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Abstract

The association between lifestyle factors and mental health has been evaluated in isolation;
however, there has been a lack of information about lifestyle patterns and Common Mental
Disorders (CMD) in adolescents. Therefore, the present study aims to assess the associa-
tion between sets of lifestyle patterns and the occurrence of CMD in Brazilian adolescents
evaluated in a national school-based cross-sectional survey. The outcome variable consid-
ered was presence of CMD. Lifestyle patterns were identified from the Principal Component
Analysis. Consumption of foods, water and alcoholic beverages, sleep, physical activity,
and smoking were used to identify patterns as explanatory variables. Sociodemographic
characteristics, administrative dependence of the school and, nutritional status, were con-
sidered adjustment factors in the regression model. A total of 70,427 adolescents were eval-
uated. The principal component analysis identified three lifestyle patterns: high
consumption of ultra-processed foods and low consumption of unprocessed or minimally
processed foods (pattern 1); high consumption of alcoholic beverages and tobacco in the
last 30 days (pattern 2); and high consumption of water and high level of physical activity
(pattern 3). In the adjusted model, in patterns 1 and 2, the third tertile presented greater
chance of CMD (OR 1.68; Cl 95% 1.51-1.87 and OR 1.38; Cl 95% 1.19-1.60, respectively).
In pattern 3, the second (OR 0.88; Cl 95% 0.80-0.96) and the third (OR 0.80; Cl 95% 0.72—
0.88) tertiles presented lower chances of CMD among the adolescents evaluated. There-
fore, we suggest that health-promoting practices aimed at adolescents include multiple
behaviors, with the objective of ensuring physical, mental, and social well-being.

Introduction

Teenage years require attention due to the profound changes in growth and development,
influenced by environmental, nutritional and social factors that can impact the adolescents
physical and mental well-being [1]. Psychological distress in adolescents has been shown to
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be a part of the scope of chronic non-communicable diseases that are progressively increas-
ing worldwide [2]. In addition, around 70% of deaths related to preventable diseases, includ-
ing chronic non-communicable diseases [3], are linked to risk factors that start at this stage
of life [1].

The presence of Common Mental Disorders (CMD) leads to psychological distress in vari-
ous dimensions of day-to-day life, such as the inability to manage thoughts, emotions, behav-
iors and social relationships [4]. CMDs are mostly characterized by the occurrence of anxiety
and depression disorders [5], although it includes several other categories of commonly
reported mental disease that impact individual mood and feelings [6].

The diagnosis of mental disorders can occur through standardized diagnostic interviews, as
recommended by the American Psychiatric Association [6], or with the use of rapid screening
scales [7]. However, the identification of CMD does not imply a formal psychiatric diagnosis.
The General Health Questionnaire (GHQ), in its 12-item version, is a fast tracker used in
research to measure psychological well-being [6] or psychological distress, such as anxiety and
depression [7]. A systematic review of observational studies from different countries found a
prevalence of CMD in adolescents of 31.0% (CI 95% 28.0-34.0; I* = 97.5%), based on a GHQ-
12 cut-off point of 3 or more symptoms [8]. Using the same cut-off point, a very similar result
was observed in Brazil through the application of the Study of Cardiovascular Risks in Adoles-
cents (ERICA), which found a prevalence of CMD of 30.0% (CI 95% 29.2-30.8) [9].

Through a systematic review, longitudinal studies indicated an association between lifestyle
and depression in adolescents [9]. The effects of risk and protective factors on CMD, including
diet quality, alcohol consumption, smoking, sleep duration and physical inactivity, have been
studied by several authors. Molendijk et al. [10], for example, demonstrated that a better diet
quality was associated with a lower risk of developing depressive symptoms, and Sarris et al.
[11], concluded that nutrition is a modifiable factor, both in preventing mental disorders and
in promoting mental health.

In a study based on the National School Health Survey, carried out in 2015 in Brazil, a
higher risk of anxiety-induced sleep disorder was observed among adolescents who simulta-
neously presented high intake of ultra-processed foods and high sedentary behavior. Negative
lifestyles are associated with a substantial increase in the risk of anxiety-induced sleep disor-
ders [12]. Although previous studies have shown associations between one or a few lifestyle
factors and mental health, adolescent population-based studies using an approach constructed
on patterns that consider simultaneously a set of risk factors (food and alcoholic consumption,
sleep patterns, physical activity, and smoking) in association to mental health are scarce.
Therefore, to better understand the factors associated with CMD, the present study aims to
assess the connection between sets of lifestyle patterns and CMD in Brazilian adolescents.

Methods

We followed the guidelines of the document “Recommendations of the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)” in the writing of this manu-
script [13].

