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Abstract

IMPORTANCE The rapid rise in childhood central obesity and its cardiometabolic complications in
adulthood highlight the urgent need for targeted global interventions.

OBJECTIVE To examine the association of lifestyle, behavioral, and pharmacological interventions
with childhood central obesity.

DATA SOURCES MEDLINE, Embase, CINHAL, PsycINFO, PubMed, Academic Search Database, and
ProQuest from inception to September 25, 2024.

STUDY SELECTION Inclusion criteria included (1) randomized clinical trials (RCTs) focusing on
children aged 5 to 18 years with overweight or obesity at baseline and (2) measured central obesity
as a primary or secondary outcome.

DATA EXTRACTION AND SYNTHESIS The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses reporting guideline was followed. Two authors independently extracted data. Risk of
bias was assessed using the revised Cochrane risk-of-bias tool (RoB 2.0). A random-effects meta-
analysis was conducted to pool standardized mean differences (SMD) from individual studies.
Sensitivity analysis, meta-regression, and subgroup analyses were also conducted.

MAIN OUTCOMES AND MEASURES The main outcome was childhood central obesity measured
using waist circumference (WC), waist-to-height ratio, waist-to-hip ratio, and WC z score.

RESULTS This review included 34 RCTs, involving 8183 children aged 5 to 18 years. Twelve studies
had a low risk of bias, whereas 8 were deemed to have a higher risk of bias. The meta-analysis of 2
RCTs examining low-fat lunchboxes and a Mediterranean diet along with physical activity (lasting up
to 150 minutes per week over 6 to 9 months) showed a significant association with WC (standard
mean difference [SMD], -0.38 [95% Cl, -0.58 to -0.19]). Five additional RCTs involved behavioral
interventions on dietary education to reduce unhealthy snacks, increase fruit and vegetable intake,
promote daily physical activity, and limit screen time, supported by online resources also showed a
significant association with WC (SMD, -0.54 [95% Cl, -1.06 to -0.03]). However, standalone dietary,
physical activity, pharmacotherapy, dietary supplements, motivational interviewing, and combined
dietary, physical activity, and behavioral methods did not show a significant association with WC.
CONCLUSIONS AND RELEVANCE In this meta-analysis of RCTs, combining dietary changes with
physical activity, as well as using behavioral strategies alone, were associated with reduced central
obesity in children from high- and middle-income countries. Findings from this study have policy
implications for Sustainable Development Goals of ending all forms of malnutrition and reducing
premature mortality from noncommunicable diseases.
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Key Points

Question What is the association of
physical activity, dietary interventions,
supplements, behavioral strategies, and
pharmacological treatments, either
individually or in combination, with

childhood central obesity?

Findings In this systematic review and
meta-analysis of 34 randomized clinical
trials with 8183 participants, combining
dietary changes with physical activity, as
well as standalone behavioral
interventions, was associated with
significantly reduced central obesity.

Meaning These results suggest that
integrating dietary modifications with
physical activity and other behavioral
strategies holds promise for reducing
central obesity in children.
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Introduction

Childhood central obesity is one of the most serious public health challenges of the 21st century. In
response, the world nations endorsed several strategies to address this global health crisis. The
Sustainable Development Goals (SDGs) 2.2 and 3.4 aim to reduce premature mortality from
noncommunicable diseases and to end malnutrition in all its forms by 2030, respectively.? The Global
Nutrition Target (GNT) 4 aims to stop the increase in childhood obesity by 2025.3 Despite these
initiatives, globally, the number of school-aged children with obesity increased from 14 million boys
and 18 million girls in 1990 to 65 million boys and 94 million girls in 2022.* The World Obesity
Federation also estimated that without intervention, the global annual cost of obesity will exceed $4
trillion by 2035.5

Preventing central obesity during childhood offers lifelong health benefits and mitigates future
health complications.® Central obesity, defined as the excess accumulation of fat in the abdominal
area, is a more serious form of obesity.” This is primarily due to increased visceral fat surrounding
internal abdominal organs which produce inflammatory cytokines.® Research indicates that while
both general and abdominal obesity trends are on the rise globally, the increase in abdominal obesity
is often more substantial because of its impact on cardiovascular risk and brain changes in the long
term.® For example, a study from China found that the prevalence of abdominal obesity among
children increased from 5.0% in 1993 to 19.3% in 2015, a steeper rise compared with the general
obesity rates during the same time period.”®

Body mass index (BMI) is widely used to assess body fat and its associated cardiometabolic
risks. However, while BMI is an important metric, it has limitations, particularly in its inability to
accurately reflect visceral fat distribution.” To address this, direct measures of central adiposity, such
as computed tomography (CT) scans and magnetic resonance imaging (MRI), are considered the
criterion standard for assessing visceral fat distribution.'? Unfortunately, these methods are costly,
time-intensive, and often impractical, particularly in resource-limited settings. Consequently, proxy
measures such as waist circumference (WC), waist-to-hip ratio (WHR), and waist-to-height ratio
(WHTtR) are used to estimate central fat distribution. A previous study found that these
anthropometric measures were strongly correlated with all-cause cardiovascular disease (CVD) and
cancer mortality, independent of BMI.™

Previous systematic reviews have examined the effects of interventions, including physical
activity, dietary adjustments, behavioral strategies, and pharmacological approaches, on childhood
obesity."*2° However, these reviews have limitations. Many focused on general obesity rather than
specifically targeting central obesity, despite its substantial cardiometabolic risks.'*2" Additionally,
some studies have narrowed their focus to specific settings (eg, schools, homes, or

communities)''6171°

or specific intervention types (eg, diet or physical activity)."2° This study
conducted a meta-analysis examining lifestyle, behavioral, and pharmacological interventions for

childhood central obesity.

Methods

This systematic review and meta-analysis was reported following the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) reporting guideline.? The review is registered in
the International Prospective Register of Systematic Reviews (CRD42024541367).

Eligibility Criteria

The inclusion criteria included: (1) randomized clinical trials (RCTs) comparing physical activity, diet,
dietary supplements, behavioral, and pharmacological interventions with either nonintervention,
usual care control group, or an alternate intervention; (2) RCTs including children with overweight or
obesity aged 5 to 18 years at baseline; and (3) trials measuring WC as primary or secondary outcomes
related to central obesity. In studies reporting more than outcome measures (eg, WC and WHtR), we
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used a predefined hierarchy, prioritizing WC, then WHtR, and if neither was available, other central
obesity indices such as WC z score. All effect sizes were converted to standardized mean differences
(SMDs) to facilitate comparison across studies.

In this review, interventions were categorized as physical activity or dietary when they involved
actual physical activity sessions (eg, moderate or vigorous activities) or the provision of dietary items
(eg. healthy lunch boxes, grains, fruits, and vegetables), respectively. Meanwhile, any form of health
or nutritional education aimed at modifying physical activity, eating habits, or broader lifestyle
choices was classified as a behavioral intervention.

RCTs were excluded if participants had any medical or psychiatric conditions at baseline, were
using medications affecting weight, or had undergone weight-affecting surgical procedures.
Additionally, studies addressing childhood obesity or eating disorders, as well as those solely
focused on strength and fitness training, were excluded. Publications not in English were also
excluded.

Information Sources and Search Strategy

Our initial search strategy involved manual checking for published systematic reviews and meta-
analyses on interventions for childhood central obesity. We performed a comprehensive search
across 6 electronic databases: MEDLINE (Ovid)/PubMed, Embase (Ovid), PsycINFO (EBSCOhost),
Academic Search Database (EBSCOhost), ProQuest, and Cumulative Index to Nursing and Allied
Health Literature (CINAHL) (EBSCOhost). This search spanned from the inception of the databases
until April 15, 2024, for the initial search, and was updated on September 25, 2024. Gray literature
was also explored using Google Scholar and Open Dissertation. The search strategy adhered to the
Population Intervention Comparator Outcome (PICO) criteria (eTable 1in Supplement 1).

