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ABSTRACT

Food environments may promote access to unhealthy foods, contributing to noncommunicable diseases in low- and middle- income countries

(LMICs). This review assessed published evidence on the effects of food environment interventions on anthropometric (BMI and weight status)

outcomes in school-aged children (5-9 y) and adolescents (1019 y) (SACA) in LMICs. We summarized randomized controlled trials (RCTs) and

quasi-experimental studies (QES) published since 2000 to August 2019 in the peer-reviewed and gray literature that assessed the effects of

food-related behavioral and environmental interventions on diet-related health outcomes in SACA in LMICs. Electronic databases (MEDLINE,

Embase, PsycINFO, Cochrane Library) were searched using appropriate keywords, Medical Subject Headings, and free text terms. Eleven RCTs and

6 QES met the inclusion criteria, testing multicomponent behavioral and environmental interventions in schools. Analysis of 6 RCTs (n = 17,054)

suggested an overall effect on change in BMI [mean difference (MD): —0.11, 95% Cl: —0.19 , —0.03], whereas there was no observed effect in 5
studies using endline BMI (n = 17,371) (MD: 0.05, 95% Cl: —0.32, 0.21). There was no significant pooled effect among the 3 QES (n = 5,023) that
reported differences in change in BMI or endline (MD: —0.37, 95% Cl: —0.95, 0.22). There is limited evidence to support the modification of
diet-related health outcomes through school-based food environment interventions in SACA in LMICs. Further studies are needed to understand

the impact of school and community-based food environment interventions on nutritional status in this population.
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Introduction

Malnutrition is one of the leading risk factors for morbidity and mor-
tality globally (1). Since the Millennium Development Goal era, con-
siderable effort has focused on eradicating undernourishment and im-
proving health outcomes in children and adolescents through efforts in
nutrition, supplementation, and fortification. However, recent shifts in
global supply chains and foreign direct investments, and transforma-
tions in food processing, packaging, and distribution have drastically
changed the landscape of food (2). In low- and middle-income coun-
tries (LMICs), as classified by the World Bank in terms of a country’s

gross national income (GNI) in United States Dollars per capita, there is
greater accessibility and availability of cheap, fast-food, and convenience
foods. Simultaneously, a significant portion of consumed food in LMICs
is still acquired through domestic channels and informal unregistered
vendors, such as wet markets and mobile vendors (2). The dynamic and
opportunistic nature of the food environment leads to challenges in ac-
curately estimating food availability, accessibility, and affordability in a
given setting. For school-aged children and adolescents (SACA), ele-
ments of the food environment may increase reliance on, and greater
preference for, nutrient-poor and ultraprocessed foods, including sugar-
sweetened beverages, as well as increased unhealthy snacking and eating
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away from home (3, 4). These dietary patterns are believed to under-
lay the nutrition transition and double burden of malnutrition in many
LMICs (5, 6).

Interventions designed to enhance food environments may be
“settings-based,” implemented in schools, workplaces, community
centers, and neighborhoods, or “sector-based,” implemented at a
macrolevel (e.g., national supply chains and the private sector) (7). For
SACA, school and work settings and the surrounding consumer spaces
are influential food environments whereby their food choices and con-
sumption are dictated by what is available and accessible (e.g., in cafe-
terias, vending machines, food vendors on or near school/work) (7, 8).
The home microlevel environment is similarly important and influen-
tial in dietary intake and health outcomes in SACA, but is likely to be
affected by a different set of policy levers and is therefore outside of the
scope of the present review.

Food environment interventions are commonly classified as envi-
ronmental or behavioral (9, 10). Environmental interventions focus on
aspects of the environment that influence food choice, such as the natu-
ral and physical environments, legal and political, socioeconomic, and
cultural environments (e.g., changes to the school cafeteria menu or de-
creased availability of snack foods in schools). Behavioral interventions
place greater emphasis on individuals, often focusing on their knowl-
edge, attitudes, perceptions, and preferences regarding food choice and
dietary intake (e.g., nutrition counseling and education programs) (10).
Interventions may overlap in terms of level of implementation and/or
intervention modality. For example, nutritional labeling policies may
be implemented at both the consumer and workplace levels, and aim to
alter both the environment and behavior of the consumer.

