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Background: The rapid rise in obesity rates among schoolchildren in Latin America and the Caribbean
(LAC) could have a direct impact on the region’s physical and mental health, disability, and mortality.
This review presents the available interventions likely to reduce, mitigate and/or prevent obesity
among schoolchildren in LAC by modifying the food and built environments within and around

schools.

Methods: Two independent reviewers searched five databases: MEDLINE, Web of Science,
Cochrane Library, Scopus and LILACS for peer-reviewed literature published since 1% January 2000
to September 2021; searching and screening prospective studies published in English, Spanish and
Portuguese. This was followed by data extraction and quality assessment using the Cochrane risk-of-
bias tool (RoB 2) and the Risk of Bias in Non-Randomized Studies of Interventions (ROBINS-I),
adopting also the PRISMA-2020 guidelines. Due to the heterogeneity of the intervention’s

characteristics and obesity-related measurements across studies, a narrative synthesis was conducted.

Results: 1 342 research papers were screened, and nine studies were included; four in Mexico, and
one each in Argentina, Brazil, Chile, Colombia, and Ecuador. Four studies reported strategies for
modifying food provision; four other targeted the built environment, (modifying school premises and
providing materials for physical activity); a final study included both food and built environment
intervention components. Overall, two studies reported that the intervention was significantly
associated with a lower increase over time in BMI/obesity in the intervention against the control

group. The remaining studies were non-significant.

Conclusions: Data suggests school environmental interventions, complementing nutritional and
physical education, can contribute to reduce incremental childhood obesity trends. However,
evidence of the extent to which food and built environment components factor into obesogenic
environments, within and around school grounds is inconclusive. Insufficient data hindered any
urban/rural comparisons. Further school environmental intervention studies to inform policies for

preventing/reducing childhood obesity in LAC are needed.
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Introduction

Globally, childhood overweight and obesity rates has increased substantially over recent decades (1).
In Latin America and the Caribbean (LAC), three out of ten children aged 5 to 19 years-old are living
with overweight or obesity (2). The consequences of childhood obesity have been well studied and
include detrimental health (3), cognitive development and educational attainment (4), and increased
risk of developing cardiovascular diseases and obesity in adulthood (5,6). The rapid nutritional
transition in the LAC region due to urbanization, economic growth and transformation of broad food
systems (7)(8), has had a direct effect on the rising childhood obesity rates. Dietary changes, including
higher intakes of energy-dense and low-nutrient-density foods such as sugar-sweetened beverages as
well as the lower intakes of vegetables and legumes, and higher physical inactivity and sedentary
behaviours (SB) among children and adolescents in LAC have contributed to the rapid increase in

obesity and overweight among children and adolescents (9).

Obesogenic environments, defined as “the sum of influences that the surroundings, opportunities, or
conditions of life have on promoting obesity in individuals or populations” (10), have impacted
children and adults across the world. Previous systematic reviews have focused primarily on assessing
the association between the neighbourhood food and built environment (BE), and adiposity and/or
weight status among children and adults (11-14). However, as children spend much of their weekday
time at schools, and a large proportion of their energy intake and expenditure occurs in this setting
(15); more information is needed about the role of schools in childhood obesity. This is the context
for our LAC-focused systematic review that provides a valuable contribution, particularly given that
several studies suggest that developing interventions at the school-level can contribute to prevention

and/or reduction in overweight and/or obesity among children and adolescents (16,17).

School-based interventions have mostly focused on improving the nutritional education curriculum
by delivering workshops and information (booklets, pamphlets, posters) for improving dietary

behaviours, and increasing physical activity (PA) and/or reduce sedentary behaviours (SB) by
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modifying physical education (PE) sessions (18). Several systematic reviews including mostly high-
income countries, have reported inconsistent results of the effectiveness of only educational
interventions at preventing increases in body weight status (19-21), but some reductions in adiposity
or body composition measurements have been reported (18,22-24). Interventions combining diet and
PA components, targeting the school and home settings and with longer follow-up, tend to be more
successful in preventing or managing weight gain, compared to single component or setting and with
a shorter intervention length (19,23,25). Most of the reviews assessing the effectiveness of school-
based interventions do not analyse the results according to school level (22,24). A large review
separated results between preschool and school-based (primary to secondary school) interventions,
however, few studies were conducted among preschool settings to provide any conclusion (25). Two
reviews including mostly primary school-aged children found some positive evidence for educational

interventions at reducing but not preventing childhood obesity (18,23).

Systematic reviews focusing on school environments are more limited compared with those focusing
only on educational components. A recent systematic review and meta-analysis assessed the
effectiveness of the school food environment for preventing childhood obesity (26). Results showed
that interventions including a food environment component had a significant and meaningful effect
on adiposity (BMI z-score). This review included worldwide intervention studies published in
English, identifying only one conducted in a LAC country and used a broad definition of food
environment, including social marketing and changes to the schools’ dietary guidelines, together with
interventions targeting the food provision and the nutritional composition of food available at schools.
A previous review assessing only isolated school food environment interventions (regulations and
food provision) in the US and UK, concluded that the two interventions included, were successful in

preventing increases in BMI in the treatment group (27).

