the hypothesized direction.
Among the 26% (14/54) of studies reporting nutrition-related
outcomes, 47% (7/15) of the outcomes were positive and in the
hypothesized direction.

Discussion

Summary of Findings

The primary purpose of this review was to assess the
effectiveness of strategies to improve engagement with DHIs
targeting the health risk factors of chronic diseases (overweight
and obesity, physical activity, and nutrition) and explore the
association between individual strategies (BCTs and design
features) and engagement. Overall, our review found evidence
that the use of strategies (such as additional BCTs or design
features) improves engagement with DHIsfor both use and user
experience outcomes; however, the quality of evidence rating
was very low. When exploring associations between individual
strategies and engagement, the use of the BCTs social support
and shaping knowledge was found to be significantly associated
with improvements in use measures of engagement, whereas
social support, repetition and substitution, and natural
conseguenceswere significantly associated with improvements
in user experience measures of engagement. The design features
email and SMStext messageswere also found to be significantly
associated with user experience outcomes of engagement.

Completeness and Applicability of Evidence

This review included 54 trials with between 10 and 8112
participants. Most of the studies were conducted in the United
States (27/54, 50%) and Australia (15/54, 28%); therefore, the
generalization of the resultsto other countries, particularly low-
and middle-income countries, may be limited. Most studies
primarily targeted overweight or obesity (31/54, 57%) followed
by physical activity (20/54, 37%), with only 6% (3/54) of the
trials targeting nutrition. Although all of the overweight and
obesity studies (n=31) included a nutritional component, the
findings of this review may not be as applicable to DHIs
focusing solely on nutrition. The most common technology used
to deliver DHIswaswebsites (33/54, 61%); therefore, our results
may not be as applicable to other types of DHIs (eg, mobile
health interventions).

Comparisons With Other Reviews

As this systematic review was the first to use multivariate
meta-analysis to assess the overall effectiveness of strategies
to increase engagement with DHIs targeting overweight and
obesity, nutrition, and physical activity, our ability to directly
compare our findingswith those of other reviewsislimited. We
could only identify 1 previous systematic review using a
meta-analysis to determine the effect of strategies on
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engagement with DHIs. This review by Alkhaldi et a [31]
included DHIstargeting physical or mental health and measured
only the effects of digital strategies (primarily the use of email
or telephone) to prompt DHI use on use-based engagement
measures. Similarly to our findings, this review found a small

overall effect (relative risk=1.27, 95% Cl 1.01-1.60; 1>=71%)
[31].

Our finding that the use of the BCT social support can improve
use and user experience engagement with DHIs is consistent
with those of several previous systematic reviews[37,123,124].
However, the findings that shaping knowledge, repetition and
substitution, and natural consequences are associated with
engagement appear to be more novel. Only 1 previous review
by Perski et a [20] has categorized engagement strategies as
BCTs. Thisreview used narrative critical interpretative synthesis
and, in addition to identifying the BCT social support, found
the BCTs goals and planning, feedback and monitoring, and
rewards and incentives to be positively associated with
engagement. The contrast between the review by Perski et al
[20] and our review islikely dueto differencesin methodol ogy
(ie, narrative synthesis vs meta-regressions) and the vastly
greater body of literature now available since the conduct of
the review by Perski et a [20] in 2015.

Our review findings indicate that design features, including
email and SM S text messages, may be promising strategies for
improving user experience engagement with DHIs. Although
the meta-regressions indicated that these strategies provided
small positive effectsin increasing use outcomes of engagement,
these were not statistically significant. The use of email as an
engagement strategy was also reported in a previous narrative
systematic review by Brouwer et al [37]; however, this was
associated with improvements in use-based outcomes
(promoting repeated visits to DHIs). To our knowledge, there
are no other systematic reviews that report the use of SM 'S text
messages as a strategy to improve engagement with DHIs;
hence, thisrepresentsanovel finding. Although email and SMS
text messages are often used to prompt usersto log in to DHIs
or complete activities [31], such design features may also be
used to deliver an array of content (including professional or
social support), encourage the continuation of behavior change,
or set goals [20], all of which may lend itself to increases in
engagement via different mechanisms. Therefore, this finding
highlights the differential impact of design features on use and
user experience engagement outcomes, which could be explored
further in future reviews.

Finally, the impact of strategies on health risk outcomes was
mixed, with only 41% (14/34) of overweight- and obesity-related
outcomes, 73% (24/33) of physical activity—related outcomes,
and 47% (7/15) of nutrition-related outcomes found to be
positive and in the hypothesized direction. Although previous
reviews have demonstrated the effectiveness of DHIs in
improving health outcomes [25-27], this is the first review to
synthesize the effects of strategiesto improve engagement with
DHIson health outcomes, and so comparisons cannot be drawn.
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Quiality of Evidence

The certainty of evidence (determined using GRADE) in this
review was assessed as very low. The evidence was downgraded
based on high levels of unexplained heterogeneity
(inconsistency), engagement being an expl oratory or secondary
outcomein theincluded studies (indirectness), and the presence
of wide 95% Cls (imprecision).

