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Abstract
Objective: Schools offer an ideal setting for childhood obesity interventions due to
their access to children and adolescents. This review aimed to systematically
review the impact of school-based intervention for the treatment of childhood
obesity.
Design: Eight databases were searched from inception till 30 May 2020. A revised
Cochrane risk-of-bias tool and the Grading of Recommendations, Assessment,
Development and Evaluations criteria were used to evaluate the risk of bias and
overall evidence. Meta-analysis andmeta-regression were performed on Stata soft-
ware using the random effects model. Overall effect was evaluated using Hedges’
g, and heterogeneity was assessed using Cochran’s Q and I2.
Setting: Cluster randomised controlled trials (cluster-RCT) delivered in school.
Participants: Children and adolescents (6–18 years of age) with overweight and
obesity.
Results: Twelve cluster-RCT from seven countries with 1755 participants were
included in the meta-analysis. School-based interventions for the treatment of
childhood obesity reduced BMI and BMI z-scores with a medium effect (g= 0·52).
Subgroup analyses showed greater effectiveness of brief school-based interven-
tions and the interventions conducted in lower-middle to upper-middle econo-
mies. Meta-regression assessed the heterogeneity and the final model, with
covariates of the type of economies and trial duration, accounted for 41·2 % of
the variability. The overall quality of evidence was rated low because of the high
risk of bias and inconsistency.
Conclusions: School-based interventions are a possible approach to provide uni-
versal healthcare for the treatment of childhood obesity, and further well-designed
cluster-RCT with longer follow-up are needed. This study is registered with
PROSPERO (CRD42020160735).
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Globally, the number of children and adolescents (5–19
years) with obesity is estimated at 124million, with a preva-
lence of 5·6 % in girls and 7·8 % in boys in 2016(1).
Childhood obesity, typically defined by the BMI cut-off
points specific for age and gender(2), increases the risks
of being an adult with obesity(3), developing type 2

diabetes, hypertension, dyslipidaemia(4) and CHD(5–7).
BMI reduction amongst individuals with childhood obesity
reduces the risk of developing type 2 diabetes(4), hyperten-
sion and dyslipidaemia(5) in adulthood to a level compa-
rable to those with normal weight. Hence, interventions
for the treatment of childhood obesity are necessary.
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Despite the extensive literature on childhood obesity
treatments in healthcare settings and community-based
interventions in schools, primary care and community
sites(8–11), the evidence is primarily limited to well-funded
clinical trials and poses limitations in scalability in prac-
tice(12). These limitations include the lack of resources
when scaling out those interventions and present potential
difficulties when delivered to a diverse population(13,14).
Compared with randomised controlled trials (RCT) which
determine the efficacy of an intervention given in a specific
condition, cluster-RCT evaluate the effectiveness of an
intervention in a real-world setting(15). Therefore, evidence
gathered on cluster-RCT allows a better generalisation of
results which could guide policy decisions in the translation
of knowledge into practice(16).

To combat childhood obesity, the treatment should be
an element of universal health coverage and integrated into
existing systems where children spendmost of their time to
achieve maximum effectiveness(17). Based on Cochrane
reviews of the treatment of childhood obesity, the use of
diet, physical activity and behavioural interventions can
improve BMI outcomes with no difference observed
between treatments conducted in schools and other set-
tings(8,9). School-based interventions for the treatment of
childhood obesity allow access to children and adolescents
who spend a considerable amount of time in school(18,19),
including those from lower socio-economic status who
may not seek healthcare(20). As many children and adoles-
cents have meals in school which are equipped with facili-
ties for physical activity, school-based interventions
provide an avenue to increase the quality of their diet
and physical activity duration(21). Parental involvement
could bemade possible by leveraging existing communica-
tion channels with parents to sustain behavioural changes
at home(22). Though children and adolescents with over-
weight and obesity may face poorer self-perception(23)

and discrimination from peers in school(24), school-based
obesity interventions were found to improve the self-
esteem of children and adolescents more than interven-
tions delivered in a clinical setting(25).

Three systematic reviews andmeta-analyses studied the
effectiveness of school-based intervention for the treatment
of childhood obesity(26–28), and two of the reviews found
school-based interventions to be effective in reducing
BMI outcomes(27,28). The reviews identified different com-
ponents of parental involvement(28), educational interven-
tions(27) and the combination of physical activity and
educational interventions(26) which contributed to the
reduction in BMI outcomes. Two reviews had differing
findings on the duration required for significant changes
in BMI of 6 months(27) and 1 year(26). Statistical hetero-
geneity was encountered in the reviews(26–28), and their
analyses were limited to sensitivity analyses rather than
exploring the effectiveness of interventional components
through subgroup analyses. Based on the existing system-
atic reviews, firm conclusions could not be drawn on

school-based interventions for the treatment of childhood
obesity due to the following limitations. First, the reviews
included obesity prevention trials which consisted of par-
ticipants with normal weight(26–28). Second, the reviews
had a specific focus on educational interventions(27) and
interventions led by nurses(28) instead of a multicomponent
approach delivered by various professionals. Third, sepa-
rate analyses were conducted for trials which reported
BMI and BMI z-scores, respectively, which led to inconclu-
sive findings regarding the effectiveness of school-based
interventions(27,28).

