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Abstract

Background: Cardiometabolic risk factors emerging during childhood and adolescence may persist into adulthood and
increase the risk of cardiovascular disease. Although physical activity improves cardiometabolic health, maintaining regular
participation remains challenging. Active video games (AVG), which combine physical activity with video game enjoyment,
may provide an engaging approach to promote physical activity participation.

Objective: This study aims to evaluate the effects of AVG on cardiometabolic health in children and adolescents and to
explore potential moderators of these effects.

Methods: PubMed, Web of Science, the Cochrane Library, and Embase were searched from database inception to July 2026.
Eligible randomized controlled trials (RCTs) evaluating AVG in children and adolescents aged 4-18 years were included,
with comparisons against no intervention, sedentary video games, or regular physical activity. Random-effects meta-analyses
were conducted to estimate pooled effects. Subgroup analyses explored potential moderators. Risk of bias was assessed
using the Cochrane Risk of Bias 2 tool (RoB 2; Cochrane), sensitivity analyses examined robustness, and small-study effects
were evaluated when feasible. Certainty of evidence was assessed using GRADE (Grading of Recommendations Assessment,
Development and Evaluation).

Results: A total of 14 RCTs involving 942 children and adolescents were included. AVG were associated with a small but
significant reduction in BMI (Hedges g=—0.23, 95% CI -0.35 to —0.10; 95% prediction interval [PI] —-0.43 to —0.01; P=.002).
SBP (Hedges g=—0.18, 95% CI -0.36 to —0.001; 95% PI —0.43 to 0.07; P=.0497) showed a small statistically significant
reduction, although the 95% PI crossed the null. No significant effects were observed for diastolic blood pressure (DBP)
(Hedges g=—0.11, 95% CI —-0.86 to 0.63; 95% PI -2.09 to 1.75; P=.59), high-density lipoprotein cholesterol (HDL) (Hedges
£=0.05; 95% CI —0.21 to 0.31; 95% PI —-0.54 to 0.57; P=.65), low-density lipoprotein cholesterol (LDL) (Hedges g=—0.26,
95% CI -0.64 to 0.13; 95% PI —1.18 to 0.69; P=.15), total cholesterol (TC) (Hedges g=—0.96, 95% CI -3.79 to 1.88; 95% PI
=5.71 to 3.86; P=.37), triglycerides (Hedges g=—0.20, 95% CI —0.70 to 0.31; 95% PI —1.41 to 0.99; P=.38), heart rate (HR)
(Hedges g=—0.14, 95% CI —1.74 to 1.46; 95% PI —4.23 to 5.38; P=.47), or glucose (Hedges g=—0.17, 95% CI —0.37 to 0.02;
95% PI -0.42 to 0.07; P=.07) following AVG. No significant BMI subgroup differences were observed by gender, intervention
type, or nutritional status.

Conclusions: This review extends previous evidence by providing an updated RCT-only evaluation of a broader pediatric
population and a wider range of cardiometabolic outcomes. AVG were associated with small reductions in BMI and systolic
blood pressure (SBP), although evidence for other cardiometabolic outcomes remains uncertain. By clarifying both potential
benefits and remaining evidence gaps, this review provides a broader basis for future research and intervention development.
AVG may serve as an engaging adjunct to support physical activity participation among children and adolescents.
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Introduction

Rationale

Insufficient physical activity and prolonged sedentary
behavior are considered important adverse factors affecting
cardiometabolic health in children and adolescents [1-3], and
may be associated with reduced insulin sensitivity, abnormali-
ties in glucose and lipid metabolism, elevated blood pressure,
and an increased risk of obesity [4-6]. Existing evidence
indicates that higher levels of physical activity are associated
with lower cardiometabolic risk in children and adolescents
[7]. In addition, childhood overweight and obesity warrant
particular attention, as children who are overweight or obese
are more likely to have abnormal levels of triglycerides,
total cholesterol (TC), low-density lipoprotein cholesterol
(LDL), and high-density lipoprotein cholesterol (HDL) than
children of normal weight [8,9]. Friedemann et al [10]
found that higher BMI was associated with adverse cardio-
vascular risk markers, including blood pressure, lipids, and
insulin. Without effective intervention, these adverse lifestyle
behaviors and early cardiometabolic risk factors may persist
into adulthood and increase the future risk of cardiovascular
diseases and type 2 diabetes [11].

Regular physical exercise has been repeatedly shown to
be highly effective in improving cardiovascular function and
metabolic markers [12-15]. However, approximately 80% of
adolescents worldwide have insufficient levels of physical
activity, and many adolescents spend 2 hours or more per
day engaging in recreational screen time [16]. In practical
situations, especially among children and adolescents who
are overweight or obese, weight stigma, lack of enjoyment,
and lower motor competence may reduce their willingness
to participate in physical activity [17-19]. These factors
may further limit sustained participation in physical activity
and thereby adversely affect cardiometabolic health. These
practical barriers highlight the need for interventions that
can both increase physical activity and provide sufficient
engagement to promote sustained participation and exer-
cise adherence. Against this backdrop, active video games
(AVG), also known as exergaming, have developed into an
intervention model that integrates digital entertainment with
physical activity and can significantly enhance children’s and
adolescents’ interest in physical activity [20,21]. By using
bodily movements to control virtual characters or advance
game progress through a screen [22], these games can
transform some traditionally sedentary screen-based activities
into movement-based gameplay, thereby increasing energy
expenditure and helping children and adolescents break
sedentary habits and increase their physical activity levels
[23,24].

Previous systematic reviews and meta-analyses of
AVG have primarily focused on physical activity, weight
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management, and anthropometric outcomes. Ho et al [23],
Oliveira et al [25], and Bourke et al [26] mainly evaluated
physical activity levels, BMI, body weight, body fat, or other
weight management-related outcomes, with limited attention
to broader cardiometabolic outcomes such as blood pressure,
lipid profiles, and glucose metabolism. Some reviews have
begun to extend their scope to cardiometabolic outcomes,
but important limitations remain. Comeras-Chueca et al [27]
primarily evaluated body composition, health-related physical
fitness, and motor competence in children and adolescents
with overweight or obesity, whereas Ercelik et al [28] focused
mainly on a limited range of outcomes, including BMI and
TC, in adolescents with overweight or obesity. More recently,
Hernandez-Martinez et al [29] comprehensively evaluated
morphological variables, blood pressure, and biochemical
parameters in children and adolescents with overweight or
obesity; however, the study population was restricted to
those with overweight or obesity. Zhu et al [30], in contrast,
specifically evaluated blood pressure outcomes in children
and young adults aged 6 to 25 years without simultaneously
synthesizing other metabolic outcomes.

Objectives

Therefore, there remains a need for a systematic review
and meta-analysis based on RCTs that includes children
and adolescents across a broader range of weight status
and evaluates anthropometric, cardiovascular, and metabolic
outcomes within a unified framework. In addition, whether
intervention type and participant characteristics are associated
with the effectiveness of AVG has not been consistently
or sufficiently evaluated across different cardiometabolic
outcomes. With the publication of additional RCTs, an
updated synthesis of the available evidence is warranted to
clarify the potential cardiometabolic effects of AVG and the
remaining uncertainties in the current evidence base.

Methods

Overview

This systematic review strictly adheres to the 2020 PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [31]. The completed PRISMA
2020 checklist is available in Appendix S1 of Multime-
dia Appendix 1. Additionally, this review protocol has
been registered in the PROSPERO International Regis-
try of Systematic Reviews under registration number
CRD420261303390.

Eligibility Criteria
Inclusion and exclusion criteria were established based on
the population, intervention, comparison, outcomes, and

study design (PICOS) framework as follows: (1) study
participants were children and adolescents aged 4-18 years;
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(2) participants who were able to safely engage in phys-
ical activity or interact with the intervention equipment
were included, regardless of their baseline weight status
or cardiometabolic health condition; (3) the intervention
consisted of AVG or virtual reality (VR)-based exercise
involving physical interaction with screen-based technology;
(4) the control group (CG) consisted of participants who
received no intervention, played sedentary video games, or
maintained their regular physical activity; (5) studies reported
at least 1 prespecified cardiometabolic outcome, includ-
ing anthropometric measures, blood pressure, cardiorespira-
tory fitness, cardiac function-related measures, or metabolic
biomarkers. The outcomes included in the quantitative
syntheses were BMI, systolic blood pressure (SBP), diastolic
blood pressure (DBP), TC, triglycerides, HDL, LDL, heart
rate (HR), and glucose, as detailed in the Data Items
subsection; (6) study designs were randomized controlled
trials (RCTs).

Exclusion criteria included (1) studies involving adult
participants outside the child and adolescent age range,
and animal studies were excluded during title and abstract
screening; (2) qualitative research, systematic reviews,
meta-analyses, study protocols, gray literature, and abstracts
only; (3) ongoing or incomplete trials without outcome
data, studies lacking sufficient numerical data for effect-size
calculation, and reports for which the full text could not be
obtained were excluded.

Data Items

Data were sought for all cardiometabolic outcomes prespe-
cified in the registered protocol. The predefined outcome
domains included anthropometric outcomes (BMI and body
mass index z score [BMI-z]), blood pressure outcomes
(SBP and DBP), cardiac and cardiorespiratory outcomes
(HR, cardiorespiratory fitness, and cardiac function-related
measures), and metabolic biomarkers (TC, triglycerides,
HDL, LDL, glucose, insulin, and glycated hemoglobin
[HbA.]). The assessment conducted at the end of the
intervention was used for quantitative synthesis. Outcomes
were pooled when numerical data were available from at
least 2 independent studies and the outcome definitions and
measurement methods were sufficiently comparable. On this
basis, the quantitative syntheses included BMI, SBP, DBP,
TC, triglycerides, HDL, LDL, HR, and glucose.

Other extracted variables included study author and
publication year, participant sample size, age, sex distribu-
tion, intervention and comparator characteristics, intervention
frequency, session duration, total intervention duration. When
information was missing or insufficiently reported, it was
recorded as not reported unless it could be derived directly
from the published numerical data using standard statistical
conversions. Unreported values were not imputed.

Information Sources

The databases searched were PubMed, Web of Science, the
Cochrane Library, and Embase. Eligible studies were required
to be peer-reviewed, published in English, accessible in full

https://games.jmir.org/2026/1/e101833

Liuetal

text, and without restrictions on publication date or sample
size. Searches were conducted in July 2026.

Search Strategy

The search strategy was developed and reported in accord-
ance with the PRISMA-S (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses literature search)
extension for reporting literature searches in systematic
reviews [32]. The search strategy was developed based on 3
key concepts: children and adolescents, AVG, and cardiome-
tabolic outcomes. Controlled vocabulary terms were used,
including MeSH in PubMed and Emtree terms in Embase,
combined with free-text terms. The full search strategies
are provided in Supplementary Material S2 of Multimedia
Appendix 1. Additional searches included backward and
forward citation searching of included studies. PROSPERO
and the Cochrane Library were also searched to identify
relevant registered or published systematic reviews.

Selection Process

The retrieved literature was first manually deduplicated by an
independent researcher (LWQ) using EndNote 21 (Clarivate).
After deduplication, 2 independent researchers (LWQ and
WYX) screened the titles and abstracts against the predefined
inclusion and exclusion criteria. In case of disagreement, the
2 researchers discussed the matter; if consensus could not be
reached, a third independent researcher (WTL) made the final
decision. Subsequently, the 2 researchers reviewed the full
texts of the potentially eligible studies to determine the final
included studies. Any disagreements arising at this stage were
resolved using the same discussion and arbitration process.
Other potentially eligible studies included those mentioned
in previous relevant systematic reviews but not initially
identified, or studies known to the research team through
professional experience that met the inclusion criteria.

Data Collection Process

Data were independently extracted by 2 researchers (LWQ
and WYX) using a predesigned Excel (Microsoft) data
extraction form. Any disagreements were reviewed by a
third researcher (WTL), and unresolved disagreements were
adjudicated by a fourth independent researcher (LJ). If data
were missing or presented only in graphical form, authors
were contacted to obtain raw data; if contact was unsuc-
cessful, data were extracted from the figures using Web
Plot Digitizer 4.1 (Automeris). The reliability and validity
of this software have been previously demonstrated [33].
Studies without sufficient data for effect size calculation
were excluded. Extracted data included the mean, SD, and
sample size for each group before and after the intervention.
During data synthesis, when multiple eligible intervention
groups shared a common CG, the eligible intervention groups
were combined where appropriate to avoid double counting
of the control participants, in accordance with the Cochrane
Handbook [34].

When weight status classifications were not explicitly
reported, BMI or BMI-z scores were used to determine
whether participants met the criteria for overweight or
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obesity. BMI-z scores were not pooled with BMI values in
the main meta-analysis. Although BMI is expressed in kg/m?,
its clinical interpretation varies according to age, sex, and
developmental stage in children and adolescents. Therefore,
BMI outcomes were analyzed using Hedges g to standard-
ize effects across studies, and the pooled BMI effect was
interpreted as a standardized difference rather than a direct
change in BMI values.

Study Risk of Bias Assessment

The Cochrane Risk of Bias 2 tool (RoB 2) was used to
assess the risk of bias in RCTs [35], examining the following
domains: bias arising from the randomization process; bias
due to deviations from intended interventions; bias due to
missing outcome data; bias in measurement of the outcome;
and bias in selection of the reported result. RoB 2 judgments
were categorized as “Low risk of bias,” “Some concerns,”
or “High risk of bias” in accordance with the official RoB
2 terminology. Any disagreements were resolved through
discussion and, if necessary, by third-party arbitration.

