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Sugar-sweetened beverages are widely available and accessible in school environment,
and their presence and characteristics of this environment can influence their
consumption. This study examines the association of drinking fountains per 100
students, soft drink sales, soft drink advertising, and the presence of street vendors
and sugar-sweetened beverages consumption among adolescents in Brazil. This
cross-sectional study was carried out using data from the Study of Cardiovascular
Risk in Adolescents that was conducted between March 2013 and December 2014.
The sample comprised 71,475 adolescents aged 12-17 years from 1,247 public and
private schools in Brazilian cities. Sugar-sweetened beverages consumption was the
dependent variable. The main effect was the school food environment, which was
evaluated based on drinking fountains per 100 students, soft drink sales, soft drink
advertising, and the presence of street vendors. Public and private schools that sold soft
drinks were associated with higher average sugar-sweetened beverages consumption
among adolescents. Our study highlights the importance of creating healthy school food
environments by banning sugar-sweetened beverages in schools accordingly.

Keywords: food environment, school, sugar-sweetened beverage, adolescent, public health

INTRODUCTION

Sugar-sweetened beverages (SSB) are ultra-processed beverages, as they are industrial formulations
composed of antioxidants, stabilizers, and preservatives (1). In Brazil, the Food and Nutritional
Surveillance System identified that in 2019, 65% of adolescents (n = 235,590) consumed SSB the
day before the interview (2). Excessive consumption of SSB by adolescents has been associated
with them being overweight and obese (3-7), the incidence of chronic non-communicable diseases
(8-10), and the incidence of mental disorders (11-14).
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SSB are widely available and accessible in Brazil, including
in the school food environment, which may promote the
consumption of these beverages (15-18). The school food
environment encompasses the space, infrastructure, and
conditions within and outside the schools, where food
is available, purchased, and consumed accordingly. This
environment also involves the facility of available information on
food and nutrition, promotion, and pricing of such foods (19).

Evaluating the characteristics of the school environment
and its influence on the consumption of SSB is important
for identifying the axes of action for public policies. Several
researchers (20-26) recommend school environment regulations
and food and nutritional education actions to reduce the
availability, purchase, advertising, and consumption of these
beverages. The World Health Organization (WHO) published a
document in 2016 with a series of reccommendations for reducing
soft drink consumption among children and adolescents. The
main recommendations of this document concerning the school
food environment were to increase the availability of potable
water in schools, conduct food, and nutritional educational
programs to make children and adolescents aware of healthy
beverage options, reduce the availability of sweetened beverages
in the school environment, and ban marketing of sweetened
beverages in schools (20).

The school environment has been extensively researched as a
place where adolescents are present for a large part of their day
and is considered an important determinant for food choices,
contributing to the consumption of unhealthy foods (18, 27-
32). International studies have found that SSB availability in the
school food environment is associated with the purchase and
consumption of these beverages by children and adolescents
(27, 33-36). However, in Brazil, there is only one study that
evaluates the association between soda consumption and its
availability in school cafeterias and canteens (21). This is the
first study to identify, in a broader way, the association between
the characteristics of the school food environment and SSB
consumption among Brazilian adolescents.

Thus, the objective of this study is to examine the association
between the characteristics of the school food environment
and SSB consumption among Brazilian adolescents. This study
can help strengthen the scientific evidence that justifies the
implementation of the regulation of the sale of unhealthy food
in the school environment. However, regulations on the sale of
unhealthy foods and beverages already exist in some Brazilian
cities and states. These regulations are not extended to the entire
country and schools, and hence, a more effective regulatory
measure is needed to cover all Brazilian schools.

METHODS
Study Population

A cross-sectional study was carried out using data from
the Study of Cardiovascular Risk in Adolescents (Portuguese
acronym, “ERICA”), that was conducted between March 2013
and December 2014. The ERICA study was a cross-sectional,
national, and school-based study that aimed to estimate the
prevalence of cardiovascular risk factors and metabolic syndrome

among adolescents aged 12-17 years who attended public and
private schools in Brazilian cities with a population of >100,000
(37). Bloch et al. (38) and Vasconcellos et al. (37) have provided
detailed information regarding the sampling process, research
protocol, and data collection.

In this study, we examined adolescents from 1,247 schools
in 124 Brazilian municipalities. The research population was
stratified into 32 geographical strata: 26 state capitals, 1
federal district, and 5 strata representing other municipalities
in each macro region of the country. Schools were selected
based on the number of students, and the probability was
inversely proportional to the distance between the non-capital
municipalities and the state capital. Three classes were selected
per school with different combinations of school schedule times
(morning and afternoon) and grades (seventh, eighth, and ninth
grades of elementary school; first, second, and third grades of
high school). All students in the selected classes were invited
to participate in the study. Adolescents not in the age group
of 12-17 years, with some degree of physical disability that
hindered them from undergoing the anthropometric assessment,
and pregnant adolescents were not eligible to participate.

The ERICA sample consisted of 102,327 eligible adolescents,
of which 73,160 responded to a 24-h food recall, and
74,589  completed the self-administered questionnaire
(available for download at: http://www.erica.ufrj.br/index.
php/metodos/) using a personal digital assistant, model LG
GM750Q (consisting of 105 questions divided into 11 blocks,
covering sociodemographic, health, and lifestyle aspects).
Therefore, adolescents who had complete data for both the
adolescent questionnaire and 24-h food recall were examined
accordingly (39).