Therefore, this review aimed to systematically locate,
appraise and review the evidence of the effectiveness of
school-based interventions for the treatment of childhood
obesity and to identify variations in the effect size attributed
to the interventional characteristics of theoretical frame-
work, type of professional support, duration of interven-
tion, components and parental support. The results of
this review can contribute to guiding the design of effective
school-based interventions for the treatment of childhood
obesity.

Method

The systematic review and meta-analysis are reported in
accordance with the Preferred Reporting Items for
Systematic Review and Meta-Analyses (PRISMA) (refer to
PRISMA Checklist)(29). This review is registered in the
International Prospective Register of Systematic Reviews
(CRD42020160735).

The eligible trials were (i) cluster-RCT, (ii) included chil-
dren and adolescents (aged 6–18 years) defined as over-
weight or obese using the BMI-for-age percentiles based
on a reference population, (iii) interventions included which
aimed towards the treatment of overweight and obesity, (iv)
conducted in the school setting or carried out in the school
vicinity and (v) measured primary outcomes of BMI and
BMI z-score (refer to online supplementary material,
Supplemental Table S1). Secondary outcomes were cardio-
vascular, metabolic, nutrition, physical activity, sedentary
behaviour and psychosocial-related outcomes. Trials were
excluded if the participants were diagnosed with anymedical
or psychiatric condition, received medication or underwent
surgical intervention that may influence their weight.
Obesity prevention studies and publications in languages
other than English were excluded.

The review adopted the recommendations of the
Cochrane Handbook for Systematic Reviews (2019)(30).
First, the authors searched through eight databases
(PubMed, Embase, CINAHL, Cochrane Library, PsycINFO,
ProQuest, Scopus and Web of Science) from inception until
30 May 2020 according to the individual database’s subject
terms and syntax rules (refer to online supplementary
material, Supplemental Table S2). Second, the authors
searched for ongoing andunpublished trials in various clinical
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trial registries. Third, the authors searched the reference list of
relevant systematic reviews, selected trials, grey literature and
targeted journals.

The study selection was conducted in four phases,
which are graphically illustrated using the PRISMA flow dia-
gram(29). First, all identified records from the eight data-
bases were collated in EndNote version X9 (Thomson
Reuters), and duplicates were removed. Second, two
authors (T.J.H.H. and L.J.C.) independently screened the
titles and abstracts to remove irrelevant records. Third,
the two authors assessed the full-text articles independ-
ently based on the eligibility criteria. Studies were collated
when multiple reports of the same study were identified.
Last, the two authors compared their findings to verify if
any articles were overlooked. The two authors resolved
incongruity through discussion or with the involvement
of a third author (L.Y.).

The revised Cochrane risk-of-bias (RoB 2.0) tool was
used to identify the risk of bias among the selected trials(31).
RoB 2.0 assessed individual randomised trials based on five
domains of bias: bias arising from the randomisation proc-
ess, bias due to deviations from intended intervention, bias
due to missing outcome data, bias in the measurement of
the outcome and bias in the selection of reported result.
As this review only considered cluster-RCT, additional con-
siderations were taken for the domain of randomisation
that could arise from the timing of identification and recruit-
ment of participants(32). For the domain of bias due to devi-
ations from intended interventions, the review used
signalling questions based on the effect of the assignment
to intervention. The RoB 2.0 algorithmic tool proposed the
risk of bias as (1) low risk of bias, (2) some concerns or (3)
high risk of bias for each domain based on the responses to
the signalling questions. Two authors independently
responded to each of the signalling questions with (1)
yes, (2) probably yes, (3) probably no, (4) no or (5) no
information using the RoB 2.0 tool.

The Grading Recommendations, Assessment,
Development and Evaluation (GRADE) system was used
to assess the overall quality of the evidence(33). Each
author rated the quality of evidence independently by
considering five factors: (1) methodological limitation,
(2) inconsistency, (3) indirectness, (4) imprecision and
(5) publication bias. Any discrepancy between the
results of the two authors for the risk of bias or the quality
of evidence was resolved through discussion or by con-
sultation with the third author (L.Y.).

The authors (T.J.H.H. and L.J.C.) independently
extracted data from the included trials using a standardised
data extraction form based on the Cochrane Handbook for
Systematic Reviews of Interventions. The extracted data
from the included trials included authors, year of publica-
tion, setting, inclusion criteria, sample, details of the inter-
vention, control, outcomes, attrition rate, protocol, trial
registration and grant support. The authors of the studies

were contacted if information was missing or insufficient.
The authors (T.J.H.H. and L.J.C.) compared their findings
and verified them with the original publication to check
for inconsistencies in the data extracted.

