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Summary

Background Childhood obesity remains a global public health priority due to the enormous burden it generates. eClinicalMedicine
Recent surveillance data suggests there has been a sharp increase in the prevalence of childhood obesity during the ~ 2022;54: 101635
COVID-19 pandemic. The Cochrane review of childhood obesity prevention interventions (0—18 years) updated to ~ Published online 19
2015 is the most rigorous and comprehensive review of randomised controlled trials (RCTs) on this topic. A bur- October 2022

. . . . . . . https://doi.org/10.1016/j.
geoning number of high quality studies have been published since that are yet to be synthesised. edir; Sm 28;;)?0 1635 !

Methods An update of the Cochrane systematic review was conducted to include RCT studies in school-aged
children (6-18 years) published to 30 June 2021 that assessed effectiveness on child weight (PROSPERO regis-
tration: CRD42020218928). Available cost-effectiveness and adverse effect data were extracted. Intervention
effects on body mass index (BMI) were synthesised in random effects meta-analyses by setting (school, after-
school program, community, home), and meta-regression examined the association of study characteristics
with intervention effect.

Findings Meta-analysis of 140 of 195 included studies (183,063 participants) found a very small positive effect on
body mass index for school-based studies (SMD —0-03, 95%CI —0-06,—0-01; trials = 93; participants = 131,443;
moderate certainty evidence) but not after-school programs, community or home-based studies. Subgroup analysis
by age (6—12 years; 13—18 years) found no differential effects in any setting. Meta-regression found no associations
between study characteristics (including setting, income level) and intervention effect. Ten of 53 studies assessing
adverse effects reported presence of an adverse event. Insufficient data was available to draw conclusions on cost-
effectiveness.

Interpretation This updated synthesis of obesity prevention interventions for children aged 6—18 years, found
a small beneficial impact on child BMI for school-based obesity prevention interventions. A more comprehen-
sive assessment of interventions is required to identify mechanisms of effective interventions to inform
future obesity prevention public health policy, which may be particularly salient in for COVID-19 recovery
planning.
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Research in context

Evidence before this study

We searched MEDLINE using the keywords “childhood
obesity”, “prevention”, “systematic review” from Jan 1,
2017 to Feb 28, 2022, for any recent systematic reviews
that aimed to synthesize international childhood obe-
sity prevention interventions, using a randomized con-
trolled design, conducted in any setting, targeting
school-aged children aged 6-18 years. We identified
three systematic reviews that included such studies
across multiple settings. Two reviews (with search dates
of 2010-2020 and 1990-2017) restricted study setting to
school, home or community and both conducted narra-
tive synthesis without meta-analysis. The third and
most comprehensive systematic review identified, was
a 2019 Cochrane review of studies published from
1990-2015 in any setting which synthesized studies via
meta-analysis. The Cochrane review identified a further
315 potentially eligible studies from a 2018 search
which were not synthesized, and since then an increas-
ing volume of high quality research regarding obesity
prevention interventions has been conducted. At the
time of writing, no high quality systematic review and
meta-analysis of randomized controlled studies of child-
hood obesity prevention interventions conducted in
any setting was identified that synthesized studies pub-
lished between 2015 and 2021.

Added value of this study

Our review of 195 randomised controlled trials, to our
knowledge, is the most contemporary and high quality
synthesis of global studies published to date examining
the effectiveness of childhood obesity prevention inter-
ventions in school-aged children aged 6-18 years (up to
June 30, 2021). We found school-based obesity preven-
tion interventions overall to have a very small beneficial
impact on child weight. No overall positive effects were
found for after-school programs, community or home-
based interventions, however the certainty of the evi-
dence for interventions in these settings was low and
should be interpreted with caution. Findings for health
care settings were limited due to their scarcity. We
found no associations between study characteristics
(such as income level, intervention type, setting) and
intervention effects in studies pooled across all settings.
Unintended adverse effects were infrequently observed
in the included studies and no conclusions could be
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drawn on intervention cost-effectiveness. This system-
atic review and meta-analysis provides the most up-to-
date synthesis of the current evidence base on child-
hood obesity prevention interventions for school-aged
children, and importantly also synthesizes available
data regarding their unintended adverse effects.

Implications of all the available evidence

This systematic review and meta-analysis provides poli-
cymakers and practitioners with current evidence
regarding the effectiveness of childhood obesity pre-
vention within all settings, but also importantly any
known unintended adverse intervention effects. Such
information is essential to enable future investment in
childhood obesity prevention interventions be priori-
tized for those approaches with greatest impact. The
findings suggest school-based obesity prevention inter-
ventions warrant continued implementation and ongo-
ing investment on the basis of their effectiveness and
lack of serious harm. While the intervention effects
observed were small, small improvements in weight sta-
tus can have a meaningful effect when implemented at
a population level. Our review supports recommenda-
tions from international strategies and policies to imple-
ment settings-based interventions to support healthy
weight and prevent childhood obesity, and highlights
the need for future research to identify the components
and mechanisms of effective interventions to inform
future obesity prevention public health policy.

Introduction
The prevalence of childhood obesity remains a high pri-
ority for public health policy in most high- and middle-
income countries.” In the last two decades since the
World Health Organization declared the global nature
of the obesity epidemic,” the prevalence of unhealthy
weight has continued to increase. In 2016 it was esti-
mated that 340 million children aged 5—19 years were
overweight or obese.* Additionally, recent surveillance
data suggests there has been a sharp increase in the
prevalence of obesity in school-aged children during the
COVID-19 pandemic in some countries.””

