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ABSTRACT

Background: Resistance training (RT) is increasingly recognized as a promising exercise modality for enhancing health and
fitness in children and adolescents. However, evidence remains inconsistent in those with overweight/obesity. This umbrella
review synthesized evidence from systematic reviews to evaluate RT effects on body composition, physical fitness, and cardio-
metabolic health in this population.

Methods: We searched seven databases from inception to February 2026 for systematic reviews with meta-analyses comparing
RT versus controls in children and adolescents with overweight/obesity. Main outcomes included percent body fat, fat-free/
lean mass, muscular strength, cardiorespiratory fitness, and cardiometabolic markers. We conducted meta-analyses on unique
primary data, with subgroup analyses by comparator type (active vs. inactive), training frequency (1-2 vs. >3 sessions/week),
duration (<12 vs. >12weeks), and age (<12 vs. > 12years).

Results: Sixteen systematic reviews (67 primary studies, 5112 participants) were included. Compared with all non-RT control
conditions, RT decreased percent body fat (mean difference [MD]: —0.53%; 95% confidence interval [CI]: —1.00 to —0.06) and
increased fat-free/lean mass (MD: 0.48kg; 95% CI: 0.23 to 0.74). Muscular strength also improved significantly, with consistent
benefits across body regions, training frequencies, durations, and age groups. Subgroup analyses indicated significant improve-
ments in cardiorespiratory fitness, visceral fat, and fasting insulin versus inactive controls.

Conclusion: This umbrella review demonstrates that RT significantly improves body composition and physical fitness in chil-
dren and adolescents with overweight/obesity, alongside modest cardiometabolic health benefits. Our findings support integrat-
ing RT into school- and community-based programs for pediatric obesity management.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

© 2026 The Author(s). Obesity Reviews published by John Wiley & Sons Ltd on behalf of World Obesity Federation.
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1 | Introduction

The global prevalence of pediatric obesity has escalated over re-
cent decades, emerging as a critical public health issue [1, 2].
According to the World Health Organization (WHO), over 390
million children and adolescents aged 5-19years were living
with overweight in 2022, including 160 million living with
obesity [3]. Projections indicate continued increases in many
regions, exacerbating the long-term burden [2]. Excess adipos-
ity in youth heightens the risk of developing chronic diseases
in adulthood, including cardiovascular diseases, type 2 diabetes
mellitus, cancer, premature mortality, and reduced quality of
life [1, 2]. The current WHO guidelines recommend that chil-
dren and adolescents accumulate an average of at least 60min
per day of moderate-to-vigorous-intensity physical activity
(mostly aerobic), with vigorous-intensity activities and muscle-
and bone-strengthening exercises incorporated at least 3days
per week [4, 5]. Despite these recommendations, physical inac-
tivity remains widespread among youth, particularly those with
overweight/obesity [6], with recent meta-analyses showing that
fewer than 20% of adolescents meet guidelines for both aerobic
and muscle-strengthening activities [7]. Effective, evidence-
based strategies to promote physical activity are therefore es-
sential to improve health outcomes in this high-risk pediatric
population.

Resistance training (RT) is a specialized method of physical con-
ditioning that employs a wide range of resistive loads, including
body weight, free weights (e.g., dumbbells, barbells), functional
weights (e.g., tires, medicine balls, sandbags), machine weights
(e.g., plate/pin loaded machines, cables), and resistance bands
[8]. It has gained recognition as a promising adjunct for man-
aging pediatric overweight/obesity [9, 10]. RT offers unique
benefits by improving muscle mass, muscular strength, and
metabolic health [11] and is often more positively received than
aerobic exercise by individuals with higher body weight, poten-
tially due to their greater fat-free mass and strength capabilities
[12, 13]. Additionally, RT can reduce body adiposity and im-
prove functional capacity, while simultaneously enhancing self-
esteem and physical activity adherence in school-aged youth
[14, 15].

Despite its promise as an effective exercise modality for
managing pediatric overweight/obesity, the application of
RT in this population remains underexplored, largely due
to concerns regarding practicality, efficacy, and safety [16].
Existing systematic reviews have largely targeted healthy pe-
diatric populations [17, 18] and young athletes [19-21], with
fewer focusing on this subgroup and often limited by small
sample sizes and/or narrow outcome measures. For example,
the largest review to date concerning RT in pediatric popu-
lations with overweight and obesity included only 27 studies
(2000-2021), focusing solely on changes in body fatness [22].
Furthermore, findings across reviews are often inconsistent,
particularly regarding the impact of RT on body weight and
adiposity measures, with some demonstrating improvements
in body composition [23, 24], and others reporting conflicting
results [25-28].

Umbrella reviews—also known as meta-reviews or over-
views of reviews—have been proposed as a strategy to address

these limitations by synthesizing high-level evidence from
multiple systematic reviews into a cohesive framework [29].
This approach provides a comprehensive overview of quality
evidence, offering a more reliable foundation for informing
evidence-based guidelines compared with individual reviews
[29]. Tt facilitates comparison of diverse outcomes, enhances
statistical power through meta-analyses, and assesses het-
erogeneity and methodological quality, clarifying variability
and reliability in the evidence base [29]. To our knowledge,
no previous umbrella review has been conducted to establish
the effects of RT interventions in improving body composi-
tion, physical fitness, and cardiometabolic health in children
and adolescents with overweight/obesity. This gap limits the
ability to synthesize the highest level of evidence, reconcile
inconsistencies, and provide robust, actionable recommenda-
tions for practitioners. Therefore, we conducted a comprehen-
sive umbrella review with large-scale meta-analysis on the
efficacy of RT for these outcomes. We also critically evaluated
the methodological quality of existing reviews and provided
practical insights for researchers, clinicians, allied healthcare
professionals (e.g., clinical exercise physiologists, nurses) and
physical educators, to optimize RT implementation for pediat-
ric obesity management.

2 | Methods
2.1 | Search Strategy

Our umbrella review of systematic reviews was performed in
accordance with the Preferred Reporting Items for Overviews
of Reviews (PRIOR) statement [29] and registered in the
PROSPERO database (CRD420251124939). We searched seven
databases (PubMed, Web of Science, Cochrane Database,
CINAHL, Scopus, SPORTDiscus, and EMBASE) using subject
heading, keyword and Medical Subject Headings (MeSH) term
searches for “systematic review,” “meta-analysis,” “resistance
training,” and “overweight/obesity.” An initial database search
was conducted from inception to April 1, 2025, and was limited
to peer-reviewed systematic review articles published in the
English language. Reference lists of the selected review articles
were also examined for other potentially eligible papers. An
updated database search was conducted on February 26, 2026,
and two additional review articles were included. Our detailed
search strategy is presented in File S1.

”

2.2 | Selection Procedure and Eligibility Criteria

We used the population, intervention, comparison, outcomes,
and study type (PICOS) framework to develop the inclusion
criteria.

2.21 | Types of Population

This review included children and adolescents aged 4-18years
with overweight or obesity, as defined by established criteria
from the WHO (Body mass index [BMI]-for-age z-scores: >1 SD
for overweight, > 2 SD for obesity) [3], International Obesity Task
Force (IOTF; BMI cut-offs linked to adult thresholds of 25kg/
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m? for overweight, 30kg/m? for obesity) [30], and Centers for
Disease Control and Prevention (CDC; BMI percentiles: >85th
for overweight, >95th for obesity) [31]. To maximize evidence
inclusion, we also considered other recognized regional and in-
ternational standards (e.g., national growth charts) reported in
the included studies, accounting for variability in diagnostic cri-
teria due to differences in methodology, epidemiology, and clin-
ical practices. No exclusion criteria were applied to participants’
baseline physical fitness.

