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Abstract

Background: The COVID-19 pandemic has significantly reduced physical activity (PA) levelsand increased sedentary behavior
(SB), which can lead to worsening physical fitness (PF). Children and adolescents may benefit from mobile health (mHealth)
apps to increase PA and improve PF. However, the effectiveness of mHealth app—based interventions and potential moderators
in this population are not yet fully understood.

Objective: This study aimsto review and analyze the effectiveness of mHealth app—based interventions in promoting PA and
improving PF and identify potential moderators of the efficacy of mHealth app—based interventionsin children and adol escents.

Methods: We searched for randomized controlled trials (RCTs) published in the PubMed, Web of Science, EBSCO, and
Cochrane Library databases until December 25, 2023, to conduct this meta-analysis. Weincluded articles with intervention groups
that investigated the effects of mHealth-based apps on PA and PF among children and adolescents. Due to high heterogeneity, a
meta-analysis was conducted using a random effects model. The Cochrane Risk of Bias Assessment Tool was used to evaluate
therisk of bias. Subgroup analysis and meta-regression analyses were performed to identify potential influencesimpacting effect
sizes.

Results: Weincluded 28 RCTs with atotal of 5643 participants. In general, the risk of bias of included studies was low. Our
findings showed that mHealth app-based interventions significantly increased total PA (TPA; standardized mean difference
[SMD] 0.29, 95% CI 0.13-0.45; P<.001), reduced SB (SMD -0.97, 95% CI —1.67 to —0.28; P=.006) and BMI (weighted mean

difference —0.31 kg/m?, 95% CI —0.60 to —0.01 kg/m?; P=.12), and improved muscle strength (SMD 1.97, 95% CI 0.09-3.86;
P=.04) and agility (SMD —0.35, 95% CI —0.61 to —0.10; P=.006). However, mHealth app—based interventions insignificantly
affected moderate to vigorous PA (MVPA; SMD 0.11, 95% CI —0.04 to 0.25; P<.001), waist circumference (weighted mean
difference 0.38 cm, 95% Cl —1.28 to 2.04 cm; P=.65), muscular power (SMD 0.01, 95% CI —-0.08 to 0.10; P=.81), cardiorespiratory
fithess (SMD -0.20, 95% CI —0.45to 0.05; P=.11), muscular endurance (SMD 0.47, 95% CI —0.08 to 1.02; P=.10), and flexibility
(SMD 0.09, 95% CI —0.23 to 0.41; P=.58). Subgroup analyses and meta-regression showed that intervention duration was
associated with TPA and MV PA, and age and types of intervention was associated with BMI.

Conclusions: Our meta-analysis suggests that mHealth app—based interventions may yield small-to-large beneficial effects on
TPA, SB, BMI, agility, and muscle strength in children and adol escents. Furthermore, age and intervention duration may correlate
with the higher effectiveness of mHealth app—based interventions. However, due to the limited number and quality of included
studies, the aforementioned conclusions require validation through additional high-quality research.
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Introduction

Background

The COVID-19 global pandemic has had adverse effects on the
physical fitness (PF) and mental health of children and
adolescents[1]. Beforethe COVID-19 pandemic outbreak, only
approximately 30% of children and adolescents worldwide
could meet the recommended levels of physical activity (PA)
[2,3]. However, the COVID-19 pandemic has exacerbated this
issue by decreasing their levels of PA, increasing sedentary
behavior (SB), and leading to adeclineintheir PF[4]. A recent
study inthe United Kingdom discovered that children exhibited
lower performance scores on the seated forward bend and
20-meter shuttle run test and higher BMI values in 2020 than
in 2019 [5]. PF is a crucia determinant of children's and
adolescents' health status [6], which can be influenced by
variousfactors, including genetic, environmentd, and PA-related
factors [7]. Epidemiological studies have established a
“dose response” rel ationship between PA and PF, which showed
that increased PA levels and reduced SB were positively
associated with improved PF in adolescents[8]. Therefore, the
way to increase PA and improve PF is still one of the most
important social problems to be solved for children and
adolescents.

Therapid advancement of intelligent technology hasincreased
the use of smartphones among young generation and the wide
use of mobile health (mHealth) technologies[9,10]. At present,
mHealth technol ogies, including wearable devices, smartphones,
tablets, mHealth apps, smartwatches, and pedometers, are
commonly used in the field of health care [11]. Recently, 2
systematic reviews have investigated the impact of
mHealth-based interventions on behavioral changes, including
PA and SB, in children and adolescents[12,13]. However, these
reviews primarily concentrated on specific mHealth technology
interventions, including SM S text messaging, wearable devices,
web-based interventions, and others. Moreover, these systematic
reviews exclusively focus on one or more behaviora changes,
encompassing physical inactivity and SB, and the overall quality
of the evidence is deemed low [13]. Current research indicates
that app-based interventions on smartphones may represent the
most effective strategy [13]. mHealth app—based interventions
are among the most commonly used methods within the realm
of mHealth technol ogies. Among these technologies, mHealth
apps have been extensively used in thefitnessand medical fields
due to their affordability, personalization, and diverse features
[14]. mHealth apps can provide quantitative visual feedback
regarding the health behaviors of users, such as their PA;
meanwhile, users upload their personal information to app
databases, and apps facilitate personalized, long-distance, and
low-contact training to improve the healthy development of
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users [15]. In recent years, mHealth app—based interventions
have shown significant promisein promoting healthy behaviors,
including increased PA and reduced SB, among children and
adolescents. Nevertheless, thereisalack of systematic reviews
comprehensively summarizing the impacts of stand-alone
mHealth apps or concerted interventions using apps as one of
the multiple components (eg, behavioral counseling combined
with app interventions) on various health behaviors, including
PF. In addition, studiesin thisdomain have been predominantly
centered on adults, with anoticeable dearth of pertinent research
within populations such as children and adolescents [16].

Studies have demonstrated that mHesl th app—based interventions
can lead to effective outcomes in improving the PA behavior
of users [17]. However, another study [18] found that such
intervention hasindicated only small effectson PA andislikely
related to potential influencing factors. Furthermore, the efficacy
of mHealth app—based interventions on PF isinconsistent. One
study linked lower BMI and higher motor competence to the
frequency and type of mHealth app use [19], while another
study indicated that mHealth app—-based interventions were
ineffective in improving PF among adolescents, which is
possibly due to the characteristics of the intervention [20]. The
use of theory-based mHealth app interventions may also be
more advantageous in increasing PA and enhancing PF in
children and adolescents [21]. Several theoretical paradigms,
including self-determination theory (SDT), the transtheoretical
model, the health belief model, the theory of planned behavior,
and social cognitive theory (SCT), have been used in mHealth
app—based interventions[22]. The number and type of behavior
change technique (BCT) clusters may also play a significant
role in the effectiveness of mHealth app interventions. Michie
et al [23] provided a standardized taxonomy of BCT that
categorizes them into 16 clusters, such as feedback and
monitoring, reward and threat, goals and planning, shaping
knowledge, social support, and comparison of outcomes. This
taxonomy aids in identifying which BCT clusters are more
effectively applied to apps, thereby enhancing PA promotion
and PF improvement. In conclusion, various factors, including
thetype of mHealth app, intervention characteristics, theoretical
paradigms, and BCT clusters, are important considerations in
the effectiveness of mHealth app interventions. Despite the
increasing number of articles summarizing interventions based
on mHealth apps, a noteworthy research gap persists. Most of
these articles concentrate on interventions using commercially
available mHealth apps that lack evidence-based behavior
change strategies. Neverthel ess, asignificant proportion of users
and patientsrely on commercially available app-based mHealth
interventions that lack empirical evaluation and rarely
incorporate evidence-based behavior change strategies.
Furthermore, current research predominantly highlights the
intervention effects of mHealth apps on health-rel ated outcome
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measures. However, there is a notable deficiency in
evidence-based mHealth appsintervention programs and studies
that integrate various target behaviors.