The different definitions of school food environments provided by previous reviews included all food

and drink available to students within the school (27), and all information influencing food choice
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and physical aspects of the food environment, such as availability and accessibility of food within
spaces, infrastructure and conditions within or around schools (26). Our review uses the International
Network for Food and Obesity/non-communicable diseases Research, Monitoring and Action
Support (INFORMAS) framework (28). We also identified dimensions from the WHO School Policy
Framework (29) to define the BE within and around the educational premises affecting PA and/or SB
to prevent/reduce childhood overweight or obesity. Both frameworks provide a comprehensive and
internationally agreed definition for understanding the influence of school environments in childhood
obesity. Furthermore, interventions targeting specific aspects of school’s food and BE can provide
low-cost and easily scaled-up strategies for tackling childhood obesity (27). Making our review
particularly relevant for policymakers looking to capitalise on evidence from already available

intervention studies.

To thisend, our aim is to systematically assess the effectiveness of interventions and policies targeting
the school environments for preventing/reducing overweight or obesity among schoolchildren in
LAC. In particular, we aim to answer the question: Are school environment interventions/policies
effective in the reduction/prevention of obesity and/or overweight among school-age students from
LAC? When available, effectiveness will be compared according to the environmental intervention

type (food and/or BE), intervention length, and participant’s gender and age groups.

Methods

The protocol for this systematic review was registered in PROSPERO (CRD42021285247), and we

followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (30)
(Figure 1 and Supplementary Material — Table 1).

Eligibility

Given our focus in LAC, peer reviewed literature published in English, Spanish and Portuguese, from
1%t January 2000 to September 2021 were eligible for inclusion. Prospective studies, including

interventional study designs containing randomised/non-randomised controlled trials (RCTs and non-
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RCTs) and, cohort studies comparing changes in overweight and/or obesity measurements, after a

school environment intervention/policy had been implemented, were included.

Search strategy

The team conducted searches in duplicate in five electronic databases: MEDLINE (via PubMed),
Web of Science, Cochrane Library, Scopus and the Latin American and Caribbean Health Sciences
Literature (LILACS). Search terms and strategies for each database are in Supplementary Material —
Tables 2-7. Retrieved reports were stored in EPPI-Reviewer (31) and duplicates identified and
excluded. We hand-searched relevant systematic reviews’ references and included research papers to

identify and incorporate relevant additional studies.

Screening, data extraction and quality assessment

MJV-S and AH-A, both fluent in English and Spanish as well as a good level of Portuguese,
conducted title and abstract screening and full-text selection in duplicate. They also pilot tested the
first 200 titles and abstracts, obtaining a moderate inter-rate agreement between reviewers
(Kappa=0.53) (32,33). Clarifications were made to the inclusion criteria with the whole team and the
remaining title and abstract screening completed, obtaining an excellent agreement rate
(Kappa=0.74). All discrepancies and full texts in Portuguese were discussed with a third reviewer

fluent in this language (RN).

Data extraction was performed independently (MJV-S and AH-A) in EPPI-Reviewer using a piloted
coding tool and included the following data: publication details (authors, title, journal, year of
publication), study details (study design, RCT characteristics (grouping, randomization, allocation),
sampling method, country, school setting, school area (urban/rural), data collection date (baseline and
follow-up)), participant information (age, school level, gender/sex, ethnicity, and socioeconomic
characteristics, number of participants at baseline and follow-up), intervention details (type of
intervention, components, duration, theory), outcome data (measurement type, data collection tool,

baseline and follow-up measurements), and effectiveness of intervention. Authors from five studies

6
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were contacted for clarifications and one sent the required information (34,35). When results were

presented in plots only, the software Plot Digitizer was used for extracting data (36).

Study quality assessment was undertaken independently (MJV-S and AH-A) by using the Cochrane
Risk of Bias tool for cluster-RCT (RoB 2 C-RCT) (37,38), and the Risk of Bias in Non-Randomized
Studies of Interventions (ROBINS-I) (39) for non-randomised trials. Studies were graded as low,
unclear or high risk of bias. For C-RCTs, six domains were assessed: randomization, timing of
identification and recruitment of participants, deviations from intended interventions, missing
outcome data, measurement of outcomes and selection of the reported result. For non-RCTs, seven
domains were assessed: confounding, selection of participants, classifications of interventions,
deviations from intended interventions, missing data, measurement of outcomes and selection of the
reported result. Risk of bias assessment by domains for each individual studies is then presented in

plots (40).

Types of interventions

All interventions, including the introduction of policies, and/or regulations aiming at modifying
obesity/overweight by changing food and/or BE within and around the schools were included. Food
environment dimensions were defined by the INFORMAS framework (28): food composition,
labelling, marketing, provision, retail, prices and, trade and investments. These dimensions can
influence population health, diet and body weight, and can be modified by public and private sector
policies. Additionally, we used the WHO School Policy Framework (29) to define two dimensions of
the BE: educational buildings and facilities, and walking and cycling infrastructure from and to the
educational establishment. Studies assessing interventions at the close proximity to schools were
included if conducted within one-mile radius around the perimeter of the educational establishment.
Interventions regardless length of follow-up were included. To avoid duplication of data analysis,
only the most recent follow-up time including the population relevant to this review was included in

the results.
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Outcomes

All kind of overweight and/or obesity measurements, including those derived from weight and height
(e.g., body mass index -BMI-, standard deviation scores -SDS-, Z-score, prevalence of overweight
and obesity, ponderal index); waist circumference and body fat (e.g., body fat percentage, intra-

abdominal fat, subcutaneous fat, visceral fat, skin-fold thickness), were included.