2.2.2 | Types of Interventions

The operational definition of RT used in the present review is
based on the conceptual framework developed by Faigenbaum
et al. [8]. RT refers to a specialized method of physical condition-
ing whereby an individual uses a wide range of resistive loads
to enhance health, fitness and performance. For this umbrella
review, RT encompasses structured exercise programs, uti-
lizing body weight and varied equipment such as free weights
(i.e., dumbbells, barbells), resistance bands, weight machines,
or other equipment (i.e., medicine balls, sandbags) that impose
resistance. Reviews were eligible irrespective of RT types (e.g.,
whole-body or targeted muscle group exercises), settings (e.g.,
school, laboratory, or community facility) or dose (frequency
and duration) to enable a more comprehensive inclusion of RT-
focused studies. However, reviews examining the acute effects
of single bouts of RT were excluded. Studies involving comple-
mentary dietary or lifestyle interventions were included only if
these interventions were applied equally to all participants, in-
cluding those in the control or comparator group.

2.2.3 | Type of Comparator

Reviews were eligible if they compared RT with non-active or
active controls (e.g., perform an alternative form of physical ac-
tivity) which were evaluated with meta-analysis.

2.2.4 | Types of Outcomes

The outcomes of interest in this umbrella review were body
composition, physical fitness, and cardiometabolic health bio-
markers. The results quantitively measured and reported from
the systematic reviews had to include at least one of the fol-
lowing variables: body fat percentage (BF%), body mass (BM),
BMI, BMI z-score, fat-free mass (FFM)/lean mass (LM), fat
mass (FM), visceral fat (VF), waist circumference (WC), mus-
cular strength, cardiorespiratory fitness (CRF), determined
by estimated or measured VO,max, and cardiometabolic
biomarkers (i.e., fasting blood glucose [FBG], fasting insulin
[FI], and homeostatic model assessment of insulin resistance
[HOMA-IR]).

2.2.5 | Types of Studies
Relevant systematic reviews with meta-analyses published in

peer-reviewed journals and available in full text in English were
selected. No publication date restrictions were applied.

2.3 | Data Management and Extraction

We imported search results into EndNote X10 (Clarivate,
Philadelphia) where duplicates were removed. Title/abstract
and full-text screening were completed in duplicate by two in-
dependent reviewers (EP and JI). The two reviewers compared
their lists of included and excluded papers. Any inter-reviewer
disagreements were resolved by consensus or arbitration by a
third reviewer (AB). Data were extracted using a standardized
Microsoft Excel template. Extracted data included the lead au-
thor, year of publication, design of the original studies, popu-
lation characteristics, number of original studies, description
of RT interventions (protocols, intensity, and duration), com-
parative methodologies, and major outcomes. Additional find-
ings related to risk of bias (RoB), study quality, certainty of
evidence, sensitivity analysis, and publication bias were ex-
tracted as supplementary information. One reviewer (JI) ex-
tracted the aforementioned information, which was verified
by a second reviewer (EP). In cases where information was
missing, efforts were made to contact the authors of the corre-
sponding reports.

2.4 | Methodological Quality Assessment
of Included Systematic Reviews

The methodological quality of the included reviews was as-
sessed by two independent reviewers (EP and JI) in duplicate
using the A MeaSurement Tool to Assess systematic Reviews
(AMSTAR-2) tool [32]. Discrepancies were resolved by con-
sensus or arbitration by a third reviewer (AB). AMSTAR-2isa
widely recognized tool for critically appraising systematic re-
views involving randomized controlled studies of healthcare
interventions [32]. It involves 16 items, with each item scored
as “yes”, “partial yes”, or “no”. Six items are considered “crit-
ical” and 10 “non-critical”. The critical domains are protocol
registration (item 2), adequacy of search strategy (item 4), RoB
assessment (item 9), appropriateness of meta-analysis meth-
ods (item 11), use of RoB during interpretation (item 13), and
assessment of publication bias (item 15). Reviews were rated
as having “high confidence” (0 or 1 non-critical weakness),
“moderate” (>1 non-critical weakness but 0 critical flaws),
“low” (1 critical flaw with or without non-critical weak-
nesses), or “critically low” (>1 critical flaw with or without
non-critical weaknesses) [32].

2.5 | Umbrella Review Synthesis Methods

The overlap in component original studies that were included
across all eligible reviews was assessed using the Corrected
Covered Area (CCA) formula [33]: CCA=(IN-r)/(rc—r), where N
is the sum of total primary studies included in all the reviews, ris
the number of unique primary studies, and c is the total number
of reviews. A CCA of 100% indicates that every review included
in our umbrella review comprised the same component original
studies, while a CCA of 0% indicates that every review in our
umbrella review included unique original studies. The following
cut-offs were used to quantify the CCA: 0%-5% = “slight over-
lap”; 6%-10% = “moderate”; 11%-15% = “high” and > 15% = “very
high” overlap [33].
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Aggregated meta-analysis results from each review reporting
standardized (standardized mean difference [SMD]) or unstan-
dardized effect sizes (mean difference [MD]) were summarized
using forest plots and tables, displaying the ranges of effect sizes
as previously reported [34, 35]. SMD was calculated by divid-
ing the difference in means between the intervention group and
control group by the pooled standard deviation, whereas MD
was calculated by taking the difference in means between the
intervention group and control group and weighing it by the
inverse of the square root of the variance. Only meta-analyses
that synthesized data from more than two primary studies were
included in our umbrella review. Data reported by each review
were cross-checked with original data reported by the primary
studies for consistency [36].

2.6 | Additional Meta-Analyses Based on Primary
Studies

To address the potential overlapping and methodological incon-
sistencies between individual reviews, we conducted additional
meta-analyses by removing duplicates and re-analyzing origi-
nal data from unique primary studies included in all reviews,
as employed in prior research [37, 38]. Our analytical approach
aligned with the guidance provided in the Cochrane Handbook
for Systematic Reviews of Interventions [36]. We extracted pre-
and post-intervention data to calculate the absolute change in
MD and standard deviation between intervention and control
groups. Effect sizes were pooled using the DerSimonian and
Laird random-effects model to accommodate anticipated het-
erogeneity across studies (RevMan Version 5.4.1; Cochrane
Collaboration, Oxford, United Kingdom). MDs or SMDs with
95% confidence interval (CI) were used to synthesize continu-
ous outcomes. To address the potential unit-of-analysis error,
we followed the Cochrane Handbook's recommendation by
combining all relevant exercise intervention groups (e.g., RT
interventions with varying volumes and durations) and com-
parator groups into single groups within individual studies,
thereby creating a single pairwise comparison for the overall
analysis [36]. For studies reporting multiple dependent out-
comes (e.g., results from different strength tests), we adopted
a composite approach by averaging the effect sizes to maintain
statistical independence, as recommended by Cochrane [36].
Heterogeneity among studies was assessed using the chi-square
(x?) test, while the degree of inconsistency was quantified with
the I-square (I?) statistic. I? values of <25%, 50%, and 75% were
considered indicative of low, moderate, and high heterogeneity,
respectively [39]. To enhance the robustness of our findings, we
performed sensitivity analyses using the leave-one-out method,
systematically removing one study at a time to evaluate its im-
pact on the overall results and to assess the influence of indi-
vidual studies on the collective findings. We also performed
a sensitivity analysis by excluding the non-randomized con-
trolled trials (non-RCTs) identified among the included pri-
mary studies. Subgroup analyses were conducted based on the
nature of comparators (inactive controls vs. aerobic training
vs. combined training) training frequencies (1-2 vs. >3 ses-
sions/week), durations (<12 vs. >12weeks), age groups (<12
vs. >12years), and body areas (muscular strength of upper vs.
lower body), for outcomes with at least three studies in each
comparison arm.