Study design

This research analyzed data from the Study of Cardiovascular Risks in Adolescents (ERICA), a
cross-sectional, national, school-based study, conducted from February 2013 to November
2014, with the objective of estimating the prevalence of cardiovascular risk factors in adoles-
cents aged from 12 to 17 years, who attended schools in Brazilian municipalities with more
than 100 thousand inhabitants [14].
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Sample size

The ERICA sample was gathered from schools, school periods (morning or afternoon), grades,
and classes, and was calculated to estimate 12 domains with controlled precision, considering
sex and age. Initially, the study established 32 geographic strata (26 capitals, the Federal Dis-
trict and five sets composed of other municipalities in each macro-region of the country)
according to the characteristics of the 2009 School Census. The calculation of the complex
sample was carried out in three levels. On the first level, the selection of the school sample was
carried out based on probability proportional to size. The sample size corresponded to the
ratio between the number of students in the considered school periods and grades, and the dis-
tance, measured in kilometers, between the seat of the municipality where the school was
located and the seat of the capital city. Using this measure, 1,251 schools located in 124 munic-
ipalities were selected by the ERICA. On the second level of selection, three classes were identi-
fied in each school considering the period (morning or afternoon) and grade (7th, 8th and 9th
grade of elementary school or 1st, 2nd, and 3rd grade of high school). This level of selection
was based on the correspondence between the adolescents’ grades and the targeted age for the
study. Finally, on the third level of selection, all selected students from the three classes of each
school were invited to participate in the study. Therefore, the sample was probabilistic and rep-
resentative of the country, the five regions, and the state capitals. More information on the
ERICA sampling methodology are detailed by Vasconcellos et al. [15].

From 102,327 eligible adolescents, 23.7% (24,284) did not answer any of the data collection
blocks. The self-administered questionnaire was answered by 74,589 students and 73,160
answered the 24-hour dietary recall. Students that were outside the age group, pregnant or that
presented physical or mental disability (considered to be any temporary or permanent disabil-
ity that prevented the carrying out of research measures) were considered ineligible for the
study [16].

In this study, the sample was composed of adolescents who fully answered the mental health
assessment available in the questionnaire and who presented the data from the first 24-hour
dietary recall and anthropometric data. A total of 1,313 adolescents were further excluded
because they reported intakes under 500 kcal or above 6,000 kcal [17]. The final sample of
70,427 adolescents corresponded to a response rate of 68.8% (Fig 1).

Data collection

The self-administered questionnaire was made available on the Personal Digital Assistant
(PDA), containing questions about sociodemographic characteristics, alcohol consumption,
sleep patterns, physical activity, smoking, as well as dietary practices and a mental health
assessment.

The 24-hour dietary recall was carried out by interviewers who recorded all the information
about the food and beverages consumed in an exclusive software for ERICA [18] using the
Multiple Pass Method [19]. This software, called ERICA-REC24, included a list of foods and
beverages according to the Brazilian Food Composition Table (in portuguese: Tabela de Com-
posigdo Nutricional dos Alimentos Consumidos no Brasil) [14].

Body weight was measured using a digital scale made by the brand Lider, model P150 (Sao
Paulo, Brazil), with an accuracy of 50 g and a maximum capacity of 200 kg. Height was
assessed using a portable stadiometer made by the brand Alturexata (Minas Gerais, Brazil),
with an accuracy of 1 mm and a maximum capacity of 213 cm.

To minimize the risk of bias, there was no interference during the period in which the ado-
lescents were answering the questionnaire on the PDA, and previously trained researchers per-
formed the collection of the food consumption data and the anthropometric data.
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Fig 1. Flowchart of eligible adolescents and the total study sample.
https://doi.org/10.1371/journal.pone.0261261.g001

Variables

Outcome variable. The outcome variable was presence of CMD, measured by the 12-item
version of the General Health Questionnaire (GHQ-12) [20,21]. The responses were organized
on a scale with four options. For questions that presented positive mental health aspects, the
possible alternatives were: (1) more than usual, (2) the same as usual, (3) less than usual, and
(4) much less than usual; for negative aspects, they were: (1) nothing, (2) no more than normal,
(3) a little more than normal, and (4) much more than normal.

The positive aspects were identified by the following questions: “Have you been able to
maintain your attention on the things you are doing? Have you felt useful in most of your
daily activities? Have you been able to face your problems? Have you been able to make deci-
sions? Have you been feeling happy in general? Have you been satisfied with your daily
activities?”

