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Effectiveness of school-based interventions to prevent obesity
among children aged 4 to 12 years old in middle-income
countries: A systematic review and meta-analysis

Juhi Singhal | Clare Herd | Peymane Adab | Miranda Pallan

Institute of Applied Health Research, College

of Medical and Dental Sciences, University of Summary

Birmingham, Birmingham, UK Economic and accompanying nutrition transition in middle-income countries is
Correspondence resulting in rapidly increasing childhood obesity prevalence, exceeding acceleration
Miranda Pallan, Room 107, Murray Learning rates in the West. Previous school-based obesity prevention reviews have mainly
Centre, University of Birmingham, Edgbaston, . . L X . . . .
Birmingham B15 2TT, UK. included studies from high-income countries. This review aimed to summarize the
Email: mj.pallan@bham.ac.uk evidence from randomized controlled trials evaluating the effectiveness of school-

based interventions in preventing childhood obesity in middle-income countries. Six
electronic databases were searched: MEDLINE, EMBASE, CINAHL Plus, LILACS,
IBECS and WPRIM. Eligibility criteria included middle-income country setting,
randomized/cluster-randomized controlled trials, children aged 4-12 years and
school-based interventions targeting dietary intake and/or physical activity. Twenty-
one cluster-randomized controlled trials, conducted in Asia (n = 10), South America
(n = 4), North America (n = 4) and the Middle East (n = 3), were included. Fifteen stud-
ies reported a significant intervention effect on at least one adiposity-related out-
come. Characteristics of effective interventions included combined diet and PA
interventions, school teacher-delivery, duration of >8 months, parental involvement,
education sessions and school food modifications. The risk of bias in these trials was
mixed. The pooled estimate of the odds ratio for obesity in intervention versus con-
trol schools (nine studies) was 0.77; 95% Cl, 0.63 to 0.94; p = 0.009. In conclusion,
there is some evidence to support school-based interventions in preventing child-

hood obesity in middle-income countries.
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1 | INTRODUCTION

Childhood obesity is an international health concern affecting all
socio-economic groups and ethnicities, and the worldwide prevalence
has risen dramatically over the last four decades from 4% in 1975 to
over 18% in 2016. If current trends continue, researchers have
predicted that childhood obesity will surpass moderate and severe
underweight by 2022.2 Middle-income countries (MICs) are of partic-
ular interest at the current time because these countries are undergo-
ing rapid economic transition.® Alongside this MICs are experiencing a
‘nutrition transition’: a corresponding shift in energy intake and expen-
diture behaviours. In contrast with high-income countries (HICs),
where economic growth and accompanying nutritional changes have
occurred over a long period of time, the transition in MICs is occurring
at an accelerated rate. Consequently, the prevalence of obesity in
adults and children in MICs has rapidly increased in the last two
decades, whereas the increase previously seen in HICs occurred at a
slower rate, with a plateau in prevalence now being observed in these
countries.*1°

There are differing contextual factors to take into account when
considering the rapid rise in childhood obesity in MICs. The relation-
ship between socio-economic status and childhood obesity in MICs is
positive, with increasing wealth associated with higher prevalence,
whereas in HICs, the higher childhood obesity prevalence is associ-
ated with deprivation.?>? Also in MICs, rapid urbanization, industrial
modernization, adoption of new technologies and the increasing influ-
ence of mass media contribute to the increased access to and con-
sumption of energy-dense foods as well as reductions in physical
activity (PA).>*® The approach to noncommunicable disease preven-
tion also differs in these settings, with lower prioritization of health
promotion initiatives to address noncommunicable disease risk factors
by governments, and less focus on health promotion policies in
schools.}* These particular contextual challenges and the current posi-
tioning of MICs within the obesity epidemic curve make them an
important focus for childhood obesity prevention at the present
time.9-15:16

In 2011, the World Health Organization (WHO) adopted the tar-
get of halting the rise in global obesity by 2025.1728 Since this time,
there has been much activity relating to the development and evalua-
tion of obesity prevention approaches, with a large majority targeting
children.}?=22 Schools are frequently the focal point of obesity pre-
vention efforts because most children spend a substantial proportion
of their day in school. Furthermore, schools offer a natural setting for
education, with the potential to reach parents as well as children, and
teachers are often seen as role models.?2"?* Hence, school-based
interventions have the ability to reach many children and families
through a contained environment that provides sustained contact.

A Cochrane review published in 2019 presented some evidence
to suggest that combined diet and PA interventions in schools
resulted in lower body mass index (BMI) z-score in children aged
between 6 and 12 years (mean difference of —0.05, 95% Cl, —0.10 to
—0.01; meta-analysis of 20 randomized controlled trials (RCTs), low

)'25

certainty of evidence Other systematic reviews have reported

similar findings.26~3! However, in general, there has been substantial
heterogeneity among the studies included in these reviews, and the
majority have been conducted in HICs, so the applicability of the find-
ings to MICs setting is limited. The most recent systematic review of
school-based studies focusing on low- and middle-income countries
was undertaken by Verstraeten et al,*?> before most programmes
prompted by the WHO targets commenced. The authors concluded
that school-based interventions have the potential to prevent obesity
but acknowledged that a number of methodological limitations
prohibited firm conclusions being drawn. Other systematic reviews
linked to MICs have addressed one region only.*3** Feng et al®® con-
ducted a systematic review in 2017 comprising 34 school-based obe-
sity prevention studies undertaken in China, which revealed that
multicomponent interventions involving PA and health education
were more effective than single PA component interventions in
preventing childhood obesity. A systematic review focusing on Latin
America, also undertaken several years ago (2013), identified seven
school-based obesity prevention studies, three of which reported sig-
nificant improvements in BMI, and two of which evaluated PA-only
interventions.3* Again, the small volume of trials, methodological
issues and heterogeneity of interventions limited firm conclusions
being drawn from this review.