Study Selection

The study selection process included 4 steps. First, all articles retrieved from the search databases
were exported to EndNote library version 20 (Clarivate Analytics) to remove duplicates.? Second,
potentially relevant articles identified during the initial screening underwent full retrieval, and their
citations were uploaded to Covidence.?* Then, 2 reviewers (S.B.A. and K.Y.A.) independently
screened the titles and abstracts of these articles. Third, S.B.A. and K.Y.A. independently conducted
a full-text review against the eligibility criteria. Finally, the 2 authors cross-checked their findings to
ensure no articles were missed. Any disagreements were resolved through discussion or, if necessary,
by involving a third author.

Data Extraction

The authors (S.B.A. and K\Y.A.) independently extracted data from the included trials using a
standardized data extraction form based on the Cochrane Handbook for Systematic Reviews of
Interventions. The data collected included information on the authors, year of publication, study
design, country of publication, type of intervention, setting of intervention, duration of intervention,
number of participants, participants’ age group, control group, and outcomes. The authors (S.B.A.
and K\Y.A.) then compared their findings and verified them against the original publications to ensure
consistency in the extracted data.

Risk of Bias Assessment

The revised Cochrane risk-of-bias tool (RoB 2.0) was used to assess the risk of bias in the selected
trials.?> RoB 2.0 evaluates individual RCTs across 5 domains: bias arising from the randomization
process, bias due to deviations from the intended intervention, bias due to missing outcome data,
bias in outcome measurement, and bias in the selection of reported results. For cluster RCTs,
additional considerations were made for the domain related to the timing of participant identification

and recruitment.2®
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Statistical Analysis

Statistical analyses were conducted using R version 4.3.3 (R Project for Statistical Computing) on the
Google Collaboratory platform.?” Our initial analysis involved computing mean values and SDs from
the reported SEs, 95% Cls, and P values using a formula sourced from Cochrane for studies that did
not report mean and SD.2® Studies reporting effect sizes using different measures were analyzed in
standardized mean differences (SMDs). The use of SMD in the meta-analysis allows for the
comparison of various outcome measures by converting them into a common metric.?® The mean
values and SDs provided in the included studies were used to calculate the SMD, ensuring that
variations in waist measurement methods did not affect the overall comparability of the results.

Considering the higher level of between-study heterogeneity, a random-effect meta-analysis
using an inverse-variance method was used to pool the SMD of individual studies. SMDs and 95% Cls
were calculated using the small sample-adjusted SMD, called Hedges g.2° The Hedges g random-
effects estimator was also selected for its advantage in accounting for between-study variance.?®
Between-study heterogeneity was estimated using the /? statistic, which indicates the percentage of
variability in effect estimates due to heterogeneity rather than sampling error.

We conducted subgroup analyses based on the type of intervention, intervention alone or in
combination, intervention settings, and the economic classifications of countries (high income,
upper middle income, lower middle income, and low income) as classified by the World Bank.3°
Further subgroup analyses were performed based on study settings (health care facilities, schools,
home, and community levels).

A random-effect meta-regression was conducted using the metafor package in R*' to explore
the association between study-level characteristics and the effect sizes of central obesity. The
covariates included economic region of the country, intervention type, intervention setting,
intervention duration, and study design. The maximum likelihood estimation method was used to
estimate the residual between-study variance. The Knapp-Hartung variance estimator was applied to
calculate the SEs and the 95% Cls.

Publication bias was assessed using a funnel plot and Egger test. All statistical significance
thresholds were determined using 2-sided tests, with a P < .05 to declare statistical significance.
Statistical analysis was performed from September to October 2024.

Results

Description of the Studies

There were 5705 experimental studies identified, from which we excluded 1237 duplicates. During
the screening of titles and abstracts, 4152 records were excluded. Following a full-text review of the
remaining 316 articles, 34 studies involving 8183 children were included in this study. The remaining
273 studies were excluded for the following reasons: 47 did not focus on central obesity, 68 were
non-RCTs, 118 did not focus on children, 27 were trial protocols, 2 were not in English, 1was
qualitative, and 10 were duplicates (Figure 1; eTable 3 in Supplement 1). Out of the 34 eligible trials,
26 were individual RCTs with randomization conducted at the individual level,>>>7 and the remaining
8 were cluster RCTs where randomization was conducted at the group level (eg, schools).>®¢°> Two
trials implemented combined diet and physical activity interventions in schools and homes. The first
trial used interventions comprising a low-fat lunchbox, featuring a wide variety of fruits, vegetables,
whole grains, lean meats and alternatives, and dairy and dairy alternatives, supported by a 9-month
physical activity initiative in schools to ensure students engaged in 150 minutes of sport or class-
based activities each week.>® The second trial used the Mediterranean diet, with ample vegetables,
fresh fruits, olive oil, regular dairy (primarily cheese and yogurt), moderate fish and poultry
consumption, limited egg intake (O-4 per week), and reduced red meat. This dietary approach was
also supported by 5 supervised exercise sessions each week for 6 months for a total of 120
sessions.*®
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Nine trials combined diet (eg, fruits, vegetables, and grains), physical activity (eg, junior gym
sessions, trampolining, and team sports), and behavioral interventions (eg, hour-long health
education and consultation lectures by a psychiatrist integrated into the physical activity and dietary
programs). Although the content, duration, delivery methods, and comparators varied across the
trials, they were conducted over a minimum duration of 3 months and a maximum of 2 years with a
mean duration of 10 months. The interventions were implemented in schools, at home, in the
community, or at health care facilities,3>3840:4143.5160.61.65

Dietary supplementation was also implemented in 5 trials
supplementation, 334753 butyrate, and decaffeinated green tea polyphenols.>> Additionally, 2 trials
focused solely on physical activity (eg, at least 90 minutes of moderate-to-vigorous physical activity
per day on at least 6 days each week).3®>2 Five trials included exclusively on behavioral interventions
focusing on dietary education to reduce unhealthy snacks, increase fruit and vegetable intake,
promote daily physical activity, and limit screen time, supported by online resources on healthy
lifestyles, 3249546364

One trial diet (eg, whole-grain foods),*® one motivational approach (eg, motivation to change

3342:47.53.55 | sing symbiotic

eating habits and begin regular physical exercise through the stages of change, the processes of
behavioral change, and improved decision-making and self-efficacy),>” and another 2 trials of
pharmacotherapy (eg, metformin, with its dosage increased weekly from 500 mg/d to 1500 mg/d,
and fluoxetine, starting at 10 mg and increasing to 20 mg/d after 3 weeks, and a combination of
metformin and fluoxetine®® and a 120-mg dose of orlistat 3 times daily for 1year) were conducted.®
One trial combined diet with behavioral interventions (eg, time spent on screen-based recreation
each day of the week and consumption of sugar-sweetened beverages).®? The remaining 6 trials
combined physical activity with behavioral interventions (eg, 2 hours of moderate and vigorous
physical activity sessions, warm-up and stretching exercises, jump roping, relay races, stair stepper
exercise, handball, table tennis, volleyball, and running, hour-long monthly psychological health
education and consultation) 3+4445-50.57.58

Twelve trials were conducted in schools, while 16 studies in health care
facilities,35-37.3840-44.46,47.49.52-56 \10st trials were conducted in high-income countries, with no
published interventional study on central obesity from low-income countries. Most studies were

32,34,45,57-65

Figure 1. Flow Diagram for the Selection of Eligible Studies

5705 Records identified from
databases
2533 MEDLINE
929 Embase
848 ProQuest
507 PubMed
471 Cochrane Library
417 CINAHL

v ‘ 1237 Duplicate records removed ‘

‘ 4468 Records screened ‘

i ‘ 4152 Records excluded ‘

‘ 316 Reports sought for retrieval ‘

i ‘ 9 Reports not retrieved ‘

‘ 307 Reports assessed for eligibility ‘

273 Reports excluded
118 Different target population
68 Non-RCT
47 Not central obesity outcomes
27 Study protocol

10 Duplicate
2 Not in English
1 Qualitative
34 Studies included in review and
meta-analysis
RCT indicates randomized clinical trial.
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conducted in Iran,33-3446:47.53.56-58 o] |owed by Australia.**#>9¢2 The duration of follow-up for trials
ranged from 2 to 28 months (eTable 2 in Supplement 1).