When assessing the study ROB, just 6% (3/54) of the studies
were deemed to be high risk overall. Regarding individual
domains of risk, incomplete outcome data (user experience
outcomes) was deemed to be high risk in 50% (14/28) of the
studies. Thiswas commonly dueto the high study attrition rates.
As =50% of the studies were assessed as unclear for blinding
of participants and personnel (usage; 29/52, 56%), for blinding
of participants and personnel (user experiences,; 17/28, 61%),
blinding of outcome assessment (user experience; 14/28, 50%),
other bias (contamination; 5/6, 83%), and compatibility with
randomized trials (for cluster RCTs; 6/6, 100%), improved
reporting for these ROB domains in future trids is
recommended.

Strengths, Limitations, and Implications

The findings of this review should be interpreted with respect
to its strengths and limitations. Strengthsinclude the use of the
recommended methodology for Cochrane systematic reviews,
the use of a comprehensive search strategy, which included
screening >24,000 records; and the restriction to studies using
an RCT design, ensuring the synthesis of the highest quality of
evidence available for assessing causality. In addition, unlike
many systematic reviews of DHI engagement, our review
addressed both use and user experience engagement outcomes,
used robust meta-analyses, and used previously defined coding
systemsto classify engagement strategies. Overall, weidentified
>250 outcome measuresfor engagement, emphasizing the need
for researchers to continue to move toward a more refined,
standardized approach to measuring engagement using validated
tools where possible. This may assist in reducing the
heterogeneity between trials and improving the quality of
evidence available for future systematic reviews.

A limitation of thisreview isthat we isolated individual BCTs
and design features that were unique to the intervention arms
in the included studies. However, we did not have the ability
to separate any potential interactive effects of combinations of
BCTsand design features. An analytic methodology to attempt
to identify any synergistic effects of BCTs and design features
on health outcomeswas devel oped by van Genugten et al [125],
which could be an option for future reviews aiming to identify
how multiple strategies for improving engagement may
influence outcomes of interest. We also did not explore the dose
of strategies delivered to improve engagement, which is likely
an important factor when considering the effectiveness of
engagement strategies [20]. This review sought to identify
associations between engagement strategies (coded via
overarching BCTs) and engagement outcomes. Further research
exploring the impact of discrete techniques within BCTs on
engagement outcomes may be warranted to optimize the effect
of such strategies on use and user experience outcomes. Finally,
a number of engagement outcomes reported in the included
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studies were excluded from the analyses. This was often dueto
insufficient data being reported (eg, no measure of variability
or numbers per arm not reported). As such, it is recommended
that future trials using DHIs report high-quality engagement
data to further advance the evidence regarding the overall and
individual effectiveness of strategies to increase engagement
[126].

Finally, the ability to interpret the real-world significance of
reported improvements in engagement outcomes remains
somewhat limited asthe optimal amount of engagement required
is likely to differ based on the design and intent of individual
DHIsand a so because of the premisethat the quality and nature
of engagement may be more important than quantity (ie, more
may not always be better) [28]. It has been proposed that an
optimal level of engagement is the amount that is required to
achieve the desired effects of the DHI [28]. Consistent with
previous recommendations [18,20,28], to better determine the
significance of improvementsin engagement outcomesin future
systematic reviews, trials testing the use of engagement
strategies should aim to specify the level of improvement in
engagement that they aim to achieve a priori (eg, based on the
level of engagement demonstrated to achieve health outcomes
in previous effectiveness trials of the DHI) and report whether
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this was achieved alongside validated use and user experience
outcomes of engagement.

Conclusions

Overdll, the use of engagement strategies may improve both
use and user experience engagement with DHIs targeting
overweight and obesity, physical activity, and nutrition;
however, the true effect is unknown because the quality of
evidence was very low. Asindividua strategies, the use of the
BCTs social support, shaping knowledge, repetition and
substitution, and natural consequences and the design features
email and SMStext messages was found to be associated with
improved measures of engagement. Such findings may be useful
to policymakers and practitioners tasked with selecting,
designing, or implementing DHIs to support popul ation health.
Given the extensive range of possible strategiesthat can be used
toimprove engagement with DHIs, thisreview provides support
for investment in further exploration of the role of these BCTs
and design features in engaging participantsin the use of DHIs
targeting such health outcomes. Future trials should use
standardized and validated measures of engagement where
available, report on both use and user experience measures of
engagement, and prespecify minimum targets for engagement
to better identify specific strategies for optimizing engagement
with such DHIs.
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