As yet there has been no comprehensive review of the effective-
ness of school-based interventions for the prevention of childhood
obesity across all MICs. Moreover, methodological rigour of trials
evaluating school-based interventions in MICs has improved since the
Verstraeten review in 2012, and so it is the appropriate time for syn-
thesis of this more robust evidence. Therefore, the aim of this system-
atic review is to summarize the evidence from RCTs evaluating the
effectiveness of school-based interventions in preventing childhood
obesity in MICs and thus inform future school-based interventions to

prevent childhood obesity in these countries.®®

2 | METHODS

2.1 | Protocol and registration

The protocol for this systematic review was registered on the Interna-
tional Prospective Register of Systematic Reviews (registration num-
ber CRD42019128058) and has been created according to the
PRISMA (Preferred Reporting Items for Systematic Reviews and

Meta-Analyses) guidelines.36

2.2 | Eligibility criteria

2.2.1 | Population

The participants of interest were primary school children aged 4 to
12 years. Studies comprising populations of a wider age range were
eligible for inclusion where the majority (>75%) of participants fulfilled

the specified age range. Due to the variation in school systems and
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age of school entry between countries, the specified age range was
selected to allow inclusion of all children in primary, or equivalent, edu-
cation. Participants were children who reflected the weight status pro-
file within the general child population. Studies were excluded if the
target population was children with excess weight only as these were
considered to be trials of obesity treatment rather than prevention.
Studies in which the target population was predominantly formed by

children with co-morbidities or critical illnesses were also excluded.

2.2.2 | Intervention

Interventions targeting dietary intake and/or PA were included,
irrespective of other intervention components. Eligible interventions
were delivered through primary schools or equivalent settings but
may have included components based within the family or community.
No restrictions were placed on the intervention duration or the per-
sonnel delivering the intervention. Interventions that had been specifi-
cally designed for the treatment of childhood obesity were excluded.

2.2.3 | Comparator

Studies were included where the control group received either no
intervention, usual school-based activities relating to health education

or an intervention with no specific diet or PA content.

2.24 | Outcomes

The primary outcomes comprised BMI, BMI z-score, skinfold thick-
ness, body fat percentage, waist circumference, waist: height ratio,
prevalence of overweight, prevalence of obesity and other measures
of obesity based on weight and height. The secondary outcomes con-
sidered were measures relating to PA, dietary intake and quality
of life.

2.2.5 | Study design and setting

All relevant RCTs or cluster RCTs conducted in MICs were eligible for
inclusion. MICs were defined according to the World Bank classifica-
tion of countries by income level 2018-2019.%7 Studies reported as
full-texts only were included; published and unpublished studies (iden-
tified through published protocols) were eligible, but the latter were
included where results were made available upon contact with the

authors within a 2-week timeframe.

2.3 | Search strategy

The following electronic databases were searched: MEDLINE (OVID
interface, searched from 1946 until the 7th March 2019), EMBASE

(OVID interface, searched from 1974 until the 7th March 2019), CIN-
AHL Plus (EBSCO interface, searched from 1937 until the 7th March
2019), LILACS (Virtual Health Library interface, searched until the 7th
March 2019), IBECS (Virtual Health Library interface, searched until
the 7th March 2019) and WPRIM (globalindexmedicus.net, searched
until the 7th March 2019). A search was conducted using text and
index terms for ‘excess weight' and ‘school, using a filter for RCTs
where possible. The search strategy for the MEDLINE database is
presented in Data S1; modified versions of this search strategy were
used for the other electronic databases. The electronic database sea-
rch was supplemented by hand-searching the reference lists of
included studies and relevant systematic reviews to locate any addi-
tional studies that had been missed. A citation search of included
studies was further conducted, and three experts in the field of child-
hood obesity prevention were contacted and asked if they knew of
any additional published or unpublished studies. No language or publi-

cation date limits were applied.

2.4 | Study selection

Literature search results were imported into the referencing software,
Mendeley Desktop, to aid deduplication and organization of refer-
ences for screening. Titles and abstracts of the studies were screened
by JS. A random sample of 5% of the studies, generated via the ran-
dom number function in Microsoft Excel, was independently screened
by another review author (CH or MP). Full-texts of potentially rele-
vant studies were assessed for inclusion independently by two
reviewers (see Data S1). Middle-income setting was assessed at the
abstract screening stage. If the study setting was unclear from the
abstract, the study was included in the full-text assessment stage. Dis-
agreements at the abstract and full-text screening stages were dis-
cussed within the author team, and consensus was reached in
determining eligible studies. The PRISMA flow diagram is shown in

Figure 1.

