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Abstract

Background: eHealth and mobile health (mHealth) interventions are promising in promoting healthy behaviors among children
and adolescents.

Objective: Thissystematic umbrellareview and meta—meta-analysis aimed to eval uate the effectiveness of eHealth and mHealth
interventions in promoting healthy behaviors among children and adolescents.

Methods: Nine databases were searched for systematic reviews and meta-analyses of randomized controlled trials of eHealth
and mHealth interventionstargeting physical activity, sedentary behavior, sleep, and dietary outcomesin children and adolescents
aged below 18 years. Screening, data extraction, and all assessments were completed by 2 reviewers. Study quality was assessed
using the AMSTAR-2 (A Measurement Tool to Assess Systematic Reviews-2) checklist, and meta-analyses were conducted to
combine effect sizes using random effects models. Subgroup analyses examined participant and intervention characteristics.
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Results: A total of 25 systematic reviews comprising 440 randomized controlled trials and 133,501 participants, mostly involving
healthy children and adolescents (n=18, 72%) or those who were overweight or with obesity (n=4, 16%), were included.
Interventions mostly included active video games or serious games (n=8, 32%), various mHealth interventions (n=6, 24%),
various eHealth interventions (n=5, 20%), combined eHealth and mHealth interventions (n=4, 16%), wearables (n=1, 4%), and
computer-based interventions (n=1, 4%). Most studies (n=18, 72%) had critically low AMSTAR-2 scores. Meta-analyses based
on standardized mean difference (SMD) showed significant effects (all P<.05) for moderate to vigorous physical activity (SMD
0.18, 95% CI 0.09-0.27), total physical activity (SMD 0.24, 95% Cl 0.13-0.35), fat intake (SMD 0.10, 95% Cl 0.02-0.18), fruit
and vegetable intake (SMD 0.11, 95% CI 0.00-0.22), BMI (SMD 0.19, 95% CI 0.11-0.27), and body weight (SMD 0.15, 95%
Cl 0.01-0.30). No effects were found for sedentary behavior (SMD 0.12, 95% CI —0.11 to 0.35) or sleep (SMD 0.27, 95% ClI
—0.09to 0.63). Shorter interventions (lasting <8 weeks) had a greater effect on moderate to vigorous physical activity than longer
interventions (lasting =8 weeks), while longer interventions (lasting =12 weeks) had a greater effect on BMI compared with
shorter interventions.

Conclusions: eHealth and mHealth interventions offer modest but meaningful improvements in physical activity, diet, and
weight management in children and adol escents, with important implications for integrating digital tools into health promotion

strategies.
Trial Registration:

(J Med Internet Res 2025;27:€69065) doi: 10.2196/69065

PROSPERO CRD42024537019; https://www.crd.york.ac.uk/PROSPERO/view/CRD42024537019
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Introduction

Background

Inrecent years, digital health interventions, particularly eHealth
and mobile health (mHealth) platforms, have shown promise
in promoting healthy behaviors[1]. eHealth refersto the use of
digital technologies, such as websites and online platforms, to
deliver health services and information, while mHealth
specifically refersto mobile-based health technologies, such as
smartphone apps, SMS text messages, and wearable devices
[1]. Theseinterventions use digital tools, such as smartphones,
apps, wearable activity trackers, and websites, to deliver
health-related information, social support, engagement
strategies, and behavior change programs [1]. Key target
behaviors for health promotion in children and adolescents
include physical activity, sedentary behavior, sleep, and healthy
eating. These behaviors are considered critical for overall health
and chronic disease prevention, as they are modifiable risk
factorswith asubstantial impact on long-term health outcomes
[2-5]. Higher levels of physical activity, especially moderate to
vigorous physical activity (MVPA), are associated with a
reduced risk of chronic diseases, such as cardiovascular disease
and type 2 diabetes [6,7]. In contrast, high levels of sedentary
behavior are linked to obesity and metabolic syndrome [8,9].
Adequate deep in both quality and duration isvital for cognitive
function and mental health [10], while a balanced diet is
essential for maintaining a healthy weight and supporting
optimal growth and development [11]. It is important to
recognize that, in addition to physical activity, sedentary
behavior, deep, and healthy eating, other lifestyle factors—such
as stress management, social engagement, and substance
use—also play significant roles in overall health. In addition,
weight-related outcomes, such as BMI, are commonly used
indicators of lifestyle-related health status as they reflect the
cumulative impact of multiple health behaviors [12]. By
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targeting these behaviors early, eHedth and mHealth
interventions offer valuable opportunities to establish lifelong
healthy habits, which can have a profound impact on reducing
the risk of chronic diseases and improving overall well-being
in the long term.

Despite known benefits, nonadherence to recommended levels
of physical activity, sedentary behavior, deep, and healthy
eating remains prevalent among children and adolescents
[13,14], highlighting the need for cost-effective and scalable
interventions. Widespread internet access has enabled the use
of eHealth and mHealth interventions that use behavior change
techniques, such asgoal setting, self-monitoring, feedback, and
social support [1]. They also leverage gamification, tailored
messaging, and machine learning to enhance engagement [1].
Addressing health behaviors in children and adolescents is
imperative due to the significant impact on their immediate
well-being and long-term health outcomes [15]. Early
intervention during these formative years can establish a
foundation for a healthy lifespan [16]. Moreover, children and
adolescents are particularly receptive to digital technology,
rendering eHealth and mHealth interventions promising for this
demographic [17].