Most adolescents who did not participate in ERICA, because
they were not present on the day or refused to participate,
were male and aged 15-17 years. The adolescents participating
in ERICA did not differ statistically from those who did not
participate in the study (39).

ERICA was approved by the Research Ethics Committees
of the Institute of Studies in Collective Health of the Federal
University of Rio de Janeiro in each state of Brazil and the Federal
District. All adolescents who agreed to participate provided
written informed consent. When the local ethics committee
required informed parental consent, such consent was obtained
from the students to participate in the study.

Food Consumption Assessment

Food consumption was assessed using a 24-h food recall through
a face-to-face interview performed by trained interviewers, who
used the Brazil Nutri software to record the food consumption
data with a direct recording of information on netbooks. The
interview technique used was the multiple-pass method (40),
which consisted of an interview guided in five stages that
intended to reduce the under-reporting of food consumption.
The software used contained a list of 1,626 food items from the
database regarding the acquisition of food and beverages from
the 2002 to 2003 household budget survey conducted by the
Brazilian Institute of Geography and Statistics (IBGE) (41), which
was developed by the Ministry of Health.
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Dependent Variable

In this study, SSB consumption (mL/day) was the dependent
variable. This variable was obtained from the sum of the
quantities of the following types of drinks consumed by
adolescents: regular soda, energy drinks, industrialized fruit
juices (powdered and carton fruit juices), and milk-based
beverages with added sugar and chemical additives. Adolescents
reporting daily consumption of >3,000 mL of SSB were excluded
from the sample to eliminate outliers that may have been caused
by measurement errors; thus, finally 71,475 adolescents were
included in the study. The adolescents who were excluded did not
significantly differ from the other adolescents who were included
in the study, considering other analyzed variables.

Main Effect

The main effect was the school food environment, which
was evaluated based on drinking fountains per 100 students,
soft drink sales, soft drink advertising, and the presence of
street vendors. To collect data from the school environment,
a systematic social observation was conducted by trained
researchers using a previously designed questionnaire. This
questionnaire consisted of 28 questions about the physical
structure, availability of physical education teachers, school
meals, and food sales.

The drinking fountains per 100 students were obtained
by dividing the number of drinking fountains by the total
number of students enrolled in the school, multiplied by
100 students. The sale of soft drinks was obtained by
accounting for all types of soft drink sales within the
school, whether through canteens or self-service machines,
respectively. Soft drink advertising and the presence of street
vendors in the 100 meters around the school (only those
who sold soft drinks were considered) were obtained through
direct observation.

Adjustment Variables
The variables that were used to describe the sample and as
adjustment variables in multilevel linear regression models
included sex, self-reported skin color, age, socioeconomic score,
school region, offering of school meals, and proximity to the
capital (if the school was located in the capital or inner-state city).
The socioeconomic score was defined using the 2013
Brazilian Economic Classification Criterion (CCEB) of the
Brazilian Association of Research Companies (ABEP) (42),
in which the possession of assets (colored television, radio,
bathroom, automobile, refrigerator, freezer, washing machine,
and DVD player), presence of a domestic worker, and
education of the head of the family was considered (42).
However, in 30.8% of the questionnaires, no information
on maternal education was obtained. Thus, we opted for
the use of “wealth proxy, as adopted by Moura (43),
and renamed this variable as the socioeconomic score, that
considered only the possession of assets and the presence
of a domestic worker. Thus, rather than analyzing the
economic class, the socioeconomic score was categorized

into three equal intervals (low: 0-12, medium: 13-25, and
high: 26-38).

Statistical Analyses

Descriptive analysis included the calculation of relative
frequencies, medians, and percentiles, stratified by the type
of school (public or private). Multilevel linear regression
models were used to investigate the association of drinking
fountains per 100 students, soft drink sales, soft drink
advertising, and the presence of street vendors with
consumption of SSB, stratified by the type of school (public
or private). Unstandardized regression coeflicients () and
95% confidence intervals (95% CI) were used as a measure
of effect.

For Supplementary Material, we used Student’s t-test,
analysis of variance, and Bonferroni test to compare the means
of SSB consumption between the categories of each variable. To
compare the averages between public and private schools, we
used Student’s t-test. Parametric statistical tests were performed
on account of the sample size.

The analyses were performed using Stata software (version
14.0; StataCorp LP, College Station, USA). Notably, in all the
performed analyses, the sample complexity was considered using
the Stata svy command, with a significance level of 5%.

RESULTS

A total of 71,549 adolescents and 1,247 schools were evaluated in
this study. The prevalence of SSB consumption was 68.3% among
adolescents from public schools and 74.6% among adolescents
from private schools, respectively (considering adolescents who
consumed any amount of SSB on the day evaluated using a 24-h
food recall).

Table 1 shows the characteristics of the adolescents according
to the type of school. Adolescents from public schools were
predominantly female, brown-skinned, aged 14-15 years, and
were classified as having a medium socioeconomic level.
Adolescents from private schools were predominantly male,
white-skinned, aged 12-13 years, and were classified as having
a high socioeconomic level.

Table 2 shows the characteristics of the school environment
according to the type of school. Public schools predominantly do
not sell soft drinks, do not have advertising for soft drinks, do
not have a street vendor around the school, and have a median
of 0.3 drinking fountains per 100 students. Private schools
predominantly sell soft drinks, do not have advertising for soft
drinks, do not have a street vendor around the school, and have a
median of 0.9 drinking fountains per 100 students.