Data analysis

We performed a narrative synthesis containing the summary of findings over the effect of
interventions on obesity-related measurements, reporting effectiveness of interventions either as
mean difference, risk ratio or odds ratio, accordingly to the type of measurement reported in each
individual study. We summarised data according to the intervention components reported by each
study, classifying it either as a food or, a built and physical environmental intervention. Due to the
large heterogeneity in intervention components and multiple outcomes measured across studies, a

meta-analysis was not feasible.

Results

Figure 1 shows the PRISMA 2020 flow diagram (30) used for the process of the study selection. The
search strategies retrieved 1 329 unique titles and abstracts, and 13 records were added from searching
the reference list of relevant reviews and of the included research papers. In total, we assessed 40 full
texts for eligibility and nine studies were included. One study was conducted in 2005 (41), another in
2008 (42), and the remaining seven were conducted after 2010. Four studies were in Mexico, while
individual studies were in Argentina, Brazil, Chile, Colombia, and Ecuador. Seven studies included
girls and boys from primary education, and two included adolescents from lower secondary education
(34,43), classified according the International Standard Classification of Education (44). Sample sizes

at baseline varied from 168 to 2 682 children, and 120 to 1 224 at follow-up.
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Seven studies used a cluster-randomised controlled trial (C-RCT) design, and another two a
longitudinal quasi-experimental design (LQE). Clusters selected (schools) varied from 1 per
intervention and 1 per control, to 30 schools in each group. All studies compared changes in control
and treatment groups between baseline and follow-up. Follow-up measurements varied from ten

weeks to three years. Table 1 summarises the study characteristics of the seven studies.

In terms of bias, six out of the seven C-RCT presented a low risk of bias, and one presented some
concerns due to the reporting of outcomes. The two LQE studies presented serious concerns related

to baseline and time-varying confounding. Figures 2 and 3 summarise the risk of bias assessment.

Overall, four studies reported intervention components for modifying the food environments and four
studies, the BE (Table 2). Only one study reported components for both food and BE interventions
(45). Obesity-related outcomes were heterogeneous across the studies, including reports of BMI, BMI
z-score and, overweight and/or obesity prevalence. The following sections present a detailed
description of the design and results of included interventions targeting a) the food environment b)

BEs, and c¢) a combination of food and BEs.

Food environments

Four studies included intervention components targeting the food environments of the schools.
Following the INFORMAS dimensions, four studies targeted the food provision by increasing the
availability of healthy products, while one limited the sales of high-energy and unhealthy foods (45).
Only the study by Ramirez-Lopez et al., (2005)(41) assessed one component intervention, targeting
the food composition of free school breakfasts, while the remaining three studies had several other
intervention components, including strategies around nutritional and PE. Some studies reported more
than one obesity-related measurement; BMI outcomes and BMI z-score were both reported together
by two studies, body fat percentage and fat-free body mass was presented in one study, and
overweight and obesity prevalence was reported by one study. One study was conducted in urban

areas (Rosario), one in a rural setting (Metropolitan region of Santiago), one in a semi-rural (State of

9
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Mexico), and a final one comprising a large region (the State of Sonora) and including both rural and

urban contexts.

The cluster RCT by Alvirde-Garcia (2013) (46) included students aged 9-10 years-old at baseline
attending five semi-rural schools from the State of Mexico. The food provision component included
a modification to the food items offered in school canteens by increasing the availability of fruits and
vegetables and products low in saturated fat and sugar. Additionally, the intervention included a
nutritional and PA education component, delivering workshops with parents, school staff and school
vendors, and booklets for students to complement their school curriculum. Results showed a similar
(average) increase of BMI over time in the treatment group compared to the control group during the
first two years, but a significantly lower rate of increase in (average) BMI among those in the
treatment group, compared to the control group, for the third year of the intervention (1.6 £ 1.9 vs.
1.9+ 1.7 Kg/m2, p<0.01). Despite both groups decreasing their energy intakes over time, on the third
year this decrease was significantly higher among the intervention or treatment group compared with

the control one (-756 kcal/d, p<0.05).

The longitudinal quasi-experimental study by Gonzélez et al., (2014) (47) included preschool to 8"
grade students (4-15 years-old) from six schools located in rural areas of the Metropolitan region of
Santiago, Chile. All students from five schools located in the same municipality received the year-
long intervention, whereas students from one school at a different municipality were assigned to a
control group. Students from the treatment group received fruits 3 times-per-week and a fruit basket
was given to the family at the end of the year. This intervention also included workshops with
nutritional education material for the students, their parents, and teachers. At the end of the year,
results did not show any significant change in body weight status among participants in the control
or treatment groups. However, the intervention was successful in increasing frequency of daily
intakes of fruits, vegetables, dairy products, pulses and fish, but was ineffective for reducing

consumption of unhealthy foods such as chips, hotdogs and pizza. Authors highlight the lack of

10
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increase in overweight or obesity status in treatment groups, considering the higher intake of healthy

products that might contribute to increasing energy intakes.