3 | Results
3.1 | Overview of Search Results

Our search strategy identified 2040 records from seven elec-
tronic databases. After removing duplicates, 1137 records re-
mained, 921 of which were subsequently excluded after their
titles and abstracts were screened. Of the 216 remaining re-
cords, 11 reports were not retrievable. The full texts of the
remaining 205 publications were assessed, and 16 systematic
reviews and meta-analyses fulfilled the inclusion criteria and
were included in our literature selection of systematic reviews
(see Figure 1 for PRISMA flow chart and reasons for exclu-
sions in File S2).

3.2 | Characteristics of Included Reviews

A summary of the author, year, study type, participant char-
acteristics, features of RT intervention and comparators, out-
come measures, and main findings of the included systematic
reviews is presented in Table 1. The sample sizes of the 16 sys-
tematic reviews ranged from 87 [48] to 1834 [22]. A total of 67
qualifying original studies including 5112 participants were
listed in the included systematic reviews (File S3), with a CCA
of 6.94%, indicating moderate overlap. Most original studies
(k=32) defined overweight and obesity using CDC BMI percen-
tile cut-offs (> 85th for overweight, > 95th for obesity), followed
by IOTF (k=9), WHO (k=3), and other regional standards,
such as national growth charts. The mean age of participants
ranged from 4 to 18 years. Twelve systematic reviews consisted
of randomized controlled trials (RCTs) only [22, 26-28, 40,
41, 43-48], while the other four included reviews represented
a mixture of RCTs and non-RCTs [23-25, 42]. All reviews in-
cluded both children and adolescents with overweight/obesity,
except for one [23], which focused solely on the adolescent age
group. All reviews included studies with intervention periods
ranging from 4 to 52 weeks. Most reviews encompassed various
types of RT, emphasizing full-body workouts with moderate to
high intensities, typically 50%-85% of one-repetition maximum
(IRM) or 5-8/10 rating of perceived exertion (RPE) on the cate-
gory: ratio scale. Training duration generally lasted 20-90 min
per session, with a frequency of 2-4 times per week. Both active
and non-active comparators were used to assess the effective-
ness of RT, including non-exercise controls (e.g., no treatment,
usual care, education, wait-list control, placebo) and other
forms of structured exercise training (e.g., aerobic or combined
aerobic + RT).

3.3 | Efficacy of RT on Outcome Measures Based
on Individual Reviews

Thirteen reviews reported the effect of RT on body composition
parameters (File S4). Findings across these individual reviews
were variable, with most reviews reporting non-significant ef-
fects (i.e., 95% CI crossing zero) between RT and control con-
ditions, including BF%, BM, BMI, BMI z-score, FFM/LM,
FM, and VF. Three reviews examined parameters related to
physical fitness, with two reporting significant improvements
in muscular strength and two noting significant increases in
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| Identification of studies via databases and registers )
Recorags identified from
Databases (n = 2040)
- PubMed (n = 257) ?amecomsmremoved before
- Web of Saence (n = 567) —
- Cochrane Library (n = 55) Duplicate records removed
- SPORTDescus (n = 95) (n = 903)
CINAML (n = 129)
Scopus (n = 95)

EMBASE (n = 100)

'

Records screened » | Recoras excluded
(n = 1137) (n = 921)
Reports sought for retrieval . not retneved
(n =216) Tl n=11)
v
Reports excluded (n = 189)
Reports assessed for elgibatty > No English full text (n = 22)
(n = 205) No meta-analysis (n = 41)
NoO relevant outcome (n = 24)
NO solated RT intervention
and
Subgroup analysis
n=72)
v Irreverent 1o RT intervention
mpacammlatms
overweighliobesity
Twwm (n=23)
included In this overview of Insulicient RT-related RCT in
reviews (n = 16) quantitative analysis (n = 6)
Ematum (n=1)

FIGURE1 | PRISMA flowchart of literature selection on systematic reviews.

CRF compared to control conditions. Six reviews measured
biomarkers of cardiometabolic health, including FBG, FI, and
HOMA-IR. Although the overall findings tended to favor RT,
each of these individual reviews exhibited relatively wide confi-
dence intervals that crossed zero, indicating that the results did
not achieve statistical significance (File S4).

3.4 | Additional Meta-Analyses Based on Primary
Studies

Given the inconsistent findings, methodological heterogeneity,
and potential overlap of primary studies across the 16 included
systematic reviews, we performed additional meta-analyses by
pooling original data from all eligible unique primary studies.
This re-analysis approach aimed to strengthen the certainty
of findings and enable comparisons of RT effectiveness across
varied outcomes in children and adolescents with overweight/
obesity (see Table 2 for a tabulated summary).

3.4.1 | Primary Meta-Analyses of RT Outcomes

Our primary meta-analyses demonstrated that RT signifi-
cantly improved selected body composition and physical
fitness outcomes as compared with all non-RT control con-
ditions (Table 2). Specifically, RT reduced BF% (k=23; MD:
—0.53%; 95% CI: —1.00 to —0.06; p=0.03; Figure 2) and in-
creased FFM/LM (k=25; MD: 0.48kg; 95% CI: 0.23 to 0.74;
p<0.001; Figure 3). Other body composition parameters,
such as BM (k=28; MD: 0.85kg; 95% CI: 0.13 to 1.57; p=0.02;
Figure 4) and BMI (k=26; MD: 0.43kg/m?; 95% CI: 0.18 to
0.68; p<0.001; Figure 5), also exhibited significant changes,
though FM (k=20; MD: —0.15kg; 95% CI: —0.70 to 0.40;
p=0.59; Figure 6) and WC (k=13; MD: 0.34cm; 95% CI:
—0.76 to 1.43; p=0.61) did not reach statistical significance.
For physical fitness outcomes, muscular strength showed
significant improvements (k=16; SMD: 0.53; 95% CI: 0.30
to 0.77; p<0.001), whereas VO,max showed no significant
changes (k=13; MD: —0.41 mL/kg/min; 95% CI: —1.70 to 0.87;
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p=0.53). For cardiometabolic markers, RT showed no signifi-
cant differences for FI, VF, FBG, and HOMA-IR (all p>0.05),
although the pooled effect sizes generally trended in a favor-
able direction. Notably, sensitivity analyses using the leave-
one-out method and exclusion of the four non-RCT identified
in the unique primary studies did not reveal a substantial im-
pact of individual studies on any overall results (File S5).

