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Background. Evidence of the influence of the school food environment on adolescent diet is still little explored
in low- and middle-income countries. We aimed to evaluate the association between food environment in
schools and the immediate vicinity and the regular consumption of unhealthy food among adolescents.

Methods. We used cross-sectional data collected by the Brazilian National Survey of School Health (PeNSE)
from a representative sample of adolescents attending 9th grade public and private schools in Brazil, in 2012.
Weestimated students' regular consumption (N5 days/week) of unhealthy food (soft drinks, bagged salty snacks,
deep fried salty snacks and sweets) and school availability, in the cafeteria or an alternative outlet, of the same
food plus some healthy options (fruit and natural fruit juice). We performed multilevel logistic regression
models.

Results. Having a cafeteria inside school selling soft drinks (private schools OR = 1.23; 95% CI = 1.14–1.33;
public schools OR = 1.13; 95% CI = 1.06–1.20) and deep fried salty snacks (private schools OR = 1.41 95%
CI = 1.26–1.57; public schools OR = 1.16 95% CI = 1.08–1.24) was associated with a higher consumption of
these unhealthy foods of among students. In private schools, cafeteria selling fruit and natural fruit juice was as-
sociated with lower student consumption of bagged salty snacks (OR = 0.86; 95% CI 0.77–0.96) and soft drinks
(OR = 0.85; 95% CI = 0.76–0.94). In addition, eating meals from the Brazilian School Food Program in public
schools was associated with a lower consumption of unhealthy foods.

Conclusions. Foods available in the school food environment are associated with the consumption of un-
healthy food among adolescents in Brazil.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Poor dietary intake patterns, such as higher consumption of ultra-
processed food are a key factor in the obesity epidemic (Monteiro
CC, intraclass correlation coeffi-
atio; 95% CI, 95% confidence in-
onomic status.
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et al., 2013), especially during adolescence, a period of healthy habit for-
mation (Birkhead et al., 2006). Adolescents spend a considerable part of
their day at school and, in many countries, eat at least one meal a day
there (Glanz, 2009; Story et al., 2008). Therefore, it is reasonable to ex-
pect that the school environment plays an important role in youth eat-
ing habits, through the food environment and/or nutritional education
(O'Toole et al., 2007; Rovner et al., 2011).

However, the evidence concerning the influence of the school food
environment and its surroundings on student's food purchases, con-
sumption and body weight is not consistent (Williams et al., 2014). Ef-
fects have been found to vary even between studies of the same food
type, and between different school grades (Vericker, 2013; Cullen and
Zakeri, 2004; Kubik et al., 2003). Moreover, studies have mainly been
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conducted in high-income countries, such as US and Canada (Williams
et al., 2014), and their findings cannot easily be generalized to low- to
middle-income countries (LMICs), since income level, school organiza-
tion, meal programs, and regulation of food outlets differ extensively
between countries.

For instance, in Brazil there is a national program, the Brazilian
School Food Program (BSFP), which offers good quality, free meals to
all students in public schools (Brasil, 2009). Private schools are not
covered by the BSFP and sources of food are often commercial venues
(e.g. cafeterias and similar outlets). Even though they are not recom-
mended by federal guidelines, these commercial venues (outsourced
to a private supplier) are also found in public schools. Public and private
schools may also have mobile vendors located inside or in their imme-
diate vicinity outside the school grounds. We have used the term ‘alter-
native food outlets’ to describe these. Unhealthy snacks options and
sugar-sweetened beverages are common in all school food outlets, de-
spite federal guidelines which limit/prohibit their sale (Brasil, 2006).

To the best of our knowledge, there are no studies assessing the in-
fluence of the school food environment on adolescent food consump-
tion in a nationally representative sample from LMICs. Therefore, this
study aimed to assess the association between food environment in
public and private schools and in the immediate surroundings and the
regular consumption of unhealthy food among Brazilian adolescents.

2. Methods

We used cross-sectional data from the National Survey of School
Health (Pesquisa Nacional de Saúde do Escolar — PeNSE), carried out
in 2012, assessing students enrolled in 9th grade in public and private
schools in Brazil (IBGE, 2013).