The year-long quasi-experimental study by Ramirez-L6pez et al., (2005) (41) included 1%t to 5" grade
students (6-10 years-old) from urban and rural areas in the state of Sonora, Mexico. The intervention
assessed the effect of a national-and-state-funded free school breakfast (FSB) programme on obesity,
body composition and cardiovascular risk, compared to non-beneficiaries’. This was the only study
assessing one intervention component (i.e., provision of a free school breakfast). Results showed that
FSB beneficiaries did not differ in overweight or obesity prevalence, BMI, or in body fat percentage,
to those in the control group at the end of the 9-month intervention. Similarly, no major differences

between groups were reported for total cholesterol, triglycerides, and glucose.

The cluster RCT by Rausch Herscovici et al., (2013) (42) included students aged 9-11 years-old
attending six schools from urban areas in Rosario, Argentina. The food provision intervention
modified the school canteen options to include healthy food items (fruits, orange juice and low-sugar
cereal). Additionally, the intervention included three nutritional and PE workshops for children and
one for parents. Results after 6 months showed no significant difference in BMI between the
intervention and control groups. However, girls in the experimental group (not the boys) increased
consumption of some healthy foods targeted by the intervention (skim milk and orange juice),

compared to their control group counterparts.

Built environments

Among the four interventions targeting the BE, one study intervened the school playground, and three
studies provided materials for promoting PA within the school premises. Studies could report more
than one obesity-related measurements; BMI was reported by one study, BMI z-score was reported
in three studies, and overweight and obesity prevalence was reported in another study. Four studies
included schools located in urban areas (in the secondary cities of Cuenca and Fortaleza, and the

capital city of Bogota), while only one study covered both rural and urban areas (State of Sonora).

11
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The 3-year cluster RCT by Andrade et al., (2014) (43) included 12 and 13 year-old adolescents
attending 20 schools from urban areas of Cuenca, Ecuador, and involved a BE intervention with a
walking trail drawn on the playground in the second year of the intervention. Other components
included nutritional and physical education (PE) materials (booklets and posters), workshops for
adolescents and their parents, and the organisation of social events with famous athletes. After 3 years
of intervention, no effects were reported for mean BMI z-score or prevalence of overweight between
control and treatment groups. However, students in the treatment group showed a positive effect on
physical fitness parameters (vertical jump and speed shuttle run) and a higher percentage met the PA
recommendations (60 min of MVVPA/day), compared to students allocated to the control groups (6 vs.

18 percentage points, p <0.01).

The 4-month cluster RCT by Barbosa Filho et al., (2017) (34,35) involved 11 to 13 year-old
adolescents in six schools from urban areas of Fortaleza, Brazil. The BE intervention offered space
and PA equipment (balls, rackets, mini courts) to promote PA during free time. Other components
involved health and PE training and materials (booklets, interactive media, posters) for teachers to
include in the school curriculum, pamphlets to students and parents. After four months, no significant
effects were reported for BMI, overweight or obesity prevalence. However, the intervention was
successful in increasing MVPA time, number of PA, and time spent in PA games per week (control=

-75.15, -0.25, -28.30; intervention= 127.92 0.63, 92.01, respectively).

The cluster RCT by Gutiérrez-Martinez et al., (2018) (48) included 10-year-old students in three
schools (two treated and one control) from urban areas in Bogota, Colombia. Both treatment groups
received PA equipment (ribbons, balls, hoops, stairs, parachute, and mats) to support PA during
recess. Additionally, a PE instructor delivered 30 standardised PA activities lasting 20’ each
throughout the 10-week intervention period. Additionally, participants in one of the treatment groups
received daily SMS messages to promote extra-curricular PA and healthy nutrition. Results suggested

there were no effects on BMI z-score or body fat percentage over the 10-week intervention period.

12
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Nevertheless, the intervention was successful in increasing MVPA and reducing SB minutes among

participants in the treatment groups compared to those in the control one.

Finally, the 6-month cluster RCT by Shamah-Levy et al., (2012) (49) included 10 to 12 year-old
students in six schools from both urban and rural areas in the State of Mexico. The treatment group
received PA equipment (balls, ropes, and hoops) to support PA during recess over a 6-month
intervention period. Other components included nutrition and PA education through workshops and
materials (booklets, puppet show, advertising, banners) for students, parents, and school staff.
Canteen personnel attended workshops aimed at promoting the daily sales of fruit, vegetables, and
water. Results suggested a small but significant reduction in the probability of students in the
treatment group to shift from the overweight to the obesity category after 6 months, compared to the
ones in the control group (OR= 0.68; p = 0.01). However, no significant differences were reported
for both groups (control and intervention) in the probabilities of shifting from the normal to
overweight category after the intervention period. Overall, the intervention was relatively effective

in maintaining BMI among children in the treatment group.