The mean of SSB consumption by adolescent consumption
between the categories of each variable is provided in the
Supplementary Material.

The school food environment variables associated with SSB
consumption in the multiple generalized estimation equation
models are shown in Table 3. Public and private schools that sell
soft drinks are associated with higher average SSB consumption
among adolescents.
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TABLE 1 | Characterization of Brazilian adolescents evaluated by the ERICA
study, Brazil (2013-2014; n = 71,549).

Variables School type

Public Private
Sex (%)
Female 50.2 47.91
Male 49.8 52.09
Race/skin color (%)
White 37.1 54
Black 9.3 3.8
Brown 50.8 39.4
Yellow 2.1 2.2
Indigenous 0.7 0.6
Age (years) (%)
12-13 32.6 47.2
14-15 371 24.8
16-17 30.3 28
Socioeconomic Score (%)
High 17.4 52.7
Medium 79.8 46.8
Low 2.8 0.5

TABLE 2 | Characterization of Brazilian schools evaluated by the ERICA study,
Brazil (2013-2014; n = 1,247).

Variables School type
Public Private

Soft Drinks Sale (%)

No 64.4 23.9

Yes 35.6 76.1

Soft Drink Advertising (%)

No 96.8 86

Yes 3.2 14

Street Vendor (%)

No 75.7 82

Yes 24.3 18

Drinking fountains per 100 students 0.3 (0.2-0.5) 0.9 (0.5-1.6)

(median, P25-P75)

DISCUSSION

It was possible to evaluate the association between the
characteristics of the school food environment and SSB
consumption in this cross-sectional study of Brazilian
adolescents. It is important to emphasize that the consumption
of these beverages with high energy density and low nutritional
value causes damage to adolescent health (5, 6, 8, 9, 11-
14), and a reduction in their consumption has been hence
recommended (20).

Concerning the school’s characteristics, public and private
schools that sold soft drinks were associated with higher
average SSB consumption in adolescents. Other studies outside

Brazil have also evaluated the association between school
characteristics and SSB consumption and found that the presence
of vending machines or school cafeterias was related to a
higher average consumption of these beverages for adolescents
(27, 33, 34). Richardson et al. found that the availability to
purchase unhealthy foods and beverages in schools was positively
associated with the purchase of SSB by adolescents in the
United States (36).

In Brazil, our study is the first to examine the association
between the characteristics of the school food environment and
adolescents’ SSB consumption in a broader way. The results of
our study followed the same trend as observed in international
studies (27, 33-36). The availability and sale of SSB in the school
environment was associated with a higher average consumption
of these beverages by adolescents because they were cheaper,
readily available, and hyper-palatable (20).

Evaluation of the school environments impact on the
consumption of SSB stratified by the type of school is important
because of the differences in these environments. In a study
using data from ERICA, Carmo et al. (16) found that the food
environment of private schools has obesogenic characteristics
owing to the sale and advertising of ultra-processed foods.

Public schools also have a protective factor against the
consumption of ultra-processed food. On account of the food
provided by the National School Feeding Program (Programa
Nacional de Alimenta¢io Escolar [PNAE]) (17, 21, 44). PNAE
offers free and healthy food and provides nutrition education
to all students from federal, state, municipal, and district public
schools; it also prohibits the purchase of beverages with low
nutritional value (soft drinks, artificial refreshments, beverages,
or concentrates based on guarana or currant syrup, ready-to-
drink teas, and other similar beverages) (45). The presence of
these school feeding programs has contributed to the promotion
of healthy eating among children and adolescents in several
countries (46, 47). These programs are a tool in promoting a
healthy school food environment.

However, the presence of soft drink sales in and around public
schools is associated with the consumption of SSB. Although the
PNAE provides the necessary food for adolescents during school
time, the presence of a vendor that sells ultra-processed food and
beverages has a negative effect on the healthy food environment
provided by the national program. Previous studies have shown
that the presence of food and beverage sales in schools was
associated with an increase in the chances of SSB and ultra-
processed food consumption (16, 48). In addition, the presence
of this type of sale was associated with a reduction in the chances
of consuming school meals provided by the PNAE (49).

It is important to emphasize that actions alone are not
sufficient to deal with the decrease in SSB consumption. The
consumption of these beverages is associated with many complex
factors, which involve not only the food environment, but also
the culture, food preferences, social circle, and other factors (50—
53). Therefore, only the implementation of the PNAE will not
be enough to reduce the consumption of sweetened beverages,
and other measures are necessary, such as the implementation of
regulatory measures, food and nutritional education actions, and
support from parents and family (20, 23, 26, 54).
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TABLE 3 | Association between sugar-sweetened beverages consumption and the school environment among Brazilian adolescents included in the ERICA study, Brazil

(2013-2014; n = 71,549).