The sampling framework was based on the 2010 School Census
Database. Stratified multi-stage sampling was used. In the first stage, a
stratified random sample of counties was selected from each of the
five geographical districts of Brazil. The selected counties, together
with the 26 state capitals and the Federal District were used as a sam-
pling frame to select a stratified sample of schools (second stage). In
the third stage, classrooms were randomly selected from within the
chosen schools. All students from selected classroomswere then invited
to participate in the study (IBGE, 2013). On the data collection days, 84%
(110,873) of the total number of students attended school, but 1651 re-
fused to participate and 118 did not report their gender or age andwere
excluded from the analysis (response rate = 82.7%). Students complet-
ed a self-answered electronic questionnaire during regular school
hours. The questionnairewas based on the Global School-Based Student
Health Survey (WHO, 2009) and the Youth Risk Behavior Surveillance
System (Eaton et al., 2010); adapted to the Brazilian setting and tested
in previous surveys (IBGE, 2009). School principals answered a ques-
tionnaire concerning contextual school characteristics. PeNSE further
details can be found elsewhere (IBGE, 2013).

The school level variables measured the school availability of food
groups, assessed through the principals' questionnaire, which was
pre-tested. The principals were asked if there was a cafeteria in the
school and if there were alternative outlets at school or the immediate
area (school entrance). If available, they were asked if students could
buy the following items: soft drinks, bagged salty snacks, deep fried
salty snacks, sweets, fruit, andnatural fruit juice. These questions consti-
tuted dichotomous variables.

The students' food intakewas assessed through a previously validat-
ed questionnaire (Tavares et al., 2014) based on the frequency of
consumption in the previous seven days of the following items: soft
drinks, bagged salty snacks, deep-fried salty snacks, and sweets. For
data analysis purposes, food consumption was categorised as regularly
consumed (at least five days in the previous seven days) or not
(Castro et al., 2008). These indicators of regular consumption of un-
healthy food presented satisfactory accuracy and validity compared to
three 24-hour recall (Tavares et al., 2014). Students attending public
schools, which are those covered by the BSFP, were also asked if they
eat meals offered by school. Available answers were: never, rarely, 1–
4 times/week and every day.

The following socio-demographic variables were included in the
analysis: sex; age (in years); ethnicity/skin colour (white, black and
brown, Asian, American Indian); mother's educational level (incom-
plete middle school, complete middle school, complete high-school,
complete higher education). We also assessed the type of city of
residence (state capital, non-capital); and geographical region (North,
Northeast, South, Southeast and Mid-West).

Multiple imputation by chained equations was used to attribute
numerical values to the mother's educational level, which had 17%
missing values, as described elsewhere (Azeredo et al., 2014). The im-
puted data exhibited satisfactory statistical reproducibility according
to Monte Carlo error analysis (Royston and White, 2011).

First of all, the prevalence and distribution of student and school
characteristics were described. All the analyses were performed sepa-
rately by school status (public or private).

Regular consumption of the four unhealthy foodswas thedependent
variable in ourmultilevel logistic regressionmodels. Thesemodels were
developed in sequential steps. An empty model was initially performed
to determine the clustering of regular consumption of each unhealthy
food by school. Through this model, we obtained the school variance
of food consumption over the total model variance (intraclass correla-
tion coefficient — ICC). We used the latent variable method (Merlo
et al., 2006; Rasbash et al., 2009) to convert the individual level variance
to the logistic scale, assuming that regular food consumption follows
a logistic distribution, with individual-level variance equal to π2/3
(that is, 3.29).

We then performed an unadjusted investigation of the association
between regular food intake of each unhealthy food and: 1) the sale of
the same unhealthy food (main predictor) in the cafeteria and in an
alternative outlet; 2) the sale of natural fruit juice (for soft drink
consumption) or fruit (for deep fried salty snacks, bagged salty snacks
and sweets consumption) in the cafeteria and in an alternative outlet;
3) student consumption of meals offered by the BSFP, only for public
schools.

The multiple analyses were performed using several models. In pri-
vate schools, three step models were built for each food intake: the first
model included regular intake of a specific unhealthy food (e.g. soft
drinks) and all the socio-demographic variables. In the second step,
we included the sale of the same unhealthy food in the cafeteria and
in an alternative outlet. In the third step, we included the sale of natural
fruit juice (for soft drinks) or fruit (for all other food intakes). In public
schools, the modelling followed the same steps but with the addition
of a fourth step for student consumption of food provided by the BSFP.

Finally, we verified the proportional change in variance (PCV) of food
consumption across schools after adjusting for socio-demographic char-
acteristics and then keeping these variables plus all school availability of
food (full model) (Merlo et al., 2005). The analyses were performed
using Stata 13.1 software, and only the descriptive analysis considered
the sampling design of the survey.