Unhealthy weight contributes enormously to the
global burden of disease, increasing the risk of many
health conditions (including cancer and cardiovascular
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disease), and was responsible for 4-7 million premature
deaths in 2017 and between 0-7% and 2-8% of national
health care costs.*® Childhood obesity is linked with a
range of adverse physical, mental health and societal
outcomes, and children living with obesity are at a
greater risk of being overweight and having life-limiting
comorbidities in adulthood.” Allowing childhood obe-
sity levels to rise further will likely translate into major
health and economic challenges for future generations
—not least vulnerability to pandemic outbreaks of
viruses like COVID-19, for which overweight is an
important risk factor.” Strategies to prevent unhealthy
weight gain in children therefore represent a key strat-
egy to mitigate this burden.

Healthy weight promotion in children is addressed
by various international strategies and policy frame-
works,””"* which make recommendations for action to
support healthy weight across settings.*"" To ensure
that governments are enacting policies that have the
greatest impact on health outcomes, it is essential that
such policies are based on the most recent and robust
evidence available.”® The evidence-base regarding child-
hood obesity prevention has increased markedly in
recent years. The most recent Cochrane review of obe-
sity prevention interventions targeting children o-
18 years identified 153 randomized controlled trials
(RCTs) to 2015, and another 315 potentially eligible trials
(not synthesized) up to January 2018."” This increasing
volume of research enables precise estimates of obesity
prevention interventions effects and importantly affords
the opportunity to examine the effects of interventions
in different settings, populations, and different duration
and componentry to guide the development of appropri-
ate and effective obesity prevention initiatives.”® Addi-
tionally, policy makers and practitioners require
information regarding adverse impacts of intervention
options, and their delivery costs. This information is
largely absent within existing reviews."?

Previous reviews characterizing interventions effects
by their components, setting or duration have relied on
examination of subgroups.”® However when large num-
bers of trials exist, more sophisticated methods, such as
meta-regression can identify study characteristics asso-
ciated with intervention effects. In comparison to the
meta-analysis approach that attempts to pool results
from a number of studies into one summarised ‘effect’,
meta-regression aims to attribute the size of summar-
ised effects to the characteristics of studies included in a
meta-analysis.”” Meta-regression is an extension of sub-
group analysis that can simultaneously account for co-
variates that may confound any reported associations
between effect and study characteristics.”” While such
analyses can provide richer empirical information to
support more effective policymaking and have been pre-
viously used to investigate intervention characteristics
associated with effect,”*** to our knowledge, our review
is the first meta-regression analyses of child obesity
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interventions that simultaneously investigates interven-
tion componentry, setting, and duration.*

This review sought to assess the effectiveness,
adverse effects and cost effectiveness of obesity preven-
tion interventions on the weight of children aged 6-
18 years and identify intervention characteristics associ-
ated with effectiveness.

Methods

A partial update of the Cochrane systematic review of
obesity prevention interventions in children aged o-
18 years by Brown and Moore et al.”” was undertaken.
For this update, participant eligibility criteria were
restricted to children aged 6-18 years encompassing
studies included in the existing review (199o—January
2018), and those identified in a new search (January
2018—June 2021). Otherwise, the methods of the exist-
ing Cochrane review protocol were replicated with
minor deviations noted (Supplementary File Table St;
PROSPERO registration CRD42020218928).

Study inclusion criteria

Eligible trials were randomized controlled trials (RCTs)
that compared a child obesity prevention intervention
with either a 1) non-intervention or usual care control
group, or 2) an alternate intervention. Studies published
before 1990 were excluded. There were no restrictions
on language or country.

Trials of children with a mean age above 6 years and
less than 18 years at baseline were eligible. Trials that only
enrolled children who were overweight or obese, or that
sampled children with critical illness or severe co-morbid-
ities, were excluded. Trials that selected participants ‘at
greater risk’ for obesity as compared with the general pop-
ulation (e.g. targeted at settings where the prevalence of
childhood obesity is higher than average) were eligible.

Interventions with a rationale or underlying inten-
tion to prevent child obesity were eligible. There was no
restriction on intervention type, setting or delivery per-
sonnel. Interventions to treat childhood obesity or eat-
ing disorders, those focused solely on strength and
fitness training, or that included any drug, supplement
or surgical intervention, were excluded.

Eligible studies reported a child weight outcome at
baseline and post-intervention at least 12 weeks from
baseline (irrespective of intervention duration). Eligible
weight outcomes included: body mass index (BMI), prev-
alence of overweight/obesity, weight, per cent fat content,
and skin-fold thickness. Secondary outcomes included
adverse effects, absolute costs or cost-effectiveness.

Search methods
The existing published Cochrane review included and
synthesized findings from 153 studies (search to June
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2015). An additional search (from June 2015 to January
2018) identified a further 315 potentially eligible records
and 67 ongoing studies following title and abstract
screening. These studies were marked in the existing
review as ‘awaiting classification’ as they did not
undergo full text review against the eligibility criteria. A
collaboration was initiated between new authors (RKH,
LW) and Cochrane review team representatives (CS,
THMM) to conduct an update, including full text review
of 315 studies awaiting classification provided by the
Cochrane team.