Additionally, the Physiotherapy Evidence Database
(PEDro) scale was used to assess methodological quality
[36], with a scoring range of 0-10 points: =6 points indicated
high quality, 4-5 points indicated moderate quality, and <3
points indicated low-quality studies. PEDro scores were used
only as supplementary descriptive information on methodo-
logical quality and were not used as the basis for GRADE
(Grading of Recommendations Assessment, Development and
Evaluation) downgrading.

Sensitivity Analyses

Sensitivity analyses were conducted to assess the robust-
ness of the pooled estimates, following established guid-
ance for meta-analytic sensitivity and influence analyses
[34]. Using a leave-one-out approach [37], each study was
sequentially excluded, and the restricted maximum likeli-
hood (REML)-based random-effects model with the Hartung-
Knapp adjustment [38] was re-estimated. For each iteration,
the pooled Hedges g, 95% CI, I?, and 1> were recalculated.
Robustness was assessed by examining whether omission
of any single study materially altered the direction, magni-
tude, precision, heterogeneity, or overall interpretation of
the pooled effect. Changes in statistical significance were
considered but were not used as the sole criterion for judging
robustness.

Synthesis Methods

A random-effects model was applied because clinical and
methodological heterogeneity among studies was anticipa-
ted, consistent with current recommendations for rigorous
meta-analysis methodology [39]. Between-study variance
(1?) was estimated using the REML method, 95% CI for
the pooled effects were calculated using the Hartung-Knapp-
Sidik-Jonkman adjustment [38], and 95% prediction intervals
(PIs) were obtained using the Nagashima-Noma-Furukawa
method [40]. Since the outcome measures in this study
involved various units, and previous studies had recommen-
ded prioritizing standardized effect sizes, standardized mean
differences (Hedges g) were used. Given that most included
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studies have small sample sizes, Hedges g was calculated
using a bias-corrected exact formula as the effect size
measure. Hedges g is interpreted as follows: 0.2 indicates a
small effect, 0.5 indicates a moderate effect, and 0.8 indicates
a large effect. Statistical heterogeneity was characterized
using Cochran’s Q, 72, and 95% PI, while I? was used as
a relative measure of inconsistency among study estimates.
P> was interpreted in relation to sampling error rather than
as an absolute measure of between-study heterogeneity.
Accordingly, fixed thresholds were not used to categorize I?
values; instead, I? was interpreted descriptively in conjunction
with 2, the P value from Cochran’s Q test, and PI [41].
Outcomes were quantitatively synthesized when numerical
data were available from at least 2 independent studies and
the outcome definitions and measurement methods were
sufficiently comparable [34]. Forest plots were used to
display the individual study estimates and pooled effects,
including for outcomes supported by few studies. These
results were interpreted cautiously because of the limited
precision of the available evidence.

Prespecified subgroup analyses were considered only
when at least 10 studies were available for an outcome and
were regarded as exploratory [34]. Accordingly, subgroup
analyses were conducted only for BMI. No formal subgroup
inference was made when a subgroup contained only one
study.

Small-study effects were examined using funnel plots and
Egger’s regression test only when at least 10 studies were
available for an outcome [42]. Accordingly, these analy-
ses were performed only for BMI. A nonsignificant test
result was interpreted as indicating no statistical evidence
of small-study effects, rather than evidence that small-study
effects were absent. Subgroup analyses and small-study
effects tests were interpreted cautiously when only a limited
number of studies or effect sizes were available, to reduce
the risk of low statistical power and unstable inferences due
to an insufficient number of studies. Statistical analysis and
visualization were performed using the “meta” and “meta-
for” packages in R software (R Foundation for Statistical
Computing) (version 4.2.0). Statistical significance was set at
P<.05.

Certainty Assessment

The certainty of evidence for each outcome was assessed
using the GRADE approach [43]. The GRADE approach
classifies the certainty of evidence as high, moderate, low, or
very low. Evidence certainty was rated based on 5 domains:
risk of bias, inconsistency, indirectness, imprecision, and
publication bias. The initial assessment was conducted by
1 reviewer (LWQ) and independently cross-checked by a
second reviewer (WYX).

Results

Study Selection

The database search identified a total of 2307 records.
Among these, 2301 were imported from PubMed, Web of
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Science, Cochrane Library, and Embase, while the remain-
ing 6 records were identified through forward and backward
citation searching within the final literature. After removing
duplicate studies and screening titles or abstracts, 72 full-text

Liuetal

articles were assessed for eligibility, and ultimately 14 RCTs
were included in this systematic review and meta-analysis
[44-57]. The study selection process is shown Figure 1.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart for the search strategy.
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Study Characteristics

A total of 14 RCTs were included, with publication years
ranging from 2009 to 2026. The included studies were
conducted in Turkey (n=1) [47], New Zealand (n=1) [52],
China (n=2) [50,57], Spain (n=1) [48], the United States
(n=6) [46,49,51,54-56], Tunisia (n=1) [44], Norway (n=1)
[45], and Italy (n=1) [53]. The total sample size was 942
participants, with individual study sample sizes ranging from
22 to 231 participants. Five studies [45,46,52,55,56] reported
the sex distribution at baseline but did not report the sex
distribution of the final analyzed sample. The mean age of
participants ranged from 4 to 16 years. Participants included
children and adolescents with normal weight, overweight,
or obesity; one study included participants with endothelial
dysfunction (EDF) [54]. BMI values ranging from 15 to 38
kg/m? across studies.

Interventions primarily included AVG and VR exercise,
the CG mostly engaged in usual physical activity or received
no intervention. Training frequency was typically 3-5 times
per week, with intervention durations ranging from 4-24
weeks. Outcome measures included BMI, HR, SBP, DBP,
HDL, LDL, TC, triglycerides, and glucose (Table 1).
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Results of Individual Studies

In the pooled analysis of 14 studies [44-57], AVG were
associated with a small but statistically significant reduction
in BMI (n=899; Hedges g=—0.23, 95% CI -0.35 to —0.10;
P=.002). The PI (95% PI —0.43 to —0.01) remained entirely
below the null, indicating that the direction of the estimated
effect was consistent across the range of plausible true effects
(Figure 2). SBP (n=243; Hedges g=-0.18, 95% CI -0.36
to —0.001; P=.0497) showed a small statistically significant
reduction; however, the PI (95% PI —0.43 to 0.07) crossed the
null, indicating uncertainty regarding whether a similar effect
would be observed across different future settings (Figure 3).
The pooled estimate did not show a significant reduction in
TC (n=208; Hedges g=—0.96, 95% CI -3.79 to 1.88; P=.37),
the estimate was highly uncertain, with ’=87% (Figure 4).

Liu et al

No statistically significant effects were observed for HR
(n=186; Hedges g=-0.14, 95% CI -1.74 to 1.46; P=.47),
DBP (n=195; Hedges g=-0.11, 95% CI -0.86 to 0.63;
P=.59), TG (n=342; Hedges g=—0.20, 95% CI —0.70 to 0.31;
P=.38), HDL (n=342; Hedges g=0.05, 95% CI -0.21 to 0.31;
P=.65), LDL (n=342; Hedges g=—0.26, 95% CI -0.64 to
0.13; P=.15), or glucose (n=180; Hedges g=—0.17, 95% CI
—0.37 to 0.02; P=.07). See Figures 5-10.

P values ranged from 0% to 87% across outcome
measures, while PI provided additional information regarding
the range of plausible effects in future similar settings. The
highest I2 value was observed for TC (I2=87%), whereas I*
was 0% for BMI, HR, SBP, HDL, and glucose.

Figure 2. Forest plot of the effects of AVG on BMI in children and adolescents [44-50,52-54,57]. Hedges g: standardized mean difference corrected
for small-sample bias. /% relative measure of inconsistency; 72: between-study variance; AVG: active video games; CG: control group; NNF:

Nagashima-Noma-Furukawa; REML: random-effects model.

Experimental group

CG

Study Total Mean SD Total Mean SD Hedges g Hedges g 95% Cl Weight
Coknaz et al. 53 -0.33 3.35 53 0.66 3.44 —— -0.29 [-0.67to 0.09] 12.2%
Maddison et al. 160 -0.80 3.87 162 0.00 4.25 — -0.20 [-0.42to 0.02] 374%
Wang et al. 91 -1.08 282 47 033294 ——— -0.49 [-0.85t0 -0.13] 14.1%
Cristina Comeras—Chueca et al. 20 -0.10 3.05 8 0.00 244 - -0.03 [-0.85t0 0.79] 27%
Murphy et al. 23 -0.10 475 12 0.30 495 —_— -0.08 [-0.78to 0.62] 3.7%
Abedelmalek et al. 12 -0.82 1.70 12 -0.53 1.41 ; -0.18 [-0.98to 0.62] 2.8%
Christison et al. 35 0.106.50 13 0.40 4.80 — -0.05 [-0.69to 0.59] 4.4%
Gao etal. 18 0.10 125 14 0.20 1.32 E——— -0.08 [-0.77to 0.62] 3.7%
Lau et al. 40 0.54 3.71 40 0.29 3.56 —— 0.07 [-0.37to 0.51] 9.3%
Berg et al. 11 0.50 350 11 0.80 451 -0.07 [-0.91to 0.76] 26%
Marsigliante et al. 32 -160276 32 060488 ——— -0.55 [-1.06t0 -0.05] 7.2%
Random-effects model (REML, Hartung—-Knapp) 495 404 < -0.23 [-0.35 to -0.10] 100.0%
95% prediction interval (NNF) : : — : : [-0.43 to -0.01]

Heterogeneity: 1°=0%, 1°=0, P=.76
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Figure 3. Forest plot of the effects of AVG on SBP in children and adolescents. Hedges g: standardized mean difference corrected for small-sample
bias. Estimates in the forest plot are presented to 2 decimal places. For SBP, the upper 95% CI limit (=0.001) and P value (P=.0497) are reported
with additional precision in the main text because rounding would yield —0.00 and P=.05, which could obscure the inferential result [45,46,54,57].
I2: relative measure of inconsistency; 12 between-study variance; AVG: active video games; CG: control group; NNF: Nagashima—Noma-Furukawa;
REML.: random-effects model; SBP: systolic blood pressure.

Experimental group CG

Study Total Mean  SD Total Mean SD Hedges g Hedges g 95% Cl Weight
Wang et al. 91 -5.07 10.76 47 -2.67 12.31 —1 -0.21 [-0.56to 0.14] 57.6%
Murphy et al. 23 -6.30 860 12 -5.00 7.89 e E— -0.15 [-0.85t0 0.55] 14.7%
Christison et al. 35 1.00 1353 13 1.00 11.53 —_— 0.00 [-0.64to 0.64] 17.7%
Berg et al. 11 0.00 693 11 3.00 917 -0.36 [-1.20to 0.49] 10.1%
Random-effects model (REML, Hartung-Knapp) 160 83 <> -0.18 [-0.36 to -0.00] 100.0%
95% prediction interval (NNF) — [-0.43 to 0.07]

Heterogeneity: 1>=0%, 1%=0, P=.92 ' I ' |
-1 -05 0 0.5 1
Favors AVG Favors control
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Figure 4. Forest plot of the effects of AVG on TC in children and adolescents [44,45,54,57]. Hedges g: standardized mean difference corrected
for small-sample bias. /% relative measure of inconsistency; T2 between-study variance; AVG: active video games; CG: control group; NNF:
Nagashima—Noma-Furukawa; REML: random-effects model; TC: total cholesterol.

Experimental group CG

Study Total Mean  SD Total Mean SD Hedges g Hedges g 95% Cl Weight
Wang et al. 91 -0.32 0.51 47 -0.07 0.54 | -0.48 [-0.83t0 -0.12] 27.0%
Murphy et al. 23 -8.99 3222 12 -4.40 22.46 . -0.15 [-0.85t0 0.55] 26.1%
Abedelmalek et al. 12 -0.36 0.10 12 -0.01 0.08 —+— : | -3.73 [-5.13t0 -2.33] 23.0%
Berg et al. 5 -0.10 0.62 6 -0.30 0.62 —_— 0.29 [-0.90t0 1.49] 24.0%
Random-effects model (REML, Hartung-Knapp) 131 77 ‘CTL) -0.96 [-3.79to 1.88] 100.0%
95% prediction interval (NNF) 1 [-5.711to 3.86]
Heterogeneity: [>=87%, 12=2.73, P<.01 I ' I ' |

-4 -2 0 2 4
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Figure 5. Forest plot of the effects of AVG on HR in children and adolescents [46,57]. Hedges g: standardized mean difference corrected for
small-sample bias []. I%: relative measure of inconsistency; T2 between-study variance; AVG: active video games; CG: control group; HR: heart rate;
NNF: Nagashima—Noma-Furukawa; REML: random-effects model.

