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Abstract

Background: Insufficient physical activity among adolescents is a major global public health concern. Digital health interventions
(DHIs) have gained increasing attention as a promising approach to promoting physical activity in adolescents. However, existing
systematic reviews predominantly focus on single-intervention formats or specific study designs, while reviews that integrate
multiple DHIs and diverse study designs remain scarce.

Objective: This systematic review aims to synthesize evidence from diverse DHIs and multiple study designs to assess their
effectiveness in promoting physical activity among adolescents.

Methods: The review protocol was registered in PROSPERO (International Prospective Register of Systematic Reviews;
CRD420251117923). This systematic review searched literature published between January 1, 2014, and June 30, 2025, across
Web of Science, PubMed, EBSCO, Scopus, Embase, the Cochrane Library, ProQuest, and Google Scholar. The final search was
completed on August 3, 2025. Using the PICOS (population, intervention, comparator, outcomes, and study design) framework,
the review included adolescents aged 10-19 years and focused on evidence-based research promoting physical activity through
DHIs. The review was limited to peer-reviewed English-language literature and excluded studies solely focused on measurement
tools, those not evaluating intervention effectiveness, or those not involving adolescents. Two reviewers independently screened
studies and extracted data. Research quality was assessed using the Joanna Briggs Institute tool. Findings were synthesized through
narrative synthesis and qualitative content analysis.

Results: A total of 24 studies were included, involving approximately 12,183 adolescents. Study designs comprised 10 randomized
controlled trials, 4 quasi-experimental studies, 3 quantitative research studies, 3 cross-sectional studies, and 4 mixed methods
studies. Overall, 7 (29%) studies were of high quality, 16 (67%) were of moderate quality, and 1 (4%) was of low quality. Study
populations included general adolescents as well as subgroups with specific health risks: insufficient physical activity (1/24, 4%),
obesity or overweight (4/24, 17%), attention-deficit/hyperactivity disorder (1/24, 4%), cancer survivors (1/24, 4%), and at-risk
youth (1/24, 4%). DHIs were categorized into 3 types: single-driver interventions (14/24, 58%), multimodal integrated interventions
(7/24, 29%), and interaction-enhanced interventions (3/24, 13%). Most studies reported positive outcomes, including direct
effectiveness (15/24, 63%), indirect effectiveness (8/24, 33%), and unclear effectiveness (1/24, 4%).

Conclusions: This systematic review synthesizes evidence from diverse research designs and multiple types of DHIs, offering
a more comprehensive perspective than previous reviews focused on single designs or technological formats. The results indicate
that DHIs generally enhance adolescent physical activity levels, although their effectiveness varies considerably across intervention
types and study designs. The review fills key research gaps and highlights the critical role of intervention adaptability and
implementation context. It also addresses practical concerns, including adolescents with special health conditions, digital health
inequalities, and technology dependency. Despite limitations related to methodological quality and insufficient follow-up, this
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review provides important evidence to inform practical application, policy development, and the equitable promotion of DHIs
to enhance adolescent physical activity. Against the backdrop of rising global adolescent physical inactivity and widening health
disparities, it also outlines directions for future high-quality research.

Trial Registration: PROSPERO CRD420251117923; https://www.crd.york.ac.uk/PROSPERO/view/CRD420251117923

(J Med Internet Res 2026;28:e82395) doi: 10.2196/82395
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Introduction

Background
Adolescence represents a pivotal developmental period for the
establishment of long-term healthy lifestyle behaviors. Engaging
in moderate physical activity during this stage contributes to
physical development, improves cardiorespiratory fitness,
supports mental health regulation, and shapes future health
trajectories, including the prevention and management of chronic
diseases. However, the prevalence of insufficient physical
activity among adolescents has increased markedly in recent
years and is now widely recognized as a significant global public
health concern affecting youth populations [1].

Against this backdrop, digital health interventions (DHIs), an
emerging approach to health promotion, have been increasingly
implemented among adolescent populations [2]. These
interventions typically utilize digital technologies—such as
mobile health (mHealth) apps, wearable devices, and online
fitness platforms—to facilitate behavioral change among
adolescents. They offer advantages such as high accessibility
and real-time feedback, rendering them particularly suitable for
this demographic group [3,4]. For example, within the domain
of gamified mobile apps, fitness platforms such as “Nike
Training Club” enhance daily exercise participation through
mechanisms including instructional video tutorials and
task-based check-ins. Wearable devices, such as Fitbit and
Garmin, deliver real-time feedback on physical activity
indicators, including step count, heart rate, and energy
expenditure, thereby supporting users in enhancing
self-regulation of physical activity [5]. Overall, DHIs exhibit
growing diversity and adaptability in promoting physical activity
among adolescents, while simultaneously presenting novel
research opportunities and methodological challenges within
the field.

As DHIs evolve, understanding the underlying behavioral
mechanisms is key to optimizing intervention design and
improving effectiveness. The Behavior Change Wheel (BCW)
explains how DHIs influence behavior change and provides a
foundation for developing targeted strategies. Research suggests
that the COM-B (capability, opportunity, motivation—behavior)
system is a robust framework for designing DHIs. The COM-B
system elucidates the mechanisms underlying behavior change
[6], explaining how different technologies and strategies operate
across various contexts. Proposed by Michie et al [6], this model
is central to the BCW and has been widely applied in health
behavior research. It explains how multimechanism strategies

work together to promote health behavior change. The system
proposes that behavior requires 3 elements: (1) capability, (2)
opportunity, and (3) motivation. These elements interact to form
a behavioral system; for example, enhanced capability can
increase motivation, favorable opportunities can facilitate the
use of capability, and higher motivation can drive further pursuit
and development.

In recent years, DHIs have undergone continuous innovation
in content strategy. The content of such interventions has
evolved from single-dimensional information delivery to
multidimensional models that integrate behavioral incentives,
motivational guidance, and social support. Similarly,
intervention modalities have transitioned from single-medium
approaches to integrated, multicomponent systems that combine
mobile apps, wearable technologies, and social networking
platforms. Despite these advancements, research on DHIs aimed
at promoting physical activity among adolescents remains
substantially underdeveloped. At the level of primary research,
existing studies targeting physical activity promotion among
children and adolescents demonstrate considerable diversity in
intervention modalities; however, a standardized classification
framework remains absent. Moreover, substantial variation is
observed across studies with respect to intervention tools,
implementation frequency, and intervention duration,
contributing to pronounced heterogeneity in reported outcomes
[7]. Simultaneously, methodological weaknesses persist in some
studies—such as the absence of control groups, small sample
sizes, short intervention periods, or a lack of long-term
follow-up—thereby undermining the interpretability and external
validity of the findings [8].

Existing reviews primarily focus on specific DHIs, with few
systematic reviews encompassing multiple intervention types
and diverse study designs. Previous reviews, such as that by
Wang et al [9], focused on mHealth app interventions using
randomized controlled trials (RCTs) and reported benefits for
total physical activity, sedentary behavior, BMI, agility, and
muscle strength in children and adolescents. He et al [10]
examined smartphone-based interventions using RCTs, showing
increases in total physical activity and step counts among
children and adolescents, with app-based interventions proving
more effective. Sequí-Domínguez et al [11] examined eHealth
interventions in RCTs and found that they reduced sedentary
time in children and adolescents.

The scope of these previous systematic reviews was relatively
narrow, focusing solely on specific DHIs or intervention types.
The included studies were limited to a single study design,

J Med Internet Res 2026 | vol. 28 | e82395 | p. 2https://www.jmir.org/2026/1/e82395
(page number not for citation purposes)

Fan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/82395
http://www.w3.org/Style/XSL
http://www.renderx.com/


resulting in incomplete interpretation of the evidence.
Consequently, there remains a lack of comprehensive integration
and comparison across multiple DHIs, as well as a paucity of
reviews and further analyses encompassing diverse study
designs.