An updated search of electronic databases including
the Cochrane Central Register of Controlled Trials
(CENTRAL), Medline, Embase, Cumulative Index to
Nursing and Allied Health Literature (CINAHL) and
PsycINFO was conducted by an information specialist
(DB) on June 30 2021 to identify new records since the
last search date of January 2018. Trial registries were
searched from the last search date of 22 January 2018 to
2 December 2020 (Supplementary File Appendix A).

Study selection

Two review authors (RKH, KMO) independently
screened titles and abstracts from the new search. All
full texts of potentially eligible records (i.e. from the
existing review and updated search) were independently
assessed for eligibility by two review authors (RKH,
KMO). Any differences in inclusion were resolved via
discussion or with a third reviewer (THMM, CS).

Data collection

Information regarding study characteristics were
extracted by one author (SL) and checked by another
(KMO). Data extracted included: trial authors, years of
study, location, study design, study population, inter-
vention and comparator components, duration, setting,
number of participants, participants age, and informa-
tion on trial outcomes and results. Primary outcome
data was extracted independently by two review authors
(KMO, RKH), resolved via discussion or third reviewer
with statistical expertise (AH) when required.

Assessment of risk of bias and quality of evidence

Pairs of review authors independently assessed the risk
of bias of included studies (KMO, SL, CS, THMM, SY)
using the Cochrane risk of bias tool.** All recom-
mended domains were assessed, including bias specific
to cluster RCTs (C-RCTs). Small modifications were
made to assessment criteria for some domains and
applied to both new studies and those included in the
published review (Supplementary File Table S2). Dis-
cussion or a third reviewer (RKH) was used to resolve
disagreements. Review authors were not blind to study
details. Studies were considered high risk of bias overall,
if one or more risk of bias domains were assessed as

high risk, excluding the blinding domain due to the
inability to conceal intervention allocation in obesity
interventions.

Quality of evidence was assessed using the Grading
of Recommendations Assessment, Development and
Evaluation (GRADE).” Two review authors (RKH,
KMO) judged the quality of the evidence, with disagree-
ments resolved by discussion or resolved by a third
reviewer (LW). We inspected the funnel plots from
meta-analyses of more than 10 studies and performed
Egger’s tests to investigate funnel plot asymmetry to
assess reporting bias.

Data analysis and synthesis

Studies were synthesized according to the setting in
which the majority (>50%) of the intervention was
implemented (school, after-school program (ASP), com-
munity, home, or health care service). Health care ser-
vice interventions were those delivered in clinical
settings (e.g. hospital) or primary care settings (e.g. gen-
eral practice). Community interventions were defined
as non-health care focused community settings (e.g.
community recreational groups). Interventions deliv-
ered predominantly via telehealth were classified as
home-based interventions irrespective of delivery per-
sonnel (e.g. clinician or school nurse). Authors were
contacted for any missing data.

All intervention arms were screened and only arms
that met eligibility criteria included. For multi-arm
interventions, data from all relevant treatment arms
were included and the number of participants in the
control arm divided across these.>°

We pooled the standardized mean difference (SMD)
of BMI and BMI z-scores using the generic inverse vari-
ance method in a random effects meta-analysis using
the Review Manager 5 software.”” BMI z-score was pri-
oritized over BMI scores. The difference in means
between groups at first follow-up (>12 weeks from base-
line) was selected for synthesis over change scores.®
For studies that only reported change scores, baseline
BMI data and standard deviations (SD) were used to cal-
culate a SMD compatible with follow-up scores using
the methods outlined by.* A range of correlation values
between baseline and follow-up scores were used to esti-
mate the SMD (o-70, 0-80, 0-90) and the most conser-
vative (0.70) used.

We used the following hierarchy to select outcome
data for pooling: 1) data adjusted for both clustering and
other variables, 2) data adjusted for clustering alone, 3)
data adjusted for other variables alone, then 4) unad-
justed data. If SD was not reported it was derived, where
possible.*”33

Meta-analyses of BMI scores were presented by set-
ting (school, ASP, community, home) and SMDs re-
expressed as BMI scores.?** All other weight, adverse
effect and cost outcomes were synthesized narratively
using vote counting of direction of effect.
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We assessed each included C-RCT for unit of analy-
sis error. Where studies did not adjust for clustering,
the reported intra-cluster correlation coefficient (ICC) or
an estimated ICC of 0-04'7 was used to calculate design
effects and effective sample sizes.

Statistical heterogeneity was assessed using the I1*
statistic.>* Data were pooled irrespective of the I* statis-
tic, and presence of heterogeneity (defined as I* >50%)
explored in subgroup analyses by age group, interven-
tion duration and type.

A priori subgroup analyses were conducted to inves-
tigate differential effects by mean age of participants at
baseline (6-12 years; 13-18 years), with a test for sub-
group difference of p<o.o5 considered indicative of a
differential effect as per best practice.”> A post hoc sub-
group analysis was additionally performed to investigate
differential effects by geographical region (continent).

Sensitivity analyses were conducted to explore the
impact of: 1) excluding trials at high risk of bias; 2)
excluding studies where follow-up SMD were calculated
from change scores; 3) to explore correlation assump-
tions used in the calculation of follow-up SMDs from
change scores; and 4) to explore the impact of not calcu-
lating design effects and effective sample sizes for C-
RCTs that did not account for clustering (i.e. adopting
an ICC of o, which was the minimum ICC reported by
studies included in the review).