Experimental group CG

Study Total Mean SD Total Mean SD Hedges g Hedges g 95% Cl Weight
Wang et al. 91 -6.51 13.80 47 -5.61 11.40 -0.07 [-0.42t0 0.28] 76.8%
Christison et al. 35 -10.00 11.14 13 -6.00 9.36 -0.37 [-1.01t0 0.27] 23.2%
Random-effects model (REML, Hartung-Knapp) 126 60 -0.14 [-1.74 to 1.46] 100.0%
95% prediction interval (NNF) T [-4.23 to 5.38]
Heterogeneity: I2=0%, rz=0, P=.42 I T f T |

-4 -2 0 2 4

Favors AVG Favors control

Figure 6. Forest plot of the effects of AVG on DBP in children and adolescents [45,54,57]. Hedges g: standardized mean difference corrected for
small-sample bias; I2: relative measure of inconsistency; T2: between-study variance; AVG: active video games; CG: control group; DBP: diastolic
blood pressure; NNF: Nagashima-Noma-Furukawa; REML: random-effects model.

Experimental group CG

Study Total Mean SD Total Mean SD Hedges g Hedges g 95% Cl Weight
Wang et al. 91 -1.09 9.37 47 -0.09 9.50 —0— -0.11 [-0.46t0 0.25] 70.5%
Murphy et al. 23 -3.20872 12 -5206.78 — 0.24 [-0.46100.94] 17.8%
Berg et al. 11 -2.00 5.00 11 2.00 6.24 e -0.68 [-1.541t00.18] 11.7%
Random-effects model (REML, Hartung-Knapp) 125 70 -<> -0.11 [-0.86 to 0.63] 100.0%
95% prediction interval (NNF) i [-2.09 to 1.75]
Heterogeneity: 1°=24%, 12<0.01, P=.27 ' ' ! ' !
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Figure 7. Forest plot of the effects of AVG on triglycerides in children and adolescents [44,45,51,54-57. Hedges g: standardized mean difference
corrected for small-sample bias. /2 relative measure of inconsistency; t between-study variance; AVG: active video games; CG: control group;
NNF: Nagashima-Noma-Furukawa; REML: random-effects model.

Experimental group CG

Study Total Mean SD Total Mean SD Hedges g Hedges g 95% Cl Weight
Wang et al. 91 -0.14 046 47 0.06 040 —~—| -0.45 [-0.81t0 -0.10] 21.2%
Murphy et al. 23 0.10 57.21 12 230 41.28 — -0.04 [-0.74to 0.66] 13.8%
Abedelmalek et al. 12 -0.09 002 12 -005 003 ——=— | -1.51 [-2.44t0-0.59] 10.1%
Staiano et al.(2018) 22 -2.90 32.36 23 1.00 33.10 —a— -0.12 [-0.70to 0.47] 16.0%
Staiano et al.(2017) 20 13.00 40.25 18 -0.03 39.03 ﬁ—‘" 0.32 [-0.32to 0.96] 14.9%
Berg et al. 5 0.07 038 6 005 027 — 0.06 [-1.13t0 1.24] 7.2%
Luetal. 25 6.00 26.30 26 1.10 35.85 - 0.15 [-040to 0.70] 16.8%
Random-effects model (REML, Hartung-Knapp) 198 144 f .'% -0.20 [-0.70to 0.31] 100.0%
95% prediction interval (NNF) [-1.41to 0.99]
Heterogeneity: [°=58%, t?=0.14, P=.03 ' T f T '
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Figure 8. Forest plot of the effects of AVG on HDL in children and adolescents [44,45,51,54-57]. Hedges g: standardized mean difference corrected
for small-sample bias. /% relative measure of inconsistency; T2 between-study variance; AVG: active video games; CG: control group; HDL:

high-density lipoprotein cholesterol; NNF: Nagashima-Noma-Furukawa; REML: random-effects model.

Experimental group

CG

Study Total Mean  SD Total Mean  SD Hedges g Hedges g 95% CI Weight
Wang et al. 91 -0.06 0.22 47 -0.11 0.16 o e 0.25 [-0.11to 0.60] 34.2%
Murphy et al. 23 -1.00 857 12 0.00 6.72 s — -0.12 [-0.82t0 0.58] 10.6%
Abedelmalek et al. 12 -0.03 0.03 12 -0.02 0.03 ———=——F— -0.32 [-1.13t00.48] 8.1%
Staiano et al.(2018) 22 -0.70 6.57 23 -190 6.71 — 0.18 [-0.411t0 0.76] 14.6%
Staiano et al.(2017) 20 150 716 18 -1.08 7.21 B F 0.35 [-0.29t0 0.99] 12.4%
Berg et al. 5 -0.14 0.19 6 -0.09 0.28 ; -0.19 [-1.38t0 1.00] 3.8%
Luetal. 25 -1.30 1225 26 3.00 12.29 —— -0.35 [-0.90t0 0.21] 16.2%

Random-effects model (REML, Hartung—-Knapp) 198 144
95% prediction interval (NNF)

Heterogeneity: 1=0%, 1%<0.01, P=.50

: 0.05 [-0.21 to 0.31] 100.0%
ﬁ [-0.54 to 0.57]
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Figure 9. Forest plot of the effects of AVG on LDL in children and adolescents [44,45,51,54-57]. Hedges g: standardized mean difference corrected
for small-sample bias; /?: relative measure of inconsistency; T between-study variance; AVG: active video games; CG: control group; LDL:
low-density lipoprotein cholesterol; NNF: Nagashima-Noma-Furukawa; REML: random-effects model.

Experimental group

CG

Study Total Mean  SD Total Mean SD Hedges g Hedges g 95% Cl Weight
Wang et al. 91 -0.15 044 47 0.06 047 -0.46 [-0.82t0 -0.11] 24.0%
Murphy et al. 23 -5.40 28.10 12 -2.90 18.82 —_— -0.10 [-0.79to 0.60] 13.0%
Abedelmalek et al. 12 -0.14 006 12 -0.09 009 ————1— -0.63 [-1.45t0 0.19] 10.4%
Staiano et al.(2018) 22 -460 1454 23 7.80 1487 ——— -0.83 [-1.44t0 -0.22] 15.2%
Staiano et al.(2017) 20 3.90 1297 18 0.78 12.73 —_— T 0.24 [-040to 0.88] 14.4%
Berg et al. 5 0.00 0.66 6 0.00 0.72 0.00 [-1.19t0 1.19] 6.0%
Luetal. 25 -2.40 29.30 26 -6.80 26.98 e 0.15 [-040to 0.70] 17.0%
Random-effects model (REML, Hartung-Knapp) 198 144 -0.26 [-0.64to 0.13] 100.0%

95% prediction interval (NNF)
Heterogeneity: 1>=41%, 12=0.08, P=.12

[-1.18 10 0.69]
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Figure 10. Forest plot of the effects of AVG on glucose in children and adolescents [45,51,54-56]. Hedges g: standardized mean difference corrected
for small-sample bias; I?: relative measure of inconsistency; T2 between-study variance; AVG: active video games; CG: control group; NNF:

Nagashima-Noma-Furukawa; REML: random-effects model.

Experimental group CG
Study Total Mean  SD Total Mean SD Hedges g Hedges g 95% CI Weight
Murphy et al. 23 040 524 12 2.00 363 —°—|— -0.33 [-1.03t00.37] 17.8%
Staiano et al.(2018) 22 050 516 23 050 5128 — 0.00 [-0.58t00.58] 25.7%
Staiano et al.(2017) 20 1.50 29.07 18 11.61 28.43 — T -0.34 [-0.99t0 0.30] 21.3%
Berg et al. 5 0.10 046 6 0.20 0.36 E -0.22 [-1421t0097] 62%
Lu et al. 25 020 842 26 290 37.20 — -0.10 [-0.651t0 0.45] 29.1%
Random-effects model (REML, Hartung-Knapp) 95 85 <= -0.17 [-0.37 to 0.02] 100.0%
95% prediction interval (NNF) | — [-0.42 to 0.07]
T 1 T 1

Heterogeneity: I2=0%, ‘[2=0, P=.93

Subgroup Analysis

To further explore potential sources of heterogeneity and
examine whether participant characteristics and intervention-
related factors may modify the effects of AVG on cardi-
ometabolic health in children and adolescents, subgroup
analyses were conducted for BMI according to 3 dimensions:
sex, intervention type, and nutritional status. These findings
should be interpreted cautiously due to the limited number of
studies within some subgroups.

Subgroup analysis revealed a small but statistically
significant effect favoring BMI reduction in the mixed-sex
group (Hedges g=—0.20), whereas it was not statistically
significant in the male group (Hedges g=-0.45), likely
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reflecting the limited number of included studies (K=2)
and the imprecision of the estimate (95% CI -2.55 to
1.66). The subgroup differences by sex were not statistically
significant (P=.17). See Figure 11. Both the AVG group
(Hedges g=-0.18) and the VR group (Hedges g=-0.49)
showed effects favoring BMI reduction. See Figure 12.
Because the VR category comprised a single study, this
estimate should be regarded as a single-study observation,
and no formal inference regarding differences between AVG
and VR interventions can be made. Regarding nutritional
status, the pooled effects were similar across normal weight
(Hedges g=—0.24), overweight (Hedges g=—0.22), and obesity
subgroups (Hedges g=—0.22), with no significant subgroup
differences (P=.99). See Figure 13. Overall, no statistically
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significant subgroup differences were observed according to
sex, intervention type, or nutritional status.

Liu et al

Figure 11. Subgroup analysis of the effects of AVG on BMI according to sex [44-50,52-54,57]. Hedges g: standardized mean difference corrected
for small-sample bias; I%: relative measure of inconsistency; 12 between-study variance; AVG: active video games; CG: control group; VR: virtual

reality.

Experimental group
Study Total Mean SD Total
Sex=Mixed
Coknaz et al. 53 -0.33 3.35 53
Maddison et al. 160 -0.80 3.87 162
Wang et al. 91 -1.08 2.82 47
Cristina Comeras—-Chueca et al. 20 -0.10 3.056 8
Murphy et al. 23 -0.10 475 12
Christison et al. 35 0.10 6.50 13
Gao et al. 18 0.10 1.25 14
Lau et al. 40 0.54 3.71 40
Berg et al. 11 0.50 3.50 11
Random effects model (Knapp-Hartung) 451 360
Heterogeneity: I2=0%, 12=0, P=77
Test for effect within subgroup:tg=—3.60 (P<.01)
Sex=Male
Abedelmalek et al. 12 -0.82 1.70 12
Marsigliante et al. 32 -1.60 276 32
Random effects model (Knapp-Hartung) 44 44
Heterogeneity: I2=0%, 12=0, P=.44
Test for effect within subgroup:t,=-2.69 (P=.23)
Random effects model (Knapp-Hartung) 495 404

Heterogeneity: I2=0%, 12=0, P=76
Test for overall effect:t,=-4.08 (P<.01)
Test for subgroup differences:-xf=1 .93, df=1 (P=.16)
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Figure 12. Subgroup analysis of the effects of AVG on BMI according to intervention type [44-50,52,54,57]. Hedges g: standardized mean difference
corrected for small-sample bias; I2: relative measure of inconsistency; 12: between-study variance; AVG: active video games; CG: control group; VR:

virtual reality.

Experimental group CG
Study Total Mean SD Total Mean SD
Intervention type=AVG
Coknaz et al. 53 -0.33 3.35 53 0.66 3.44
Maddison et al. 160 -0.80 3.87 162 0.00 4.25
Cristina Comeras-Chueca et al. 20 -0.10 3.05 8 0.00 2.44
Murphy et al. 23 -0.10 475 12 0.30 4.95
Abedelmalek et al. 12 -0.82 1.70 12 -0.53 1.41
Christison et al. 35 0.106.50 13 0.40 4.80
Gao et al. 18 0.10 1.25 14 0.20 1.32
Lau et al. 40 0.54 3.71 40 0.29 3.56
Berg et al. 11 0.50 3.50 11 0.80 4.51
Marsigliante et al. 32 -1.60 276 32 0.60 4.88
Random effects model (Knapp-Hartung) 404 357
Heterogeneity: I2=0%, 12=0, P=.90
Test for effect within subgroup:tg=—3.66 (P<.01)
Intervention type=VR
Wang et al. 91 -1.08 2.82 47 0.33 2.94
Random effects model (Knapp-Hartung) 495 404

Heterogeneity: I2=0%, ‘[2=0, P=76
Test for overall effect:t,,=-4.08 (P<.01)
Test for subgroup differences:xf=2.64, df=1 (P=.10)
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Figure 13. Subgroup analysis of the effects of AVG on BMI according to nutritional status [44-50,52-54,57]. Hedges g: standardized mean difference
corrected for small-sample bias; I2: relative measure of inconsistency; 12 between-study variance; AVG: active video games; CG: control group.