Objectives
Against this backdrop, this systematic review aims to conduct
a focused analysis of the existing literature targeting adolescent
populations. It seeks to identify and examine the capabilities of
different research designs and various types of DHIs in
promoting physical activity among adolescents, thereby
addressing current evidence gaps. The review is intended to
provide theoretical support and an empirical foundation for
optimizing subsequent intervention design and research.

Methods

Review Design and Protocol Registration
This systematic review adopts a systematic methodology to
comprehensively examine the current landscape, intervention
types, and implementation effectiveness of DHIs aimed at
promoting physical activity among adolescents in recent years.
In addition, it evaluates and synthesizes the methodological
quality and practical outcomes reported in the existing literature.
The review strictly adheres to the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) 2020
reporting guidelines [12], encompassing key steps including
literature retrieval, screening, data extraction, and quality
appraisal. To ensure scientific rigor and interstudy
comparability, a structured risk-of-bias assessment was
performed using the Joanna Briggs Institute (JBI) Critical
Appraisal Tool [13]. The review protocol was prospectively
registered with the international systematic review registry
PROSPERO (International Prospective Register of Systematic
Reviews; registration number CRD420251117923), and the
study was conducted and reported in strict accordance with the
preestablished protocol. The study protocol can be accessed via
the corresponding registration record on the PROSPERO
platform.

Eligibility Criteria

Inclusion Criteria
The systematic review utilized the PICOS (population,
intervention, comparator, outcomes, and study design)
framework to define the following inclusion criteria.

• Population: Studies must include adolescent participants
aged 10-19 years, with a primary focus on physical activity
behaviors during this developmental stage.

• Intervention: Studies must examine DHIs aimed at
promoting physical activity among adolescents. Eligible
intervention formats include, but are not limited to,
mHealth, wearable technologies, eHealth platforms, fitness
tracking devices, virtual fitness programs, and gamified
health apps.

• Comparison: Acceptable control conditions may include
no intervention, traditional physical activity programs, or
other nondigital health promotion approaches.

• Outcomes: Included studies must report outcomes related
to adolescent physical activity behaviors, including but not
limited to physical activity levels, exercise frequency,
intensity of participation, sports involvement, and
engagement in fitness-related activities.

• Study design: Eligible study designs include RCTs,
quasi-experimental studies (QESs), quantitative research
(QR), cross-sectional studies (CSSs), and mixed methods
studies (MMSs).

• All included studies must be peer-reviewed publications
written in English and published no later than June 30, 2025.

Exclusion Criteria
• Systematic reviews that exclusively examined physical

activity assessment tools or indicators without evaluating
intervention effectiveness.

• Systematic reviews involving participants who were not
adolescents or whose data did not allow clear differentiation
of adolescent subgroups.

• Systematic reviews classified as dissertations (master’s or
doctoral), review articles, conference papers, or other
non–peer-reviewed publications.

• Systematic reviews for which the full text was not
accessible.

• Systematic reviews with unclear research designs or
markedly low methodological quality.

Information Sources
This systematic review retrieved relevant studies from multiple
databases and information sources. Primary databases included
PubMed (National Library of Medicine), Web of Science
(Clarivate Analytics), EBSCO (EBSCOhost), Scopus (Elsevier),
Embase (Elsevier), the Cochrane Library (Wiley Online
Library), and ProQuest (ProQuest Platform), with Google
Scholar serving as a supplementary search source. All databases
were searched independently on their respective platforms, with
no simultaneous searches conducted on a single platform.

To identify potentially overlooked studies, the research team
conducted manual supplementary searches. This process
involved reviewing the reference lists of included studies and
examining references from relevant systematic reviews and
meta-analyses. No additional studies or data were obtained from
authors, experts, or other individuals. The review comprised 2
rounds of searching: the initial search was completed on June
10, 2025, for primary study identification, and a second, updated
search was completed on August 3, 2025, to capture newly
published studies. Both searches employed consistent search
strategies.

Search Strategy
The literature search strategy was constructed in accordance
with the PRISMA-S (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses—Search Extension) guidelines to
ensure transparency and reproducibility [14]. The search strategy
was organized around 3 core concept categories. First, physical
activity behaviors: “physical activity,” “exercise,” “physical
fitness,” “sports participation,” and “fitness activity.” Second,
DHIs: “digital health,” “mobile health,” “wearable device,”
“electronic health,” and “fitness tracking device.” Third, study
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participants: “adolescent” and “teenager.” Search terms within
the same concept category were combined using the Boolean
operator “OR,” while different concepts were linked with
“AND.” Search fields and expressions were adjusted according
to database-specific syntax and subject heading systems (eg,
Medical Subject Headings [MeSH]).

The search time frame spanned from January 1, 2014, to June
30, 2025, and was limited to English-language original empirical
research. This systematic review did not utilize published
standardized search filters; the retrieval strategy was specifically
designed for this study and was not adapted or reused from
previous systematic reviews or meta-analyses. The complete
search terms and database-specific parameters are detailed in
Multimedia Appendix 1. Beyond these methods, this systematic
review did not search study registries, conduct purposeful
browsing of conference proceedings, government websites, or
other online resources; employ additional complementary search
methods; or undergo a dedicated peer review of the search
strategy.

Selection Process
All search results were first imported into the EndNote reference
management software (Clarivate Plc) for preliminary
deduplication. Subsequently, the Rayyan online reference
management platform was used for literature screening. The
screening process was conducted independently by 2 researchers
(RSF and JJJ) and comprised 2 stages: title and abstract
screening, followed by full-text screening. Disagreements during
screening were resolved through discussion and negotiation
between the 2 researchers. If consensus could not be reached,
a third researcher (XYZ) intervened to make the final decision,
ensuring the objectivity and consistency of the screening
process.

Data Collection Process
After study inclusion, data were collected using preestablished
standardized data extraction forms. Two researchers (RSF and
JJJ) independently extracted data on study characteristics,
including basic study information, methodological features,
forms of DHIs, and intervention outcomes. When critical
information was missing or unclear, the researchers contacted
the corresponding author to obtain supplementary data.
Discrepancies identified during data extraction were resolved
through discussion and consensus, and unresolved disagreements
were referred to a third researcher (XYZ) for deliberation and
final adjudication.

Study Outcomes (Data Items)
Data extraction was performed independently by 2 researchers
using predefined standardized data extraction forms. Extracted
data included primary and secondary outcomes. Primary
outcomes comprised basic study information (eg, authors, study
population characteristics, sample size), study design and
methodological features, and specific forms of DHIs along with
their effects on adolescent physical activity–related outcomes,
summarized in conjunction with the reported outcome measures
and overall intervention results.

Secondary outcomes included supplementary information
supporting outcome classification and interpretation, such as
geographic region, intervention duration, and follow-up or
sample attrition rates. Disagreements during the process were
resolved by a third researcher. Complete data extraction forms
and the classification framework are presented in Tables 1 and
2.
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Table 1. Overview of included studies (N=24).