Meta-analysis and meta-regression were performed
using Stata 16 software’s(34), Meta command proce-
dures(35). The primary outcome was the change in
BMI and BMI z-score between the intervention and con-
trol groups. Preference was given to the BMI outcome in
studies that reported both BMI and BMI z-score, as BMI
is superior in assessing the changes in adiposity(36). If
the change in BMI or BMI z-score was not provided,
the mean difference was calculated using the
baseline(T1) and post-intervention’s(T2) mean and stan-
dard deviation using the formulas provided by the
Cochrane Handbook for Systematic Reviews (2019).
The SD of the mean difference was calculated as

SD =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
SD2

T1ð Þ þ SD2
T2ð Þ � 2 � r � SD T1ð Þ �

q
SD T2ð Þ,

where SD T1ð Þ represents SD at baseline and SD T2ð Þ repre-
sents SD at post-intervention. The BMI correlation coef-
ficients of 0·78, 0·84 and 0·83 were used to represent the
1-year duration of follow-up correlation for children
(under 10 years), pubescents (10–14 years) and adoles-
cents (above 14 to under 18 years), respectively(37). The
standardised mean difference with inverse variance
method was used to synthesise the outcomes of the
BMI and BMI z-score. The review measured the magni-
tude of the intervention effect between the intervention
and control groups using effect size expressed as
Hedges (g), which are defined as very small (0·1), small
(0·2), medium (0·5), large (0·8), very large (1·2) and
huge (2·0)(38). The review used the random effects
model, which assumes that the distribution of effect
varies across studies, and the variation may arise from
the intervention implementation and participants(39).
Previous meta-analyses of children and adolescent
weight management(26–28,40–43) reported a substantial
statistical heterogeneity. Therefore, the Hedges’ ran-
dom effects estimator was chosen because of its better
performance compared with other estimators in the
presence of between-study variance(44,45). A cumulative
meta-analysis was conducted based on the year of pub-
lication to examine the accumulation of evidence over
time by performing separate meta-analyses with the
addition of one trial at each time(46). When two or more
trials reported secondary outcomes using the same
measures, the continuous data were analysed with
mean difference, whereas continuous data were mea-
sured with a variety of measures that were analysed
in standardised mean difference.

A test for statistical heterogeneity was conducted using
Cochran’s Q (χ2) with statistical significance of P < 0·1
because of its low statistical power in detecting true hetero-
geneity(47). I2 statistics was used to evaluate inconsistency
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and was interpreted as not important (0–40 %), moderate
heterogeneity (30–60 %), substantial heterogeneity
(50–90 %) and considerable heterogeneity (75–100 %).
Overlapping I2 values were classified according to the
direction andmagnitude of treatment effect and the P-value
of the χ2 test. Sensitivity analysis was conducted when
heterogeneity was statistically significant to maintain
homogeneity amongst the pooled trials(48). Subgroup
analyses were conducted to identify the sources of hetero-
geneity related to trial characteristic, the classification of
countries’ economies provided by the World Bank(49), trial
duration, professional background delivering the interven-
tion, number of sessions delivered and components of
physical activity, nutrition education and parental involve-
ment. In addition, Hedges random effects univariate meta-
regression was performed to explore the potential sources
of heterogeneity on the effect size of the change of BMI out-
comes with variables similar to subgroup analyses and
additional trial characteristics for year of publication, risk
of bias, total sample size, total number of clusters and per-
centage of females recruited. Multivariate meta-regression
analysis was conducted using a forward stepwise pro-
cedure of adding variables with P < 0·1, starting with the
smallest P-value into the model(50).

Results

The study selection process is illustrated in Fig. 1. A total of
17 252 records were identified from eight databases and
screened to remove duplicates (n 9557). The remaining
7695 records were screened to remove the records with
irrelevant titles (n 6305) and abstracts (n 1128). Full-text
articles (n 262) were downloaded and assessed against
the eligibility criteria of this review. The authors excluded
249 records based on the reasons outlined in Fig. 1.
Supplemental Table S3 outlines the reasons for the exclu-
sion of each record. The systematic review and meta-
analysis included thirteen articles from twelve trials(51–63),
in which one trial reported physical activity(52) and nutrition
outcomes(53) in separate publications.

Table 1 outlines the characteristics of the twelve trials
conducted in seven different countries amongst 1755 par-
ticipants across the USA (n 5), Asia (n 5) and Europe (n 2).
The trials were published between 2004 and 2017, and the
sample size ranged from 41(56) to 334(51). The twelve clus-
ter-RCT included a total of eighty-four clusters, with each
comprising two clusters(56,58,62) to twelve clusters(51). All
of the trials included participants with overweight and
obesity status, except three trials, which targeted partici-
pants with overweight and a family history of diabetes
(n 1)(54) and participants with overweight and obesity
and a family history of diabetes (n 2)(56,57). The mean
age of the participants ranged from 8·4 years(55) to 15·9
years(54). Only one trial with two publications exclusively
recruited female participants(52,53).

Half of the trials (n6, 50%)were rated tohave ahigh riskof
overall bias, and the other half (n 6, 50%) were rated as hav-
ing some concerns (Fig. 2). In trials rated as having a high risk
of overall bias, this was attributed to deviations from the
intended interventions (n 5, 41·2 %), lack of intention-to-treat
analysis (n 5, 41·2 %) and missing outcome data (n 4, 33·3 %)
due to loss to follow-up, which differed between intervention
and control groups. In trials rated as having some concerns for
overall bias, this was mainly due to lack of information on the
randomisation process (n 55, 41·2 %), as well as the lack of
registration of a trial protocol (n 4, 33·3 %).

