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Summary
Previous school obesity-prevention reviews have included multi-component inter-
ventions. Here, we aimed to review the evidence for the effect of isolated food
environment interventions on both eating behaviours (including food purchasing)
and/or body weight. Five electronic databases were searched (last updated 30
November 2013). Of the 1,002 unique papers identified, 55 reported on school
food environment changes, based on a review of titles and abstracts. Thirty-seven
further papers were excluded, for not meeting the inclusion criteria. The final
selection consisted of 18 papers (14 United States, 4 United Kingdom). Two
studies had a body mass index (BMI) outcome, 14 assessed purchasing or eating
behaviours and two studies assessed both weight and behaviour. Seventeen of 18
papers reported a positive outcome on either BMI (or change in BMI) or the
healthfulness of food sold or consumed. Two studies were rated as strong quality
and 11 as weak. Only three studies included a control group. A school environ-
ment supportive of healthy eating is essential to combat heavy marketing of
unhealthy food. Modification of the school food environment (including high-
level policy changes at state or national level) can have a positive impact on eating
behaviours. A need exists, however, for further high-quality studies.
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Introduction

The prevalence of overweight and obesity among children
is high in many developed countries, and increasing in
developing countries (1). Between 40 and 50 million school
children around the world are now classified as obese, with
the prevalence highest in the Americas (2). Obese children
are more likely to become obese adults (3), with obesity a
significant risk factor for cardiovascular diseases, various

types of cancer, type-2 diabetes, lower health-related
quality of life, increased disability and premature death
(4,5).

Diets characterized by excessive consumption of energy-
dense, nutrient-poor foods and drinks are a key cause of
weight gain (1). In contrast, the consumption of a high-
quality diet with a wide variety of nutritious foods from the
five main food groups (vegetables, fruits, grain [cereal]
foods, lean meats/poultry/fish/eggs/nuts/seeds/legumes/
beans, and milk/yoghurt/cheese) is associated with reduced
morbidity and mortality (6). Poor diets become increas-
ingly common throughout childhood (7). Numerous*These authors contributed equally.
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factors influence the dietary choices of individuals (8),
including social, cultural and physical environments,
knowledge and attitudes (9,10) as well as government poli-
cies and practices (8). Access and availability to food in the
environment may also be an important influence on chi-
ldren’s food choices (4,11).

Children have an intensive and prolonged contact with
schools throughout childhood, meaning that schools are
recognized as one of the best settings for wide-reaching
obesity interventions (12). A large proportion of children’s
energy and fat intake occurs at school (13–15). The food
environment in a school setting encompasses all food and
drink that is made available to students and provided or
supported by the school through policies, interventions and
norms (16).

Globally, school food environments differ with a nation-
ally provided school lunch programme provided in some
countries (e.g. the United States, United Kingdom, Japan,
France and Sweden), but not others (e.g. Australia and
Canada) (17–21). The quantity and quality of foods
offered, as well as the cost, availability of subsidies and
presence of other ‘competitive’ foods in vending machines,
canteens or other outlets also varies between countries. It
has been suggested that making changes to the school food
environment could be one of the most important ways to
improve eating behaviours in children (14,22). Some gov-
ernments agree, with the US congress voting in 2010 to
overhaul school meals with the Healthy, Hunger-Free Kids
Act (23).

The ultimate goal of most interventions targeting the
school food environment is to prevent unhealthy weight
gain and to reduce the prevalence of overweight and
obesity. Change in body weight following a school food
environment intervention can be extremely powerful evi-
dence for its efficacy, with one previous school food and
nutrition review recommending that more studies have
body weight as an outcome (24). Indeed the school obesity-
prevention review by Brown and Sumerbell only included
studies with a weight outcome (25). Because the school
food environment is only one influence among many, and
because measurable changes in body weight can take con-
siderable time, other more direct outcomes of food envi-
ronment interventions are also important (e.g. food
purchasing and consumption). These outcomes may be able
to indicate the effectiveness of an intervention more sensi-
tively than changes in body weight.