Risk of Bias
Out of 26 individual RCTs, 5 (19%) had a high risk of bias in the randomization process*34>4753.54
and 4 (15%) had a high risk of bias due to deviations from intended interventions, #3454
Most individual RCTs were also assessed as low risk of bias in the measurement of the
outcome32-3840-42:44-57 and missing outcome data, 32384057

Overall, a total of 12 individual RCTs (46%) had an overall low risk of
bias,32-34:36:3742.46:49,50.52.56.57 g trials (23%) had some concerns,3>384044.5155 3nd 8 trials
(31%) had a high risk of bias>94143454748.53.54 (aFjgyres 1-4 in Supplement 1). For cluster RCTs,

59-61

3 out of 8 studies had a low risk of bias in the randomization process, and all studies had a

low-risk bias in the selection of reported result.>®-%° Overall, 2 cluster RCTs (25%) had an overall

high risk of bias,®>°° and 4 (50%) were assessed as having some concerns.>8-60.62:64

Meta-Analysis of Interventions for Central Obesity

The overall association of the interventions, including dietary, physical activity, behavioral,
pharmacological, dietary supplement, and motivational interviewing showed a significant reduction
in central obesity (SMD, -0.23 [95% Cl, -0.43 to -0.03]; I = 94%) (Figure 2).

Subgroup analyses were conducted based on intervention types, economic regions, trial
settings, and study design to address the observed statistical heterogeneity. The meta-analysis of 5
behavioral intervention RCTs found an association with a significant reduction in WC (SMD, -0.54
[95% Cl, -1.06 to -0.03]; I* = 93%). Additionally, 2 RCTs combining dietary and physical activity
interventions were associated with a significant reduction in WC compared with the control group
(SMD, -0.38 [95% Cl, -0.58 to -0.19]; I> = 0%). However, meta-analyses of trials focusing on dietary
supplements, as well as standalone interventions such as physical activity, dietary changes,
pharmacological treatments, and motivational interviewing, did not show a significant association
with WC compared with the control group (Figure 3).

Our subgroup analyses using intervention settings found that 16 RCTs implemented at health
care facilities were associated with a significant reduction in WC (SMD, -0.65 [95% CI -1.19 to -0.12];
I? = 94%). However, the remaining RCTs implemented at schools, homes, and community levels did
not show a significant association with central obesity (Figure 4). Subgroup analysis of trials using a
country's economic status found that 20 trials from high-income countries were associated with a
significant reduction in WC (SMD, -0.27 [95% Cl, -0.43 to -0.10]; /> = 86%). A meta-analysis of 6
trials from upper middle-income countries also showed a significant reduction in WC (SMD, -0.23
[95% Cl, -0.39 to -0.08]; I> = 0%). However, studies from lower middle-income countries did not
show a significant association with WC (SMD, -0.10 [95% Cl, -1.28 to 1.07]; I> = 98%) (Figure 5).

Meta-Regression Analysis and Publication Bias

Meta-regression analysis did not reveal a statistically significant association with the overall SMD for
WC. Approximately half of the variation in true effect sizes for WC was explained by the included
covariates (economic region of the country, intervention type, intervention setting, intervention
duration, and study design) in the model (R? = 51.90%) (eTable 4 in Supplement 1). Our analysis
found no evidence of publication bias, indicated by the visual symmetry of the funnel plots (eFigure 5
in Supplement 1) and the results of Egger test.

Discussion

To the best of our knowledge, this is the first comprehensive meta-analysis investigating various
types of interventions for childhood central obesity. Our findings showed that combining dietary and
physical activity interventions was associated with significantly lower central obesity. Similarly, RCTs
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focusing solely on behavioral interventions significantly reduced central obesity. In contrast,
interventions combining dietary, physical activity, and behavioral methods, as well as standalone
physical activity, dietary changes, pharmacotherapy, and motivational interviewing, did not show a
significant association with reducing central obesity.

RCTs conducted in high-income and upper middle-income countries found a significant
reduction in central obesity, whereas trials from lower middle-income countries did not show a
significant association with central obesity. Subgroup analyses based on intervention settings
showed that interventions implemented at health care facilities were associated with a significant
reduction in central obesity.

Previously published systematic reviews have focused on general childhood obesity.'®'82° We
believe that targeting central obesity during childhood has advantages. First, the global obesity
pandemic is rapidly increasing with central obesity being a severe form of the disease.®® Second,
central obesity is strongly associated with metabolic complications such as diabetes, hypertension,
dyslipidemia, and nonalcoholic fatty liver disease, as well as nonmetabolic issues such as weight
stigma, bullying, low self-esteem, and depression.®” Finally, approximately 55% of children with
obesity remain obese into adolescence, and an estimated 80% of adolescents with obesity continue
to be obese in adulthood.®®

Figure 2. Association of Interventions With Childhood Central Obesity

Favors | Favors

Author ES SE SMD (95% CI) intervention | control Weight, %
Ahmad et al,32 2018 -0.4013 0.1746 -0.40 (-0.74 to -0.06) —— 3.2
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Sacher et al,>1 2010 -0.5324 0.2260 -0.53(-0.98 to -0.09) — 3.0
Saelens et al,>2 2011 -1.9438 0.4614 -1.94 (-2.85t0-1.04) — : 2.1
Safayi et al,53 2013 2.4522 0.3593 2.45(1.75t03.16) ' —a— 2.5
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The squares represent the standardized mean difference (SMD) for each study, with the size of the square proportional to the study’s weight in the meta-analysis. Horizontal lines
indicate the 95% Cl. The diamond at the bottom represents the pooled SMD with its corresponding 95% Cl. ES indicates effect size; SE, standard error.
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Figure 3. Subgroup Analysis of Interventions With Childhood Central Obesity by Intervention Types

Study by intervention type ES SE SMD (95% Cl)
Behavioral
Ahmad et al,322018 -0.4013 0.1746 -0.40 (-0.74 to -0.06)
Mohammed Nawi et al,63 2015 -0.4838 0.2062 -0.48 (-0.89 t0 -0.08)
Nguyen et al,49 2012 -0.1111 0.1798 -0.11 (-0.46 to 0.24)
Tarro etal,54 2014 0.0596 0.0471 0.06 (-0.03 t0 0.15)
Vos et al,>4 2011 -2.0576 0.3054 -2.06 (-2.66 to -1.46)
Random-effects model -0.54 (-1.06 to -0.03)
Heterogeneity: 12 = 93.0%; P < .001
Physical activity and behavioral
Amini et al,>8 2016 -1.0756 0.1184 -1.08 (-1.31t0-0.84)
Bagherniya et al,34 2018 0.1920 0.1529 0.19(-0.11to 0.49)
Golley et al,*4 2007 -0.3779 0.1496 -0.38 (-0.67 to -0.08)
Guo et al,> 2015 0.0235 0.3242 0.02 (-0.61 to 0.66)
Reinehr et al,%0 2010 -0.7138 0.2545 -0.71(-1.21t0-0.22)
Salahshoornezhad et al,57 2022 5.1466 0.5402 5.15(4.09t06.21)
Random-effects model 0.39 (-0.48t0 1.26)
Heterogeneity: 12 = 96.8%; P <.001
Dietary supplement
Atazadegan et al,33 2023 0.0000 0.2582 0.00(-0.51t00.51)
Coppola et al,42 2022 -1.1722 0.3146 -1.17 (-1.79 to -0.56)
Kianifar et al,%7 2018 0.3973 0.3895 0.40 (-0.37 to 1.16)
Safavi et al,53 2013 2.4522 0.3593 2.45(1.75t03.16)
Xie et al,55 2021 -0.3142 0.2557 -0.31(-0.82t00.19)
Random-effects model 0.26 (-0.81t0 1.32)
Heterogeneity: I2 = 93.6%; P <.001
Diet and physical activity
Barnes et al,%9 2021 -0.3505 0.1064 -0.35 (-0.56 to -0.14)
Lison et al,*8 2012 -0.5805 0.2623 -0.58 (-1.09 to -0.07)
Random-effects model -0.38 (-0.58 to -0.19)
Heterogeneity: I2 = 0.0%; P =.42
Diet, physical activity, and behavioral
Benestad et al,3% 2016 -0.2305 0.2155 -0.23 (-0.65 t0 0.19)
Boodai et al,38 2014 -0.2855 0.2534 -0.29 (-0.78 t0 0.21)
Chew et al,40 2021 -0.2647 0.3627 -0.26 (-0.98 to 0.45)
Coppins et al,*1 2011 0.2260 0.2496 0.23(-0.26t00.72)
Farpour-Lambert et al,*3 2019 -0.1414 0.3055 -0.14 (-0.74 t0 0.46)
Leme et al,®02018 -0.1017 0.1268 -0.10(-0.35t00.15)
Lloyd et al,®1 2018 0.1627 0.1061 0.16 (-0.05 t0 0.37)
Sacher et al,>1 2010 -0.5324 0.2260 -0.53 (-0.98 to -0.09)
Gémez et al,®5 2018 0.1228 0.0440 0.12(0.04t0 0.21)
Random-effects model -0.04 (-0.20t0 0.11)
Heterogeneity: I2 = 52.3%; P =.03
Physical activity
Benson et al,36 2008 0.5327 0.2496 0.53 (0.04 t0 1.02)
Saelens et al,522011 -1.9438 0.4614 -1.94 (-2.85t0-1.04)
Random-effects model -0.68 (-3.10t0 1.76)
Heterogeneity: I2 = 95.5%; P <.001
Motivational
Boff et al,37 2020 -0.1066 0.2427 -0.11(-0.58 t0 0.37)
Pharmacotherapy
Chanoine et al,39 2005 0.0716 0.0915 0.07 (-0.11 t0 0.25)
Rezvanian et al,56 2010 -8.2906 0.6941 -8.29(-9.65 t0-6.93)
Random-effects model -4.08 (-12.28t0 4.11)
Heterogeneity: I2 = 99.3%; P <.001
Diet
Hajihashemi et al,*¢ 2021 -0.2384 02140  -0.24(-0.66t00.18)
Diet and behavioral
Lubans et al,52 2016 0.0247 0.1053 0.02(-0.18t00.23)