Effects of digital health
interventions

Digital health interventionsIntervention
duration

Study designRegionAge, mean (SD); grade; gender;
condition; population

Study

High engagement in self-
monitoring behavior and

Wearable device (Fitbit
Watch) + SMS text messag-
ing

12 weeksQuantitative
research

SpainSoltero et
al [15]

• 14.9 (0.91); 53% female;
obese/overweight

perceived increase in ac-
tivity

Encouraged youth to en-
gage in more physical
exercise

Wearable device (Fitbit) +
virtual platform (with activi-
ty goal setting)

8 weeksQuantitative
research

The United
Kingdom

Goodyear
et al [16]

• 13-14; 53% female; general
adolescents

Facebook and SMS text
messaging were consid-

SMS text messaging/chatbot
+ social media (Facebook)
+ SMS

1 weekQuantitative
research

BelgiumVan Dyck
et al [17]

• 12-14; 49% female; general
adolescents

ered promising methods
for physical activity inter-
ventions among vocation-
al school adolescents

Effectively improves
physical activity levels
and health awareness

mHealthb: smartphone appN/AaCross-section-
al study

TurkeyDinç et al
[18]

• 14.27 (0.44); 56% female;
general adolescents

Increased physical activi-
ty and more frequent

Social media: cell phones,
computers, game consoles,
and internet

N/ACross-section-
al study

The United
States

Mojica et
al [19]

• 11-14; 100% female; gener-
al adolescents

participation in daily
physical education class-
es after the intervention

Positive correlation be-
tween physical activity

Wearable device: physical
activity tracker (smartwatch-
es and heart rate monitors)

N/ACross-section-
al study

FinlandNg et al
[20]

• 11-15; 42% female; general
adolescents

behavior and use of
wearables/apps; further
research needed to verify
relationship

Demonstrates good feasi-
bility and acceptability

mHealth: Fitbit + Facebook10 weeksRandomized
controlled trial

The United
States

Mendoza
et al [21]

• • Intervention: 16.9
(1.5); 41.4% female;
cancer survivors

• Control: 16.3 (SD 1.5); 40%
female; cancer survivors

Shows good feasibility
and acceptability, with a

Virtual platform: interven-
tion website

12 weeksRandomized
controlled trial

The United
States

Larsen et al
[22]

• 14.7 (2.1); insufficient
physical activity

significant increase in
self-reported physical ac-
tivity levels

Moderate increase in av-
erage daily steps and

mHealth: smartphone (SMS
text messaging) + pedometer

12 weeksRandomized
controlled trial

The United
States

Thompson
et al [23]

• 14-17; 51.88% female;
general adolescents (group:
control, pedometer only, moderate-to-vigorous

physical activitypedometer + goal prompts,
and pedometer + goal
prompts + self-determina-
tion theory texts)

Positive impact on moder-
ate-to-vigorous physical
activity levels

Virtual platform: online in-
tervention system (Zamzee)

6 weeksRandomized
controlled trial

The United
States

Guthrie et
al [24]

• 12-14; 55% female; general
adolescents

Demonstrated feasibilitymHealth: smartphone (im-
mersive application)

8 weeksRandomized
controlled trial

New
Zealand

Direito et
al [25]

• 14-17; general adolescents

Increased number of days
per week engaged in
physical activity

mHealth: + wearable device
+ virtual platform: SMS text
messaging, Fitbit Flex, and
online educational program

6 monthsRandomized
controlled trial

The United
States

Chen et al
[26]

• 14.9 (1.7); 42% female;
obesity or overweight
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Effects of digital health
interventions

Digital health interventionsIntervention
duration

Study designRegionAge, mean (SD); grade; gender;
condition; population

Study

Improved physical activi-
ty goals, academic perfor-
mance, and moderate-to-
vigorous physical activity
levels

Virtual platform: app (iEn-
gage Program)

5 weeksRandomized
controlled trial

Australia• • Intervention: 10.9
(0.7); 51% female;
general adolescents

• Control: 10.4 (0.5); 62%
female; general adolescents

Caillaud et
al [27]

Feasible and usablemHealth: smartphone (Mo-
bile Health Program)

6 weeksRandomized
controlled trial

Iceland• 15.6 (0.26); 41% female;
general adolescents

Egilsson et
al [28]

Improved physical activi-
ty levels

Game: Squad Intervention
(gaming console)

24 weeksRandomized
controlled trial

The United
States

• 11.2 (0.8); 46% female;
obesity or overweight

Staiano et
al [29]

Significant and sustained
improvements in physical
capacity and body compo-
sition

mHealth: smartphone (Path-
Mate2)

5.5 monthsRandomized
controlled trial

Switzer-
land

• PathMate2: 12.6 (range
11.4-16.9); 38.9% female;
obesity or overweight

• Control: 13.7 (range 10.9-
16.8); 46.2% female; obesi-
ty or overweight

Stasinaki et
al [30]

Increased participation,
with observable changes
in physical activity be-
fore and after the inter-
vention

SMS text messaging/chat-
bot: text bot (temporally
augmented goal setting)

27 daysMixed meth-
ods study

The United
States

• 13-18; 45% female; general
adolescents

Ortega and
Cushing
[31]

Helps oneself and others
to be more active in daily
life

mHealth: smartphone (the
KIJANI app)

4 monthsMixed meth-
ods study

Germany• 12.6 (1.7);27% female;
general adolescents

Willinger
et al [32]

Average weekly step
count increased; interven-
tion shows promise for
promoting physical activ-
ity in adolescents with
attention-deficit/hyperac-
tivity disorder

mHealth + Fitbit Flex +
Facebook

4 weeksMixed meth-
ods study

The United
States

• 15.5 (1.4); 54% female;
with attention-deficit/hyper-
activity disorder

Schoen-
felder et al
[33]

Perceived short-term
positive effect on exer-
cise motivation

mHealth + wearable device
(wrist-worn Fitbit)

12 weeksMixed meth-
ods study

Australia• 13.7 (0.4); 49%female;
general adolescents

Koorts et al
[34]

The program effectively
increased physical activi-
ty among adolescents and
reduced risky behaviors

Virtual platform: Friends
Online Intervention Pro-
gram—Zoom/video chat
with online physical activi-
ties and dialogue

8 monthsQuasi-experi-
mental study

Israel• Ninth to eleventh grade;
28% female; at-risk youth

Glaser et al
[35]

After the intervention,
more physical activity
was observed; the game’s
role in promoting activity
needs further validation

mHealth: smartphone game
(Mobile Kids Monster
Manor)

2 weeksQuasi-experi-
mental study

Canada• 8-13; general adolescentsGarde et al
[36]

Postintervention improve-
ments in physical activity
level, body composition,
and physical fitness qual-
ity

mHealth: mobile app10 weeksQuasi-experi-
mental study

Spain• 13.96 (1.21); 48% female;
general adolescents

Mateo-Or-
cajada et al
[37]

Increased physical activi-
ty and reduced sedentary
behavior

SMS/chatbot: tailored SMS
text messaging intervention

3 weeksQuasi-experi-
mental study

The United
States

• 13-18; 75% female; general
adolescents

Cushing et
al [38]

aN/A: not applicable.
bmHealth: mobile health.
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Table 2. Effectiveness of DHIsa to promote PAb in adolescents: a classification and ranking by intervention type.

EffectResultKey findingsMeasurementStudy

Single-driver intervention

IcIntrinsic motiva-
tion increased

QuestionnaireDinç et al [18] • PA-themed (40.5%) and healthy nutrition–themed (33.3%) apps
were the most frequently used. Adolescents who preferred PA
apps had significantly higher healthy lifestyle belief scores (mean
61.82, SD 0.70) than those who preferred Ministry of Health
apps (mean 43.54, SD 2.91; P<.001). Similarly, users of self-
monitoring health apps scored higher (mean 68.20, SD 0.28)
than those using sleep-monitoring apps (mean 55.35, SD 1.24;
P<.001).

DdEnhanced PAApp dataMojica et al [19] • Girls who owned a mobile phone were more likely than those
who did not to engage in PA for more than 5 days in the past
week (odds ratio 5.5, 95% CI 2.1-14) and to participate in daily
physical education classes (odds ratio 2.6, 95% CI 1.1-5.9).

IIntervention feasi-
ble/acceptable

Measurable
PA + question-
naire

Mendoza et al [21] • Exploratory analyses found no significant differences in MVPAe
(4.4 vs 5.0 minutes/day; P=.92) or sedentary time (–4.5 vs 1.0
minutes/day; P=.73) between the intervention and control groups.
Mean differences were reported for these outcomes, with P values
indicating no significant effects. Some modest differences were
observed for select subscales of quality of life and motivation
for PA.