Objectives

The first objective of this systematic review aims to evaluate
the effectiveness of mHealth app-based interventions in
promoting PA and improving PF among children and
adolescents. The second objective is to specificaly assess
moderating effects (eg, age, types of apps, theoretical paradigm,
BCT clusters, and intervention duration) on the effectiveness
of mHealth app—based interventions in subgroups within these
studies. Unlike previous studies, our review contributes
evidence-based, high-quality content for potential mHealth app
interventions addressing PA and PF. This contribution results
from a meticulous evaluation and meta-analysis of relevant
randomized controlled trials (RCTs). In addition, we conducted
an extensive analysis of key moderating variables using
subgroups and meta-regression, encompassing theoretical
paradigms, BCT clusters, intervention duration, and more. This
comprehensive approach enhances our understanding of the
factorsinfluencing intervention effects and facilitates the precise
guantification of the intervention program. Our endeavors
significantly expand the research scope beyond previous
reviews.

Methods

Registration and Approval

The systematic reviews were registered on the PROSPERO
(CRD42023426532). Theliterature search, reporting guidance,
and implementation process of the study followed the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [24].

Search Strategy

Severa databases were searched, including PubMed, Web of
Science, EBSCO, and Cochrane Library, to identify relevant
RCTs published until December 25, 2023. The search strategy
involved a Boolean search using a combination of
subject-related words and free words. The following search
terms were used: (Child OR Preschool OR Adolescent),
(“Mobilehedlth application*” OR “mHealth app*” OR “Portable
Software Application*” OR “Mobile Application*” OR App*),
and (“Physical Activity” OR PA OR MVPA OR “sedentary
behavior” OR SB OR “Physical Fitness’). A detailed search
strategy for Web of Science is presented in Multimedia
Appendix 1. We opted to update the searches in the same
databases used for theinitial search to refinetheresultsfor this
study. In addition, we examined the referencescited in previous
reviews to identify additional relevant literature. Concurrently,
wereached out to authors of potentially eligible studiesto obtain
complete data. If >2 attempts were made to contact authors
without receiving a response, the study was excluded. The
literature search was not restricted by language.
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Inclusion and Exclusion Criteria

Inclusion Criteria

The following criteria were included for inclusion in the
literature review: (1) The study comprised children and
adolescents, aged 3to 18 years, with the majority falling within
this range. Participants did not exhibit physical dysfunction,
and overweight or obesity, among other factors, were not
exclusionary criteria. Children and adolescents were categorized
into 3 groups:. preschoolers aged 3-6 years; children aged 7-12
years; and adolescents aged 13-18 years. (2) Interventionsusing
smartphone-based and tabl et-based mHealth apps may involve
either stand-alone apps (ie, solely apps) or concerted intervention
(ie, apps combined with another intervention). The control group
comprised genuine controls, such as no interventions, waitlist
conditions, and usual clinical care. In addition, active controls,
including interventions viaapps, were considered. Studiesusing
placebo and sham apps also met the inclusion criteria. (3) The
study design was an RCT. (4) Primary outcome measures
included PA, SB, performance-related PF (eg, coordination and
balance), hedth-related PF (eg, cardiorespiratory endurance,
muscle strength, and body composition), and physiological
function (eg, body shape and metabolism).

Exclusion Criteria

The exclusion criteria were as follows: (1) articles written in
languages other than English and Chinese; (2) repeated
published studies, basic studies, observational studies, reviews,
and case series articles; (3) studies for which full text was
unavailable or datawereincomplete; and (4) mHeal th apps that
only used SMS text messaging interventions or were
incompatible with smartphones or tablets.

Study Selection

After the literature search, the initial search results were
imported into EndNote 20 (Thomson ResearchSoft) to remove
duplicate articles. Predefined inclusion and exclusion criteria
were applied to theliterature. Two authors(ZZ and ZS) initially
screened the titles and abstracts. Articles meeting the criteria
were downloaded, and 1 author (ZZ) thoroughly evaluated the
full text based on theinclusion and exclusion criteria, while the
other author (ZS) conducted arandomized assessment. Another
author (JF) was involved in resolving discrepancies between 2
independent reviewersto determineif astudy met theinclusion
criteria.

Data Extraction

The included literature was independently extracted by 2
researchers (YJand ZL G). The extracted information included
basic details (eg, authors, publication year, country, and study
type), characteristics of the study population (eg, age, gender,
and sample size), characteristics of mHealth apps (eg, name,
type, theoretical paradigm, and number or type of BCT clusters),
intervention characteristics, outcome measures, and indicators
related to risk of bias assessment. Two authors (YJ and ZLG)
assessed the use of BCT in apps using the taxonomy by Michie
[23]. Relevant information was primarily extracted from the
study descriptions; in cases of incompl ete data, the original apps
were consulted. Disputes were resolved through third-party
consultation (WDC).
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Risk of Bias Assessment

Two independent (YJand ZL G) investigators assessed the risk
of bias using the Cochrane Working Group's tool [25]. Any
disagreements were resolved by athird independent researcher
(WDC) through consultation. Each study underwent evaluation
in 7 domains, and the risk of bias was categorized as unclear,
low, or high.

Statistical Analysis

If the number of included papers was <3, then a systematic
review was conducted. When a sufficient number of included
studieswere available for ameta-analysis, we used Revman 5.4
(Nordic Cochrane Center) and Stata 16.0 (StataCorp) to estimate
effect sizes, conduct subgroup analysis, and sensitivity analysis.
Weighted mean difference (WMD) and 95% Cl were used as
effect measures when the same measurement method was used.
When measurement methods were consistent, the standardized
mean difference (SMD) and 95% CI were used. The magnitude
of SMD was interpreted as follows: SMD<0.2, negligible;
0.2<SMD<0.5, small; 0.5sSMD<0.8, medium; and SMD=0.8,
large [26].

Figure 1. Flowchart of the study selection.

Wang et al

The study indirectly mentioned the mean and SD, and the MD
and SMD were calcul ated as the postintervention mean and SD
based on the Cochrane Handbook [27]. The study examined the

magnitude of heterogeneity using 1% and P values. If 1°<50%
and P=.10, afixed-effect model was used for data analysis. On
the contrary, if 12>50% and P<.10, a random effect model was
used for meta-analysis[27]. The sources of heterogeneity were
identified by subgroup analyses and meta-regression analysis
based on type of apps, theoretical paradigm, age, and BCT
clusters. The robustness of each study was evaluated using
sensitivity analysis, and publication bias was assessed with
funnel plots and the Egger test. Results

Study Selection

A total of 12,025 relevant articles wereretrieved from PubMed
(n=69), Web of Science (n=11,033), EBSCO (n=217), and
Cochrane Library (n=706). Duplicate referenceswere removed,
which resulted in 6867 articles. Following an initial screening
by abstracts, 136 articles were identified, which were then
assessed by reading thefull text. Finally, 28 articleswere chosen
for inclusion (Figure 1).