The evidence base for children’'s eHealth and mHealth
interventions has evolved significantly. Early studieswere often
small, with lower quality designs, but the field has evolved to
incorporate higher quality studies, particularly randomized
controlled trials (RCTs), and statistically powered studies, which
offer more robust evidence of effectiveness [18]. This
progression has been accompanied by numerous systematic
reviews, each with varying foci and inclusion criteria[19,20].
Despite the expansion of the evidence base, the sheer volume
and heterogeneity of studies make it challenging to discern the
overall effectiveness of these interventions. Umbrella review
methodology offers the ability to consolidate evidence and
clarify which eHealth and mHealth intervention approachesare
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effective and most promising. To date, there have been 2
umbrellareviews, but with alimited scope. Rodriguez-Gonzalez
et al [19] focused on app-based interventions, finding that apps
can improve physical activity, reduce sedentary behavior, and
enhance diet quality among children and adults. Prowse and
Cardley [20], focusing on children’s nutrition, revealed small
and inconsistent effects of digital interventions on overall dietary
outcomes, with promising resultslimited to increasing fruit and
vegetable intake. These reviews had narrow scopes, focusing
exclusively on nutrition interventions [20] or solely on apps
[19] or evaluating children and adults together [19]. Neither
review quantitatively pooled results through meta-analysis
[19,20].

Objectives

A comprehensive umbrellareview is needed to guide research,
practice, and policy in this evolving field. This review aimsto
provide a thorough overview of the effectiveness of eHealth
and mHeadlth interventions on physical activity, sedentary
behavior, sleep, and dietary outcomes in children and
adolescents, using high-quality research designsand quantitative
meta-analysis. These 4 outcomes (physical activity, sedentary

Textbox 1. Inclusion and exclusion criteria.

Singh et d

behavior, deep, and diet) were selected because they arecritical,
modifiable behaviorsthat significantly influence bothimmediate
and long-term health, particularly in children and adolescents
[13-15]. Subgroup analyses focus on age, sex, population type,
intervention type, and study quality. Our review offers a
comprehensive analysis across various subgroups, addressing
gaps in the existing literature and providing insights to inform
future research and clinical practice.

Methods

Protocol and Registration

The protocol was preregistered on PROSPERO
(CRD42024537019) and is reported in accordance with
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines (Multimedia Appendix 1) [21].

Selection Criteria

Theinclusion and exclusion criteriawere formulated using the
participants, intervention, comparison, outcomes, and study
design framework, as shown in Textbox 1 [22].

Inclusion criteria

Population: reviews involving children and adol escents aged below 18 years with or without health conditions were included. Studiesincluding
adults were eligible if the meta-analysis results for children and adolescents were reported separately.

Intervention: reviews were included if more than 75% of the studies evaluated eHealth or mobile health interventions targeting physical activity,
sedentary behavior (eg, screen time, leisure screen time, and sitting time), sleep (eg, sleep quality and sleep duration), or diet (eg, fruit and
vegetable intake and dietary quality). Reviews involving noneligible interventions were included if they reported separate results for eligible
interventions.

Comparators. systematic reviews and meta-analyses were eligible if at least 75% of the included trials compared €eligible interventions to no
intervention, usua care, a sham intervention, or an attention control that did not involve improving physical activity, sleep, or diet or reducing
sedentary behavior.

Outcomes: main outcomes were changesin physical activity, sedentary behavior, sleep, or diet. Secondary outcomesincluded BMI, body weight,
waist circumference, and body fat.

Study design: systematic reviews, including meta-analysisresults of at least 1 outcome of interest, were eligible. Systematic reviewswereeligible

if they included at least 75% randomized controlled trials (RCTS) or if they reported separate meta-analysis results for RCTs only.

Exclusion criteria

« Intervention: reviews with more than 25% ineligible interventions were excluded.

«  Study design: narrative reviews, scoping reviews, and systematic reviews without meta-analyses or with non-RCTs were excluded.

Search Strategy

Ninedatabases (CINAHL, CochraneLibrary, EmbaseviaOVID,
MEDLINE via OVID, Emcare via OVID, ProQuest Central,
ProQuest Nursing and Allied Health Source, PsycINFO, and
Scopus) were systematically searched using subject headings,
keywords, and Medical Subject Headings (MeSH) termsrelated
to “eHedth” “mHealth” “physical activity,” “sedentary
behaviour,” “dleep,” “diet,” “children and adolescents,” and
“systematic review” (refer to Multimedia Appendix 2 for the
full search strategy). The database searches were limited to
peer-reviewed journal articles published in the English language
until April 6, 2024.