Experimental group

CG

Study Total Mean SD Total Mean SD Hedges g Hedges g 95% Cl Weight
Nutritional status=Normal

Coknaz et al. 53 -0.33 3.35 53 0.66 3.44 —— -0.29 [-0.67to 0.09] 12.2%
Gao et al. 18 0.10 1.25 14 0.20 1.32 —_—— -0.08 [-0.77to 0.62] 3.7%
Random effects model (Knapp-Hartung) 71 67 —_— -0.24 [-1.38to 0.90] 15.9%
Heterogeneity: 1>=0%, 1%=0, P=.60

Test for effect within subgroup:t,=-2.67 (P=.23)

Nutritional status=Overweight 1

Maddison et al. 160 -0.80 3.87 162 0.00 4.25 — -0.20 [-042to 0.02] 37.4%
Wang et al. 91 -1.08 2.82 47 0.33 2.94 _ -0.49 [-0.85t0 -0.13] 14.1%
Lau et al. 40 0.54 3.71 40 0.29 3.56 —— 0.07 [-0.37to 0.51] 9.3%
Random effects model (Knapp-Hartung) 291 249 _ — -0.22 [-0.84to 0.40] 60.8%
Heterogeneity: 12=49%, t°=0.03, P=.14 1

Test for effect within subgroup:t,=—1.55 (P=.26)

Nutritional status=Qbesity

Cristina Comeras—Chueca et al. 20 -0.10 3.05 8 0.00 2.44 — -0.03 [-0.85t0 0.79] 2.7%
Murphy et al. 23 -0.10 4.75 12 0.30 4.95 —_—— -0.08 [-0.78to 0.62] 3.7%
Abedelmalek et al. 12 -0.82 1.70 12 -0.53 1.41 —_—T -0.18 [-0.98to 0.62] 2.8%
Christison et al. 35 0.10 6.50 13 0.40 4.80 s E— -0.05 [-0.69to 0.59] 4.4%
Berg et al. 11 0.50 3.50 11 0.80 4.51 — -0.07 [-091to 0.76] 2.6%
Marsigliante et al. 32 -1.60 276 32 060 4.88 — -0.55 [-1.05t0 -0.05] 7.2%
Random effects model (Knapp-Hartung) 133 88 e -0.22 [-0.48to 0.03] 23.3%
Heterogeneity: I2=0%, ‘[2=0, P=.79

Test for effect within subgroup:ts=-2.28 (P=.07)

Random effects model (Knapp-Hartung) 495 404 | : < : | -0.23 [-0.35t0 -0.10] 100.0%

Heterogeneity: I2=0%, ‘I:2=0, P=76
Test for overall effect:t,=—4.08 (P<.01)
Test for subgroup diﬁerences:x§=0.02, df=2 (P=.99)

Risk of Bias in Studies

Overall, none of the included studies were judged to have a
low risk of bias; 9 studies [44,45,48-50,53-56] were classified
as having some concerns, and 5 studies [45,46,52,55,57] were
judged to have a high risk of bias. Bias in measurement of
the outcome (D4) was consistently rated as low risk of bias,
with all studies judged as low risk of bias in the domain.
Bias due to deviations from intended interventions (D2) was
generally rated as low risk of bias, with only Christison et
al [46] being judged as having a high risk of bias. This
judgment was mainly due to potential deviations from the
intended intervention, including additional physical activity
opportunities beyond the prescribed exergaming sessions and
limited control over intervention exposure. Bias in selection
of the reported result (D5) was predominantly rated as some
concerns, mainly due to insufficient information regarding
trial registration or prespecified analysis plans, though no
study was judged high risk of bias in this domain. Bias arising
from the randomization process (D1) was rated as low risk of
bias in 5 studies, with 8 studies having some concerns and 1
study judged as having high risk of bias, generally reflecting
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incomplete reporting of allocation concealment. Among the
assessed domains, missing outcome data (D3) represented the
main source of high risk of bias, which was judged high
risk of bias in 4 studies, mainly due to substantial missing
outcome data or insufficient reporting of participant attrition
during follow-up. Among the 5 studies judged to have a high
overall risk of bias, four were primarily driven by concerns in
D3, suggesting that missing outcome data was an important
contributor to overall risk judgments. See Figure 14.

A funnel plot combined with Egger’s regression test was
used to assess small-study effects for the BMI outcome
(Appendix S3 in Multimedia Appendix 1). Due to the limited
number of studies available for the other outcomes, small-
study effects were only examined for BMI. Egger’s regres-
sion test showed no evidence of small-study effects for BMI
(P=.46).

The average PEDro score across all studies was 5.4,
indicating that the methodological quality of the included
studies was generally moderate (Appendix S6 in Multimedia
Appendix 1).
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Figure 14. Summary of the risk of bias [44-57].
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Sensitivity Analysis

Sensitivity analyses were conducted using the leave-one-out
method to examine the stability of the pooled estimates. For
BMI, the overall effect was significant (Hedges g=—0.23,
95% CI —-0.35 to —0.10; P=.002; I’=0%), the direction
and significance of the results remained unchanged after
excluding any single study, indicating that BMI demonstrated
the highest robustness across all outcomes. The pooled effect
for SBP showed a small statistically significant reduction
(Hedges g=—-0.18, 95% CI —0.36 to —0.001; P=.0497). After
excluding the study by Christison et al [46], the reduction
became statistically stronger, suggesting that the magnitude
of the SBP effect was influenced by this study. One pos-
sible explanation may be the substantial loss to follow-up
reported in this study, which could have influenced the pooled
estimate.
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The pooled effects for HR (Hedges g=-0.14, 95% CI
—1.74 to 1.46; P=47) and HDL (Hedges g=0.05, 95% CI
—0.21 to 0.31; P=.65) were all nonsignificant, and given the
limited number of included studies, the evidence was limited
due to the small number of available studies. Similarly,
the effects for DBP (Hedges g=-0.11, 95% CI -0.86 to
0.63; P=.59), LDL (Hedges g=—0.26, 95% CI -0.64 to 0.13;
P=.15), TC (Hedges g=—0.96, 95% CI -3.79 to 1.88; P=.37),
and TG (Hedges g=—-0.20, 95% CI —-0.70 to 0.31; P=.38)
remained nonsignificant after removal of individual studies. I?
values ranged from 24% to 87% across these outcomes. For
TC, I decreased from 87% to 0% after excluding Abedel-
malek et al [44], suggesting that this study contributed to
the observed inconsistency among study estimates; however,
the magnitude of the pooled effect was reduced. The pooled
effect for glucose (Hedges g=—0.17, 95% CI —0.37 to 0.02;
P=07) remained nonsignificant after excluding any single
study.
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Overall, the results of the sensitivity analysis suggest that
the improvement in BMI is robust. The evidence regarding
blood pressure, glucose, and other lipid markers is insuffi-
cient. Future studies of higher quality are needed to vali-
date these findings. Refer to Appendix S4 in Multimedia
Appendix 1 for details.

Certainty of Evidence

The quality of evidence was assessed using the GRADE
framework. Detailed results are presented in Supplementary
Material S5 of Multimedia Appendix 1. Overall, the quality
of evidence ranged from low to very low primarily due to
factors such as risk of bias, inconsistency, and imprecision.
Specifically, the certainty of evidence for BMI and SBP was
rated as low, primarily due to serious risk of bias, whereas
no serious concerns were identified regarding inconsistency,
indirectness, or imprecision. The certainty of evidence for
DBP was also rated as low, downgraded mainly because of
concerns regarding risk of bias and imprecision. For HR,
HDL, LDL, and glucose, the certainty of evidence was
mainly downgraded due to serious risk of bias and impreci-
sion. For TC and TG, additional downgrading was applied
due to inconsistency and imprecision. For several cardiome-
tabolic outcomes, the CI included the null value, indicating
substantial uncertainty in the estimated effects. Risk-of-bias
downgrading was based on RoB 2 judgments, whereas PEDro
scores were retained only for descriptive methodological
context.

Discussion

Principal Findings

This systematic review and meta-analysis aimed to evaluate
the effects of AVG on cardiometabolic health in children
and adolescents, and to explore potential moderators through
subgroup analysis. The main findings indicated that AVG
were associated with a small but statistically significant
reduction in BMI. Subgroup analyses suggested that sex,
intervention type, and nutritional status did not significantly
modify the effect of AVG on BMI. Sensitivity analyses
supported the robustness of the pooled BMI estimate. The
certainty of evidence was rated as low due to concerns
regarding risk of bias.

AVG were associated with a small reduction in SBP. No
statistically significant effects were observed for HDL, LDL,
TC, triglycerides, DBP, HR, and glucose. The certainty of
evidence for most cardiometabolic outcomes was rated as
very low, while evidence for SBP and DBP was rated as
low, primarily due to concerns regarding risk of bias and
imprecision. Therefore, these findings should be interpreted
cautiously, particularly given the limited number of available
studies for individual outcomes.

BMI

Regarding BMI outcomes, the reduction in BMI remained
consistent across studies, and the PI remained entirely below
the null effect. Nevertheless, the certainty of evidence was
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rated as low due to concerns regarding risk of bias, suggest-
ing that the magnitude of the observed effect should be
interpreted cautiously. The absence of significant differences
among the normal weight, overweight, and obesity subgroups
suggests that the favorable direction of the BMI effect may
not be limited to a particular nutritional status.

The findings of the present review were generally
consistent with previous systematic reviews and meta-analy-
ses. Unlike previous reviews that mainly focused on children
and adolescents with overweight or obesity, this review
included participants with different baseline weight statuses
and cardiometabolic health conditions, providing evidence
from a broader pediatric population. Hernandez-Martinez et
al [29] reported a small but statistically significant reduction
in BMI following exergaming interventions among children
and adolescents with overweight or obesity. Oliveira et
al [25] similarly found small reductions in BMI or BMI
z-score at short and intermediate term follow-up, while
Comeras-Chueca et al [27] reported favorable effects on
both BMI and BMI z-score. Bourke et al [26] reported a
significant reduction in BMI z-score among children and
adolescents with overweight or obesity, although the pooled
effect on absolute BMI did not reach statistical significance.
Collectively, these findings suggest that AVG may produce
modest improvements in weight-related outcomes, although
the magnitude and statistical significance of the effects vary
according to the outcome measure and study population.

A network meta-analysis by Ho et al [23] reported that
AVG were more effective than no-AVG comparators in
reducing BMI among children and adolescents. A recent
umbrella review by Singh et al [58] also found modest
improvements in BMI following digital health interventions,
which included AVG and serious games. Singh et al [58]
also examined whether BMI effects differed according to
intervention type. In this review, however, only one study
contributed to the VR category [57]. The VR estimate should
therefore be regarded as a single-study observation, and
the available evidence does not support conclusions regard-
ing the comparative effectiveness of VR and conventional
AVG. Singh et al [58] also found that interventions last-
ing at least 12 weeks produced greater improvements in
BMI than shorter interventions, suggesting that intervention
duration may be more important than the specific interven-
tion type. Earlier evidence from Biddiss et al [59] showed
that AVG could elicit light to moderate intensity physical
activity but was insufficient to establish their long-term
effectiveness. Together, these findings suggest that interven-
tion dose, sustained engagement, and long-term adherence
may be important determinants of BMI-related outcomes.

Several mechanisms may explain the observed effect
on BMI. The interactive and enjoyable characteristics of
AVG may encourage children and adolescents to partici-
pate in physical activity [21]. By increasing energy expen-
diture during gameplay, repeated AVG participation could
contribute to greater overall energy expenditure and a more
favorable energy balance [60]. From a practical perspec-
tive, AVG may serve as an accessible and engaging
adjunct to broader physical activity and weight-management
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strategies for children and adolescents, rather than as a
stand-alone treatment for obesity. Future studies should
determine how intervention duration, exercise intensity, game
design, behavioral engagement, and adherence support can
be optimized to produce larger and more sustainable effects.
Longer follow-up periods are also required to establish
whether the small changes in BMI observed after AVG
translate into meaningful long-term benefits for obesity
prevention and weight management.

Lipid Metabolism and Glucose
LDL

The present meta-analysis did not provide clear evidence that
AVG reduced LDL in children and adolescents. This finding
is consistent with the meta-analysis by Hernandez-Martinez
et al [29], which likewise reported no statistically signifi-
cant improvement in LDL among children and adolescents
with overweight or obesity. According to the National Heart,
Lung, and Blood Institute (NHLBI) guidelines [61], normal
LDL levels for children and adolescents should be below 110
mg/dL. Among the studies included in this analysis, baseline
mean LDL levels ranged from 86.4 to 131.6 mg/dL, generally
falling within the normal range. But the study by Abedelma-
lek et al [44] reported a mean baseline LDL level of 131.2-
131.6 mg/dL, which constitutes a high LDL level. And the
baseline LDL level in the intervention group of Murphy et al
[54] was 111.2 mg/dL, indicating borderline elevation. Some
studies may have limited room for improvement, which could
attenuate the overall intervention effect of AVG on LDL
levels. Dietary intake may also have influenced the observed
effects because LDL is sensitive to dietary composition
and overall dietary patterns [62]. Most included trials did
not consistently control or report participants’ dietary intake
during the intervention, making it difficult to distinguish the
effects of AVG from those of concurrent dietary changes.

HDL

The present analysis found no evidence that AVG signifi-
cantly improved HDL levels in children and adolescents.
This finding is consistent with the meta-analysis by Hernan-
dez-Martinez et al [29], which likewise reported no statis-
tically significant overall improvement in HDL following
exergaming interventions among children and adolescents
with overweight or obesity. Sensitivity analyses did not alter
this conclusion. Several factors may explain the absence
of a clear HDL response, including exercise dose, dietary
intake, and pubertal development [63-66]. The exercise dose
provided in some included trials may have been insufficient
to induce measurable changes in HDL, as recent pediatric
evidence [66] suggests that lipid responses may depend on
session duration, weekly frequency, and total intervention
duration. In addition, the age range across the included
studies covered different stages of growth and puberty, during
which HDL levels may vary physiologically [63,64]. Dietary
intake may also have contributed to variation in HDL, as
dietary interventions have been shown to modify HDL levels
in children and adolescents [65]. However, reports in the
included studies regarding pubertal status and dietary intake
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are relatively scarce, which may obscure the subtle effects of
interventions on HDL.

