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Abstract

Background: Obesity in adolescence is associated with many adverse health and well-being outcomes. Physical activity plays
an important role in the prevention of obesity; however, many adolescents with overweight and obesity are physically
inactive. Digital behaviour change interventions (DBCI) are increasingly used to increase physical activity; however, there
is insufficient evidence on their use in promoting physical activity among adolescents with overweight and obesity, including
its active components. This review aims to evaluate the effectiveness of DBCls in promoting physical activity among adoles-
cents with overweight and obesity and to identify the behaviour change techniques (BCTs) used in these interventions.

Methods: Seven electronic databases were searched for randomized controlled trials and quasi-experimental studies evalu-
ating DBClIs for physical activity promotion in adolescents with overweight and obesity aged 10-19 years. The risk of bias in
the included studies was assessed using Cochrane’s Risk of Bias tool 2 and ROBINS-I tool. Meta-analyses were performed
using random effects models. The BCTs used within the DBCls were coded using the Behaviour Change Technique taxonomy
(v1).

Results: Eighteen studies involving 1769 participants were included. DBCls showed a large, significant positive effect on total
physical activity (SMD=1.61, 95% Cl: [0.56, 2.66], p=0.003), but non-significant effects on moderate-to-vigorous physical
activity (MVPA) (SMD =0.16, 95% Cl: [—0.39, 0.71], p=0.56) and step count (SMD =—0.10, 95% Cl: [-0.52, 0.32], p=0.65).
High heterogeneity was observed in total physical activity and MVPA analyses. The most frequently used BCTs were infor-
mation about health consequences, goal setting, self-monitoring, feedback on behaviour and social support.

Conclusion: DBCls can effectively promote overall physical activity among adolescents with overweight and obesity, although
their impact on MVPA and step count remains unclear. Future research should focus on optimizing BCT combinations and
improving long-term engagement while addressing intervention effect variability.

Systematic review registration: PROSPERO CRD42021270008
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Background

Overweight and obesity among adolescents have become a
significant global health concern. According to the World
Health Organization (WHO), the prevalence of overweight
or obesity in children and adolescents aged 5-19 years
increased from 10% in 1990 to 28% in 2022." This trend is
particularly concerning, as obesity during adolescence tends
to persist into adulthood, increasing the risk of chronic
health conditions.? Adolescents with overweight and obesity
face numerous health consequences,” including metabolic dis-
orders,”* cardiovascular diseases” and psychological challenges
such as low self-esteem, poor body image and increased risk
of mental health disorders.®” These health risks, combined
with social stigmatization and discrimination,® highlight the
urgent need for effective interventions to promote healthy life-
styles in this population.

Physical activity is crucial in managing obesity among ado-
lescents, with WHO recommending at least 60 minutes of
moderate-to-vigorous physical activity (MVPA) daily, includ-
ing muscle- and bone-strengthening activities three times
weekly.” Despite the well-established benefits of physical
activity, including improved body composition,'® cardiovas-
cular ﬁtness,11 and mental health outcomes,12 many adoles-
cents with overweight and obesity fail to meet the
recommended levels of MVPA.'"* Common barriers include
low motivation, body image concerns, limited access to phys-
ical activity opportunities, and the increasing prevalence of
sedentary behaviours.'*"”

Digital behaviour change interventions (DBClIs) have
emerged as a promising approach to promote physical
activity, using technologies such as smartphones, wearable
devices, and the internet to deliver behaviour change strat-
egies.'® These interventions offer advantages such as broad
reach, cost-effectiveness and personalized content deliv-
ery.'”! Previous reviews have shown that technology-
based interventions can effectively promote physical activ-
ity in adolescents.?**?

A crucial aspect of understanding intervention effectiveness
is examining the specific components that drive behaviour
change. The Behaviour Change Technique (BCT) Taxonomy
v1 provides a standardized method for identifying and coding
the ‘active ingredients’ of interventions.** This taxonomy

comprises 93 distinct BCTs organized into 16 clusters, enabling
systematic description, replication and synthesis of successful
intervention approaches.”* DBCIs commonly incorporate
various BCTs, such as goal setting, self-monitoring, feedback
and social support, delivered through engaging features such
as gamification and virtual coaching.”’ Understanding
which BCTs are most effective in digital interventions targeting
adolescents with overweight and obesity is essential for opti-
mizing future intervention designs.

While individual studies have examined digital interven-
tions for physical activity promotion in adolescents with
overweight and obesity, several knowledge gaps exist.
These include the lack of a systematic synthesis specifically
focusing on this population, limited understanding of
effective BCTs, and the need for an updated review captur-
ing recent technological advances. Furthermore, most
reviews have focused on the general adolescent population,
without specifically examining the effectiveness of DBCIs
among adolescents with overweight and obesity, who
may face unique barriers to physical activity engagement.'*
Therefore, this systematic review and meta-analysis aims to
address two research questions: (1) What is the effective-
ness of DBCIs in promoting physical activity among ado-
lescents with overweight and obesity? and (2) Which
BCTs are most commonly used in DBCIs targeting physical
activity promotion in adolescents with overweight and
obesity? This review will provide an overview of the
current state of evidence into the overall effectiveness of
these interventions, and inform the development and imple-
mentation of digital interventions promoting physical activ-
ity among adolescents with overweight and obesity.

Methods

This systematic review and meta-analysis was conducted
following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines™®
(Supplementary Appendix A). The systematic review
protocol has been described in full elsewhere” and was
registered with the International Prospective Register of
Systematic Reviews (PROSPERO) prior to the commence-
ment of data extraction (CRD42021270008).
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Eligibility criteria
Studies were included in the systematic review if they met
the following criteria, defined using the PICOS framework:

Population. The study participants were adolescents aged
10-19 years, classified as overweight or obese according
to age- and sex-specific body mass index (BMI) percentiles,
with overweight defined as a BMI between the 85th and
95th percentile and obesity defined as a BMI at or above
the 95th percentile.’® Studies that included a mixed popula-
tion of overweight, obese, and normal-weight adolescents
were eligible if they reported subgroup analyses for the
overweight and obese participants or if the majority
(>50%) of the study population was overweight or obese.

Intervention. Eligible studies included DBClIs aimed at pro-
moting or increasing physical activity, either as a primary or
secondary goal. Digital interventions included, but were not
limited to, smartphone apps, websites, wearable devices,
exergames, text messaging programmes or social media-
based interventions. Interventions combining digital and
non-digital components were included if the digital technol-
ogy was integral to delivering the core intervention content,
rather than serving only as a supplementary tool.

Comparators. Studies were eligible if they compared the
effectiveness of DBCI to a control condition, such as no
intervention, usual care, waitlist control or non-digital inter-
vention (e.g. face-to-face counselling, printed materials).
Studies that compared two or more DBCIs without a
control condition were also eligible, as they could provide
valuable information about the relative effectiveness of dif-
ferent intervention designs, BCTs or delivery modes.

Outcomes. The primary outcomes of interest were object-
ively or subjectively measured changes in physical activity
levels. Objective measures of physical activity included
accelerometers, pedometers or heart rate monitoring,
which provide direct and reliable data on the frequency,
duration and intensity of physical activity.®' These
devices could capture various aspects of physical activity,
such as minutes spent in MVPA, steps per day or metabolic
equivalence of task (MET) hours.? Subjective measures
included self-reported questionnaires, diaries or interviews,
which rely on participants’ recall and perceptions of their
physical activity levels.** Secondary outcomes (if reported)
included changes in body composition (e.g. BMI, waist
circumference, body fat percentage), changes in fitness
measures (e.g. cardiovascular fitness, muscle strength), psy-
chosocial outcomes (e.g. self-efficacy, motivation, quality
of life), behavioural outcomes (e.g. sedentary behaviour,
screen time, or dietary habits) or physiological outcomes
(e.g. blood pressure, lipid profiles).

Study designs. Eligible study designs included randomized
controlled trials (RCTs), cluster RCTs and quasi-
experimental studies with a control group.