Records identified through
database searching (n=12,025)

Identification

h 4

Records after duplicates
were removed (n=6867)

Screening

Y

Title and abstract records
screened (n=6867)

Records excluded
(n=6731)

A 4

Eligibility

Full-text articles assessed for
eligibility (n=136)

y

Full-text articles excluded, with
reasons (n=108):
Wrong study design (n=28)
Wrong study population (n=17)
Data duplication (n=3)
Different intervention (n=38)
No data (n=12)

Review or protocol (n=10)

Studies included in qualitative
synthesis (n=28)

Included

Y

Studies included in quantitative
synthesis (meta-analysis; n=26)
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Characteristics of the Included Studies

This study included 28 publications, all of which were RCTs
published between 2014 and 2023 [20,26,28-49]. The sample
size included 5643 subjects, ranging from 12 to 1392
participants per study. Asshownin Table 1, theincluded studies
have the following basic characteristics. The age of the
participants varied from 3 to 18 years with 5 (18%) of the 28
studiesinvolving preschool children [26,44,46,48,50], 8 (29%)
studies involving children [28-31,33,36,37,51], and 15 (53%)
studies involving adolescents
[20,32,34,35,38-43,45,47,49,52,53]. The objectives of the
studies differed, and the selection criteria for the target
population varied inconsistently. Most studies (16/28, 57%)
focused on healthy children and adolescents; however, of the
28 studies, 9 (32%) included participants with overweight and
those with obesity [29-31,35,36,39,43,45,52], 2 (7%) involved
children with cancer [34,53], and 1 (4%) enrolled youth with
congenital heart disease [40]. Of the 28 studies, 8 (29%) were
conductedin Asia[31,36,37,39-41,44,45], while the remaining

studies were performed in  Oceania (7/28, 25%)
[29,30,35,38,46,50,53], North America (5/28, 18%)
[28,33,34,43,51], and Europe (8/28, 29%)

[20,26,32,42,47-49,52].
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This review encompassed 28 studies that used 14 different
mHealth apps. These included 9 commercial apps
[20,31-33,35,38,41,47,49] and 14 research  apps
[28-30,39,40,42-46,48,51-53], and 5 mHealth apps did not
provide the corresponding information [26,34,36,37,50]. The
type of intervention used in 15 studies was stand-alone apps
[20,26,28,32,33,40,41,43-47,49-51], and 13 studies used
concerted intervention [29-31,34-39,42,48,52,53]. Participant
engagement with the intervention was mentioned in 28 studies,
8 studiesfocused on parent-centered [26,31,36,37,44,46,48,50],
the remaining studies were child centered. The mHealth apps
were based on various theoretical paradigms, including
self-regulation theory (SRT), SDT, and SCT. Different numbers
or types of BCT clusters were identified, and they ranged from
1to 7 clusters. Examples of BCT clusters used included goal
setting and planning, feedback and monitoring, and behavioral
comparison. Interventions duration lasted 2 to 48 weeks (Table
1). The primary and secondary outcome measuresincluded total
PA (TPA), moderate to vigorous PA (MVPA), SB,
cardiorespiratory fitness (CRF), BMI, waist circumference
(WC), muscle strength, agility, flexibility, muscular power, and
endurance.
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Table 1. Summary of the intervention characteristics of the included studies.

Wang et al

Study Participants Age Sample  Interventions ~ Comparator  Type of Theoretical gcT2usters Duration  Outcomes
orpopulas  (years) size mobile paradigm (weks)
tion (treat- health apps
ment/con-
trol)
Dire- Insufficient- 15.7 32/17 Groupl:immer- Nointerven- Commer-  gryP Feedbackand 8 CRES,
itoet ly active (+1.20r siveapp Zom-  tions cia apps monitoring TPad sge
a [20] hedlthy -1.2) bies Run; group and N’IV_ '
young peo- 2: nonimmer- f
ple sive app Get PA
Running
Garde Hedthy stu- 11.3 26/16 MKMM game  Waitlist Research  gpT947g Reward and 4 TPA
etal  dents (+1.20r app (crossed apps theory of  threat feedback
[28] -1.2) over after 3 motivation @nd monitoring
weeks)
Lubans Adolescent 12.7 181/180 Face-to-face Regular cur- Research goigng  Goasandplan- 32 SB, MV-
etal boys*“at (+0.50r PAD ses- riculum apps DT ning, shaping PA, BMI,
[29] risk” of obe- —0.5) sions+pedome- knowledge, so- wd, mus-
sity tersfor PA slf- cial support, cle
monitoring-+pur- and feedback strength,
pose-built web- and monitoring and muscu-
based smart- lar en-
phone durance
apps+other
Smith Adolescent 12.7 181/180 Face-to-facePA Regular cur- Research SCT and Goalsandplan- 20 TPA, SB,
etd boys “at (+0.50r Sessions+pe- riculum apps SDT ning, shaping MVPA,
[30] risk” of obe- —0.5) dometers for knowledge, so- BMI, WC,
sity PA sdlf-monitor- cial support, and muscle
ing+purpose- feedback and strength
built web-based monitoring
smartphone
apps+other
Femar Children 9-12 108/119  Wearablesen-  Nointerven- Commer-  \RK Goalsandplan- 12 BMI
dez- with over- sorstmobile tion cia apps ning, social sup-
Lugue weight and and social me- port, feedback
etd those with dia (WhatsApp and monitoring
[31] obesity and Instagram)
Pyky  Youngado- 17.8 250/246  MOPOrtal app Nointerven- Commer- 11! Goasandplan- 24 SB and
eta lescent men  (+0.6 or tion cia apps ning, shaping BMI
[32] -0.6) knowledge,
feedback and
monitoring, and
comparison of
outcomes
Gaude- Youngado- 13 23/23 Anindividual- Nointerven- Commer-  SRT and Goasandplan- 7 MVPA
tetal  lescents (+0.35 izedgoal was  tion cid apps  sdf-moni-  ning, feedback
[33] or set by Fitbit toringtheo- and monitoring,
-0.35) app ry and regulation
Men-  Adolescent 16.6 29/20 Fitbit Flex Usua care NR SDT Goalsandplan- 0 SB and
doza andyoung  (+1.50r wearable wrist- ning, feedback MVPA
eta adult child- -1.5) band and mo- and monitoring
[34] hood cancer bile health
survivors app+peer-based
web-based sup-
port group
Nys-  Healthy 45 156/159  MINISTOPapp Information Research  SCT Shaping knowl- 24 SB and
trom  Swedish (+0.10r or advice apps edge, feedback, MVPA
etd children -0.1) about a and monitoring
[26] healthy di-
et+PA viaa
4-page pam-
phlet
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Study Participants Age Sample  Interventions ~ Comparator  Type of Theoretical gcT2usters  Duration  Outcomes
orpopulas  (years) size mobile paradigm (weks)
tion (treat- health apps
ment/con-
trol)
Chen Adolescents 14.9 23/17 Fitbit Flex OmronHJ  Commer-  SCT Goasandplan- 12.24 TPA, SB,
eta who are (+1.67 app+iStart 105 pedome- cia apps ning, feedback and BMI
[35] overweight  or Smart for Teens ter+ablank and monitoring,
or obese -1.67) web-based edu-  food and ac- shaping knowl-
cational pro- tivity diary edge, social
gram+biweekly support, regula-
SMStext mes- tion, natural
sages consequences,
and covert
learning
Brome Children 9-16 8/12 Usua clinical Usud clini- Commer- NR Goalsandplan- 4 BMI
etal with obesity caretMan- cal care cia apps ning, feedback
2020 dolean training and monitoring,
[52] (myBigO app) comparison of
outcomes, shap-
ing knowledge,
social support,
repetition and
substitution,
and antecedents
Garde Elementary 10.6 19/18 MKMM game  Nointerven- Research  SDTand  Goalsandplan- 2 TPA
etal school stu-  (+0.51 app tion apps theory of  ning, feedback
[51] dents or motivation and monitoring,
-0.51) comparison of
outcomes, and
social support
Trost  Children 3-6 17/17 Moovosity app  Nointerven- NR NR NR 8 TPA
and tion
Brockes
[50]
Devine Adolescent 13-25 25/24 In-persongroup Waitlist Research  SCT Goalsandplan- 12 CRF, SB,
etal and young sessions+mo- apps ning, feedback MVPA,
[53] adult sur- bile app+fitness and monitoring, BMI, WC,
vivors of tracker use shaping know!- muscle
childhood aone edge, and social strength,
cancer support and coordi-
nation
Ka Children Median 32/47 Structured PA Structured NRNR NR _m 20 BMI, mus-
hana  with over- 10 sessions, nutri-  PA sessions, cle
etal weight and tional and be-  nutritional, strength,
[36] obesity havioral coun-  and behav- muscular
seling+* Just iora counsdl- power,
Dance Now” ing muscular
and “Motion endurance,
Sports’ app and agility
Liuet Primary 9.6 705/687 Hedtheduca=  Hedtheduca NR NR Feedback and 36 CRF, TPA,
a school chil-  (+0.4 or tionreinforce-  tion lessons monitoring MVPA,
[3754] dren -0.4) ment of PA and and physical BMI, WC,
BMI monitor-  education muscular
ing and feed- sessions power, and
back (Eat Wise- muscular
ly and Move endurance
Happily app)
Likines Childrenand 10-15  35/35 OBEST Standard Research  Theory of  Goalsandplan- 24 BMI and
awong adolescents appt+standard  care apps motivation ning, feedback wcC
etal with obesity care and monitoring,
[39] and shaping
knowledge
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Study Participants Age Sample  Interventions ~ Comparator  Type of Theoretical gcT2usters  Duration  Outcomes
orpopulas  (years) size mobile paradigm (weks)
tion (treat- health apps
ment/con-
trol)
Linet Youthwith 15-24 100/50 Group 1: COOL  Standard Research  SRT Goasandplan- 24.48 TPA
a [40] congenital Passport app;  care apps ning, feedback
heart disease group 2: COOL and monitoring,
Passport app shaping know!-
+health promo- edge, and re-
tion cloud ward and threat
Seah  Adolescent 14.9 13/23 MapMyFitness Nointerven- Commer-  SDT Goasandplan- 2.3 TPA and
and girls (+0.3 or app tion cia apps ning, feedback MVPA
Koh -0.3) and monitoring,
[41] and socia sup-
port
Stasi- Adolescents 10-18  18/13 Nutritional edu- Nutritional ~ Research  Theory of Goalsand plan- 22 CRF, WC,
naki et with obesity cation and education apps motivation ning, feedback muscular
a [42] PA+PathMate2 and PA and monitoring, power,
app reward and muscular
threat, and com- endurance,
parison of be- agility,
havior flexibility,
and bal-
ance
Tu- Children 10-17 107/107  Aim2Be app Nointerven- Research  SCT and Goalsandplan- 12 TPA and
gault-  with over- tion apps SRT ning, feedback SB
Lafleur weight or and monitoring,
etal obesity identity, and so-
[43] cia support
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Study Participants Age Sample  Interventions ~ Comparator  Type of Theoretical gcT2usters  Duration  Outcomes
orpopulas  (years) size mobile paradigm (weks)
tion (treat- health apps
ment/con-
trol)