3.4.2 | Subgroup Analyses by Moderators

Subgroup analyses revealed differences in RT effects based on
comparator, frequency, duration, and age (Table 2). Compared
to inactive controls, RT significantly reduced BF% (MD: —0.73%,
95% CI: —1.28 to —0.18), VF (MD: —0.39cm?, —2.06 to 2.84), and
FI (MD: -3.28 mU/mL, —6.28 to —0.27) and increased FFM/
LM (MD: 0.60kg, 0.29 to 0.92), muscular strength (SMD: 0.59,
0.24 to 0.94), and VO,max (MD: 2.20mL/kg/min, 0.01 to 4.39)
(all p<0.05), all in the hypothesized direction of improved
body composition and physical fitness. Compared with aerobic
training, RT showed greater improvements in FM (MD: 1.21kg,
0.58 to 1.85), BM (MD: 1.73kg, 0.84 to 2.61), BMI (MD: 0.67kg/
m2, 0.32 to 1.02), and FFM/LM (MD: 0.91kg, 0.41 to 1.40), but
lower VO,max (MD: -1.43mL/kg/min, —2.80 to —0.07) (all
p<0.05). No significant differences were observed compared
to combined training for all outcomes. RT with a frequency of
> 3 sessions per week significantly improved BF% (MD: —0.60%,
—1.22 t0 0.01), FFM/LM (MD: 0.40kg, 0.09 to 0.72), and muscu-
lar strength (SMD: 0.58, 0.27 to 0.88), whereas <2 sessions per
week enhanced FFM/LM (MD: 1.10kg, 0.20 to 1.99) and muscu-
lar strength (SMD: 0.58, 0.27 to 0.88), all aligning with expected
benefits (all p<0.05). Interventions lasting <12weeks signifi-
cantly reduced BF% (MD: —0.74%, 1.42 to —0.06) and increased
FFM/LM (MD: 1.10kg, 0.20 to 1.99) and muscular strength
(SMD: 0.37, 0.07 to 0.67) (all p<0.05). In contrast, interventions
lasting >12weeks showed improvement in muscular strength
(SMD: 0.59, 0.29 to 0.90, p=0.02), but did not significantly af-
fect BF% or FFM/LM (both p>0.05). For age, RT significantly
improved BF% (MD: —0.66%, —1.28 to —0.03), FFM/LM (MD:
0.41kg, 0.01 to 0.82), and muscular strength (SMD: 0.62, 0.31 to
0.94) in participants > 12years, and FFM/LM (MD: 0.54kg, 0.07
to 1.01) and muscular strength (SMD: 0.34, 0.08 to 0.59) in those
< 12years, all in the hypothesized direction. Both upper (SMD:
0.78, 0.32 to 1.24) and lower body strength (SMD: 0.64, 0.43 to
0.86) showed significant improvements following RT. Detailed
results are presented in Table 2.

3.5 | Methodological Quality of Included Reviews

Table 3 provides a summary of the AMSTAR-2 scores. The meth-
odological quality ratings of the included systematic reviews ex-
hibited variation, ranging from high (n =4) and moderate (n=4)
to low (n=3) and critically low (n=>5) (see File S6 for scoring
justifications). Specifically, four reviews (25%) fully referred to a
predefined methodology (item 2) and only two reviews (12.5%)
reported on the sources of funding for the included studies (item
10). Furthermore, only three reviews (19%) provided a list of ex-
cluded studies with reasons for exclusions (item 7). Most reviews
(94%) accounted for RoB when interpreting the results (item 9)
and discussed heterogeneity (item 14). Twelve reviews (87.5%)

used appropriate/partly appropriate methods for statistical com-
bination of results (item 11) and investigated publication bias
(item 15) when conducting meta-analysis. However, only seven
reviews (50%) assessed/partly assessed the impact of RoB on the
results (item 12). Additional results from the RoB, study quality,
certainty of evidence, sensitivity analysis and publication bias,
as reported by included reviews, are provided in File S7.

4 | Discussion

This umbrella review comprehensively evaluated the effective-
ness of RT on body composition, physical fitness, and cardiomet-
abolic health biomarkers in children and adolescents with
overweight/obesity. Improving upon prior reviews that often
focused on specific outcomes with limited sample sizes, our
synthesis of 16 systematic reviews (67 studies, 5112 participants)
integrates a greater diversity of outcomes with heightened statis-
tical power. RT showed consistent significant improvements in
body composition and muscular fitness, whereas effects on car-
diometabolic biomarkers were generally non-significant or mod-
est (see Figure 7 for the graphical representation of findings).

4.1 | Effects of RT on Body Composition

Our meta-analyses demonstrate that RT significantly improves
selected body composition metrics in children and adolescents
with overweight/obesity. Specifically, RT participation reduced
BF% (MD: —0.53%; 95% CI: —0.93 to —0.13) and increased FFM/
LM (MD: 0.48kg; 95% CI:0.18 to 0.78). Although these effects ap-
pear modest, they become more pronounced in subgroup anal-
yses comparing inactive controls (Table 2). Furthermore, these
improvements hold practical significance if maintained during
the growth spurt, particularly in less fit youth, supporting long-
term physical fitness and cardiometabolic health [47]. RT likely
reduces BF% by increasing resting metabolic rate through the
maintenance or gains in lean body mass, enhancing fat oxida-
tion via improved mitochondrial activity [49]. The increases in
FFM/LM reflect RT-induced muscle protein synthesis, driven
primarily by repeated bouts of mechanical tension [50]. In con-
trast, FM and WC showed no significant overall change, likely
reflecting RT's emphasis on neuromuscular/lean-tissue adapta-
tions and lower energy expenditure than aerobic or combined
training [51, 52].

Subgroup analysis by comparator type showed higher FM, BM,
BMI, and FFM/LM with RT compared to aerobic training. BM
and BMI increases primarily reflect lean tissue accretion (FFM/
LM gains), but higher FM compared to aerobic training suggests
RT is less effective for adipose loss alone [51]. Other systematic
differences between RT and aerobic interventions, such as du-
ration, frequency, or total energy expenditure may also explain
the finding [52]. This suggests that aerobic training or combined
approaches, which typically involve higher energy expenditure,
may better optimize fat reduction in youth with overweight/
obesity. Nonetheless, the lower BMI observed in aerobic training
may indicate LM loss alongside FM reduction. This finding war-
rants caution, as preserving LM is essential for long-term health
and underscores BMI's limitations in distinguishing between
tissue types across different exercise modalities.
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TABLE 2 | Summary of meta-analyses for the effect of RT interventions based on primary studies.

Mean difference
Outcome k Participants (95% of CI) p Tau? Chi? (p) P

Primary outcome measures: Body composition

Body fat percentage (%) 23 1321 —0.53 (=1.00 to —0.06) 0.03 0.34  36.53(p=0.03) 40%
Comparator =inactive 19 811 —0.73 (-1.28 to —0.18) 0.01 0.36  27.46 (p=0.07) 34%
Comparator =aerobic training 9 312 0.27 (—0.28 to 0.81) 0.34 0.00 6.06 (p=0.34) 0%
Comparator =combined training 4 198 —0.66 (—2.23 t0 0.90) 0.40 0.90 4.31(p=0.23) 30%
Frequency = 1-2 sessions/week 8 303 —0.49 (-1.84 t0 0.86) 0.48 1.03 9.94 (p=0.19) 30%
Frequency = > 3 sessions/week 14 936 —0.60 (-1.22 t0 0.01) 0.05 047  26.14(p=0.02) 50%
Duration = < 12 weeks 14 682 —0.74 (—1.42 to —0.06) 0.03 0.63 28.19(p=0.009) 54%
Duration => 12weeks 9 639 —0.11 (-0.53 t0 0.31) 0.61 0.00 6.59 (p=0.58) 0%
Age=< 12years 9 446 —040(-1.10t00.30)  0.27  0.11  8.67 (p=0.37) 8%
Age =>12years 14 875 —0.66 (—1.28 to —0.03) 0.04 0.04 27.68 (p=0.01) 53%