2.5 | Data extraction

Data were extracted into data extraction forms, which had been
designed and piloted a priori, shown in Data S1. The data of interest
comprised location, study design, setting, duration, number of trial
arms, number of participating schools, recruitment process, randomi-
zation method, participant characteristics, intervention (including per-
sonnel, duration and parental involvement), control, primary and
secondary outcome data at baseline and follow-up time points,
acknowledgement of adverse outcomes, response rate, attrition,
method to deal with losses to follow-up, method of statistical analysis
and a summary of study findings. This was carried out by JS for all
studies, and each form was verified by one other reviewer (CH or
MP). Missing data were sought, where possible, by email contact with
study authors. Any discrepancies were identified and resolved

through discussion within the author team. For the non-English
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v l
== Total records identified Duplicates removed
£ (n=3050) (n=720)
&
o
5
wy
= Records screened by title and Records excluded
abstracts (I'I =2185)
(n =2330)
Fra—
’
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= (n = 145)
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income country (n = 74)
» Majority of participants were not aged
) A between 4 -12 years old (n = 21)
Included in qu_ahtat'“ » Inappropriate study design (n = 6)
W"t_he""’ » Unable to obtain full-text or insufficient
— Full-text Tartu:les (n=34) information to draw conclusions (n = 4)
Studies (n = 21) » Study population was restricted to only
overweight/obese children (n = 3)
o # Intervention was not conducted in a
g school-based setting (n = 2)
E » Control group was not eligible (n = 1)
- Included in quantitative
synthesis (meta-analysis)
Studies (n=9)
—

FIGURE 1 A PRISMA flow diagram outlining the identification, screening, eligibility and inclusion of studies in this review. Only studies for
which estimates of effect were adjusted for clustering and reported in the appropriate format were eligible for inclusion in the meta-analyses

studies retrieved, translators with the relevant language skills pro-
vided assistance with the data extraction.

2.6 | Quality appraisal

The quality of the included studies was assessed independently and in
duplicate using the Cochrane Collaboration's Tool for Assessing Risk
of Bias, which was modified for use with cluster RCTs.%%3? Any dis-
agreements were resolved through discussion between the two
review authors, and where necessary, consultation within the entire
author team. Due to the nature of the intervention, performance bias
was not considered because it is not possible to blind study personnel

or participants. The additional risk of bias assessments for cluster

RCTs included the following: recruitment bias, analysis bias, baseline
imbalance and loss of clusters. A judgement of either ‘low risk’, ‘high
risk’ or ‘unclear risk’ was assigned for each specific domain along with
a support for the judgement. The results of the risk of bias assess-
ments were exported to Review Manager 5.3 software to create a

visual representation.*°

2.7 | Synthesis of results

Trial outcomes expressed as mean differences, risk ratios and odds
ratios were extracted. Study findings have been presented by out-
come measures and grouped based on the following intervention

characteristics to provide a narrative synthesis: type of intervention,
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duration, personnel delivering the intervention and parental involve-
ment. These specific intervention characteristics were evaluated
because previous reviews indicate that these are important variables
influencing the effectiveness of school-based interventions.23#142
When it was deemed appropriate, based on the assessment of the
clinical and methodological homogeneity of the studies, a meta-
analysis was conducted to support the narrative synthesis. Meta-
analyses of adiposity-related outcomes that had been reported in an
appropriate format by five or more studies were carried out using the
Review Manager 5.3 software.*® Only studies for which estimates of
effect were adjusted for clustering were included in the meta-ana-
lyses. We organized the forest plots by intervention type with the fol-
lowing subgroups: diet only, physical activity only and combined. We
used these groupings to look at the relative effectiveness of these
types of interventions to generate further hypotheses. A random
effects model was applied because of the assumed clinical and meth-
odological heterogeneity among the studies.**> We used odds ratios as
the statistical output for dichotomous outcomes, with 95% confi-
dence intervals (Cls). For continuous data, we used mean differences
with 95% Cls. We tested for statistical homogeneity of pooled esti-
mates of effectiveness using the Chi? test and the I? statistic, for
which a statistically significant (p value < 0.1) value of the Chi? test

together with I? value of at least 50% indicates heterogeneity.

3 | RESULTS
3.1 | Search results

The systematic search strategy identified 3014 articles. After the
removal of duplicates, 2321 unique titles and abstracts were
screened. A total of 21 studies (presented in 34 articles) were found
to be eligible for inclusion in this review (see Figure 1).**"7” Two of
the 34 papers reporting two of the included studies required

translation.” %74

3.2 | Description of studies

The characteristics of the included studies are presented in Table 1.
All of the included studies were cluster-RCTs. The majority of the
studies were conducted in Asia (n = 10), followed by South America
(n = 4), North America (n = 4) and the Middle East (n = 3). Papers
reporting the included studies were published between 1998 and
2019 (71.4% of studies published from 2012 onwards). The total
number of participants per study ranged from 221 to 10 091, and the
mean age of participants varied from 4.5 to 11.5 years. Fifteen of the
21 studies targeted populations in which the mean age of participants
was between 9 and 12 years. Three of the studies from Brazil targeted
low socio-economic areas, whereas the remaining 18 studies either
did not specifically address socio-economic status or did not report
this information.®®¢%77 Most studies (n = 19) used a control group

that received routine school health education or no intervention. The

remaining two studies either did not state the control or delivered
general health sessions to participants in the control group.337”