https://www.jmir.org/2025/1/e69065

Data Management and Extraction

Search results were imported into EndNote (Version 20;
Clarivate), and duplicates were removed. Results were then
exported to Covidence (Veritas Health Innovation Ltd), and
title and abstract screening, full-text screening, data extraction,
and study quality scoring were performed. All screening, data
extraction, and study quality assessments were completed
independently in duplicate by 2 reviewers(BS, MA, AES, MFV,
CG, MMP, ZY, CV, CK, JF, IT, JD, BS, HB, CH, KW, MSR,
SS, AMB, KS, and CM), and discrepancies were resolved by a
third reviewer. A standardized Covidence data extraction form
was used to extract information on study characteristics,
population characteristics, intervention characteristics, outcomes
of interest, and results.
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Study quality of the included reviews was evaluated using the
AMSTAR-2 (A Measurement Tool to Assess Systematic
Reviews-2) checklist [23] by 2 reviewers(BS, MA, AES, MFV,
CG, IMP, ZY, CV, CK, JF, IT, D, BS, HB, CH, KW, MS-R,
SS, AMB, KS, and CM), and discrepancies were resolved by a
third reviewer. This tool involves 16 items that are scored as
either yes, partial yes, or no. Seven of the AMSTAR-2 items
are considered critical, and 9 items are noncritical [23]. The
critical items include protocol registration, search strategy,
study exclusions, study quality assessment, meta-analysis
methods, study quality interpretation, and publication bias.
Reviews were scored as either critically low confidence (>1
critical weaknessand =3 noncritical weaknesses), low confidence
(>1 critical weakness and <3 noncritical weaknesses), moderate
confidence (1 critical weakness and <3 noncritical weaknesses),
or high confidence (no critical weakness and <3 noncritical
weaknesses) [23].

Umbrella Review Synthesis Methods

The assessment of overlap between the studies included in the
reviewswas carried out using the corrected covered area (CCA)
[24]. The CCA was calculated using the following equation:

CCA=(N=1r)=+(rxc)—r
where N representsthetotal number of RCTsacrossall reviews
(including duplicates), r is the number of unique RCTs
(excluding duplicates), and cisthe number of reviewsincluded
in the analysis[24]. The categories used to classify the overlap
were 0% to 5% (slight), 6% to 10% (moderate), 11% to 15%
(high), and more than 15% (very high overlap) [25].

Meta-analyses of the outcomes of interest were conducted by
pooling the effect sizes and 95% Cls reported in each
meta-analysis, using arandom-effects model for outcomes that
were reported in at least 2 studies. The results of all
meta-analyses were presented visualy using forest plots.
Separate meta-anal yses were performed for standardized effect
sizes (eg, standardized mean difference [SMD]) and
unstandardized effect sizes (eg, mean difference [MD]). The
meta-analyzed effect sizes (SMDs or MDs) were reported with
their corresponding 95% Cls. For meta-analyses of SMD,
positive effect sizes indicate that the effects favor the
intervention. Subgroup analyses were carried out for age
(individuals aged <13 years or =13 years), sex (female, male,
or not reported), population (genera population and chronic
disease), intervention type (mobile apps, web based, SM S text
messages, and mixed [which included combinations of at |east
3 of the other modes]), and AMSTAR-2 rating (critically low,
low, moderate, or high) if more than 1 eligible meta-analysis

https://www.jmir.org/2025/1/e69065
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was included in at least 2 of the groups. The classification of
eHealth and mHealth interventionswasinformed by established
definitions and frameworks in the digital health literature,
distinguishing eHealth as primarily web-based interventions
and mHealth as mobile-based (eg, apps, SMS text messages,
and wearable devices) [1]. Thisapproach aligned with previous
umbrella reviews and systematic reviews evaluating digital
health tools for behavior change in youth populations [19,20].

The I? statistic was used to quantify the proportion of the overall
outcome variability [26], with the following values used to
determinethe level of heterogeneity: low heterogeneity: 12=0%
to 25%; moderate heterogeneity: 12 =25% to 50%; and high
heterogeneity: 12 >75% to 100% [27]. To evaluate potential
publication bias, funnel plots were generated, and the presence
of asymmetries or missing data sections was visually inspected
for meta-analyses that included at least 10 studies [28]. The
magnitude of effect was classified using the following criteria:
small effect: less than 0.20, medium effect: 0.20 to 0.50, and
large effect: greater than 0.50 [29]. A P value of <.05 was
considered statistically significant. All meta-analyses were
performed using Stata (version 16, StataCorp) software.

Levels of evidence and grades for recommendations [30] were
used to classify the overall level of evidence as grade
A—consistent level 1 studies (ie, systematic reviews of RCTs
or individual RCTs), grade B—consistent level 2 (ie, systematic
reviews of cohort studies or individual cohort studies) or 3
studies (ie, systematic reviews of case-control studies or
individual case-control studies) or extrapolations from level 1
studies, grade C—level 4 studies (ie, case series) or
extrapolations from level 2 or 3 studies, or grade D—Ilevel 5
evidence (ie, expert opinion without explicit critical appraisal)
or troublingly inconsistent or inconclusive studies of any level
[30].

Results

Overview

The database search identified 6056 results. After screening,
25 (0.4%) systematic reviews and meta-analyses met the
eligibility criteria and were included in the analysis. The
PRISMA flowchart, showing the reasons for exclusions, is
presented in Figure 1. A list of reasons for excluding studies
after thefull-text review can be found in Multimedia Appendix
2 [31-67]. The 25 included reviews comprised 440 trias
involving 133,501 participants. The overall CCA was 3.28%,
indicating a slight overlap across the systematic reviews.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.