Non-eligible studies. Studies were excluded from the review
if (a) they focused solely on children (<10 years) or adults
(>19 years); (b) studies where the digital component was
not the primary mode of intervention delivery (i.e. digital
technologies were used only for data collection or as a
minor supplement to a primarily non-digital intervention).
Hybrid interventions were excluded if the digital compo-
nents were not central to delivering the core intervention
content; (c) interventions targeting only diet or other
health behaviours without a physical activity component;
(d) studies without a control or comparison group; (e) cross-
sectional studies, case reports, qualitative studies, confer-
ence abstracts, protocols and review articles; and (f)
studies not published in English. No restrictions were
placed on the publication date of studies.

Information sources and search strategy

A comprehensive literature search was conducted to iden-
tify relevant studies published up to April 2024. The fol-
lowing electronic databases were searched: PubMed/
MEDLINE, Scopus, Web of Science, Cochrane Central
Register of Controlled Trials (CENTRAL), PsycINFO,
EMBASE and CINAHL. The search strategy included a
combination of Medical Subject Headings (MeSH) terms
and free-text keywords, adapting the search strategy for
each database as necessary. The search strategy included
terms related to four main concepts: (a) population: adoles-
cents, teenagers, youth; (b) condition: overweight, obesity;
(c) intervention: digital interventions, eHealth, mHealth,
apps, web-based; and (d) outcome: physical activity, exer-
cise, fitness. The search terms were adapted for each data-
base and were combined using Boolean operators (AND,
OR) and proximity operators (e.g. ADJ, NEAR) as appro-
priate. An example of the full search strategy used for
PubMed/MEDLINE is provided in Supplementary
Appendix B. This strategy was adapted for use in other
databases, accounting for database-specific syntaxes and
subject headings. To ensure comprehensive coverage, the
reference lists of included studies and relevant systematic
reviews were manually searched to identify additional eli-
gible studies. No date restrictions were applied to ensure
a comprehensive review of all relevant literature.

Study selection process

The study selection process for this systematic review and
meta-analysis followed a two-stage approach, which
included an initial screening of titles and abstracts, followed
by a full-text review of potentially eligible studies. This
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process was conducted independently by two reviewers (PS
and NF) to minimize the risk of bias and ensure the reliabil-
ity of the study selection. In the first stage, the titles and
abstracts of all records identified through the search strategy
were screened against the predefined eligibility criteria
using a standardized screening tool. Records that did not
meet the eligibility criteria were excluded at this stage. If
there was insufficient information in the title and abstract
to determine eligibility, the record was retained for full-text
review. Any disagreements between the reviewers were
resolved through discussion or by consulting a third
reviewer (NAM) if necessary. In the second stage, the full-
text articles of all potentially eligible records were retrieved
and reviewed. The reviewers independently assessed each
full-text article against the eligibility criteria using a stan-
dardized data extraction form. Any disagreements were
resolved through discussion or by consulting a third
reviewer (NAM) if necessary. The reasons for excluding
studies during the full-text review were recorded. Studies
were excluded at this stage if they did not meet the eligibil-
ity criteria related to the population, intervention, compara-
tor, outcomes, or study design, or if the full text was not
available or the article was a duplicate publication. The
study selection process was documented using a PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) flow diagram.**

Data extraction and management

All search results were imported into EndNote X9
(Clarivate Analytics, Philadelphia, PA, USA) for dedupli-
cation. After deduplication, the remaining records were
imported into Covidence (Veritas Health Innovation,
Melbourne, Australia) for screening and data extraction.
Following the study selection process, relevant data were
extracted from the included studies using a standardized
data extraction form. Two reviewers (PS and NF) independ-
ently extracted data from each included study. Any discrep-
ancies in the extracted data were resolved through
discussion, and if necessary, by consulting a third reviewer
(NAM).

The following information was extracted from each
study:

1. Study characteristics: first author’s name, year of publi-
cation, country of study, study design (e.g. RCT, cluster
RCT, quasi-experimental), sample size (total and per
group), study duration and follow-up periods

2. Participant characteristics: age (mean, range), gender
distribution, baseline BMI or weight status, any relevant
sociodemographic information

3. Intervention details: type of digital technology used (e.g.
smartphone app, website, wearable device), description
of the intervention components, duration and frequency
of the intervention, theoretical framework used (if any),

BCTs employed (coded using the BCT Taxonomy v1),
details of any non-digital components (if applicable)

4. Comparison group details: description of the control or
comparison condition

5. Outcome measures: (a) primary outcome: physical
activity measures (e.g. minutes of MVPA, steps per
day, total physical activity), including measurement
tool used (e.g. accelerometer, pedometer, self-report
questionnaire), and time points of measurement; (b) sec-
ondary outcomes (if reported): body composition mea-
sures (e.g. BMI, body fat percentage), physical fitness
measures, including measurement tools and units, and
time points assessed

6. Results: (i) main findings for primary and secondary
outcomes; (ii) between-group differences and effect
sizes (if reported); (iii) mean and standard deviations
or other relevant statistical analyses used.

7. Additional information: (a) funding sources, (b) con-
flicts of interest, (c) ethical approval.

For studies with multiple intervention arms, data for all rele-
vant comparisons were extracted. If any required data were
missing or unclear in the included studies, attempts were
made to contact the study authors for clarification. If
the authors did not respond or were unable to provide the
requested information, the study was analysed using the
available data, and the missing data were noted in
the review. To ensure accuracy and consistency in data
extraction, the data extraction data form was piloted on a
random sample of five included studies. This process
allowed us to refine the form and establish a common
understanding among reviewers before proceeding with
full data extraction. All extracted data were entered into a
spreadsheet with each study assigned a unique identifier.
For the BCT coding, two reviewers (PS and NF) independ-
ently coded the BCTs used in each intervention using the
BCT Taxonomy v1.** Any disagreements in coding were
resolved through discussion or by consulting a third or
fourth reviewer (NF/CE).

Assessment of risk of bias

The quality of the included studies was assessed independ-
ently by two reviewers (PS and NF) using standardized
tools. For randomized controlled trials (RCTs) and cluster
RCTs, the risk of bias was assessed using the Cochrane
Risk of Bias Tool (RoB 2).>> This tool evaluates the risk
of bias across five domains: (a) randomization process,
(b) deviations from intended interventions, (c) missing
outcome data, (d) measurement of the outcome, and (e)
selection of the reported result. Each domain was judged
as having a low risk, high risk, or some concerns of bias,
and an overall risk of bias judgment was made for each
study based on the domain-level judgements. For
quasi-experimental studies, the risk of bias was assessed
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using the Risk Of Bias In Non-randomized Studies of
Interventions (ROBINS-I) tool.?® This tool evaluates the
risk of bias across seven domains: (a) confounding, (b)
selection of participants into the study, (c) classification
of interventions, (d) deviations from intended interventions,
(e) missing data, (f) measurement of outcomes, and (g)
selection of the reported result. Each domain is judged as
having a low risk, moderate risk, serious risk, or critical
risk of bias, and an overall risk of bias judgment is made
for each study based on the domain-level judgments. Any
disagreements between the reviewers regarding the
quality assessment were resolved through discussion or
by consulting a third reviewer (NAM).

Data synthesis and analysis

The extracted data from the included studies were synthe-
sized using both qualitative and quantitative methods. The
approach to data synthesis was as follows:

Qualitative synthesis. A narrative synthesis was conducted to
summarize the key characteristics, methodological quality,
and main findings of the included studies. This synthesis
was structured around the following aspects: (a) characteris-
tics of the digital interventions (e.g. type of technology used,
duration, frequency of use); (b) BCTs employed in the inter-
ventions; and (c) patterns in the effectiveness of interventions
across different study characteristics.