Fat-free mass/lean mass (kg) 25 1430 0.48 (0.23 t0 0.74) <0.001 0.00 15.64(p=0.90) 0%
Comparator = inactive 20 881 0.60 (0.29 to 0.92) <0.001 0.00 8.89 (p=0.98) 0%
Comparator = aerobic training 8 331 0.91 (0.41 to 1.40) <0.001  0.00 1.37 (p=0.99) 0%
Comparator =combined training 5 218 —0.26 (—1.55 t0 1.04) 0.70 0.72 6.16 (p=0.19) 35%
Frequency = 1-2 sessions/week 11 423 1.10 (0.20 to 1.99) 0.02 0.00 3.54(p=0.97) 0%
Frequency = > 3 sessions/week 13 925 0.40 (0.09 to 0.72) 0.01 0.00  10.05(p=0.61) 0%
Duration = < 12 weeks 14 719 0.61 (0.31 to 0.91) <0.001 0.00 7.65(p=0.87) 0%
Duration = > 12weeks 11 711 0.16 (—0.32 t0 0.64) 0.50 0.00 5.60 (p=0.85) 0%
Age=<12years 9 459 0.54 (0.07 to 1.01) 0.03 0.00 4.39 (p=0.82) 0%
Age =>12years 14 834 0.41 (0.01 to 0.82) 0.05 0.00 10.99 (p=0.61) 0%

Fat mass (kg) 20 1164 —0.15(=0.70 to 0.40) 0.59 0.37 35.68 (p=0.01) 47%
Comparator =inactive 16 715 —0.58 (=1.24 t0 0.08) 0.08 0.35 2448 (p=0.06) 39%
Comparator = aerobic training 8 412 1.21 (0.58 to 1.85) <0.001 0.00 2.24 (p=0.95) 0%
Comparator =combined training 5 308 0.73 (-1.22 t0 2.67) 0.47 321 17.31(p=0.002) 77%
Frequency = 1-2 sessions/week 7 211 0.47 (=0.79 to 1.72) 0.47 0.00 5.40 (p=0.49) 0%
Frequency = > 3 sessions/week 11 816 —0.01 (=0.33 t0 0.31) 0.96 0.00 5.58 (p=0.85) 0%
Duration =< 12weeks 11 543 —0.61 (—1.46 t0 0.24) 0.16 0.73  29.52(p=0.001) 66%
Duration => 12weeks 9 621 0.23(=0.25t0 0.71) 0.34 0.00 4.69 (p=0.79) 0%
Age=<12years 5 241 —0.02 (—0.45t0 0.41) 0.93 0.00 1.12(p=0.89) 0%
Age =>12years 14 841 —0.66 (—1.77 to 0.46) 0.25 1.99 34.55(p=0.001) 62%

Body mass (kg) 28 1553 0.85(0.13 to 1.57) 0.02  0.82 4275(p=0.03) 37%
Comparator =inactive 23 888 0.36 (—0.59 to 1.30) 0.46 112 37.06 (p=0.02) 41%
Comparator = aerobic training 10 369 1.73 (0.84 to 2.61) <0.001 0.00 7.44 (p=0.59) 0%
Comparator =combined training 5 219 1.42 (=2.11 to 4.95) 0.43 9.37 16.68 (p=0.002) 76%
Frequency = 1-2 sessions/week 11 407 0.28 (=3.13 t0 3.68) 0.87 14.79 25.95(p=0.004) 61%
Frequency = > 3 sessions/week 16 1064 0.63(0.12 to 1.14) 0.02 0.00 11.04 (p=0.75) 0%
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TABLE 2 | (Continued)
Mean difference
Outcome k Participants (95% of CI) p Tau? Chi? (p) P
Duration = < 12 weeks 17 835 0.54 (-0.32 to 1.41) 0.22 0.91 28.82 (p=0.03) 44%
Duration = > 12weeks 11 718 1.60 (0.46 to 2.75) 0.006 0.34 10.96 (p=0.36) 9%
Age=<12years 10 431 1.22 (—0.77 to 3.21) 0.23 2.28 12.07 (p=0.21) 25%
Age =>12years 17 1040 0.74 (—0.34 t0 1.82) 0.18 1.63 30.56 (p=0.02) 48%
Body mass index (kg/m?) 26 1513 0.43(0.18 to 0.68) <0.001 0.09 36.15(p=0.07) 31%
Comparator =inactive 21 807 0.19 (—0.19 to 0.58) 0.33 0.20  32.01 (p=0.04) 38%
Comparator =aerobic training 11 389 0.67 (0.32 to 1.02) <0.001 0.05 12.07(p=0.28) 17%
Comparator = combined training 6 240 0.76 (—0.20 to 1.71) 0.12 0.75 18.07(p=0.003) 72%
Frequency = 1-2 sessions/week 9 329 0.76 (—0.23 to 1.74) 0.13 0.75  13.92(p=0.08) 43%
Frequency = > 3 sessions/week 16 1102 0.38 (0.21 t0 0.56) <0.001 0.00 14.22 (p=0.51) 0%
Duration = < 12weeks 17 865 0.30 (0.02 to 0.58) 0.04 0.06 20.47 (p=0.20) 22%
Duration = > 12 weeks 9 648 0.75 (0.22 to 1.29) 0.006 016 12.00(p=0.15)  33%
Age=<12years 8 391 0.48 (—0.08 to 1.03) 0.09 0.13 8.72 (p=0.27) 20%
Age =>12years 16 922 0.39 (—0.05 to 0.84) 0.08 0.26 27.03 (p=0.03) 44%
BMI z-score (arbitrary unit) 5 227 0.08 (0.03 to 0.14) 0.003 0.00 2.71 (p=0.61) 0%
Comparator =inactive 152 0.06 (=0.03 to 0.15) 0.15 0.00 1.48 (p=0.69) 0%
Frequency = 1-2 sessions/week 3 102 0.10 (0.0 to 0.17) 0.001 0.00 0.40 (p=0.82) 0%
Duration = < 12weeks 3 155 0.01 (-0.11t0 0.12) 0.90 0.00 0.33(p=0.85) 0%
Age =>12years 3 127 0.09 (0.03 to 0.14) 0.002 0.00 1.64 (p=0.44) 0%
Visceral fat (cm?) 5 386 —0.07(-0.36t00.22)  0.62  0.04 14.41(p=0.006) 72%
Comparator =inactive 4 126 —0.39(-0.62to —0.17) <0.001 0.00 2.34(p=0.51) 0%
Comparator = aerobic training 5 187 —0.03 (—0.22 t0 0.16) 0.76 0.01 7.80 (p=0.10) 49%
Waist circumference (cm) 13 975 0.34 (=0.76 to 1.43) 0.55 1.35 23.38(p=0.02) 49%
Comparator =inactive 9 385 0.39 (—2.06 t0 2.84) 0.75 7.17 18.67 (p=0.02) 57%
Comparator =aerobic training 8 333 0.57 (=0.58 to 1.73) 0.33 0.78 10.74 (p=0.15) 35%
Comparator =combined training 3 180 0.29 (-1.14 to 1.71) 0.69 0.48 2.21(p=0.33) 10%
Frequency = > 3 sessions/week 11 882 0.03 (—0.98 to 1.05) 0.95 0.95 17.36 (p=0.07) 42%
Duration = < 12weeks 9 486 —0.15(-1.48 to 1.18) 0.82 1.25 12.21 (p=0.14) 34%
Duration = > 12 weeks 4 489 1.35 (~1.24 to 3.94) 031 342 6.83(p=0.08)  56%
Age=<12years 3 178 1.41 (—4.17 t0 6.99) 0.62 15.27 5.42 (p=0.07) 63%
Age =>12years 10 797 0.17 (=0.90 to 1.23) 0.76 1.03 17.06 (p=0.05) 47%
Secondary outcome: Physical fitness and cardiometabolic health risks
Muscular strength (SMD) 16 1079 0.53(0.30 t0 0.77) <0.001 0.14 43.19(p<0.001) 65%
Body part=upper body 16 825 0.78 (0.32 to 1.24) <0.001 0.71 111.37(p<0.001) 87%
Body part =lower body 12 828 0.67 (0.45 to 0.88) <0.001 0.05 18.80 (p=0.06) 41%
Comparator =inactive 12 509 0.59 (0.24 t0 0.94) 0.001 0.23  33.05(p<0.001) 67%
Comparator = aerobic training 8 326 0.68 (—=0.01 to 1.37) 0.05 0.83 48.52(p<0.001) 86%
(Continues)
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TABLE 2 | (Continued)