Variables

Sugar-sweetened beverages consumption (mL)

Public school

Private school

B (95% CI)’ B (95% Cl)>2 B (95% CI)’ B (95% Cl)>P
Drinking fountains per 100 students 1.6 (—20.2; 23) —6.2 (—26.2; 14) 2(=7.3;11) 1.6(-7.4;10.3)
Soft drinks sale 16 (—2; 33.4) 17.5 (2; 33)* 26.2 (—3.2; 56) 55 (24; 86)**
Soft drink advertising —9(—55.3; 37) 5.2 (—35.4; 46) —16 (—51.4; 19.4) —10 (—44.3; 21)
Street vendor of soft drink —5(-24.3;14.2) 8.8 (—8; 26) —15.5 (—48;17) —11 (—42; 21)
Variance 13,147 (11,756.2; 14,702) 8,919 (7,889; 10,083) 6,072 (4,661; 7,909.2) 5,205 (3,916.2; 6,918)
Intraclass correlation coefficient 0.08 (0.07; 0.09) 0.06 (0.05; 0.07) 0.4 (0.3; 0.6) 0.04 (0.03; 0.05)
Akaike criteria 765,332.5 700,726 207,450.5 190,126.2

ClI, Confidence Interval; mL, milliliters.
"Unadjusted multilevel linear regression model.
2 Adjusted multilevel linear regression model.

aAdjusted for gender, race/ethnicity, age, socioeconomic score, school region, offer school meals, and capital.

bAdjusted for gender, race/ethnicity, age, school region, and capital.
*0 < 0.05.

**p = 0.001.

Values in bold are statistically significant (o < 0.05).

For private schools, it was also found that the sale of soft
drinks was associated with higher average SSB consumption
among adolescents. This result suggests that, regardless of
the school type, having food and beverage sales promotes
unhealthy eating habits in the school environment, by increasing
the consumption of ultra-processed food and beverages.
Furthermore, private schools in Brazil are at a disadvantage
because they already have a more obesogenic food environment
and are not covered by the PNAE. This is so because regulatory
measures that normalize the sale of food in the school
environment are directed only to public schools (16, 22, 55).

The importance of adopting regulatory measures that prohibit
the sale of SSB in and around public and private schools
should be highlighted accordingly. This measure has been
recommended by several researchers (20-23) and has proven
to be effective (56, 57). It is important to emphasize that
these regulatory measures do not prohibit the sale of food
in general. They aim to prohibit only the sale of ultra-
processed foods, such as soft drinks, industrialized juices,
isotonic, package snacks, and cookies, among other foods that
are considered industrial formulations. Presence of natural
and minimally processed foods should be encouraged in the
school environment.

In Brazil, some cities and states have local laws restricting
unhealthy food and beverage sales inside schools, but the
effectiveness of these regulatory measures is uncertain, and
the vast majority do not include private schools (22, 58, 59).
Therefore, a national law is needed to regulate the sale of
unhealthy food and beverages that cover public and private
schools as well as their surroundings, reinforcing the importance
of a healthy food environment for healthy food consumption.
Concerning SSB only, Law Project 1,755 of 2007 has the
objective of banning the sale of soft drinks in canteens of
basic education schools. This Law Project is ready to be
voted on by the House of Representatives. However, there

is no indication that this law will enter the voting agenda.
In Brazil, it is difficult to approve measures that directly
affect the ultra-processed food and beverage industries. These
companies influence the state, which is the cause of political
inertia in regulatory measures aimed at ultra-processed food
and beverages.

This study has some limitations. A 24-h food recall does not
have a great characterization of the actual habitual consumption
among adolescents and can lead to bias in the dietary assessment,
including misreporting, underestimating, or overestimating the
consumption of SSB for atypical days. However, the use of the
multiple-pass method and the representative sample (71,533
adolescents) reduces the chance of errors and increases the
reliability of 24-h food recall (40, 60). Although statistically
significant, they were low with respect to the magnitude of
the associations. It is important to note that this result is
due to the more distal influence of the food environment
on food consumption. Moreover, we have no information on
where SSB were consumed; we only know that they are being
consumed, making it impossible to quantify SSB consumption in
the school.

The strengths of this study are (1) the representative
sample that allows generalization in the Brazilian population
of adolescents aged 12-17 years and residing in cities with
>100,000 inhabitants, and (2) this is the first study to investigate
the association between the characteristics of the school food
environment and SSB consumption among Brazilian adolescents.
In addition, this study highlights the importance of creating
healthy school food environments by banning SSB in schools.

DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available
because the data underlying this study are from ERICA (http://
www.erica.ufrj.br/) and were provided by author Dr. Cristiane

Frontiers in Nutrition | www.frontiersin.org

October 2021 | Volume 8 | Article 742744


http://www.erica.ufrj.br/
http://www.erica.ufrj.br/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Rocha et al.

School Environment and Sugar-Sweetened Beverages

De Freitas Cunha who is the coordinator of the study at the state
of Minas Gerais (http://www.erica.ufrj.br/index.php/equipe/).
Future researchers can request to access the same data using the
information provided in the Materials and Methods section of
the article and applying for access on the ERICA website or by
emailing projetoerica@gmail.com. Requests to access the datasets
should be directed to http://www.erica.ufrj.br/index.php/equipe/
or ERICA Project, projetoerica@gmail.com.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Institute of Studies in Collective Health of
the Federal University of Rio de Janeiro and the Research
Ethics Committees of each state of Brazil and the Federal
District. Written informed consent to participate in this
study was provided by the participants’ legal guardian/next
of kin.

REFERENCES

1. Monteiro CA, Cannon G, Levy R, Moubarac J-C, Jaime P, Martins
AP, et al. NOVA. The star shines bright. World Nutr. (2016) 7:28-38.
Available online at: https://worldnutritionjournal.org/index.php/wn/article/
view/5/4 (accessed September 13, 2020).