Three studies evaluated diet-only interventions, three studies
evaluated PA-only interventions and 14 studies evaluated interven-
tions involving diet and PA components (referred to as combined
interventions for the purpose of this review), see Table 1. The
remaining study had three trial arms investigating one PA-only and
two separate diet-only interventions.>® The duration of the interven-
tions ranged from 3 to 36 months, whereas the interval between
baseline and follow-up measures varied from 3.5 to 72 months. The
personnel delivering the intervention included school staff (n = 12),
external deliverers (individuals from the research team or health pro-
fessionals; n = 6) or a mixture of both (n = 2). One study did not spec-
ify who delivered the intervention.”? Only nine of the 21 studies
addressed adverse intervention effects.*4-47:50.55.58.72

All of the diet-only studies incorporated nutrition education ses-
sions and parental involvement.?®7%77 One diet-only study included
modifications to the school food provision.”? Two of the three PA-
only studies provided additional PA sessions ranging from 100 to
105 min per week, which were integrated into the existing school cur-
riculum.*>%” The remaining PA-only study comprised monthly educa-
tion sessions, changes to the school environment and an additional

home setting component with parental involvement.”®

The key char-
acteristics of the combined intervention studies were education ses-
sions (n = 13), modifications to the school food provision (n = 11) and
parental involvement (n = 13), outlined in Table 1. Four of the 14 com-
bined intervention studies included daily PA sessions and four studies

included an additional home setting component.

3.3 | Quality appraisal

The results of the methodological quality assessment are shown in
Figure 2. Due to insufficient detail in the reporting of methods, 44.4%
of judgements across all domains were ‘unclear risk of bias’. Fifteen of
the 21 studies had a ‘high risk of bias’ for at least one domain (12.2%
overall). ‘Low risk of bias’ accounted for 43.4% of all judgements and
was the most common assessment for the following five domains:
baseline imbalance (n = 17), loss of clusters (n = 16), analysis bias
(n = 12), random sequence generation (n = 11) and incomplete out-
come data (n = 10). ‘Unclear risk of bias’ was the most common
assessment for the remaining four domains: allocation concealment
(n = 17), selective reporting (n = 17), blinding of outcome assessment
(n = 11) and recruitment bias (n = 11). The key methodological limita-
tions encountered (as indicated by a ‘high risk of bias’ assessment)
included the following: unblinded outcome assessment (n = 5), dis-
crepancies in the reporting of prespecified outcome data (n = 4),
absence of reporting on losses to follow-up (n = 3), inappropriate data
analysis method (n = 3) and loss of clusters (n = 3). Seven included
studies were assessed as ‘low risk of bias’ for five or more
domains.#6:47:50:58:68.7577 Tywq of the more recent trials had predomi-

nantly low risk judgements and appear to be higher quality than the
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rest of the field.*”*® Confidence in the results from these trials is

higher than those which have likely sources of bias.

3.4 | Effectiveness of interventions

Table 2 summarizes the findings of individual studies and is categorized
according to adiposity-related, dietary and PA behaviour outcomes.
Outcomes have only been included where a statistical comparison

between the intervention and control group has been provided.

3.4.1 | Adiposity outcomes

Fifteen of the 21 studies reported significant intervention effects on
at least one adiposity-related outcome.*4-47:53:5:58:60,65,68,70,71,73,77
Ten of the 14 combined intervention studies and 12 of the 16 inter-
vention studies with parental involvement reported a significant inter-
vention effect on at least one adiposity-related outcome. Of the
13 studies with an intervention duration of at least 8 months (one
academic school year), 11 reported a significant intervention effect on
at least one adiposity-related outcome. A summary of the results

grouped by intervention characteristics is shown in Table 3.

3.4.2 | Body mass index

Seven of the 19 studies with BMI as an outcome reported a signifi-
cant effect in favour of the intervention group.344>>>58657173 Fiye
of the seven studies reporting positive effects evaluated combined
diet and PA interventions. Other characteristics of the seven studies
reporting significant intervention effects on BMI included the follow-
ing: parental involvement (n = 5), delivery by school teachers (n = 5),
education sessions (n = 5) and an intervention duration of at least
12 months (n = 4). Two of the 19 studies reported a statistically signif-
icant effect in favour of the control; both of these studies evaluated
diet-only interventions that were delivered by health professionals or
unspecified personnel.®®72 Eight studies did not observe significant
effects on BM|.4¢:50:55:60.67.70.7577 The remaining two studies did not
statistically compare outcomes across study groups.®2%°

Six of the 19 studies, with a total of 15 754 participants, reported
data in the appropriate format to be pooled in a meta-analysis, shown
in Figure 3.4446:5867.7577 participants in the intervention group had a
marginally lower BMI compared with the control group; however, this
difference was not statistically significant (mean difference = —0.23;
95% Cl, —0.82 to 0.35; p = 0.43). Very high levels of heterogeneity
were observed among the studies (I? = 98%:; p < 0.00001).

3.4.3 | BMlIz-score

Five of the nine studies which included the outcome of BMI z-score

reported a significant decrease in this outcome in the intervention

group compared with the control group.#>*7:535873 Three of the five
studies reporting positive effects evaluated combined diet and PA
interventions. Other characteristics of the five studies reporting sig-
nificant intervention effects included the following: parental involve-
ment (n = 4), delivery by school teachers (n = 4), intervention duration
of at least 12 months (n = 3) and daily PA sessions (n = 3). All four
studies with parental involvement provided at least two health educa-
tion sessions for parents. Two studies did not report significant
effects on BMI z-score.**>> The remaining two studies did not statis-

tically compare outcomes across study groups.>4>

3.4.4 | Body fat percentage

Only two of the seven studies reporting body fat percentage found a
significant intervention effect.*>>> One of the two studies reporting
positive effects evaluated a combined diet and PA intervention. Both
studies comprised the ‘Happy 10’ programme, consisting of 20-min
daily PA sessions that were delivered by school teachers in the class-
room for a duration of at least 8 months. Four studies did not observe
significant effects on body fat percentage.*”>>¢®72 Characteristics of
these studies included an intervention duration of less than 12 months
(n = 3) and delivery by researchers or health professionals (n = 3). The
remaining study did not statistically compare outcomes across study
groups.®?