DEnhanced PAQuestionnaire
+ semistruc-

Larsen et al [22] • According to physical activity recall measurements, participants’
MVPA time increased to an average of 79.4 (SD 46.8) minutes
at follow-up, representing a per capita increase of 58.8 (SD 46.3)tured inter-
minutes. This difference was statistically significant (P<.001).view + ac-
Overall, PA levels showed a significant improvement fromcelerometer

measurement baseline to 12 weeks (P<.001).

DEnhanced PAMeasurable
PA + question-
naire

Thompson et al [23] • Program satisfaction: The mean score was 17.47/20, with no
significant differences between groups (P=.068). The feasibility
criterion—a program satisfaction score of ≥15 out of 20
points—was met.

• Internal consistency: All measures exceeded the feasibility crite-
rion (α≥.70), with the lowest α being .74 for social desirability.

• PA trends: The all-intervention group showed the greatest increas-
es in steps (+317.8 steps/day) and MVPA (+1.73 minutes/day)
compared with other groups. However, no significant group-by-
time interactions were observed (P>.05).

DEnhanced PA
compared with
the control group

Zamzee dataGuthrie et al [24] • Participants receiving the Zamzee intervention exhibited average
MVPA levels 54% higher than the passive control group
(P<.0001) and 68% higher than the active control group using
commercially available active video games (P<.0001).

IThe intervention
will further vali-

Self-report +
accelerometer
measurement

Direito et al [25] • N/Af

date its effective-
ness.

DEnhanced PAAccelerometer
measurement

Caillaud et al [27] • Participants increased their daily step count by 30% (+2647
steps/day, P<.001), and the proportion of days exceeding 11,000
steps rose to 48%.+ Physical Ac-

tivity Ques-
tionnaire for
Children + fit-
ness test +
iEngage app
recording

DEnhanced PAScale + app
data

Egilsson et al [28] • Self-reported daily PA increased by 19.61% in the intervention
group but decreased by 26.21% in the control group. Self-efficacy
levels increased by 8.23% in the intervention arm, compared
with a 3.03% decrease in the control group.
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EffectResultKey findingsMeasurementStudy

DEnhanced PA• The temporally augmented goal setting intervention was gener-
ally feasible, acceptable, and technically and functionally reliable.
Adolescents demonstrated adequate levels of engagement.
Changes in MVPA from pre- to postintervention were small,
approximately a 2-minute increase.

Accelerometer
+ question-
naire

Ortega and Cushing [31]

DEnhanced PA• Most participants (n=16) believed that using KIJANI would in-
crease their PA levels.

Semistruc-
tured inter-
views + ques-
tionnaires

Willinger et al [32]

UgFurther validation
is required.

• During the intervention week, both groups showed significant
increases in PA levels (1191 and 796 steps/day, respectively;
P=.01).

• In the game group, children with higher BMI z scores exhibited
greater PA levels, with an average increase of 964 steps/day for
each unit increase in BMI z score (P=.03; 95% CI 98-1829).

PA monitorGarde et al [36]

DEnhanced PA
compared with
the control group
and improvement
in health indica-
tors

• Compared with the control group, adolescents in the experimental
group demonstrated higher levels of PA, along with improve-
ments in body composition and physical fitness following the
intervention.

Questionnaire
+ physical fit-
ness test + an-
thropometric
measurements

Mateo-Orcajada et al [37]

DEnhanced PA
compared with
the control group

• Compared with the attention control group, the intervention
group spent an average of 20.84 minutes more per day in MVPA
(β=20.84, SE 8.19).

Questionnaire
+ accelerome-
ter

Cushing et al [38]

Multimodal integrated intervention
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EffectResultKey findingsMeasurementStudy

IIntervention feasi-
ble and accept-
able

• Young adults reported increases in both PA and self-efficacy for
PA.

InterviewSoltero et al [15]

IExercise goals
encourage PA

• Daily goals of 10,000 steps and calorie burn motivate young
people to engage in more PA.

InterviewGoodyear et al [16]

IThe intervention
shows promise as
a method for in-
creasing PA

• Participants indicated that SMS text messages provide a simple
way to receive information about PA, while Facebook group
pages are ideal for sharing information with others.

Questionnaire
+ interview

Van Dyck et al [17]

ICompared with
the control group,
the intervention
showed a positive
correlation with
PA.

• Compared with nonusers, app users had higher odds of engaging
in daily MVPA (males: ORh 1.27, 95% CI 1.04-1.55; females:
OR 1.49, 95% CI 1.20-1.85) and of being members of sports
clubs (males: OR 1.37, 95% CI 1.15-1.62; females: OR 1.25,
95% CI 1.07-1.50). These associations were even stronger among
wearable device users, with MVPA ORs up to 2.25. Male wear-
able users also had higher odds of engaging in active travel (OR
1.39, 95% CI 1.04-1.86).

ScaleNg et al [20]

DEnhanced PA and
increased self-ef-
ficacy.

• Compared with participants in the control group, those in the
mobile phone–based intervention showed significant improve-
ments in BMI (z=–4.37, P=.001), diastolic blood pressure
(z=–3.23, P=.001), PA days/week (z=2.58, P=.01), TV and
computer time (z=–3.34, P=.001), servings of fruits and vegeta-
bles per day (z=2.74, P=.006), servings of soda and sweetened
drinks (z=–3.19, P=.001), PA self-efficacy (z=2.75, P=.006),
and dietary self-efficacy (z=5.05, P=.001). Medium to large effect
sizes were observed for these outcomes.

Anthropomet-
ric measure-
ments + ques-
tionnaire +
Fitbit Flex da-
ta + interview

Chen et al [26]

DEnhanced PA• Participants significantly increased their average weekly step
count and showed improvements in attention-deficit/hyperactiv-
ity disorder inattention symptoms.

Quantitative
measures +
Fitbit Flex da-
ta + question-
naires + inter-
view

Schoenfelder et al [33]

IEnhanced PA
compared with
the control group.

• Adolescents perceived the intervention content as easy to under-
stand (100/120, 83.3%) and the Fitbit as easy to use (112/120,
93.3%). Half of the adolescents found the SMS text messages
useful (61/120, 50.8%), while 47.5% (57/120) liked the weekly
challenges, and 38.3% (46/120) liked the Facebook videos.

• Teenagers reported that the Fitbit Flex increased their awareness
of PA and their likelihood of being more active in the short term.

Questionnaire
+ interview

Koorts et al [34]

Interaction-enhanced intervention
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EffectResultKey findingsMeasurementStudy

DEnhanced PA and
improvement in
health indicators

• The intervention group showed a significant reduction in BMI
z score, with a marginal difference in the intent-to-treat analysis
(mean −0.06, SE 0.03 for the intervention group vs mean 0.02,
SE 0.03 for the control group, P=.065). Compared with the
control group, the intervention group also showed improvements
in systolic blood pressure, diastolic blood pressure, total choles-
terol, low-density lipoprotein-cholesterol, and MVPA (all P<.05).

Anthropome-
try + full-body
scanner + ac-
celerometer +
questionnaire

Staiano et al [29]

DEnhanced PA and
improvement in
health indicators

• Both groups showed significant improvements in muscle mass,
strength, and agility at T2, whereas only the PathMate2 group
demonstrated a significant reduction in body fat at both T1 and
T2. The average daily PathMate2 app usage rate was 71.5%.

Physical fit-
ness test
(Dordel-Koch
test) + ques-
tionnaire + ap-
plication data

Stasinaki et al [30]

DEnhanced PA• Compared with the control group, the intervention group experi-
enced a 57% increase in PA.

QuestionnaireGlaser et al [35]

aDHI: digital health intervention.
bPA: physical activity.
cDHIs are indirectly effective in promoting PA among adolescents (indirectly effective).
dDHIs are directly effective in promoting PA among adolescents (directly effective).
eMVPA: moderate-to-vigorous physical activity.
fN/A: not applicable.
gU: The effectiveness of DHIs in promoting PA among adolescents remains unclear (unclear).
hOR: odds ratio.