Triglycerides

This study found no evidence of improvement in triglycer-
ides levels among children and adolescents following AVG.
Similarly, Hernandez-Martinez et al [29] did not observe
a significant improvement in triglycerides levels following
an AVG in children and adolescents. Exercise training has
been shown to increase skeletal muscle lipoprotein lipase
(LPL) activity, and exercise-induced changes in muscle LPL
activity were inversely associated with changes in plasma
triglycerides concentrations [67]. More recent evidence
further supports this mechanism, suggesting that skeletal
muscle LPL helps break down circulating triglycerides during
exercise and facilitates the uptake of triglycerides-derived
fatty acids by muscle [68]. Adequately dosed traditional
aerobic exercise has been shown to improve triglycerides
levels [69]. Whether AVG provide a sufficient exercise
stimulus to induce a comparable LPL-mediated adaptation in
children and adolescents remains unclear. AVG may provide
a relatively modest exercise stimulus [70], which may limit
metabolic adaptations related to lipid clearance. The intensity
and volume of exercise achieved through AVG may be
insufficient to elicit similar metabolic adaptations, which
could explain the lack of significant effects observed in our
analysis. Additionally, triglycerides responses are sensitive to
acute dietary intake, with the type and composition of foods
consumed influencing the magnitude of the response [71]. In
children and adolescents, Park et al [72] similarly showed
that triglycerides concentrations increased significantly after
a high-fat meal, whereas a single AVG session did not
significantly attenuate the triglycerides response. Therefore,
improvements in triglycerides levels may depend on multiple
factors, including intervention dosage, baseline triglycerides
levels, and dietary habits. This analysis included a limited
number of studies, and the study estimates showed some
inconsistency (I’=58%), these findings should be interpreted
with caution.

TC

This study found that the TC did not show a significant
change. The wide prediction interval and the observed
inconsistency among study estimates (I*=87%) suggest
considerable uncertainty regarding the effect of AVG across
different settings. In the sensitivity analyses, I” decreased
from 87% to 0% after excluding the study by Abedelmalek
et al [44]. This heterogeneity may partly be attributable to
differences in participant characteristics, as Abedelmalek et al
[44] included participants with severe obesity. Additionally,
the intervention in Abedelmalek et al [44] was conducted
during Ramadan, and dietary patterns during this period may
have influenced participants’ blood lipid levels, causing the
effect size for TC to deviate from that of other studies. The
intervention period in the study by Abedelmalek et al [44]
was also the shortest among all studies, lasting only 4 weeks.
The relatively short intervention duration may have limited
the potential to detect changes in TC levels. A review by
Ercelik et al [28] indicated that AVG can significantly reduce
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TC levels in overweight or obese children. However, the
results of this meta-analysis showed no significant change
in TC, which contradicts the conclusions of that review.
Differences in study selection criteria, included populations,
and the limited number of available trials may partly explain
the discrepancy between findings. Because TC reflects the
combined contribution of LDL, HDL, and very-low-density
lipoprotein cholesterol (VLDL) [73], the absence of signifi-
cant changes in LDL and HDL may have contributed to the
lack of improvement in overall TC levels. Furthermore, the
number of studies included in this analysis was too small
to support definitive conclusions, limiting the study to an
exploratory nature.

Glucose

The number of studies and participants included in the
analysis of glucose was insufficient, resulting in limited
statistical power. No significant improvement was observed,
and the interpretation of the current evidence remains subject
to considerable uncertainty. Furthermore, the glucose-regulat-
ing effect of exercise is primarily achieved through increased
glucose uptake by skeletal muscle and improved insulin
sensitivity [74]. During exercise, skeletal muscle contrac-
tion activates the glucose transporter type 4 (GLUT4) [75],
facilitating its translocation from intracellular storage sites
to the cell membrane, thereby promoting glucose entry into
muscle cells [76,77]. Yin et al [78] suggested that repea-
ted muscle activation throughout the day may contribute
to improved glycemic regulation. However, the magnitude
of exercise-induced glucose uptake is highly dependent on
exercise intensity, frequency, and duration [79]. Although
AVG can increase energy expenditure and physical activity
levels [80,81], the exercise stimulus may not consistently
reach the intensity or duration required to induce substantial
metabolic adaptations. Current evidence remains insufficient
to confirm a significant beneficial effect of AVG on glucose
levels. Further exploration is needed through high-quality
studies with larger sample sizes.

Blood Pressure and Heart Rate

AVG resulted in a small reduction in SBP, suggesting
a potential beneficial effect on blood pressure regulation.
However, the magnitude of the effect was limited, and the
CI approached the null value, indicating uncertainty regarding
the clinical relevance of this finding. This influence may
partly reflect the methodological limitations of Christison
et al [46], including substantial missing outcome data and
reduced completeness of cardiovascular measurements, which
may have increased uncertainty in the estimated interven-
tion effect. Zhu et al [30] reported significant reductions
in SBP following AVG among children and adolescents
under 18 years of age; our findings showed only a marginal
reduction. This discrepancy may be explained by differen-
ces in the number of included studies, participant character-
istics, intervention protocols, and comparator conditions. In
contrast, AVG did not significantly affect DBP. The wide
CI indicates considerable uncertainty around the estimated
effect, which may be attributed to the small number of
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included studies and limited statistical power rather than the
absence of a true effect.

Exercise intensity may be an important determinant of
blood pressure responses, although the overall effect may also
depend on session duration and accumulated exercise dose
[82,83]. The review by Hernandez-Martinez et al [29] also
indicates that intensity is a key factor in improving blood
pressure. Yin et al [84] found that low-volume high-intensity
interval training (LV-HIIT) significantly reduced SBP and
DBP compared with nontraining control conditions, despite
requiring substantially less exercise time than traditional
training modalities. These findings suggest that brief high-
intensity exercise may elicit blood pressure adaptations even
when total exercise volume is limited. However, LV-HIIT
did not produce significantly greater reductions in SBP or
DBP than moderate-intensity continuous training or higher-
volume HIIT, and these findings therefore do not establish a
specific intensity threshold for blood pressure improvement.
A review by Tozo et al [85] also indicates that high-inten-
sity interval training (HIIT) interventions with the highest
intensity yield the greatest reductions in blood pressure,
specifically 3 sessions per week, each lasting 60 minutes,
for at least 12 weeks. Previous evidence from broader
digital interventions [86], including AVG and exergaming,
has shown limited efficacy in improving cardiometabolic
health, particularly regarding blood pressure and blood lipids.
AVG may provide a modest stimulus for SBP reduction,
but the available evidence remains insufficient to determine
the intervention intensity, session duration, or accumulated
dose required to produce consistent blood pressure adapta-
tions. Future trials should therefore report and systematically
evaluate intervention intensity, minutes per session, weekly
frequency, adherence, and baseline blood pressure in children
and adolescents.

Neither of the 2 studies included in this HR analy-
sis showed a significant between-group effect of HR. In
Christison et al [46], HR decreased in both the exergaming
and CGs, resulting in no significant between-group differ-
ence. Similarly, Wang et al [57] observed reductions in HR
in both the REVERIE and CGs after the 8-week intervention,
without a significant difference between groups. Thus, the
absence of a significant pooled effect may reflect a small
AVG-specific effect combined with the very limited evidence
base rather than clear evidence that AVG do not influence
HR.

The effect of AVG on HR remains uncertain. Only 2
studies contributed to this outcome, and the extremely wide
CI and PI indicate considerable uncertainty regarding the
magnitude and direction of the effect. The certainty of
evidence was rated as very low due to concerns regarding
risk of bias and imprecision. Further high-quality trials with
larger samples and longer intervention periods are needed to
clarify whether AVG can induce meaningful adaptations in
cardiac autonomic regulation.
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Limitations and Future Research

The limitations of this systematic review and meta-analy-
sis include: (1) Several outcomes were supported by small
numbers of studies and participants, resulting in imprecise
effect estimates and limited statistical power. In addition, the
small numbers of studies and participants within some BMI
subgroups restricted the robustness of the findings regarding
potential moderator effects, including sex, intervention type,
and nutritional status; (2) The included studies differed in
terms of intervention equipment and game scenarios, which
may also have influenced the effectiveness of the interven-
tions; (3) Due to the limited number of studies included
in this review and the lack of clear reporting on exercise
protocols and exercise intensity, meta-regression analysis was
not conducted; (4) Inconsistencies in intervention dose across
the included studies may have led to between-study variabil-
ity in results; (5) This review included only published studies
with accessible full-text articles, and it did not search for
gray literature or unpublished data, which may have led to
publication bias in the results. This concern is particularly
relevant because few studies contributed to most outcomes,
limiting the reliability of formal assessments of small-study
effects; (6) Although BMI was the most consistently reported
anthropometric outcome across the included studies, raw BMI
does not fully account for age, sex, and maturation-related
changes in children and adolescents, which may limit the
accuracy of weight-status interpretation.

Therefore, future research should include more high-qual-
ity, large-scale studies to validate these findings. These
studies should explicitly report exercise intensity param-
eters and appropriately extend the intervention duration
to determine whether AVG can effectively improve

Liu et al

cardiometabolic health in children and adolescents when
administered at a higher intervention dose. The interactiv-
ity and fun elements of AVG may help promote initial
engagement and intervention adherence. However, existing
studies report inconsistent findings regarding the assessment
of engagement-related indicators, and the impact of AVG
on long-term engagement behavior remains unclear. Future
research should use standardized, objectively measurable
tools for assessing engagement, and prospectively evaluate
whether perceived fun translates into sustained engagement
behavior.

Conclusion

This systematic review and meta-analysis provide an updated
and broader RCT-only evaluation of the effects of AVG on
cardiometabolic health in children and adolescents, including
anthropometric, cardiovascular, and metabolic outcomes. In
contrast to previous reviews that have focused on selec-
ted populations or narrower outcome domains, this review
evaluates a broader pediatric population and a wider range of
cardiometabolic outcomes within a unified framework. The
findings suggest that AVG may be associated with small
reductions in BMI and SBP, although the SBP effect was
less consistent across potential future settings, and evidence
for other cardiometabolic outcomes remains uncertain. By
clarifying both the potential benefits and the remaining
evidence gaps, this review provides a more comprehensive
basis for future research and intervention development. From
a practical perspective, AVG may serve as an engaging
adjunct to support physical activity participation among
children and adolescents. Further high-quality RCTs are
needed to determine the optimal intervention characteristics
and clarify their long-term cardiometabolic effects.

Acknowledgments

The authors declare the use of generative Al in the research and writing process. According to the GAIDeT taxonomy
(2025), the following tasks were delegated to Gen Al tools under full human supervision: code generation, code optimization,
validation, data analysis, adapting and adjusting emotional tone, and translation. The Gen Al tool used was: ChatGPT-5.6. Sol.
Responsibility for the final manuscript lies entirely with the authors. Gen Al tools are not listed as authors and do not bear

responsibility for the final outcomes.

Funding

The authors declared no financial support was received for this work

Availability of Data

All data for this systematic review and meta-analysis come from published trials.

Authors’ Contributions

Conceptualization: WL.

Data curation: WL, YW, TW.

Formal analysis: WL.

Supervision: CZ, JL, WC.

Visualization: YW.

Writing — original draft: WL, YW.

Writing — review & editing: WL, YW, TW, CZ, JL, FM.

Conflicts of Interest
None declared

https://games.jmir.org/2026/1/e101833

JMIR Serious Games 2026 | vol. 14 1101833 | p. 17
(page number not for citation purposes)


https://games.jmir.org/2026/1/e101833

JMIR SERIOUS GAMES Liu et al

Multimedia Appendix 1
Supplementary search results, funnel plot, leave-one-out sensitivity analysis, GRADE (Grading of Recommendations
Assessment, Development and Evaluation) summary of findings, and Physiotherapy Evidence Database (PEDro) methodologi-

cal quality assessment.
[DOCX File (Microsoft Word File), 1424 KB-Multimedia Appendix 1]

Checklist 1

PRISMA 2020 checklist.
[DOCX File (Microsoft Word File), 24 KB-Checklist 1]

Checklist 2

PRISMA 2020 for Abstracts checklist.
[DOCX File (Microsoft Word File), 15 KB-Checklist 2]

References

1.  Barnett TA, Kelly AS, Young DR, et al. Sedentary behaviors in today’s youth: approaches to the prevention and
management of childhood obesity: a scientific statement from the American Heart Association. Circulation. Sep 11,
2018;138(11):e142-e159. [doi: 10.1161/CIR.0000000000000591] [Medline: 30354382]

2. Georgoulis M, Grapsa I, Arnaoutis G, et al. A systematic review and meta-analysis of longitudinal studies exploring the
link between physical inactivity and indicators of childhood overweight/obesity and metabolically unhealthy obesity risk
in Western countries. Curr Obes Rep. Jan 3, 2026;15(1):1. [doi: 10.1007/s13679-025-00680-6] [Medline: 41484343]

3. Tremblay MS, LeBlanc AG, Kho ME, et al. Systematic review of sedentary behaviour and health indicators in school-
aged children and youth. Int J Behav Nutr Phys Act. Sep 21, 2011;8:98. [doi: 10.1186/1479-5868-8-98] [Medline:
21936895]