3.4.5 | Waist circumference

Three of six studies assessing waist circumference reported significant
effects in favour of the intervention, of which two evaluated com-
bined diet and PA interventions.>>”® Other characteristics of the
three studies reporting significant intervention effects included the
following: parental involvement (n = 3), delivery by school teachers
(n = 3), intervention duration of at least 8 months (n = 2) and daily PA
sessions (n = 2). All three studies provided at least two health educa-
tion sessions for parents and involved modifications to the existing
school food provision. The remaining three studies did not report sig-

nificant effects on waist circumference.*”7275

3.4.6 | Prevalence of obesity

Four of 14 studies assessing obesity prevalence reported significant
intervention effects, of which three evaluated combined diet and PA
interventions.**>3°873 Other characteristics of these studies included
the following: parental involvement (n = 4), delivery by school
teachers (n = 4), intervention duration of at least 12 months (n = 3)
and education sessions (n = 3). Six studies did not report significant
effects on prevalence of obesity.*6°>¢°7277 The characteristics of
these studies were similar to those with significant intervention
effects: delivery by school teachers (n = 4), combined diet and PA
intervention (n = 3) and an intervention duration of at least 12 months
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(n = 2). The remaining four studies did not statistically compare out-
comes across study groups.®>¢77¢?

Nine of the 14 studies, with a total of 19 762 participants,
reported data in the appropriate format to be pooled in a meta-analy-
sis, shown in Figure 4.4446.58.60.67-69.73.77 There was a significantly
lower prevalence of obesity in the intervention group compared with
the control group (odds ratio = 0.77; 95% Cl, 0.63 to 0.94; p = 0.009).
However, substantial heterogeneity was detected among the studies

(1> = 78%; p < 0.0001).

3.4.7 | Prevalence of overweight
Only two of the 11 studies with data on prevalence of overweight
reported significant intervention effects.**”3 Both of these studies
evaluated combined diet and PA interventions, delivered over a dura-
tion of at least 6 months and provided at least two education sessions
for parents. Five studies did not report significant effects on preva-
lence of overweight.>56%7277 The characteristics of the studies
reporting nonsignificant effects were similar to those with significant
intervention effects: intervention duration of at least 6 months (n = 5),
parental involvement (n = 5), delivery by school teachers (n = 3) and a
combined diet and PA intervention (n = 2). The remaining four studies
did not statistically compare outcomes across study groups.>>¢>:68:6?
Six of the 11 studies, involving a total of 7723 participants,
reported data in the appropriate format to be pooled into a meta-anal-
ysis, shown in Figure 5.4460:6869.7377 Although there was a lower
prevalence of overweight in the intervention group compared with
the control group, the difference was not significant (odds ratio = 0.89;
95% Cl, 0.74 to 1.09; p = 0.26). Substantial levels of heterogeneity
were observed for this comparison (1% = 65%; p = 0.01).

3.4.8 | Dietary outcomes

Thirteen studies assessed outcomes relating to dietary behaviour, of
which nine found significant intervention effects on at least one
outcome 46:50:62:68.70-7275.77 Giy of these nine studies evaluated com-
bined diet and PA interventions, whereas the remaining three studies
comprised diet-only interventions. Other characteristics of the nine
studies reporting significant intervention effects for dietary-related
outcomes included the following: an intervention duration of at least
8 months (n = 8), parental involvement (n = 7) and delivery by
researchers or health professionals (n = 5). Five of the interventions
resulting in positive dietary changes provided printed materials to
families, for example, recipes and booklets on healthy eating. Others
focused on the school setting itself by modifying the available food
choices (n = 7) and displaying posters to encourage healthy food
choices (n = 4). One recent Chinese study evaluating a combined die-
tary and PA intervention, included a school policy restricting the con-
sumption of sugar-sweetened beverages and unhealthy foods.*® This
study reported effects on dietary outcomes. Six of the nine studies

that reported positive effects on dietary behaviour also reported

significant intervention effects on at least one adiposity-related out-
come #6:47:68707177 One study did not report significant intervention
effects on dietary outcomes.’ The remaining three studies did not

statistically compare outcomes across study groups.®%¢%73

3.4.9 | Physical activity outcomes
Ten of the included studies reported outcomes relating to PA behav-
iour, of which six found significant intervention effects on at least one
outcome. 62058697075 Five of the six studies reporting positive
effects evaluated combined diet and PA interventions, whereas the
remaining study evaluated a PA-only intervention. Other characteris-
tics of these six studies included the following: parental involvement
(n = 5), delivery by school teachers (n = 4), an intervention duration of
at least 8 months (n = 4) and additional PA sessions (n = 1). Two Chi-
nese intervention studies found to have positive effects on PA-related
outcomes incorporated special events, with the assistance of families,
involving activities in the home setting to reduce sedentary behav-
iour.>%°8 Three of the six studies that reported positive effects on PA
behaviour also reported significant intervention effects on at least
one adiposity-related outcome.**>®7° One study did not report signif-
icant intervention effects on physical activity outcomes.*” The
remaining three studies did not statistically compare outcomes across
study groups.®%:6273

Table 3 summarizes intervention characteristics of the included
studies and the reported effects on dietary, PA and adiposity-related
outcomes. This table was also used as a visual aid to help identify the
intervention components with greater treatment benefits and to
explore the heterogeneity in the forest plots. No clear patterns were
identified to suggest that relative to one another diet, PA or combined

interventions had a greater effect.