The objective of this review was to examine interventions of the food
environment and its impact on anthropometric and diet-related health
outcomes in SACA in LMICs. To date, food environment research has
mostly been conducted in high-income countries. However, food envi-
ronments in LMICs differ from those in high-income settings in terms
of their dynamic nature and infrastructure, providing unique challenges
in effectively measuring and monitoring food environments (11). Thus,
understanding if and how food environment interventions affect health
outcomes in LMICs is crucial to provide strategic recommendations,
and to encourage advocacy and further research in this area.

Definitions of the Food Environment

Food system

A system that embraces all the elements (environment, people, inputs,
processes, infrastructure, institutions, markets, and trade) and activities
that relate to the production, processing, distribution and marketing,
preparation and consumption of food, and the outputs of these activi-
ties, including socioeconomic and environmental outcomes [High Level
Panel of Experts (2)].

Food environment

The collective physical, economic, policy and sociocultural surround-
ings, opportunities, and conditions that influence people’s food and bev-
erage choices and nutritional status [International Network for Food
and Obesity/Non-communicable Diseases (NCDs) Research, Monitor-
ing, and Action Support (8)].

Food accessibility
This refers to proximity, density, and presence of retailers relative to in-
dividuals or organizations.

Food availability
This refers to both retailers and product availability within a given
context.

Food pricing

From a market perspective, this is indicative of the market price of prod-
ucts. From a household or individual perspective, this equates to afford-
ability (purchasing power).

Food promotion
Promotional advertising, marketing and branding, and packaging di-
rected at individuals.

Food policy

This refers to policies, regulations, and guidelines related to the provi-
sion, sale, and marketing of food (i.e., national, regional, local) within
consumer and organizational environments.

Methods

Search strategy and selection criteria
The search strategy was Prob-
lem/Patient/Population, Intervention/Indicator, Comparison, Out-

formulated using the
come (PICO) methodology, and use of Medical Subject Headings and
keywords. A comprehensive search of the literature was conducted
in the following databases: BiblioMap, Cochrane Central Register of
Controlled Trials, Embase, PsycINFO, MEDLINE, and TRoPHI, as
well as trials registered with the International Clinical Trials Registry
Platform. The publication date range was established from January
2000 to August 2019 given the paucity of food environment research
prior to 2000. Non-indexed (“grey”) literature was searched within
the following organizational websites and databases, using keyword
searches in the areas of health, health promotion, nutrition, and food
environment: eLENA, Food and Agricultural Organization, Inter-
national Food Policy and Research Institute, International Initiative
for Impact Evaluation, International Network for Food and Obesity
Research, Monitoring, and Action Support, National Cancer Institute,
Epidemiology and Genomics Research Program, World Bank, World
Food Programme, and World Obesity. No language restrictions or
search filters were applied.

Studies were eligible if they included data collected in or after 2000
and measured the effects of a food environment intervention on >1
specific health outcome (listed below) in SACA (aged 5-19.9 y) liv-
ing in LMICs. Preventive and management-based environmental inter-
ventions that were implemented at the school (or other organization),
community, or market were included. Organizational interventions in-
clude changes to the school or workplace, whereas market-level inter-
ventions focus on the consumer retail environment and may include
policy changes in taxation or marketing of food products. Community-
level interventions include population policies and programs, such as
public health campaigns to reduce advertising of unhealthy foods on
television. Studies with multicomponent interventions that included an
environmental and behavioral component (either together or in sepa-
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rate arms) were eligible for inclusion. Control groups included popula-
tions that were not exposed to the experimental intervention.

Eligible primary outcomes included anthropometric and diet-
related health outcomes relevant to SACA: stunting (<2 SDs for height-
for-age), wasting (<2 SDs for weight-for-height), BMI, lean mass, fat
mass, waist circumference, waist-to-hip ratio, anemia, type 2 diabetes,
metabolic syndrome, goiter, xeropthalmia, and night blindness.

SACA who were in school or out-of-school were eligible for inclu-
sion. Studies were excluded if the population only consisted of individu-
als with a defined pre-existing illness (e.g., chronic and genetic diseases,
metabolic, nutritional, and growth disorders, HIV, and tuberculosis).
Studies that included participants beyond the eligible age range (e.g.,
20-22 y or 1-4 y), where the mean age was <5 y or >20y, or did not
provide a mean age were also excluded.