| Identification of studies via databases and registers

A summary of the participant demographics, such as age and
population groups, as well as the characteristics of the
interventions, is shown in Multimedia Appendix 2 [31-55]. Of
the 25 included studies, mean participant age in most (n=23,
92%) systematic reviews ranged between 3 and 18 years, and
al (n=25, 100%) reviews included both female and male
participants. Most (n=8, 32%) studiesin the systematic reviews
involved healthy children and adolescents [31-48]), 4(16%)
systematic reviewsinvolved children and adolescentswho were
overweight or with obesity [49-52], 1 (4%) involved infants
and children [53], 1 (4%) involved children with a chronic
disease [54], and 1 (4%) involved children and young people
living with juvenile idiopathic arthritis [55]. The interventions
inthe systematic reviewsinvol ved active video games or serious
games (n=8, 32%) [35,39,41,45,49,51,52,54], various mHealth
interventions (n=6, 24%) [31,34,36,38,46,48], various eHealth
interventions (eg, websites and social mediagroups; n=5, 20%)
[33,37,43,44,50], various eHealth and mHealth interventions
combined (eg, mobile appsand SM Stext messageinterventions,
n=4, 16%) [40,42,53,55], wearables (n=1, 4%) [47], and
computer-based interventions (n=1, 4%) [32]. The systematic

https://www.jmir.org/2025/1/e69065

RenderX

=

=]

E Records identified from .

E databases (n=6056) I Duplicate removed (n=677)

g

=

Records screened > Records excluded
(n=5379) (n=5342)
Reports sought for retrieval

o (n=37)

=

g

: '

(7]

Reports assessed for eligibility
(n=37} »
Reports excluded (n=12):
¢  Adult population {n=6)
«  ‘Wrong outcomes (n=3)
o  Wrong study design (n=2)
(S « Wrong intervention (n=1)
Included
(n=25)

reviewsincluded interventions that targeted obesity and weight
management (n=11, 44%) [34,35,38,41-43,47-51], physical
activity levels (n=6, 24%) [31,36,39,44,46,54], multiplelifestyle
behaviors or health promotion (n=3, 12%) [33,40,45], 24-hour
movement behaviors (n=1, 4%) [37], diet (n=1, 4%) [32], Sleep
(n=1, 4%) [53], juvenileidiopathic arthritis management (n=1,
4%) [55], and health-related physical fitness and motor
competence (n=1, 4%) [52].

Theincluded reviews had either amoderate (2/25, 8%) [33,44],
low (5/25, 20%) [31,32,37,39,50], or critically low (18/25, 72%)
[34-36,38,40-43,45-49,51-55] AMSTAR-2 score (refer to
Multimedia Appendix 2 [31-55] for full study quality scoring).
Common limitations included not providing a list of full-text
exclusions (22/25, 88%) and not describing thefunding sources
of theincluded studies (25/25, 100%).
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Results of the Meta-Analyses total physical activity (combined light, moderate, and vigorous,

. . SMD 0.24, 95% Cl 0.13-0.35; 12=28.8%; P<.001; 9/25, 36%;
Physical Activity Figure 2 [33,37-39,41,46,55]). Results based on MD showed
Overview no significant effect on MVPA (MD 1.78 minutes/day, 95% ClI

Results of meta-analyses based on SMD showed a significant  —3.79t07.35; 12=55.4%; P=53,; 2/25, 8%; Multimedia A ppendix
effect in favor of eHealth and mHealth interventionson MVPA 2 [40,44]; there were insufficient MD data for total physical

(SMD 0.18, 95% Cl 0.09-0.27; 1=0%; P<.001; 6/25, 24%) and ~ activity).

Figure 2. Meta-analysis of effects of eHealth and mobile health interventions on physical activity outcomes in children and adolescents based on
standardized mean difference. Positive effect sizes favor intervention.

Effect size Weight

Study with 95% CI (%)
Moderate-to-vigorous physical activity

Wang 2024 - 0.11[-0.04, 0.25] 14.80
Jiang 2024 n 0.16[ 0.02, 0.30] 16.38
Bossen 2020 . - 0.30[-0.15, 0.75] 2.05
Mazeas 2022 0.31[-0.19, 0.81] 1.70
Champion 2019 — - 0.33[ 0.05, 0.61] 4.98
Butler 2022 0.40[-0.04, 0.84] 2.09
Heterogeneity: T = 0.00, I" = 0.00%, H* = 1.00 e 0.18[ 0.09, 0.27]

Testof 8 = 6, Q(5) = 3.56, p = 0.61
Testof8=02z=396,p=0.00

Total physical activity

Oliveira 2020 —m— 0.06[-0.19, 0.31] 6.1
Champion 2019 B 0.14[ 0.05, 0.23] 26.62
Lee 2016 — 0.19[-0.35, 0.73] 142
Wang 2024 - 0.29[ 0.13, 0.45] 12.79
Butler 2022 : 036[-037, 1.09] 080
Jiang 2024 . 0.37[ 0.02, 0.72] 3.30
Mazeas 2022 : . : 0.43[ 0.04, 0.83] 2.63
He 2021 — - 0.44[ 0.11, 0.77] 368
Darling 2017 0.49[-0.32, 1.30] 065
Heterogeneity: T = 0.01, 1" = 28.78%, H’ = 1.40 <& 024 0.13, 0.35]

Testof 8 =6, Q(8)=904 p=034
Testof8=0.z=434, p=0.00

Overall ¢ 0.21[ 0.14, 0.27]
Heterogeneity: T = 0.00, I' = 13.55% H = 1.16

Testof 8. = 8, Q(14) = 12.73, p= 0.55

Testof8=02z=613,p=000

Random-effects REML maodel

consistent effects. Due to the low methodological quality of

L evels of Evidence and Grades for Recommendations many reviews, the grade of recommendation was grade B.