Many food environment interventions are implemented
as part of multi-component interventions involving addi-
tional strategies (e.g. educational, promotional, teacher
training) and behaviour targets (e.g. physical activity, sed-
entary behaviour). The impact of such interventions has
been assessed in a number of recent reviews (24–27);
however, it is rarely possible to evaluate the specific impact
of each of the component parts. To do this requires a

review of either isolated interventions (with no additional
strategies or target behaviours), or multi-component inter-
ventions where it is possible to isolate the effect of specific
component parts. No review focusing specifically on iso-
lated food environment interventions has previously been
undertaken.

Although a comprehensive school strategy for obesity
prevention is preferable, isolated food environment inter-
ventions are important strategies in their own right as they
are unlikely to be an additional burden for staff and are
often both less costly and more easily implemented and
scaled-up than multi-component interventions. They are
also less likely to be influenced by the personal beliefs,
attitudes or teaching style of school staff, and are usually
implemented school-wide. With a growing body of litera-
ture reporting the effects of school-based food environment
interventions, we sought to comprehensively evaluate those
that have been implemented in isolation to assess the evi-
dence for their impact on both eating behaviours and/or
body weight.

Methods

The aim of the literature search was to systematically
review the evidence relating to interventions that change
the school food environment, with outcomes including
both food-related behaviours (purchasing, consumption)
and body weight.

Inclusion criteria

Although not their primary focus, three previous school
obesity-prevention reviews did include some studies where
food environment changes were assessed in isolation (24–
26). The most recent of these, however, only included pub-
lications up to the end of 2007. For this reason, our
literature search included studies published from 2008
onwards plus the reference lists of these three reviews. It is
important to note that although the three previous reviews
mentioned earlier did include and assess food environment
interventions, they were not a specific target, with educa-
tion interventions, multi-component interventions and
interventions targeting physical activity comprising the
majority of included studies. Overall, only two studies ref-
erenced in these three previous reviews (28,29) met the
criteria for inclusion here. In addition, the reference lists of
another 11 previous reviews identified as relevant to the
school food environment were searched for relevant papers
(27,30–39). Only studies reporting the results of interven-
tions targeting the school food environment in isolation, or
those that had a mechanism to evaluate the effect of food
environment changes separately, were reviewed.

The school food environment was defined as all food
and drink made available to students and provided or
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supported by the school through policy interventions or
other mechanisms. School settings included primary/
elementary or secondary (middle and high) schools only
(not pre-school or childcare). Interventions included those
in which a material change was made to the school food
environment, with or without a relevant school policy
directing this. Although by their nature they are able to
change eating behaviours, interventions consisting of the
provision of free or subsidized food (e.g. free fruit pro-
grammes (40–42) or free and subsidized school lunch and
breakfast programmes (14,41) ) were excluded because
they are reliant on constant financing. We were more inter-
ested in exploring the potential impact of low-cost changes
that could be introduced at the school level and might have
the potential to be sustainable. Studies were considered to
be ‘isolated’ interventions where the school food environ-
ment change was the only intervention strategy used and
where only eating behaviours and/or body-weight out-
comes were targeted. Studies involving educational inter-
ventions or promotional strategies were therefore excluded.
Outcomes considered were (i) change in weight or other
anthropometric measures (body mass index [BMI] or waist
circumference) and (ii) eating-related behaviours (includes
both the purchasing and consumption of foods). The
results are presented separately for these two outcomes.
Only studies published in the English language were con-
sidered. Studies of any design and including interventions
of any duration were considered to fully evaluate the
available evidence. While studies were included regardless
of their design, a thorough quality assessment of all
included studies was undertaken (detailed later). Only
studies in the peer-reviewed, published scientific literature
were considered.

Identification of studies

Given the potential for papers on this topic to be published
in disciplines including education, public health, medicine,
psychology and sports science, a systematic search of five
electronic databases (Academic Search Complete, Global
Health, Ovid MEDLINE®, PsycINFO®, SPORTDiscus™)
was conducted (last updated 30 November 2013). The
search strategy included a search for the following terms in
either title or abstract: Food Environment: (‘food
environment*’ or ‘canteen*’ or ‘tuckshop’ or ‘cafeteria’ or
‘vending machine*’ or ‘lunch*’ or ‘school meal*’); AND
Eating Behaviour: (‘eating behaviour*’ or ‘food intake’ or
‘weight’ or ‘BMI’ or ‘body mass index’ or ‘obesity’ or
‘overweight’ or ‘dietary intake’ or ‘diet’); AND Location:
(‘school’ or ‘secondary school’ or college); AND Population:
(‘child*’ or ‘teen*’ or ‘student*’ or ‘adolescent*’). Reference
lists of relevant papers and all previous reviews relating to
the school food environment were also searched. The initial
search for relevant papers was conducted by one author

(CED), with all potentially relevant papers then read in
detail by two authors (CED, SKL) to determine eligibility for
inclusion. Where doubt existed, all authors were consulted
and a group decision was made. Details of each study
(sample, design, intervention, outcomes) were extracted by
one author (CED) and checked by another author (AJC).