Ridges Inactiveado- 13.7 144/131  Wrist-worn Fit- Nointerven- Commer- CTandbe- Goalsandplan- 12 TPA and
etal lescents (+0.4 or bit Flex and ac- tion cia apps  haviora ning, feedback MVPA
[38] -0.4) companying choicetheo- and monitoring,

Fitbit app and ry and self-belief

digital behavior

changere-

sources
Alexa+ Preschool-  2.5-3 270/271  Standard care+  Standard Research  SCT Identity, goals 24 SB and
drou  aged chil- MINISTOP 2.0 care apps and planning, MVPA
etal dren app shaping knowl-
[48] edge, and feed-

back and moni-
toring

Ma Adolescents 13.66 92/46 Group 1: Poké- Nointerven- Commer- NR NR 10 TPA, BM,
teo-Or- (+1.17 mon GoPlaying tion cia apps and WC
cajada or app continuous-
eta -1.17) ly; group 2:
[49] Pokémon Go

Playing app in-

termittently

8BCT: behavior change technique.
bSRT: self-regulation theory.
CCRF: cardiorespiratory fitness.
4TPA: total physical activity.

©SB: sedentary behavior.

*MVPA: moderate to vigorous physical activity.
9SDT: self-determination theory.
PPA: physical activity.

ISCT: social cognitive theory.
IWC: waist circumference.

KNR: not reported.

ITTM: transtheoretical model.
MNot available.

Risk of Bias Assessment

Overal, of the 28 studies, 11 (39%) were classified as having
alow risk of bias[20,26,28,29,34,35,37,39,51-53], and a high
risk of bias was identified in 17 (61%) studies
[30-33,36,38,40-50]. The methods for random sequence
generation were adequately reported in 28 studies, and 14 (50%)
of the 28 studies described allocation concealment protocols
[20,26,29,31,35,37,39,43,46,48,50-53]. Of the 28 studies,
blinding of participantsand personnel wasunclear in 17 studies

https://mhealth.jmir.org/2024/1/e51478

RenderX

[20,28-33,38-41,43-45,47,49,51], high risk of biaswasidentified
in 7 (25%) studies [26,34,35,37,50,52,53], and blinding of
outcome assessment was unclear in 18 (64%) studies
[18,28-34,38,40,41,44,45,47-51,53]. Four studies provided data
regarding subjectslost to follow-up [30-32,34], while one study
had unclear information on this aspect [51]. None of the 28
studies were found to have selective outcome reporting, and
other aspects of biaswere evaluated mainly in terms of baseline
data and conflicts of interest (Figure 2 [20,26,28-53]).
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Figure 2. Risk bias assessment of theincluded studies. (A) Risk of bias graph and (B) risk of bias summary.
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Results of the Meta-Analysis

Effects of mHealth App—Based I nterventions on PA

Of the 28 studies, 21 (75%) were examined to assess the impact
of mHealth app—based interventionson TPA. The heterogeneity
test indicated a substantial level of heterogeneity among the
studies (1=75%; P<.001), which led to the adoption of arandom
effects model for the analysis. The meta-anaysis results
indicated that the intervention group exhibited higher TPA
(SMD 0.29, 95% ClI 0.13-0.45; P<.001; Figure 3
[20,28,30,35,37,38,40,41,43,46,47,49-51]), but the effect size
was small.

https://mhealth.jmir.org/2024/1/e51478
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Of the 28 studies, 14 (50%) reported the impact of mHealth
app-based interventions on SB levels. Heterogeneity tests

revealed homogeneity between the studies (1?=98%; P<.001),
which required analysis using a random effect model.
Meta-analysis found that mHealth app—-based interventions
significantly reduced SB (SMD -0.97, 95% CI —1.67 t0 —0.28;
P=.006; Figure 4 [20,26,29,30,32,34,35,43,44,46,48,53]).

Of the 28 studies, 14 (50%) investigated the impact of mHealth
app—based interventions on MVPA levels. The heterogeneity
test indicated homogeneity among the studies (1>=67%; P<.001),
which allowed for analysis using arandom effect model. There
were no significant differences between the control and
intervention groups (SMD 0.11, 95% CI —0.04 to 0.25; P<.001,
Figure 5 [20,26,29,30,33,34,37,38,41,46,48,53]).
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Figure 3. Forest plot of the effect of mobile health app—based interventions on increasing total physical activity.
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Figure 4. Forest plot of the effect of mobile health app—based interventions on decreasing sedentary behavior.
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Figure5. Forest plot of the effect of mobile health app—based interventions on increasing moderate to vigorous physical activity.
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Effects of mHealth App—Based | nterventions on BMI

and WC

Of the 28 studies, 13 (46%) investigated the effects of mHealth
app—based interventions on BMI. Of these 13 studies, 2 (15%)
did not directly conduct changes in outcome indicators before
and after interventions [31,52] and were only included in
systematic reviews. The heterogeneity test demonstrated
homogeneity among the studies (12=32%; P=.12), which enabled
analysis using a fixed-effect model. Meta-analysis found that
mHealth app—based interventions significantly reduced BMI
(WMD -0.31, 95% CI —-0.60 to -0.01; P=.12; Figure 6

1 1 t
-2 -1 1
Intervention control

=T

[29,30,35-37,39,45,47,49,53]). The 2 other studies on BMI
reported a significant reduction in BMI among obese children
with mHeath app-based interventions [31,52], which is
consistent with the meta-analysis resullts.