The PeNSE was approved by the National Commission for Research
Ethics (Brazilian Ethics Committee) (record no. 16805), according to
the Declaration of Helsinki, and all participants gave their informed
consent through a self-administered questionnaire.

3. Results

Characteristics of the students and schools are reported in Table 1.
Students from private schools were predominantly white, had mothers
with a high educational level and around16%were 15 years old ormore.
Students frompublic schoolswere predominantly black and brown, had
mothers with a low educational level and around 35%were 15 years old
or more. Regarding school characteristics, just under half the schools
contained a cafeteria; these were more often found in private (95.5%)



Table 1
Distribution of student and school characteristics.
PeNSE 2012 (IBGE, 2013).

Variable Private
Schools

Public
Schools

Total

Student characteristics*
(n = 109,104)

N % N % n %

Sex
Male 11,066 49.3 40,949 47.5 52,015 47.8
Female 11,438 50.7 45,651 52.5 57,089 52.2

Age range
11–14 years 19,143 83.9 54,200 65.3 73,343 68.5
15 years or older 3361 16.1 32,400 34.7 35,761 31.6

Ethnicity/skin colour
White 11,456 52.8 26,218 33.5 37,674 36.8
Black and brown 9031 38.1 53,719 59.2 62,750 55.6
Asian 1234 5.5 3587 3.8 4821 4.1
American Indian 778 3.6 3012 3.5 3790 3.5

Mother's educational level
Incomplete middle school 1881 11.9 35,748 44.6 37,629 38.9
Complete middle school 2467 13.0 16,511 18.8 18,978 17.8
Complete high school 9181 41.6 26,267 28.5 35,448 30.7
Complete higher education 9426 33.6 7589 8.2 17,015 12.5

Geographical areas
North 2814 4.6 19,96 8.6 22,774 8.0
North east 8455 23.1 22,846 25.7 31,301 25.3
South east 4895 56.3 14,765 41.8 19,660 44.3
South 2588 9.2 12,290 15.7 14,878 14.6
Mid-west 3752 6.8 16,739 8.1 20,491 7.9

Regular intake of unhealthy fooda

Soft drinks 7885 37.3 27,716 32.4 35,601 33.3
Fried salty snacks 3961 17.5 13,026 15.5 16,987 15.8
Bagged salty snacks 2256 11.4 10,406 13.4 12,662 13.0
Sweets 9046 41.0 35,381 41.3 44,427 41.3

School Characteristics
(n = 2842)b

608 21.4 2234 78.6

Has cafeteriac 581 94.7 795 35.1 1.376 46.7
Sells soft drink 280 48.2 366 46.0 646 46.9
Fried salty snacks 316 54.4 329 41.4 645 46.8
Sells bagged salty snacks 311 53.5 380 47.8 691 50.2
Sells sweets 415 71.4 425 53.5 840 61.0
Sells fruit 280 48.2 132 16.6 412 29.9
Sells natural juice 513 88.3 534 67.2 1.047 76.1

Has alternative outlet inside or
outside school

172 28.3 912 40.8 1.084 38.1

Sells soft drink 67 39.0 437 47.9 504 46.5
Sells fried salty snacks 85 49.4 618 67.8 703 64.9
Sells bagged salty snacks 79 45.9 575 63.0 654 60.3
Sells sweets 121 70.3 717 78.6 828 76.4
Sells fruit 22 12.8 66 7.2 88 8.1
Sells natural juice 69 40.1 333 36.5 402 37.1

a Consumption ≥5 days/week
b Proportions of students and schools were calculated using sample weights and sample

structure (PSU, SSU and strata).
c Percentages of specific food sales in cafeteria and alternative outlets had as denomi-

nator, number of schools who had cafeteria and alternative outlets, respectively.
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than in public schools (35.7%). In addition, cafeterias in private schools
offered both more healthy and unhealthy foods. Additionally, alterna-
tive outlets, which were more frequently found near public schools,
resulted only in a greater offer of unhealthy food (Table 1).