The quality of evidence evaluated using the GRADE sys-
tem was graded low based on the domains of risk of bias
and inconsistency (see online supplementary material,
Supplemental Table S4). The risk of bias was downgraded
as 50% of the trials were rated high risk in the overall bias.
Heterogeneity was considered significant with Cochran’s Q,
P< 0·1 with substantial inconsistency of I2= 88·9 %. Other
domains of indirectness and imprecision were rated as insig-
nificant. Egger’s regression asymmetry test (P= 0·68) was sta-
tistically insignificant, and the qualitative examination
revealed a symmetrical funnel plot (see online supplementary
material, Supplemental Figure S1), which suggested no evi-
dence of small-study effects, including publication bias.

All trials’ clusters were conducted in schools with the
exception of one trial, where clusters consisted of schools
and the Young Men’s Christian Association(63). The school-
based interventions included components of counselling
(n 2)(54,61,63), nutrition education (n 1)(58), counselling
and physical activity sessions (n 1)(60), nutrition education
and physical activity sessions (n 4)(51–53,55,59) and a combi-
nation of nutrition education, physical activity sessions and
counselling (n 4)(56,57,62,63) (see online supplementary
material, Supplemental Table S5). Five trials had varying
degrees of parental involvement, which included sessions
conducted solely for parents (n 3)(51,55,59), to parents partici-
pating in sessions with their child (n 2)(52,53,63).

A meta-analysis was conducted to assess the effectiveness
of school-based interventions for the treatment of childhood
obesity compared with controls for all twelve trials (n 1755)
on the measure of mean change in BMI outcomes from pre-
intervention to post-intervention. The meta-analysis revealed
a medium effect (g= 0·52) favouring school-based interven-
tions (z= –3·43; P< 0·001; Fig. 3). Substantial statistical hetero-
geneity was noted and explored through sensitivity analysis
and meta-regression (Q= 108·20; P< 0·1; I2= 88·9%).
Sensitivity analyseswereconductedanddidnothavea remark-
able impact on the effect size for BMI outcomes and statistical
heterogeneity. Cumulative analysis by publication year
revealed a trend favouring school-based interventions (see
online supplementary material, Supplemental Figure S2).

The exploration of intervention characteristics was con-
ducted using subgroup analyses (Table 2). Significant sub-
group differences (Q= 24·0, P=< 0·01) were found
between the types of economies where the trial was con-
ducted with large effects for lower-middle to upper-middle
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economies (g= 0·84) and a small effect for high-income
economies (g= 0·27). The subgroup analysis of intervention
length revealed a subgroup difference based on intervention
duration (Q= 24·0, P=< 0·05) with a medium effect for trials
of 6 months or less (g= 0·79) and a small effect for trials of
more than 6 months (g= 0·24). School-based interventions
with parental involvement (g= 0·59), nutrition education (g
= 0·59) and focus on individual participants yielded a larger
effect size compared with their counterparts despite the lack
of a substantial subgroup difference.

Univariate analysis observed an increase in BMI out-
comes (� = 0·09; 95 % CI 0·00, 0·19; P= 0·046) for every
month of increase in trial duration. The univariate analysis
suggested a decrease in BMI outcomes (� = 0·55; 95 % CI
–1·08, –0·03; P= 0·039) for weight management interven-
tions delivered in lower-middle to upper-middle econo-
mies compared with those delivered in high-income
economies (Table 3). The two covariates were incorpo-
rated in the multivariate meta-regression model and
explained almost half of the heterogeneity (R2= 41·9 %,
P= 0·03).

Seven selected trials assessed thirteen secondary out-
comes (see online supplementary material, Supplemental
Table S6). Under nutrition outcomes, a significantly lower
energy intake of 50·09 kcal (95 % CI –79·3, –20·9), favour-
ing school-based interventions, was observed compared
with controls. A very large effect on increasing fruit and
vegetable intake (g= 2·55) and a large effect on decreasing
junk food intake (g= 1·05) were observed, favouring
school-based interventions compared with controls. A
large effect was observed favouring school-based interven-
tions for dietary self-efficacy (g= 0·86) under the category
of psychosocial-related outcomes.

Discussion

This meta-analysis quantitatively synthesised the body of
evidence of twelve cluster-RCT examining the effects of
school-based interventions for the treatment of childhood
obesity. The result of the meta-analysis suggests that
school-based interventions are possible approaches for

17 252 records identified
PubMed (n 1053); CINAHL (n 936);

Cochrane Library (n 2793); Embase (n 1,118);
ProQuest (n 4808); PsycINFO (n 432);

 Scopus (n 3705); Web of Science (n 2407)

9557 records were duplicates
 and removed using ENDNOTE

program

No additional
 records identified

 through other
 sources

Reasons for exclusion: 
Irrelevant Title (n 6305)
Irrelevant Abstract (n 1128)

Reasons for exclusion:
Not school-based (n 103) 
Not Cluster RCT (n 79)
Includes normal-weight
participants (n 37) 
No BMI outcome (n 12)  
Non-English (n 9)
Population Age (n 3) 
Intellectual disability (n 1)
No published data (n 3)
Internet-based (n 1)
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Fig. 1 (colour online) Selection of trials for inclusion in the systematic and meta-analysis
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Table 1 Characteristics of selected cluster randomised controlled trials for school-based weight management

Name (year),
state, country Population

Site, sample size
(clusters)

Age, M (SD), %
female

Intervention name,
theoretical frame-
work, curriculum
type, duration Control

Professional
support Outcomes Attrition, n (%)