Evidencefor improvementsin MV PA and total physical activity
was based on level 1 studies (systematic reviewsof RCTs) with
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Diet
Overview

Results of meta-analyses based on SMD showed a significant
effect of eHealth and mHealth interventionson fat intake (SMD

Singh et d

0.10, 95% CI 0.02-0.18; 1=30.3%; P=.01; 2/25, 8%) and fruit
and vegetable intake (SMD 0.11, 95% CI 0.00-0.22; 12=0%;
P=.05; 2/25, 8%; Figure 3[32,33]). Therewereinsufficient MD
data for diet outcomes.

Figure 3. Meta-analysis of effects of eHealth and mobile health interventions on dietary outcomes in children and adolescents based on standardized

mean difference. Positive effect sizes favor intervention.

Effect size Weight

Study with 95% ClI (%)
Fat intake
Champion 2019 —— 0.06 [-0.03, 0.15] 38.59
BeckSilva 2024 . —— 0.14[ 0.05, 0.23] 34.64
Heterogeneity: 1° = 0.00, I” = 30.34%, H’ = 1.44 | —— 0.10[ 0.02, 0.18]
Test of 6 = 6;: Q(1) = 1.44, p = 0.23
Testof 8 = 0: z = 2.46, p = 0.01
Fruit and vegetable intake
BeckSilva 2024 ui 0.09[-0.08, 0.26] 10.82
Champion 2019 = 0.12[-0.02, 0.26] 15.95
Heterogeneity: 1° = 0.00, I” = 0.00%, H’ = 1.00 —-‘- 0.11[-0.00, 0.22]
Test of 6 = 6;: Q(1) = 0.07, p = 0.79 :
Testof 6=0:z2=1.96, p=0.05
Overall R 0.10[ 0.04, 0.16]
Heterogeneity: 1° = 0.00, I’ = 0.00%, H* = 1.00
Test of 6= 6;: Q(3) = 1.53, p = 0.68
Testof 8=0:z=3.52, p=0.00

10 a4 2 3

Random-effects REML model

L evels of Evidence and Grades for Recommendations

Improvementsin fat, fruit, and vegetabl e intake were supported
by level 1 evidence. However, the limited number of
meta-analyses and low review quality supported a grade B
recommendation.

Sedentary Behavior

Overview

Results of meta-analyses based on SMD showed no effect of
eHealth and mHealth interventions on sedentary behavior (SMD

https://www.jmir.org/2025/1/e69065

RenderX

0.12, 95% CI -0.11 t0 0.35; 1°=90.8%; P=.31; 4/25, 16%; Figure
4 [31,33,37,46]). Meta-analyses based on MD showed
significant reductionsin overall sedentary behavior (MD 24.08
minutes/day, 95% Cl —37.97 to —10.20; 1°=0%, P<.001; 2/25,
8%; Multimedia Appendix 2 [40,44]) and screen time (MD
21.83 minutes/day, 95% Cl —42.77 to —0.89; 1°=0%; P=.04;
2/25, 8%; Multimedia Appendix 2 [40,44]).
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Figure4. Meta-analysis of effects of eHealth and mobile health interventions on sedentary behavior in children and adolescents based on standardized

mean difference. Positive effect sizes favor intervention.

Effect size Weight

Study with 95% CI (%)
Baumann 2022 - - -0.11[-0.23, 0.01] 30.14
Champion 2019 (Screen time) ] 0.09[ 0.01, 0.17] 31.54
Jiang 2024 . B 0.15[ 0.03, 0.28] 29.94
Wang 2024 = 0.97[ 0.28, 1.67] 8.37
Overall . 0.12 [ -0.11, 0.35]
Heterogeneity: 1 = 0.04, I” = 90.75%, H’ = 10.82
Test of 8 = 8;: Q(3) = 16.82, p = 0.00
Testof 8=0:z=1.02, p = 0.31
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Random-effects REML model

L evels of Evidence and Grades for Recommendations

Mixed findingswith high heterogeneity and inconsistent results
across SMD and MD analyses resulted in lower confidencein
this outcome. Despite being level 1 evidence, the
recommendation was grade C.

Sleep

Overview

Results of meta-analyses based on SMD showed no effect of
eHealth and mHealth interventions on sleep duration (SMD

0.27, 95% ClI -0.09 to 0.63; 1°=78.2%; P=.14; 2/25, 8%;
Multimedia Appendix 2 [37,53]). There were insufficient MD
data for sleep outcomes.

L evels of Evidence and Grades for Recommendations

Findings for sleep duration were nonsignificant and based on
limited, heterogeneous data from low-quality reviews. This
outcome was supported by level 1 evidence but was graded as
grade C.
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BMI, Body Weight, Body Fat, and Waist Circumference

Overview

Results of meta-analyses based on SMD showed a significant
effect in favor of eHealth and mHealth interventions on BMI
(SMD 0.19, 95% CI 0.11-0.27; 1?=42.4%; P<.001; 7/25, 28%)
and body weight (SMD 0.15, 95% Cl 0.01-0.30; 12=0%; P=.04;
2/25, 8%; Figure 5 [35,38,40,41,48-50,54]). Meta-analysis
results based on MD showed a significant reduction in BMI
(MD —0.22 kg/m?, 95% CI —0.33 t0—0.10; 1°=36.99%:; P<.001;
7, 28%; Multimedia Appendix 2 [32,42,43,46,47]) and body
weight (MD —0.99 kg, 95% Cl=—1.51 to—0.47; 1°=0%; P<.001;
9/25, 36%; Multimedia Appendix 2 [43,47]). Results of
meta-analyses based on MD &l so showed a significant reduction
in body fat percentage (MD —0.47%, 95% CI —0.66 to —0.29;
1=0%; P<.001; 4/25, 16%; Multimedia Appendix 2
[40,43,47,52]) and no significant changein waist circumference
(MD -0.15, 95% CI —0.87 to 0.57; 1°=56.05%; P=.68; 4/25,
16%; Multimedia Appendix 2 [43,46,47,52]).
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Figure5. Meta-analysis of effects of eHealth and mobile health interventionson BM| and body weight in children and adol escents based on standardized

mean difference. Positive effect sizes favor intervention.