The ICC for regular soft drink intake showed that 3.8% and 4.6%, in
public and private schools respectively, of the total variance in soft
drink intake was explained at the school-level. Students' regular con-
sumption of soft drinks was associatedwith cafeteria sales of soft drinks
within private and public schools (Table 2). Additionally, cafeteria sell-
ing natural fruit juice was associated with lower intake of soft drinks
among students attending private schools. In public schools, the con-
sumption of the BSFP meals was associated with lower odds of regular
soft drink consumption among students. It is worth noting that the in-
clusion of the BSFP in the public schools model and of sales of natural
fruit juice in the private schools model did not change the relationship
between soft drink consumption and cafeteria sales of soft drinks
(Table 2).

The empty model found that 6.8% and 3.2% of the total variance in
the regular deep-fried salty snack intake was explained at school-
level, for private and public schools respectively. Higher odds of stu-
dents' regular consumption of deep fried salty snacks were associated
with the sale of the corresponding food by cafeteria, in private and pub-
lic schools. The existence of an alternative outlet selling deep fried
snacks was associated with higher odds of its intake in public schools
(Table 3). The consumption of the BSFP meals was associated with
lower intake of deep fried salty snacks among public school students.
The inclusion of the BSFP in the model resulted in a small change in
the relationship between regular intake of deep fried salty snacks relat-
ed to cafeteria and alternative outlet sales of this food.

For regular bagged salty snacks, 5.5% (private schools) and 3.5%
(public schools) of the total variance in intake was explained at the
school-level. Higher odds of bagged salty snack intake were associated
with cafeteria sales of this food, in private schools. On the other hand,
sales of fruit in the cafeteria were associated with lower consumption
of bagged salty snacks in private schools. Nonetheless, the fruit sales
did not change the relationship between regular intakes of bagged
salty snacks associated with the cafeteria sales of this food. In public
schools, cafeteria sales of bagged salty snacks were not associated
with their regular intake in the fully adjusted model, which included
student consumption of BSFP meals. In addition, the consumption of
BSFP meals was associated with lower odds of regular consumption of
bagged salty snacks (Table 4).

In private and public schools, 2.9% and 2.7% respectively of the total
variance in regular sweet intake was explained at the school-level. For
this food, the associations were found only among public schools.
Alternative outlets selling sweets were associated with higher odds of
student consumption; and the consumption of BSFPmealswas associat-
ed with lower sweet consumption. Despite the negative association
between BSFP meals and regular sweet intake, the inclusion of the
BSFP did not change the association between alternative outlets sales
of sweets and their regular intake (Table 5).

In private schools,when socio-demographic variableswere included
in the model, the proportional change in the school variance for each
food was: soft drinks (21.2%), deep-fried salty snacks (37.2%), bagged
salty snacks (44.0%), and sweets (7.2%). Finally, after adding school
food environment variables in the previous model, the proportional
change in school variance became 29.0%, 44.1%, 54.7%, and 7.9%, respec-
tively. In public schools, the inclusion of the first set of variables caused
lower proportional change in school variance for soft drinks (26.9%),
deep-fried salty snacks (0.7%), bagged salty snacks (9.2%), and sweets
(17.6%). In the full model, the proportional change in variance became
25.0%, 8.7%, 9.4%, and 21.6%, respectively.

4. Discussion

Our results show that a cafeteria selling unhealthy food inside a
school, regardless of the school's administrative status, is associated
with a higher consumption frequency of these items among students.
The associations were particularly apparent for cafeterias selling soft
drinks and deep fried salty snacks but less clear for the availability of
bagged salty snacks or sweets. Our analysis also indicated a negative as-
sociation between a cafeteria selling fruit and natural fruit juice and the
regular intake of unhealthy food in private schools. In public schools,
there was a negative association between the intake of BSFP meals
and the regular intake of unhealthy food. Despite this, the availability
of healthy food did not change the association between unhealthy
food consumption and cafeteria or alternative outlet sales of unhealthy
food.



Table 2
Odds ratio of regularly consumption (≥5 times/week) of soft drinks by adolescents according to availability of specific food at school and its surroundings.
PeNSE 2012 (IBGE, 2013).