A random effects meta-regression was conducted
pooling studies across settings to assess whether study
characteristics of relevance to policymakers were asso-
ciated with an effect on BMI': income status by coun-
try (high-income, upper middle-income, lower middle-
income),’” setting (school, ASP, community, home,
health care services), multi-setting (yes, no), theory
informed intervention (yes, not reported), intervention
type (diet, physical activity, diet + physical activity,
other) and duration of intervention (<12 months; >12
months). The Dersimonian and Laird estimation
method was used to estimate the residual between-
study variance. Knapp-Hartung variance estimator was
used to estimate the standard errors and 95% confi-
dence intervals (CI). A permutation test was conducted
to assess the robustness of our multivariable meta-
regression results,”” with 1000 permutations con-
ducted.

Role of the funding source

The study funder had no role in study design, data col-
lection, data analysis, data interpretation, or writing of
the report.

Results

One hundred and fourteen of the 153 studies included in
the existing review were included in this review update,
and 39 excluded due to participants (<6 years of age at
baseline). The new search identified 9,889 unique
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records. Overall, across studies included in the existing
review and those identified in the new search, 1524 full
texts were assessed for eligibility and 195 studies were
included (Table 1), of which 114 were from the existing
review and 81 were new studies (Figure 1).

There were 428 trial arms and 183,063 participants
in 195 included studies. Most studies were conducted in
high-income countries (n = 165; Figure 2). There were
59 RCTs and 136 CRCTs (including four comparative
effectiveness studies) that compared one or more inter-
ventions to control or another intervention. Studies
were conducted in schools (n = 62); community (n =
11); after-school programs (n = 12); homes (n = 11); and
health care services (n = 3) only; or across multiple set-
tings (n = 90).

Most studies included children aged 6-12 years (n =
150), tested interventions targeting both diet and physi-
cal activity (n = 115), ranged in duration from s5-10
minutes to four years, were 12 months or less duration
(n = 150), and their theoretical basis was reported (n =
1ry).

BMI or BMI z-score data was reported by 182 of 195
included studies, of which 139 were able to be synthe-
sized in meta-analyses (school: 93 studies, ASPs: 12
studies, community: 21 studies, home: 13 studies).
Other weight outcomes included: proportion of over-
weight/obese, percentage body fat, or weight. The first
follow up point greater than 12 weeks post baseline
ranged from 12 weeks to two years.

Most studies were assessed as low risk of bias for
random sequence generation (51%; 100/195), unclear
risk of bias for allocation concealment (67%; 131/195),
high risk of bias for blinding (94%; 183/195), low risk of
bias for incomplete outcome data (46%; 89/195) and
low risk of bias for selective reporting (52%; 102/195)
(Figure 3; Supplementary File Table S2 and S3). Most
RCTs were assessed as low risk of bias for contamina-
tion, and approximately half C-RCTs were assessed as
low for other bias. Overall risk of bias was assessed as
high for 108 of the 195 included studies.

Meta-analysis of 93 trials (131,443 participants) com-
paring school-based interventions to control revealed a
very small positive effect on BMI (SMD —o0-03, 95% CI
—0-06 to —o-o1; I? = 56%; moderate certainty evidence;
Table 2; Supplementary File Figure S1), equivalent to a
o-11 lower BMI score in the intervention compared to
control group.

Meta-analysis of 12 trials (5,066 participants) com-
paring after-school program interventions to control
revealed no overall significant effect on BMI (SMD
—0-09, 95% CI —0-22 t0 0-04; I* = 76%,; very low-cer-
tainty evidence; Table 2; Supplementary File Figure S2).

Meta-analysis of 21 trials (3,292 participants) com-
paring community-based interventions to control
revealed no overall positive effect on BMI (SMD —o0-04,
95% CI —o-11 to 0-04; I = 0%; low certainty evidence;
Table 2; Supplementary File Figure S3).
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Author year Study characteristics Number of Intervention Treatment arms Comparator Outcomes
Country Design (cluster type) participants Targeted behaviour Weight outcomes (length of follow up
Setting Randomised Analysed Theory from baseline category)
Age group years (mean age) Duration Adverse effects
Gender Cost/cost-effectiveness
Xu 2017°%° Design: C-RCT (School) 9867 8573 Arms: 3 Control: no intervention BMI and BMIz (< 12 months)t
China Setting: School* + Home Target: Diet, PA, DPA Adverse assessed: Yes
Age group: 6-12 (9-2) Theory: NR Adverse effect: Effect on malnourished
Gender: mixed Duration: < 12 months students (no negative effect
observed. > increase in BMI and BMI-
z score in intervention group)
Cost: Cost-effectiveness ratio in com-
bined intervention ($120-3 for 1 kg/
m? BMI reduction, $249-3 for one unit
of BMI-z score reduction), cost for
avoiding one overweight and obesity
case ($1308-90). Cost utility ratio
(¥11,505-9, $1646-0) per QALY, cost-
benefit ratio (¥1-2 benefit per ¥1
cost), and net saving (¥73,659-6,
$10,537-9) for combined intervention.
Zhou 20197 Design: C-RCT (School) 758 681 Arms: 3 Control: Usual care Only weight kg and body fat % reported
China Setting: School* (some groups ASP) + Target: DPA (<12 months)
Home Theory: SEM, CMT Adverse: NR
Age group: 13-18 (12-66) Duration: <12 months Cost: NR

Zota 2016
Greece

Gender: mixed

Design: C-RCT (School) 21261 3627
Setting: School* + Home

Age group: 6-12; 13-18 (NR)

Gender: mixed

Arms: 1

Target: Diet

Theory: NR

Duration: <12 months

Attention control: environmen-
tal intervention (received a
healthy daily meal)

Reported as underweight vs. over-
weight/obese (<12 months)

Adverse assessed: Yes

Adverse effect: Percentage of children
and adolescents improving BMI from
underweight to normal (Higher in
multicomponent intervention group
compared to environmental interven-
tion only).