ITT/missing
data man-
agement

Protocol/
registration GS

Amini (2016)(51),
Tehran, Iran

Age: 10–12
years, over-
weight and
obese (WHO)

Schools, I: 167
(6), C: 167 (6)

I: 10·9 (NR),
46·1%, C:
11·1 (NR),
52·1%

NA, NA, after-
school curricu-
lum, 4·5 months

No intervention Nutrition educa-
tion instruc-
tors, physical
activity
coaches, and
researchers

Anthropometric: BMI
z-Score; BMI z-
score mean differ-
ence, WC, HC,
SFT; PA: Duration;
SB: Duration;
Dietary intake: kcal
and 24-h recall

I: 5 (3·0%), C: 3
(1·8%)

N/N N/Y Y

Bagherniya
et al. (2017,
2018)(52,53),
Shahin
Shahr, Iran

Age: 12–16
years, over-
weight and
obese (WHO)

Schools, I: 87 (4),
C: 85 (4)

I: 13·53 (0·67),
100%, C:

13·35 (0·60),
100%

NA, Social
Cognitive
Theory, after-
school curricu-
lum, 7·5 months

No intervention Researcher,
sports expert
(counselling),
and physical
trainer

Anthropometric: BMI,
WC; Psychosocial:
Social Cognitive
Theory Constructs
on diet and PA

I: 14 (16·1%),
C: 4 (4·7%)

N/N N/Y Y

Freira
(2018)(54),
Lisbon,
Portugal

Age: 14–19
years, over-
weight (WHO)

Schools, I: 51 (4),
C: 46 (4)

I: 16·15 (1·49),
66·7%, C:

15·77 (1·04),
73·2%

IMAGINE, motiva-
tional interview,
during school
curriculum, 6
months

Counselling for
participants by
nurse and res-
ident paedia-
trician

Dietitians, pae-
diatrician, and
physical edu-
cation teacher

Anthropometric: BMI
z-score, AC, fat
mass, muscular
mass; cardio-
vascular measures:
Blood pressure

I: 4 (8·7%),
C: 10 (19·6%)

N/N N/Y Y

Graf (2006)(55),
Cologne,
Germany

Age: 6–11 years,
overweight
and obese
(German
Percentile)

Schools, I: 121
(3), C: 155 (4)

I: 8·7 (1·3), NR;
non-part: 8·1
(1·2), NR; C:
8·5 (1·3), NR

StEP TWO (NR),
after-school cur-
riculum, 9
months

Regular school
programme

Nutritionist, gym-
nasts, and
medical doctor

Anthropometric: BMI
& mean difference,
BMI z-score &
mean difference;
cardiovascular
measures: Blood
pressure, heart rate

I: 81 (66·9%),
C: 10 (6·5)

N/N N/N NR

Grey (2004)(56),
New Haven,
USA

Age: 10–14
years, obese
� 95th percen-
tile, Family
history of
T2DM

Schools, I: 22 (1),
C: 19 (1)

I: 12·4 (1·2),
63·6%, C:
12·6 (0·8),
63·2%

NA, Coping Skills
Training, after-
school curricu-
lum, 12 months

Same pro-
gramme with
intervention
group, without
use of Coping
Skills Training

Dietitian, exer-
cise interven-
tionist, and
research
coordinator

Anthropometric: BMI;
metabolic out-
comes: OGTT,
HbA1c; PA: RGSA;
health behaviours:
HPLP; dietary
intake: CATCH;
Psychosocial: CDI

I: 0, C: 0 N/N N/N Y

Grey (2009)(57),
New Haven,
USA

Age: 12 years,
�85th percen-
tile, family his-
tory of T2DM

Schools, I: 112
(4), C: 86 (2)

I: 12·8 (0·7),
62·5%, C:
12·6 (0·7),
41·9%

NA, Coping Skills
Training, during
school curricu-
lum, 12 months

Nutrition and
exercise edu-
cation, 8 ses-
sions

Teachers Anthropometric: BMI,
WC; Metabolic and
Lipids Outcomes:
HOMA, fasting
insulin, fasting lip-
ids; physical activ-
ity: RGSA; health
behaviours: HPLP;
Psychosocial: CDI

I: 25 (22·3%),
C: 22 (25·6%)

Y/Y N/Y Y

Mayurachat
(2013)(58),

Age: 10–12
years,

Schools, I: 68 (1),
C: 68 (1)

I: 11·04 (0·56),
50%, C: 11·03
(0·51), 35·3%

NA, Theory of
Planned
Behaviour,

Standard care,
schools usual

Research assis-
tant

Anthropometric: BMI
z-score; health
behaviours:

I: 0 (0%),
C: 0 (0%)

N/N N/N Y
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Table 1 Continued

Name (year),
state, country Population

Site, sample size
(clusters)

Age, M (SD), %
female

Intervention name,
theoretical frame-
work, curriculum
type, duration Control

Professional
support Outcomes Attrition, n (%)

ITT/missing
data man-
agement

Protocol/
registration GS

Chiang Mai,
Thailand

overweight
and obese
(WHO)

during school
curriculum, 4·5
months

healthy eating
programme

Intention to perform
eating behaviours,
Eating behaviours

Nayak et al
(2016)(59),
Udupi, India

Age: 10–16
years, over-
weight and
obese (WHO)

Schools, I: 120
(5), C: 131 (5)