Soft drinks (consumed ≥5 d/week)

Private schools Public schools

Unadjusted model Model 1a Model 2a Unadjusted model Model 1a Model 2a Model 3a

Covariates OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Studentb

Eat meals offered by school
Never 1 1
Rarely 0.84 (0.81–0.87) 0.85 (0.82–0.88)
1–4 times/week 0.71 (0.66–0.75) 0.72 (0.68–0.77)
Every day 0.72 (0.70–0.75) 0.74 (0.71–0.77)

School
Cafeteria sells soft drinks

No 1 1 1 1 1 1 1
Yes 1.27 (1.17–1.37) 1.23 (1.13–1.33) 1.23 (1.14–1.33) 1.23 (1.16–1.30) 1.16 (1.09–1.23) 1.15 (1.08–1.23) 1.13 (1.06–1.20)

Alternative outlet sells soft drinks
No 1 1 1 1 1 1 1
Yes 1.04 (0.92–1.19) 1.07 (0.95–1.20) 1.07 (0.92–1.23) 0.98 (0.93–1.04) 1.02 (0.97–1.07) 1.03 (0.98–1.09) 1.02 (0.96–1.08)

Cafeteria sells natural juice
No 1 1 1 1 1
Yes 0.81 (0.72–0.90) 0.86 (0.77–0.96) 1.16 (1.10–1.22) 1.01 (0.96–1.07) 0.99 (0.94–1.05)

Alternative outlet sells natural juice
No 1 1 1 1 1
Yes 1.02 (0.90–1.16) 0.99(0.86–1.15) 0.96 (0.90–1.02) 0.96 (0.90–1.02) 0.95 (0.89–1.01)

PeNSE, Pesquisa Nacional de Saúde do Escolar (National Survey of Schoolchildren's Health). Bold data reflect statistical significance (p b 0.05).
a Multilevel logistic regression model. Model 1: the sale of soft drinks in the cafeteria and in an alternative outlet, adjusted for all the socio-demographic variables. Model 2: the sale of

soft drinks and natural fruit juice in the cafeteria and in an alternative outlet, adjusted for all the socio-demographic variables. Model 3: the sale of soft drinks and natural fruit juice in the
cafeteria and in an alternative outlet, and student consumption of food provided by the BSFP, adjusted for all the socio-demographic variables. Socio-demographic characteristics are: sex,
age, maternal educational level, ethnicity/skin colour, geographical area and county type (capital or non-capital).

b Only public schools offer free meals in Brazil as part of the national program.
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The actual situation of public and private schools in different coun-
tries may limit direct comparisons; further, most of the information
available has focused on public schools (Briefel et al., 2009; Kubik
et al., 2003; Masse et al., 2014; Park et al., 2010; Rovner et al., 2011).
Table 3
Odds ratio of regular consumption (≥5 times/week) of deep fried salty snacks by adolescents a
PeNSE 2012 (IBGE, 2013).

Deep fried salty snacks (consumed ≥5 d/week)

Private schools

Unadjusted model Model 1a Model 2

Covariates OR (95% CI) OR (95% CI) OR (95%

Studentb

Eat meals offered by school
Never
Rarely
1–4 times/week
Every day

School
Cafeteria sells fried salty snacks

No 1 1 1
Yes 1.69 (1.52–1.87) 1.41 (1.27–1.57) 1.41 (1.2

Alternative outlet sells fried salty snacks
No 1 1 1
Yes 1.17 (1.00–1.35) 1.10 (0.97–1.25) 1.12 (0.9

Cafeteria sells fruit
No 1 1
Yes 0.97 (0.87–1.08) 1.00(0.9

Alternative outlet sells fruit
No 1 1
Yes 1.01 (0.76–1.35) 0.91 (0.7

PeNSE, Pesquisa Nacional de Saúde do Escolar (National Survey of Schoolchildren's Health). Bo
a Multilevel logistic regressionmodel. Model 1: the sale of deep fried salty snacks in the cafet

the sale of deep fried salty snacks and fruit in the cafeteria and in an alternative outlet, adjusted f
in the cafeteria and in analternative outlet, and student consumption of food provided by theBS
sex, age, maternal educational level, ethnicity/skin colour, geographical area and county type (

b Only public schools offer free meals in Brazil as part of a national program.
Nonetheless, our results are consistent with the literature for public
schools, suggesting the importance of the school food environment for
adolescent food consumption (Briefel et al., 2009; Kubik et al., 2003;
Masse et al., 2014; Park et al., 2010; Rovner et al., 2011). Studies
ccording to availability of specific food at school and its surroundings.