The following types of study designs were eligible for inclusion: ran-
domized controlled trials (RCTs), quasi-experimental studies (QES),
nonrandomized controlled trials (NRCTs), controlled before-after stud-
ies, interrupted-time-series studies, and repeated measures studies, as
well as large-scale program evaluations that assessed the efficacy and/or
effectiveness of interventions. Mixed methods studies were also consid-
ered, but only quantitative aspects of those studies were included.

Study screening and data extraction

Following removal of duplicate studies, a multistage screening process
was conducted to select eligible studies. Each title and abstract was as-
sessed by a single reviewer. Full-text screening was conducted in dupli-
cate according to the inclusion/exclusion criteria. De-duplication and
title and abstract screening were managed using EndNote. Full-text
screening and documentation of reasons for exclusion were managed
using Covidence, a web-based platform for systematic review processes.
Any disagreements were resolved by discussion, and where necessary,
by consultation of a third review author. Data from included studies
were independently coded and abstracted by two authors, using pre-
defined data abstraction forms. Abstraction forms were matched and in
the event of a disagreement, a third review author was consulted. See
Supplementary Table 1 for details on variables extracted.

Data analysis

All reported outcomes were taken directly from published studies and
publicly available information. Authors were contacted if there were
discrepancies in reported data. For binary outcomes, we reported the
risk ratio (RR) of outcomes in the intervention group compared with
the control group. For continuous outcomes, we reported the mean dif-
ference (MD) using change scores (preferentially) or endline values, if
the outcomes had been measured in the same way by all studies. We
conducted random-effects meta-analyses to investigate the impact of
interventions on BMI (kg/m?), zBMI (relative weight for child age),
and prevalence of weight status (overweight, obesity, or combined). We
also explored heterogeneity by age group, measure (endline or change
scores), setting of intervention, risk of bias, duration of intervention
(<9 wk compared with >9 wk), and by study design (randomization
compared with nonrandomization). Quality assessment was conducted
in duplicate. Risk of bias of included studies was appraised using the
adapted Cochrane Effective Practice and Organization of Care (EPOC)
guidelines for randomized trials. QES were evaluated based on the Risk
of Bias In Non-Randomized Studies of Interventions (ROBINS-I) (12).
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Both tools incorporated 5 domains of bias assessment including: selec-
tion, performance, attrition, detection, and outcome reporting. In terms
of certainty of outcomes, we appraised BMI and weight status preva-
lence using Grading of Recommendations, Assessment, Development,
and Evaluations (GRADE) criteria (risk of bias, imprecision, indirect-
ness, inconsistency, and publication bias) (13, 14). Quality was rated
as low, medium, or high. Statistical analysis was conducted in Review
Manager 5.3.

Results

A database search generated 27,457 records after duplicates were re-
moved. Screening of titles and abstracts identified 388 articles, and an
additional 45 records from other sources, for full-text review. Of these,
17 trials (21 studies) met our inclusion criteria and were included in the
analysis. Due to the following reasons, 412 studies were excluded: inel-
igible interventions (either inappropriate intervention type or no inter-
vention present), outcomes (wrong primary outcomes), or study popu-
lations (not specific to ages 5-19 y). See Figure 1 for the flow of studies.

Of the included trials, 11 were RCTs and 6 were QES. Three trials
were conducted in China (15-17), while two studies were conducted
in Thailand (18, 19) and two studies in Mexico (20, 21). The remain-
ing trials were conducted in the following countries: Brazil (22), In-
dia (23), South Africa (24), Turkey (25), Malaysia (26), Lebanon (27),
Tonga (28), Fiji (29), Iran (30), and Argentina (31) (Table 1). All stud-
ies were conducted in a school setting, of which 13 were in urban areas.
The majority of studies did not indicate whether schools were private
or public, apart from one study that included a mix of public and pri-
vate schools, and two studies that were explicitly conducted in public
schools. All studies evaluated multicomponent interventions, without
disaggregating outcome data by component, and all studies included
a control group. Behavioral interventions include components such as
lifestyle modification comprising nutrition education and/or physical
activity sessions with students and parents. Food environment interven-
tions include components such as increasing the availability of healthy
foods within the school (15-22, 24-29, 31), developing school policies
regarding the sale or marketing of food (17-19, 23, 24, 28, 29), and pro-
motion of healthy foods or water consumption (28, 29). The duration of
interventions varied from 3 mo to 3 y. The total number of participants
analyzed in the included studies was 28,457 children and adolescents
(5-19.9 y). Fourteen trials included participants who were within the
age range of 7-13 y. Three focused primarily on adolescents with an age
range of 13-19y.