Food and built environments

The 18-month intervention reported by Safdie et al., (2013) (45) involved 4" and 5" grade children
(9-10 years-old at baseline) attending 27 schools from urban areas of Mexico City. This study is the
only one including food as well as BE strategies, among other intervention components. Additionally,
the strategy was implemented in two treatment groups, basic and plus, with the latter having all the
same activities than the first, plus extra components implemented with additional financial investment
and human resources. This cluster RCT mixed different strategies, including the modification over
the food provision in school canteens by limiting the availability of sugar-sweetened beverages (SSB)
and the sales of energy-dense foods at the school canteens during the two-years for the plus group,
and only during the second year for the basic one. It also included improvement of the school premises

and provision of sports equipment for promoting the use of PA areas for two years in two different
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treatment groups (basic and plus). Games and sports courts were drawn on the ground, and each
school received PA equipment (balls, ropes, nets, and elastic bands) to support PE classes and PA
during recess and free time. Other components included promoting the availability of healthy food
(fruits, vegetables, and non-fried dishes) and beverages (water) within school premises, reducing the
number of eating opportunities, while providing nutritional and PA education by delivering
workshops and pamphlets to students, parents, school staff and vendors. The intervention also
included strategies for promoting PA during recess, among other activities. A small, yet non-
significant reduction in the prevalence of overweight and obesity was reported for children from
control and interventions groups (basic and plus) during the first year (19.5vs 17; 11.9 vs 11.3; 12 vs
11.2%, respectively). Conversely, a slight increase in the prevalence was reported at the beginning of
year 2 for control and basic treatment groups, but not for the plus group (17.9, 12.1, 10.7%,
respectively). Only children in the basic treatment groups reported a small but non-significant
reduction in overweight and obesity prevalence during the second year (12.1% and 10.9%,
respectively). In contrast, a small but significant BMI reduction was reported for control and plus
groups in year 1 (19.9 to 18.4, and 20 to 18.5%, respectively). However, an inverse direction was
reported for all in year 2, with small but non-significant increases in BMI across all groups (control
=18.9 to 19.1; basic= 20.1 to 20.4; plus= 18.7 to 19%). Therefore, the small-in-magnitude changes
presented in overweight and obesity prevalence and BMI across the intervention period cannot be
associated with the study intervention as similar changes were reported in control and interventions
groups between baseline and follow-up periods. Yet, the intervention was effective at increasing
intakes in recommended food and beverages and decreasing unhealthy ones, together with significant
increases in PA (e.g., increases in steps taken by the students), among both treatment groups,

compared to the control.
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Discussion

Our review found only nine studies assessing school-based interventions including components for
modifying the food and BE within and outside primary and secondary schools in LAC. From this
pool, we are unable to conclude that children’s exposure to environmental interventions resulted in
changes to obesity-related measurements. Albeit, two studies (46,49) showed some results related to
the prevention of obesity. Both were implemented in the State of Mexico, the first one in semi-rural
areas (46) while the second one targeting both rural and urban areas (49). It is not clear why this
geographical concentration appears in our results; it could be speculated that the region has a higher
obesity rate compared to other regions in our review —i.e., it already starts from a high rate of obesity
and thus impact is easily detected. Notwithstanding, with such differences in the interventions’

design, this cannot be evidenced and therefore must remain as a hypothesis for further studies.

The remaining seven studies did not present any significant changes in overweight or obesity-related
measurements between control and treatment groups. However, all eight studies assessing
intermediate outcomes contributing to prevent obesity on the long term reported some positive results,
such as decreases in energy intakes (46) and in sedentary behaviour (48), increases in fruit and
vegetable intake (47), healthy products (42,45), physical fitness (43), MVPA minutes (48,53), and
steps taken (45). Our findings are similar to previous intervention studies reviews from the Global
North, reporting improved dietary behaviours and increasing PA albeit inconclusive regarding the
effects over obesity-related measures (54-56). Notwithstanding, a recent review and meta-analysis
including studies worldwide and using a wider definition of school food environments reported a
meaningful effect of interventions to reduce adiposity (-0.12, 95% CI: 0.15-0.10) (26). Overall, all
but two studies were classified as showing a low risk of bias, with the remaining two as with moderate
risk (41,46), and all but three studies (43,45,46) had 1-year or shorter follow-up measurements, which

could have weakened or biased our results. However, these studies are examples of the relatively few
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number of studies assessing interventions in LAC, providing valuable information concerning the

study design and methodological implications for future research teams.

In terms of scientific research and evidence mapping, our systematic review revealed the low number
of peer-review articles assessing the effectiveness of food and BE interventions in schools for
preventing/reducing childhood overweight and obesity in LAC. Previous reviews (57,58) have
primarily encountered interventions relying on educational components (e.g., nutritional education
and modifications to PE sessions), and not environmental components. We also identified helpful
methodological implications for future interventions in the region, for example, the need for a longer
follow-up (beyond a 1-year horizon), and targeting both, the food and BEs. They should also assess
mediating outcomes (changes in dietary and PA behaviours) and distal ones (obesity-related

measures) when planning intervention strategies.