3.4.10 | Quality of life outcomes

The ‘Chirpy Dragon’ trial (Li et al*”) was the sole study to report on
quality of life, for which a significant intervention effect was found
(mean difference in CHU9D utility score = 0.008; 95% Cl, 0.000 to

0.015; p = 0.034).

4 | DISCUSSION
4.1 | Summary of findings

This systematic review explored the effectiveness of school-based
interventions to prevent obesity among children aged 4 to 12 years in
MICs. In total, 21 cluster RCTs from Brazil, China, Iran, Lebanon, Mex-
ico, Thailand and Turkey, published from 1998 onwards, met the
inclusion criteria. Fifteen studies, conducted in China (n = 8), Brazil
(n = 3), Mexico (n = 3) and Turkey (n = 1), reported significant inter-
effects on at least one

vention adiposity-related
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outcome #474753:55.58,60,65.68.70.71.7377 Five of the studies reporting
positive effects were assessed as ‘low risk of bias’ for at least five
domains; three of these have been reported on in the last
2 years.*647:5868.77 Ten of the studies reporting significant interven-
tion effects targeted populations in which the mean age of partici-
pants was between 9 and 12 vyears, which broadly reflects the
proportion of studies focusing on this age group across all 21 included
studies.*>46:>:°8:60,68,70,71,77 Meta-analyses for the outcomes of BMI,
prevalence of obesity and prevalence of overweight showed a
decrease in the outcome measure in the intervention group compared
with the control group, but this was only significant for prevalence of
obesity (odds ratio = 0.77; 95% Cl, 0.63 to 0.94; p = 0.009). High
study heterogeneity was observed among all meta-analyses.

Regarding the effectiveness of specific intervention components,
our narrative synthesis suggests that school-based interventions com-
prising diet and PA components with an element of parental involve-
ment are likely to be effective in preventing childhood obesity. These
findings are consistent with previous research conducted in
HICs.2%2531 Our findings further indicate that multicomponent inter-
ventions delivered by school teachers are likely to be effective,
whereas more mixed results were obtained for interventions delivered
externally by researchers or health professionals. These intervention
components have previously been highlighted as potentially effective
in low- and middle-income countries.32-3* However, in this review,
we have identified additional intervention characteristics that are
common across studies reporting positive effects on obesity-related
outcomes in MICs: an intervention duration of at least 8 months (one
academic school year), modifications to provision of school food and
inclusion of education sessions.

Interpretation of the validity of the results of this review would
be made easier by better reporting of methods by trial authors, all-
owing proper assessment of the risks of bias in the trials. The majority
of trials had at least one source of bias in their methods, and this
reduces confidence in the results of the individual trials and in turn

the meta-analyses to which they contribute.

4.2 | Strengths and limitations

This is the first systematic review of school-based interventions to
prevent childhood obesity that focuses specifically on MICs. The
unique situation of these countries in terms of their rapid nutrition
transition and consequent steep rise in childhood obesity preva-
lence highlights the importance of achieving an understanding of
the types of interventions that are likely to work in these settings.
A comprehensive search strategy was developed and included
approaches for identifying unpublished studies. In addition, studies
were not excluded based on publication language, which was a
common methodological limitation of previous reviews. 313234 Eight
of the 21 studies had not previously been included in a systematic
review, and two included studies had not been published at the
time the review was undertaken.*¢*7°869773 The quality of the

reporting and risk of bias was improved in two trials published

more recently and included in this review (Figure 2).47°8 The low
quality of evidence has been a common limitation in previous
reviews.3¥%2 A further strength is that additional obesity-related
outcomes such as body fat percentage and waist circumference
were evaluated in addition to BMI, providing a more comprehen-
sive picture of intervention effectiveness.

There are also some limitations. The search strategy was
restricted to international electronic databases, which may not have
identified studies published in local or national journals. Neverthe-
less, our search strategy included a comprehensive approach to
identifying international literature and also utilized the knowledge
of experts in the field. Abstract and title screening of articles was
only carried out in duplicate for a 5% random sample; however,
there was a high level of agreement between reviewers for this
sample. Despite our attempts, we were unable to contact some
study authors to gain further information and so were unable to
include two potentially eligible studies.”®”? Due to the design and
reporting of many studies, we were unable to include them in our
meta-analyses. In addition, the high heterogeneity observed in the
three meta-analyses undertaken needs to be considered when
interpreting the findings. Consistent with the limitations described
in previous reviews, outcome measurements for some studies were
restricted to BMI, which can result in misleading results because
BMI may be insensitive to changes in adiposity for children and is
an age- and sex-dependent variable.244%8% Also, many studies used
self-report measures for PA and dietary behaviour, which may have

low validity.