2. Sistema de vigilancia alimentar e nutricional (SISVAN). Relatérios de acesso
publico. Consumo alimentar. Adolescentes. Consumo de bebidas adogadas
(2019). Available online at: http://sisaps.saude.gov.br/sisvan/relatoriopublico/
index (accessed September 13, 2020).

3. Malik VS, Popkin BM, Bray GA, Després JP, Willett WC, Hu FB. Sugar-
sweetened beverages and risk of metabolic syndrome and type 2 diabetes: a
meta-analysis. Diabetes Care. (2010) 33:2477-83. doi: 10.2337/dc10-1079

4. Hu FB, Malik VS. Sugar-sweetened beverages and risk of obesity and
type 2 diabetes: epidemiologic evidence. Physiol Behav. (2010) 100:47-
54. doi: 10.1016/j.physbeh.2010.01.036

5. Zheng M, Allman-Farinelli M, Heitmann BL, Toelle B, Marks G, Cowell C,
et al. Liquid versus solid energy intake in relation to body composition among
Australian children. ] Hum Nutr Diet. (2015) 28:70-9. doi: 10.1111/jhn.12223

6. Nasreddine L, Naja F Akl C, Chamieh MC, Karam S, Sibai AM, et al.
Dietary, lifestyle and socio-economic correlates of overweight, obesity and
central adiposity in Lebanese children and adolescents. Nutrients. (2014)
6:1038-62. doi: 10.3390/nu6031038

7. Hasnain SR, Singer MR, Bradlee ML, Moore LL. Beverage intake in early
childhood and change in body fat from preschool to adolescence. Child Obes.
(2014) 10:42-9. doi: 10.1089/chi.2013.0004

8. Batis C, Rivera JA, Popkin BM, Taillie LS. First-year evaluation of Mexico’s
tax on nonessential energy-dense Foods: an observational study. PLOS Med.
(2016) 13:€1002057. doi: 10.1371/journal.pmed.1002057

9. Ambrosini GL, Oddy WH, Huang RC, Mori TA, Beilin L], Jebb SA.
Prospective associations between sugar-sweetened beverage intakes and
cardiometabolic risk factors in adolescents. Am J Clin Nutr. (2013) 98:327-
34. doi: 10.3945/ajcn.112.051383

10. Bremer AA, Auinger P, Byrd RS. Sugar-sweetened beverage intake trends
in US adolescents and their association with insulin resistance-related
parameters. ] Nutr Metab. (2010) 2010:196476. doi: 10.1155/2010/196476

11. Pengpid S, Peltzer K. High carbonated soft drink intake is associated with
health risk behavior and poor mental health among school-going adolescents
in six Southeast Asian countries. Int J Environ Res Public Health. (2019)
17:132. doi: 10.3390/ijerph17010132

12. Xu H, Guo J, Wan Y, Zhang S, Yang R, Xu H, et al. Association
between screen time, fast foods, sugar-sweetened beverages and

AUTHOR CONTRIBUTIONS

LR and LM idealized the article. LR, LG, and NC wrote the
manuscript. LR and AC performed the analyzes and designed
the methodology. CC, TO, MP, and LM were responsible for the
database and designed the methodology. All authors reviewed
and commented on subsequent drafts of the manuscript.

ACKNOWLEDGMENTS

The authors would like to thank the ERICA Project team, the
Universidade Federal de Minas Gerais and the Coordination for
the Improvement of Higher Education Personnel (CAPES).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2021.
742744/tull#supplementary-material

depressive symptoms in Chinese adolescents. Front Psychiatry. (2020)
11:458. doi: 10.3389/fpsyt.2020.00458

13. Jacob L, Stubbs B, Koyanagi A. Consumption of carbonated soft drinks and
suicide attempts among 105,061 adolescents aged 12-15 years from 6 high-
income, 22 middle-income, and 4 low-income countries. Clin Nutr. (2020)
39:886-92. doi: 10.1016/j.cInu.2019.03.028

14. Hu D, Cheng L, Jiang W. Sugar-sweetened beverages consumption and the
risk of depression: a meta-analysis of observational studies. ] Affect Disord.
(2019) 245:348-55. doi: 10.1016/j.jad.2018.11.015

15. Wognski ACP, Ponchek VL, Schueda Dibas EE, do Rocio Orso M, Pysklewitz
Vieira L, Gabriella Costa Schmitz Ferreira B, et al. Comercializagdo de
alimentos em cantinas no 4mbito escolar. Braz J Food Technol. (2019)
22:€2018198. doi: 10.1590/1981-6723.19818

16. Carmo ASD, Assis MM, Cunha CF, Oliveira TRPR, Mendes LL. The food
environment of Brazilian public and private schools. Cad Saiide Publ. (2018)
34:00014918. doi: 10.1590/0102-311x00014918

17. Azeredo CM, de Rezende LE Canella DS, Claro RM, Peres ME, Luiz Odo
C, et al. Food environments in schools and in the immediate vicinity are
associated with unhealthy food consumption among Brazilian adolescents.
Prev Med. (2016) 88:73-9. doi: 10.1016/j.ypmed.2016.03.026

18. Rathi N, Riddell L, Worsley A. Food environment and policies in
private schools in Kolkata, India. Health Promot Int. (2017) 32:340-
50. doi: 10.1093/heapro/daw053

19. Food and Agriculture Organization of the United Nations (FAO). School Food
and Nutrition Framework. Rome: FAO (2019).