Of the 28 studies, 9 (32%) reported the effect of mHealth
app-based interventions on WC. The heterogeneity tests showed
homogeneity among the studies (1°=54%; P=.02), which allowed
for analysis using a random effect model. There were no
significant differences in WC between the intervention and
control groups (WMD 0.38 kg/m?, 95% CI —1.28 0 2.04 kg/m?;
P=.65; Figure 7 [29,37,39,42,47,49,53)]).

Figure 6. Forest plot of the effect of mobile health app—based interventions on BMI.
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Figure 7. Forest plot of the effect of mobile health app—based interventions on waist circumference.
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Effects of mHealth App—Based I nterventions on PF

Of the 28 studies, 7 (25%) studies investigated the impact of
mHealth app-based interventions on CRF. Heterogeneity tests
showed homogeneity among the studies (12=66%; P=.007) and
were conducted using a random effect model. No significant
differenceswerefound between intervention and control groups
in CRF (SMD —0.20 cm, 95% CI —0.45 to 0.05 cm; P=.11,
Figure 8 [20,37,42,45,47,53)).

Of the 28 studies, 6 (21%) reported the impact of mHealth
app—based interventions on muscle strength. Heterogeneity tests
revealed homogeneity in the studies (12=99%; P<.001) and were
conducted using a random effect model. Meta-analysis found
that mHealth app—based interventions significantly increased
muscle strength (SMD 1.97, 95% CI 0.09-3.86; P=.04; Figure
9[29,30,36,44,47,53)).

Of the 28 studies, 5 (18%) investigated the impact of mHealth
app—based interventions on muscular power. The heterogeneity
test indicated homogeneity among the studies (17=45%; P=.12),
which allowed for analysis using a fixed-effect model. There
were no significant differences between the control and
intervention groups (SMD 0.01, 95% CI —0.08 to 0.10; P=.81,
Figure 10 [36,37,42,44,47]).

20 @ 0 10
Intervention contral

Of the 28 studies, 5 (18%) examined the impact of mHealth
app-based interventions on muscular endurance. The
heterogeneity test indicated a substantial level of heterogeneity

among the studies (12=98%; P<.001), which led to the adoption
of arandom effects model for the analysis. The meta-analysis
resultsindicated no significant difference in muscle endurance
between the intervention and control groups (SMD 0.47, 95%
Cl -0.08 to 1.02; P=.10; Figure 11 [29,36,37,42,47]).

Of the 28 studies, 3 (11%) investigated the impact of mHealth
app-based interventions on agility. The heterogeneity test
indicated homogeneity among the studies (1=0%; P=.87), which
allowed for analysis using a fixed-effect model. Meta-analysis
found that mHealth app-based interventions significantly
improved agility (SMD —0.35, 95% CI —0.61 to —0.10; P=.006;
Figure 12 [36,42,44]).

Of the 28 studies, 3 (11%) reported the impact of mHealth
app-based interventions on flexibility. Heterogeneity tests
revealed homogeneity in the studies (12=52%; P=.12) and were
conducted using a random effect model. There were no
significant differences in flexibility between the control and
intervention groups (SMD 0.09, 95% Cl -0.23t0-0.41; P=.58;
Figure 13[42,44,47]).

Figure 8. Forest plot of the effect of mobile health app—based interventions on cardiorespiratory fitness.
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Figure 9. Forest plot of the effect of mobile health app—based interventions on muscular strength.
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Figure 10. Forest plot of the effect of mobile health app—based interventions on muscular power.
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Figure 11. Forest plot of the effect of mobile health app—based interventions on muscular endurance.
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Figure 12. Forest plot of the effect of mobile health app—based interventions on agility.
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Figure 13. Forest plot of the effect of mobile health app—-based interventions on flexibility.
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Sensitivity Analysis

Inthisstudy, Stata 16.0 was used to conduct sensitivity analyses
on TPA, SB, MVPA, and BMI for evaluating the robustness
and reliability of the results. The sensitivity analysis results
demonstrated that excluding any single study did not impact
the effect size of the mHeath app—based intervention in
outcomes such as TPA, SB, and MVPA (Multimedia
Appendices 2-4), which indicates the robustness and reliability
of the study results. In terms of BMI, sensitivity analyses
identified 1 study as an outlier [37] (Multimedia Appendix 5).
Removing this study altered the overall effect size, indicating
that the study results were not sufficiently robust (SMD 0.03
cm, 95% Cl —0.41 t0—0.46 cm; P=.90) and should beinterpreted
with caution.

Subgroup Analyses

Overview

Subgroup analyses were conducted to investigate the potential
sources of heterogeneity and moderating effects, which
considered factors such as age, types of apps, theoretical
paradigm, number or type of BCT clusters, and intervention
duration. The primary outcome indicatorsincluded TPA, BMI,
SB, and MVPA. Sensitivity analysis, subgroup analysis, and
assessment of publication bias were not conducted for the
remaining outcome indicators due to the limited number of
included studies.
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Subgroup Analyseson the Effect of mHealth App—Based
I nterventions on TPA

The results of subgroup anayses investigating the impact of
mHealth app—-based interventions on TPA are presented in
Multimedia Appendix 6. Subgroup analyses indicated no
significant difference in types of intervention, theoretical
paradigm, and the number of BCT clusters concerning the
improvement in TPA in children and adol escents.

Age-based subgroup analysis revealed significant positive
effects of interventions for children in the 7-12 years group
(SMD 0.42) and adolescents in the 13-18 years group (SMD
0.29) but negligible effect for the preschool children in the 3-6
years group (SMD -0.06).

Subgroup analysis based on types of apps reveded a
significantly greater effect size for the commercia apps (SMD
0.51) compared to the research apps intervention (SMD 0.13).
Substantial  heterogeneity existed between these 2 groups

(1°=75%; P<.001), but the 95% CI for the effect size between
the 2 groups overlapped.

Subgroup analysis based on intervention duration reveadled a
significant increase in TPA for the 2- to 4-week intervention
(SMD 1.01) and 8- to 12-week intervention (SMD 0.23).

Heterogeneity was observed between the 2 groups (1=75%;
P<.001), but the 95% ClI for the effect size between the 2 groups
overlapped.
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Subgroup Analyses on the Effect of mHealth App—Based
I nterventions on SB

The results of subgroup analyses on SB are presented in
Multimedia Appendix 7. Subgroup anayses showed no
significant difference in intervention duration regarding the
reduction of SB in children and adolescents.

Age-based subgroup analysis unveiled a notably larger effect
sizefor interventions directed at children aged 7-12 years (SMD
—3.78) compared to the group of preschool children aged 3-6
years (SMD —0.92). Heterogeneity was evident among the 2

groups (1>=99%; P<.001), and the 95% ClI for the effect size
between the 2 groups did not overlap.

Subgroup analysis based on the types of apps demonstrated a
significantly stronger effect size for research app interventions
(SMD -1.38) than for commercial app interventions (SMD
—0.35). Heterogeneity was observed between the 2 groups

(1=98%; P<.001), but the 95% CI for the effect size between
the 2 groups overlapped.

Subgroup analysis based on types of intervention revealed a
significantly greater effect size for the concerted intervention
(SMD -1.47) compared to the stand-alone apps intervention
(SMD —0.45). Substantial heterogeneity existed between these

2 groups (1=98%; P<.001), but the 95% CI for the effect size
between the 2 groups overlapped.

Subgroup analyses based on the theoretical paradigm showed
agreater effect size for interventions based on the SCT (SMD
—0.64) than for interventions based on combination of SCT and
other theories (SMD —2.18) and interventions solely based on
SRT (SMD 0.05). Substantial heterogeneity existed between

these 2 groups (12=98%; P<.001), but the 95% CI for the effect
size between the 2 groups overlapped.