4.3 | Implications of findings

The findings of this review suggest that school-based interventions
can be effective in preventing childhood obesity in MICs and
should be implemented alongside other targeted measures of
action. We have identified several characteristics that are common
across childhood obesity intervention approaches which have
resulted in positive effects on adiposity outcomes. Intervention
characteristics associated with greater effectiveness include the fol-
lowing: combined diet and PA interventions, duration of at least
8 months (one academic year), parental involvement, inclusion of
education sessions, modifications to school food provision and
intervention delivery by school teachers. This provides valuable
information for policy-makers, educators and health promotion per-
sonnel. An important consideration in these settings is ensuring
that intervention approaches are contextually appropriate.*® For
example, the nutritional environment in schools in MICs poses a
challenge as often street-food vendors will intermingle with pri-
vately owned school food shops.”®¢%¢% A further example is the
strong emphasis on academic performance found in some settings
such China. Obesity prevention efforts need to complement and
synergize with this academic focus.’®! Intervention programmes
must be tailored to take account of these different social, environ-

mental and educational contexts.
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. Low risk of bias
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FIGURE 2 Summary of review authors'
judgements about risk of bias across all domains
and studies
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4.4 | Recommendations for future research

In this review, we have acknowledged that few of the included studies
reported adverse outcomes, including the prevalence of children with
underweight, at follow-up. In MICs, undernutrition commonly coexists
alongside obesity. Therefore, there is a potential for harm from obe-

sity prevention programmes if they cause weight loss in children who

are already living with underweight.>#* Consequently, future studies
should ensure that underweight and other potential adverse out-
comes, such as bullying or effect on quality of life (only assessed in
one included study), are evaluated.*” Although, some of the more
recent studies had higher methodological quality and more compre-
hensive reporting, there is still a large variation across all the included

studies. Thus, a further recommendation is for more rigorous
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 85% CI IV, Random, 95% CI
1.1.1 Diet only
R Sichieri et al, Brazil, 2008 032 13779 434 022 10171 493 179%  0.10[0.06,0.26] 1
Subtotal (95% CI) 434 493 17.9%  0.10[-0.06, 0.26)
Heterogenelty. Not applicable
Testfor overall effect Z=1.24 (P= 0.21)
1.1.2 Physical activity only
L Mo-suwan el al, Thailand, 1998 1576 246 147 1594 226 145 157% -0.18[(0.72.0.36] 1
ZWang et sl, China, 2018 195 005 5275 197  0.06 4583 181% -0.20}0.20,-0.20) L
Subtotal (95% CI) 5422 4728 338% -0.20[-0.20,-0.20]

Heterogeneity. Tau® = 0.00; Ch*= 0.01,df=1 (P=0.94), F= 0%
Tesi for overall effect Z=178.21 (P < 0.00001)

1.1.3 Combined
C Habib-Mourad et al, Lebanon, 2014 202 42 193 19 35 19

JJiang el al, China, 2006 182 26 1028 203 34 1388
ZLiuetal, China, 2019 18.57 36 900 18.45 376 939
Subtotal (95% CI) 2122 2518

Heterogeneity Tau® = 2.71, Chi? = 149,00, df= 2 (P < 0.00001), F = 99%
Test for overall effect Z=0.30 (P = 0.76)

Total (95% CI) 7978 737
Heterogeneity. Tau' = 0.49; Ch*= 272.56, df= 5 (P < 0.00001); P= 98%

Test for overall effect Z=0.79 (P= 0.43)

Testfor subaroup differences: Chi*= 1381, df= 2 (P = 00010). I*= 856%

137%  1.20(0.42,1.98)

176% -210}234,-1.88) o
171%  0.11[0.23,0.45)
48.3%  -0.29[-2.17,1.59] [

100.0%  -0.23 [.0.82,0.35]

100

-100 -50 50
Favours [experimental] Favours [control]

FIGURE 3 A forest plot presenting data on the effects of school-based obesity prevention interventions on BMI with 95% confidence
intervals of individual studies, grouped by intervention type. The pooled estimates with 95% confidence intervals were calculated using a random
effects model and inverse variance methods. The unit of measurement on the horizontal axis is weight (kg)/height (cm)?. Studies have only been
included where data were adjusted for clustering and reported in the appropriate format. SD, standard deviation; IV, inverse variance; Cl,

confidence interval

Odds Ratio 0Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 Diet only
DB Cunha et al, Brazil, 2013 -0.7666 02709 76% 0.46[0.27,0.79] =
R Sichieri et al, Brazil, 2008 -0.0666 03172 6.3% 0.94 [0.50,1.74] s,
Subtotal (95% C1) 13.9%  0.65[0.33,1.28] -
Heterogeneity: Tau®= 0.16; Chi*= 282, df=1 (P=0.09), F= 64%
Testfor overall effect. Z=1.25 (P=0.21)
1.3.2 Physical activity only
L Mo-suwan et al, Thailand, 1998 -0.0968 04043 45% 0.91 [0.41, 2.00] —
Z'Wang et al, China, 2018 -0.1166 0.0528 16.4% 0.84[0.80, 0.99] -
Subtotal (95% CI) 20.9% 0.89 [0.80, 0.99] L

Heterogeneity: Tau®= 0.00, Chi*= 0.00, df= 1 (P = 0.96), P= 0%
Testfor overall effect 2= 222 (P =0.03)