Mean difference

Outcome k Participants (95% of CI) p Tau? Chi? (p) P
Comparator =combined training 5 209 —0.05 (—0.77 t0 0.67) 0.89 049 17.51(p=0.002) 77%
Frequency = 1-2 sessions/week 5 185 0.37 (0.07 to 0.67) 0.02 0.00 3.46 (p=0.48) 0%
Frequency = > 3 sessions/week 11 894 0.58 (0.27 t0 0.88) <0.001 0.19 38.99(p<0.001) 74%
Duration =< 12weeks 8 452 0.59 (0.29 to 0.90) <0.001 0.12 16.91 (p=0.02) 59%
Duration = > 12weeks 8 627 0.48 (0.10 to 0.85) 0.01 0.19 25.24(p<0.001) 72%
Age=<12years 4 258 0.34 (0.08 to 0.59) 0.009 0.00 2.06 (p=0.56) 0%
Age =>12years 12 821 0.62 (0.31 to0 0.94) <0.001 0.21 39.35(p<0.001) 72%

Cardiorespiratory fitness (mL/kg/ 13 905 —0.41 (-1.70 to 0.87) 0.53 3.88 118.57 (p<0.001) 90%
min)
Comparator = inactive 8 311 2.20 (0.01 to 4.39) 0.05 5.68 18.06 (p=0.01) 61%
Comparator = aerobic training 10 374 —1.43 (-2.80 to —0.07) 0.04 2.80 32.42(p<0.001) 72%
Comparator =combined training 5 220 —1.30(-3.91 t0 1.32) 0.33 7.35  38.67(p<0.001) 90%
Frequency = 1-2 sessions/week 3 133 —0.21 (=0.75 t0 0.33) 0.45 0.00 0.32 (p=0.85) 0%
Frequency => 3 sessions/week 10 772 —0.43 (-=2.05 to 1.20) 0.61 532 87.61(p<0.001) 90%
Duration = < 12weeks 7 356 0.21 (-0.86 to 1.28) 0.70 0.69 9.36 (p=0.15) 36%
Duration = > 12weeks 6 549 —0.98 (—2.89 to 0.94) 0.32 4.01 80.66(p<0.001) 94%
Age=<12years 4 212 0.13 (—0.98 to 1.23) 0.82 0.00 0.57 (p=0.90) 0%
Age =>12years 9 693 —0.57 (—2.15 to 1.00) 0.47 432 109.30(p<0.001) 93%
Fasting blood glucose (mg/dL) 11 563 —0.73 (-2.43t0 0.97) 0.40 390 36.53(p<0.001) 73%
Comparator = inactive 10 340 —1.60 (—4.39 t0 1.20) 0.26 12.27 30.38 (p<0.001) 70%
Comparator = aerobic training 4 123 —0.34 (-1.78 to 1.10) 0.64 0.76 4.86 (p=0.18) 38%
Comparator =combined training 3 100 —1.88 (—3.94 t0 0.18) 0.07 1.21 2.43 (p=0.30) 18%
Frequency = 1-2 sessions/week 6 271 0.55(-1.73 to 2.84) 0.64 2.51 7.28 (p=0.20) 31%
Frequency = > 3 sessions/week 5 292 —1.85(—4.23 t0 0.53) 0.13 410 24.15(p<0.001) 83%
Duration = < 12weeks 7 347 —0.54 (—3.74 t0 2.65) 0.74 11.40 21.54(p=0.001) 72%
Duration = > 12 weeks 4 216 -1.41(-3.03t00.21)  0.09  1.01  4.28(p=0.23)  30%
Age=<12years 3 209 2.52(—0.29 to 5.34) 0.08 0.00 0.76 (p=0.68) 0%
Age =>12years 8 354 —1.52 (-3.36 t0 0.33) 0.11 3.50 2799 (p<0.001) 75%
Insulin (uWIU/mL) 7 270 —2.38 (=5.54t0 0.79) 0.14 3.06 7.21 (p=0.30) 17%
Comparator =Inactive 7 205 —3.28 (—6.28 to —0.27) 0.03 0.27 6.09 (p=0.41) 1%
Frequency = 1-2 sessions/week 4 156 —2.56 (—7.60 t0 2.47) 0.32 12.50 5.73 (p=0.13) 48%
Frequency = > 3 sessions/week 3 114 —1.66 (—6.06 to 2.75) 0.46 0.00 1.18 (p=0.55) 0%
Duration = < 12weeks 5 198 —3.29 (-7.06 t0 0.47) 0.09 3.62 4.95(p=0.29) 19%
Age => 12years 5 186 —0.95(-4.43t02.53) 059  0.00 2.43(p=0.66) 0%
HOMA-IR (arbitrary unit) 5 225 —0.37 (-1.36 t0 0.63) 0.47 0.77 10.61 (p=0.03) 62%
Comparator =inactive 5 225 —0.37 (-1.36 t0 0.63) 0.47 0.77 10.61 (p=0.03) 62%
Frequency = 1-2 sessions/week 3 122 —0.37 (=2.16 to 1.41) 0.68 1.69 6.26 (p=0.06) 68%
(Continues)
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TABLE 2 | (Continued)

Mean difference

Outcome k Participants (95% of CI) p Tau? Chi? (p) P
Duration = < 12weeks 4 187 —0.53 (-1.67 to 0.61) 0.36 0.91 9.79 (p=0.02) 69%
Age=< 12years 3 154 -0.34(-1.86t01.18)  0.66 131  7.58(p=0.02)  74%

VO, max (mL/kg/min) 13 905 —0.41(-1.70t00.87)  0.53  3.88 118.57 (p<0.001) 90%
Comparator =Inactive 8 311 2.20(0.01 to 4.39) 0.05 5.68 18.06 (p=0.01) 61%
Comparator = Aerobic training 10 374 —1.43 (-2.80 to —0.07) 0.04 2.80 32.42(p<0.001) 72%
Comparator = Combined training 5 220 —1.30(-3.91 t0 1.32) 0.33 7.35 38.67 (p<0.001) 90%
Frequency = 1-2 sessions/week 3 133 —0.21 (-=0.75 t0 0.33) 0.45 0.00 0.32 (p=0.85) 0%
Frequency = > 3 sessions/week 10 772 —0.43 (=2.05 t0 1.20) 0.61 532  87.61(p<0.001) 90%
Duration = < 12weeks 7 356 0.21 (—0.86 to 1.28) 0.70 0.69 9.36 (p=0.15) 36%
Duration = > 12weeks 6 549 —0.98 (—2.89 t0 0.94) 0.32 4.01 80.66 (p<0.001) 94%
Age=<12years 4 212 0.13 (—0.98 to 1.23) 0.82 0.00 0.57 (p=0.90) 0%
Age => 12years 9 693 -0.57(-2.15t01.00) 047  4.32 109.30(p<0.001) 93%