Random-effects model
Heterogeneity: I2 = 93.5%; P <.001
Test for subgroup differences: X5 = 15.66; P=.07
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Obesity is a complex and multifaceted disease with the interplay of multiple interacting aspects
that cannot be addressed with a single intervention.®® This is also supported by our findings that
combining dietary (eg, fruits, vegetables, and grains) and physical activity (eg, ball games, jogging,
and bicycling) interventions, as well as standalone behavioral interventions (eg, hour-long
psychological health education and consultation lectures by a psychiatrist integrated into the
physical activity and dietary programs) were associated with a significant reduction in central obesity.
Tackling childhood obesity and its complications in adulthood requires a whole systems approach
across diverse sectors and government agencies.”®

Figure 4. Subgroup Analysis of Interventions With Childhood Central Obesity by Intervention Settings

Favors : Favors

Study by intervention setting ES SE SMD (95% Cl) intervention @ control Weight, %

School
Ahmad et al,32 2018 -0.4013 0.1746 -0.40 (-0.74 t0o -0.06) — . 3.2
Amini et al,8 2016 -1.0756 0.1184 -1.08 (-1.31t0-0.84) —— E 3.4
Bagherniya et al,34 2018 0.1920 0.1529 0.19(-0.11 t0 0.49) ) 33
Barnes et al,59 2021 -0.33505 0.1064 -0.35(-0.56 to -0.14) - 35
Guo et al, 5 2015 0.0235 0.3242 0.02 (-0.61 to 0.66) — 2.6
Leme et al,50 2018 -0.1017 0.1268 -0.10(-0.35t0 0.15) A:P 3.4
Lloyd et al,61 2018 0.1627 0.1061 0.16 (-0.05 t0 0.37) y - 35
Lubans et al,52 2016 0.0247 0.1053 0.02 (-0.18t00.23) . 35
Mohammed Nawi et al,3 2022 -0.4838 0.2062 -0.48 (-0.89 t0 -0.08) —I—:ﬁ 31
Tarroetal,42014 0.0596 0.0471 0.06 (-0.03 t0 0.15) ' | 3.6
Salahshoornezhad et al,>7 2022 5.1466 0.5402 5.15 (4.09 to 6.21) ' 1.8
Gomez et al,®5 2018 0.1228 0.0440 0.12(0.04t00.21) | m 3.6

Random-effects model 0.03(-0.23t00.29) 4:<> 38.4

Heterogeneity: 12=94.7%; P<.001 !

Home ]
Atazadegan et al,33 2023 0.0000 0.2582 0.00 (-0.51t0 0.51) —E—I— 2.9
Chanoine et al,3% 2005 0.0716 0.0915 0.07 (-0.11t0 0.25) - 35
Lison et al, %8 2012 -0.5805 0.2623 -0.58 (-1.09 to -0.07) — . 2.9
Reinehr et al,50 2010 -0.7138 0.2545 -0.72(-1.21t0-0.22) — - 2.9

Random-effects model -0.27 (-0.69 to 0.14) <1I>> 12.2

Heterogeneity: I12=76.3%; P=.006 !

Health care facility E
Benestad et al,35 2016 -0.2305 0.2155 -0.23 (-0.65 t0 0.19) . 31
Boff et al,37 2020 -0.1066 0.2427 -0.11(-0.58 t0 0.37) + 3.0
Boodai et al,38 2014 -0.2855 0.2534 -0.29 (-0.78 t0 0.21) — 2.9
Chew et al,40 2021 -0.2647 0.3627 -0.26 (-0.98 to 0.45) —— 2.5
Coppins et al,41 2011 0.2260 0.2496 0.23(-0.26t0 0.72) — 3.0
Coppola et al,42 2022 -1.1722 0.3146 -1.17 (-1.79 to -0.56) —.— : 2.7
Farpour-Lambert et al,*3 2019 -0.1414 0.3055 -0.14 (-0.74 t0 0.46) — 2.7
Golley et al,44 2007 -0.3779 0.1496 -0.38 (-0.67 t0 -0.08) —- 33
Hajihashemi et al,46 2021 -0.2384 0.2140 -0.24 (-0.66 t0 0.18) — 3.1
Kianifar et al,47 2018 0.3973 0.3895 0.40(-0.37to 1.16) ﬂ:f—Ii 2.4
Nguyen et al, 492012 -0.1111 0.1798 -0.11 (-0.46 to 0.24) — 32
Rezvanian et al,56 2010 -8.2906 0.6941 -8.29(-9.65t0 -6.93) ' 1.3
Saelens et al,52 2011 -1.9438 0.4614 -1.94(-2.85t0-1.04) — HB—— H 2.1
Safavi et al,53 2013 2.4522 0.3593 2.45(1.75t03.16) ] —— 2.5
Vos et al,>4 2011 -2.0576 0.3054 -2.06 (-2.66 to -1.46) —a— E 2.7
Xie etal,55 2021 -0.3142 0.2557 -0.31(-0.82t00.19) ——— 2.9

Random-effects model -0.65(-1.19t0-0.12) et 43.3

Heterogeneity: 12=94.1%; P<.001 1

'

Community H
Benson et al,36 2008 0.5327 0.2496 0.53(0.04t01.02) D 3.0
Sacher et al,51 2010 -0.5324 0.2260 -0.53(-0.98 to -0.09) —I—:F 3.0

Random-effects model -0.01(-1.05to 1.04) —— 6.0
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Additional interventions are also required in the school to implement comprehensive physical
activity programs to ensure that children learn healthy habits from a young age. Physical activity
offers numerous health benefits, including muscle and bone strength, health and fitness, improved
quality of sleep, and ultimately helping to maintain a healthy weight.”" At least 1 hour of daily aerobic
activity is recommended for children.”" This is particularly important for children in high-income
countries residing in socioeconomically disadvantaged households where families cannot afford to
pay for sports activities. The results of this study also showed that interventions implemented in
high-income and upper middle-income countries had a significant association with central obesity.
This is potentially because children from developed countries are more likely to achieve
recommended dietary and physical activity levels during the intervention period.”?