Public schools

a Unadjusted model Model 1a Model 2a Model 3a

CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

1 1
0.79 (0.75–0.83) 0.81 (0.77–0.85)
0.77 (0.71–0.83) 0.80 (0.74–0.87)
0.69 (0.66–0.73) 0.72 (0.69–0.76)

1 1 1 1
6–1.57) 1.21 (1.13–1.28) 1.20 (1.12–1.28) 1.20 (1.12–1.28) 1.16 (1.08–1.24)

1 1 1 1
7–1.29) 1.10 (1.05–1.16) 1.10 (1.04–1.16) 1.10 (1.04–1.16) 1.08 (1.03–1.15)

1 1 1
0–1.10) 1.04 (0.95–1.15) 0.99 (0.90–1.09) 0.98 (0.89–1.08)

1 1 1
0–1.20) 1.05 (0.92–1.21) 0.99 (0.86–1.14) 0.98 (0.85–1.12)

ld data reflect statistical significance (p b 0.05).
eria and in an alternative outlet, adjusted for all the socio-demographic variables. Model 2:
or all the socio-demographic variables.Model 3: the sale of deep fried salty snacks and fruit
FP, adjusted for all the socio-demographic variables. Socio-demographic characteristics are:
capital or non-capital).



Table 4
Odds ratio of regular consumption (≥5 times/week) of bagged salty snacks by adolescents according to availability of specific food at school and its surroundings.
PeNSE 2012 (IBGE, 2013).

Bagged salty snacks (consumed ≥5 d/week)

Private schools Public schools

Unadjusted
model

Model 1a Model 2a Unadjusted
model

Model 1a Model 2a Model 3a

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Studentb

Eat meals offered by school
Never 1 1
Rarely 0.83 (0.78–0.87) 0.82 (0.78–0.87)
1–4 times/week 0.69 (0.63–0.76) 0.72 (0.66–0.79)
Every day 0.80 (0.75–0.84) 0.82 (0.78–0.87)

School
Cafeteria sells bagged salty snacks

No 1 1 1 1 1 1 1
Yes 1.45 (1.29–1.62) 1.32 (1.19–1.47) 1.34 (1.20–1.49) 1.05 (0.98–1.12) 1.09 (1.02–1.16) 1.09 (1.02–1.16) 1.06 (0.99–1.14)

Alternative outlet sells bagged salty snacks
No 1 1 1 1 1 1
Yes 1.19 (1.01–1.39) 1.14 (0.99–1.31) 1.14 (0.98–1.33) 1.02 (0.96–1.08) 0.99 (0.93–1.05) 0.98 (0.92–1.04) 0.97 (0.92–1.03)

Cafeteria sells fruit
No 1 1 1 1 1
Yes 0.82 (0.73–0.92) 0.85 (0.76–0.94) 0.97 (0.88–1.08) 0.98 (0.88–1.09) 0.97 (0.87–1.08)

Alternative outlet sells fruit
No 1 1 1 1 1
Yes 1.04 (0.74–1.45) 1.05 (0.79–1.39) 1.04 (0.90–1.21) 1.06 (0.91–1.23) 1.05 (0.90–1.22)

PeNSE, Pesquisa Nacional de Saúde do Escolar (National Survey of Schoolchildren's Health). Bold data reflect statistical significance (p b 0.05).
a Multilevel logistic regressionmodel.Model 1: the sale of bagged salty snacks in the cafeteria and in an alternative outlet, adjusted for all the socio-demographic variables. Model 2: the

sale of bagged salty snacks and fruit in the cafeteria and in an alternative outlet, adjusted for all the socio-demographic variables. Model 3: the sale of bagged salty snacks and fruit in the
cafeteria and in an alternative outlet, and student consumption of food provided by the BSFP, adjusted for all the socio-demographic variables. Socio-demographic characteristics are: sex,
age, maternal educational level, ethnicity/skin colour, geographical area and county type (capital or non-capital).

b Only public schools offer free meals in Brazil as part of a national program.
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among high-income countries supported the association between the
availability of unhealthy foods and the consumption of these items
(Briefel et al., 2009; Kubik et al., 2003); and that sales of unhealthy
Table 5
Odds ratio of regular consumption (≥5 times/week) of sweets by adolescents according to ava
PeNSE 2012 (IBGE, 2013).