Our review has uncovered five studies targeting the BE, all within school boundaries, therefore not
covering the 1-mile radius from the school as per our protocol. This is disappointing, particularly
considering the positive impact that active commuting has in preventing obesity in schools (59-61).
Studies promoting BE interventions outside schools, such as active commuting, requires organising
multiple stakeholders (e.g., schools, councils, policymakers, and/or researchers), which might need
more funding (62). Considering shortage of funding for research and development in LAC , with only
0.67% of its GPD allocated to it (63) and mostly from the public sector (64), interventions connecting
different stakeholders and with a longer follow-up can face financial barriers. More research
investment from governments and/or other funders could foster multi-stakeholder collaboration and

design ambitious interventions, at the neighbourhood scale.

Moreover, most of the studies included here targeted urban areas, and even those targeting rural or
semirural areas were in large metropolitan regions (Santiago de Chile and State of Mexico).
Considering that food provision in rural areas in LAC is generally more expensive than in urban

locations (due to transport and logistic costs) (65), we hoped to find interventions conducted in more
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distinctive urban and rural settings. Expecting therefore to find contrasting results based on locations
but the lack of published research on more typical rural landscapes has hampered any conclusive
findings. However, this research gap does highlight the need for more interventions targeting the built

and food environments in rural areas for preventing and reducing childhood obesity.

Our review has made a positive contribution to science and policymaking by updating the available
evidence, even though included prospective studies only captured cluster-RCTs and LQE
interventions excluding pre-and post-policy outcome evaluations related to childhood obesity. Only
one LQE study in our pool assessed a state-wide school feeding programme, showing no difference
between those receiving a free-school breakfast in any obesity-related measurement to those who did
not. (41). Itis inthis area where our review also highlights a lack of policy evaluation studies reporting
obesity-related outcomes. Indeed, 13 LAC countries have regulated the sale of food and beverages in
schools (66), and four countries including Chile, Costa Rica, Ecuador and Uruguay, have
implemented national policies aiming to restrict food marketing of unhealthy foods within school
premises (67). Only two countries, Chile and Mexico (66), have performed policy evaluations
regarding restrictions of unhealthy product sales in schools, reporting positive results for reducing
their availability in school kiosks in Chile (68) and for decreasing energy intake in children who only

consumed food purchased at school in Mexico (69).

The case of Chile is a unique example within the region for implementing, in 2016, a mandatory and
comprehensive policy for reducing consumption of unhealthy products, and reducing and preventing
obesity by including mandatory front-of-package warning labels, limiting advertising, and prohibiting
school sales of products high in calories, sodium, sugar, or saturated fat (70). Recent policy
evaluations have reported positive outcomes for reducing the consumption and exposure to television
advertising of unhealthy products among pre-school children (71) and for households reducing
purchases of unhealthy products (72). However, no peer-reviewed policy evaluation in Chile has yet

assessed the effect over obesity-related outcomes. A good example of a pre-and post-evaluation of an

17



414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

obesity prevention policy and its effectiveness in changing obesity-related measurements is the
impact assessment of the sugar-sweetened beverages (SSB) tax in Mexico and its role in decreasing
overweight or obesity prevalence among adolescents (73). Considering as stated above that research
funding is scarce, future research should test the effectiveness of these policy-related interventions
by conducting rigorous RCTs at a small-scale; and use this evidence to decide whether scaling-up is
worthwhile. Scientists should exploit the opportunities presented by such policy changes and test their
effect on changes in childhood obesity-related outcomes. The outcomes of such pre-and post-

evaluations will take time but would at least inform governments if policy fixes are needed.

This lack of peer-reviewed policy evaluations suggests that there could be a disconnect between the
scientific community and policymakers. A finding that can be attributed to a potential publication
bias within our study based on the exclusion of grey literature (e.g., technical reports).
Notwithstanding, the question is, are scientist producing sufficient and adequate evidence for
policymakers? Some evidence from studies reviewed here shows positive results in intermediate
outcomes, such as reduction of sedentary behaviour and increase in fruit and vegetable intake as
reported above. Yet, it seems peer-reviewed studies are not assessing changes in obesity-related
measurements before/after policies are implemented and therefore, policymakers do not seem to have
the relevant evidence on the effectiveness of policies targeting childhood obesity in LAC. Decision-
makers need evaluations of the short-term and long-term impact of childhood obesity prevention
policies targeting school environments for reducing/preventing obesity, vis-a-vis the assessment of

intermediate obesity determinants.

Considering that several countries in LAC are facing a double burden of obesity and
undernutrition(74), this potential disconnect between the scientific community and policymakers is
concerning, particularly considering the current COVID-19 pandemic. Indeed, the already large
disparities in obesity rates and in behaviours contributing to obesity (diet, PA and sedentary

behaviour) in LAC (75-78), predominantly affecting economically disadvantaged populations, has
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placed a disproportionate burden on these groups during the pandemic (79). Due to disruptions in
food supply chains, decreases in income and reductions in PA due to lockdowns (80,81), it is expected
that obesity rates across the continent will be impacted. Furthermore, the pandemic also has
highlighted this science and policy disconnect, particularly considering the emergency response
measures coming from some LAC governments at the start of the pandemic (such as Brazil and
Mexico) (82,83). Despite the large and conclusive scientific evidence suggesting effective measures
for mitigating contagion (e.g., use of facemasks and social distancing), some countries simply ignored
the science. Academics working on other pressing issues such as climate change, are already
concluding that scientific evidence is more effective when academics and policymakers engage
(84,85). LAC governments must take steps in bridging the science and policy gap, ensuring that

policies are independently evaluated and peer-reviewed before upscaling.