Analysis

A systematic review was conducted. A formal meta-
analysis was not possible because of heterogeneity in the
study design, intervention type and outcomes assessed.

Quality assessment

The quality assessment tool for quantitative studies from the
Effective Public Health Practice Project (EPHPP) (43) was
used to systematically assess study quality. For each study,
ratings of strong (1), moderate (2) or weak (3) were given for
each of the following six categories: (i) selection bias; (ii)
study design; (iii) confounders; (iv) blinding; (v) data collec-
tion methods and (vi) withdrawals and dropouts. As only a
single randomized trial was included, the EPHPP tool was
modified by the replacement of questions in the study design
section asking about randomization with a question asking
if a control group was included (see Appendix S1 for precise
questions used). A full quality assessment for each study was
conducted separately by two authors. The answers of each
auditor to the 12 included questions were compared, with
the assessors agreeing in 80% of cases. For each of the six
categories mentioned earlier, a rating of weak, moderate or
strong was assigned by each auditor. These ratings were
based on pre-specified criteria from the EPHPP tool (see
Appendix S1 for details). Global study quality was assessed
in two ways. Firstly, a rating of strong (none of the six
categories rated as ‘weak’), moderate (one out of six ‘weak’
ratings) or weak (two or more out of six ‘weak’ ratings) was
calculated for each study. Secondly, a final score out of 18
(the sum of the six categories, where higher scores equals
higher quality) was given to each study. Where the auditors
disagreed on a categorization, an average of the two scores
was taken (i.e. if one auditor scored a category strong [3] and
the other moderate [2], the score given was 2.5 [out of 3] ).
The final score (out of 18) was converted to a percentage for
each study and the mean of all studies calculated. Where
sections were not relevant to a particular study type, the
percentage was calculated from the relevant scores only –
e.g. questions on blinding were not relevant for a repeated
cross-sectional study design.

Results

Based on a search of the title and abstract of the 1,002
unique papers identified from the search (308 from
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Academic Search Complete, 380 from Global Health, 193
from Ovid MEDLINE®, 76 from PsycINFO®, 16 from
SPORTDiscus™ and 29 from other sources), a total of 55
studies reported on school food environment changes. Fol-
lowing a more detailed investigation of the papers, an
additional 37 papers were excluded, as they did not meet
the inclusion criteria. A total of 18 papers met the inclusion
criteria and were assessed in this review (Figure 1). The
details of the study design, intervention type and outcome
are presented in Table 1.

Over half (10/18) of the included papers were pub-
lished since 2010 with the majority (n = 14) based on
studies conducted in the United States. The remaining
four papers reported the results of studies conducted in
the United Kingdom. The majority of studies (n = 14)
reported changes to food or beverage availability in can-
teens or other food provision/sales areas such as snack
bars. Of these, five also made simultaneous changes to
vending machine content. It is worth noting that three of

these five papers were reporting on the impact of the
same intervention. Two papers reported different out-
comes (44,45), while a third reported a moderation analy-
sis to detect differences according to the socioeconomic
position of the area (46). A further two studies made
changes only to vending machine food availability
(47,48). The final two studies not involving changes to
food availability in existing canteens/snack bars or
vending machines included one in which a new fruit only
tuckshop was introduced (49), and one in which an
analysis of state policy was conducted (with no specific
in-school locations specified) (50). Most studies were con-
ducted in middle schools (n = 11), with three studies in
primary/elementary schools and four in high schools (one
being a combined middle/high school). A large number
(n = 11) of included studies could be described as natural
experiments where they are reporting on the effect of
state or national policy changes that impact the school
food environment.