Study Risk-of-Bias Assessment
To ensure methodological rigor and assess internal validity,
structured risk-of-bias assessments were conducted using JBI
critical appraisal tools, each aligned with the corresponding
study design. This included assessment checklists applicable to
CSSs, RCTs, QESs, QR, and MMSs [13].

Risk of bias was assessed independently by 2 researchers using
a 3-color coding system: green for “met,” yellow for “partially
met,” and red for “not met.” Based on these assessments, each

study’s methodological quality was categorized as high,
moderate, or low. Disagreements were resolved through
discussion and consensus, and if consensus was not reached, a
third researcher adjudicated. Studies with reliability
concerns—such as bias, unclear criteria, incomplete reporting,
inappropriate methods, or insufficient justification—were
flagged for further discussion and potential exclusion. No studies
were excluded solely based on quality scores. Risk of bias was
incorporated into the narrative synthesis to contextualize the
strengths and limitations of the evidence. Detailed assessment
results and scoring criteria are presented in Figures 1-4.
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Figure 1. Quality assessment tool: cross-sectional studies. JBI: Joanna Briggs Institute.

Effect Measures
Effect measures reported in the studies were diverse,
encompassing both quantitative metrics and qualitative
outcomes. Quantitative studies primarily presented intervention
effects through comparisons of mean values or change values
(eg, physical activity duration, step count, and their changes
before and after intervention or between intervention and control
groups), odds ratios, and regression model estimates,
supplemented by statistical indicators such as CIs and P values
to support conclusions. Some studies reported only the direction
of change or statistical significance of outcomes without
providing uniformly convertible effect sizes.

Additionally, some studies reported intervention effects through
qualitative descriptions (eg, user experience, satisfaction, or
perceived changes). Given the inconsistencies in effect measure
formats and statistical reporting methods, this review did not

uniformly convert or pool effect sizes. Instead, it focused on
comprehensively describing the directional trends and overall
performance of intervention effects.

Synthesis Methods
Given the substantial differences among included studies in
research design, intervention modalities, outcome measurement,
and statistical analysis methods, and considering that many
studies did not report effect size parameters suitable for uniform
conversion or pooling, this systematic review did not conduct
a quantitative meta-analysis to avoid producing statistically
unstable or potentially misleading pooled results. Prerequisites
for meta-analysis include comparability or reasonable
convertibility of outcome measurements and effect size
definitions across studies. However, the included studies
employed both self-reported and objectively measured outcomes,
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with inconsistent measurement time points, making these
conditions unattainable.

The research team therefore employed a narrative synthesis and
qualitative content analysis approach to integrate the findings.
During synthesis, a classification framework based on core
forms of DHIs and their effect characteristics was developed to
determine study applicability across synthesis units and to
facilitate group comparisons. This classification and synthesis
were performed independently by 2 researchers, with
disagreements resolved through discussion and, when necessary,
adjudicated by a third researcher. Findings were primarily
presented using structured tables and typological narratives
(Tables 1 and 2), with interpretations of outcome variations
grounded in intervention formats, study designs, and
implementation characteristics. As no statistical synthesis was
conducted, this review did not perform formal heterogeneity
testing or sensitivity analyses.

Reporting Bias Assessment
This systematic review employed a narrative synthesis and did
not perform statistical tests for publication bias. Given the
absence of a quantitative meta-analysis and the substantial
heterogeneity in study design and outcome reporting across
included studies, methods such as funnel plots were considered
inapplicable. During evidence synthesis and result interpretation,
the research team conducted a qualitative assessment of potential
reporting bias. By comparing the consistency between study
objectives, methods, and reported outcomes, and by
incorporating study registration information (where available)
and author explanations, the team cautiously discussed the
potential impact of missing results on study conclusions.

Certainty Assessment
This systematic review conducted a qualitative synthesis of the
overall credibility of the evidence, considering the design types
of included studies, the results of the JBI methodological quality
assessment, and the consistency of study conclusions across
different studies. Given that no quantitative meta-analysis was

performed and the included studies exhibited substantial
heterogeneity in design types and outcome measures,
quantitative evidence grading tools such as GRADE (Grading
of Recommendations, Assessment, Development and
Evaluation) were not applied. The assessment of evidence
certainty was conducted independently by 2 researchers (RSF
and JJJ). The reliability and limitations of the evidence were
interpreted in the “Results” and “Discussion” sections in
conjunction with specific study findings.

Ethical Approval
Ethics approval was not required for this systematic review.

Results

Study Selection
A total of 2127 English-language articles were initially retrieved
from 7 major databases, including Web of Science (n=601),
PubMed (n=518), EBSCO (n=50), Scopus (n=305), Embase
(n=164), Cochrane Library (n=128), ProQuest (n=78), and
Google Scholar (n=283). After initial deduplication using
EndNote, 1288 duplicate records were removed. Subsequently,
an additional 164 duplicates were removed using the Rayyan
online literature management platform, resulting in 675 records
retained for title and abstract screening. Following this initial
screening, 213 articles remained for full-text assessment. Of
these, 189 articles were excluded based on predefined exclusion
criteria, including study population, intervention characteristics,
and research design. The specific reasons for exclusion were as
follows: studies not focused on adolescents (n=36), absence of
DHIs (n=14), insufficient clarity in intervention or outcome
measures (n=21), conference abstracts (n=8), studies focused
solely on instrument validation (n=49), review articles (n=35),
and studies with unrelated topics (n=26). Ultimately, 24
English-language studies met the inclusion criteria and were
included in the final qualitative synthesis of this systematic
review (see Figure 5 and Multimedia Appendix 2).
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Figure 5. PRISMA Flow Diagram of the Study Selection Process.

Study Characteristics

Overview
This systematic review included 24 peer-reviewed articles
published between 2014 and 2025, spanning multiple countries
and regions, thereby reflecting the global uptake of DHIs among
adolescents. The included studies employed a range of
methodological designs, including RCTs, MMS, QR, and other
empirical approaches. All interventions targeted adolescents
aged 10-19 years, including the general population, individuals
with insufficient physical activity, and those with specific health
conditions. Sample sizes ranged from 10 to 9940 participants,
with the majority of studies involving fewer than 500
individuals. Intervention duration ranged from 2 weeks to 8
months. The included studies employed diverse intervention
formats, utilizing either single-modality or multicomponent

digital technology approaches. Detailed study characteristics
are summarized in Table 1.

Participant Characteristics
This systematic review encompassed approximately 12,183
adolescent participants. Sample sizes varied widely, ranging
from 10 to 9,940 participants. The overall mean sample size
was approximately 507, whereas the median was substantially
lower at 46. Most studies employed small-to-medium sample
sizes, with a few large-scale studies exerting a disproportionate
influence on the overall mean. Among studies that reported age
data, participants’ age ranged from 8 to 19 years, with the
highest concentration in the 13-15 age group, representing over
one-third of the total sample. The study populations included
both general adolescent cohorts and specific subgroups
characterized by distinct health risks or behavioral profiles. Of
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the total 24 studies, 8 (33%) explicitly targeted specific
subgroups, including 4 (17%) on adolescents with obesity or
overweight, 1 (4%) on adolescents with insufficient physical
a c t iv i t y,  1  ( 4 % )  o n  i n d iv i d u a l s  w i t h
attention-deficit/hyperactivity disorder, 1 (4%) on cancer
survivors, and 1 (4%) on at-risk adolescents. Additional details
are provided in Multimedia Appendix 3.