Strengths and Limitations
The main methodological limitations arise from the different sources of heterogeneity we encountered
among the included studies. We list below the sources and their effect on our review or the studies

themselves.

The first source is the high heterogeneity in reporting outcome measurements and measures of error.
Studies reported different cut-off points and operationalisations for obesity-related outcomes (e.g.,
BMI, BMI z-score, overweight and/or obesity prevalence). Some presented results as mean
differences; others reported averages or prevalence and others compared the frequency of these
changes. Additionally, only two reported straightforward measurements of variability for the effect
changes (standard deviations, standard error, or confidence intervals). The second source is the high
heterogeneity in study designs, age groups and types of intervention. A third source is the use of
multiple intervention components used by the included studies, which might have influenced the lack
of conclusive results. Together with modifications to the food and/or, BEs, interventions combined

strategies by including nutrition and PA education, and/or changes to PE sessions. These components
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are delivered by different strategies, such as providing materials within the school curriculum,
presenting workshops for students, parents and school staff, and the use of social marketing strategies
(e.g., pamphlets and posters), among others. This multiplicity prevents us from clearly identify if the
intervention effects can be attributed to the inclusion of changes to the food or BEs in schools or to
other types of intervention strategies. Only one study presented a food environmental strategy in
isolation, and therefore, we cannot easily compare the effects of the different strategies. Altogether,

these three sources of heterogeneity prevented us from quantitatively pooling data for a meta-analysis.

Likewise, the variable duration of interventions may have had an impact on the extent to which
obesity-related measurements were affected. Six interventions lasted less than an academic year (<9
months), one lasted two years (18 months) and two lasted more than 3 years (28 months). Despite
most of the interventions reporting positive results on some intermediate outcomes (diet, PA and SB),
most failed to find any significant difference in measurements of obesity between intervention and
control groups. Furthermore, all studies had small sample sizes (i.e., a reduced number of treated and
non-treated schools). It is possible that some of these interventions might have been successful but
that the effects might not have been large enough to be detected. Future interventions should consider
a larger number of schools (based on power size calculations) and longer follow-up periods in their

design, ensuring more conclusive findings on long term obesity changes.

Conclusion

This review synthesised, for the first time, the effectiveness of interventions targeting the food and
BEs in schools to prevent/reduce childhood obesity in LAC. Due to the high heterogeneity in study
design and reporting outcomes, results were inconclusive. However, no study in our review reported
a significant increase in BMI or obesity prevalence when interventions included modifications to the

food and/or BEs.

In terms of evidence mapping, we revealed the low number of peer-review articles assessing the
effectiveness of food and built and school environment interventions for preventing and reducing
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childhood overweight and obesity in LAC. Furthermore, we also have detected a complete absence
of studies assessing the BE outside school buildings, for example encouraging of active school

commute.

Our conclusion is more concerning, as it points to a lack of policy evaluations from countries that
have implemented policies, vis-a-vis a lack of adequate policy-informing evidence in countries where
academics are active on obesity-related research, suggesting there is a potential disconnect between
science and policymaking. With three out of ten children aged 5 to 19 years-old living with
overweight or obesity in LAC countries, further funding to fund studies aiming to prevent and reduce
childhood obesity in school settings in the region is needed. Notwithstanding, the production of
evidence means little if science and policy operate in silos with little co-production of knowledge to
better understand the food and BE factors that underpin LAC’s obesogenic environments where

children learn, play and grow.
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779  Figure 1. PRISMA 2020 flow diagram
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Table 1. Summary characteristics of the included studies