Quantitative synthesis (meta-analysis). A meta-analysis was
conducted using Review Manager 5.4 (The Cochrane
Collaboration, 2020) for outcomes reported by at least
two studies with comparable measures. The meta-analysis
followed the recommendations of the Cochrane
Handbook for Systematic Reviews of Interventions and
was reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement.>’

The primary outcome of the meta-analysis was changes
in physical activity levels from baseline to post-
intervention. If studies reported multiple physical activity
outcomes, objective measures (e.g. accelerometer data)
were prioritized over self-reported measures. If studies
report outcomes at multiple time points, the longest
follow-up data was used to assess the sustained effects of
the interventions. For physical activity outcomes, standar-
dized mean differences (SMDs) were calculated to
account for differences in measurement tools and units
across studies. The meta-analysis was conducted using a
random-effects model due to the expected heterogeneity
among studies. The inverse variance method was used to
weight the studies. Statistical heterogeneity was assessed
using the I? statistic and the chi-squared test, with values
of 25%, 50% and 75% indicating low, moderate and high
heterogeneity, respectively. Sensitivity analyses were

performed to assess the robustness of the meta-analysis
results, by excluding studies with high risk of bias and non-
randomized studies. All statistical tests were two-sided,
with  p<0.05 considered statistically significant.
Outcomes that could not be meta-analysed were narratively
reported due to insufficient data or incompatible outcome
measures. To address the issue of missing data, we con-
tacted study authors for additional information when neces-
sary. If data remained missing, we used available
information (e.g. t-values, p-values) to calculate effect
sizes where possible.

Behaviour change techniques (BCT) analysis. The BCTs used
in each intervention were coded using the BCT Taxonomy
v1.* Two reviewers (PS and NF) independently coded the
BCTs, with disagreements resolved through discussion or
consultation with a third and fourth reviewer (NAM/CE).
The frequency of each BCT across interventions was calcu-
lated using descriptive analysis.

Results

The study selection process, following the PRISMA guide-
lines, is summarized in Figure 1. The initial electronic data-
base search yielded a total of 2497 records. After removing
duplicates, 2125 records were screened based on their titles
and abstracts. Of these, 1954 records were excluded as they
did not meet the inclusion criteria. The remaining 171 arti-
cles underwent full-text review to assess their eligibility for
inclusion in the systematic review and meta-analysis.
During this stage, 152 articles were excluded for the follow-
ing reasons: not targeting adolescents with overweight or
obesity (n=49), not using a DBCI (n=37), not focusing
on physical activity promotion (n=29), not a randomized
controlled trial or quasi-experimental study (rn=19), no
relevant physical activity outcomes reported (n=17), and
duplicate or secondary analysis of an included study (n=
2). The study selection process was conducted independ-
ently by two reviewers (PS and NF), with disagreements
resolved through discussion or by consulting a third
reviewer (NAM). The high level of agreement between
the reviewers (Cohen’s k=0.86) indicates the reliability
of the study selection process. Additionally, two articles
were identified through hand-searching the reference lists
of the included studies and relevant systematic reviews.
These articles underwent the same selection process as
the records identified through the electronic database
search. In total, 18 studies met all the inclusion criteria
and were included in the qualitative synthesis. These
studies comprised 15 randomized controlled trials and
three non-randomized controlled studies. Of these, 13
studies provided sufficient data for inclusion in the
meta-analysis.
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Records identified through
database searching (n=2497)

Additional records identified via

hand search (n=2)

A A,
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A

Records titles and abstracts
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.

for eligibility
(n=171)

Full-text articles assessed

Studies excluded: (n=153)

A

A 4
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systematic review (n=18)

Wrong intervention: n=37
Not targeting PA: n=29
Wrong study design: n=19

.

No relevant outcome: n=17
Duplicate/secondary
analysis: n=2

analysis (n=13)

Studies included for meta-

Figure 1. PRISMA flow diagram.

Study characteristics

The key characteristics of the 18 studies included studies in
the systematic review are summarized in Table 1. The
included studies were published between 2006 and 2022,
and were conducted across various regions, with the major-
ity being the USA (n=7),>** followed by Europe (n=
5,2 Asia (n=4)>"" and Australia (n=2).>*>> The
study designs were predominantly randomized controlled
trials (RCTs) (n=15, 83.3%), with the remaining studies
being non-randomized studies. The total number of partici-
pants across all included studies was 1769, with sample
sizes ranging from 31 to 361 participants. The mean age
of participants ranged from 10.5 to 16.8 years. The propor-
tion of female participants varied across studies, with some
studies having an equal distribution of males and females,
while others had a higher proportion of either
gender,*'*2434732 o1 only one gender (girls).>®394-54

All included studies targeted adolescents with over-
weight or obesity, with most studies using BMI percentile
or z-score to define overweight and obesity status. The
mean baseline BMI ranged from 28.3 kg/m? to 36.4 kg/
m2. Some studies also used waist circumference,‘m’s1’52

waist-to-hip ~ ratio***>3°°  or body fat percent-
age*!45-2153:54 45 additional measures of obesity. The dur-
ation of the intervention ranged from 4 weeks to 24 months,
with the majority of studies lasting between 3 and 6 months.

The digital platforms used to deliver the behaviour change
interventions included websites (n =5),38’41’46’48’5 ! mobile
devices (n= 5),44’45 505254 wearable devices (n= 2),47’49
social media (n=1),* telephone calls (n=3)*"%>5 and
dance exergaming (n = 2).**** Some studies used a combin-
ation of digital platforms to deliver the intervention
components, ¥041:47:49:53.55

The most common BCTs incorporated in the interven-
tions were goal setting (behaviour) (n=13), information
about health consequences (n=12), self-monitoring of
behaviour (n=11) and feedback on behaviour (n=9), as
coded using the BCT Taxonomy v1.>* The number of
BCTs used in each intervention ranged from 4 to 14, with
a median of eight BCTs per intervention.

The included studies utilized various theoretical
frameworks as guidance for the interventions. Social
Cognitive Theory was the most prevalent, serving as the
foundation in five studies (27.8%).43#*49535% Tyo
studies utilized the Transtheoretical Model as their
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Table 2. Risk of bias of included RCTs.

Study D1 D2 D3

D4 D5 Overall

Abraham 2015

Chen 2017

Stasinaki 2021

Staiano 2016

Smith 2014

Currie 2017

Dzielska 2020

Williamson 2006

Ruotsalainen

2015

Nawi 2015

Likhitweerawong

2020

Nguyen 2012

Maloney 2012

Patrick 2013

Saelens 2022

: low risk;  : some concerns; ‘: high risk; D1: randomization process; D2: deviations from intended
interventions; D3: missing outcome data; D4: measurement of the outcome; D5: selection of the reported result.

theoretical framework,*'>> while two others based
their intervention on Self-Determination Theory.**>*
Additionally, several studies drew upon other theoretical fra-
meworks, including Behavioural Determinants Model,*'
Theory of Compliance*” and Health Belief Model.*

The comparison groups in the included studies varied,
with the majority using a no-intervention/wait-list control
group (n = 8)*%4648:302754 41 4 minimal intervention/active
control group (n=10),>*449315 quch as providing
general health information or a single educational session.

Physical activity was measured as the primary
outcome in seven s.tudies,39’40’42"“"46’47’57 and as a sec-
ondary outcome in 10 studies.*®*!*>4¥°955 Opjective mea-
sures included accelerometers,>**47* pedometers®****
and physical capacity tests,*> while self-report question-
naires were also used.*®* #4535 Secondary outcomes
reported in the studies included sedentary behaviour, diet,
BMI and body composition. Additionally, some studies
assessed fitness and psychosocial variables such as self-
efficacy and motivation.
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Table 3. Risk of bias of non-randomized studies of interventions.

Riiser et al., 2014 Moderate Moderate Low
Sousa et al., 2015 Moderate Moderate Low
Wongtongtair et al., 2022 Serious Moderate Low

Low Moderate Serious Moderate Serious
Moderate Serious Moderate Moderate Serious
Low Low Moderate Low Serious

D1: confounding; D2: selection bias; D3: classification of interventions; Du: deviations from intended interventions; D5: missing data; D6: measurement of

outcomes; D7: selection of the reported result.