Muscular strength (SMD) 16 1079 0.53(0.30 to 0.77) <0.001 0.14 43.19(p<0.001) 65%
Body part=Upper body 16 825 0.78 (0.32 to 1.24) <0.001 0.71 111.37(p<0.001) 87%
Body part =Lower body 13 816 0.64 (0.43 to 0.86) <0.001 0.06 20.54(p=0.06) 42%
Comparator =Inactive 12 509 0.59 (0.24 to 0.94) 0.001 0.23  33.05(p<0.001) 67%
Comparator = Aerobic training 8 326 0.68 (—0.01 to 1.37) 0.05 0.83 48.52(p<0.001) 86%
Comparator = Combined training 5 209 —0.05 (—0.77 t0 0.67) 0.89 049 17.51(p=0.002) 77%
Frequency = 1-2 sessions/week 5 185 0.37 (0.07 t0 0.67) 0.02 0.00 3.46 (p=0.48) 0%
Frequency = > 3 sessions/week 11 894 0.58 (0.27 t0 0.88) <0.001 0.19 38.99(p<0.001) 74%
Duration = < 12weeks 8 452 0.59 (0.29 to 0.90) <0.001 012 1691 (p=0.02)  59%
Duration = > 12weeks 8 627 0.48 (0.10 to 0.85) 0.01 0.19 25.24(p<0.001) 72%
Age=<12years 4 258 0.34 (0.08 to 0.59) 0.009 0.00 2.06 (p=0.56) 0%
Age =>12years 12 821 0.62 (0.31 t0 0.94) <0.001 0.21 39.35(p<0.001) 72%

Another noteworthy subgroup finding is that RT interventions
lasting <12weeks significantly improved BF% and FFM/LM,
whereas those >12weeks did not. Although this finding may
seem counterintuitive, as longer interventions are typically
expected to be more effective, our included reviews involved
studies with durations up to 52weeks, which may introduce
adherence challenges compared to intensive, supervised 2-12-
week programs often conducted within a school term. Poor
intervention fidelity in school settings, such as inconsistent de-
livery due to competing schedules (e.g., examinations, holidays),
reduced researcher oversight, or decreasing motivation can di-
minish effectiveness—a phenomenon termed “voltage drop”
[53, 54]. Nevertheless, our analysis identified limited reporting
of adherence outcomes. Only two of the included reviews [43, 46]
reported satisfactory RT adherence rates among participants,
while others provided no data. Future studies should carefully
document supervision and adherence levels to address fidelity
issues and distinguish between the efficacy of the intervention
and the effectiveness of its implementation.

Additionally, diet plays a significant role in body composition
changes among children and adolescents with overweight/obe-
sity. RT is particularly important during caloric deficits, as it helps
preserve or modestly increase FFM/LM (55, 56]. However, none
of our included systematic reviews explicitly examined dietary co-
interventions. We therefore acknowledge that dietary factors were
not part of our analyses and may have contributed to heterogeneity
in the observed body composition outcomes. Further research is
needed to clarify the roles of intervention fidelity and examine the
role of diet and intervention fidelity as potential confounders.

4.2 | Effects of RT on Physical Fitness
and Cardiometabolic Health

Our meta-analyses indicate that RT significantly enhances
physical fitness outcomes in children and adolescents with
overweight/obesity, particularly muscular strength (SMD:
0.53, moderate effect size). Muscular strength improved
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Stud

Alberga 201 387 7 12 407 45 7 08%

Benson 2007 237 94 30 212 86 35 1.1%
Bemisen 2010 458 598 32 442 5325 16 18%
Bouanwa 2022 423 67 12 4819 397 25 1.2%
Chen 2015 237 586 15 2413 4 45 20%
Fionlli 2017 3102 543 29 335 6.23 12 1.3%
Kelly 2015 332 39 13 332 54 13 15%
Kim 2008 2077 7438 8 353 3n 9 07%
Lee 2012 -25 24 16 -1.48 264 20 6.2%
Lee 2013 -161 284 14 -103 273 22 46%
Lee 2019 -2 12 40 -199 127 78 146%
Rasooli 2021 297 38 17 336 26 16 36%
Schwanz 2014 a 6 26 395 76 23 14%
Seo 2019 4022 462 44 4105 449 26 36%
Shaitx 2016 -25 265 1 -06 199 11 43%
Sigal 2014 481 608 75 48.37 6 222 59%
Suh 2011 082 075 10 03 184 20 10.3%
Sung 2022 07 15 4 -02 14 41 13.1%
Treuth 1983 03 628 " 07 48 11 1.0%
Wong 2008 3438 7 12 363 38 12 1.0%
Woo 2004 373 4 M 37 35 41 56%
Yetgin 2018 3044 522 8 3128 267 8 13%
Yu 2005 07 15 41 -02 14 41 13.1%
Total (95% CI) 558 763 100.0%

Heatarogenety: Tau* = 0.34, Chi* = 35.53, df = 22 (P = 0.03), I’ = 40%
Tast for overall effact: Z = 2.20 (P = 0.03)
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FIGURE 2 | Forest plot of the effects of RT on body fat percentage (%) based on primary studies in children and adolescents with overweight/

obesity.

Experimental Control
Alberga 2013 34 7 12 347 52 7  02%
Banson 2007 456 114 3N 414 63 B 03%
Bamtsen 2010 396 1123 32 403 a7 16 02%
Bouamra 2022 07 66 12 14 739 25 03%
Chen 2015 582 65 15 5637 647 45 04%
Davis 200%a 566 114 17 538 92 2 0.1%
Davis 2009 14 19 9 052 183 25 3%
Deldin 2019 125 195 28 06 221 27 53%
Fioriti 2017 4704 1007 29 4645 108 12 01%
Horsak 2018 08 29 19 19 34 16 14%
Kelly 2015 656 993 13 615 4586 13 00%
Lee 2012 213 128 16 133 132 29 103%
Lee 2019 09 126 40 108 197 78 18.8%
Rasooli 2021 694 47 17 657 73 16 02%
Schranz 2014 562 83 26 5596 101 23 02%

Schwingshandl 1999 a7 1098 14 375 102 16 01%

Seo 2019 4455 604 44 4126 1096 26 03%
Shaibi 2016 37 299 " 2 199 " 14%
Sigal 2014 457 606 75 49 602 222 26%
Sung 2022 08 11 41 03 12 41 260%
Treuth 1998 21 342 " 19 21 1" 1%
Wong 2008 529 69 12 517 07 12 01%
Woo 2004 328 68 41 323 64 41 08%
Yelgn 2018 6688 784 8 6561 602 8 01%
Yu 2005 08 11 41 03 12 41 260%
Total (95% CI) 613 817 100,0%

Hetarogenaity: Tau* = 0.00; Chi* = 15,64, df = 24 (P =0,90); F = 0%
Test for overall effect: Z = 3.73 (P = 0.0002)
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FIGURE3 | Forest plot of the effects of RT on fat free mass/lean mass (kg) based on primary studies in children and adolescents with overweight/

obesity.
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FIGURE 6 | Forest plot of the effects of RT on fat mass (kg) based on primary studies in children and adolescents with overweight/obesity.

significantly, with consistent benefits across the upper/lower
body, training frequencies, durations, and age groups. From
a physiological perspective, RT enhances muscular strength
through neural adaptations and muscle fiber hypertrophy,
driven by increased motor unit recruitment and chronic and
progressive mechanical loading [50]. For those with over-
weight/obesity, excess body mass may provide additional re-
sistance, further stimulating somatic strength gains [57].