Figure 5. Subgroup Analysis of Interventions With Childhood Central Obesity by Economic Region Of Countries

Favors : Favors
Study by economic region ES SE SMD (95% Cl) intervention i control
Upper middle income '

Ahmad et al,322018 -0.4013 0.1746 -0.40 (-0.74 to -0.06) —m—

Boff et al,37 2020 -0.1066 0.2427 -0.11(-0.58 t0 0.37) —

Guo et al,%5 2015 0.0235 0.3242 0.02 (-0.61 t0 0.66) —E—F

Leme et al,%0 2018 -0.1017 0.1268 -0.10(-0.35t00.15) .

Mohammed Nawi et al,%3 2015 -0.4838 0.2062 -0.48 (-0.89 t0 -0.08) — .

Xie et al,>> 2021 -0.3142 0.2557 -0.31(0.82t00.19) .
Random-effects model -0.23(-0.39t0 -0.08) <>
Heterogeneity: 12=0%; P=.48 !

Lower middle income .

Amini et al,>8 2016 -1.0756 0.1184 -1.08 (-1.31t0 -0.84) B E

Atazadegan et al,33 2023 0.0000 0.2582 0.00 (-0.51t0 0.51) — .

Bagherniya et al,34 2018 0.1920 0.1529 0.19(-0.11 to 0.49) s

Hajihashemi et al,#6 2021 -0.2384 0.2140 -0.24 (-0.66 t0 0.18) — .

Kianifar et al,47 2018 0.3973 0.3895 0.40 (-0.37 to 1.16) %47

Rezvanian et al,>6 2010 -8.2906 0.6941 -8.29(-9.65t0-6.93) «—— —— !

Safavi et al,3 2013 2.4522 0.3593 2.45(1.75t0 3.16) ,
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Heterogeneity: 12=98%; P<.001 '

High income ]
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Chanoine et al,39 2005 0.0716 0.0915 0.07 (-0.11 t0 0.25) E -
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Coppins et al,41 2011 0.2260 0.2496 0.23 (-0.26 t0 0.72) —a—
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Limitations

This study had limitations. First, the individual studies included in this review used anthropometric
measures such as WC, WhtR, WHR, and WC z scores to assess central obesity. While these methods
are practical and commonly used, particularly in large-scale studies, they are indirect indicators of
central adiposity and do not offer the same precision as imaging techniques such as dual-energy x-ray
absorptiometry or magnetic resonance imaging.”

Second, a considerable level of heterogeneity was detected across the included studies. To
address this, we conducted subgroup analyses by intervention types and settings. Third, our review
did not identify any RCTs focusing on children with normal BMI but central obesity, despite evidence
linking cardiometabolic risks to this group. Fourth, most RCTs were conducted in high- and middle-
income countries, limiting the generalizability of our findings to low-income countries.

Fifth, Brown et al”® underscored the methodological gaps in global childhood obesity trials,
particularly the inadequate handling of clustering effects in RCTs, which risks underestimating
standard errors and exaggerating intervention efficacy.”® In this meta-analysis, our preliminary
review of the included cluster RCTs found that 7 out of 8 studies used statistical methods such as
mixed-effects models or generalized estimating equations to adjust for intraclass correlation and
design effects. However, 1study did not clearly report how clustering was addressed. Future cluster
RCTs should consider these limitations when designing school-based or other cluster-based trials.

Sixth, some subgroup analyses (eg, standalone physical activity, diet, and combined diet and
physical activity interventions) were based on a limited number of studies. These findings should be
interpreted cautiously, and future RCTs are recommended to strengthen the evidence on
intervention effectiveness. Additionally, there is a chance of publication bias, as studies with negative
results are less likely to be submitted for journal publication. We tried to mitigate this by conducting
searches of the gray literature.

Conclusions

Childhood obesity and its cardiometabolic complications in adulthood pose one of the greatest
global health challenges of our time, and no country has successfully reversed the global rise in
childhood central obesity. In this systematic review and meta-analysis of RCTs on central obesity,
combining dietary changes with physical activity, as well as using behavioral strategies alone, showed
promise in reducing central obesity in children from high- and middle-income countries. Coordinated
efforts from various stakeholders (eg, government, nongovernmental organizations, World Health
Organization, Centers for Disease Control and Prevention) will be essential for addressing this
multifaceted issue. Findings from this study have policy implications for Sustainable Development
Goals 2.2 (ending all forms of malnutrition) and 3.4 (reduce premature mortality from
noncommunicable diseases and promote mental health).

ARTICLE INFORMATION
Accepted for Publication: February 9, 2025.

Published: April 11, 2025. doi:10.1001/jamanetworkopen.2025.4331

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2025 Aychiluhm
SB et al. JAMA Network Open.

Corresponding Author: Setognal B. Aychiluhm, MPH, Rural Health Research Institute, Charles Sturt University-
Orange Campus, 346 Leeds Parade, Orange, NSW 2800, Australia (saychiluhm@csu.edu.au).

Author Affiliations: Rural Health Research Institute, Charles Sturt University, Orange, New South Wales, Australia
(Aychiluhm, Mondal, Ross, Ahmed); Institute of Public Health, College of Medicine and Health Sciences, University
of Gondar, Gondar, Ethiopia (Aychiluhm); School of Allied Health, Exercise & Sports Sciences, Faculty of Science
& Health, Charles Sturt University, Albury, New South Wales, Australia (Isaac); Translational Health Research
Institute, Western Sydney University, Campbelltown Campus, New South Wales, Australia (Ahmed).

[5 JAMA Network Open. 2025;8(4):e254331. doi:10.1001/jamanetworkopen.2025.4331 April 11,2025 1/15

Downl oaded from j amanet wor k. com by guest on 04/ 08/ 2026


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.4331&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.4331
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.4331
mailto:saychiluhm@csu.edu.au

JAMA Network Open | Nutrition, Obesity, and Exercise Interventions for Childhood Central Obesity

Author Contributions: Mr Aychiluhm and Dr Ahmed had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis.

Concept and design: Aychiluhm, Ahmed.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Aychiluhm, Ross.

Critical review of the manuscript for important intellectual content: All authors.
Statistical analysis: Aychiluhm, Ahmed.

Obtained funding: Aychiluhm.

Administrative, technical, or material support: Aychiluhm, Ross.

Supervision: 1saac, Ross, Ahmed.

Conflict of Interest Disclosures: None reported.

Funding/Support: This work was funded by a grant from the Commonwealth of Australia, represented by the
Department of Health and Aged Care (Grant Activity 4-DGEJZ10/4-CW7UT14).

Role of the Funder/Sponsor: The funder had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Data Sharing Statement: See Supplement 2.

REFERENCES
1. World Health Organization. Noncommunicable Diseases: Childhood Overweight and Obesity. World Health
Organization; 2020.