4.  Agbaje AO, Perng W, Tuomainen TP. Effects of accelerometer-based sedentary time and physical activity on DEXA-
measured fat mass in 6059 children. Nat Commun. Dec 12, 2023;14(1):8232. [doi: 10.1038/s41467-023-43316-w]
[Medline: 38086810]

5.  Harnois-Leblanc S, Sylvestre MP, Van Hulst A, et al. Estimating causal effects of physical activity and sedentary
behaviours on the development of type 2 diabetes in at-risk children from childhood to late adolescence: an analysis of
the QUALITY cohort. Lancet Child Adolesc Health. Jan 2023;7(1):37-46. [doi: 10.1016/5S2352-4642(22)00278-4]
[Medline: 36356598]

6. Jebeile H, Kelly AS, O’Malley G, Baur LA. Obesity in children and adolescents: epidemiology, causes, assessment, and
management. Lancet Diabetes Endocrinol. May 2022;10(5):351-365. [doi: 10.1016/S2213-8587(22)00047-X] [Medline:
35248172]

7. Smith JJ, Eather N, Morgan PJ, Plotnikoff RC, Faigenbaum AD, Lubans DR. The health benefits of muscular fitness for
children and adolescents: a systematic review and meta-analysis. Sports Med. Sep 2014;44(9):1209-1223. [doi: 10.1007/
s40279-014-0196-4] [Medline: 24788950]

8. Skinner AC, Perrin EM, Moss LA, Skelton JA. Cardiometabolic risks and severity of obesity in children and young
adults. N Engl J Med. Oct 2015;373(14):1307-1317. [doi: 10.1056/NEJMoal1502821] [Medline: 26422721]

9.  Thompson-Paul AM, Kraus EM, Porter RM, et al. Pediatric lipid screening prevalence using nationwide electronic
medical records. JAMA Netw Open. Jul 1,2024;7(7):e2421724. [doi: 10.1001/jamanetworkopen.2024.21724] [Medline:
39042409]

10. Friedemann C, Heneghan C, Mahtani K, Thompson M, Perera R, Ward AM. Cardiovascular disease risk in healthy
children and its association with body mass index: systematic review and meta-analysis. BMJ. Sep 25,2012;345:e4759.
[doi: 10.1136/bmj.e4759] [Medline: 23015032]

11. Nadeau KJ, Maahs DM, Daniels SR, Eckel RH. Childhood obesity and cardiovascular disease: links and prevention
strategies. Nat Rev Cardiol. Jun 14, 2011;8(9):513-525. [doi: 10.1038/nrcardio.2011.86] [Medline: 21670745]

12.  Chen H, Chen C, Spanos M, et al. Exercise training maintains cardiovascular health: signaling pathways involved and
potential therapeutics. Signal Transduct Target Ther. Sep 1, 2022;7(1):306. [doi: 10.1038/s41392-022-01153-1]
[Medline: 36050310]

13. Momma H, Kawakami R, Honda T, Sawada SS. Muscle-strengthening activities are associated with lower risk and
mortality in major non-communicable diseases: a systematic review and meta-analysis of cohort studies. Br J Sports
Med. Jul 2022;56(13):755-763. [doi: 10.1136/bjsports-2021-105061] [Medline: 35228201]

14. Moreira JBN, Wohlwend M, Wislgff U. Exercise and cardiac health: physiological and molecular insights. Nat Metab.
Sep 2020;2(9):829-839. [doi: 10.1038/s42255-020-0262-1] [Medline: 32807982]

https://games.jmir.org/2026/1/¢101833 JMIR Serious Games 2026 | vol. 14 1101833 I p. 18
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=games_v14i1e101833_app1.docx
https://jmir.org/api/download?alt_name=games_v14i1e101833_app1.docx
https://jmir.org/api/download?alt_name=games_v14i1e101833_app2.docx
https://jmir.org/api/download?alt_name=games_v14i1e101833_app2.docx
https://jmir.org/api/download?alt_name=games_v14i1e101833_app3.docx
https://jmir.org/api/download?alt_name=games_v14i1e101833_app3.docx
https://doi.org/10.1161/CIR.0000000000000591
http://www.ncbi.nlm.nih.gov/pubmed/30354382
https://doi.org/10.1007/s13679-025-00680-6
http://www.ncbi.nlm.nih.gov/pubmed/41484343
https://doi.org/10.1186/1479-5868-8-98
http://www.ncbi.nlm.nih.gov/pubmed/21936895
https://doi.org/10.1038/s41467-023-43316-w
http://www.ncbi.nlm.nih.gov/pubmed/38086810
https://doi.org/10.1016/S2352-4642(22)00278-4
http://www.ncbi.nlm.nih.gov/pubmed/36356598
https://doi.org/10.1016/S2213-8587(22)00047-X
http://www.ncbi.nlm.nih.gov/pubmed/35248172
https://doi.org/10.1007/s40279-014-0196-4
https://doi.org/10.1007/s40279-014-0196-4
http://www.ncbi.nlm.nih.gov/pubmed/24788950
https://doi.org/10.1056/NEJMoa1502821
http://www.ncbi.nlm.nih.gov/pubmed/26422721
https://doi.org/10.1001/jamanetworkopen.2024.21724
http://www.ncbi.nlm.nih.gov/pubmed/39042409
https://doi.org/10.1136/bmj.e4759
http://www.ncbi.nlm.nih.gov/pubmed/23015032
https://doi.org/10.1038/nrcardio.2011.86
http://www.ncbi.nlm.nih.gov/pubmed/21670745
https://doi.org/10.1038/s41392-022-01153-1
http://www.ncbi.nlm.nih.gov/pubmed/36050310
https://doi.org/10.1136/bjsports-2021-105061
http://www.ncbi.nlm.nih.gov/pubmed/35228201
https://doi.org/10.1038/s42255-020-0262-1
http://www.ncbi.nlm.nih.gov/pubmed/32807982
https://games.jmir.org/2026/1/e101833

JMIR SERIOUS GAMES Liu et al

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Valenzuela PL, Ruilope LM, Santos-Lozano A, et al. Exercise benefits in cardiovascular diseases: from mechanisms to
clinical implementation. Eur Heart J. Jun 1, 2023;44(21):1874-1889. [doi: 10.1093/eurheartj/ehad170] [Medline:
37005351]

van Sluijs EMF, Ekelund U, Crochemore-Silva I, et al. Physical activity behaviours in adolescence: current evidence and
opportunities for intervention. Lancet. Jul 31, 2021;398(10298):429-442. [doi: 10.1016/S0140-6736(21)01259-9]
[Medline: 34302767]

Han A, Fu A, Cobley S, Sanders RH. Effectiveness of exercise intervention on improving fundamental movement skills
and motor coordination in overweight/obese children and adolescents: a systematic review. J Sci Med Sport. Jan
2018;21(1):89-102. [doi: 10.1016/j.jsams.2017.07.001] [Medline: 28728887]

Pearl RL, Wadden TA, Jakicic JM. Is weight stigma associated with physical activity? A systematic review. Obesity
(Silver Spring). Dec 2021;29(12):1994-2012. [doi: 10.1002/0by.23274] [Medline: 34747131]

Stankov I, Olds T, Cargo M. Overweight and obese adolescents: what turns them off physical activity? Int J Behav Nutr
Phys Act. May 3,2012;9(53):53. [doi: 10.1186/1479-5868-9-53] [Medline: 22554016]

Gao Z, Chen S, Pasco D, Pope Z. A meta-analysis of active video games on health outcomes among children and
adolescents. Obes Rev. Sep 2015;16(9):783-794. [doi: 10.1111/0br.12287] [Medline: 25943852]

Moller AC, Sousa CV, Lee KJ, Alon D, Lu AS. Active video game interventions targeting physical activity behaviors:
systematic review and meta-analysis. J Med Internet Res. May 16, 2023;25:e45243. [doi: 10.2196/45243] [Medline:
37191992]

Best JR. Exergaming in youth: effects on physical and cognitive health. Z Psychol. Apr 1, 2013;221(2):72-78. [doi: 10.
1027/2151-2604/a000137] [Medline: 25097828]

Ho RST, Chan EKY, Liu KKY, Wong SHS. Active video game on children and adolescents’ physical activity and
weight management: a network meta-analysis. Scand J Med Sci Sports. Aug 2022;32(8):1268-1286. [doi: 10.1111/sms.
14176] [Medline: 35485251]

Wang M, Xu J, Zhou X, Li X, Zheng Y . Effectiveness of gamification interventions to improve physical activity and
sedentary behavior in children and adolescents: systematic review and meta-analysis. JMIR Serious Games. Sep 18,
2025;13:e68151. [doi: 10.2196/68151] [Medline: 40966596]

Oliveira CB, Pinto RZ, Saraiva BTC, et al. Effects of active video games on children and adolescents: a systematic
review with meta-analysis. Scand J Med Sci Sports. Jan 2020;30(1):4-12. [doi: 10.1111/sms.13539] [Medline:
31418915]

Bourke M, Patterson L, Di Nardo F, Whittaker P, Verma A. Active video games and weight management in overweight
children and adolescents-systematic review and meta-analysis. J Public Health (Oxf). Nov 29, 2023;45(4):935-946. [doi:
10.1093/pubmed/fdad115] [Medline: 37496202]

Comeras-Chueca C, Marin-Puyalto J, Matute-Llorente A, Vicente-Rodriguez G, Casajus JA, Gonzalez-Aguero A.
Effects of active video games on health-related physical fitness and motor competence in children and adolescents with
overweight or obesity: systematic review and meta-analysis. JMIR Serious Games. Oct 18,2021;9(4):e29981. [doi: 10.
2196/29981] [Medline: 34661549]

Ercelik ZE, Caglar S. Effectiveness of active video games in overweight and obese adolescents: a systematic review and
meta-analysis of randomized controlled trials. Ann Pediatr Endocrinol Metab. Jun 2022;27(2):98-104. [doi: 10.6065/
apem.2244036.018] [Medline: 35794000]

Hernandez-Martinez J, Perez-Carcamo J, Melki H, et al. Effects of exergaming on morphological variables, biochemical
parameters, and blood pressure in children and adolescents with overweight/obesity: a systematic review with meta-
analysis of randomized controlled trials. Children (Basel). Dec 27, 2024;12(1):29. [doi: 10.3390/children12010029]
[Medline: 39857860]

Zhu H, Tung KTS, So HK, et al. Role of active video games in blood pressure management among children and young
adults: systematic review and meta-analysis. J] Med Internet Res. Aug 19, 2025;27:¢75000. [doi: 10.2196/75000]
[Medline: 40862308]

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ. Mar 29, 2021;372:n71. [doi: 10.1136/bmj.n71] [Medline: 33782057]

Rethlefsen ML, Kirtley S, Waffenschmidt S, et al. PRISMA-S: an extension to the PRISMA statement for reporting
literature searches in systematic reviews. Syst Rev. Jan 26, 2021;10(1):39. [doi: 10.1186/s13643-020-01542-7z] [Medline:
33499930]

Drevon D, Fursa SR, Malcolm AL. Intercoder reliability and validity of WebPlotDigitizer in extracting graphed data.
Behav Modif. Mar 2017;41(2):323-339. [doi: 10.1177/0145445516673998] [Medline: 27760807]

Higgins JPT, Thomas J, Chandler], editors. Cochrane Handbook for Systematic Reviews of Interventions. 2nd ed. John
Wiley & Sons; 2019. [doi: 10.1002/9781119536604]

https://games jmir.org/2026/1/e101833 JMIR Serious Games 2026 | vol. 14 1e101833 | p. 19

(page number not for citation purposes)


https://doi.org/10.1093/eurheartj/ehad170
http://www.ncbi.nlm.nih.gov/pubmed/37005351
https://doi.org/10.1016/S0140-6736(21)01259-9
http://www.ncbi.nlm.nih.gov/pubmed/34302767
https://doi.org/10.1016/j.jsams.2017.07.001
http://www.ncbi.nlm.nih.gov/pubmed/28728887
https://doi.org/10.1002/oby.23274
http://www.ncbi.nlm.nih.gov/pubmed/34747131
https://doi.org/10.1186/1479-5868-9-53
http://www.ncbi.nlm.nih.gov/pubmed/22554016
https://doi.org/10.1111/obr.12287
http://www.ncbi.nlm.nih.gov/pubmed/25943852
https://doi.org/10.2196/45243
http://www.ncbi.nlm.nih.gov/pubmed/37191992
https://doi.org/10.1027/2151-2604/a000137
https://doi.org/10.1027/2151-2604/a000137
http://www.ncbi.nlm.nih.gov/pubmed/25097828
https://doi.org/10.1111/sms.14176
https://doi.org/10.1111/sms.14176
http://www.ncbi.nlm.nih.gov/pubmed/35485251
https://doi.org/10.2196/68151
http://www.ncbi.nlm.nih.gov/pubmed/40966596
https://doi.org/10.1111/sms.13539
http://www.ncbi.nlm.nih.gov/pubmed/31418915
https://doi.org/10.1093/pubmed/fdad115
http://www.ncbi.nlm.nih.gov/pubmed/37496202
https://doi.org/10.2196/29981
https://doi.org/10.2196/29981
http://www.ncbi.nlm.nih.gov/pubmed/34661549
https://doi.org/10.6065/apem.2244036.018
https://doi.org/10.6065/apem.2244036.018
http://www.ncbi.nlm.nih.gov/pubmed/35794000
https://doi.org/10.3390/children12010029
http://www.ncbi.nlm.nih.gov/pubmed/39857860
https://doi.org/10.2196/75000
http://www.ncbi.nlm.nih.gov/pubmed/40862308
https://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.1186/s13643-020-01542-z
http://www.ncbi.nlm.nih.gov/pubmed/33499930
https://doi.org/10.1177/0145445516673998
http://www.ncbi.nlm.nih.gov/pubmed/27760807
https://doi.org/10.1002/9781119536604
https://games.jmir.org/2026/1/e101833