Heterogeneity: Tau? = 0.17; Chi? = 7.87, df = 2 (P = 0.02); I = 75%
Test for overall effect: Z = 0.58 (P = 0.56)

Control DBCI Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% Cl Year IV, Random, 95% CI
Maloney 2012 -2.93 5.01 20 -14.39 19.62 24 28.9% 0.76 [0.14, 1.37] 2012 —
Ruotsalainen 2014 2.7 29.4 30 1.3 203 14 28.3% 0.05 [-0.58, 0.69] 2014 —
Smith 2014 -0.4 457 181 0.3 3.75 180 42.8% -0.17 [-0.37, 0.04] 2014 -
Total (95% CI) 231 218 100.0% 0.16 [-0.39, 0.71]

2 -1 0 1 2
Favours [Control] Favours [DBCI]

Figure 2. Forest plot on the effect of DBCls on MVPA.

The included studies varied in their approach to
follow-up assessments. More than half of the studies (13
studies, 72.2%) conducted assessments only immediately
post-intervention, offering valuable data on the short-term
impact of DBCIs. Three studies included follow-up
periods ranging from 3 to 6 months post-
intervention,**#4° Notably, two studies®>> extended
their follow-up to more than 6 months post-intervention,
providing crucial information on the long-term mainten-
ance of physical activity behaviours and other outcomes.

Risk of bias assessment

The risk of bias assessment for all included studies is shown
in Table 2 (for RCTs) and Table 3 (for Non-Randomized
Studies of Interventions). Among the 15 RCTs, no studies
were judged to have a low risk of bias across all domains,
10 studies had some concerns, and five studies were consid-
ered to have a high risk of bias,?*4!1:43-21:53

The main reasons for the high risk of bias were primarily
due to concerns about the measurement of the self-reported
physical activity outcome, some concerns about attrition,
lack of information on allocation concealment, and some
missing outcome data. Only two studies reported allocation
sequence concealment in addition to the use of computer-
generated randomization system hence was judged to
have low risk of bias in the randomization process.*>>
Outcome data were reasonably well-reported in all RCTs;
however, only three studies reported blinding of the
outcome assessors.>”>>>> With regards to the selection of
the reported result, five studies were judged to have some
risk of bias as no previous protocol publication with

specified analysis plan could be identified.?®°*!-3
Based on the risk of bias assessment using the ROBINS-I
tool, all three non-randomized studies were judged to
have an overall serious risk of bias (Table 3). The main
areas of concern were confounding, selection of partici-
pants and measurement of outcomes. These limitations
should be considered when evaluating the strength of evi-
dence provided by these non-randomized intervention
studies.

Effectiveness of DBCls

Qualitative synthesis. Narrative synthesis of the included
studies revealed several key themes and patterns in the
effectiveness and implementation of DBCIs for promoting
physical activity among adolescents with overweight and
obesity. Of the 18 studies included in this review, eight
studies reported significant improvements in physical activ-
ity outcomes in the DBCI group compared to the control
group, 8394244454850 Notaply,  mobile-based interven-
tions, particularly those utilizing smartphone apps, were
associated with better outcomes and greater effectiveness
compared to other digital platforms,*****°% as well as
higher engagement rates.****3* The effectiveness of
DBClIs appeared to be influenced by the duration of the
intervention. Studies with longer intervention periods
(=12 weeks)* %449 generally reported larger and more
sustained improvements in physical activity compared to
studies with shorter intervention periods (<8 weeks).***>*
The specific BCTs used in the interventions varied
across studies. However, some common techniques that
were associated with effective interventions included goal
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DBCI Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Abraham 2015 0.75 2.05 16 0.5 2.99 16 12.9% 0.10 [-0.60, 0.79] -
Chen 2017 0.73 1.13 23 -0.04 1.64 17 13.0% 0.55 [-0.09, 1.19] r—
Nawi 2014 1,426.5 5,326.5 47 1,294.75 9,429 50 13.4% 0.02 [-0.38, 0.42] T
Patrick 2013 -10.9 14.28 26 -114.9 125 25  10.3% 7.62 [5.99, 9.25] - =
Ruotsalainen 2014 1.5 2.9 14 0.1 1.7 14 12.7% 0.57 [-0.19, 1.33] Bl
Saelens 2002 1.1 5.33 20 0.8 5.67 19  13.0% 0.05 [-0.57, 0.68] -
Sousa 2015 0.14 0.49 48 0.12 0.61 46 13.4% 0.04 [-0.37, 0.44] &
Wongtongtair 2022 43.74 38.65 26 -175.15 35.9 26 11.4% 5.78 [4.50, 7.06] =
Total (95% Cl) 220 213 100.0% 1.61 [0.56, 2.66] L 2
Heterogeneity: Tau? = 2.12; Chi? = 152.10, df = 7 (P < 0.00001); I> = 95% 5710 755 ) é 105
Test for overall effect: Z = 2.99 (P = 0.003) Favours [control] Favours [DBCI]

Figure 3. Forest plot on the effect of DBCls on total PA.

setting, action planning, self-monitoring, feedback and
social support***® as studies that incorporated combina-
tions of these BCTs, tended to show more positive out-
comes. Many interventions incorporated social elements,
either through direct social support or by facilitating peer

interactions within the digital platforms.*!:244:46-51

Meta-analysis results. Meta-analyses were conducted for
three physical activity outcomes: MVPA, total physical
activity (PA), and daily step counts. A total of 13 studies
provided sufficient data for inclusion in these analyses.

The meta-analysis comparing DBCIs to control condi-
tions on MVPA included three studies (n =231 in control,
n=218 in DBCI) (Figure 2). The pooled effect size was
0.16 (95% CI: [—-0.39, 0.71]), indicating a small positive
effect favouring DBClIs, but this effect was not statistically
significant. Moderate heterogeneity was found between the
studies (> =75%, p=0.02).

Eight studies (n =220 in DBCI, n =213 in control) were
included in the meta-analysis of DBCIs on total physical
activity (Figure 3). The pooled effect size was 1.61 (95%
CI: [0.56, 2.66]), indicating that DBCIs were effective in
promoting total physical activity among adolescents with
overweight and obesity compared to control conditions,
which was statistically significant (Z=2.99, p=0.003).
However, significant heterogeneity was observed among
the studies (1> =95%, p <0.00001).

Two studies were included in the meta-analysis of daily
step counts (n =48 in DBCI, n =40 in control). The pooled
effect size was —0.10 (95% CI: [0.52, 0.32], p = 0.65), indi-
cating a small, non-significant difference slightly favouring
the control group (Figure 4). No significant heterogeneity
was found between the studies (Z=0%, p=0.51).

Subgroup and sensitivity analyses

Due to the limited number of studies included in each
meta-analysis and the diverse range of DBCIs, subgroup
analyses were not performed. The interventions varied con-
siderably in terms of their design, content, delivery mode
and technological platforms, making it challenging to cat-
egorize them into distinct and meaningful subgroups.

A sensitivity analysis was conducted by excluding
studies with a high risk of bias. After this exclusion, the
pooled effect size for total physical activity remained sig-
nificant and positive (SMD =1.48, 95% CI: [0.16, 2.80],
p=0.028, 12:97%), indicating a large effect of DBClIs
on total physical activity compared to control conditions,
though slightly smaller than the main analysis. Another sep-
arate sensitivity analysis including only randomized con-
trolled trials (RCTs) (n=6) was performed, excluding
quasi-experimental studies. The effect size remained
similar (SMD =1.21, 95% CI: [0.12, 2.32], p=0.03, =
94%), indicating that the inclusion of quasi-experimental
studies did not substantially impact our overall conclusions.

Secondary outcomes

In addition to physical activity, the included studies
reported several secondary outcomes, including changes
in BMI, body weight, sedentary behaviour and
health-related quality of life (HRQoL). BMI and body
weight outcomes were reported in 16 studies. Of these,
eight studies found significant reductions in BMI and/or
body weight in the intervention group,’®#0-44:45:48.50.52.55
while eight studies reported no significant differences
between groups.*!#340:47:49.51.53.54 gedentary behaviour
outcomes were reported in eight studies. Four studies
found significant reductions in sedentary time or screen
time in the intervention glroup,’%g"“"w’54 while four studies
reported no significant differences between
groups.**46255 HRQoL outcomes were reported in three
studies, using various validated questionnaires such as the
Pediatric  Quality of Life Inventory (PedsQL),*'
KIDSCREEN*® and Impact of Weight on Quality of
Life.** Two studies found significant improvements in
HRQoL scores in the intervention group compared to the
control group,*'**® while one study reported no significant
differences between groups.*!