A pooled analysis of 5 studies (n = 12,315) measuring the ef-
fect of the intervention on mean BMI (z-score) at endline showed no
overall effect [MD: —0.03 (95% CI: —0.09, 0.02)] (Figure 2). Like-
wise, a separate analysis that was limited to studies comparing the ef-
fect of the intervention on BMI (kg/m?) at endline produced similar
null results [5 studies, n = 17,371, MD: —0.05 (95% CI: —0.32, 0.21)]
(Figure 3). However, in an analysis of 6 studies (n = 17,054) in which
BMI mean change was reported, there was a protective effect of the in-
tervention [MD: —0.11 (95% CI: —0.19 —0.03)] (Figure 3). Importantly,
the 2 largest RCTs, Sevinc et al. (25) (n = 6,366) and Xu et al. (15)
(n = 6,874) did observe a small magnitude of effect on BMI, favor-
ing an attenuated increase in BMI with the intervention [Xu et al. (15)
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Full-text articles excluded
with reasons (n=412)

FIGURE 1 Flow chart of study selection process.

change score MD: —0.20 (95% CI: —0.28, —0.12); endline MD: —0.30
(95% CI: —0.47, —0.13); Sevinc et al. (25) change score MD: —0.15 (95%
CI: —0.20, —0.10); endline MD: —0.06 (95% CI: —0.24, 0.12)] (Figure
3).

No significant differences between intervention and control groups
were found for weight status outcomes, reported as prevalence of over-
weight [n = 11,796; RR: 0.96 (95% CI: 0.87, 1.05)], obesity [n = 13,635;
RR: 0.92 (95% CI: 0.79, 1.07)], or overweight and obesity [n = 11,725;
RR: 0.92 (95% CI: 0.80, 1.05)] using RCT data (Supplementary
Figures S1-3).

Pooled analysis of BMI from 3 QES [change score or endline
(n = 5023)] suggested no significant differences between intervention
and control populations [MD: —0.37 (95% CI: —0.95, 0.22)] (Figure
4) and as z-scores (n = 4,723) [MD: —0-.8 (95% CI: —0.40, 0.05)]
(Figure 5).

A similar finding was noted for 2 QES in terms of prevalence of obese
participants [n = 4660; RR: 0.95 (95% CI: 0.74, 1.23)] and combined
prevalence of overweight and obese participants [n = 2501; RR: 0.95
(95% CI 0.88, 1.03)]. However, there was a 11% reduced risk of becom-
ing overweight compared with the control [2 studies, n = 4660; RR:
0.89 (95% CI: 0.81, 0.99)] (Supplementary Figures S4-6).

Discussion

The purpose of this review was to determine the impact of food en-
vironment interventions on diet-related health outcomes of SACA in

e Abstract only
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* No primary outcomes

¢ High-income country
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LMICs. Pooled analyses showed a small significant effect on reduction
in BMI, which aligns with similar systematic reviews of studies con-
ducted in high-income countries (32). Furthermore, the two largest
RCTs both showed significant attenuations in the increase in BMI in the
intervention groups compared with the control groups. However, the ef-
fects were inconsistent and there was substantial heterogeneity across
studies in terms of study design (randomization, blinding, duration,
and complexity of intervention components), measurement tools, and
populations. Given the complexity and upstream nature of food envi-
ronment interventions, there is an inherent dilution bias (33). Control-
ling the dose of exposure within a food environment intervention poses
logistical difficulty and can be contaminated by other environments and
elements, such as the household food environment, consumer behavior,
attitudes, and preferences.