Geographic Distribution
The 24 included studies were conducted across multiple
countries and regions. North America accounted for the highest
concentration, contributing 11 (46%) studies of the total,
significantly exceeding other regions. Europe followed with 8
(33%) studies, while the Middle East and Oceania contributed
2 (8%) and 3 (13%) studies, respectively. At the country level,
the United States emerged as the leading research site,
accounting for 10 (42%) studies—the highest among all
countries. Spain and Australia each contributed 2 studies. Other
countries—namely, Switzerland, Turkey, Germany, Israel,
Belgium, New Zealand, Iceland, Canada, the United Kingdom,
and Finland—each contributed 1 study. Regional variations
were also observed in the selection and application of
intervention technologies. North American countries (eg, the
United States and Canada) generally favored the combination
of wearable devices and mobile apps, providing integrated data
tracking and personalized feedback. By contrast, several
European countries primarily integrated traditional intervention
models with digital platforms, including web-based systems
and educational software. Although studies from Middle Eastern
and Oceanic countries featured smaller sample sizes, their
intervention formats were diverse, incorporating tools such as
SMS text messaging and interactive platforms (see Multimedia
Appendix 3).

Intervention Duration and Frequency
Considerable variation was observed in the duration of
interventions. The shortest intervention lasted 1 week (excluding
3 CSSs), while the longest extended to 8 months. The most
commonly adopted duration was 12 weeks (3 months), reported
in 4 (17%) studies, followed by durations of 6, 8, and 10 weeks,
each reported in 2 (8%) studies. Other durations included 1
week, 2 weeks, and 8 months, each reported in a single study
(4%). Overall, approximately one-third of the studies fell within
the 6- to 12-week range. Based on duration, short-term
interventions (≤4 weeks) were reported in 5 (21%) studies;
medium-term interventions (5-12 weeks) were the most
prevalent, appearing in 11 (46%) studies; and long-term
interventions (>12 weeks) were implemented in 5 (21%) studies.
Long-term interventions were predominantly associated with
high-quality RCTs, whereas short-term interventions were
distributed across a variety of study designs. In summary, the
majority of studies employed medium-term interventions,
typically lasting 2-3 months.

Risk of Bias in Studies
Among the 24 included studies, research designs comprised 10
(42%) RCTs, 4 (17%) QES, 3 (13%) QR, 3 (13%) CSS, and 4
(17%) MMS. Quality appraisal results indicated that 7 (29%)
studies were rated as high quality, 16 (67%) as moderate quality,
and 1 (4%) as low quality. Further analysis revealed that most
RCTs achieved high or moderate quality ratings, while QES,
CSS, and MMS studies generally met moderate or higher quality
standards. Notably, QR studies demonstrated outstanding
performance, with 2 projects achieving high quality (see Figure
2).
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Figure 2. Quality assessment tool: qualitative research. JBI: Joanna Briggs Institute.
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Figure 3. Quality assessment tool: randomized controlled trials. JBI: Joanna Briggs Institute.

Classification and Outcomes of DHIs
The classification and corresponding outcomes of DHIs are
presented in Table 2. The types of interventions employed across
the included studies exhibited considerable diversity.

These interventions were broadly categorized into 3 types:
single-driver interventions, multimodal integrated interventions,
and interaction-enhanced interventions. Based on the combined
findings from Tables 1 and 2, single-driver interventions were
the most commonly reported, appearing in 14 (58%) studies.
Interventions in this category typically relied on a single
technological medium, most commonly smartphones as the
primary device. mHealth interventions were the most prevalent,
followed by virtual platform–based interventions and robotic
systems delivering personalized SMS text messages. Multimodal
integrated interventions were identified in 7 (29%) studies.
These interventions combined 2 or more digital components,

including mHealth apps, wearable devices, and web-based
platforms. Interaction-enhanced interventions were relatively
limited, reported in only 3 (13%) studies. Characterized by
active adolescent engagement—such as promoting physical
activity through video chats—these interventions primarily
involved gamified strategies, social media platforms, and SMS
text message–based messaging systems.

Overall, all 3 categories of DHIs demonstrated positive
outcomes. As shown in Table 2, the majority of studies were
classified as “D” (directly effective; 15/24, 63%), while smaller
proportions were categorized as “I” (indirectly effective; 8/24,
33%) or “U” (unclear; 1/24, 4%).

Among the “D” interventions, most studies reported statistically
significant improvements in physical activity outcomes
[19,22-24,26-33,35,37,38], including increased step counts,
longer durations of moderate-to-vigorous physical activity, and
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greater participation in sports. Several studies also reported
improvements in physical health indicators related to physical
activity [15-18,20,21,25,34], including reductions in BMI,
improved body composition and physical fitness, and decreased
body fat percentage. Studies classified as “I” did not report
direct increases in physical activity levels but demonstrated
positive effects on psychological mechanisms, such as enhanced
exercise motivation and self-efficacy. These effects included
strengthened beliefs in healthy lifestyles, the establishment of
exercise goals that promote physical activity, and increased
awareness of the benefits of physical activity [36]. Studies
categorized as “U” lacked conclusive evidence, making it
difficult to determine the effectiveness of the DHIs under
investigation.

Results of Syntheses
A comprehensive analysis of the included studies was conducted
based on the form of DHIs and their effectiveness
characteristics. The synthesis identified significant variation in
research designs (eg, QR, CSS, RCT, QES, MMS), sample sizes
(10-9940 participants), outcome measurement methods, and
methodological quality. Overall study quality was predominantly
moderate to high, with most interventions lasting short to
medium durations. As a result of substantial heterogeneity in
study design, outcome definitions, and statistical analysis
methods, as well as the absence of standardized effect size

parameters for pooling across studies, a quantitative
meta-analysis was not performed. Instead, results were
synthesized using narrative synthesis and qualitative content
analysis based on intervention type. The findings are presented
in structured tables and categorized descriptions (Tables 1 and
2) to compare the effectiveness of different intervention formats
and study designs in promoting physical activity among
adolescents.

Reporting Biases and Certainty of Evidence
As this systematic review did not perform a quantitative
meta-analysis and due to considerable variation in study designs
and outcome reporting methods, no formal testing for
publication bias was conducted using funnel plots or statistical
methods. Instead, a qualitative assessment of potential reporting
bias was undertaken during evidence synthesis and
interpretation. Evidence certainty was not formally assessed
using a quantitative tool; rather, the credibility of the evidence
was judged by integrating study design type, methodological
quality assessment results, and the consistency of study
conclusions. Overall, the included studies were of
moderate-to-high quality (Figures 1-4). However, owing to
study heterogeneity and methodological limitations, the
conclusions should be interpreted within the context of specific
research settings.
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Figure 4. Quality assessment tool: quasi-experimental studies. JBI: Joanna Briggs Institute.

Discussion

Principal Findings
This systematic review synthesizes evidence from diverse DHIs
and study designs to evaluate their role in promoting physical
activity among adolescents and to explore their adaptability
across different research designs and settings. Results from the
24 included studies indicate that DHIs can enhance adolescents’
physical activity through direct or indirect mechanisms.
Substantial heterogeneity was observed among the studies in
terms of research design types, resulting in inconsistent evidence
strength and limited generalizability; this heterogeneity
represents a key finding of the review. A systematic analysis
of intervention formats further revealed that different types of
DHIs (single-driver, multimodal integrated, and
interaction-enhanced) exhibit distinct effect profiles and are

applicable in different contexts. In addition, factors such as
target population characteristics and intervention duration
significantly influence the interpretation and application of
outcomes. Accordingly, this review emphasizes the need for
cautious interpretation of research findings, with careful
consideration of the scope of inference supported by the study
designs and implementation contexts.

This review included 3 QR and 3 CSS. As shown in Tables 1
and 2, the evidence derived from these study types differs. QR
evidence reflects the meaning or experience of behaviors or
events rather than quantitative measurements [39]. For example,
Soltero et al [15] used qualitative methods to assess the
feasibility and acceptability of DHIs, identifying potential
pathways for promoting physical activity among adolescents
with obesity. CSSs measure exposure and outcomes at a single
time point, revealing correlations between DHI use, individual
characteristics, and physical activity levels [40]. For example,
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Ng et al [20] examined the association between ownership and
use of personal activity trackers and physical activity behaviors.
Consequently, this evidence is better suited to suggesting
potential mechanisms and real-world usage scenarios rather
than to drawing strong causal conclusions.