BCTs used in interventions

A total of 35 distinct BCTs were identified across the 18
included studies (Table 4). The number of BCTs used in
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DBCI Control

Study or Subgroup Mean SD Total Mean SD Total

Std. Mean Difference Std. Mean Difference

Currie 2017
Maloney 2012

110.5 3,571.55 34 160.1 3,222.77 30
-1,383.04 4,374.81 14 -152.78 1,876.12 10

Total (95% CI) 48
Heterogeneity: Tau? = 0.00; Chi? = 0.43, df = 1 (P = 0.51); I> = 0%
Test for overall effect: Z = 0.46 (P = 0.65)

40

Weight IV, Random, 95% CI IV, Random, 95% CI
73.5% -0.01[-0.51, 0.48]
26.5% -0.33 [-1.15, 0.49]

100.0% -0.10 [-0.52, 0.32]

t + J
-5 10

~10 0 5
Favours [control] Favours [DBCI]

Figure L. Forest plot on the effect of DBCls on daily step counts.

each intervention ranged from four to 14, with a median of
eight BCTs per intervention The most commonly used
BCTs were information about health consequences (n=
13/18, 72.2%), goal setting (behaviour) (n=12/18,
66.7%), self-monitoring of behaviour (n=10/18, 55.6%),
instruction on how to perform the behaviour (n=10/18,
55.6%) and feedback on behaviour (n=28/18, 44.4%). Six
studies wused a combination of 12 or more
BCTs, 84041475154 while two studies used fewer than
five BCTs.*>*? Less frequently used but notable BCTs
included social support (unspecified) (38.9%), problem
solving (33.3%,) and action planning (22.2%). Among the
seven studies that reported significant improvements in
physical activity outcomes, the most frequently used
BCTs were information about health consequences
(71.4% of effective studies), goal setting (behaviour)
(57.1%), self-monitoring of behaviour (57.1%), feedback
on behaviour (57.1%) and social support (unspecified)
(57.1%).

Discussion

This systematic review and meta-analysis provide a com-
prehensive evaluation of DBCIs aimed at promoting phys-
ical activity among adolescents with overweight and
obesity. Our findings offer valuable insights into the effect-
iveness of these interventions and highlight key factors that
influence their success.

DBClIs demonstrated a large, significant positive effect
on total physical activity levels, which suggests that these
interventions can be effective tools for increasing physical
activity in adolescents with overweight and obesity. The
large positive effect observed for total physical activity is
notably higher than effects reported in previous
meta-analyses of physical activity interventions for
general adolescent populations.**>® Our larger effect size
suggests that DBCIs may be particularly effective for ado-
lescents with overweight and obesity. However, the high
heterogeneity in our analysis indicates substantial variabil-
ity in intervention effects, which is consistent with findings
from previous review of digital health interventions.” In
contrast to total physical activity, our analysis showed a
non-significant effect of DBCIs on MVPA. This result is
somewhat surprising given that many physical activity
guidelines focus on increasing MVPA.? It also differs
from the findings of a previous review, which reported

positive effects of active video games on MVPA in children
and adolescents.®® The discrepancy may be due to the spe-
cific challenges faced by adolescents with overweight and
obesity in engaging in higher-intensity activities or limita-
tions in how DBCIs target MVPA. Given the small
number of studies, the small sample sizes and the non-
significant overall effect, the findings on the effectiveness
of DBCIs in increasing step count among adolescents
with overweight and obesity are inconclusive based on
the current evidence. Further research with larger sample
sizes, more studies and possibly longer intervention dura-
tions may be needed to draw more definitive conclusions
about the impact of DBCIs on step count in this population.

Our review identified substantial heterogeneity in inter-
vention content and focus. Among the included studies,
four interventions focused solely on physical activity pro-
motion, while 14 adopted a multi-behavioural approach
combining physical activity with dietary modifications.
While this distribution of intervention types is noteworthy,
formal subgroup analyses were not conducted due to the
limited number of studies with compatible outcome data
in our meta-analyses, which would have resulted in sub-
groups too small for meaningful statistical comparison.
Future research with larger numbers of studies using com-
parable outcome measures is needed to enable such com-
parative analyses. Furthermore, the heterogeneity and
variability in results across different physical activity out-
comes underscore the complexity of digital interventions
and behaviour change in this population; as well as the
importance of considering factors such as intervention
design, duration, and participant characteristics to optimize
the effectiveness of these digital interventions.

The most frequently employed BCTs in effective inter-
ventions were information about health consequences,
goal setting (behaviour), self-monitoring of behaviour,
feedback on behaviour, and social support. This combin-
ation of techniques aligns with established behaviour
change theories and previous research on effective interven-
tion components.®’®> Information about health conse-
quences serves as a foundational element, potentially
enhancing motivation by increasing awareness of the bene-
fits of physical activity. This aligns with the Health Belief
Model, which suggests that perceived benefits are crucial
for behaviour change.®® The importance of this BCT is
further supported by a recent systematic review, which
identified ‘information about health consequences’ as a
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Table &. Frequency of behaviour change techniques (BCTs) used in the included studies.

5.1

1.1

2.3

4.1

2.2

5.3

5.6

3.1

1.2

2.7

12,5

8.7

1.4

7.1

8.1

2.4

9.1

10.4

8.3

1.5

8.2

6.1

13.2

9.2

10.3

1.8

4.2

Information about health consequences 13 (72.2)
Goal setting (behaviour) 12 (66.7)
Self-monitoring of behaviour 10 (55.6)
Instruction on how to perform the behaviour 10 (55.6)
Feedback on behaviour 8 (44.4)
Information about social and environmental consequences 7 (38.9)
Information about emotional consequences 7 (38.9)
Social support (unspecified) 7 (38.9)
Problem solving 6 (33.3)
Feedback on outcome(s) of behaviour 6 (33.3)
Adding objects to the environment 6 (33.3)
Graded tasks 6 (33.3)
Action planning 4 (22.2)
Prompts/cues 4 (22.2)
Reduce negative emotions 4 (22.2)
Behavioural practice/rehearsal 4 (22.2)
Self-monitoring of outcome(s) of behaviour 3 (16.7)
Credible source 3 (16.7)
Social reward 3 (16.7)
Habit formation 3 (16.7)
Review behaviour goal(s) 2 (11.1)
Behavioural substitution 2 (11.1)
Demonstration of the behaviour 2 (11.1)
Framing/reframing 2 (11.1)
Pros and cons 2 (11.1)
Non-specific reward 2 (11.1)
Verbal persuasion about capability 2 (11.1)
Behavioural contract 1 (5.6)

Information about antecedents 1 (5.6)
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Table &. Continued.

10.1 Material incentive (behaviour) 1 (5.6)
3.3 Social support (emotional) 1 (5.6)
15.4 Self-talk 1 (5.6)
2.5 Monitoring of outcome(s) of behaviour by others without feedback 1 (5.6)
15.3 Focus on past success 1 (5.6)
13.1 Identification of self as a role model 1 (5.6)

common component in promising interventions targeting
physical activity and healthy eating behaviours in adoles-
cents.®* This analysis also aligns with findings from previ-
ous reviews which identified the use of goal-setting,
self-monitoring and feedback as BCTs in technology-based
interventions for promoting physical activity behaviour
change in children and adolescents.”*****> The digital
nature of the interventions may enhance the implementation
of these techniques by providing real-time tracking and
feedback capabilities.®® Alongside these BCTs, a note-
worthy finding of our review is the identification of social
support as one of the frequently used BCTs associated
with significant improvements in physical activity out-
comes among adolescents with overweight and obesity,
suggesting that these strategies may be key components
of effective DBClIs for promoting physical activity in this
population. The inclusion of social support as a key BCT
in digital interventions targeting physical activity in adoles-
cents with overweight and obesity is particularly relevant,
given that this population often faces unique social chal-
lenges such as body image concerns, peer victimization,
and social isolation,"*” which can be mitigated through
supportive social interactions within the digital intervention
framework, potentially enhancing engagement and adher-
ence to physical activity goals.