Cost: Average cost of meals (€1-50)

Table 1: Characteristics of included studies.
*Majority setting **Included in meta-analysis.

ASE = Attitude, social influence and self-efficacy model, BCW = Behaviour Change Wheel, BEM = Behavioral Ecological Model, CE = comparative effectiveness trial, CMT = competence motivation theory, C-RCT = cluster rando-
mised controlled trial, DPA = diet and physical activity, FST = Family Systems Theory, HPSF = Health Promoting Schools Framework, IMB model = information-motivation-behavioural skills model, Intv = intervention, MI = Moti-
vational Interviewing, NR = not reported, PA = physical activity, SEM = Social Ecological Model, SCM = social cognitive model, SCT = Social Cognitive Theory, SLT = Social learning theory, TDF = theoretical domains framework,
TPB = Theory of planned behaviour, TTM = Transtheoretical model (Stages of Change).
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30

Studies Participants SMD (95% CI)* ? Test of subgroup GRADE certainty

of evidence

School 93 131443 -0-03 [-0-06, -0-01] 56% NA DOD
Moderate®

Subgroup: age 6—12 years 72 114451 -0-03 [-0-05,-0-01] 21%  Chi*?=0-17 (P =0-68)

Subgroup: age 13—18 years 21 16992 -0-05 [-0-14, 0-04] 84% NA

Sensitivity: ROB 42 54132 -0-03 [-0-05, 0-00] 13% NA

Sensitivity: excl change scores 82 116127 -0-04[-0-07,-0-01] 59% NA

Sensitivity: correlation est 0-80 93 131443 -0-03 [-0-06, -0-01] 57% NA

Sensitivity: correlation est 0-90 93 131443 -0-03 [-0-05, -0-01] 59% NA

Sensitivity: ICC=0 93 131443 -0-03 [-0-05, -0-00] 65% NA

Subgroup: Intv duration <= 12 months 67 90478 -0-04 [-0-08, -0-01] 64% Chi? =210 (P =0.15)

Subgroup: Intv duration > 12 months 26 40965 -0-02 [-0-04, 0-01] 0% NA

Subgroup: Intv type - Diet only 1 14999 -0-00 [-0-07, 0-06] 51% Chi*=1.22 (P =0.75)

Subgroup: Intv type - PA only 25 16935 -0-05[-0-10, 0-00] 37% NA

Subgroup: Intv type - Diet + PA 58 82887 -0-04 [-0-07,-0-01] 61% NA

Subgroup: Intv type - Other 1 16622 -0-03 [-0-08, 0-02] - NA

Subgroup: Continent Africa 1 519 -0-23 [-0-45, -0-01] - Chi?=2.02 (P =0.73)

Subgroup: Continent Asia 10 35905 -0-04 [-0-09, 0-01] 53% NA

Subgroup: Continent Australia 1 7167 -0-04 [-0-10, 0-03] 25% NA

Subgroup: Continent Europe 42 43979 -0-04 [-0-09, 0-00] 72% NA

Subgroup: Continent North America 23 39253 -0-02 [-0-04, 0-01] 0% NA

Subgroup: Continent South America 6 4620 -0-00 [-0-07, 0-06] 0% NA

After-school program 12 5066 -0-09 [-0-22, 0-04] 76% NA (<2]
Very low*"<

Subgroup: age 6—12 years 10 4636 -0-02 [-0-09, 0.05] 15% Chi*=1.89 (P=0-17)

Subgroup: age 13—18 years 2 430 -0-67 [-1-60, 0-25] 93% NA

Sensitivity: ROB 9 4316 -0-14 [-0-30, 0-01] 79% NA

Sensitivity: excl change scores NA NA NA NA NA

Sensitivity: correlation est 0-80 NA NA NA NA NA

Sensitivity: correlation est 0-90 NA NA NA NA NA

Sensitivity: ICC=0 12 5066 -0-09 [-0-22, 0-04] 76% NA

Subgroup: Intv duration <= 12 months 12 5066 -0-09 [-0-22, 0-04] 76% NA

Subgroup: Intv duration > 12 months NA NA NA NA NA

Subgroup: Intv type - Diet only NA NA NA NA NA

Subgroup: Intv type - PA only 7 3977 -0-18 [-0-34,-0-01] 82% Chi” = 4-20 (P = 0-04)

Subgroup: Intv type - Diet + PA 5 1089 0-08 [-0-10, 0-26] 27% NA

Subgroup: Intv type - Other 0 0 NA NA

Subgroup: Continent Africa 1 160 -1-14[-1-48,-0-81] - Chi? =0-36 (P = 0-55)