I: NR, 46·7%, C:
NR, 50·4%

NA, NA, during
and after-school
curriculum, 6
months

No intervention Physical activity
instructor

Anthropometric: BMI,
SFT; health behav-
iours: lifestyle prac-
tices; psychosocial:
Children Self-
Concept Scale

I: 30 (25·0%), C:
27 (25·9%)

N/N N/N NR

Pbert (2013)(61),
Massachuset-
ts, USA

Age: 14–17
years, over-
weight and
obese, �85th
percentile
(CDC)

Schools, I: 42 (4),
C: 40 (4)

I: 15·9 (1·03),
64·3%, C:
15·7 (1·01),

75·0%

Lookin’ Good
Feelin’ Good,
Social Cognitive
Theory, during
school curricu-
lum, 6 months

6 individual visits
to the school
nurse

Nurse Anthropometric: BMI,
BMI z-score, WC;
cardiovascular
measures: blood
pressure; health
behaviours: YRBS;
physical activity:
Accelerometer;
dietary intake: 24-h
recall

I: 0, C: 0 N/N N/N NR

Pbert (2016)(60),
Massachuset-
ts, USA

Age: 14–18
years, over-
weight and
obese, �85th
percentile
(CDC)

School, I: 58 (4),
C: 68 (4)

I: 16·5 (1·23),
63·0%, C:
16·3 (1·20),

61·4%

Lookin’ Good
Feelin’ Good,
Social Cognitive
Theory, during
and after-school
curriculum, 8
months

12 individual vis-
its to the
school nurse

Nurse and
school staff

Anthropometric: BMI,
BMI z-score, WC;
health behaviours:
YRBS; physical
activity:
Accelerometer;
dietary intake: 24-h
recall

I: 0, C: 0 N/N N/Y Y

Toruner
(2010)(62),
Ankara,
Turkey

Age: 9–10 years,
overweight
and obese
(Turkey)

Schools, I: 44 (1),
C: 40 (1)

I: 9·34 (0·34),
46·3%, C:
9·41 (0·27),

55%

NA, Social
Cognitive
Theory, during
school curricu-
lum, 12 months

Wait-list control Researchers Anthropometric: BMI;
health behaviours:
Children knowledge
on healthy lifestyle,
parents knowledge
of healthy lifestyle

I: 0, C: 0 N/N N/N NR

Trost (2014)(63),
Massachuset-
ts, Rhode
Island &
Texas, USA

Age: 8–12 years,
overweight
and obese
(CDC)

Schools and
YMCA, I: 34 (6),

C: 41 (5)

I: 10·1 (1·9),
56%, C: 9·9
(1·5), 54%

Join for ME,
Family-based
Treatment for
Childhood
Obesity, after-
school curricu-
lum, 4 months

Same pro-
gramme with
intervention
group without
game console

Trained facilita-
tors

Anthropometric: BMI
z-score; physical
activity: accelerom-
eter

I: 8 (23·5%), C:
7 (17·1)

Y/Y N/Y Y

AC, abdominal circumference; AMA, American Medical Association; CATCH, Child and Adolescent Trial for Cardiovascular Health; CDC, Centers for Disease Control and Prevention; CDI, Children’s Depression Inventory; HC, hip circumference; HOMA,
Homoeostasis Model Assessment of Insulin Resistance; HPLP, Health Promoting Lifestyle Profile; N, No; NA, not applicable; non-part, non-participant; NR, not reported; OGTT, Oral Glucose Tolerance Test; PA, Physical Activity; RGSAS, Revised Godin-
Shepard Activity; SB, Sedentary Behaviour; SFT, Skin Fold Thickness; T2DM, Type 2 Diabetes; WC, waist circumference; Y, Yes; YAQ, Youth/Adolescent Questionnaire; YRBS, Youth Risk Behaviour Survey.
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the treatment for childhood obesity with effectiveness com-
parable to other meta-analytic reviews involving behaviou-
ral interventions(64) and lifestyle interventions(65). Subgroup
analyses showed greater effectiveness of brief school-
based interventions and interventions conducted in
lower-middle to upper-middle economies. Meta-analyses
of the secondary outcomes found school-based interven-
tions resulted in positive behavioural changes of lower
energetic consumption, reduced junk food intake and a
greater intake of fruits and vegetables.

Consistent with other meta-analytic reviews on the
treatment of paediatric obesity(9,64) and school-based
interventions(27), the subgroup analysis of this review
indicated that brief school-based interventions of 6
months or shorter observed a greater reduction in BMI
outcomes. In addition, this review found a positive asso-
ciation between trial duration and BMI outcomes, which
suggests the potential effectiveness of school-based
obesity treatment during the initial phase. The lower
reduction in BMI outcomes for obesity treatment trials
beyond 6 months may not be attributed to the failure
of the intervention, but rather to the weight regain fol-
lowing weight loss due to physiological adaptations(66),
and the seasonal increases in BMI during school holi-
days(67). This stresses the need for interventions to focus
on the maintenance of weight reduction(9).