JMIR SERIOUS GAMES Liu et al

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Sterne JAC, Savovié J, Page MJ, et al. RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ. Aug 28,
2019;366:14898. [doi: 10.1136/bmj.14898] [Medline: 31462531]

de Morton NA. The PEDro scale is a valid measure of the methodological quality of clinical trials: a demographic study.
Aust J Physiother. 2009;55(2):129-133. [doi: 10.1016/s0004-9514(09)70043-1] [Medline: 19463084]

Viechtbauer W. Conducting meta-analyses in r with the metafor package. J Stat Softw. 2010;36(3):1-48. [doi: 10.18637/
188.v036.103]

IntHout J, Ioannidis JPA, Borm GF. The Hartung-Knapp-Sidik-Jonkman method for random effects meta-analysis is
straightforward and considerably outperforms the standard DerSimonian-Laird method. BMC Med Res Methodol. Feb
18,2014;14:25. [doi: 10.1186/1471-2288-14-25] [Medline: 24548571]

Brini S, Leung TI. Value and credibility of meta-analysis: tutorial on enhancing methodological rigor and Al-powered
efficiency. J Med Internet Res. Jul 2, 2026;28:¢92132. [doi: 10.2196/92132] [Medline: 42390911]

Nagashima K, Noma H, Furukawa TA. Prediction intervals for random-effects meta-analysis: a confidence distribution
approach. Stat Methods Med Res. Jun 2019;28(6):1689-1702. [doi: 10.1177/0962280218773520] [Medline: 29745296]
Higgins JPT, Lopez-Lopez JA. Reflections on the I-squared index for measuring inconsistency in meta-analysis. Res
Synth Methods. May 2026;17(3):389-402. [doi: 10.1017/rsm.2025.10062] [Medline: 41992898]

Sterne JAC, Sutton AJ, Ioannidis JPA, et al. Recommendations for examining and interpreting funnel plot asymmetry in
meta-analyses of randomised controlled trials. BMJ. Jul 22, 2011;343:d4002. [doi: 10.1136/bmj.d4002] [Medline:
21784880]

Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on rating quality of evidence and strength of
recommendations. BMJ. Apr 26, 2008;336(7650):924-926. [doi: 10.1136/bmj.39489.470347.AD] [Medline: 18436948]
Abedelmalek S, Aloui K, Denguezli Bouzgarou M, Adam H, Souissi N, Chtourou H. Exergaming during Ramadan
intermittent fasting improve body composition as well as physiological and psychological responses to physical exercise
in adolescents with obesity. Front Nutr. 2022;9:851054. [doi: 10.3389/fnut.2022.851054] [Medline: 35836586]

Berg J, Wang Al, Madssen E, Rge L, Moholdt T. Effects of providing access to a cycling exergaming platform on
cardiorespiratory fitness and cardiometabolic health in adolescents: a randomised, controlled trial. Sci Rep. May 8,
2026;16(1):21098. [doi: 10.1038/s41598-026-48327-3] [Medline: 42103774]

Christison AL, Evans TA, Bleess BB, Wang H, Aldag JC, Binns HJ. Exergaming for health: a randomized study of
community-based exergaming curriculum in pediatric weight management. Games Health J. Dec 2016;5(6):413-421.
[doi: 10.1089/g4h.2015.0097] [Medline: 27911621]

Coknaz D, Mirzeoglu AD, Atasoy HI, Alkoy S, Coknaz H, Goral K. A digital movement in the world of inactive
children: favourable outcomes of playing active video games in a pilot randomized trial. Eur J Pediatr. Oct
2019;178(10):1567-1576. [doi: 10.1007/s00431-019-03457-x] [Medline: 31471690]

Comeras-Chueca C, Villalba-Heredia L, Perez-Lasierra JL, et al. Effect of an active video game intervention combined
with multicomponent exercise for cardiorespiratory fitness in children with overweight and obesity: randomized
controlled trial. JMIR Serious Games. May 24, 2022;10(2):e33782. [doi: 10.2196/33782] [Medline: 35471240]

Gao Z, Lee JE, Zeng N, Pope ZC, Zhang Y, Li X. Home-based exergaming on preschoolers’ energy expenditure,
cardiovascular fitness, body mass index and cognitive flexibility: a randomized controlled trial. J Clin Med. Oct 21,
2019;8(10):1745. [doi: 10.3390/jcm8101745] [Medline: 31640158]

Lau PWC, Wang JJ, Maddison R. A randomized-controlled trial of school-based active videogame intervention on
chinese children’s aerobic fitness, physical activity level, and psychological correlates. Games Health J. Dec
2016;5(6):405-412. [doi: 10.1089/g4h.2016.0057] [Medline: 27855265]

Lu AS, Baranowski T, Barreira TV, et al. The impact of narratives and active video games among black and hispanic
children with overweight and obesity: a randomized controlled trial. Int J Behav Nutr Phys Act. May 26, 2025;22(1):60.
[doi: 10.1186/s12966-025-01756-1] [Medline: 40420195]

Maddison R, Foley L, Ni Mhurchu C, et al. Effects of active video games on body composition: a randomized controlled
trial. Am J Clin Nutr. Jul 2011;94(1):156-163. [doi: 10.3945/ajcn.110.009142] [Medline: 21562081]

Marsigliante S, My G, Mazzotta G, Muscella A. The effects of exergames on physical fitness, body composition and
enjoyment in children: a six-month intervention study. Children (Basel). Sep 26, 2024;11(10):1172. [doi: 10.3390/
children11101172] [Medline: 39457137]

Murphy ECS, Carson L, Neal W, Baylis C, Donley D, Yeater R. Effects of an exercise intervention using Dance Dance
Revolution on endothelial function and other risk factors in overweight children. Int J Pediatr Obes. 2009;4(4):205-214.
[doi: 10.3109/17477160902846187] [Medline: 19922034]

Staiano AE, Beyl RA, Guan W, Hendrick CA, Hsia DS, Newton RL Jr. Home-based exergaming among children with
overweight and obesity: a randomized clinical trial. Pediatr Obes. Nov 2018;13(11):724-733. [doi: 10.1111/ijpo.12438]
[Medline: 30027607]

https://games jmir.org/2026/1/e101833 JMIR Serious Games 2026 | vol. 14 1e101833 | p. 20

(page number not for citation purposes)


https://doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/pubmed/31462531
https://doi.org/10.1016/s0004-9514(09)70043-1
http://www.ncbi.nlm.nih.gov/pubmed/19463084
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.1186/1471-2288-14-25
http://www.ncbi.nlm.nih.gov/pubmed/24548571
https://doi.org/10.2196/92132
http://www.ncbi.nlm.nih.gov/pubmed/42390911
https://doi.org/10.1177/0962280218773520
http://www.ncbi.nlm.nih.gov/pubmed/29745296
https://doi.org/10.1017/rsm.2025.10062
http://www.ncbi.nlm.nih.gov/pubmed/41992898
https://doi.org/10.1136/bmj.d4002
http://www.ncbi.nlm.nih.gov/pubmed/21784880
https://doi.org/10.1136/bmj.39489.470347.AD
http://www.ncbi.nlm.nih.gov/pubmed/18436948
https://doi.org/10.3389/fnut.2022.851054
http://www.ncbi.nlm.nih.gov/pubmed/35836586
https://doi.org/10.1038/s41598-026-48327-3
http://www.ncbi.nlm.nih.gov/pubmed/42103774
https://doi.org/10.1089/g4h.2015.0097
http://www.ncbi.nlm.nih.gov/pubmed/27911621
https://doi.org/10.1007/s00431-019-03457-x
http://www.ncbi.nlm.nih.gov/pubmed/31471690
https://doi.org/10.2196/33782
http://www.ncbi.nlm.nih.gov/pubmed/35471240
https://doi.org/10.3390/jcm8101745
http://www.ncbi.nlm.nih.gov/pubmed/31640158
https://doi.org/10.1089/g4h.2016.0057
http://www.ncbi.nlm.nih.gov/pubmed/27855265
https://doi.org/10.1186/s12966-025-01756-1
http://www.ncbi.nlm.nih.gov/pubmed/40420195
https://doi.org/10.3945/ajcn.110.009142
http://www.ncbi.nlm.nih.gov/pubmed/21562081
https://doi.org/10.3390/children11101172
https://doi.org/10.3390/children11101172
http://www.ncbi.nlm.nih.gov/pubmed/39457137
https://doi.org/10.3109/17477160902846187
http://www.ncbi.nlm.nih.gov/pubmed/19922034
https://doi.org/10.1111/ijpo.12438
http://www.ncbi.nlm.nih.gov/pubmed/30027607
https://games.jmir.org/2026/1/e101833

JMIR SERIOUS GAMES Liu et al

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Staiano AE, Marker AM, Beyl RA, Hsia DS, Katzmarzyk PT, Newton RL. A randomized controlled trial of dance
exergaming for exercise training in overweight and obese adolescent girls. Pediatr Obes. Apr 2017;12(2):120-128. [doi:
10.1111/ijpo.12117] [Medline: 26918815]

Wang J, Qin Y, Wu Q, et al. An adaptive Al-based virtual reality sports system for adolescents with excess body weight:
a randomized controlled trial. Nat Med. Jul 2025;31(7):2255-2268. [doi: 10.1038/s41591-025-03724-5] [Medline:
40551019]

Singh B, Ahmed M, Staiano AE, et al. Lifestyle eHealth and mHealth interventions for children and adolescents:
systematic umbrella review and meta-meta-analysis. ] Med Internet Res. Oct 17, 2025;27:69065. [doi: 10.2196/69065]
[Medline: 41106821]

Biddiss E, Irwin J. Active video games to promote physical activity in children and youth: a systematic review. Arch
Pediatr Adolesc Med. Jul 2010;164(7):664-672. [doi: 10.1001/archpediatrics.2010.104] [Medline: 20603468

Spring FDH, Larkholm G, Jensen RB, Kloppenborg JT. The effect of exergaming on BMI and fitness in children and
adolescents with obesity: a systematic review. Acta Paediatr. Jul 2025;114(7):1522-1537. [doi: 10.1111/apa.70048]
[Medline: 40035397]

Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children and Adolescents,
National Heart, Lung, and Blood Institute. Expert panel on integrated guidelines for cardiovascular health and risk
reduction in children and adolescents: summary report. Pediatrics. Dec 2011;128 Suppl 5(Suppl 5):S213-56. [doi: 10.
1542/peds.2009-2107C] [Medline: 22084329]

Gomez-Delgado F, Katsiki N, Lopez-Miranda J, Perez-Martinez P. Dietary habits, lipoprotein metabolism and
cardiovascular disease: from individual foods to dietary patterns. Crit Rev Food Sci Nutr. 2021;61(10):1651-1669. [doi:
10.1080/10408398.2020.1764487] [Medline: 32515660]

Bouhour S, Planteféve R, Gillet V, et al. Establishing non-fasting reference values for plasma lipids levels based on age,
sex, and puberty stage in a French-Canadian pediatric population. Lipids Health Dis. Feb 22, 2024;23(1):54. [doi: 10.
1186/512944-024-02040-0] [Medline: 38388929]

Eissa MA, Mihalopoulos NL, Holubkov R, Dai S, Labarthe DR. Changes in Fasting Lipids during Puberty. J Pediatr.
Mar 2016;170:199-205. [doi: 10.1016/j.jpeds.2015.11.018] [Medline: 26706233]

Lépez-Gil JF, Garcia-Hermoso A, Martinez-Gonzélez MA, Rodriguez-Artalejo F. Mediterranean diet and
cardiometabolic biomarkers in children and adolescents: a systematic review and meta-analysis. JAMA Netw Open. Jul
1,2024;7(7):€2421976. [doi: 10.1001/jamanetworkopen.2024.21976] [Medline: 38995643]

Men J,Zhu G, Li Y, et al. Impact of exercise on cardiovascular disease risk in overweight or obese children and
adolescents: a systematic review and meta-analysis. BMC Sports Sci Med Rehabil. Aug 5, 2025;17(1):225. [doi: 10.
1186/s13102-025-01228-w] [Medline: 40765054]

Seip RL, Angelopoulos TJ, Semenkovich CF. Exercise induces human lipoprotein lipase gene expression in skeletal
muscle but not adipose tissue. Am J Physiol. Feb 1995;268(2 Pt 1):E229-36. [doi: 10.1152/ajpendo.1995.268.2.E229]
[Medline: 7864098]

Johnsson K, George JG, Parks EJ, Katsanos CS. Obesity versus endurance exercise training: plasma triacylglycerol and
muscle lipoprotein lipase activity at the crossroads of lipid accumulation in muscle. Am J Physiol Endocrinol Metab.
Nov 1, 2025;329(5):E630-E643. [doi: 10.1152/ajpendo0.00162.2025] [Medline: 40983376]