20. World Health Organization (WHO). Be smart Drink water: a guide for school
principals in restricting the sale and marketing of sugary drinks in and around
schools. Geneva, Switzerland: WHO (2016). Available online at: https://apps.
who.int/iris/bitstream/handle/10665/208340/WPR_2016_DNH_008_eng.
pdf?sequence$=$1&isAllowed=y (accessed May 20, 2021).

21. Noll PRES, Noll M, de Abreu LC, Baracat EC, Silveira EA, Sorpreso ICE.
Ultra-processed food consumption by Brazilian adolescents in cafeterias
and school meals. Sci Rep. (2019) 9:7162. doi: 10.1038/s41598-019-4
3611-x

22. Azeredo CM, Leite MA, Rauber F Ricardo CZ, Levy RB. Are laws
restricting soft drinks sales in Brazilian schools able to lower their
availability? Rev Saiide Publ. (2020) 54:42. doi: 10.11606/s1518-8787.20200540
01227

23. Gortmaker SL, Wang YC, Long MW, Giles CM, Ward Z]J, Barrett JL,
et al. Three interventions that reduce childhood obesity are projected
to save more than they cost to implement. Health Aff. (2015) 34:1932-
9. doi: 10.1377/hlthaff.2015.0631

Frontiers in Nutrition | www.frontiersin.org

October 2021 | Volume 8 | Article 742744


http://www.erica.ufrj.br/index.php/equipe/
mailto:projetoerica@gmail.com
http://www.erica.ufrj.br/index.php/equipe/
mailto:projetoerica@gmail.com
https://www.frontiersin.org/articles/10.3389/fnut.2021.742744/full#supplementary-material
https://worldnutritionjournal.org/index.php/wn/article/view/5/4
https://worldnutritionjournal.org/index.php/wn/article/view/5/4
http://sisaps.saude.gov.br/sisvan/relatoriopublico/index
http://sisaps.saude.gov.br/sisvan/relatoriopublico/index
https://doi.org/10.2337/dc10-1079
https://doi.org/10.1016/j.physbeh.2010.01.036
https://doi.org/10.1111/jhn.12223
https://doi.org/10.3390/nu6031038
https://doi.org/10.1089/chi.2013.0004
https://doi.org/10.1371/journal.pmed.1002057
https://doi.org/10.3945/ajcn.112.051383
https://doi.org/10.1155/2010/196476
https://doi.org/10.3390/ijerph17010132
https://doi.org/10.3389/fpsyt.2020.00458
https://doi.org/10.1016/j.clnu.2019.03.028
https://doi.org/10.1016/j.jad.2018.11.015
https://doi.org/10.1590/1981-6723.19818
https://doi.org/10.1590/0102-311x00014918
https://doi.org/10.1016/j.ypmed.2016.03.026
https://doi.org/10.1093/heapro/daw053
https://apps.who.int/iris/bitstream/handle/10665/208340/WPR_2016_DNH_008_eng.pdf?sequence$=$1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/208340/WPR_2016_DNH_008_eng.pdf?sequence$=$1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/208340/WPR_2016_DNH_008_eng.pdf?sequence$=$1&isAllowed=y
https://doi.org/10.1038/s41598-019-43611-x
https://doi.org/10.11606/s1518-8787.2020054001227
https://doi.org/10.1377/hlthaff.2015.0631
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Rocha et al.

School Environment and Sugar-Sweetened Beverages

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

Rathi N, Riddell L, Worsley A. Food and nutrition education
in private Indian  secondary schools. Health  Educ. (2017)
117:310-22. doi: 10.1108/HE-08-2016-0030

Rathi N, Riddell L, Worsley A. Parents’ and teachers™ critique of nutrition
education in Indian secondary schools. Health Educ. (2019) 119:150-
64. doi: 10.1108/HE-11-2018-0054

Rathi N, Riddell L, Worsley A. Parents’ and teachers' views of food
environments and policies in indian private secondary schools. Int ] Environ
Res Public Health. (2018) 15:1532. doi: 10.3390/ijerph15071532

Godin KM, Chaurasia A, Hammond D, Leatherdale ST. Examining
associations
sugar-sweetened beverage consumption among Canadian secondary-
school students in the COMPASS study. Public Health Nutr. (2018)
22:1928-40. doi: 10.1017/S1368980018001246

Hsieh S, Klassen AC, Curriero FC, Caulfield LE, Cheskin LJ, Davis JN,
et al. Built environment associations with adiposity parameters among
overweight and obese Hispanic youth. Prev. Med Rep. (2015) 2:406-
12. doi: 10.1016/j.pmedr.2015.05.005

Hoyt LT, Kushi LH, Leung CW, Nickleach DC, Adler N, Laraia BA, et al.
Neighborhood influences on girls' obesity risk across the transition to
adolescence. Pediatrics. (2014) 134:942-9. doi: 10.1542/peds.2014-1286

Rathi N, Riddell L, Worsley A. The role of Indian school canteens in nutrition
promotion. Br Food J. (2018) 120:196-209. doi: 10.1108/BFJ-05-2017-0275
Rathi N, Riddell L, Worsley A. What influences urban Indian secondary
school students’” food consumption? - a qualitative study. Appetite. (2016)
105:790-7. doi: 10.1016/j.appet.2016.07.018

Erzse A, Christofides N, Stacey N, Lebard K, Foley L, Hofman K.
Availability and advertising of sugar sweetened beverages in South
African public primary schools following a voluntary pledge by a major
beverage company: a mixed methods study. Glob Health Action. (2021)
14:1898130. doi: 10.1080/16549716.2021.1898130