2. Assembly G. Resolution adopted by the General Assembly on 11 September 2015. United Nations; 2015.

3. World Health Organization. Comprehensive implementation plan on maternal, infant and young child nutrition.
2014. Accessed March 10, 2025. https://www.who.int/publications/i/item/WHO-NMH-NHD-14.1

4. Collaboration NCDRF; NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in underweight and obesity
from 1990 to 2022: a pooled analysis of 3663 population-representative studies with 222 million children,
adolescents, and adults. Lancet. 2024;403(10431):1027-1050. doi:10.1016/S0140-6736(23)02750-2

5. World Obesity Federation. Economic impact of overweight and obesity to surpass $4 trillion by 2035. Accessed
February 28, 2025. https://www.worldobesity.org/news/economic-impact-of-overweight-and-obesity-to-surpass-
4-trillion-by-2035

6. TwigG, Yaniv G, Levine H, et al. Body-mass index in 2.3 million adolescents and cardiovascular death in
adulthood. N Engl J Med. 2016;374(25):2430-2440. doi:10.1056/NEJM0al503840

7. Chaudhary M, Sharma P. Abdominal obesity in India: analysis of the National Family Health Survey-5
(2019-2021) data. Lancet Reg Health Southeast Asia. 2023;14:100208. doi:10.1016/j.lansea.2023.100208

8. Després JP. Health consequences of visceral obesity. Ann Med. 2001;33(8):534-541. doi:10.3109/
07853890108995963

9. IsaacV,Sim S, ZhengH, Zagorodnov V, Tai ES, Chee M. Adverse associations between visceral adiposity, brain struc-
ture, and cognitive performance in healthy elderly. Front Aging Neurosci. 2011;3:12. doi:10.3389/fnagi.2011.00012

10. MaS, Hou D, Zhang Y, et al. Trends in abdominal obesity among Chinese children and adolescents, 1993-2015.
J Pediatr Endocrinol Metab. 2020;34(2):163-169. doi:10.1515/jpem-2020-0461

11. Sweatt K, Garvey WT, Martins C. Strengths and limitations of BMI in the Diagnosis of obesity: what is the path
forward? Curr Obes Rep. 2024;13(3):584-595. doi:10.1007/513679-024-00580-1

12. Ajonuma BC, Onuoha FM, Ebirim CC, Okezue OS, Eseigbe P, Alabi NA. Correlation between central obesity and
blood pressure in an adult Nigerian population. Journal of Insulin Resistance. 2016;1(1):1-5.

13. Owolabi EO, Ter Goon D, Adeniyi OV. Central obesity and normal-weight central obesity among adults
attending healthcare facilities in Buffalo City Metropolitan Municipality, South Africa: a cross-sectional study.
J Health Popul Nutr. 2017;36(1):54. doi:10.1186/s41043-017-0133-x

14. Liu Z, Xu HM, Wen LM, et al. A systematic review and meta-analysis of the overall effects of school-based
obesity prevention interventions and effect differences by intervention components. Int J Behav Nutr Phys Act.
2019;16(1):95. doi:10.1186/512966-019-0848-8

15. Brown T, Smith S, Bhopal R, Kasim A, Summerbell C. Diet and physical activity interventions to prevent or treat
obesity in South Asian children and adults: a systematic review and meta-analysis. Int J Environ Res Public Health.
2015;12(1):566-594. doi:10.3390/ijerph120100566

[5 JAMA Network Open. 2025;8(4):e254331. doi:10.1001/jamanetworkopen.2025.4331 April 11,2025 12/15

Downl oaded from j amanet wor k. com by guest on 04/ 08/ 2026


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.4331&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.4331
https://www.who.int/publications/i/item/WHO-NMH-NHD-14.1
https://dx.doi.org/10.1016/S0140-6736(23)02750-2
https://www.worldobesity.org/news/economic-impact-of-overweight-and-obesity-to-surpass-4-trillion-by-2035
https://www.worldobesity.org/news/economic-impact-of-overweight-and-obesity-to-surpass-4-trillion-by-2035
https://dx.doi.org/10.1056/NEJMoa1503840
https://dx.doi.org/10.1016/j.lansea.2023.100208
https://dx.doi.org/10.3109/07853890108995963
https://dx.doi.org/10.3109/07853890108995963
https://dx.doi.org/10.3389/fnagi.2011.00012
https://dx.doi.org/10.1515/jpem-2020-0461
https://dx.doi.org/10.1007/s13679-024-00580-1
https://dx.doi.org/10.1186/s41043-017-0133-x
https://dx.doi.org/10.1186/s12966-019-0848-8
https://dx.doi.org/10.3390/ijerph120100566

JAMA Network Open | Nutrition, Obesity, and Exercise Interventions for Childhood Central Obesity

16. Ho TJH, Cheng LJ, Lau Y. School-based interventions for the treatment of childhood obesity: a systematic
review, meta-analysis and meta-regression of cluster randomised controlled trials. Public Health Nutr. 2021;24
(10):3087-3099. doi:10.1017/51368980021001117

17. Klein DH, Mohamoud I, Olanisa OO, et al. Impact of school-based interventions on pediatric obesity:
a systematic review. Cureus. 2023;15(8):e43153. doi:10.7759/cureus.43153

18. Moores CJ, Bell LK, Miller J, Damarell RA, Matwiejczyk L, Miller MD. A systematic review of community-based
interventions for the treatment of adolescents with overweight and obesity. Obes Rev. 2018;19(5):698-715. doi:
10.1111/0br.12660

19. Pamungkas RA, Chamroonsawasdi K. Home-based interventions to treat and prevent childhood obesity:
a systematic review and meta-analysis. Behav Sci (Basel). 2019;9(4):38. doi:10.3390/bs9040038

20. BaygiF, Djalalinia S, Qorbani M, et al. The effect of psychological interventions targeting overweight and
obesity in school-aged children: a systematic review and meta-analysis. BMC Public Health. 2023;23(1):1478. doi:
10.1186/512889-023-16339-7

21. Waters E, de Silva-Sanigorski A, Hall BJ, et al. Interventions for preventing obesity in children. Cochrane
Database Syst Rev. 2011;(12):CD001871. doi:10.1002/14651858.CD001871.pub3

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

23. EndNote. Version EndNote 20. Clarivate; 2013.
24. Covidence systematic review software. 2014. Accessed March 10, 2025. https://www.covidence.org/

25. Sterne JAC, Savovic J, Page MJ, et al. RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ.
2019;366:14898. doi:10.1136/bm;.14898

26. Eldridge S, Campbell M, Campbell M, et al. Revised Cochrane Risk of Bias Tool for Randomized Trials (RoB 2.0):
Additional Considerations for Cluster-Randomized Trials. Cochrane Methods Cochrane Database Syst Rev; 2016:10.

27. Google Colaboratory. 2024. Accessed March 10, 2025. https://colab.research.google.com/

28. Cumpston M, Li T, Page MJ, et al. Updated guidance for trusted systematic reviews: a new edition of the
Cochrane Handbook for Systematic Reviews of Interventions. Cochrane Database Syst Rev. 2019;10(10):
EDOO00142. doi:10.1002/14651858. EDO00142

29. Hedges LV, Olkin I. Statistical Methods for Meta-Analysis. Academic Press; 2014.
30. Bank W. World Bank Country and Lending Groups. World Bank; 2020.

31. Harrer M, Cuijpers P, Furukawa T, Ebert D. Doing Meta-Analysis With R: A Hands-On Guide. Chapman and
Hall/CRC; 2021. doi:10.1201/9781003107347

32. Ahmad N, Shariff ZM, Mukhtar F, Lye MS. Family-based intervention using face-to-face sessions and social
media to improve Malay primary school children’s adiposity: a randomized controlled field trial of the Malaysian
REDUCE programme. Nutr J. 2018;17(1):74. doi:10.1186/s12937-018-0379-1

33. Atazadegan MA, Heidari-Beni M, Entezari MH, Sharifianjazi F, Kelishadi R. Effects of synbiotic supplementation
on anthropometric indices and body composition in overweight or obese children and adolescents: a randomized,
double-blind, placebo-controlled clinical trial. World J Pediatr. 2023;19(4):356-365. doi:10.1007/s12519-022-
00664-9

34. Bagherniya M, Mostafavi Darani F, Sharma M, et al. Assessment of the efficacy of physical activity level and
lifestyle behavior interventions applying social cognitive theory for overweight and obese girl adolescents. J Res
Health Sci. 2018;18(2):e004009.