The review has several strengths that contribute to its value
in the field of digital health interventions for adolescents with
overweight and obesity. Our review employed a comprehen-
sive search strategy across multiple databases, ensuring a thor-
ough capture of relevant studies in this rapidly evolving field.
By focusing on adolescents with overweight and obesity, our
review provides targeted insights into the effectiveness of
digital interventions for a high-risk group that may benefit sig-
nificantly from increased physical activity. Furthermore, our
analysis examined effects on total physical activity, MVPA,
and step count, offering a nuanced understanding of how
DBClIs impact different aspects of physical activity.

However, this review also has some limitations that
should be acknowledged. A key limitation of focusing

primarily on MVPA outcomes is that it may not capture
the gradual progression in physical activity that is often
more appropriate and achievable for adolescents with over-
weight and obesity. A more comprehensive approach con-
sidering reductions in sedentary behaviour and increases
in light physical activity might better reflect meaningful
behaviour change in this population. The substantial hetero-
geneity observed in our analyses, particularly for total phys-
ical activity and MVPA, limits the generalizability of our
findings and highlights the variability in intervention
effects. Besides, the number of included studies for the
meta-analyses of MVPA and step count were small,
which limits the robustness of conclusions for these specific
outcomes. Furthermore, some of the included studies relied
on self-reported physical activity measures, which may be
subject to recall bias and overestimation, potentially affect-
ing the accuracy of the reported effects. Notably, most
included studies were conducted in high-income countries,
potentially limiting the generalizability of findings to low-
and middle-income settings.

Despite these limitations, the findings of this systematic
review and meta-analysis support the use of DBCIs as a
promising approach for promoting physical activity
among adolescents with overweight and obesity.
Healthcare providers and youth health programmes
should consider incorporating well-designed DBCIs as
part of their strategies to address physical inactivity
among adolescents with overweight and obesity. Given
the stronger effects observed for total physical activity com-
pared to MVPA and step count, practitioners should design
interventions that encourage a broad range of physical
activities rather than focusing solely on high-intensity exer-
cises or step goals. Future digital interventions should con-
sider implementing graduated approaches that first target
reducing sedentary behaviours and increasing light physical
activity before progressing to MVPA. This ‘staircase
approach’ may be more realistic and sustainable for adoles-
cents with overweight and obesity who are initially inactive.
Future studies should consider including multiple physical




Jahn Kassim et al.

17

activity intensity measures, including sedentary behaviours
and light physical activity, to better capture the progressive
nature of physical activity adoption in this population.

The high heterogeneity in our results underscores the
importance of tailoring interventions to individual needs
and preferences. Practitioners should strive to offer perso-
nalized DBCIs that consider factors such as age, gender,
initial fitness level and personal interests to maximize
effectiveness. This approach may be more achievable and
sustainable for adolescents with overweight and obesity.
While DBCIs show promise, they should be considered
as part of a comprehensive approach to adolescent health.
Practitioners should explore ways to integrate digital inter-
ventions with other health promotion strategies, including
in-person counselling, school-based programmes and
family involvement. Ideally, practitioners should strive for
a balanced approach that combines the benefits of digital
interventions with face-to-face support and environmental
strategies.

While digital interventions offer promising opportunities
for promoting physical activity, it is essential to consider
how social determinants of health and racial/ethnic factors
may influence their implementation and effectiveness.
Most included studies did not adequately report partici-
pants’ racial/ethnic background or socioeconomic status,
limiting our understanding of how these factors influence
intervention effectiveness. This gap is significant as
access to digital technologies, internet connectivity and
digital literacy can vary substantially across different socio-
economic and racial/ethnic groups.®®*’® Cultural factors
may also influence how different populations engage with
digital interventions.”'~’® Further research is needed to
understand how to adapt digital interventions to be cultur-
ally appropriate and accessible across different populations,
particularly in communities that may face greater barriers to
digital technology access and use.

Long-term follow-up assessments should be prioritized
to evaluate the sustained effects of DBCIs on physical activ-
ity behaviours, and to better understand factors influencing
user engagement and adherence to DBCls. This is particu-
larly important given the chronic nature of obesity and the
need for long-term behaviour change to achieve and main-
tain a healthy weight. Given the high heterogeneity
observed in our analyses, future research should focus on
identifying and understanding the factors that moderate
intervention effectiveness. This could include investigating
the impact of participant characteristics (e.g. age, gender,
initial BMI, baseline activity levels), intervention features
(e.g. specific BCTs, technological platforms) and context-
ual factors (e.g. socioeconomic status, cultural back-
ground). Efforts should be made to standardize physical
activity outcome measures across studies to facilitate
more robust comparisons and meta-analyses in future
reviews. As digital technologies continue to evolve, future
research could examine the potential of emerging

technologies such as virtual reality, augmented reality and
artificial intelligence in enhancing the effectiveness and
engagement of physical activity interventions for
adolescents.

Conclusion

This systematic review and meta-analysis provide evidence
that DBCISs can be effective in promoting physical activity
among adolescents with overweight and obesity, particularly
in terms of increasing total physical activity. The use of mul-
tiple BCTs, particularly those focused on self-regulation
such as goal setting, self-monitoring and feedback, as well
as social support appears to enhance intervention effective-
ness. While DBCIs show potential, continued research and
refinement are necessary to maximize their effectiveness
and address the complex challenges of behaviour change in
this vulnerable population, including maintaining long-term
engagement, effectively promoting higher-intensity physical
activities and ensuring interventions are accessible and
effective across diverse populations.

Contributorship: PSJIK and NFAR performed the literature
search and data extraction. PSJK, NFAR, and NAM assessed
the risk of bias. PSJK and NFAR conducted the data analysis
with guidance from NAM. PSJK drafted the manuscript with
significant contributions from NFAR, NAM, and SAS. NAM,
CAE, SAS and SMS assisted with data interpretation and
manuscript revision. NAM provided overall supervision. All
authors contributed to the interpretation of results, critically
revised the manuscript for important intellectual content, and
approved the final version.

Declaration of conflicting interests: The authors declared no
potential conflicts of interest with respect to the research,
authorship, and/or publication of this article.

Ethical approval: Not No human

involvement.

applicable. subject’s

Funding: The authors disclosed receipt of the following financial
support for the research, authorship, and/or publication of this
article: This systematic review was conducted as part of a
doctoral research and was supported by Fundamental Grant of
the Faculty of Medicine UKM (FF-2021-414).

Consent for publication: All the authors approved the final
version of the manuscript.

ORCID iD: Puteri Shanaz Jahn Kassim
0002-6595-2526

https:/orcid.org/0000-

Supplemental material: Supplemental material for this article is
available online.



https://orcid.org/0000-0002-6595-2526
https://orcid.org/0000-0002-6595-2526
https://orcid.org/0000-0002-6595-2526

18 DIGITAL HEALTH
References 18. Michie S, Yardley L, West R, et al. Developing and evaluat-
1. World Health Organization. Obesity and overweight 2024 ing digital interventions to promote behavior change in health
[updated 1 March 2024]. https:/www.who.int/news-room/ izgolrllzélﬂi]ofl:ﬁ; 563011\141:2162222"0::;:;[;(;?7{%- ?;)-n;zzg Inter-
fact-sheets/detail/obesity-and-overweight. : > :

2. Simmonds M, L1ewelly>rll A, Owen CC?, et al. Predicting adult 19. Murray E, Hekler EB, Andersson G, et al. Evaluating digital
obesity from childhood obesity: a systematic review and health interventions: key questions and approaches. Am J Prev
meta-analysis. Obes Rev 2016; 17: 95-107. Med 2016; 51: 843-851.