The negative aspects were observed from the following questions: “Have you been losing a
lot of sleep due to worry? Have you been feeling constantly nervous and tense? Have you felt
that it is hard to overcome your difficulties? Have you been feeling sad and depressed? Have
you lost confidence in yourself? Have you been considering yourself a worthless person?”

The proposed questionnaire score was determined by the standard system (0-0-1-1), allow-
ing a variation from zero to 12. The higher the total score, the more severe the state of mental
health. In this sense, we considered the presence of CMD when a score was equal to or greater
than three [22].

Independent variables. Based on the first 24-hour dietary record, we carried out food
conversions, in grams, and all 1,015 food items were identified according to the NOVA classi-
fication and organized to obtain the adolescents’ individual daily consumption. The NOVA
classification groups foods according to the extent and purpose of industrial processing and
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establishes four food groups: unprocessed or minimally processed foods; culinary ingredients;
processed foods; and ultra-processed foods [23].

Based on NOVA’s identification of the 4 food groups, two variables were established: con-
sumption of ultra-processed foods and consumption of unprocessed or minimally processed
foods, both expressed through continuous variables as grams by total energy intake (kcal) per
day. Energy intake was estimated based on the Brazilian Table of Food Composition [14,24]
and expressed in kcal. Then, the amount of food consumed in grams was calculated according
to the total energy intake of the diet and transformed into consumption quartiles. The con-
sumption quartiles of ultra-processed foods and unprocessed or minimally processed foods
were expressed in grams by total energy intake per day.

The variable water consumption was obtained from the question “How many glasses of
water do you drink a day?” and categorized into do not drink water, 1 to 2 glasses a day, 3 to 4
glasses a day, and 5 or more glasses a day.

The consumption of alcoholic beverages was obtained from the question “In the last 30
days (one month), on how many days did you have at least one glass or one dose of an alco-
holic beverage?” The categories of analysis were: “never had an alcoholic beverage”, “did not
drink in the last 30 days”, “less than one glass or dose”, “1 glass or dose”, “2 glasses or doses”,
“3 glasses or doses”, “4 glasses or doses” or “5 or more glasses or doses in the last 30 days”.

The adequate sleep variable was obtained from the weighted average of sleep duration dur-
ing the weekdays and on weekends, and was classified into two categories: no, when the daily
sleep hours were less than 8 or greater than or equal to 11 hours of sleep, or yes, when ranging
from 8 to 10 hours of sleep [25].

The variable physically active was obtained through the application of the Physical Activity
Questionnaire for Adolescents (QAFA) [26]. Three categories of analysis were considered
according to the indicated time of activity in the seven days prior to the survey, the categories
were: inactive (0 minutes/week), insufficiently active (1-299 minutes/week) or active (300 or
more minutes/week) [27,28].

Smoking was assessed based on the question “In the last 30 days, on the days you smoked,
how many cigarettes did you have?”, and the answers were categorized as “never smoked”,

» » o«

“have not smoked in the last 30 days”, “less than 1 cigarette a day”, “I cigarette a day”, “2 to 5
cigarettes a day”, “6 to 10 cigarettes a day” or “more than 11 cigarettes a day”.

Adjustment variables. The adjustment variables included in the regression model were
sociodemographic characteristics and nutritional status.

The sociodemographic characteristics analyzed were as follows: sex (female or male), age
range (12 to 14 years or 15 to 17 years), race/color (white, black or brown, and Asian or indige-
nous) and administrative dependence of the school (public or private).

The classification of nutritional status was obtained from the body mass index for age and
sex, according to the World Health Organization [29]. The following cut-off points were used:
underweight (z-scores < -2), adequate (z-scores > -2 and <1), overweight (z-scores > 1
and < 2) and obesity (z-scores > 2).

Statistical analysis

Regarding the data analysis, we performed a descriptive analysis using the calculation of the
distributions of relative frequencies and averages for categorical and quantitative variables,
respectively, with their corresponding 95% confidence intervals. Chi-square test and Student
t-test were used to compare proportions and averages, respectively.

Variables related to lifestyle, such as consumption of ultra-processed foods, consumption of
unprocessed and minimally processed foods, water consumption, consumption of alcoholic

PLOS ONE | https://doi.org/10.1371/journal.pone.0261261 December 14, 2021 5/14


https://doi.org/10.1371/journal.pone.0261261

PLOS ONE

Lifestyle patterns and common mental disorders in Brazilian adolescents

beverages, sleep, physical activity, and smoking served as the basis for the identification of the
patterns used as explanatory variables, while sex, age, race/color, administrative dependence of
the school and nutritional status, were considered adjustment factors in the regression model.