Subgroup analysis based on the number of BCT clusters
demonstrated a significant reduction in SB for interventions
based on 7-10 BCT clusters (SMD -1.03) and interventions
based on 4 BCT clusters (SMD —1.36), and the 95% CI for the
effect size between the 2 groups overlapped.

Subgroup analysis based on intervention duration reveadled a
significant reduction in SB for the 20- to 48-week intervention
(SMD —1.42) but had a negligible effect at the 8- to 12-week
intervention (SMD —0.63).

Subgroup Analyseson the Effect of mHealth App—Based
I nterventions on MVPA

The results of subgroup analyses on MVPA are shown in
Multimedia Appendix 8. Subgroup analyses revealed no
significant differencein type of apps, types of intervention, and
the number of BCT clusters in improving MVPA in children
and adolescents, which were not moderators of the effect of
mHealth app interventions.

Age-based subgroup analyses unveiled a notably larger effect
size for interventions directed at adolescents aged 13-18 years
(SMD 0.42) compared to the group of preschool children aged
3-6 years (SMD —0.05) and children aged 7-12 years (SMD

0.11). Heterogeneity was evident among the 2 groups (1°=68%;
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P<.001), but the 95% ClI for the effect size between the 2 groups
overlapped.

Subgroup analyses based on theoretical paradigm demonstrated
a significant increase in MVPA for SDT-based intervention
(SMD 1.03), while no significant effect was observed for SCT
(SMD —0.06), combination of SCT and other theories (SMD
0.12), and SRT (SMD -0.14).

Subgroup analysis based on intervention duration revealed a
significant increase in MV PA for the 2- to 4-week intervention
(SMD 1.42) but negligible effect for the 8- to 12-week
intervention (SMD —-0.01) and 20- to 48-week intervention
(SMD 0.05).

Subgroup Analyses on the Effect of mHealth App—Based
I nterventions on BMI

The results of the subgroup analyses based on BMI are shown
in Multimedia Appendix 9. Subgroup analyses revealed no
significant differencein type of apps, theoretical paradigm, and
the number of BCT clustersin decreasing BMI in children and
adolescents.

Age-based subgroup analysisrevealed asignificant decreasein
BMI for interventionstargeting children aged 7-12 years (WMD
—0.59), but no significant difference was observed for
adolescents aged 13-18 years (WMD 0.03).

Subgroup analysis based on types of intervention revealed a
significantly greater effect size for the concerted intervention
(WMD —-0.59) compared to the stand-alone apps intervention
(WMD 0.34), but the 95% ClI for the effect size between the 2
groups overlapped.

Subgroup analysis based on intervention duration reveaded a
significant reductionin BMI for the 20- to 48-week intervention
(WMD -0.57) and the 8- to 12-week intervention (WMD 0.33),
and the former showed a clearly superior effect.

M eta-Regression

We conducted meta-regressionsfor TPA, BMI, SB, and MV PA,
focusing on statistically significant moderatorsidentified in the
subgroup analyses. The results of the meta-regression for TPA
(P=.03, 95% CI —1.127 to —0.082) and MVPA (P=.045, 95%
Cl —2.052 to —0.033) revealed that intervention duration had a
potential moderating effect on high heterogeneity; no statistical
differences werefound for other variables acting asmoderators.
In the case of BMI, meta-regression results indicated that age
(P=.04, 95% CI 0.041-1.473) and types of intervention (P=.02,
95% CI —1.648 to —0.205) could be potential moderators for
high heterogeneity, whereas other factors did not significantly
contribute to explaining high heterogeneity.

Reporting Biases

Funnel plots were used to assess publication bias in the effects
of mHealth app—based interventions on TPA, SB, BMI, and
MVPA in children and adolescents. The funnel plots exhibited
mostly symmetrical patterns in the 4 studies (Multimedia
Appendices 10-13). In addition, Egger test was performed for
TPA (t,=0.01; P=.99), SB (t;3=—0.135; P=.20), MVPA
(t13=1.22; P=.25), and BMI (t;,=—0.07; P=.95), and the results
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suggested no significant publication bias (Multimedia
Appendices 14-17).

Discussion

Principal Findings

We conducted a systematic review and meta-analysis to assess
the effectiveness of mHealth app-based interventions in
promoting PA and enhancing PF in children and adolescents.
This study also examined the potential moderators that may
influence the efficacy of these interventions. The findings of
this study suggest that mHealth app—based interventions may
yield positive effects on TPA, SB, BMI, agility, and muscle
strength in children and adolescents. However, no significant
effects were observed for MVPA, WC, CRF, muscular power
and endurance, and flexibility. Age, theoretical paradigm, BCT
clusters, types of intervention, types of apps, and intervention
duration were identified as significant moderating factors
associated with the increased effectiveness of mHealth app
interventions on PA and PF, but the impact on effect sizeis not
entirely consistent.

Overall Effect

PA Levels

The findings of this study indicated that mHealth app—-based
interventions increased TPA and reduced SB among children
and adolescents but had no significant effect on MVPA. Our
research findings represent a valuable expansion of recently
published systematic reviews; however, they do not entirely
align with the results of previous studies. A prior systematic
review reported that mHealth-based interventions increased
TPA levels and addressed physical inactivity in children and
adolescents but did not lead to reduced SB and improved MV PA
[12,13]. Theinconsistency in the findings may be attributed to
the cointervention effect of technologies such as SMS text
messaging, wearable devices, web-based interventions, and
smartphone apps [13]. Among these, smartphone app-based
interventions might be the most effective strategy. The use of
apps may contributeto increased SB time. Nevertheless, results
of thisstudy indicate that mHealth app—based interventions can
effectively reduce SB in children and adolescents.
Distinguishing whether the effect is from stand-alone app
interventions or other strategies within concerted interventions
is challenging. Subgroup analyses in this study demonstrated
the superiority of concerted interventions over stand-alone app
interventions. In conclusion, mHealth app—based interventions
serve as a valuable adjunct in reducing SB in children and
adolescents. Further concerted interventions, such as combining
educational policies with mHealth apps interventions, are
recommended.

The effectiveness of mHealth app-based interventions was
influenced by age and intervention format. Notably, these
interventionswere more effective in improving PA levelsamong
adolescents compared to children, and greater effects were
observed when using mHealth apps than when using only SMS
text messaging interventions [35,50]. These findings support
the conclusions of this study, but some researchershold differing
views. The study by Trost and Brooks [50] indicated that an
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8-week intervention with Moovosity apps (Kinetica Group Pty
Ltd) improved proficiency in fundamental movement skills
(FMS) but did not increase PA levels. The phenomenon may
be associated with the types of design and goal setting of the
apps. The appsin the study were primarily used to increase the
FMS of children, which may have resulted in the activity of
FMS replacing the original PA. Asaresult, the TPA of children
was unchanged. Another study [35] identified that targeted app
interventionswould be effective in reducing SB in adol escents,
which must be based on certain theoretical paradigmsand BCT
clusters. Gamification-based app interventions are also more
favorablefor increasing TPA and reducing SB levelsin children
and adolescents and must be combined with the theoretical
paradigm, intervention duration, and features of apps [55]. In
conclusion, the reasonsfor incons stent intervention results may
berelated to popul ation characteristics, types of apps, theoretical
paradigm, BCT clusters, and intervention duration. Moreover,
further research is needed in the future.