Author Country | Study | School n | Students | Students Mean Age | Intervention Environment | Environmental Other Intervention
/State or | design | (control/ n n (SD) length intervention intervention components
City treatment | (control/ (control/ (control/ type component
(Area) ) treatment | treatment | treatment
) ) [follow- | ) [grade/
[baseline] | up] education
level]
Alvirde- Mexico/ | C- 2/3 755/1927 | 408/816 9.1(1.7)/ 3 years (28 | Food Increasing (1) Nutritional education;
Garcia State of | RCT 9.0(1.7) months) provision availability of fruits | (2) PA education.
(2013)(46) | Mexico [4" and 5% and vegetablesand | School curriculum
(semi- grade/ products low in (booklets and activity
rural) primary] saturated fat and in guide) and workshops for
sugar in school parents and school vendors
canteens
Andrade Ecuador/ | C- 10/10 740/700 533/550 12.9(0.8)/ | 3 years (28 | Built Drawing of a (1) PA education;
(2014)(43) | Cuenca RCT 12.8(0.8) months) environment walking trail on the | (2) SB education.
(urban) [8™ and 9t school’s playground | School curriculum
grade (booklets), workshops for
/lower parents, social events,
secondary posters
|
Barbosa Brazil/ C- 3/3 594/588 537/548 12-15 [7™- | 4 months Built PA equipment (1) Health education;
Filho Fortaleza | RCT 9" grade environment (balls, rackets, etc.) (2) PA education.
(2017)(34,3 | (urban) /lower School curriculum
5) secondary (booklets and interactive
] media), workshops for
teachers, posters and
pamphlets
Gonzélez Chile/ LQE 1/5 192/784 192/784 10 (2.9)/ | 9 months Food Handout fruits 3 (1) Nutritional education.
(2014)(47) | Santiago 9.2(3.1) provision times-per-week to School curriculum
metropol [preschool students and a fruit (activities) and workshops
itan — 8™ grade basket to the family | for parents and teachers
region Iprimary + at the end of the
(rural) lower year
secondary
1
Gutiérrez- | Colombi | C- 1/1 60/60 45/34 10.6(0.8)/ | 10 weeks Built PA equipment (1) PA education
Martinez a/ RCT (TG)1 (TGL1)/68 | (TG1)/44 | 10.4(0.6)/ environment (ribbons, balls, Structured PA education
(2018)(48) | Bogota (TG2) (TG2) (TG2) 10.4(0.7) hoops, stairs, during recess
(urban) parachute and mats)
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Rausch
Herscovici
(2013)(42)

Ramirez-
L6pez
(2005)(41)
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(2013)(45)

Shamah
Levy
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and
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[5t grade /
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[5% and 6™
grade /
primary]
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Food
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Built
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and energy-dense
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Improve school
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(2) Daily SMS PA
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Workshops for students
and parents
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School curriculum
(activities and booklets),
social marketing and
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(1) Nutritional education
(2) PA education
Workshops and materials
for students, parents,
school vendors and school
staff. Social marketing
(puppet show, audio spots,
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before the start of classes
and during recess

785 BMI: Body Mass Index; C-RCT: Cluster RCT; CG: Control group; LQE: Longitudinal quasi-experimental design; n: number; PA: Physical activity; RCT: Randomised Controlled

786 Trial; SB: Sedentary behaviour; SD: Standard deviation; SSB: Sugar-sweetened beverages; TG: Treatment group; % percentage
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Figure 2. Risk of bias of cluster RCT (RoB2)
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Table 2. Outcome effect summary of the included studies+

Mean
First author (year) Outcome difference | Lower CI Upper ClI Statistical test
/OR*
Alvirde-Garcia BMI-for-age percentile
(2013)(46) [CDC] -0.07 -0.12 -0.02 ANOVA
Andrade (2014)(43) BMI Z-Score 0.02 -0.02 0.06 Difference-in-difference
(Bzegfg)s (%,Z,Ig;c)) [BV'\\/AA'(];O%?;] Z-score 0.09 0.02 0.16 Generalized linear models
Overweight (%) [WHO T-test and two-sample
Gonzélez (2014)(47) | 2007] 0.89 0.48 1.64 Wilcoxon rank.sum
Obesity (%) [WHO 2007] 1.15 0.60 2.21 test
Gutiérrez-Martinez ZB(;\S;]E*SCOW (TGLIWHO | g 59 -4.56 5.56 _ o
(2018)(48) BMI Z-Score (TG2) [WHO Difference-in-difference
0.20 -6.58 6.98
2007**
BMI (kg/m?) (F) [CDC]¥ -0.20 -1.18 0.78
Rausch Herscovici BMI (kg/m?) (M) [CDC] -0.34 -1.40 0.72 ANOVA
(2013)(42) BMI Z-Score (F) [CDC]V -0.60 -9.95 8.75
BMI Z-Score (M) [CDC]¥ -1.40 -3.49 0.69
. ) BMI (kg/m?) [CDC] 0.30 -0.06 0.66
Ramirez-Lopez BMI Z-score [CDC] 0.08 -0.02 0.18
(2005)(41) Body fat % 20.30 20,66 0.06 ANCOVA
Fat-free body mass (kg) 0.10 0.03 0.17
. BMI (TG1) [IOTF]** 1.30 -0.25 2.85 . .
Safdie (2013)(45) BMI ET62; EIOTF}** 010 022 0.02 Generalized linear models
Shamah Levy Overweight (%) [IOTF] 0.45 0.73 1.11 Generalized ordinal
(2012)(49) Obesity (%) [IOTF] 0.34 0.51 0.91 logistic regression
792 *Mean differences were estimated for continuous variables and Odds ratios (OR) for dichotomous outcomes + Values in
793 bold are significant results for the corresponding statistical tests (p<0.05) **Study presented 2 treatment groups { Study
794 reports results for the subsample of girls and boys, respectively. BMI: Body Mass Index; CDC: Center for Disease Control
795 (50); F: Female; IOM: International Obesity Task Force (51); M: Male; MD: Mean difference; OR: Odds Ratio; SD:
796  Standard deviation; TG: Treatment group; WHO: World Health Organization (52).
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