The diverse dimensions of the food environment lead to a variety of
interventions that may be designed and implemented. However, among
studies in the present review, the most commonly addressed food en-
vironment dimension was availability. Of the 17 trials included in the
analysis, 15 (6 QES and 9 RCTs) involved an intervention or interven-
tion component that changed food availability in school settings. Typ-
ically, an intervention increased the availability of healthy food items
and removed unhealthy items from the cafeteria and vendors on the
school property. Most study interventions examined multiple food en-
vironment dimensions. For example, the intervention by Fotu et al. (28)
addressed the promotion and availability of healthy food products, as
well as school policies on food vendors on school property. The multi-
faceted design of these interventions limited the ability to disentangle
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Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Amini 2016 1.93 0.6403 164 1.91 0.6364 162 11.4%  0.02[-0.12, 0.16]
Cao 2015 0.083 0.202 985 0.113 0.209 828 32.8% -0.03[-0.05,-0.01] =
Herscovici 2013 (1) 0.275 1.0065 205 0.5518 1.1274 164 5.7% -0.28 [-0.50, -0.06]
Liu 2018 0.31 1.19 900 0.28 1.23 939 15.0% 0.03[-0.08, 0.14] e
Xu 2017 0.12 1.4 3476 0.22 1.39 3398 23.5% -0.10[-0.17,-0.03] —
Xu 2017 0.03 1.18 628 -0.04 1.11 466 11.6% 0.07 [-0.07, 0.21] I e —
Total (95% ClI) 6358 5957 100.0% -0.03 [-0.09, 0.02] q
Heterogeneity: Tau? = 0.00; Chi? = 12.73,df = 5 (P=0.03); I’ = 61% _05 5 _0525 S 0 525 055

Test for overall effect: Z = 1.16 (P = 0.25)

Footnotes
(1) Contacted authors for data

Favors [experimental] Favors [control]

FIGURE 2 Forest plot of comparison: randomized controlled trial food environment interventions versus control. Mean difference in BMI

(z-score) from baseline to post-intervention using endline values.

outcome data by dimension. Interventions also targeted food promo-
tion, accessibility, and policy. No study intervention captured data on
pricing or spending patterns of SACA. Understandably, the unregulated
and the unstable nature of food vendors in LMICs lends to inconsis-
tent pricing and insufficient cost regulation, a possibly difficult metric.
Additionally, spending by SACA is influenced by factors beyond their
control, including household socioeconomic status, and whether they
receive spending money from parents and guardians.

All studies in this review used multicomponent interventions, con-
sisting of both a behavioral component (e.g., a nutrition education

program) and an environmental component, defined as any policy or
physical change to the environment, which affects one or more of the
food environment dimensions. None of the studies disaggregated out-
come data based on the discrete behavioral and environmental com-
ponents, providing a limited ability to analyze and understand the
environment-specific effects on health outcomes in this age group.
However, we acknowledge the logistical difficulties in disentangling en-
vironmental from behavioral components. Behavior change and effects
on diet-related health outcomes, such as BMI, may be dependent on
greater intervention duration. In this review, duration ranged from 3 mo

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
1.1.1 Change Scores
Alvirde-Garcia 2013 1.6 1.9 816 1.9 1.7 408 10.0% -0.30[-0.51,-0.09]
Herscovici 2013 (1) 0.5 0.82 205 0.56 0.91 163 12.2% -0.06 [-0.24, 0.12] I
Sevinc 2011 0.3602 1.1046 3712 0.51 0.98 2654 26.6% -0.15][-0.20, -0.10] -
Sichieri 2009 0.32 1.4839 434 0.22 1.1301 493 12.8% 0.10 [-0.07, 0.27] T
Singhal 2010 -0.07 0.71 99 -0.06 1.11 102 7.5% -0.01[-0.27, 0.25] I —
Xu 2017 (2) 0.7 2.2 628 0.7 2.2 466 7.2% 0.00 [-0.26, 0.26] I e—
Xu 2017 0.6 1.7 3476 0.8 1.5 3398 23.7% -0.20[-0.28,-0.12] =
Subtotal (95% ClI) 9370 7684 100.0% -0.11[-0.19, -0.03] ’
Heterogeneity: Tau? = 0.01; Chi? = 15.07, df = 6 (P = 0.02); I = 60%
Test for overall effect: Z = 2.70 (P = 0.007)
1.1.2 Endline
Herscovici 2013 (3) 18.52 3.23 205 19.51 3.87 163 8.6% -0.99[-1.73,-0.25] ————
Liu 2018 18.57 3.6 900 18.46 3.76 939 18.5% 0.11 [-0.23, 0.45] I e —
Safdie 2013 19.7412 6.3081 476 19.1 6.6967 354 6.5% 0.64 [-0.26, 1.54] >
Sevinc 2011 18.7998 3.52 3712 18.86 3.7 2654 23.6% -0.06[-0.24,0.12] — =T
Xu 2017 17.6 3.5 3476 17.9 3.6 3398 23.9% -0.30[-0.47,-0.13] —
Xu 2017 (4) 17.4 29 628 17.1 2.6 466 18.8% 0.30 [-0.03, 0.63] T
Subtotal (95% ClI) 9397 7974 100.0% -0.05[-0.32,0.21] ‘
Heterogeneity: Tau? = 0.07; Chi? = 20.99, df = 5 (P = 0.0008); I* = 76%
Test for overall effect: Z = 0.39 (P = 0.70)