Sweets (consumed ≥5 d/week)

Private schools

Unadjusted model Model 1a Model 2a

OR (95% CI) OR (95% CI) OR (95% CI)

Studentb

Eat meals offered by school
Never
Rarely
1–4 times/week
Every day

School
Cafeteria sells sweets

No 1 1 1
Yes 1.01 (0.93–1.10) 1.00 (0.92–1.09) 1.01(0.93–1.11

Alternative outlet sells sweets
No 1 1 1
Yes 1.02 (0.93–1.12) 1.02 (0.93–1.12) 1.01(0.91–1.11

Cafeteria sells fruit
No 1 1
Yes 0.93 (0.86–1.00) 0.95(0.87–1.03

Alternative outlet sells fruit
No 1 1
Yes 1.04 (0.85–1.28) 1.09 (0.88–1.3

PeNSE, Pesquisa Nacional de Saúde do Escolar (National Survey of Schoolchildren's Health). Bo
a Multilevel logistic regression model. Model 1: the sale of sweets in the cafeteria and in an

sweets and fruit in the cafeteria and in an alternative outlet, adjusted for all the socio-demogr
outlet, and student consumption of food provided by theBSFP, adjusted for all the socio-demogr
ethnicity/skin colour, geographical area and county type (capital or non-capital).

b Only public schools offer free meals in Brazil as part of a national program.
food options compete with sales of healthy food, and are often chosen
by students (Cullen and Zakeri, 2004; Kubik et al., 2003; Park et al.,
2010).
ilability of specific food at school and its surroundings.

Public schools

Unadjusted model Model 1a Model 2a Model 3a

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

1 1
0.99 (0.96–1.04) 0.98 (0.94–1.01)
0.83 (0.78–0.88) 0.87 (0.82–0.93)
0.84 (0.81–0.87) 0.87 (0.84–0.90)

1 1 1 1
) 1.03 (0.98–1.08) 1.02 (0.97–1.06) 1.01 (0.97–1.06) 1.00 (0.96–1.05)

1 1 1 1
) 1.02 (0.98–1.06) 1.07 (1.03–1.11) 1.07 (1.03–1.12) 1.06 (1.02–1.11)

1 1 1
) 0.99 (0.93–1.08) 1.01 (0.94–1.09) 1.01 (0.94–1.09)

1 1 1
5) 0.97 (0.87–1.08) 0.96 (0.87–1.07) 0.96 (0.86–1.07)

ld data reflect statistical significance (p b 0.05).
alternative outlet, adjusted for all the socio- demographic variables. Model 2: the sale of
aphic variables. Model 3: the sale of sweets and fruit in the cafeteria and in an alternative
aphic variables. Socio-demographic characteristics are: sex, age,maternal educational level,
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We found a negative association between cafeterias selling natural
fruit juice and fruit and the regular consumption of unhealthy food in
private schools but not in public schools. This result suggests two possi-
bilities: firstly, in public schools, these foods are offered in the BSFP
(Brasil, 2013) so their cafeterias are less likely to sell them; only 17%
of the surveyed cafeterias in public schools sold fresh fruit. Secondly,
the higher socioeconomic status (SES) of students at private schools
compared to public schools may lead private school students to prefer-
entially purchase healthy food over unhealthy when it is available. Evi-
dence for this includes the fact that higher SES is associated with lower
consumption of unhealthy food compared to healthy food (French et al.,
1994; Jeffery and French, 1996), and that unhealthy options tend to be
more expensive than healthy options in Brazil, and high SES students
would have more financial resources to afford them (Moubarac et al.,
2013). A higher vulnerability of students from poor families to the
school food environment has been reported in the US (Vericker,
2013), which is not consistent with the above finding. However we
did find a protective association between BSFP meal consumption and
unhealthy food consumption. There was no extensive difference in the
magnitude of association between food availability and food consump-
tion when students from private and public schools were compared.
Between-school variance in adolescent food intake has been reported
for public schools (Rovner et al., 2011), and is in keeping with our re-
sults. We also highlight a wider school variance of regular intake of all
unhealthy food assessed (soft drinks, bagged salty snack, fried salt
snacks and sweets) and stronger associations with school variables in
private than in public schools. These results indicate that changes in
the school food environment may have a higher impact in private
schools; possibly because public schools have the long-term influence
of the BSFP (Brasil, 2009). Despite the higher influence of school food
environment in private schools, regular intake of unhealthy food was
similar among students fromprivate and public schools (Table 1). Clear-
ly other environments, such as family and neighbourhood, also contrib-
ute to student unhealthy intake and further studies taking into account
a complex framework of food environments (Story et al., 2002) are
needed to better understand the determinants of dietary consumption
(Burgoine and Monsivais, 2013).