Potentially relevant publications identified and
screened for retrieval from electronic database
searching (duplicates removed):
            Academic Search Complete: 308
           Global Health: 380
           Medline: 193
           PsychINFO: 76
           Sports Discus: 16
           Total from database search = 973
Total publications identified from searching
references of relevant papers = 29

Total = 1002

Number of papers screened:
            = 1002

Papers excluded on basis of title:
            = 711

Papers retrieved for further screening:
            = 291

Papers excluded based on review of abstract:
Irrelevant (i.e. not food related, free food
programme): 81
Multi-component: 49
No weight-related anthropometric measures or
food behaviour outcomes: 38
Not in relevant school setting: 13
Review or report only (not an intervention): 55 

Relevant papers included in systematic
review:
            = 18

Papers retrieved for full text evaluation:
            = 55

Papers excluded based on review of full text:
Multi-component (and not able to analyse food
environment change in isolation): 16
No weight-related anthropometric measures or
food behaviour outcomes: 9
Not in relevant school setting: 3
No change to school food environment: 9 

Figure 1 Flow chart of study selection process.
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Intervention effect

A simple analysis of the 18 papers (noting that three papers
were reports of the same study) found 17 studies reporting
a positive outcome on either BMI (or change in BMI) or the
healthfulness of food sold or consumed. The single study
that reported no positive outcome was a repeated cross-
sectional study (in sixth graders at baseline and in seventh
graders at follow-up) looking at consumption of sweetened
beverages and BMI change in a small number of students
(n = 444) before and after a state vending machine bever-
age policy was introduced (48). Major limitations of this
study include not taking into account age-related change in
dietary habits, the comparatively small sample size, the
absence of any data on the degree of change to the food
environment post policy, that change was at the group
rather than individual level and that there was no control
group.

Body-weight outcomes

Two studies reported BMI as their primary outcome
measure. Sanchez-Vaznaugh reported the change in z-BMI
and the prevalence of overweight 4 years prior and 4 years
post the implementation of state beverage and nutrition
policies (51). They demonstrated a significant decline in the
rate of increase in overweight prevalence in the post-
intervention period. Interpretation of these findings is dif-
ficult; however, given that this is an uncontrolled study and
that the changes in body weight may potentially have
resulted from other changes in behaviour or the environ-
ment over this time. Taber et al. followed a cohort of
students from fifth to eighth grade and examined the
change in state policy on competitive foods (foods outside
the provided lunch programme) over this period, rating the
policies as none, weak or strong (50). Their findings were
that students from states with new laws, as well as states
where laws were strong at baseline, had lower increases in
BMI compared with students where no food policy was
present at baseline or follow-up. Again, with this study
design, it is difficult to tell if changes in BMI were a result
of these laws or other changes occurring at that time. The
two studies that reported both body weight and dietary or
purchasing outcomes include the paper by Jensen et al.
(discussed earlier), which found no effect of a state vending
machine policy on either outcome (48), and a paper by
Taber et al. looking at the effect of state policy change
related to ‘junk food’ in different settings (50). That study
also failed to detect any intervention effect on BMI.

Food purchasing/consumption outcomes

All but one of the 16 papers with purchasing or dietary
outcomes reported a significant intervention effect (the

paper by Jensen et al. being the exception (48) ). Almost all
of these studies involved changes to the availability of foods
offered in school canteens. The only exception was a study
where promotion of foods in vending machines was altered
(47). This study found that signage had no effect on sales,
while price discounting of healthy products by 25 and 50%
increased sales by 39 and 93%, respectively. Importantly
for translation of this intervention, overall profits per
vending machine were not impacted by this policy.