-1 -0.5 0 0.5 1

Test for subgroup differences: Chi? = 0.18, df = 1 (P= 0.67), I> = 0%

Footnotes
(1) Contacted authors for data
(2) Beijing
(3) Contacted authors for data
(4) Beijing

Favors [experimental] Favors [control]

FIGURE 3 Forest plot of comparison: randomized controlled trial food environment interventions versus control. Mean difference in BMI
from baseline to post-intervention using change scores and endline values.
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Experimental Control

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 Change Scores

Habib-Mourad 2014 0.37 1.5 188 0.19 1.5 175 34.4% .18 [-0.13, 0.49] -1
Subtotal (95% CI) 188 175 34.4% 18 [-0.13, 0.49] -
Heterogeneity: Not applicable

Test for overall effect: Z = 1.14 (P = 0.25)

3.1.2 Endline

Fotu 2011a 25.2 4.2 815 25.8 4.2 897 32.3% -0.60[-1.00,-0.20] I —

Kremer 2011 21.2 46 879 21.9 43 2069 33.3% -0.70[-1.06, -0.34] —

Subtotal (95% Cl) 1694 2966 65.6% -0.66 [-0.92, -0.39] -~

Heterogeneity: Tau? = 0.00; Chi®* = 0.13,df = 1 (P = 0.71); I = 0%

Test for overall effect: Z = 4.84 (P < 0.00001)

Total (95% CI) 1882 3141 100.0% -0.37[-0.95,0.22] —_—
Heterogeneity: Tau? = 0.23; Chi? = 16.31, df = 2 (P = 0.0003); I* = 88% _:1 —(;.5 3 OfS :1

Test for overall effect: Z = 1.23 (P = 0.22)

Test for subgroup differences: Chi? = 16.17, df = 1 (P < 0.0001), I1> = 93.8%

Favors [experimental]  Favors [control]

FIGURE 4 Forest plot of comparison: quasi-experimental interventions versus control. Mean difference in BMI from baseline to

post-intervention using change scores and endline values.

to 3 y, with half of the studies (n = 8) implementing interventions with
a duration of 9 mo or less.

Beyond school premises, the consumer food environment, includ-
ing social media, presents numerous additional opportunities for chil-
dren (particularly older children) to dilute the effect of school-based
interventions (32). Future research may consider a factorial or multi-
arm RCT study design, whereby school and community-based inter-
ventions, using both environmental and behavioral-type components,
can be both disaggregated and combined, to compare and contrast their
effects.

A major limitation of this review is the lack of generalizability of
the results. First, none of the studies were conducted in low- or lower-
middle income countries; all were conducted in upper-middle income
countries, although it is noted that conditions and contexts amongst the
upper middle-income countries may differ. In addition, the majority (13
of 17) of studies were conducted in urban settings. Yet, according to re-
cent World Bank estimates, 41.8% of the global population aged 0-14 y
and ~11% of females and male aged 15-19 y live in low-income settings
(38). Estimates also show that just less than half of the global population
(44.7%) live in rural areas. All of the studies implemented interventions
at the school level, such that the findings of this review cannot be ex-
trapolated to other community settings. The rationale for school-level
interventions assumes that most children and adolescents attend school
and therefore will be reached by the program. However, in many LMICs,
there may be limitations to official registration and regular attendance

of students, for reasons including gender biases in school enrollments,
financial limitations, and child labor (39).