Effect size Weight
Study with 95% Cl (%)
Body mass index Q
Lee 2016 = 0.07[-0.16, 0.31] 6.34
Oh 2022 = 5 0.10[ 0.04, 0.16] 29.95
Hernandez-Jiménez 2019 i L - 0.19[ 0.02, 0.36] 10.97
Ameryoun 2018 - — 0.23[ 0.10, 0.37] 14.50
Bossen 2020 . 0.24[ 0.04, 0.44] 8.02
Azevedo 2022 L —a— 0.31[ 0.13, 0.49] 9.79
Oliveira 2020 : ® 0.34[ 0.06, 0.63] 4.62
Heterogeneity: T~ = 0.00, I° = 42.35%, H = 1.73 . - 0.19[ 0.11, 0.27]
Test of 8, = 6;: Q(6) = 10.58, p = 0.10 L
Testof 8 =0:z=4.77,p=0.00 f
Body weight :
Oliveira 2020 — - 0.12[-0.06, 0.30] 9.79
Yien 2021 : = 0.21[-0.04, 0.45] 6.00
Heterogeneity: T~ = 0.00, I = 0.01%, H* = 1.00 el 0.15[ 0.01, 0.30]
Test of © = 6;: Q(1) = 0.34, p = 0.56 :
Testof8=0:z=2.05p=0.04
Overall <> 0.18[ 0.11, 0.24]

Heterogeneity: T = 0.00, |* = 32.53%, H™ = 1.48
Test of 8 = 6;: Q(8) = 10.93, p = 0.21
Testof 8=0:z=15.35, p=0.00

Test of group differences: Qx(1) = 0.19, p = 0.66

-2
Random-effects REML model

L evels of Evidence and Grades for Recommendations

BMI, body weight, and body fat showed consistent and
significant improvements acrosslevel 1 studies. Dueto moderate
heterogeneity and review quality concerns, the recommendation
was grade B. Waist circumference showed no effect.

Subgroup Analyses

Subgroup analyses were conducted to explore whether
intervention effectiveness varied according to age, intervention
duration, intervention type, and study quality score, based on
the availability of data from at least 2 eligible meta-analyses
per subgroup.

Age

There were no significant subgroup effectsfor age (<13 or =13
years) on MVPA (Q, (1)=0.02; P=.88; Multimedia Appendix
2), total physical activity (Q, (1)=3.21; P=.38; Multimedia
Appendix 2), BMI (Q, (1)=0.35; P=.55; Multimedia A ppendix

https://www.jmir.org/2025/1/e69065

RenderX

2), and sedentary behavior (Q, (1)=2.25; P=.13; Multimedia
Appendix 2).

I ntervention Duration

Interventions that lasted less than 8 weeks had a greater effect
on MVPA compared with those that lasted 8 weeks or longer
(SMD 0.86vs0.19; Q, (1)=9.03; P<.001; MultimediaAppendix
2). In contrast, longer interventions (=12 weeks) had a greater
effect on BMI compared with shorter interventions (SMD 0.46
vs-0.07; Q, (1)=6.08; P<.001; MultimediaAppendix 2). There
was no difference between shorter and longer interventions for
total physical activity (Qp (1)=1.66; P=.20; Multimedia
Appendix 2) and sedentary behavior (Q, (1)=2.25; P=.13;
Multimedia Appendix 2).

I ntervention Type

There were no significant subgroup effectsfor intervention type
(eHealth only, mHealth only, exergames, eHealth and mHealth
mixed, web based only, app only, SMS text message only, or
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SMS text message plus app) on MVPA (Qy (7)=7.08; P=.42;
Multimedia Appendix 2) and total physica activity (Q,
(3)=1.28; P=.73; Multimedia Appendix 2).

Wearabl e-only interventions showed larger effects on sedentary
behavior (SMD 0.97) compared to variouseHealth (SMD 0.11)
and mHealth (SMD —0.11) interventions (Q, (2)=16.2; P<.001;

Multimedia Appendix 2).

App-only interventions (SMD 0.78) showed larger effects
compared to various eHealth and mHealth interventions,
exergames, and web-based only interventions on BMI (SMD
range 0.00-0.31; Q, (5)=38.00; P<.001; Multimedia Appendix
2).

Study Quality Score

There were no significant subgroup effects for study quality
score (moderate, low, or critically low on MVPA; Q, (2)=1.06;
P=.59; Multimedia Appendix 2), total physical activity (Qy
(2=4.48; P=.11; Multimedia Appendix 2), and BMI (Q,
(2)=2.09; P=.15; Multimedia Appendix 2).