Despite school-based interventions being placed in a
unique position to allow children and adolescents to be
monitored for any possible relapse throughout the school-
ing years, the degree of attrition varied from 0 % to 66·9 %
between trials and three trials reported the longest trial
duration of only 1 year(56,57,62). Additionally, trials reported
challenges in implementing school-based interventions
due to the lack of prioritisation of attending intervention
sessions over supplementary lessons after school(57,59),
and a perception that participants lacked interest in
addressing obesity(55). Trials which reported no attrition
integrated the intervention into existing school hours and
conducted sessions during non-essential classes(60,61),
and after-school care settings through active video games
to sustain participants’ interest(63). Partnership between
healthcare providers and stakeholders in education is inte-
gral to ensure interventions for the treatment of childhood
obesity are sustained throughout the schooling years(14).

To a certain extent, the duration of the intervention and
the type of economies where the trial was conducted
explained the substantial statistical heterogeneity amongst
the pooled trials. Trials in lower-middle to upper-middle
income economies had a larger effect where the control
group received no intervention or utilised a wait-list con-
trol(51–53,58,59,63). This finding was consistent with the pre-
vious Cochrane review, where the subgroup analysis
found larger effects when no interventions were delivered
to the control group and a smaller effect when the control
group received an active intervention(8). The findings from
this review of selecting trials using a cluster-RCT design
likely mirrored the standard of care of public health pro-
grammes available in schools to address childhood obesity
in the respective economies. With the exception of one
trial(55), the control group of trials in high-income econo-
mies received dietary and physical activity sessions(56,57,63),
or leveraged on existing healthcare services in schools for
weight management(54,60,61) which resulted in a smaller
effect size. The observed differences in the standard of
usual care suggest separate immediate approaches to
address childhood obesity. For lower- to middle-income
economies, resources would be needed to establish evi-
dence-based interventions using approaches adapted to
the existing school systems to ensure programme sustain-
ability, as part of the universal healthcare coverage(12).
High-income economies should make alterations to
strengthen existing school-based interventions and ensure
up-to-date practices in reducing childhood obesity.

School-based interventions for the treatment of child-
hood obesity utilised a combination of nutrition education,
physical activity, counselling and parental involvement.
Determining the effectiveness of a particular component
was not possible considering the clinical heterogeneity
amongst the trials. Consistent with other meta-analytic
reviews on school-based interventions(26–28,40–43) and treat-
ment on childhood obesity(8,9,64), this review encountered
statistical heterogeneity among the pooled trials. Attempts
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were made to explore the heterogeneity, but to a large
extent, the variation remains unexplained and requires fur-
ther investigation.

Interestingly, the subgroup analysis revealed that the use
of educators and trained staff had a large effect on the reduc-
tion of BMI outcomes. Although more studies are needed to
ascertain the effectiveness of school-based interventions con-
ducted by educators and trained staff, this approach has the
potential for scalability to provide universal healthcare cover-
age for the treatment of childhood obesity(17), given the short-
age of healthcare professionals(68). Nonetheless, professionals
inmedical and health science can play a pivotal role inweight
management because of their in-depth understanding of
healthcare knowledge and, more importantly, the under-
standing of the social determinants of health(69). The trials that
used professionals inmedical and health sciencewere able to
provide individual problem-solving sessions and tailor the
healthcare interventions to ensure participation in weight
management(54,60,61).

The strength of this review includes the use of a meta-
analytic approach to synthesise the evidence for the effec-
tiveness of school-based intervention for the treatment of
childhood obesity from eight databases using a compre-
hensive and rigorous search strategy. However, this review
has limitations. First, only trials published in English were
included with evidence limited to USA, Europe and Asia,
and lower-middle to high-income economies. Second,
the quality of evidence is low, and substantial statistical
heterogeneity was found amongst the included trials, with
a great portion of the heterogeneity remaining unex-
plained. Third, the results of this meta-analysis are subject

to ecological fallacy and/or Simpson’s paradox as with any
meta-analysis(70). Hence, the results need to be interpreted
with caution.

Given the low quality of evidence for school-based
intervention for the treatment of childhood obesity, this
review has essential implications for future research.
More high-quality cluster-RCT with longer follow-up are
needed to determine the optimal duration of childhood
obesity treatment and maintenance, and the appropriate
combination of components. Special attention needs to
be given to the randomisation process for cluster-RCT with
an emphasis on missing data management, including the
use of an intention-to-treat analysis according to the recom-
mendations of the Consolidated Standards of Reporting
Trials (CONSORT) for cluster-RCT(71). The review high-
lights the need to conduct trials using the cluster-RCT
design to allow better generalisation of results in the
real-world setting. These cluster-RCT should have multiple
clusters to allow a comparison of the interventions deliv-
ered by professionals in medical and health science against
those delivered by educators and trained staff and to iden-
tify the maximum number of participants for each staff to
deliver treatment successfully. A cost-effectiveness analysis
would provide essential knowledge for scaled-up interven-
tions, especially in developing countries. Such knowledge
would allow the achievement of universal healthcare cov-
erage, one of the UN’ Sustainable Developmental Goals(72).