Subgroup: Continent Australia 1 35 -0-60 [-1-28, 0-08] - NA

Subgroup: Continent Europe 2 1956 -0-04 [-0-13, 0-05] 0% NA

Subgroup: Continent North America 7 2645 -0-00 [-0-10, 0-11] 16% NA

Subgroup: Continent South America 1 270 -0-20 [-0-54, 0-14] - NA

Community 21 3292 -0-04 [-0-11, 0-04] 0% n/a (S5
Low™*

Subgroup: age 6—12 years 20 3238 -0-04 [-0-12, 0-03] 0% NA

Subgroup: age 13—18 years 1 54 0-11 [-0-42, 0-65] - NA

Sensitivity: ROB 12 1211 -0-02 [-0-12, 0-09] 0% NA

Sensitivity: excl change scores 17 2816 -0-04 [-0-13, 0-05] 0% NA

Sensitivity: correlation est 0-80 21 3292 -0-02 [-0-09, 0-04] 0% NA

Sensitivity: correlation est 0-90 21 3292 -0-02 [-0-07, 0-04] 0% NA

Sensitivity: ICC=0 21 3292 -0-05 [-0-12, 0-02] 0% NA

Subgroup: Intv duration <= 12 months 16 1699 -0-03 [-0-13, 0-06] 0% Chi? =0-01 (P = 0.92)

Subgroup: Intv duration > 12 months 5 1593 -0-04 [-0-16, 0-07] 0% NA

Table 2 (Continued)
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Studies Participants SMD (95% CI)* ? Test of subgroup GRADE certainty
of evidence
Subgroup: Intv type - Diet only 4 1174 -0-07 [-0-22, 0-09] 0% Chi? = 0-38 (P = 0-82)
Subgroup: Intv type - PA only 4 555 -0-00 [-0-15, 0-14] 0% NA
Subgroup: Intv type - Diet + PA 13 1563 -0-04 [-0-15, 0-06] 0% NA
Subgroup: Intv type - Other 0 0 NA - NA
Subgroup: Continent Asia 1 104 -0-31[-0-72,0-10] - Chi?=1.75 (P = 0-42)
Subgroup: Continent Australia 3 251 -0-08 [-0-28, 0-11] 0% NA
Subgroup: Continent Europe 2 523 -0-14 [-0-35, 0-07] 0% NA
Subgroup: Continent North America 15 2414 0-00 [-0-09, 0-09] 0% NA
Home 13 2400 0-01 [-0-07, 0-09] 0% NA (1)
Low™*
Subgroup: age 6—12 years 7 1665 -0-04 [-0-14, 0-06] 0% Chi? = 2.99 (P = 0-08)
Subgroup: age 13—18 years 6 735 0-11 [-0-03, 0-25] 0% NA
Sensitivity: ROB 7 1927 0-02[-0-11,0-14] 33% NA
Sensitivity: excl change scores 9 1255 0-05 [-0-08, 0-18] 19% NA
Sensitivity: correlation est 0-80 13 2400 0-00 [-0-07, 0-07] 0% NA
Sensitivity: correlation est 0-90 13 2400 -0-01 [-0-08, 0-06] 10% NA
Sensitivity: ICC=0 13 2400 0-00 [-0-07, 0-07] 0% NA
Subgroup: Intv duration <= 12 months 14 4862 0-01 [-0-07, 0-09] 0% NA
Subgroup: Intv duration > 12 months 0 0 NA - NA
Subgroup: Intv type - Diet only 3 1098 -0-04 [-0-16, 0-08] 0% Chi? = 5-80 (P = 0-05)
Subgroup: Intv type - PA only 3 386 0-22[0-02, 0-42] 0% NA
Subgroup: Intv type - Diet + PA 8 3378 -0-02 [-0-15,0-11] 0% NA
Subgroup: Intv type - Other 0 0 NA - NA
Subgroup: Continent Australia 1 46 -0-19 [-0-81, 0-43] - Chi? = 0-51 (P = 0-47)
Subgroup: Continent Europe 2 1206 0-12 [-0-21, 0-45] 83% NA
Subgroup: Continent North America 10 1148 -0-01 [-0-12,0-10] 0% NA
Health care service 1 121 -0-48 [-0-95,-0-01] = NA (1)
Low™?
Subgroup: age 6—12 years 0 0 NA - NA
Subgroup: age 13—18 years 1 121 -0-48 [-0-95, -0-01] - NA
Sensitivity: ROB 0 0 NA - NA
Sensitivity: excl change scores NA NA NA - NA
Sensitivity: correlation est 0-80 NA NA NA - NA
Sensitivity: correlation est 0-90 NA NA NA - NA
Sensitivity: ICC=0 NA NA NA - NA
Subgroup: Intv duration <= 12 months 1 121 -0-48 [-0-95, -0-01] - NA
Subgroup: Intv type - Diet + PA 1 121 -0-48 [-0-95,-0-01] - NA
Table 2: Results by setting for primary, subgroup and sensitivity meta-analyses.
*Std. Mean Difference (IV, Random, 95% CI).
* downgraded one level for risk of bias: most information from studies at low or unclear risk of bias.
> downgraded one level for inconsistency: heterogeneity was not fully explained in subgroup analysis by age, intervention duration or type.
¢ downgraded one level for imprecision: the confidence intervals contained the null value.
4 downgraded one level for imprecision: total sample size was fewer than 400 participants.
est = estimate, excl = excluded, GRADE = Grading of Recommendations Assessment, Development and Evaluation, intv = intervention, NA = not applicable,
PA = physical activity, ROB = risk of bias, SMD = standard mean difference.