This review observes the indirect effectiveness of DHIs on
adolescent physical activity within QR and CSS evidence.
Although such interventions may not immediately lead to
significant behavioral changes, these study types more readily
capture positive psychological shifts, such as enhanced
motivation, increased behavioral intent, strengthened
self-efficacy, improved health cognition, or greater interest in
participation [41]. Compared with RCTs, QR emphasizes
contextual experiences and subjective perceptions, making it
more effective in identifying positive psychological shifts, such
as heightened motivation. This provides crucial insights into
the indirect mechanisms of intervention. CSSs excel at revealing
structural relationships between psychological or behavioral
characteristics and DHI use at a single time point, offering key
clues for understanding these indirect mechanisms.

According to self-determination theory [42], the persistence of
adolescent behaviors depends not only on external reminders
or incentives but also on the fulfillment of fundamental
psychological needs, such as autonomy, competence, and
relatedness. Among adolescents in the early stages of behavior
change or with unstable motivation, such psychological
improvements are particularly important [43] and may gradually
translate into behavioral changes through positive experiences,
goal identification, and social support [44]. This mechanism of
psychological-behavioral conversion helps explain the delayed
behavioral improvements observed in some follow-up studies;
however, further longitudinal research is needed to validate
these findings.

While this evidence provides valuable insights into underlying
mechanisms and the overall methodological quality is high,
risks of bias remain. Some QR studies did not adequately
disclose the researcher’s stance [15-17], and some CSSs did
not sufficiently control for confounding factors [18,20]. These
issues may compromise the robustness of the findings and
therefore warrant cautious interpretation.

QR studies and CSSs have distinct characteristics. The former
illuminates indirect effects and underlying mechanisms of DHIs,
whereas the latter reveals associations among variables but
cannot establish causality. Future research should prioritize
high-quality study designs to validate the efficacy and long-term
effects of DHIs.

This systematic review included 10 RCTs, which provided
evidence with varying focuses. RCTs are considered the gold
standard for evaluating intervention effectiveness, as their
rigorous design allows for systematic assessment of intervention
outcomes over time [45]. The RCTs included in this review
involved both general adolescent populations and adolescents
with specific health conditions, primarily aiming to validate the
feasibility or efficacy of DHIs for these groups [21].

Collectively, these studies indicate that DHIs have potential for
promoting physical activity. For populations with specific health

conditions, effectiveness often depends more on personalized
and sustained support than on technological features [46-48].
Although subgroups share certain commonalities, they also
differ in their intervention needs. Commonalities include
challenges in behavior change, strong demands for psychological
and emotional support, and the need for long-term follow-up
and sustained support [10,32,49-53]. Differences are reflected
in personalized preferences. Adolescents with
attention-deficit/hyperactivity disorder may require more
structured and highly interactive tools, whereas cancer survivors
may prioritize privacy and self-paced control. Adolescents with
obesity or overweight issues may benefit from integrated
solutions that combine physical activity, dietary adjustments,
and psychological support [54-56]. These differences arise from
variations in behavioral mechanisms, cognitive characteristics,
and motivational responses across populations. Even with robust
technology, failure to align interventions with users’ cognition,
motivation, and behavior can hinder effective engagement and
behavior change. Future research should prioritize
methodologically rigorous RCTs and tailored designs that match
population characteristics with intervention protocols to enhance
evidence interpretability and real-world applicability.

Of the follow-up studies included in this systematic review, 3
were RCTs [22,23,26]. The findings suggest that the presence
or absence of follow-up may introduce bias in assessing DHI
outcomes. Follow-up is crucial for evaluating the sustainability
and long-term impact of interventions, as extended follow-up
periods help identify both enduring effects and potential side
effects [57]. For example, Larsen et al [22] reported that a
12-week follow-up showed the intervention promoted diverse
physical activities. Similarly, Thompson et al [23] found that
personalized SMS text message interventions helped adolescents
establish long-term exercise habits, with follow-up feedback
further optimizing intervention effectiveness.

In this systematic review, studies with follow-up periods allow
assessment of the sustainability of intervention effects, whereas
studies without follow-up can evaluate only short-term
outcomes. Evidence suggests that a 12-week intervention can
yield favorable results for adolescents [23], and such feedback
helps refine intervention strategies. RCTs provide relatively
strong evidence for this review; however, the limited number
of studies primarily supports short-term effects and does not
adequately validate intervention sustainability or stability.
Consequently, robust evidence for the long-term sustainability
of DHIs in real-world settings, such as schools and communities,
remains insufficient, which may hinder practical implementation
and policy support.

The included RCTs indicate that a 3-month (12-week)
intervention duration is the most common. This cycle facilitates
gradual behavior establishment and consolidation while
minimizing negative effects such as fatigue, a finding widely
recognized [23]. Research suggests that shorter intervention
durations are insufficient to produce significant changes,
whereas excessively long durations may increase complexity
and reduce adherence [58]. However, no studies specifically
examined the impact of varying intervention durations on
adolescent populations.
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The impact of sample attrition on outcomes cannot be
overlooked. Three of the included studies reporting attrition
were RCTs [23,28,30]. Our analysis found that attrition typically
occurs in studies requiring sustained participation and long-term
engagement, making it a critical factor influencing outcomes.
Studies with high attrition rates often face challenges such as
insufficient intervention personalization, limited feedback, and
inadequate technical support, all of which can weaken
participants’ motivation and commitment.

From a behavioral science perspective, based on the COM-B
framework, if interventions fail to sustainably enhance
individuals’ sense of competence, adolescents are prone to
burnout and disengagement. Egilsson et al [28] confirmed this,
suggesting that high attrition rates during 6-week follow-ups
may be related to insufficient intervention personalization,
monotonous formats, or technical barriers. Conversely, other
studies found that lower attrition rates are closely associated
with adolescent cocreation of intervention content [23]. Thus,
enhancing intervention personalization, diversity, and
interactivity can reduce attrition, thereby improving research
stability and the generalizability of findings.

As shown in Table 2, among the studies demonstrating direct
effectiveness, 8 were RCTs. RCTs minimize confounding bias
through randomization, which helps clarify intervention effects.
Analysis indicates that these interventions promote short-term
behavioral changes (eg, increased daily step counts) through
goal setting, task execution, and feedback design [59]. This
effect depends on clear goals and immediate feedback, enabling
adolescents to master behavioral cognition through tracking or
outcome comparisons [60]. Such interventions drive strong
short-term behavioral change, particularly among participants
with initial motivation. The core mechanism enhances individual
competence and execution capacity, fosters a sense of
accomplishment, and lays the foundation for long-term
behavioral strategies.

In summary, RCT designs provided key evidence for this review,
although some biases remain. Many studies, due to the nature
of DHIs, lacked blinding and faced challenges in follow-up and
assessment, which may have affected the reliability of their
findings. Future research should employ high-quality RCTs
with robust follow-up designs to assess long-term effects and
address sample attrition. Given that over half of existing studies
used RCTs to evaluate direct effects, future studies should select
study designs that align with specific objectives and research
contexts.

This systematic review included 4 MMS and 4 QES. MMS
combines quantitative and qualitative approaches, enabling
simultaneous evaluation of effects and underlying mechanisms,
whereas QES assesses impacts but is prone to selection bias
due to the absence of randomization or control groups [61].
Given the limited number of MMS and QES, the evidence is
scattered. These study types are suitable for identifying feasible
strategies and potential mechanisms in real-world contexts, but
should not be overgeneralized into universal conclusions. For
example, one study from each design type explored the
effectiveness and feasibility of DHIs for promoting physical
activity in adolescents with specific health conditions. As shown

in Table 2, the majority of studies within both research designs
demonstrated the direct effectiveness of DHIs, supporting the
applicability of these approaches. However, the overall quality
was moderate, likely due to small sample sizes and selection
bias. Given the limited number of studies, the evidence lacks
representativeness and should be interpreted with caution.