The changes to canteen or snack bar food availability in
the remaining studies were a result of changes in national,
state or local policy (29,44–46,52–54), or were imple-
mented as a scientific study (28,49,55–58). In three cases,
simultaneous changes were made to food availability in both
canteens/snack bars and vending machines (28,44–46,52).
The majority of studies where canteen or snack bar food
availability was altered produced clear changes in either diet
or purchases in the expected direction (28,44,45,53,54,56–
58), with four studies providing less conclusive evidence.
Taber et al. reported changes in soda consumption, but only
where state policies were directed at ‘concession stands (not
defined)’ and ‘parties (not defined)’, and not vending
machines or snack bars (50). Wordell et al. found that a
school competitive food policy resulted in a reduction in
consumption at school of pastries and juice, but not sweet
drinks (not defined further), chips, candy or energy drinks
(55). Cullen et al. reported the effects of a policy to remove
chips, candy, sweetened beverages and desserts from snack
bars (29). According to self-reported food frequency ques-
tionnaires, less soft drinks and more milk were consumed at
school while consumption of chips and candy as part of the
national school lunch programme declined. Compensatory
increases in consumption of these products from vending
machines meant that overall consumption did not change
(during the intervention, the number of vending machines
[83% for sweetened beverages] doubled). Sales data and
self-reported consumption data are incongruent; however,
with sales data showing no difference in purchases of soft
drinks or milk. Finally, Moore and Taper reported on a U.K.
study in which a fruit tuck shop was introduced for one
academic year (49). While no overall change in consumption
of fruit or other snacks was seen, a moderation analysis
revealed an increase in fruit consumption in schools that also
had an enabling policy where either only fruit or no foods at
all could be brought to school as a snack by students.

The study by Quann and Adams warrants further
mention (58), with the study having both positive and
negative nutritional outcomes. The state policy of reducing
the availability of flavoured milk did indeed reduce con-
sumption; however, the benefits of the reduction in added
sugars consumed was offset by the simultaneous reduction
in important nutrients such as calcium, potassium and
vitamin D. No parallel increase in consumption of unfla-
voured milk was seen.
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Study quality

The mean total quality score for all included studies was
56.6% (range 38.9–86.1). Studies were also given an
overall rank of weak (two or more of the six categories
rates as weak), moderate (one weak rating) or strong (no
weak ratings). Eleven percent (n = 2) of all studies were
rated strong, 28% (n = 5) were moderate and 61% (n = 11)
were weaker. Only one study was rated strong in the cat-
egory of study design (49) with only three studies having
any kind of control group (49,50,55) (Appendix S1).

Discussion

With 17 of the 18 included papers (from 16 separate
studies) reporting a statistically significant increase in
healthy eating behaviours or decrease in BMI of children, it
is clear from this review that improving the school food
environment has the potential to be an important strategy
for obesity prevention in children. The methodological
limitations of the included studies and the lack of high-
quality study designs does, however, temper the strength of
these findings. The intervention effects observed can be
attributed to changes to the food environment as all
included studies were conducted in the absence of any other
education, physical activity or other obesity-prevention
interventions. We believe this is the first attempt to examine
the specific effect of changing the food environment in
isolation. The finding that changes to school food environ-
ments appear to be effective in improving student eating
behaviour even without simultaneous education or promo-
tion activities is important, as environmental interventions
are often relatively simple to implement. With many of the
interventions involving policy at the regional, state or
national level, the ability to scale-up such initiatives is
obvious.

Comprehensiveness of change

In two previous reviews of school-based nutrition interven-
tions, a link has been observed between the comprehensive-
ness of the change and the likelihood of a significant
positive outcome (24,26). Jaime and Lock, for instance,
found that focusing on only one aspect of the food envi-
ronment (such as vending machines) was less likely to be
effective compared with interventions focusing on multiple
aspects of the food environment (canteen menus, snack
bars, vending machines etc.) (24). One reason why more
comprehensive interventions may be preferable is the lower
likelihood of unintended compensatory behaviour. Where
an intervention targets only one of multiple food sources,
increases in the consumption of unhealthy foods from other
sources is highly likely (44). As an example, Cullen et al.

reported on the effect of the removal of chips, candy and
sweetened beverages from school snack bars and reported
that sales of each product from the snack bar declined over
the course of the study (29). Unfortunately, a correspond-
ing increase in the purchase of both chips and candy from
vending machines was observed, with ice cream sales also
increasing. A further unfortunate observation in this study
was that the number of vending machines more than
doubled over the study period. From this example, it is
clear that food environment interventions that limit the
possibility for compensatory behaviour (i.e. the same prod-
ucts not still available elsewhere) should be a priority.