The robustness of pooled analyses was greatly limited by the het-
erogeneity of food environment exposures and diet-related health out-
comes measured across the studies. For example, although the major-
ity of studies measured BMI, it was variably reported using the origi-
nal units (kg/m?) or normalized as a z-score (with an inconsistent use
of WHO Growth Standards), and some studies reported endline aver-
ages whereas others compared groups with respect to interval changes
(Table 2). Furthermore, all studies included both SACA without disag-
gregating outcome data between different age groups or between boys
and girls. This is an important consideration given the unique transition
from childhood to adolescence, which is marked by specific physiolog-
ical changes, mental and socioemotional development, and increased
behavioral autonomy and choice (40).

Based on EPOC, ROBINS-I, and GRADE criteria, both RCTs and
QES in this review were downgraded due to unclear or high risk of
disclosure of random sequence generation and indirectness of the in-
tervention. It should be noted that although lack of blinding of both
personnel and participants of the intervention is usually a reason for
downgrading, it is not always appropriate nor possible. In certain cases,
it is not possible to completely blind participants, such as in a food en-
vironment intervention that changes the availability of consumed items
offered in the cafeteria. Lastly, other methodological limitations of food
environment research include the assurance of appropriate and ethical

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
Fotu 2011a 1.1 0.9 815 1.1 0.9 897 36.0% 0.00[-0.09, 0.09]
Koo 2018 -0.06 0.518 31 0.18 0.2219 32 29.3% -0.24 [-0.44, -0.04] —
Kremer 2011 -0.34 1.45 879 -0.03 1.35 2069 34.7% -0.31[-0.42,-0.20] —=—
Total (95% CI) 1725 2998 100.0% -0.18[-0.40, 0.05]
Heterogeneity: Tau? = 0.03; Chi? = 19.99, df = 2 (P < 0.0001); I = 90% _51 _05.5 3 055 51

Test for overall effect: Z = 1.55 (P= 0.12)

Favors [experimental]  Favors[control]

FIGURE 5 Forest plot of comparison: quasi-experimental interventions versus control. Mean difference in BMI (z-score) from baseline to

post-intervention using endline values.
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TABLE 2 Included studies by outcome reported
Prevalence of
BMI BMI (kg/m?) BMI (kg/m?) Prevalence of Prevalence overweight
Author (year) (z-score) change score endline overweight of obesity and obesity
Randomized Controlled Trials
Alvirde-Garcia (2013) (21) X
Amini (2016) (30) X
Cao (2015) (16) X X X
De Villiers (2016) (24) X X X
Substudy: Steyn (2015) (34)
Herscovici (2013) (31) X X X
Liu (2018) (17) X X X X
Safdie (2013a) (20) X
Substudy: Safdie (2013b) (35)
Sevinc (2011) (25) X X
Sichieri (2009) (22) X X X
Singhal (2010) (23) X
Substudy: Singhal (2011) (36)
Xu (2017) (15) X X X X X X
Substudy: Meng (2013) (37)
Quasi-experimental Studies
Banchonhattakit (2009) (19) X
Chawla (2017) (18) X
Fotu (2011) (28) X X X X X
Habib-Mourad (2014) (27) X
Koo (2018) (26) X
Kremer (2011) (29) X X X X

randomization in RCTs and the lack of feasibility of geographical sep-
aration between intervention and control groups in QES to control for
contamination (41).

Conclusions

In summary, this systematic review yielded limited evidence to sup-
port a beneficial effect of food environment interventions on anthro-
pometric and weight-status outcomes in SACA in LMICs. Pooled
analyses were difficult to interpret given the between-study heterogene-
ity in design, food environment metrics, outcome reporting, and effect
sizes. Future work should identify key components of the food envi-
ronment that may be amenable to modification by well-designed and
feasible interventions, tested in the context of RCTs that are powered to
examine effects on health outcomes of public health relevance including
obesity and other noncommunicable diseases, and micronutrient defi-
ciencies. As the number of SACA increases globally (40), it is critical
that these knowledge and data gaps are addressed to guide future poli-
cies and programs in LMICs.
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