Meta-analysis of 13 trials (2,400 participants) com-
paring home-based childhood obesity prevention inter-
ventions to control revealed no overall significant effect
on BMI (SMD o-o1, 95% CI -0-07 to 0-09; I* = 0%; low
certainty evidence; Table 2; Supplementary File Figure
S4).
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Fifty-six studies were not pooled (no suitable BMI
data (n = 38), no assessment of BMI (n = 13), compara-
tive effectiveness study design (n = 4); Table 1) which
reported mixed findings. Briefly, of the 39 studies not
pooled that measured BMI, 22 (56%) reported an effect
in a positive direction (10 of 23 school-bsaed studies; 2
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Included in previous version of 13396 records 1034 additional
the review. identified through records identified
- 1563 studies (reported in 210 databa; e through other
} searching sources
articles)
- 382 studies awaiting
classification
9889 records after duplicates
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9889 records 8365 records
screened ™| excluded

944 fulk-text
articles excluded,
with reasons:

Participants N=601
Intervention N=62

Study
design/comparator
N=145

Outcome N=133

Study
discontinued N=3

45 full-text articles

awaiting
classification
1524 full-text 147 ongoing
articles d studies (reported
for eligibility in 167 articles)
TOTAL 195
studies included
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synthesis
(reported in 366
articles)

(81 new included
studies from
updated search)

140 studies
(reported in 288
articles) included
in quantitative
synthesis
(meta-analysis)

Figure 1. Study flow diagram.
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###  Age 6-12 ® Diet
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Legend: RCTs — randomised controlled trials

& Diet and physical activity

Footnotes ® Totals in boxes by age indicate number of different intervention types of each active intervention arm. NB. Two
RCTs of ‘other’ intervention types are not represented (BMI reporting in ages 6-12: Madsen 2021; Mindfulness in ages 13-18:
Shomaker 2019), three RCTs tested three treatment arms each (diet, physical activity, diet and physical activity) in ages 6-12
(Ickovics 2019; Warren 2003, Xu 2017), one RCT tested two treatment arms (diet, diet and physical activity) in ages 6-12 (Sevinc
2011), one RCT tested their intervention in children aged 6-12 and 13-18 years; one RCT that tested a diet and physical activity
intervention in ages 13-18 years was conducted in both North American and Europe.

Figure 2. Distribution of studies by continent, child age and intervention type.?

of 2 after-school program studies; 5 of 6 community-
based studies; 2 of 4 home-based studies; 3 of 4 health
care service studies). Of the 13 studies that reported
other weight outcomes, eight (62%) reported an effect
in a positive direction on at least one weight outcome.
One of the four comparative effectiveness

www.thelancet.com Vol 54 December, 2022

studies,>*"'°4'59 reported a greater effect on a weight
outcome.**

Results from all sensitivity analyses were similar to
primary analysis results (Table 2).

No differential effects were found in subgroup analy-
ses by age or geographic region for any setting (Table 2).
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Figure 3. Risk of bias graph of studies included in meta-analysis.

Heterogeneity was evident for school-based (I = 56%)
and after-school program interventions (I* = 76%),
which subgroup analysis by age, intervention duration
and type did not entirely explain (Table 2).

Results from the meta-regression identified no asso-
ciation between any covariates assessed and the overall
SMD for BMI (F(dft = 11, df2 = 128) = 0-77; p = 0-:6645;
R? = o; Supplementary File Table S3), with the I* indi-
cating 54% of the variability was attributable to between
study variation (with similar results from the Knapp-
Hartung and permutation tests).

Fifty-three studies reported assessing potential
adverse events, including unhealthy weight control
behaviours, change in prevalence of underweight,
adverse body image-related consequences, and quality
of life (Supplementary File Table S1). The majority (43/
53) reported no evidence of an adverse effect (low quality
evidence). Eight studies reported one or more unin-
tended adverse effects on an outcome other than weight.
Three school-based studies reported an increase in
unhealthy weight control or weight concern
behaviours, 32*°*22¢ and one school, after-school pro-
gram or home study each reported increased peer
weight talk,”” minor ankle sprains,®® bruises and
strained muscles/tendons,*** depressive symptom
score,”" overexercising,”? or increase food intake," in
intervention compared to control participants. Two
studies reported dizziness in both intervention and con-
trol groups due to medical procedures (blood
drawing,**'°® venipuncture).””> One study reported
adverse effects were observed but did not report what
they were.”*

Ten studies reported findings from cost effectiveness
analyses and 28 reported absolute costs (Supplementary
File Table S1). Pooling of cost effectiveness data was not
possible due to the heterogeneity of interventions and
outcomes, however nine reported the intervention to be

cost  effective  (low evidence).?53¢>

92,109,124,135,138,186,229

quality

Inspection of funnels plots (Supplementary File
Appendix B) suggested potential reporting bias for only
ASP interventions, which may have led to an overesti-
mation of the magnitude of effect. However, given the
overall null effect for ASPs such assessment does not
change the conclusions. Eggers tests to investigate pub-
lication bias did not identify any evidence of publication
bias in any setting, including ASPs (Supplementary File
Appendix C).