We obtained the lifestyle patterns from the Principal Component Analysis (PCA), which
corresponds to a multivariate technique used in the identification of patterns, components, or
factors. This technique allows the reduction of the number of variables to maximize the power
of explanation for the data set.

We applied the varimax orthogonal rotation method and the Kaiser-Meyer-Olkin index
(KMO) was used to assess the factorability of the data, adopting values between 0.5 and 1.0 as
acceptable for this index [30]. In the analysis of standardized estimates, we considered factor
loads greater than |0.3| and p < 0.05 for the construction of latent variables, as an indication
that the correlation between the observed variable and the constructor was moderately high in
magnitude [31,32].

The number of patterns to be extracted was defined by eigenvalues > 1.0 and lifestyle pat-
terns were generated in continuous variables. The variables of the identified patterns were cat-
egorized according to the distribution of tertiles.

The effect of lifestyle patterns on CMD was observed, initially, through a bivariate logistic
regression analysis. Then, we performed a multiple logistic regression analysis, considering the
adjustment for the variables (sociodemographic characteristics and nutritional status). Odds
Ratio (OR) with a 95% confidence interval was used as a measure of effect and p-values <0.05
were considered statistically significant.

We processed statistical analyzes using version 14.0 of the Stata software (StataCorp LP,
College Station, United States), which possesses a module called Survey for analyzing complex
sample data. This module considered the complexity of the ERICA sample and presented spe-
cific commands for adjusting models and calculating dispersion measures.

Ethical aspects

ERICA was conducted according to the guidelines determined by the Declaration of Helsinki
and all procedures involving the research study participants were approved by the Human
Research Ethics Committee of the Federal University of Rio de Janeiro in 2009 (protocol num-
ber 45/2008). The adolescents submitted a written term signed by themselves, as recom-
mended by the Ethics Committee.

Results

The characteristics of the sample are summarized in Table 1. Of a total of 70,427 adolescents
evaluated, 50.2% were male, 52.7% aged between 12 and 14 years, 57.2% were black or brown,
and 82.6% studied in public schools. Regarding nutritional status, 0.4% were underweight,
17.1% were overweight and 8.4% were obese.

Regarding the lifestyle characteristics, we found that the prevalence of CMD in quartiles 1
and 4 of consumption of ultra-processed food is 27.9% and 31.5%, respectively. And the preva-
lence of CMD in quartiles 1 and 4 of consumption of unprocessed or minimally processed
foods is 33.0% and 27.7%, respectively. The consumption of 5 or more glasses of water was
reported by 48.2% (CI 95% 51.7-53.5), 52.6% never had an alcoholic beverage and 25.2% had
not had an alcoholic beverage in the last 30 days. 45.7% had adequate sleep (8 to 10 hours) (CI
95% 44.4-47.1), 45.7% had sufficient physical activity (CI 95% 44.7-46.7) and 84.4% were not
smokers (CI 95% 83.6-85.2).

The analysis of the PCA allowed the identification of three lifestyle patterns that could
potentially present interesting associations. Table 2 shows the factor loading of the patterns 1,
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Table 1. Distribution of adolescents in relation to common mental disorders, sociodemographic characteristics, nutritional status, and lifestyle characteristics.
Study of Cardiovascular Risks in Adolescents (ERICA), Brazil, 2013-2014.