The findings of this review highlight the potential for
school-based interventions in treating childhood obesity.
This review provides valuable information for policymak-
ers regarding contextual factors designing school-based

Fig. 3 (colour online) Forest plot of effect size change in BMI outcomes for school-based interventions and control groups
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Table 2 Subgroup analyses of school-based weight management interventions

Subgroups No of studies (Ref)
No of participants (intervention/

control) g 95% CI
Within-group

Q P

Subgroup
difference

Q P

Comparators Passive comparator 6 (51–53,55,58,59,62) 561/604 0·73 –1·19, 0·27 71·52 <0·01‡
Active comparator 6 (54,56,57,60,61,63) 306/284 0·28 –0·60, 0·04 21·97 <0·01‡ 2·44 0·12

Counselling With counselling 5 (52–54,60,62) 266/263 0·43 –0·60, –0·25 4·21 0·38
Without counselling 7 (51,55–59,63) 601/625 0·59 –1·09, –0·09 103·94 <0·01‡ 0·37 0·55

Curriculum During school 5 (54,57,58,61,62) 305/275 0·49 –1·03, –0·05 50·77 <0·01‡
After school 4 (51–53,55,63) 418/452 0·39 –0·67, –0·11 11·28 <0·05†
During and after school 2 (59,60) 144/161 0·86 –2·09, 0·36 25·09 <0·01‡ 0·61 0·74

Economies Lower-middle to upper-middle
economies

5 (51–53,58,59,62) 450/460 0·84 –1·34, –0·33 60·70 <0·01‡

High-income economies 7 (54–57,60,61,63) 417/428 0·27 –0·54, 0·01 22·01 <0·01‡ 3·81 < 0·1*
Intervention length
(months)

6 months or less 6 (51,54,58,59,61,63) 440/457 0·79 –1·25, –0·32 67·16 <0·01‡
More than 6 months 6 (52,53,55–57,60,62) 427/431 0·24 –0·48, –0·00 17·91 <0·01‡ 4·14 0·04†

Focus of intervention Individual 6 (54,56,58,60,61,63) 262/266 0·59 –0·99, –0·19 29·56 <0·01‡
Group 6 (51–53,55,57,59,62) 605/622 0·46 –0·93, 0·01 72·73 <0·01‡ 0·18 0·67

Number of sessions 40 sessions or less 7 (51,54,57,58,61–63) 503/479 0·50 –0·91, –0·09 59·49 <0·01‡
More than 40 sessions 5 (52,53,55,56,59,60) 364/409 0·54 –1·03, –0·06 44·47 <0·01‡ 0·02 0·89

Nutrition education With nutrition education 9 (51–53,55–59,62,63) 729/750 0·59 –0·97, –0·20 104·64 <0·01‡
Without nutrition education 3 (54,60,61) 138/138 0·31 –0·55, –0·06 2·01 0·37 1·43 0·23

Parental involvement No parental involvement 5 (54,57,58,60,61) 318/292 0·42 –0·96, 0·13 49·92 <0·01‡
Parental involvement 7 (51–53,55,56,59,62,63) 549/596 0·59 –0·95, –0·24 55·36 <0·01‡ 0·29 0·59

Physical activity With physical activity 9 (51–53,55–
57,59,60,62,63)

715/739 0·45 –0·79, –0·12 79·27 <0·01‡

Without physical activity 3 (54,58,61) 152/149 0·71 –1·43, 0·01 19·92 <0·01‡ 0·40 0·53
Professional Medical and health science

professionals
8 (51–56,59–61) 255/235 0·45 –0·76, –0·14 54·74 <0·01‡

Educators and trained staff 4 (57,58,62,63) 612/653 0·67 –1·35, 0·01 53·19 <0·01‡ 0·32 < 0·57
Size per cluster 25 participants or less 7 (51–54,56,60,61,63) 445/446 0·38 –0·60, –0·17 12·49 <0·1*

More than 25 participants 5 (55,57–59,62) 422/442 0·69 –1·34, –0·03 108·20 <0·01‡ 0·74 0·39
Theoretical framework With theoretical framework 9 (52–54,56–58,60–63) 502/477 0·48 –0·80, –0·17 57·78 <0·01‡

Without theoretical framework 3 (51,55,59) 365/411 0·62 –1·46, 0·22 50·29 <0·01‡ 0·09 0·77

*P< 0·1.
†P< 0·05.
‡P< 0·01.
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interventions, with consideration on the contextual appro-
priateness to ensure the sustainability of the programme.
Ideally, the school-based intervention should be incorpo-
rated into existing systems by conducting it during school
curriculum hours or during an after-school programme, to
reduce the attrition of participants, and involving
professionals in medical and health sciences in the delivery
of the programme. Where resources are limited, involving
educators and staff trained to deliver treatment of child-
hood obesity may be a possibility. For practitioners,
delivering school-based interventions should utilise a com-
bination of nutrition, physical activity, counselling and
parental involvement components. Follow-up is required
to monitor for weight regain and to engage children during
school holidays.

In conclusion, school-based interventions for the treat-
ment of childhood obesity can potentially reduce BMI and
BMI z-score outcomes through the use of a variety of compo-
nents, such as physical activity, nutrition education, counsel-
ling and parental involvement. Findings from this review
suggest that the duration of the intervention is negatively

associated with the effectiveness of the intervention and that
the type of economy where the trial is conducted contributes
to the heterogeneity of themeta-analysis. Given the low qual-
ity of evidence, high-quality trials are neededwith longer peri-
ods of follow-up to better compare the cost-effectiveness
between the types of professions delivering school-based
interventions. School-based intervention is a possible
approach to provide universal healthcare to end childhood
obesity.
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