35. Benestad B, Lekhal S, Smastuen MC, et al. Camp-based family treatment of childhood obesity: randomised
controlled trial. Arch Dis Child. 2017;102(4):303-310. doi:10.1136/archdischild-2015-309813

36. Benson AC, Torode ME, Fiatarone Singh MA. The effect of high-intensity progressive resistance training on
adiposity in children: a randomized controlled trial. Int J Obes (Lond). 2008;32(6):1016-1027. doi:10.1038/ijo.
2008.5

37. Boff RM, Dornelles MA, Feoli AMP, Gustavo ADS, Oliveira MDS. Transtheoretical model for change in obese
adolescents: MERC randomized clinical trial. J Health Psychol. 2020;25(13-14):2272-2285. doi:10.1177/
1359105318793189

38. Boodai SA, McColl JH, Reilly JJ. National Adolescent Treatment Trial for Obesity in Kuwait (NATTO): project
design and results of a randomised controlled trial of a good practice approach to treatment of adolescent obesity
in Kuwait. Trials. 2014;15(1):234. doi:10.1186/1745-6215-15-234

[5 JAMA Network Open. 2025;8(4):e254331. doi:10.1001/jamanetworkopen.2025.4331 April 11,2025 13/15

Downl oaded from j amanet wor k. com by guest on 04/ 08/ 2026


https://dx.doi.org/10.1017/S1368980021001117
https://dx.doi.org/10.7759/cureus.43153
https://dx.doi.org/10.1111/obr.12660
https://dx.doi.org/10.3390/bs9040038
https://dx.doi.org/10.1186/s12889-023-16339-7
https://dx.doi.org/10.1002/14651858.CD001871.pub3
https://dx.doi.org/10.1136/bmj.n71
https://www.covidence.org/
https://dx.doi.org/10.1136/bmj.l4898
https://colab.research.google.com/
https://dx.doi.org/10.1002/14651858.ED000142
https://dx.doi.org/10.1201/9781003107347
https://dx.doi.org/10.1186/s12937-018-0379-1
https://dx.doi.org/10.1007/s12519-022-00664-9
https://dx.doi.org/10.1007/s12519-022-00664-9
https://www.ncbi.nlm.nih.gov/pubmed/29784890
https://www.ncbi.nlm.nih.gov/pubmed/29784890
https://dx.doi.org/10.1136/archdischild-2015-309813
https://dx.doi.org/10.1038/ijo.2008.5
https://dx.doi.org/10.1038/ijo.2008.5
https://dx.doi.org/10.1177/1359105318793189
https://dx.doi.org/10.1177/1359105318793189
https://dx.doi.org/10.1186/1745-6215-15-234

JAMA Network Open | Nutrition, Obesity, and Exercise Interventions for Childhood Central Obesity

39. Chanoine JP, Hampl S, Jensen C, Boldrin M, Hauptman J. Effect of orlistat on weight and body composition in
obese adolescents: a randomized controlled trial. JAMA. 2005;293(23):2873-2883. doi:10.1001/jama.293.
23.2873

40. Chew CSE, Oh JY, Rajasegaran K, et al. Evaluation of a group family-based intervention programme for
adolescent obesity: the LITE randomised controlled pilot trial. Singapore Med J. 2021;62(1):39-47. doi:10.11622/
smedj.2019122

41. Coppins DF, Margetts BM, Fa JL, Brown M, Garrett F, Huelin S. Effectiveness of a multi-disciplinary family-
based programme for treating childhood obesity (the Family Project). Eur J Clin Nutr. 2011;65(8):903-909. doi:10.
1038/ejcn.2011.43

42. Coppola S, Nocerino R, Paparo L, et al. Therapeutic effects of butyrate on pediatric obesity: a randomized
clinical trial. JAMA Netw Open. 2022;5(12):€2244912. doi:10.1001/jamanetworkopen.2022.44912

43. Farpour-Lambert NJ, Martin XE, Bucher Della Torre S, et al. Effectiveness of individual and group programmes
to treat obesity and reduce cardiovascular disease risk factors in pre-pubertal children. Clin Obes. 2019;9(6):
e12335. doi:10.1111/cob.12335

44. Golley RK, Magarey AM, Baur LA, Steinbeck KS, Daniels LA. Twelve-month effectiveness of a parent-led,
family-focused weight-management program for prepubertal children: a randomized, controlled trial. Pediatrics.
2007;119(3):517-525. doi:10.1542/peds.2006-1746

45. GuoH, Zeng X, Zhuang Q, Zheng Y, Chen S. Intervention of childhood and adolescents obesity in Shantou city.
Obes Res Clin Pract. 2015;9(4):357-364. doi:10.1016/j.0rcp.2014.11.006

46. Hajihashemi P, Azadbakht L, Hashemipour M, Kelishadi R, Saneei P, Esmaillzadeh A. The effects of whole grain
intake on anthropometric measures in overweight and obese children: a crossover randomised clinical trial. BrJ
Nutr. 2021;126(10):1459-1465. doi:10.1017/SO00711452100026 X

47. Kianifar HR, Ahanchian H, Safarian M, et al. Effects of synbiotics on anthropometric indices of obesity in
children a randomized double-blind placebo-controlled pilot study. Top Clin Nutr. 2018;33(2):118-126. doi:10.1097/
TIN.OOOOO0O0000000134

48. Lison JF, Real-Montes JM, Torrd |, et al. Exercise intervention in childhood obesity: a randomized controlled
trial comparing hospital-versus home-based groups. Acad Pediatr. 2012;12(4):319-325. doi:10.1016/j.acap.2012.
03.003

49. Nguyen B, Shrewsbury VA, O'Connor J, et al. Twelve-month outcomes of the loozit randomized controlled
trial: a community-based healthy lifestyle program for overweight and obese adolescents. Arch Pediatr Adolesc
Med. 2012;166(2):170-177. doi:10.1001/archpediatrics.2011.841

50. Reinehr T, Schaefer A, Winkel K, Finne E, Toschke AM, Kolip P. An effective lifestyle intervention in overweight
children: findings from a randomized controlled trial on "Obeldicks light". Clin Nutr. 2010;29(3):331-336. doi:10.
1016/j.clnu.2009.12.010

51. Sacher PM, Kolotourou M, Chadwick PM, et al. Randomized controlled trial of the MEND program: a family-
based community intervention for childhood obesity. Obesity (Silver Spring). 2010;18(suppl 1):562-568. doi:10.
1038/0by.2009.433

52. Saelens BE, Grow HM, Stark LJ, Seeley RJ, Roehrig H. Efficacy of increasing physical activity to reduce
children’s visceral fat: a pilot randomized controlled trial. Int J Pediatr Obes. 2011;6(2):102-112. doi:10.3109/
17477166.2010.482157

53. Safavi M, Farajian S, Kelishadi R, Mirlohi M, Hashemipour M. The effects of synbiotic supplementation on some
cardio-metabolic risk factors in overweight and obese children: a randomized triple-masked controlled trial. Int J
Food Sci Nutr. 2013;64(6):687-693. doi:10.3109/09637486.2013.775224

54. Vos RC, Wit JM, Pijl H, Houdijk EC. Long-term effect of lifestyle intervention on adiposity, metabolic
parameters, inflammation and physical fitness in obese children: a randomized controlled trial. Nutr Diabetes.
2011;1(10):€9. doi:10.1038/nutd.2011.5

55. XielL, Tang Q, Yao D, et al. Effect of decaffeinated green tea polyphenols on body fat and precocious puberty
in obese girls: a randomized controlled trial. Front Endocrinol (Lausanne). 2021;12:736724. doi:10.3389/fendo.
2021.736724

56. Rezvanian H, Hashemipour M, Kelishadi R, Tavakoli N, Poursafa P. A randomized, triple masked, placebo-
controlled clinical trial for controlling childhood obesity. World J Pediatr. 2010;6(4):317-322. doi:10.1007/s12519-
010-0232-x

57. Salahshoornezhad S, Sohrabi Z, Mani A, et al. Effect of a multi-disciplinary program on anthropometric and
biochemical parameters in obese and overweight elementary school girls: a randomized clinical trial. Nutr Metab
Cardiovasc Dis. 2022;32(8):1982-1989. doi:10.1016/j.numecd.2022.04.014

[5 JAMA Network Open. 2025;8(4):e254331. doi:10.1001/jamanetworkopen.2025.4331 April 11,2025 14/15