Discussion
This review, which represents the most comprehensive
synthesis of childhood obesity prevention interventions
for school-aged children to date, found an effect for
school-based obesity prevention interventions, albeit it
modest, equivalent to a o-11 improvement in BMI.
These findings are consistent with those from the previ-
ous Cochrane review on this topic and other reviews in
the field."”” No overall effect was found for after-school
programs, community or home interventions. However,
while the confidence intervals included zero, the point
estimate for after-school programs was more than twice
that of school-based studies. Presence of adverse effects
were uncommon (10/53 studies) and not severe, includ-
ing minor sprains and increases in unhealthy weight
control in small proportions of children. No conclusions
could be drawn regarding cost effectiveness due to lim-
ited reporting (10/195), and meta-regression analyses
across all settings found none of the examined study
characteristics were associated with an effect on BMI.
The distribution of characteristics of the 81 new stud-
ies were similar to the existing Cochrane review,” with
studies primarily conducted in high (85% v 84%) and
upper middle-income countries (15% v 15%), schools
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(67% v 70%), targeting younger school-aged children
(76% v 74%), testing diet plus physical activity interven-
tions (59% v 61%), and were interventions of less than
or equal to 12 months in duration (77% v 73%). The
update did not identify any new studies in low- or lower
middle-income countries. Two new obesity prevention
studies were identified that did not include an explicit
diet or physical activity component indicating some
diversification in intervention content, although neither
reported a positive effect. The limited effects from such
a large number of RCTs targeting diet and physical
activity suggests a better understanding of how these
interventions work, or do not work, is needed prior to
development of new interventions.

While comparison between this update and the exist-
ing Cochrane review” is limited given differential
approaches to synthesis, both similarly concluded child-
hood obesity prevention interventions have modest to
no effect on child weight. These findings are also gener-
ally consistent with other systematic reviews of child-
hood obesity prevention interventions.*****

Some limitations and potential biases of the review
methods should be noted. The selection criteria of an
explicit obesity prevention aim and RCT design may
have excluded, and may explain the lack of studies, in
low/low-middle countries. In such countries, obesity
prevention studies are frequently integrated more
broadly with related issues of the double burden of mal-
nutrition, undernutrition and food insecurity, and ran-
domized designs are less common.'® While the income
level of countries in which studies were tested was con-
sidered in meta-regression analyses, and there were no
differential effects identified in subgroup analyses by
continent, the specific impact of how the different con-
texts in each country impacts on the effectiveness of
interventions is unknown. Additionally, the RCT design
selection criteria may have excluded population-wide or
system level intervention studies including those that
combine interventions across multiple settings which
may have considerable potential for population level
impact. RCT designs for these types of studies are often
not appropriate or feasible, and are more frequently
tested in quasi-experimental or implementation
research designs which were not included in this
review.

Studies were restricted to those reporting an inter-
vention and first follow-up of 12 weeks or greater, which
may have excluded brief interventions with short-term
follow up (e.g. *** **°). Such approaches may be more
easily implemented at scale, less costly and, if effective
at longer-term follow-up, more appealing to policy-
makers and health decision makers, and may warrant
separate synthesis. Additionally, studies that targeted
diet and physical activity but did not measure a weight
outcome were excluded from the review. This may have
excluded studies with a meaningful positive impact on a
proximal outcome of obesity, such as diet or physical

www.thelancet.com Vol 54 December, 2022

activity. Additionally, the review did not synthesize any
outcome data related to diet, physical activity or other
potential co-benefits of obesity prevention interventions
(e.g. mental health status). Finally, the findings of the
review are limited to those studies published up to 30
June 2021. Whilst additional eligible studies may have
been published since this date, it is unlikely their inclu-
sion would make substantial difference to the point esti-
mates, nor key conclusions of the review due the large
number of studies included in the review to date, espe-
cially in the school setting.

In terms of implications for policy and practice, there
is moderate certainty evidence, as assessed by the
GRADE approach, for the continued implementation
and ongoing investment of school-based obesity preven-
tion interventions, which appear unlikely to cause seri-
ous harm. While observed pooled effects were small,
small improvements in obesity can have a meaningful
effect when implemented at a population level and has
likely contributed to the reduced trajectory of overweight
and obesity that has been observed in some high-
income countries.**® The potential public health bene-
fits of such interventions however likely depend on con-
sideration of their cost, and government capacity to
deliver at scale given their relatively small effects on
BMI.

The lack of effects of primary analyses pooling child-
hood obesity prevention interventions in after-school
program, home and community settings need to be
interpreted with caution given the considerable variabil-
ity of interventions, the low to very low-certainty evi-
dence, and identification of some high-quality studies
in these settings with positive effects. This is echoed by
the sensitivity analysis results for after-school programs
excluding studies at high risk of bias, which may sug-
gest the potential benefit of high-quality studies in this
setting. Additionally, findings for studies conducted in
health care settings were limited due to their scarcity.

Surprisingly none of the hypothesized variables
included in the meta-regression accounted for any of
the observed heterogeneity in the final model. This sug-
gests that other intervention or population characteris-
tics may need to be explored to advance the childhood
obesity field. This could include a comprehensive exam-
ination of the effectiveness of intervention components
and the behavior change techniques that underpin
them; or the wider determinants of health that interven-
tions target.**” Similarly, a better understanding may be
required of the impact of factors that likely impact on
effectiveness of interventions such as consumer co-pro-
duction, differential effectiveness between population
groups that may widen health inequities,*** or the dura-
tion of investment required for population-wide impact.
Given the distal nature of weight status, synthesis of
proximal outcomes such as diet and physical activity
may be important to identify additional promising obe-
sity ~ prevention  interventions  that  warrant
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implementation. Synthesis of published and unpub-
lished adverse, cost and other co-benefit outcomes
assessed in obesity prevention interventions may also
provide a more complete picture of obesity prevention
intervention impact. Finally, synthesis of large-scale
community-based interventions, ‘upstream’ interven-
tions based on the wider determinants of health that tar-
get system or environmental changes,”” and other
interventions that have adopted non-RCT designs, may
be important to guide childhood obesity prevention poli-
cymaking, particularly for low- and middle-income
countries where the evidence is scant.
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