Godin KM, Chacén V, Barnoya J, Leatherdale ST. The school environment
and sugar-sweetened beverage consumption among Guatemalan adolescents.
Public Health Nutr. (2017) 20:2980-7. doi: 10.1017/S1368980017001926
Jones AC, Hammond D, Reid JL, Leatherdale ST. Where should we eat? Lunch
source and dietary measures among youth during the school week. Can ] Diet
Pract Res. (2015) 76:157-65. doi: 10.3148/cjdpr-2015-019

Shareck M, Lewis D, Smith NR, Clary C, Cummins S. Associations between
home and school neighbourhood food environments and adolescents fast-
food and sugar-sweetened beverage intakes: findings from the Olympic
Regeneration in East London (ORIiEL) Study. Public Health Nutr. (2018)
21:2842-51. doi: 10.1017/S1368980018001477

Richardson AS, Nicosia N, Ghosh-Dastidar MB, Datar A. School food
and beverage availability and children’s diet, purchasing, and obesity:
evidence from a natural experiment. | Adolesc Health. (2020) 67:804—
13. doi: 10.1016/j.jadohealth.2020.03.004

Vasconcellos  MT, Silva PL, Szklo M, Kuschnir MC, Klein
CH, Abreu Gde A, et al. Sampling design for the Study of
Cardiovascular Risks in Adolescents (ERICA). Cad Satide Publ. (2015)
31:921-30. doi: 10.1590/0102-311X00043214

Bloch KV, Szklo M, Kuschnir MC, Abreu Gde A, Barufaldi LA, Klein CH, et al.
The Study of Cardiovascular Risk in Adolescents-ERICA: rationale, design
and sample characteristics of a national survey examining cardiovascular
risk factor profile in Brazilian adolescents. BMC Public Health. (2015)
15:94. doi: 10.1186/s12889-015-1442-

da Silva TL, Klein CH, Souza Ade M, Barufaldi LA, Abreu
Gde A, Kuschnir MC, et al. Response rate in the study of
cardiovascular risks in adolescents—ERICA. Rev Satide Piiblica. (2016)
50:1-13. doi: 10.1590/s01518-8787.2016050006730

Conway JM, Ingwersen LA, Vinyard BT, Moshfegh AJ. Effectiveness of the
US Department of Agriculture 5-step multiple-pass method in assessing food
intake in obese and nonobese women. Am ] Clin Nutr. (2003) 77:1171-
8. doi: 10.1093/ajcn/77.5.1171

Brazil. Brazilian Institute of Geography and Statistics. Family Budget
Research (POF): analysis of household food availability and nutritional
status in Brazil. Rio de Janeiro, R]: IBGE (2004). Available online
at:  http://biblioteca.ibge.gov.br/visualizacao/livros/liv4472.pdf ~ (accessed
January 29, 2020).

between school food environment characteristics and

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Associagdo Brasileira de Empresas de Pesquisa (ABEP). Critério de
classificagdo econdmica Brasil (2014). Available online at: http://www.abep.org
(accessed January 29, 2020).

Moura LRDE. Universidade Federal de Minas Gerais. Factors Associated with
Health Risk Behaviors in Adolescents from Belo Horizonte: an Excerpt from the
Study of Cardiovascular Risks in Adolescents (ERICA) [Dissertation] (2017).
Locatelli NT, Canella DS, Bandoni DH. Positive influence of
school meals on food consumption in Brazil. (2018)
53:140-4. doi: 10.1016/j.nut.2018.02.011

National Education Development Fund. Resolution CD/FNDE n° 26. June
17, 2013. Provides for the provision of school meals to basic education students
within the scope of the National School Food Program - PNAE. Diério Oficial
da Unido (2013).

Food Nutrition Service (FNS), USDA. Nutrition standards in the National
School Lunch and School Breakfast Programs. Final rule. Fed Regist.
(2012) 77:4088-167. Available online at: https://www.federalregister.gov/d/
2012-1010 (accessed September 22, 2020).

Story M, Neumark-Sztainer D, French S. Individual and environmental
influences on adolescent eating behaviors. ] Am Diet Assoc. (2002) 102:S40-
51. doi: 10.1016/S0002-8223(02)90421-9

Galvez MP, Hong L, Choi E, Liao L, Godbold J, Brenner B. Childhood obesity
and neighborhood food-store availability in an Inner-City Community. Acad
Pediatr. (2009) 9:339-43. doi: 10.1016/j.acap.2009.05.003

Honério OS, Rocha LL, Fortes MICM, Do Carmo AS, Cunha CDE De
Oliveira TRPR, et al. Consumption of school meals provided by PNAE
among Brazilian public school adolescents. Rev Chil Nutr. (2020) 47:765-
71. doi: 10.4067/s0717-75182020000500765

Desbouys L, Méean C, De Henauw S, Castetbon K. Socio-
economic and cultural disparities in diet among adolescents and
young adults: a systematic review. Public Health Nutr. (2020)
23:843-60. doi: 10.1017/S1368980019002362

Kant AK, Graubard BIL. Family income and education were related with 30-
year time trends in dietary and meal behaviors of American children and
adolescents. ] Nutr. (2013) 143:690-700. doi: 10.3945/jn.112.165258

Birch L, Savage JS, Ventura A. Influences on the development of children’s
eating behaviours: from infancy to adolescence. Can ] Diet Pract Res.
(2008) 68:51-56. Available online at: https://www.ncbi.nlm.nih.gov/pmec/
articles/PMC2678872/?report=reader#__fn_sectitle (accessed September 22,
2020).