Beyond the evidence provided by different study designs, we
identified additional relevant findings. Compared with previous
systematic reviews [9-11], this review included multiple types
of DHIs and categorized them thematically. Results indicate
that most studies employed single-driver interventions, while
a minority utilized multimodal integrated or
interaction-enhanced interventions. Each intervention type
exhibits distinct characteristics, tailored to different target
populations and intervention phases (see Multimedia Appendix
3 and Table 2).

First, single-driver interventions, such as smartphone apps,
promote behavior change through goal setting and reminders
and are particularly effective during the initiation phase, leading
to significant increases in daily step counts [10,62]. However,
their effects are limited by the lack of continuous feedback,
restricting their applicability to short-term behavior promotion
[63]. Second, multimodal integrated interventions combine
wearable devices with mHealth technologies. These
interventions are well-suited for the long-term management of
high-risk populations, consistently increasing activity frequency
and reducing sedentary behavior [64,65]. Nevertheless, their
complexity and user burden may hinder acceptance and
adherence [66], highlighting the need for simplified workflows
to enhance participation.

Third, interaction-enhanced interventions leverage gamification
and social interaction to stimulate adolescents’ emotional and
social motivation, thereby increasing participation enthusiasm
and self-efficacy [67]. Their strength lies in enhancing
behavioral appeal and fostering sustained engagement, making
them potent drivers of short-term behavioral change. The core
mechanism involves strengthening individuals’ sense of
competence and execution capacity, enabling them to experience
accomplishment and receive positive feedback upon goal
attainment, thereby laying the foundation for long-term
behavioral strategies. However, effectiveness may vary among
individuals with weaker social motivation or limited digital
access [32,49]. Current research predominantly focuses on
single-driver interventions due to their operational simplicity.
Nonetheless, distinct characteristics and limitations emerge
across intervention types when applied to diverse adolescent
groups and developmental stages. Consequently, the selection
of intervention type can significantly influence outcomes,
particularly for specific populations and developmental phases.

On a broader scale, this systematic review highlights 2 critical
real-world challenges in DHIs. First, these interventions reflect
regional disparities and health inequalities [68]. North America,
particularly the United States, leads in research and
technological applications, emphasizing personalized feedback
and data tracking [69,70]. In Europe, although fewer studies
are conducted, there is a focus on educational and universal
approaches tailored to diverse sociocultural contexts [71].
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Meanwhile, the Middle East and Oceania explore a variety of
technological pathways within the constraints of limited
resources [72].

However, these regional disparities not only reflect differences
in technological adoption but also highlight digital health
inequalities across domains. Digital health disparities are
becoming increasingly prominent worldwide, particularly in
low- and middle-income countries [73], where significant gaps
persist in the accessibility and effectiveness of DHIs. These
disparities are largely influenced by factors such as infrastructure
development and digital literacy [74]. Therefore, in promoting
global DHIs, greater focus must be placed on addressing these
regional inequalities. Measures should be taken to allocate
resources appropriately and enhance technical support to ensure
the inclusivity and equity of technology.

Second, the technological dependency of DHIs is both a crucial
factor influencing outcomes and a determinant of long-term
adherence. When interventions rely on digital platforms, apps,
or wearable devices, participants’ sustained engagement may
be disrupted by technical issues, thereby affecting intervention
stability and the assessment of outcomes [75-77].

Mechanistically, the effectiveness of system design in
technological interventions largely determines participants’
long-term adherence, as supported by previous studies. For
example, Jakob et al [78] found that sustained use of mHealth
apps is influenced by design factors such as technical stability
and personalized push notifications. Similarly, Kelders et al
[79] demonstrated that digital interventions incorporating
persuasive design significantly enhance user adherence.
Therefore, addressing the negative impacts of technological
dependency represents a critical future development pathway
for DHIs.

Limitations
This systematic review has several key limitations. First, the
included studies exhibited considerable heterogeneity in design
type, intervention format, feedback mechanisms, duration, and
behavioral assessment methods. This heterogeneity limited
evidence consistency and hindered the integration and
generalizability of the findings. Second, many original studies
had brief evaluation periods and lacked medium- to long-term
follow-up data, complicating the assessment of intervention
sustainability and long-term impact. Additionally, some studies
had methodological limitations and insufficient reporting
transparency. Although most studies were of moderate to high
quality, these issues compromised the reliability and
generalizability of the evidence. Finally, despite conducting
multidatabase systematic searches, relevant literature may have
been omitted due to limitations in search coverage and potential
publication bias.

Therefore, future research can be enhanced in several areas.
First, the study design should be strengthened to elevate overall
evidence quality. Conducting more high-quality RCTs would
improve the scientific rigor and feasibility of intervention
studies. Standardization of intervention content and behavioral
indicators should be promoted, establishing a unified assessment
system to enhance comparability and integration of results across

studies. Simultaneously, methodological design and reporting
transparency should be improved to provide a more reliable
evidence base for systematic reviews.

Second, future research should integrate discussions of
intervention mechanisms and effects into study methodologies.
The subjective experiences and underlying mechanisms of DHIs
hold significant research value. Combining subjective experience
data with objective behavioral data can generate more
comprehensive and representative evidence. A deeper
understanding of the transformation processes underlying these
mechanisms will provide a foundation for developing
personalized intervention models. Finally, continuous research
should address practical issues, such as strengthening follow-up.
Study designs should incorporate more follow-up components
to systematically document postintervention behavioral
maintenance and motivational changes. Concurrently, attention
should be given to populations with specific health conditions,
digital health inequalities, and technology dependency
challenges, to enhance the interpretive power and practical
applicability of research in real-world contexts.

Conclusions
Against the backdrop of increasing physical inactivity and
sedentary behavior among adolescents globally, this systematic
review synthesizes evidence from 24 studies encompassing
diverse research designs and multiple types of DHIs. Compared
with previous systematic reviews that focused exclusively on
specific study designs or single technological formats, this
review provides a more holistic and comparative perspective
on emerging evidence. The integrated findings indicate that
DHIs generally contribute to enhancing adolescents’ physical
activity levels. However, their effectiveness varies considerably
across intervention types, research designs, and application
contexts. This finding addresses gaps in existing research,
suggesting that both the adaptability of interventions and the
implementation setting play crucial roles in shaping outcomes.
Distinct strengths were observed across different research
designs: RCTs provided relatively reliable evidence for direct
and long-term intervention effects, while QR and CSS
contributed to understanding underlying mechanisms and
associations. QES and some MMS offered relatively limited
representativeness due to scattered evidence. This finding
supplements and refines the existing understanding of the
evidence structure for DHIs. Further analysis indicates that the
suitability of different DHIs varies across adolescent populations
and practice settings, with the choice of intervention type
significantly influencing outcomes. Concurrent attention to
adolescents with specific health conditions, digital health
inequities, and technology dependency challenges provides new
perspectives for equitable implementation and sustainable
scaling of DHIs in real-world settings. Despite limitations in
the existing evidence—including methodological bias,
inconsistent study quality, and insufficient follow-up data—the
findings of this review remain valuable for understanding the
role of DHIs in promoting adolescent physical activity. They
provide useful insights for practical application, global health
promotion, health equity, and innovation in cross-cultural
intervention strategies. Future research should integrate the
strengths of diverse study designs to conduct high-quality,
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long-term follow-up studies. Such studies should
comprehensively consider target population characteristics,

intervention duration, and regional variations to enhance the
effectiveness and scalability of DHIs in real-world settings.
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