Encouragingly in this review, several studies reporting
relatively modest changes to the school food environment
have influenced on-site eating behaviours (47,56,57). It is
difficult to uniformly assess the comprehensiveness of
change in the studies included in this review, with changes
made in multiple settings (snack bars, canteens, vending
machines), across multiple levels of influence (national and
state policy, school policy and as part of a scientific study),
with different intervention types (addressing availability of
healthy food/drinks, unhealthy food/drinks or both) and
with differences in the scope of change (reductions vs.
complete bans of unhealthy foods, for example).

Compensating for school foods elsewhere?

Some previous research has found that students may com-
pensate for reduced intake of unhealthy foods at school by
increasing consumption at home (44). A review completed
by Chriqui et al. found, however, that most research finds
that students who reduce consumption of unhealthy foods
at school do not increase consumption at home (59).
Within the current review, both Jensen et al. and Wordell
et al. examined changes to consumption at home in addi-
tion to school-based consumption (48,55). The only statis-
tically significant change following the school-based
intervention was an increase in milk consumption at home
in the study by Wordell et al. (odds ratio [OR] 1.24,
P = 0.04). In that study, pastry consumption (which was
lower in school [OR 0.44, P < 0.001] ) was also borderline
significantly higher at home (OR 1.4, P = 0.06).

In addition to consumption at home, alternative retail
food stores outside of schools present an additional oppor-
tunity for children (particularly older children) to compen-
sate for the lower consumption of unhealthy food at
school. Unfortunately among the included studies, there is
presently no evidence for this potential confounding influ-
ence on total child diets. The availability of unhealthy food
venues (fast food restaurants) near schools has previously
been found to be associated with adolescent overweight
(60). A recent review, however, found the retail food envi-
ronment around schools had little effect on food purchas-
ing and consumption. An association with body weight was
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observed; however, the authors concluded that the obser-
vational nature of the studies and the fact that no associa-
tions were seen with the mediating variables of purchasing
and consumption meant that residual confounding was a
likely explanation for this finding (61). Clearly, it is impor-
tant for intervention studies targeting the school food envi-
ronment to also examine potential compensatory effects at
home and/or via external retail outlets.

Economic analyses

There is currently little evidence that changes to the school
food environment may result in a reduction in school
revenue from competitive foods and beverages (22,40,62).
Two studies in this review investigated the effect of the
interventions on school income (47,55). In their study of a
comprehensive food environment intervention in two
schools, Wordell et al. reported that intervention schools
spent 49% more on produce per student compared with
control schools, and lost on average USD$16,500 each per
year from reduced sales of competitive school meals and
vending machine purchases (55). French et al. on the other
hand demonstrated that increasing the availability of
healthy food in vending machines, and even discounting its
price, can be both effective and cost-effective, with no
impact on overall sales per machine (47). The impact on
school budgets clearly needs to be assessed in any school
food environment intervention. Given the obesity preva-
lence in most countries, it could nevertheless be argued that
relying on the sales of obesogenic foods is not an appro-
priate strategy to support school budgets. Creative alterna-
tive fund-raising solutions are perhaps a more appropriate
way of ensuring budget sustainability.

Strengths

The main strength of this review was the focus on studies
with interventions targeting the food environment in isola-
tion. Without a targeted review such as this, schools and
policy-makers cannot easily draw upon the evidence base
for this type of intervention. In comparison with interven-
tions that involve an educational component and/or pro-
motion or changes to the built environment, food
environment interventions are potentially simpler and more
achievable. With limited literature available in this area, a
range of intervention outcomes related to food behaviours
and weight were included to ensure all available evidence
was incorporated. This inclusion of numerous outcomes
precluded the use of meta-analytic techniques, which could
be seen as a limitation. A persuasive argument can be made,
however, that it is more important from a policy relevance
perspective to organize a systematic review according to
‘like interventions’ (as we have here) rather than ‘like out-

comes’. For this reason, we included any outcome relevant
to school food environment change.

Generalizability of studies

The majority of studies were conducted in the United
States, where a highly privatized food service exists along-
side a government funded lunch programme. U.S. schools
provide the federally funded National School Lunch
Program and School Breakfast Program (14) in which all
students have access to these meals either free or subsidized
based on their socio-economic status (63). These federally
reimbursable school meals are subject to minimal nutri-
tional standards (64), which were recently strengthened
following a bill passed in the U.S. Congress (65). All other
foods available outside of these school meals are termed
‘competitive foods’ as they compete with the nutritionally
regulated school meal programmes (64). Nine out of 10
U.S. schools sell competitive foods, with such food being
accessed through different venues such as a la carte lines,
vending machines, snack bars and student stores (64).
Competitive foods are typically considered ‘junk foods’ as
they are usually low in nutritional value and high in sugars
and fats (66). New U.S. guidelines announced by the First
Lady, Michelle Obama, will prohibit the marketing of junk
food and sugary drinks in American schools (65).