3. Reilly JJ and Kelly J. Long-term impact of overweight and 20. Vajravelu ME and Arslanian S. Mobile health and telehealth
obesity in childhood and adolescence on morbidity and pre- ui)teryter'mons to Increase phys11:at1 acthlty.m adoﬁeszeilts Wldﬁ
mature mortality in adulthood: systematic review. Int J obesily: a promising approach lo engaging a hard-lo-reac
Obes 2011: 35: 891-898. population. Curr Obes Rep 2021; 10: 444-452.

4. Al-Hamad D and Raman V. Metabolic syndrome in children 21. ChenJ, Bai Y and Ni W. Reasons and promotion strategies of
and adolescents. Transl Pediatr 2017: 6: 397—-407. physical activity constraints in obes.e/ovetweight children and

5. Umer A, Kelley GA, Cottrell LE, et al. Childhood obesity and adolescents. Sports Med Health Sci 2024; 6: 25-36.
adult cardiovascular disease risk factors: a systematic review 22. Wang J-W,. ZhuZ, Shuhng Z,’ etal. .Effectlve.ness of.n}Health
with meta-analysis. BMC Public Health 2017 17: 683. fipp—bas.ed 1nter\./ent10ns for. mcrt?asmg physical activity and

6. Rankin J, Matthews L, Cobley S, et al. Psychological conse- impr(t),vmg Physwaii ﬁtnetss n lChl_ldrir;v;}zd a;i_;)lels;ent; Si S}_z
quences of childhood obesity: psychiatric comorbidity and ematic review and mefa-analysis. mitealth utfealt
prevention. Adolesc Health Med Ther 2016; 7: 125-146. 2024; 12: e51478. o

7. Quek YH, Tam WWS, Zhang MWB, et al. Exploring the 23. Lau PW, Lau EY, Wong del P, et al. A systematic review of
association between childhood and adolescent obesity and ipformation and. commupicatior} Fechnolog.y-based in.tervep-
depression: a meta-analysis. Obes Rev 2017; 18: 742-754. gons fogpr(;)r?otmgtp h}/s[:/([:a[li E}thlty b;havzl(())g fh?ggeiré chil-

8. Puhl RM and Lessard LM. Weight stigma in youth: preva- 4 l\?nh'ans ;ioheszen SM I En tmeﬁdtajs"[‘h b’h - © h
lence, consequences, and considerations for clinical practice. ’ llcmfe ’ tC ardson E i’) § (f)n 93’ eh' ’ Ej leaworlc :mgz

.o technique taxonomy (vl) o ierarchically clustere
Curr Obes Rep 2020; 9: 402-411. . o . . .

9. World Health Organization. WHO guidelines on physical activity ticiml?u?s' bu}llldmg z?ntmternt:?monalAcons;:n}slus f;; t:ilezg:f);rtzgg
and sedentary behaviour. Geneva, Switzerland: World Health gl 965 avior change interventions. Ann Genay Me >
Organization, 2020. e

10 St(i;nerL Rowlands D, Morrison A, et al. Efficacy of exercise 25. Martin-Martin J, Rolddn-Jiménez C, De-Torres 1, et al.

. . - . S Y Behavior change techniques and the effects associated with
intervention for weight loss in overweight and obese adoles- digital behavior change interventions in sedentary behavior
ts: meta-analysis and implications. Sports Med 2016; 46: . - . . . .
(]:?;;75_?;65? AnaTysts and impHcations. wports He in the clinical population: a systematic review. Front Digit

11. Myers J, Kokkinos P and Nyelin E. Physical activity, cardio- 2% \Z/e althYZ O\i/]; 3:528383' B.etal A Iysis and evaluati
respiratory fitness, and the metabolic syndrome. Nutrients - yvang t, ang 1, reene B, et al. An analysis anc evauation
2019: 11: 1652 of quality and behavioral change techniques among physical

IR : . . tivit in China. Int J Med Inf 2020; 133: 104029.

12. Lubans D, Richards J, Hillman C, et al. Physical activity for ACtVEY apps T *-Ama. « ’?f . .

i d al health i h: temai . ¢ 27. Zhu'Y, Long Y, Wang H, et al. Digital behavior change inter:
cogm 1v'e an mer.l a . ca’th in youth: a systematic review o vention designs for habit formation: systematic review. J Med
mechanisms. Pediatrics 2016; 138: €20161642. Internet Res 2024: 26: 54375

13. Elmesmari R, Martin A, Reilly JJ, et al. Comparison of accel- 28. Moher D, Shamseer L, Clarke M, et al. Preferred reporting
erometer measured levels of physical activity and sedentary items for systematic review and meta-analysis protocols
time between obese and non-obese children and adolescents: (PRISMA-P) 2015 statement. Sys Rev 2015; 4: 1
a systematic review. BMC Pediatr 2018;,18: 106. 29. Kassim PSJ, Muhammad NA, Rahman NFA, et al. Digital

14. Stankov I, Olds T and Cargo M. OyerwelghF and obese ado- behaviour change interventions to promote physical activity
lescents: what turns them off physical activity? Int J Behav in overweight and obese adolescents: a systematic review
Nut.r Phys Act 2012; 9: 53. ) protocol. Syst Rev 2022; 11: 188.

15. Chl’lS[OfE.lI“O DQ, De A.ndrade SM’ Mesas‘ AE, et al. ngher 30. Centers for Disease Control and Prevention (CDC). Child and
screen time is associated with overweight, poor dietary teen BMI categories. https:/www.cdc.gov/bmi/child-teen-
habits and physical inactivity in Brazilian adolescents, calculator/bmi-categories.html.
mair}ly among girls. Eur J .SPO” ! SC".2016; 16: 4?8_506- 31. Butte NF, Ekelund U and Westerterp KR. Assessing physical

16. Hadianfard AM, Mozaffari-Khosravi H, Karandish M, et al. activity using wearable monitors: measures of physical activ-
Physical activity and sedeptary behaviors (screen time and ity. Med Sci Sports Exerc 2012; 44: S5-S12.
homework) among overweight or obese adolescents: a cross- 32 Strath SJ, Kaminsky LA, Ainsworth BE, et al. Guide to the
sectional observational study in Yazd, Iran. BUC Pediatr assessment of physical activity: clinical and research applica-
2021; 21: 421. tions: a scientific statement from the American Heart

17. Haghjoo P, Siri G, Soleimani E, et al. Screen time increases Association. Circulation 2013; 128: 2259-2279.
overweight and obesity risk among adolescents: a systematic 33, Sylvia LG, Bernstein EE, Hubbard JL, et al. Practical guide

review and dose-response meta-analysis. BMC Prim Care
2022; 23: 161.

to measuring physical activity. J Acad Nutr Diet 2014; 114:
199-208.



https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.cdc.gov/bmi/child-teen-calculator/bmi-categories.html
https://www.cdc.gov/bmi/child-teen-calculator/bmi-categories.html
https://www.cdc.gov/bmi/child-teen-calculator/bmi-categories.html

Jahn Kassim et al.

19

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting
items for systematic reviews and meta-analyses: the
PRISMA statement. PLoS Med 2009; 6: e1000097.

Sterne JAC, Savovic J, Page MJ, et al. RoB 2: a revised tool
for assessing risk of bias in randomised trials. Br Med J 2019;
366: 14898.

Sterne JA, Hernan MA, Reeves BC, et al. ROBINS-I: a tool
for assessing risk of bias in non-randomised studies of inter-
ventions. Br Med J 2016; 355: i14919.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA
2020 statement: an updated guideline for reporting systematic
reviews. Syst Rev 2021; 10: 89.

Williamson DA, Walden HM, White MA, et al. Two-year
internet-based randomized controlled trial for weight loss in
African-American girls. Obesity 2006; 14: 1231-1243.
Staiano AE, Beyl RA, Hsia DS, et al. Twelve weeks of dance
exergaming in overweight and obese adolescent girls: transfer
effects on physical activity, screen time, and self-efficacy.
J Sport Health Sci 2017; 6: 4-10.