In contrast, RT elicited no significant changes in cardiometa-
bolic health markers (FI, FPG, and HOMA-IR). These findings
may reflect limited study numbers or ceiling effects due to par-
ticipants’ young age, with baseline measures often within “nor-
mal values” [58]. Additionally, some participants, particularly
those classified as overweight by BMI, may be metabolically
healthy with predominantly subcutaneous rather than visceral
fat, or misclassified due to high muscle mass, reducing the like-
lihood of evoking significant changes [59]. These factors suggest
that RT's impact on cardiometabolic health may be less pro-
nounced in youth compared to adults with abnormal risk fac-
tor profiles [60]. Despite this, significant reductions in FI and
VF were still observed compared to inactive controls (Table 2),
potentially attributable to RT-induced enhancements in insulin
sensitivity and fat oxidative capacity within lean tissues [56].

Subgroup analyses by comparator revealed that RT signifi-
cantly improved muscular strength compared to inactive con-
trols and aerobic training. Additionally, RT enhanced CRF
(MD: 2.20mL/kg/min) relative to inactive controls, though
less pronounced than aerobic training. Notably, RT's ability
to enhance CRF, despite its primary focus on neuromuscular
adaptations, underscores its versatility for comprehensive pe-
diatric fitness programs. Furthermore, RT at various training
frequencies (<2 sessions and >3 sessions/week), duration
(<12weeks and >12weeks), and age groups (<12years and

>12years) also showed gains in muscular strength. These
findings suggest that even moderate-frequency or short-term
RT programs can lead to significant strength improvements
across age groups, providing flexibility for implementation in
school or community settings.

4.3 | Implications for Incorporating RT in School
and Community Settings

Ourfindingssupport RT integration into school- and community-
based programs for youth with overweight/obesity, particularly
to improve body composition (reduced BF%, increased lean
mass) and muscular strength. Although none of the systematic
reviews included in this umbrella review explicitly reported data
on safety associated with RT interventions—an important gap
warranting improved reporting in future work—broader evi-
dence from position statements and expert consensus [8, 9, 16]
consistently indicated that RT is generally safe for children and
adolescents when conducted with proper supervision, appropri-
ate technique, and progressive overload. The incidence and rate
of injury appear to be relatively low, particularly when compared
with various team sports [61]. Moreover, RT may actually reduce
the incidence of sport-related injuries, potentially conferring a
protective impact in this population [62].

As compared to other forms of physical conditioning (e.g., aero-
bic training), RT is often better tolerated, yields greater absolute
strength gains, and may enhance self-efficacy and adherence
in the pediatric population with overweight/obesity [12, 13].
Although aerobic physical activity may yield greater improve-
ments in selected outcomes (e.g., CRF, FM), RT's engaging
nature promotes independent and additive benefits in free-
living youth, making it a complementary training modality.
Furthermore, RT's flexibility allows it to be tailored to students’
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FIGURE 7 | Graphical representation of the efficacy of resistance training for children and adolescents with overweight/obesity.

motivation and fitness levels, using diverse equipment such as
bodyweight exercises, resistance bands, or free weights, ensur-
ing accessibility and progressive engagement, regardless of body
habitus or functional capacity [9, 10]. This adaptability makes
RT suitable for varied settings, from school gymnasiums, parks,
to community centers, accommodating individual needs and
preferences. Ensuring early collaboration between stakehold-
ers (e.g., principals, teachers, parents, sports organizations,
education departments) and researchers in the design, imple-
mentation, and evaluation of youth RT interventions may also
increase the likelihood of more favorable training adaptations
and health-fitness outcomes in real-world children and adoles-
cent populations [63, 64].

4.4 | Strengths and Limitations

Thestrengthsof thisumbrellareviewinclude adherence to PRIOR
guidelines and the use of widely recognized and validated tools
(e.g., AMSTAR-2) to assess the scientific rigor of the included sys-
tematic reviews. By focusing exclusively on systematic reviews
with meta-analyses, the highest level of evidence—we ensured
robust analyses. Our additional large-scale meta-analysis, based
on primary studies, addressed the overlap and methodological
limitations of the included reviews, thereby enhancing the accu-
racy and consistency of the overall findings. Furthermore, our
umbrella review provides practical insights into the benefits and
limitations of RT on body composition, physical fitness and other
clinically relevant cardiometabolic health parameters, establish-
ing the novelty and significance of this work as the largest and
most comprehensive evaluation to date, specific to the pediatric
population with overweight/obesity.

We acknowledge that some outcome measures in our meta-
analysis exhibited considerable heterogeneity, likely reflecting
the diversity in RT intervention protocols across the included

studies. Although we conducted subgroup analyses based on
several potential modulators (e.g., nature of comparators, train-
ing frequency, intervention duration, and age of participants) to
address this variability, we did not examine training volume,
intensity, or session duration as potential moderators due to
inconsistent reporting and the challenges of quantifying these
variables in pediatric group-based settings, where relative inten-
sity varies widely and session length is frequently constrained
by school schedules. In addition, certain parameters were eval-
uated using a limited number of studies (e.g., <10 studies), as
shown in Table 2. Nonetheless, most body composition param-
eters (i.e., primary outcomes) include at least 10 studies for each
subgroup comparison, which could be deemed reasonably ro-
bust and methodologically acceptable.

Furthermore, we identified several methodological limitations
in the included systematic reviews that future work should ad-
dress. Based on AMSTAR-2 ratings, three reviews were rated
low and five critically low in quality, which failed to fully adhere
to the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines. Notably, one single-author
meta-analysis [45] deviates from standard multi-author practice,
increasing risks of bias in selection, extraction, and analysis due to
lack of independent verification [36]. Five reviews [9, 26, 42, 45, 46|
did not report a predefined protocol verified by an independent reg-
istry, such as PROSPERO, prior to conducting the review. Several
reviews employed inappropriate statistical methods, including
failure to explore heterogeneity causes [27], pooling multiple de-
pendent data points from the same study without accounting for
their likely dependence [25, 28,42, 46, 48], and inappropriate appli-
cation of a fixed-effect meta-analytic model [24], which is unrealis-
tic given the variability of exercise interventions. Additionally, two
reviews [26, 28] used RoB/quality assessment tools (e.g., the PEDro
tool) that do not fully assess bias arising from the selection of re-
ported outcomes, and eight reviews did not analyze the potential
impact of RoB on summary estimates [22, 23, 28, 40, 42, 43, 45, 46].
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Collectively, these limitations emphasize the need for caution
when interpreting findings from certain reviews and highlight the
urgent need for more rigorous, high-quality systematic reviews in
this field.

5 | Conclusion

This umbrella review provides up-to-date evidence support-
ing the efficacy of RT in improving body composition and
physical fitness in children and adolescents with overweight/
obesity. Modest favorable effects were also observed for se-
lected cardiometabolic health markers, particularly when RT
was compared with inactive controls. Our results suggest that
RT should be considered an integral component of compre-
hensive pediatric fitness programs for this high-risk pediatric
population. Further research and implementation efforts are
warranted to optimize the integration of RT into school- and
community-based programs.
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