As the majority of school food environment research has
been conducted in the U.S. context, the findings may not
translate easily to settings with no government lunch pro-
gramme (e.g. Australia, Canada), or where government
lunch programmes exist, but are not privatized (e.g.
France). Although only three of the included studies were
conducted in primary schools, it is possible that focusing on
changes in the earlier years may be particularly important
in order to establish eating behaviours before middle school
and high school (63).

The scope for modification of the school food environ-
ment is considerable. The cornerstone of food environment
change is clearly improving the nutrient profile of the foods
offered. Recent work by Wansink and colleagues, however,
has demonstrated a diverse range of additional strategies
that have also been found to improve the nutritional profile
of foods chosen by students. Among these are: manipulat-
ing the presentation order to offer healthier foods first, the
use of nutrition report cards, pre-slicing fruits, increasing
the convenience and attractiveness of healthy food and
naming healthy foods with catchy and appealing names
(67–75). Further research to confirm these findings and
more fully evaluate the impact of such strategies in different
settings should be a research priority.

Compliance

The degree to which the interventions were implemented as
intended varied among studies. Compliance would be
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expected to differ depending on the study type. More inten-
sive experimental studies are likely to have greater compli-
ance from the schools that participate compared with
studies of state- or national-level policy initiatives. Because
of the variability in study design, it is difficult to determine
the impact that the level of school compliance has had on
the findings. Some studies mentioned compliance, including
the state-level study of Sanchez-Vaznaugh et al., which
found compliance with school nutrition policies to be
‘inadequate overall’ (51). Cullen et al. reported schools in
the district to be ‘very compliant’ with state policy (46),
Jensen et al. reported school beverages were 70% compli-
ant with state policy (48) and Nicholas et al. reported
differing compliance rates in U.K. schools depending on the
regulation (varying from 23 to 91%, with lower compli-
ance for provision of fruits and vegetables and greater
compliance for restricting salt, condiments, confectionery
and snacks) (53).

Conclusions

With virtually all children exposed to the school food envi-
ronment for much of their childhood, schools can play an
important role in obesity prevention and public health.
With unhealthy food choices marketed heavily to children
in the advertising environment and the retail food environ-
ment in most countries, a school environment that supports
healthy eating behaviours is essential for children to learn
to make healthy food choices (76). The steady decrease in
the consumption of healthy foods throughout childhood
and the simultaneous increases in the consumption of
energy-dense snack foods and sugar-sweetened beverages
(7) further demonstrate the importance of the school food
environment. In addition to improving eating behaviours
directly, a healthy food environment at school can help
reinforce nutrition messages received as part of the school
curriculum and outside the school from parents and others
(17).

Here we have demonstrated that schools, and the policy-
makers who influence them, can have a positive impact on
the eating behaviours of students by improving the food
environment. With a large number of natural experiments
and an almost complete absence of controlled trials, there
is, however, a clear need for high-quality intervention
studies to provide more conclusive evidence. Including
body weight as an outcome is an important priority, but
should only be done in those studies that assess changes to
the school food environment large enough and with long
enough follow-up to be likely to effect this outcome. The
few studies reporting change in BMI in this review were
natural experiments involving state policy changes. The
association between interventions and BMI change may
therefore be confounded by other changes occurring over
the same time period.

Even though the design of the included studies may not
be optimal, numerous studies reported the effect of state-,
district- or national-level policy changes in this review. This
provides important evidence suggesting that high-level
policy changes impacting the school food environment are
possible and can simultaneously impact a large number of
children. While American and British researchers should be
highly commended for their efforts in this area, the school
food environment clearly differs in other contexts based on
cultural, policy and structural differences. The absence of
studies from other countries and settings (including stu-
dents from a wider age range) is therefore a serious evi-
dence gap.
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