PF Levels

Another significant finding of the meta-analysis was that
mHealth app—based i nterventions decreased BM 1 and improved
muscle strength and agility among children and adol escents.
However, no significant effects were observed for WC, CRF,
muscular power and endurance, and flexibility. These findings
are not entirely aligned with the results of previous studies. For
example, a previous study reported an increase in PA levels
among adolescents and significant reductions in sugary drink
consumption and BMI following a 3-month intervention using
Fitbit Flex apps (Fitbit, Inc) [35]. Meanwhile, adifferent study
[29] indicated that an 18-month app intervention did not lead
to significant reductions in BMI and WC, but it improved
exercise capacity and reduced screen time. Several potential
factors may contribute to the inconsistent results. First, the
choice of outcome measure could be a contributing factor. BMI
and WC may indicate distinct aspects of obesity; although BMI
primarily assesses body size and shape, WC is a measure of
abdominal obesity, leading to a weak correlation between the
two [56,57]. Moreover, BMI tendsto underestimate overweight
preval ence when abdominal obesity is considered [57]. Hence,
although mHealth app—based interventions show minor effects
on BMI in children and adolescents, they might not induce
significant changesin WC. Nonethel ess, such interventions can
still yield favorable outcomes. Another possible reason for the
inconsistency ininterventions could be related to the age of the
population under study. Some studies have shown that mHealth
app-based interventions are effective in reducing body weight
and BMI in individuals aged =45 years, but they are less
effective in children and adolescents [58]. In addition, our
meta-regression analysis revealed that age significantly
influences the effectiveness of app-based interventions. This
result could be attributed to the fact that children and adolescents
areinaperiod of rapid growth and development, and the effects
of the interventions may be masked by the significant changes
in height and weight during this stage.

In terms of muscular strength, power, and endurance, previous
studies have shown that a 6-month intervention using mHealth
apps and trackers resulted in increased muscle strength among
children and adolescents but did not have a significant effect
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on CRF [53]; Stasiak et al [42] discovered that a daily
conversational agent intervention, using a mobile app for
adol escents with obesity, enhanced subjects’ muscular fitness,
with no discernible difference between the intervention and
control groups. Conversely, other studies have indicated that
interventionsusing AIMFIT apps can positively impact maximal
oxygen uptake [20]; Mateo-Orcgjada et a [47] found that a
10-week after-school intervention for adol escents using mobile
step-tracking apps significantly enhanced subjects’ upper limb
strength, hamstring and lower back flexibility, explosive power
of the lower limbs, aswell as abdominal muscular strength and
endurance. Various factors can influence the effectiveness of
interventions, including subject characteristics, intervention
dosage, engagement levels, and willingness to use apps. Some
of the studies included in this work involved participants who
were patients with cancer [53] or children with overweight and
obesity [42], and this factor may have influenced the outcomes
of theintervention. Furthermore, low user willingnessto engage
with apps may reduce PA engagement, which consequently
impactsthe effectiveness of theintervention. Finally, insufficient
dosage of mHealth app—based interventions has been associated
with asmall effect size on TPA in children and adolescents and
has shown no increase in MVPA levels. This insufficiency in
dosage may explain the lack of intervention effects observedin
children.

Moderating Variables on the Effects of mHealth
App-Based I nterventions for PA and PF

Age

The study results revealed that age moderates the effects of
mHealth app interventions on TPA, MVPA, SB, and BMI.
Subgroup analysis indicated that mHeath app—based
interventions significantly increased TPA and MVPA and
reduced SB in children and adolescents aged 7-18 years,
increased TPA and MV PA in adolescents aged 7-18 years; and
only reduced SB in children aged 3-6 years. It is noteworthy
that previous studies have indicated that mHealth app—based
interventions did not effectively decrease SB in children and
adolescents. This observation may stem from the fact that the
use of apps may result in increased SB time, consequently
reall ocating the time resources of children and adolescents[12].
However, the findings of this study do not support this
conclusion. A separate study reported that theintervention using
Fit Survivor apps on SB in adolescents was ineffective, which
is possibly due to the characteristics of the population; notably,
most participantsin these studies had cancer, which may require
alonger period of SB to observe significant changes[53]. The
findings regarding BMI indicate that parent-focused mHealth
app-based interventions have not been successful in reducing
BMI among children and adolescents [29], somewhat not
entirely consistent with the findings of this study. Our
meta-regression analysis revealed that age significantly
influences the effectiveness of app-based interventions.

This phenomenon may be closely associated with willingness
of users and their behavioral intention to use apps. Individual
differences, such as age and gender, play a crucial role in
moderating willingness and intention of users. In general,
behavioral habits and expected performance serve as predictors
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of willingness and intention of users[59], and age can increase
the frequency of use by moderating behavioral habit and
performance [60], which in turn have an influence on SB. In
addition, most of the app intervention is parenting-focused
intervention among preschoolers [61]. The successful
implementation of interventionsrelies on parental involvement,
thus parental attitudes significantly influence the participation
of preschoolers aged 3-6 years, potentialy impacting the
efficacy of mHealth app interventions [13]. In the case of
children and adolescents aged 7-18 years, increasing age
correlates with improved expected performance [62]. In
adolescents, this performance expectation is closely linked to
user intention, bolstering their willingness to engage with apps.
However, older adolescents, who prioritize academic
achievement, may exhibit reduced effectiveness in app
interventions [63]. In conclusion, the effects of mHealth
app-based interventions may vary across different age groups.
However, only 4 studies included subjects aged 3-6 years,
potentially affecting the generaizability of the findings.
Therefore, further validation through a larger number of
high-quality studiesiswarranted to strengthen the conclusions.

Types of I ntervention

Concerning types of interventions, thereisalack of systematic
reviewsanalyzing theimpacts of stand-alone apps and concerted
interventions on PA and PF, including their distinctions.
Subgroup analysis revealed that concerted interventions
significantly increased TPA and reduced SB and BMI in children
and adolescents, whereas stand-alone app interventions had
only a modest positive effect on TPA with a small effect size.
The findings diverge somewhat from prior research. Some
studies indicate that interventions using COOL Passport apps
or a combination of COOL Passport apps and game-based
interactive platforms do not enhance PA in youth with congenital
heart disease[40]. Conversely, other studies suggest that mobile
apps can increase TPA while decreasing SB and BMI in youth
[46,47]. This phenomenon may be associated with behavior
change interventions. Effective behavior change interventions
can enhance health status and reduce health care spending, with
theory-based interventions often yielding superior results [64].
Hence, interventions based on the high-scoring theoretical
paradigm, or in combination with other specific high-scoring
strategies, are more likely to yield positive outcomes [65]. In
summary, interventions integrating apps with high-scoring
strategies are probably more effective than stand-alone apps,
although the optimal number and type of strategies remain
undetermined.

Theoretical Paradigm

Effective behavior change interventions can improve health
status and reduce health care spending, and theory-based
interventions generally yielded superior results[64]. Currently,
mHealth app interventions use multiple types of BCT that have
been shown to be effective in influencing intervention outcomes
[21]. Of the 28 studies, 8 (29%) did not use theoretical
frameworks in their mHealth app interventions
[31,36,37,45,47,49,50,52], while the remaining 20 (71%) studies
were grounded in theoretical paradigms such as SCT, SDT, and
SRT.
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The most commonly used theoretical paradigmsin theresearch
are SCT and SDT, and i nterventions based on these frameworks
have demonstrated positive effects on TPA, MVPA, and SB in
children and adolescents. Subgroup analysis revealed that
interventions based on SDT significantly increased TPA and
MVPA in children and adolescents, while interventions based
on SCT significantly reduced SB in this population. Previous
studies have consistently shown that interventions based on
SCT effectively improve PA among adol escents, which aligns
with the findings of this study [54]. SCT is commonly used to
elucidate the mechanisms underlying the improvement in PA
through behavior change interventions. SCT posits that PA is
influenced by personal, social, and environmenta factors.
Personal factors, including self-efficacy, self-management, and
expected performance, play acrucial role in enhancing PA and
reducing SB. mHealth apps can effectively promote theincrease
in PA and the reduction in SB by modifying these factors [66].