Rocha LL, Pessoa MC, Gratdo LHA, Carmo ASd, Cunha CdF, Oliveira TRPR,
et al. Health behavior patterns of sugarsweetened beverage consumption
among Brazilian adolescents in a nationally representative schoolbased study.
PLoS ONE. (2021) 16:€0245203. doi: 10.1371/journal.pone.0245203

Rathi N, Riddell L, Worsley A. “Do you think adolescents’ food intake
is satisfactory?” — Views of Indian parents and teachers. Appetite. (2020)
153:104740. doi: 10.1016/j.appet.2020.104740

Brazil. Ministry of Health, Secretariat of Health Care. Department of
Basic Care. General Coordination of Food and Nutrition Policy. State and
Municipal Experiences in Regulating the Commercialization of Food in Schools
in Brazil: Identification and Systematization of the Construction Process and
Legal Devices Adopted. Brasilia, DE, Brazil (2007).

Taber DR, Chriqui JE, Powell LM, Chaloupka FJ. Banning all sugar-sweetened
beverages in middle schools: reduction of in-school access and purchasing
but not overall consumption. Arch Pediatr Adolesc Med. (2012) 166:256-
62. doi: 10.1001/archpediatrics.2011.200

Vézina-Im LA, Beaulieu D, Bélanger-Gravel A, Boucher D, Sirois C,
Dugas M, et al. Efficacy of school-based interventions aimed at decreasing
sugar-sweetened beverage consumption among adolescents: a systematic
review. Public Health Nutr. (2017) 20:2416-31. doi: 10.1017/S13689800170
00076

Lopes Filho JD, Mendes LL. Comercializagao de lanches e bebidas em escolas
publicas: analise de uma regulamentacio estadual. DEMETRA. (2016) 11:991-
1000. doi: 10.12957/demetra.2016.19641

Gabriel CG, Santos MVd, Vasconcelos FdAGd, Milanez GHG,
Hulse SB. Cantinas escolares de Floriandpolis: existéncia e produtos

Nutrition.

comercializados apdés a instituigio da Lei de Regulamentagao.
Rev Nutr.  (2010)  23:191-9.  doi:  10.1590/S1415-52732010000
200002

Frontiers in Nutrition | www.frontiersin.org

October 2021 | Volume 8 | Article 742744


https://doi.org/10.1108/HE-08-2016-0030
https://doi.org/10.1108/HE-11-2018-0054
https://doi.org/10.3390/ijerph15071532
https://doi.org/10.1017/S1368980018001246
https://doi.org/10.1016/j.pmedr.2015.05.005
https://doi.org/10.1542/peds.2014-1286
https://doi.org/10.1108/BFJ-05-2017-0275
https://doi.org/10.1016/j.appet.2016.07.018
https://doi.org/10.1080/16549716.2021.1898130
https://doi.org/10.1017/S1368980017001926
https://doi.org/10.3148/cjdpr-2015-019
https://doi.org/10.1017/S1368980018001477
https://doi.org/10.1016/j.jadohealth.2020.03.004
https://doi.org/10.1590/0102-311X00043214
https://doi.org/10.1186/s12889-015-1442-
https://doi.org/10.1590/s01518-8787.2016050006730
https://doi.org/10.1093/ajcn/77.5.1171
http://biblioteca.ibge.gov.br/visualizacao/livros/liv4472.pdf
http://www.abep.org
https://doi.org/10.1016/j.nut.2018.02.011
https://www.federalregister.gov/d/2012-1010
https://www.federalregister.gov/d/2012-1010
https://doi.org/10.1016/S0002-8223(02)90421-9
https://doi.org/10.1016/j.acap.2009.05.003
https://doi.org/10.4067/s0717-75182020000500765
https://doi.org/10.1017/S1368980019002362
https://doi.org/10.3945/jn.112.165258
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2678872/?report=reader#__ffn_sectitle
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2678872/?report=reader#__ffn_sectitle
https://doi.org/10.1371/journal.pone.0245203
https://doi.org/10.1016/j.appet.2020.104740
https://doi.org/10.1001/archpediatrics.2011.200
https://doi.org/10.1017/S1368980017000076
https://doi.org/10.12957/demetra.2016.19641
https://doi.org/10.1590/S1415-52732010000200002
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Rocha et al.

School Environment and Sugar-Sweetened Beverages

60. Rossato SL, Fuchs SC. Handling random errors and biases in methods
used for short-term dietary assessment. Rev Saiide Publ. (2014) 48:845-
50. doi: 10.1590/S0034-8910.2014048005154

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Rocha, Pessoa, Gratdo, Carmo, Cordeiro, Cunha, Oliveira and
Mendes. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Nutrition | www.frontiersin.org

October 2021 | Volume 8 | Article 742744


https://doi.org/10.1590/S0034-8910.2014048005154
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	Characteristics of the School Food Environment Affect the Consumption of Sugar-Sweetened Beverages Among Adolescents
	Introduction
	Methods
	Study Population
	Food Consumption Assessment
	Dependent Variable
	Main Effect
	Adjustment Variables
	Statistical Analyses

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