Liu Q, Xin X, Wang H, et al. Effects of different exercise modalities on lipid profiles in overweight and obese children
and adolescents: a systematic review and network meta-analysis of randomized controlled trials. BMC Sports Sci Med
Rehabil. Jan 19, 2026;18(1):141. [doi: 10.1186/513102-026-01544-9] [Medline: 41555426]

Peng W, Lin JH, Crouse J. Is playing exergames really exercising? A meta-analysis of energy expenditure in active video
games. Cyberpsychol Behav Soc Netw. Nov 2011;14(11):681-688. [doi: 10.1089/cyber.2010.0578] [Medline: 21668370]
Lee DPS, Low JHM, Chen JR, Zimmermann D, Actis-Goretta L., Kim JE. The influence of different foods and food
ingredients on acute postprandial triglyceride response: a systematic literature review and meta-analysis of randomized
controlled trials. Adv Nutr. Nov 16, 2020;11(6):1529-1543. [doi: 10.1093/advances/nmaa074] [Medline: 32609800]
Park SH, Yoon ES, Lee YH, et al. Effects of acute active video games on endothelial function following a high-fat meal
in overweight adolescents. J Phys Act Health. Jun 2015;12(6):869-874. [doi: 10.1123/jpah.2013-0488] [Medline:
25133519]

Kwiterovich PO Jr. The metabolic pathways of high-density lipoprotein, low-density lipoprotein, and triglycerides: a
current review. Am J Cardiol. Dec 21, 2000;86(12A):5L-10L. [doi: 10.1016/s0002-9149(00)01461-2] [Medline:
11374859]

Richter EA, Bilan PJ, Klip A. A comprehensive view of muscle glucose uptake: regulation by insulin, contractile
activity, and exercise. Physiol Rev. Jul 1, 2025;105(3):1867-1945. [doi: 10.1152/physrev.00033.2024] [Medline:
40173020]

https://games jmir.org/2026/1/e101833 JMIR Serious Games 2026 | vol. 14 1e101833 | p. 21

(page number not for citation purposes)


https://doi.org/10.1111/ijpo.12117
http://www.ncbi.nlm.nih.gov/pubmed/26918815
https://doi.org/10.1038/s41591-025-03724-5
http://www.ncbi.nlm.nih.gov/pubmed/40551019
https://doi.org/10.2196/69065
http://www.ncbi.nlm.nih.gov/pubmed/41106821
https://doi.org/10.1001/archpediatrics.2010.104
http://www.ncbi.nlm.nih.gov/pubmed/20603468
https://doi.org/10.1111/apa.70048
http://www.ncbi.nlm.nih.gov/pubmed/40035397
https://doi.org/10.1542/peds.2009-2107C
https://doi.org/10.1542/peds.2009-2107C
http://www.ncbi.nlm.nih.gov/pubmed/22084329
https://doi.org/10.1080/10408398.2020.1764487
http://www.ncbi.nlm.nih.gov/pubmed/32515660
https://doi.org/10.1186/s12944-024-02040-0
https://doi.org/10.1186/s12944-024-02040-0
http://www.ncbi.nlm.nih.gov/pubmed/38388929
https://doi.org/10.1016/j.jpeds.2015.11.018
http://www.ncbi.nlm.nih.gov/pubmed/26706233
https://doi.org/10.1001/jamanetworkopen.2024.21976
http://www.ncbi.nlm.nih.gov/pubmed/38995643
https://doi.org/10.1186/s13102-025-01228-w
https://doi.org/10.1186/s13102-025-01228-w
http://www.ncbi.nlm.nih.gov/pubmed/40765054
https://doi.org/10.1152/ajpendo.1995.268.2.E229
http://www.ncbi.nlm.nih.gov/pubmed/7864098
https://doi.org/10.1152/ajpendo.00162.2025
http://www.ncbi.nlm.nih.gov/pubmed/40983376
https://doi.org/10.1186/s13102-026-01544-9
http://www.ncbi.nlm.nih.gov/pubmed/41555426
https://doi.org/10.1089/cyber.2010.0578
http://www.ncbi.nlm.nih.gov/pubmed/21668370
https://doi.org/10.1093/advances/nmaa074
http://www.ncbi.nlm.nih.gov/pubmed/32609800
https://doi.org/10.1123/jpah.2013-0488
http://www.ncbi.nlm.nih.gov/pubmed/25133519
https://doi.org/10.1016/s0002-9149(00)01461-2
http://www.ncbi.nlm.nih.gov/pubmed/11374859
https://doi.org/10.1152/physrev.00033.2024
http://www.ncbi.nlm.nih.gov/pubmed/40173020
https://games.jmir.org/2026/1/e101833

JMIR SERIOUS GAMES Liu et al

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Borghouts LB, Keizer HA. Exercise and insulin sensitivity: a review. Int J Sports Med. Jan 2000;21(1):1-12. [doi: 10.
1055/s-2000-8847] [Medline: 10683091]

Taccarino G, Franco D, Sorriento D, Strisciuglio T, Barbato E, Morisco C. Modulation of insulin sensitivity by exercise
training: implications for cardiovascular prevention. J Cardiovasc Transl Res. Apr 2021;14(2):256-270. [doi: 10.1007/
$12265-020-10057-w] [Medline: 32737757]

Lund S, Holman GD, Schmitz O, Pedersen O. Contraction stimulates translocation of glucose transporter GLUT4 in
skeletal muscle through a mechanism distinct from that of insulin. Proc Natl Acad Sci U S A. Jun 20,
1995;92(13):5817-5821. [doi: 10.1073/pnas.92.13.5817] [Medline: 7597034]

Yin M, Xu K, Deng J, et al. Optimal frequency of interrupting prolonged sitting for cardiometabolic health: a systematic
review and meta-analysis of randomized crossover trials. Scand J Med Sci Sports. Dec 2024;34(12):e14769. [doi: 10.
1111/sms.14769] [Medline: 39630056]

Richter EA, Hargreaves M. Exercise, GLUT4, and skeletal muscle glucose uptake. Physiol Rev. Jul
2013;93(3):993-1017. [doi: 10.1152/physrev.00038.2012] [Medline: 23899560]

Gao Z, Pope Z, Lee JE, et al. Impact of exergaming on young children’s school day energy expenditure and moderate-to-
vigorous physical activity levels. J Sport Health Sci. Mar 2017;6(1):11-16. [doi: 10.1016/j.jshs.2016.11.008] [Medline:
30356552]

Smith JL, Carbine KA, Larson MJ, et al. To play or not to play? The relationship between active video game play and
electrophysiological indices of food-related inhibitory control in adolescents. Eur J Neurosci. Feb 2021;53(3):876-894.
[doi: 10.1111/ejn.15071] [Medline: 33259696]

Yuan H, Shao W, Ren Y, Jiang M, Kong J, Jing F. Non-linear effect of physical activity intervention on blood pressure
in children and adolescents: a systematic review and dose-response meta-analysis. BMC Public Health. Oct 6,
2025;25(1):3366. [doi: 10.1186/512889-025-24640-w] [Medline: 41053674]

Zhou J, Sun W, Tang S, et al. Effects of exercise interventions on blood pressure in children and adolescents with
overweight or obesity: a systematic review and meta-analysis of randomized controlled trials. J Adolesc Health. Mar
2025;76(3):361-369. [doi: 10.1016/].jadohealth.2024.09.017] [Medline: 39864002]

Yin M, Li H, Bai M, et al. Is low-volume high-intensity interval training a time-efficient strategy to improve
cardiometabolic health and body composition? A meta-analysis. Appl Physiol Nutr Metab. Mar 1, 2024;49(3):273-292.
[doi: 10.1139/apnm-2023-0329] [Medline: 37939367]

Tozo JVA, Tadiotto MC, Tozo TAA, et al. Effects of different physical exercise programs on blood pressure in
overweight children and adolescents: systematic review and meta-analysis. BMC Pediatr. Mar 28, 2025;25(1):252. [doi:
10.1186/s12887-025-05575-y] [Medline: 40155857]

Palacios C, Hernandez J, Ajmal A, et al. Digital health, technology-driven or technology-assisted interventions for the
management of obesity in children and adolescents. Cochrane Database Syst Rev. Jul 10, 2025;7(7):CD015968. [doi: 10.
1002/14651858.CD015968] [Medline: 40637164]

Abbreviations

AVG: active video games

BMI-z: body mass index z score

CG: control group

DBP: diastolic blood pressure

DTC: delayed-treatment control group

EDF: endothelial dysfunction

EX: experimental group

GLUT 4: glucose transporter type 4

GRADE: Grading of Recommendations Assessment, Development and Evaluation
HBA: glycated hemoglobin

HDL: high-density lipoprotein cholesterol

HIIT: high-intensity interval training

HR: heart rate

LDL: low-density lipoprotein cholesterol

LPL: lipoprotein lipase

LV-HIIT: low-volume high-intensity interval training

NHLBI: National Heart, Lung, and Blood Institute

PEDro: Physiotherapy Evidence Database

PI: prediction interval

PICOS: Population, intervention, comparison, outcomes, and study design
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

https://games jmir.org/2026/1/e101833 JMIR Serious Games 2026 | vol. 14 1e101833 | p. 22

(page number not for citation purposes)


https://doi.org/10.1055/s-2000-8847
https://doi.org/10.1055/s-2000-8847
http://www.ncbi.nlm.nih.gov/pubmed/10683091
https://doi.org/10.1007/s12265-020-10057-w
https://doi.org/10.1007/s12265-020-10057-w
http://www.ncbi.nlm.nih.gov/pubmed/32737757
https://doi.org/10.1073/pnas.92.13.5817
http://www.ncbi.nlm.nih.gov/pubmed/7597034
https://doi.org/10.1111/sms.14769
https://doi.org/10.1111/sms.14769
http://www.ncbi.nlm.nih.gov/pubmed/39630056
https://doi.org/10.1152/physrev.00038.2012
http://www.ncbi.nlm.nih.gov/pubmed/23899560
https://doi.org/10.1016/j.jshs.2016.11.008
http://www.ncbi.nlm.nih.gov/pubmed/30356552
https://doi.org/10.1111/ejn.15071
http://www.ncbi.nlm.nih.gov/pubmed/33259696
https://doi.org/10.1186/s12889-025-24640-w
http://www.ncbi.nlm.nih.gov/pubmed/41053674
https://doi.org/10.1016/j.jadohealth.2024.09.017
http://www.ncbi.nlm.nih.gov/pubmed/39864002
https://doi.org/10.1139/apnm-2023-0329
http://www.ncbi.nlm.nih.gov/pubmed/37939367
https://doi.org/10.1186/s12887-025-05575-y
http://www.ncbi.nlm.nih.gov/pubmed/40155857
https://doi.org/10.1002/14651858.CD015968
https://doi.org/10.1002/14651858.CD015968
http://www.ncbi.nlm.nih.gov/pubmed/40637164
https://games.jmir.org/2026/1/e101833

JMIR SERIOUS GAMES Liu et al

PRISMA-S: Preferred Reporting Items for Systematic Reviews and Meta-Analyses literature search extension
PROSPERO: International Prospective Register of Systematic Reviews

RCTs: randomized controlled trials

RoB 2: Cochrane Risk of Bias 2 tool

SBP: systolic blood pressure

TC: total cholesterol

VLDL: very-low-density lipoprotein cholesterol

VR: virtual reality

Edited by Stefano Brini; peer-reviewed by Mingyue Yin, Randa Salah Gomaa Mahmoud, Sahar Foshati, Tom Baranowski;
submitted 20.May.2026; final revised version received 21.Aug.2026; accepted 01.Sep.2026; published 13.0ct.2026

Please cite as:

Liu W, Wang Y, Wang T, Zhao C, Li J, Chen W, Meng F

Effects of Active Video Games on Cardiometabolic Health in Children and Adolescents: Systematic Review and Meta-Analy-
sis of Randomized Controlled Trials

JMIR Serious Games 2026;14:e101833

URL: hitps://games.jmir.org/2026/1/e101833

doi: 10.2196/101833

© Wengqi Liu, Yuxin Wang, Tianle Wang, Chunji Zhao, Jun Li, Weixin Chen, Fanhao Meng. Originally published in JMIR
Serious Games (https://games.jmir.org), 13.0ct.2026. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Serious Games, is properly cited. The
complete bibliographic information, a link to the original publication on https://games.jmir.org, as well as this copyright and
license information must be included.

https://games.jmir.org/2026/1/¢101833 JMIR Serious Games 2026 | vol. 14 1101833 | p. 23
(page number not for citation purposes)


https://games.jmir.org/2026/1/e101833
https://doi.org/10.2196/101833
https://games.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://games.jmir.org
https://games.jmir.org/2026/1/e101833

	Effects of Active Video Games on Cardiometabolic Health in Children and Adolescents: Systematic Review and Meta-Analysis of Randomized Controlled Trials
	Introduction
	Rationale
	Objectives

	Methods
	Overview
	Eligibility Criteria
	Data Items
	Information Sources
	Search Strategy
	Selection Process
	Data Collection Process
	Study Risk of Bias Assessment
	Sensitivity Analyses
	Synthesis Methods
	Certainty Assessment

	Results
	Study Selection
	Study Characteristics
	Results of Individual Studies
	Subgroup Analysis
	Risk of Bias in Studies
	Sensitivity Analysis
	Certainty of Evidence

	Discussion
	Principal Findings
	BMI
	Lipid Metabolism and Glucose
	Limitations and Future Research
	Conclusion