SDT is frequently used to account for variations in individual
behavior resulting from differences in intrinsic and extrinsic
motivation. Intrinsic motivation, which isacrucial predictor of
PA levels, islacking in approximately 40% of Europeans; this
situation leads to failure to meet the recommended PA levels
[67]. In contrast to extrinsic motivation, intrinsic motivation
drives the initiation and sustained engagement in individual
behaviors. Thus, interventionsgrounded in SDT can effectively
enhance leisure-time PA and PA in physical education classes
and reduce SB among adolescents by fostering intrinsic
motivation [68]. Furthermore, interventions using mHealth apps
based on the health belief model and theory of planned behavior
may yield positive effects on increasing PA in children and
adolescents. However, which theory yields optimal intervention
effects requires further investigation. In conclusion,
interventions based on SCT or SDT within mHealth apps may
likely yield more effective results. However, due to the limited
number of included studies, further validation through a larger
volume of high-quality research is necessary to bolster these
conclusions.

BCT Clusters

BCT clusters represent specific implementation strategies in
behavior change interventions. Previous studies have
demonstrated that interventionsincorporating a specific number
of BCT clustersare more effectivein promoting the PA of users.
However, further investigation is needed to determine the
optimal combination of the number and type of BCT clusters
to achieve optimal intervention effects [69].

The BCT clusters that emerged frequently in this study were
feedback and monitoring (n=22), goals and planning (n=19),
shaping knowledge (n=12), and social support (n=11). A
previous study [70] focusing on app interventions targeting PA
and SB in adults also identified feedback and monitoring as
well as goals and planning as the most commonly used BCT
clusters. Ancther study [16] & so highlighted the positive effects
of mHealth app—based interventionson PA and SB, particularly
when specific BCT clusters such as goals and planning, feedback
and monitoring, and socia support were implemented.
Consequently, specific BCT clusters, including goals and
planning, feedback, and monitoring, play a crucial role in
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influencing the effectiveness of mHealth app-based
interventions, ensuring increased TPA, decreased SB, and
reduced BMI by enhancing the willingness and engagement of
users[71].

Limited research exists on the impact of varying numbers of
BCT clusters implemented on PA and PF in children and
adolescents. In this study, we discovered that mHealth
app-based interventionsincorporating 4 and 7-10 BCT clusters
resulted in a significant reduction in SB among child
adolescents, and the latter showed a greater effect size than the
former. Conroy et al [72] reported a mean of 4.2 for the use of
BCT in app. The number of studies included in the analysis
varies, and most studies used 4 BCT clusters, which is slightly
lower than the number of BCT used in previous studies. This
discrepancy may be attributed to the characteristics of the
subjects [73]. Moreover, more BCT clusters in mHealth apps
do not necessarily lead to better outcomes. Excessive use of
BCT can decrease the willingness of users and their frequency
of app use [74]. Thus, further research is needed to determine
the optimal number of BCT clusters.

This phenomenon appears to be strongly associated with the
willingness of users and their engagement in using apps.
Feedback and monitoring, which involves design patterns
enabling usersto track their performance or status, play acrucia
role in enhancing the trust, motivation, and engagement with
the app of users. Consequently, this situation leads to the
effective promotion of PA levels and reduction in BMI [75].
Similarly, goalsand planning, which involve planned behaviors
and the conversion of the intentions of users into actionable
stepsthrough self-regul ation and self-efficacy, have been shown
to improve PA and reduce BMI [76].

Types of Apps and I ntervention Duration

The available evidence suggests that commercial apps did not
yield improvementsin PA or reductionsin SB among children
and adolescents [20,31-33,35]. However, Jasmine et a [77]
found that integrating commercial apps with web-based social
networking platformswas effective inimproving PA. However,
acertain use frequency was needed, and asignificant correlation
between frequency of use and PA was observed. Our study
discovered that research apps significantly reduced SB, while
commercia apps increased TPA in children and adolescents,
but the effect size was small. However, the effect size was small
for commercia apps, which contrasts with our expectations.
This discrepancy may be attributed to the design and
characteristics of the apps. Commercial app developers often
prioritize user interface simplification and the inclusion of
complex features to enhance app engagement. However, they
may overlook incorporating theoretical frameworks and BCT
clusters that are closely associated with intervention
effectiveness [78].

An intriguing finding emerged regarding the duration of the
interventions. The 2- to 4-week and 8- to 12-week interventions
significantly increased TPA, but the former demonstrated
superior effectivenessto the latter; 8- to 12-week interventions
significantly increased MV PA. Furthermore, the 20- to 48-week
intervention significantly reduced SB and BMI in children and
adolescents. This finding aligns with the results of previous
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studies that short-term mHealth app interventions effectively
increased the PA of children, whilelonger interventionsyielded
diminished outcomes [40,51]. The results of this study support
the notion that intervention effects are closely linked to the
willingness of participantsto engage. Thereason isthat shortly
after engaging in an mHealth app—-based intervention, children
and adolescents will experience a sensitive attraction period
[79]; prolonged interventions may lead to diminished interest
and compliance, thereby weakening the impact. Another
plausible explanation is that behavior change interventions
rooted in theoretical frameworksyield better outcomes, but they
require sufficient time for users to develop habitual behaviors
conducive to lasting positive changes, and interventions
targeting SB and BMI take even longer. In addition, our
meta-regression analysis revealed that intervention duration
significantly influences the effectiveness of app-based
interventions.

Limitations

This study has several limitations. The search was restricted to
English literature, which may introduce language biasand affect
the reliability of the findings. Only a limited number of
published articles were included, which potentially omit
unpublished manuscripts and other sources (eg, conference
papers and dissertations) that could contribute to publication
bias. The outcome measures used in this study had inconsi stent
units, and the interpretation of the results using SMD as effect
indicators requires caution. PF encompasses multiple
dimensions, and different studies focused on various
subdimensions.

Most studies (21/28, 75%) encompassed multiple metrics, and
some studies (11/28, 39%) were not primarily designed to
enhance PA and PF. Thesefactors could have biased theresults,
potentially limiting the effect sizesand hindering afull reflection
of the true effects in this study. Despite our extensive
meta-regression and subgroup analyses, only age and
intervention period demonstrated significant associations.
Heterogeneity for some outcome metrics remained high, and
the 95% Cls for the effect size overlapped between groups.
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Consequently, caution is advised when interpreting partial
conclusionsfrom subgroups. Our findingsindicate heterogeneity
in some studies, and the source of this heterogeneity remains
unclear. The effectiveness of mHealth app—based interventions
may vary among children and adolescents based on
demographics (eg, ethnic backgrounds, regions, genders, and
BMI), economic levels, intervention models (parent centered
vs child centered), and the degree of app individualization.
These factors could contribute to the observed heterogeneity.
However, due to limitations stemming from the number and
characteristics of included studies, these factors were not
analyzed in this study. In conclusion, the findings of this
systematic review and meta-analysis should be interpreted
cautioudly.

Conclusions

The findings from a systematic review and meta-analysis
indicate that mHealth app—based interventions hold significant
potential as a therapeutic strategy for increasing TPA levels,
reducing BMI and SB, and improving agility and muscle
strength among children and adolescents. However, these
interventions insignificantly affected MVPA, WC, CRF,
muscular power and endurance, and flexibility, which are crucia
for promoting PA and enhancing PF. Age, app types, types of
intervention, theoretical paradigms, BCT clusters, and
intervention duration emerged asimportant moderating variables
that influence the effectiveness of mHealth app—based
interventions. These moderating effects should be considered
during the design, preparation, and promotion of interventions.

Considering the potential benefits of using mHealth apps, future
research should explore the combination of different typesand
guantities of mHealth app—based interventionsto determinethe
optimal approach for increasing PA levels and improving PF
in children and adolescents. Furthermore, future studies could
investigate the impact of additional influences on the
intervention effectiveness of mHealth app interventions, such
as demographics characteristics, economic levels, and
intervention models.
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