Studies rated as critically low (ie, highest risk of bias) showed
the greatest effects on sedentary behavior (SMD 0.97) compared
with low- (SMD 0.02) and moderate-rated studies (SMD 0.09;
Qp (2)=6.44; P=.04; Multimedia Appendix 2).

Publication Bias

A visual examination of funnel plots for physical activity
outcomes (Multimedia Appendix 2) reveal ed some asymmetry,
with agap in the bottom left quadrant. This suggested apotential
lack of smaller studies reporting negative effect sizes. The
estimated true effect size (Cohen d or 8) was —0.17. For other
outcomes, there was an insufficient number of systematic
reviews (<10) to create funnel plots.

Discussion

Principal Findings

Thiscomprehensive umbrellareview synthesized evidencefrom
25 systematic reviews and meta-analyses, encompassing 440
trials involving 133,501 participants, to evaluate the
effectiveness of eHealth and mHedth interventions for
promoting healthy lifestyle behaviors in children and
adolescents. eHealth and mHealth interventions demonstrated
small but positive effectsonincreasing MVPA (SMD 0.18) and
total physical activity (SMD 0.24); improving dietary habits,
including fat intake (SMD -0.10) and fruit and vegetable
consumption (SMD 0.11); and reducing BMI (SMD —-0.19; MD

-0.22 kg/m?) and body weight (SMD —0.15; MD —0.99 k).
While SMD showed no significant effect on sedentary behavior,
MDs indicated reductions in overall sedentary time (24
minutes/day) and screen time (—22 minutes/day). However, the
interventions did not significantly impact sleep duration.
Although the effect sizes for health behaviors were small, even
modest improvementsin physical activity, sedentary behavior,
and diet can contribute to significant long-term health benefits,
particularly when sustained over time. These small changesare
particularly important during childhood and adol escence when
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healthy habits are formed and can have a lasting impact on
future health [15,16]. Moreover, the scalability of digital
interventions means that even small individual effects can
trandateinto substantial population-level impact when delivered
to large numbers of people. These findings suggest that digital
health interventions can play a valuable role in promoting
healthier lifestyles among youth, although with varying degrees
of effectiveness across different health behaviors.

Our findings demonstrate significant improvementsin physical
activity, dietary behaviors, and weight-related outcomes
following eHealth and mHealth interventions. While the
observed effect sizeswere generally small, they are comparable
or even favorable compared to those found in traditional
face-to-face interventionstargeting health behaviorsin children
and adolescents. For instance, our study showed more favorable
effects on BMI (SMD -0.19) and body weight (SMD -0.15)
compared to the meta-analysis by Guerra et al [68] of 12
school-based physical activity interventions (BMI: SMD -0.02;
body weight: SMD -0.07). Similarly, our results for MVPA
were more promising than those reported in the meta-analysis
by Love et a [69] of 17 school-based physical activity
interventions. Regarding dietary outcomes, our findingsfor fruit
and vegetable consumption (SMD 0.11) were comparable to
those reported in school-based nutrition studies (SMD 0.23)
[70], dthough dlightly smaller. This difference might be
attributed to the ability of school-based interventionsto directly
supervise or provide fruit and vegetable consumption, which is
not feasible with eHealth and mHealth approaches. Overall,
these comparisons suggest that digital health interventions can
be as effective, if not more so, than traditional intervention
methods.

Our analysis revealed mixed results for sedentary behavior and
deep outcomes. While SMD effects showed no significant effect
on overall sedentary behavior, MD effectsindicated significant
reductions in sedentary behavior (24 minutes/day) and screen
time (22 minutes/day) outcomes. This discrepancy might be
due to measurement heterogeneity across studies or the
challenge of capturing nuanced changes in sedentary patterns.
Regarding sleep, our review found no statistically significant
impact on sleep duration; however, this conclusion is based on
limited data from a single meta-analysis and should therefore
be interpreted with caution. Thishighlightsacritical gap in the
current research landscape, as optimal sleep is crucia for
children’s growth, cognitive development, and mental health
[71]. The lack of significant effects on deep and the mixed
results for sedentary behavior underscore the need for more
targeted, high-quality research in these areas.

Our subgroup analyses provided valuable insights regarding
factors that may optimize intervention effects. Wearable-only
interventions demonstrated substantially larger effects on
reducing sedentary behavior (SMD 0.97) compared to various
eHealth (SMD 0.11) and mHealth (SMD -0.11) interventions.
Thisfinding suggeststhat wearable devices may be particularly
effective in promoting movement and reducing sedentary time
among children and adolescents. Furthermore, intervention
duration emerged as a significant moderator of outcomes.
Shorter interventions (<8 weeks) demonstrated larger effects
for increasing physical activity, while longer durations (=12
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weeks) were more effective for reducing BMI. This pattern
aligns with previous research, demonstrating that people's
motivation often declines during longer physical activity
interventions, highlighting the need for strategies to sustain
long-term engagement [ 72]. In contrast, the greater effectiveness
of longer interventionsfor BMI reduction is consistent with the
understanding that sustained caloric deficits and lifestyle
changes are necessary for meaningful weight management [73].
Regarding intervention type, app-based interventions showed
the most promising results for improving BMI compared to
other digital formats. This may be attributed to the unique
capabilities of apps, such as frequent self-monitoring, goal
tracking, tailored feedback, and gamification elements, which
have been shown to be effective behavior change techniques
for successful weight loss intervention [74-76]. These findings
suggest that tailoring intervention duration to specific health
outcomes and leveraging theinteractive features of mobile apps
could enhancetheimpact of digital health initiativesfor children
and adolescents. Although no significant subgroup effectswere
found for age, it isimportant to acknowledge that devel opmental
differences between children and adolescents may influence
how interventions are designed, delivered, and received. Factors
such as cognitive maturity, autonomy, and technology use habits
vary across age groups and may affect engagement and
outcomes. The lack of age effectsin our analyses may reflect
limited power in subgroup comparisons or insufficient
age-specific tailoring in many interventions. Future research
should explore age-tail ored strategies to enhance relevance and
effectiveness. Due to the inconsistency in reporting adherence
and engagement across studies, we were unable to conduct a
comprehensive analysis of their role in this review. Future
research should investigate adherence and engagement as key
mediators of the effectiveness of eHealth and mHealth
interventions. A better understanding of how these factors
influence behavior change could help optimize interventions
and enhance their real-world applicability. Furthermore, to
ensure long-term health benefits, future eHealth and mHealth
interventions should incorporate strategies to maintain
participant engagement, such as regular progress tracking,
personalized feedback, gamification, and socia support features.
These strategies can help individual s sustain healthy behaviors
over time and prevent dropout.