Downl oaded from j amanet wor k. com by guest on 04/ 08/ 2026


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.293.23.2873&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.4331
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.293.23.2873&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.4331
https://dx.doi.org/10.11622/smedj.2019122
https://dx.doi.org/10.11622/smedj.2019122
https://dx.doi.org/10.1038/ejcn.2011.43
https://dx.doi.org/10.1038/ejcn.2011.43
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.44912&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.4331
https://dx.doi.org/10.1111/cob.12335
https://dx.doi.org/10.1542/peds.2006-1746
https://dx.doi.org/10.1016/j.orcp.2014.11.006
https://dx.doi.org/10.1017/S000711452100026X
https://dx.doi.org/10.1097/TIN.0000000000000134
https://dx.doi.org/10.1097/TIN.0000000000000134
https://dx.doi.org/10.1016/j.acap.2012.03.003
https://dx.doi.org/10.1016/j.acap.2012.03.003
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archpediatrics.2011.841&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.4331
https://dx.doi.org/10.1016/j.clnu.2009.12.010
https://dx.doi.org/10.1016/j.clnu.2009.12.010
https://dx.doi.org/10.1038/oby.2009.433
https://dx.doi.org/10.1038/oby.2009.433
https://dx.doi.org/10.3109/17477166.2010.482157
https://dx.doi.org/10.3109/17477166.2010.482157
https://dx.doi.org/10.3109/09637486.2013.775224
https://dx.doi.org/10.1038/nutd.2011.5
https://dx.doi.org/10.3389/fendo.2021.736724
https://dx.doi.org/10.3389/fendo.2021.736724
https://dx.doi.org/10.1007/s12519-010-0232-x
https://dx.doi.org/10.1007/s12519-010-0232-x
https://dx.doi.org/10.1016/j.numecd.2022.04.014

JAMA Network Open | Nutrition, Obesity, and Exercise Interventions for Childhood Central Obesity

58. Amini M, Djazayery A, Majdzadeh R, et al. A school-based intervention to reduce excess weight in overweight
and obese primary school students. Biol Res Nurs. 2016;18(5):531-540. doi:10.1177/1099800416654261

59. Barnes C, Hall A, Nathan N, et al. Efficacy of a school-based physical activity and nutrition intervention on child
weight status: findings from a cluster randomized controlled trial. Prev Med. 2021;153:106822. doi:10.1016/].
ypmed.2021.106822

60. Leme ACB, Baranowski T, Thompson D, Nicklas T, Philippi ST. Sustained impact of the “Healthy Habits, Healthy
Girls - Brazil” school-based randomized controlled trial for adolescents living in low-income communities. Prev Med
Rep. 2018;10:346-352. doi:10.1016/j.pmedr.2018.04.013

61. Lloyd J, Creanor S, Logan S, et al. Effectiveness of the Healthy Lifestyles Programme (HeLP) to prevent obesity
in UK primary-school children: a cluster randomised controlled trial. Lancet Child Adolesc Health. 2018;2(1):35-
45."https://www.ncbi.nlm.nih.gov/pubmed/30169195" doi:10.1016/52352-4642(17)30151-7

62. Lubans DR, Smith JJ, Plotnikoff RC, et al. Assessing the sustained impact of a school-based obesity prevention
program for adolescent boys: the ATLAS cluster randomized controlled trial. Int J Behav Nutr Phys Act. 2016;13:92.
doi:10.1186/512966-016-0420-8

63. Mohammed Nawi A, Che Jamaludin FI. Effect of internet-based intervention on obesity among adolescents in
Kuala Lumpur: a school-based cluster randomised trial. Malays J Med Sci. 2015;22(4):47-56.

64. Tarro L, Llauradd E, Albaladejo R, et al. A primary-school-based study to reduce the prevalence of childhood
obesity-the EdAI (Educacid en Alimentacid) study: a randomized controlled trial. Trials. 2014;15(1):58. doi:10.1186/
1745-6215-15-58

65. Gomez SF, Casas Esteve R, Subirana , et al. Effect of a community-based childhood obesity intervention
program on changes in anthropometric variables, incidence of obesity, and lifestyle choices in Spanish children
aged 8 to 10 years. Eur J Pediatr. 2018;177(10):1531-1539. doi:10.1007/s00431-018-3207-x

66. Jebeile H, Kelly AS, O'Malley G, Baur LA. Obesity in children and adolescents: epidemiology, causes,
assessment, and management. Lancet Diabetes Endocrinol. 2022;10(5):351-365. doi:10.1016/52213-8587(22)
00047-X

67. Franek E, Pais P, Basile J, et al. General versus central adiposity as risk factors for cardiovascular-related
outcomes in a high-risk population with type 2 diabetes: a post hoc analysis of the REWIND trial. Cardiovasc
Diabetol. 2023;22(1):52. doi:10.1186/s12933-023-01757-z

68. Simmonds M, Llewellyn A, Owen CG, Woolacott N. Predicting adult obesity from childhood obesity:
a systematic review and meta-analysis. Obes Rev. 2016;17(2):95-107. doi:10.1111/obr.12334

69. World Health Organization. The challenge of obesity. Accessed March 10, 2025. https://www.who.int/europe/
news-room/fact-sheets/item/the-challenge-of-obesity

70. Salm L, Nisbett N, Cuming K, Hrynick T, Lulache A, MacGregor H. A whole system approach to childhood
obesity: how a supportive environment was created in the city of Brighton and Hove, United Kingdom. Food
Secur. 2023;15(4):1-17. doi:10.1007/s12571-023-01361-9

71. World Health Organization. Physical activity. Accessed March 10, 2025. https://www.who.int/news-room/fact-
sheets/detail/physical-activity

72. Swinburn BA, Sacks G, Hall KD, et al. The global obesity pandemic: shaped by global drivers and local
environments. Lancet. 2011;378(9793):804-814. doi:10.1016/50140-6736(11)60813-1

73. Brown AW, Altman DG, Baranowski T, et al. Childhood obesity intervention studies: a narrative review and
guide for investigators, authors, editors, reviewers, journalists, and readers to guard against exaggerated
effectiveness claims. Obes Rev. 2019;20(11):1523-1541. doi:10.1111/0br.12923

SUPPLEMENT 1.

eTable 1. Databases and Search Strategy

eTable 2. Description of Included Studies

eTable 3. Excluded Studies

eTable 4. Multiple Meta-Regression Model

eFigure 1. Risk of Bias Traffic Light Plot for Selected Individual RCT Articles
eFigure 2. Risk of Bias Summary Plot for Selected Individual RCT Articles
eFigure 3. Risk of Bias Traffic Light Plot for Selected Cluster RCT Articles
eFigure 4. Risk of Bias Summary Plot for Selected Cluster RCT Articles
eFigure 5. Funnel Plot of the Included Studies

SUPPLEMENT 2.
Data Sharing Statement

[5 JAMA Network Open. 2025;8(4):e254331. doi:10.1001/jamanetworkopen.2025.4331 April 11,2025 15/15

Downl oaded from j amanet wor k. com by guest on 04/ 08/ 2026


https://dx.doi.org/10.1177/1099800416654261
https://dx.doi.org/10.1016/j.ypmed.2021.106822
https://dx.doi.org/10.1016/j.ypmed.2021.106822
https://dx.doi.org/10.1016/j.pmedr.2018.04.013
https://www.ncbi.nlm.nih.gov/pubmed/30169195
https://dx.doi.org/10.1016/S2352-4642(17)30151-7
https://dx.doi.org/10.1186/s12966-016-0420-8
https://www.ncbi.nlm.nih.gov/pubmed/26715908
https://dx.doi.org/10.1186/1745-6215-15-58
https://dx.doi.org/10.1186/1745-6215-15-58
https://dx.doi.org/10.1007/s00431-018-3207-x
https://dx.doi.org/10.1016/S2213-8587(22)00047-X
https://dx.doi.org/10.1016/S2213-8587(22)00047-X
https://dx.doi.org/10.1186/s12933-023-01757-z
https://dx.doi.org/10.1111/obr.12334
https://www.who.int/europe/news-room/fact-sheets/item/the-challenge-of-obesity
https://www.who.int/europe/news-room/fact-sheets/item/the-challenge-of-obesity
https://dx.doi.org/10.1007/s12571-023-01361-9
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://dx.doi.org/10.1016/S0140-6736(11)60813-1
https://dx.doi.org/10.1111/obr.12923