1.3.3 Combined

J Jiang et al, China, 2006 -0574 01395 129%
MR Sgambato et al, Brazil, protocol (2016) 0.0451 01228 136%
RR Friedrich et al, Brazil, 2015 -06162 01045 14.4%
TS Levy et al, Mexico, 2012 -0.0694 0.18%94 106%
ZLiuetal, China, 2018 -0.0684 0.1216 13.7%
Subtotal (95% CI) 65.2%

Heterogeneity: Tau®= 0.09; Chi®*= 26.01, df=4 (P < 0.0001), F= 85%
Testfor overall effect: Z=1.76 (P = 0.08)

Total (95% CI) 100.0%
Heterogeneity. Tau®= 0.06, Chi*= 35.76, df= 8 (P < 0.0001), F=78%

Testfor overall efiect Z = 2.59 (P = 0.009)

Test for subaroup differences: Chi*=1.60, df= 2 (P = 0.45), F= 0%

0.56[0.43,0.74] -
1.06[0.82,1.33) B
0.54 [0.44, 0.66) -

0.93[0.64,1.35) —
0.93[0.74,1.19] -
0.77 [0.57, 1.03] <

0.77 [0.63, 0.94] *

001 01 10 100
Favours [expenimental] Favours [control]

FIGURE 4 A forest plot presenting data on the effects of school-based obesity prevention interventions on the prevalence of obesity with
95% confidence intervals of individual studies, grouped by intervention type. Studies have used different definitions of obesity, either using the

WHO or International Task Force classifications. The pooled estimates wi

th 95% confidence intervals were calculated using a random effects

model and inverse variance methods. Studies have only been included where data were adjusted for clustering and reported in the appropriate

format. SD, standard deviation; IV, inverse variance

methodological design and reporting of RCTs evaluating school-based
obesity prevention interventions in MICs. Additionally, long-term
follow-up data are lacking in existing RCTs and should be included as
an integral aspect of future study designs to enable evaluation of the
sustainability of intervention effects. Some of the included studies

have suggested that girls may respond differently to obesity

prevention strategies than boys; thus, future studies should explore
the interactions between intervention and gender.*>53° Most inter-
vention studies did not include evaluations of cost-effectiveness; this
would be particularly useful to policy-makers in MICs given the lim-
ited availability of resources and should therefore be included in

future research.
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Study or Subgroup log[Odds Ratio] SE

Weight IV, Random, 95% CI

Odds Ratio Odds Ratio

IV, Random, 95% CI

1.2.1 Diet only

DB Cunha et al, Brazil, 2013
R Sichierl et al, Brazil, 2008
Subtotal (95% CI)
Heterogeneity: Tau*= 0.00; Chi*= 0.64, df=1 (P=0.42); F= 0%
Testfor overall effect Z=1.06 (P = 0.29)

-0.0087 02428
0.2293 01727

1.2.2 Physical activity only

Subtotal (95% CI)

Heterogeneity: Not applicable
Testfor overall effect Not applicable

1.2.3 Combined

JJiang et al, China, 2006 -0.4353 01296
MR Sgambato et al, Brazil, protocol (20186) 0.0477 01051
RR Friedrich et al, Brazil, 2015 -0.2614 01188
TS Levy et al, Mexico, 2012 -0.1455 01572

Subtotal (95% CI)

10.4%
14.9%
25.3%

18.5%
20.7%
19.5%
16.1%
T4.T%

Heterogeneity: Tau*= 0.03; Chi*= 9.09, df= 3 (P=0.03), F=67%
Test for overall effect Z=1.76 (P = 0.08)

Total (95% CI)

Heterogeneity: Tau®= 0.04; ChP= 14.21, df= 5§ (P=0.01); = 65%
Testfor overall effect Z=1.12 (P = 0.26)

Test for subaroup differences: Chi"= 3,69, df=1 (P=0.05). F=729%

100.0%

0,99 [0.62, 1.60]
1.26 [0.90, 1.76]
1.16 [0.88, 1.53]

Not estimable

0,65 [0.50,0.83]
1.05[0.85,1.29]
0.7 [0.61,0.87)]
0.86 [0.64,1.18]
0.82 [0.66, 1.02]

ot ¢

0.89 [0.74, 1.09]

-

0.01 01 10 100
Favours [experimental] Favours [control]

FIGURE 5 A forest plot presenting data on the effects of school-based obesity prevention interventions on the prevalence of overweight
with 95% confidence intervals of individual studies, grouped by intervention type. Studies have used different definitions of overweight, either
using the WHO and or International Task Force classifications. The pooled estimates with 95% confidence intervals were calculated using a
random effects model and inverse variance methods. Studies have only been included where data were adjusted for clustering and reported in
the appropriate format. SD, standard deviation; IV, inverse variance; Cl, confidence interval

5 | CONCLUSION

This review presents some evidence to support the effectiveness of
school-based interventions in preventing childhood obesity in MICs.
Fifteen of the 21 (71%) included studies reported positive effects on
at least one obesity-related outcome. The pooled estimates from the
meta-analyses suggested a significant decrease in the prevalence of
obesity in intervention groups compared with controls, but no signifi-
cant effects on BMI and prevalence of overweight. Intervention char-
acteristics that were commonly observed in studies reporting positive
effects on obesity-related outcomes include the following: combined
diet and PA interventions, delivery by school teachers, an intervention
duration of at least 8 months, parental involvement, inclusion of edu-
cation sessions and modifications to the school food provision. The
review findings need to be interpreted with a degree of caution due
to the variation in methodological quality and reporting and significant

heterogeneity among studies.
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