Saelens BE, Sallis JF, Wilfley DE, et al. Behavioral weight
control for overweight adolescents initiated in primary care.
Obes Res 2002; 10: 22-32.

Patrick K, Norman GJ, Davila EP, et al. Outcomes of a
12-month technology-based intervention to promote weight
loss in adolescents at risk for type 2 diabetes. J Diabetes Sci
Technol 2013; 7: 759-770.

Maloney AE, Threlkeld KA and Cook WL. Comparative
effectiveness of a 12-week physical activity intervention for
overweight and obese youth: exergaming with “dance dance
revolution”. Games Health J 2012; 1: 96-103.

Currie J, Collier D, Raedeke TD, et al. The effects of a
low-dose physical activity intervention on physical activity
and body mass index in severely obese adolescents. Int J
Adolesc Med Health 2017; 30: 20160121.

Chen JL, Guedes CM, Cooper BA, et al. Short-term efficacy
of an innovative Mobile phone technology-based intervention
for weight management for overweight and obese adoles-
cents: pilot study. Interact J Med Res 2017, 6: el12.
Stasinaki A, Biichter D, Shih CI, et al. Effects of a novel
mobile health intervention compared to a multi-component
behaviour changing program on body mass index, physical
capacities and stress parameters in adolescents with obesity:
a randomized controlled trial. BMC Pediatr 2021; 21: 308.
Sousa P, Fonseca H, Gaspar P, et al. Controlled trial of an
internet-based intervention for overweight teens (next.step):
effectiveness analysis. Eur J Pediatr 2015; 174: 1143-1157.
Ruotsalainen H, Kyngéds H, Tammelin T, et al. Effectiveness
of Facebook-delivered lifestyle counselling and physical
activity self-monitoring on physical activity and body mass
index in overweight and obese adolescents: a randomized
controlled trial. Nurs Res Pract 2015; 2015: 159205.

Riiser K, Lgndal K, Ommundsen Y, et al. The outcomes of a
12-week internet intervention aimed at improving fitness and
health-related quality of life in overweight adolescents: the
young and active controlled trial. PLoS One 2014; 9:
el14732.

Dzielska A, Mazur J, Natecz H, et al. Importance of self-
efficacy in eating behavior and physical activity change of
overweight and non-overweight adolescent girls participating

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

in healthy me: a lifestyle intervention with Mobile technol-
ogy. Nutrients 2020; 12: 2128.

Wongtongtair S, Iamsupasit S, Somrongthong R, et al.
Comparison of mobile health education messages verses
face-to-face consultation for weight reduction among overweight
female adolescents in Thailand. F/000Res 2021; 10: 635.
Mohammed Nawi A and Che Jamaludin FI. Effect of internet-
based intervention on obesity among adolescents in Kuala
Lumpur: a school-based cluster randomised trial. Malays J
Med Sci 2015; 22: 47-56.

Likhitweerawong N, Boonchooduang N, Kittisakmontri K,
et al. Short-term outcomes of tablet/smartphone-based
(OBEST) application among obese Thai school-aged children
and adolescents: a randomized controlled trial. Obes Med
2020; 20: 100287.

Abraham AA, Chow WC, So HK, et al. Lifestyle intervention
using an internet-based curriculum with cell phone reminders
for obese Chinese teens: a randomized controlled study. PLoS
One 2015; 10: e0125673.

Smith JJ, Morgan PJ, Plotnikoff RC, et al. Smart-phone
obesity prevention trial for adolescent boys in low-income
communities: the ATLAS RCT. Pediatrics 2014; 134:
e723-e731.

Nguyen B, Shrewsbury VA, O’Connor J, et al. Twelve-month
outcomes of the loozit randomized controlled trial: a community-
based healthy lifestyle program for overweight and obese adoles-
cents. Arch Pediatr Adolesc Med 2012; 166: 170-177.

Michie S, Johnston M, Abraham C, et al. Making psychological
theory useful for implementing evidence based practice: a con-
sensus approach. Qual Saf Health Care 2005; 14: 26-33.

He Z, Wu H and Yu F. Effects of smartphone-based interven-
tions on physical activity in children and adolescents: system-
atic review and meta-analysis. JMIR mHealth uHealth 2021;
9: e22601.

He Z, Wu H, Yu F, et al. Effects of smartphone-based inter-
ventions on physical activity in children and adolescents: sys-
tematic review and meta-analysis. JMIR mHealth uHealth
2021; 9: e22601.

Direito A, Carraga E, Rawstorn J, et al. mHealth technologies to
influence physical activity and sedentary behaviors: behavior
change techniques, systematic review and meta-analysis of ran-
domized controlled trials. Ann Behav Med 2017; 51: 226-239.
Biddiss E and Irwin J. Active video games to promote phys-
ical activity in children and youth: a systematic review. Arch
Pediatr Adolesc Med 2010; 164: 664-672.

Michie S, Ashford S, Sniehotta FF, et al. A refined taxonomy
of behaviour change techniques to help people change their
physical activity and healthy eating behaviours: the
CALO-RE taxonomy. Psychol Health 2011; 26: 1479-1498.
Cane J, O’Connor D and Michie S. Validation of the theoret-
ical domains framework for use in behaviour change and
implementation research. Implement Sci 2012; 7: 37.
Rosenstock IM, Strecher VJ and Becker MH. Social learning
theory and the health belief model. Health Educ Q 1988; 15:
175-183.

Allcott-Watson H, Chater A, Troop N, et al. A systematic
review of interventions targeting physical activity and/or
healthy eating behaviours in adolescents: practice and train-
ing. Health Psychol Rev 2023; 17: 1-24.




20

DIGITAL HEALTH

65.

66.

67.

68.

Baumann H, Fiedler J, Wunsch K, et al. Mhealth interventions
to reduce physical inactivity and sedentary behavior in chil-
dren and adolescents: systematic review and meta-analysis
of randomized controlled trials. JMIR mHealth uHealth
2022; 10: €35920.

Tate EB, Spruijt-Metz D, O’Reilly G, et al. mHealth
approaches to child obesity prevention: successes, unique
challenges, and next directions. Transl Behav Med 2013;
3: 406-415.

Puhl RM and Luedicke J. Weight-based victimization
among adolescents in the school setting: emotional reac-
tions and coping behaviors. J Youth Adolesc 2012; 41:
27-40.

Rodriguez JA, Clark CR and Bates DW. Digital health equity
as a necessity in the 21st century cures act era. JAMA 2020;
323: 2381-2382.

69.

70.

71.

72.

73.

Shaw RJ. Access to technology and digital literacy as
determinants of health and health care. Crear Nurs 2023; 29:
258-263.

Mitchell UA, Chebli PG, Ruggiero L, et al. The digital divide
in health-related technology use: the significance of race/eth-
nicity. Gerontologist 2018; 59: 6-14.

Whitehead L, Talevski J, Fatehi F, et al. Barriers to and facil-
itators of digital health among culturally and linguistically
diverse populations: qualitative systematic review. J Med
Internet Res 2023; 25: e42719.

Nittas V, Daniore P, Chavez SJ, et al. Challenges in imple-
menting cultural adaptations of digital health interventions.
Commun Med 2024; 4: 7.

Naderbagi A, Loblay V, Zahed IUM, et al. Cultural and con-
textual adaptation of digital health interventions: narrative
review. J Med Internet Res 2024; 26: €55130.




	 Background
	 Methods
	 Eligibility criteria
	 Population
	 Intervention
	 Comparators
	 Outcomes
	 Study designs
	 Non-eligible studies

	 Information sources and search strategy
	 Study selection process
	 Data extraction and management
	 Assessment of risk of bias
	 Data synthesis and analysis
	 Qualitative synthesis
	 Quantitative synthesis (meta-analysis)
	 Behaviour change techniques (BCT) analysis


	 Results
	 Study characteristics
	 Risk of bias assessment
	 Effectiveness of DBCIs
	 Qualitative synthesis
	 Meta-analysis results

	 Subgroup and sensitivity analyses
	 Secondary outcomes
	 BCTs used in interventions

	 Discussion
	 Conclusion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