The association between alternative outlets selling unhealthy food
and student food intake was only found in public schools. As the outlets
could be either inside the school or in the immediate school vicinity, it is
not possible to be sure of their location. However, alternative outlets are
far more common than cafeterias in public schools, which suggests
the need for further research into regulation around these outlets, and
the types of products that are permitted to be sold in or around schools
in Brazil. Also, a previous study showed that stores offering ultra-
processed foods were significantly closer to public schools than those
offering minimally processed foods in a Brazilian city (Leite et al.,
2012); and food retailers near schools were associated with student
lunchtime food intake (Seliske et al., 2013).

To date, there is no national regulation in this area and only a minor
number of state or city regulations — usually restricting the commer-
cialization of soft drinks and sweets — could be found (Brasil, 2007).
Thus, interventions designed to specifically test the effectiveness of
such restrictions could be an important step in the promotion of healthy
eating in Brazilian schools, and useful to guide policy makers. Our re-
sults also suggest the need to increase school programs on food and nu-
trition education. Awider initiative, which also includes private schools,
to provide repeated and sustained exposure to healthy foods, compre-
hensive and consistent food standards, and skills and literacy-oriented
nutrition education for the entire school community are essential
(Hawkes et al., 2015).

In line with the need for such a healthy environment, we found that
the BSFP was associated with lower consumption of unhealthy food.
This could be due to the BSFP legislation, which states that 70% of the
resources provided must be used for the purchase of staple foods (of
which 200 g must be fruits and vegetables), which restricts the
availability of processed foods and prohibits the provision of ultra-
processed foods (Brasil, 2013). Moreover, sugar-sweetened beverages
are forbidden, and sweets are limited to no more than twice a week in
the BSFP. The BSFmenuhas to be developed by a dietitian and approved
by the school food committee (Brasil, 2013). It is worthmentioning that
schoolmeal public programs, through theprovision of high quality food,
have the potential to mitigate the dual-burden of under and overnutri-
tion, which are co-existing conditions in LIMCs (Jaacks et al., 2015;
Popkin et al., 2012).

Regarding our results, it is noteworthy that the magnitude of the
associations was small. However, since the school food environment
affects all students in a school, even smallmagnitudesmay highlight im-
portant associations from a public health standpoint.We have classified
regular food consumption as a frequency of consumption five or more
times per week, but we also analysed our dataset using different
consumption cutoffs and found similar results (data not shown).

Regarding themultilevel analysis, it was not possible to consider the
complex sampling design in the models due to operational limitations
of the software. However, previous studies have found no differences
in the results of association analysis when comparing models that
accounted for the sample design with models that did not (Lemeshow
et al., 1998; Rai et al., 2013). Despite this, the standard errors and conse-
quently the 95% CI might have been affected by not incorporating the
complex sample design in our analysis; therefore readers should inter-
pret any weak associations with caution.

A limitation of our study is that alternative outlet points were
collected independently of location, limiting our understanding of this
contextual aspect. The measurement of food consumption did not ex-
clude weekends or the period in which students were not at school.
Therefore, it is not possible to assume that the consumption of un-
healthy and healthy food really occurred in school. However, the
availability of unhealthy food in schools was associated with consump-
tion; thus, it is plausible to assume that at least part of the consumption
is at school. In addition, consumption over the last seven daysmight not
represent the usual consumption of all the students, and some non-
differential misclassification is expected; however, longer periods
of report could be affected by recall bias. The PeNSE questionnaire
assessed only a limited number of indicators of healthy food availability
in schools: fruit and fruit juice sales and BSFP consumption (for public
schools). Despite this, we found a negative association between healthy
food availability and unhealthy food consumption. Finally, vending
machines are still scarce in Brazil and vandalism and lack of security
make operators reluctant to install more of them in environments like
schools.

There are differences between schools in terms of the social position
of the student population, and despite the adjustments performed, we
cannot exclude the possibility of residual confounding. Moreover, the
cross-sectional nature of this study should be taken into account when
interpreting our results.
5. Conclusion

Our study provides evidence on the association between school food
environment and the regular consumption of unhealthy foods among
adolescents in a middle-income country. We used a large representa-
tive sample from Brazil and a robust multilevel analysis, controlling
for other individual-level factors. Our findings provide support to gov-
ernment actions designed to promote the availability of healthy food
and prohibiting the sale of unhealthy options in schools and their sur-
rounding areas.
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