Thisumbrellareview synthesizes evidence from 25 systematic
reviews and meta-analyses, comprising 440 trialswith 133,501
participants, providing acomprehensive assessment of eHealth
and mHealth interventions for children and adolescents.
Adhering to PRISMA guidelines ensures transparency and
reproducibility, and using rigorous screening and extraction
processes in duplicate minimizes study overlap (CCA=3.28%),
enhancing reliability and focus on digital health interventions
for youth.

Limitations

This umbrellareview has several limitations, primarily related
tothevarying methodological quality of included reviews. Many
(23/25, 92%) studies were rated as low or criticaly low
confidence per AMSTAR-2 criteria, often due to inconsistent
reporting, lack of preregistration, and limited assessments of
bias and heterogeneity. These quality issues may reduce
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confidence in the reported effects, particularly for physical
activity outcomes, and suggest that some effects could be
overestimated dueto potential publication biasfavoring positive
results. Future research should improve rigor by adopting
standardized protocol s, thorough bias eval uations, and consistent
subgroup analyses. In addition, insufficient data limited
subgroup analyses across key populations and intervention
characteristics, preventing a detailed understanding of
intervention effectiveness across diverse groups and settings.
Furthermore, the type of outcome measurement (objective vs
self-reported) and the identity of the respondent (eg, child,
adolescent, or parent) were not consistently reported across
reviews, limiting our ability to explore these factorsin subgroup
analyses. More granular data reporting in future studies would
enable more tailored and reliable insights for various
demographic contexts. Although many studiesincluded in this
review had low-quality ratings, our subgroup analyses indicate
that these studies had minimal impact on the overall findings
for most outcomes, except for sedentary behavior. This suggests
that while study quality isacritical factor, the trendsidentified
inthe meta-analysesremain relevant. It isimportant to note that
the strict criteria of the AMSTAR 2 tool, particularly for items
such as comprehensive search strategies, meant that even
well-conducted reviews often did not meet all requirementsfor
a full “yes’ rating, potentially underestimating their
methodological quality.

Thefindings highlight significant clinical implicationsfor child
and adolescent health stakeholders. eHealth and mHealth
interventions show promising but modest improvements in
physical activity, dietary habits, and BMI. Stakeholders,
including health care providers and educators, should consider
integrating these digital tools, particularly app-based platforms,
into youth health promotion strategies. Tailoring intervention
durations to specific outcomes, such as shorter durations for
increasing physical activity and longer durations for reducing
BMI, is recommended. Early intervention is crucial, with
younger children showing greater reductions in sedentary
behavior compared to adolescents, suggesting potentia roles
for schools and community organizations in integrating these
interventions into existing programs.

In the rapidly evolving digital health landscape, curated app
libraries and systematic frameworks are urgently needed to
assist professionalsin selecting effective behavior change apps
confidently. Public health agencies can contribute by devel oping
guidelines and resourcesfor evidence-based digital health tools.
Future research should focus on improving the effectiveness of
eHealth and mHesalth interventionsfor children and adolescents
by conducting more high-quality primary RCTs, exploring
innovative strategies for sustaining long-term engagement,
assessing long-term intervention effects, investigating digital
interventions for sleep and sedentary behavior, and optimizing
integration with other health promotion strategies. Theseresults
have important implications for research, practice, and policy
inthefield of digital health interventionsfor youth. Researchers
should focus on further investigating the specific features of
wearable devices and mobile apps that contribute to their
effectiveness in reducing sedentary behavior and BMI,
respectively. This could involve systematic evaluations of
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intervention components and exploring combinations of these
promising approacheswith other digital tools. In practice, health
care providers and educators should consider prioritizing the
integration of evidence-based wearabl e devices and mobile apps
into their health promotion strategies for children and
adolescents, particularly when targeting sedentary behavior and
weight management. Policymakers should take note of these
findings when developing guidelines for digital health
interventions and allocating resources for their implementation
in various settings, including schools and community
organizations. Future research should also explore how to
enhance the long-term effectiveness of these interventions,
possibly by combining the most effective digital approaches
with traditional face-to-face components to create
comprehensive, multilevel interventions that address various
determinants of health behaviorsin youth.
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