Variables All Common mental disorders prevalence
% CI 95% % CI 95% p-value
Sociodemographic characteristics
Sex <0.001
Female 49.8 * 38.3 37.0-39.6
Male 50.2 * 20.9 19.7-22.2
Age range <0.001
12 to 14 52.7 * 26.3 25.0-27.5
15to 17 47.3 * 33.2 31.9-34.6
Race/color’ <0.05
White 40.1 38.4-41.7 29.2 27.6-30.8
Black or brown 57.2 55.5-58.8 29.4 28.4-30.4
Asian or indigenous 2.8 2.5-3.1 34.9 31.4-38.4
Administrative dependence of the school 0.621
Public 82.6 78.3-86.8 29.5 28.4-30.6
Private 17.4 13.2-21.7 29.9 28.7-31.0
Nutritional status* <0.05
Underweight 0.4 0.3-0.6 13.8 8.0-19.7
Adequate 74 73.0-75.1 29.5 28.3-30.6
Overweight 17.1 16.3-17.9 30.7 29.2-32.3
Obesity 8.4 7.9-8.9 28.9 26.2-31.6
Lifestyle characteristics
Consumption of ultra-processed foods (grams/kcal) <0.05
Quartile 1 24.2 22.8-25.6 27.9 26.0-29.8
Quartile 2 23.3 22.6-24.1 28.0 26.2-29.8
Quartile 3 25.2 24.3-26.1 30.5 29.0-32.1
Quartile 4 27.3 26.2-28.5 31.5 30.2-32.8
Consumption of unprocessed or minimally processed foods (grams/kcal) <0.001
Quartile 1 24.4 23.1-25.6 33.0 31.4-34.5
Quartile 2 24.2 23.5-25.0 29.8 28.2-31.3
Quartile 3 24.4 23.7-25.1 28.0 26.7-29.4
Quartile 4 27.0 25.4-28.6 27.7 25.6-29.8
Water consumption <0.001
Does not drink water 1.5 1.3-1.7 55.7 50.1-61.3
1 to 2 glasses a day 18.7 17.8-19.5 36.7 34.6-38.8
3 to 4 glasses a day 31.6 30.6-32.5 29.2 27.6-30.9
5 or more glasses a day 48.2 47.1-49.4 26.2 25.0-27.4
Consumption of alcoholic beverages <0.001
Never had an alcoholic beverage 52.6 51.7-53.5 23.8 22.8-24.9
Did not drink in the last 30 days 25.2 24.3-26.1 31.9 30.2-33.7
Less than 1 glass or dose 4.6 4.2-5.0 34.7 29.8-39.7
1 glass or dose 5.5 4.8-6.1 39.1 34.8-43.4
2 glasses or doses 3.6 3.3-39 42.8 38.2-47.5
3 glasses or doses 2.5 2.2-2.8 46.2 41.0-51,5
4 glasses or doses 2.1 1.9-2.4 40.3 35.0-45.6
5 or more glasses or doses 3.9 3.5-4.2 43.4 39.5-47.2
Adequate sleep® <0.001
(Continued)
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Table 1. (Continued)

Variables All Common mental disorders prevalence
% CI95% % CI95% p-value
No 54.3 52.9-55.6 32.4 31.3-33.5
Yes 45.7 44.4-47.1 26.2 24.9-27.5
Physically activel <0.001
Inactive 26.6 25.8-27.4 36.4 35.2-37.6
Insufficiently active 27.7 26.7-28.6 28.1 26.2-30.0
Active 45.7 44.7-46.7 26.5 25.1-27.8
Smoking <0.001
Never smoked 84.4 83.6-85.2 29.5 28.6-30.3
Did not smoke in the last 30 days 11.2 10.5-11.8 484 42.8-54.0
Less than 1 cigarette a day 1.4 1.2-1.6 27.0 26.1-28.0
1 cigarette a day 1.2 1.0-1.4 42.1 40.2-43.9
2 to 5 cigarettes a day 1.2 1.0-1.3 44.1 37.0-51,2
6 to 10 cigarettes a day 0.4 0.3-0.5 41.3 32.8-49.7
More than 11 cigarettes a day 0.3 0.2-0.4 42.8 30.0-59.7

CI, Confidence interval.

“Variables used to calculate the natural weights and calibration factors of the sample.

"Not reported by 1,867 adolescents.

* Underweight, z-scores <-2; adequate, z-scores >-2 and <1; overweight, z-scores >1 and <2; obesity, z-scores >2).

$No, <8 hours or >11 hours/day; Yes, > 8 and < 11 hours/day.

9 Inactive (0 minutes/week); insufficiently active (1-299 minutes/week); active (300 or more minutes/week).

https://doi.org/10.1371/journal.pone.0261261.t001

2 and 3. In the first test to identify the patterns, the variable adequate sleep was included in the
PCA and presented a factor loading <|0.3|, leading to a 56.1% of explained variance. When
removed from the model, we observed an increase in the percentage of explained variance,
which contributed to 64.8% of the variance of the total information.

The KMO index and the factor loadings of all indicators were satisfactory (factor loading >
|0.3]). Thus, pattern 1 was characterized by a high consumption of ultra-processed foods (fac-
tor loading = 0.576) and low consumption of unprocessed or minimally processed foods

Table 2. Factor loading of principal component analysis (PCA) in Brazilian adolescents. Study of Cardiovascular Risks in Adolescents (ERICA), Brazil, 2013-2014.

Lifestyle characteristics Pattern 1 Pattern 2 Pattern 3 KMO
Consumption of ultra-processed foods 0.576* -0.306 0.266 0.509
Consumption of unprocessed or minimally processed foods -0.548* 0.321 -0.317 0.507
‘Water consumption -0.259 0.199 0.626" 0.516
Physically active -0.125 0.294 0.642* 0.505
Consumption of alcoholic beverages 0.386 0.579* -0.108 0.507
Smoking 0.370 0.585" -0.115 0.507
Eigenvalue 1.5 1.3 1.1 -
Explained variance (%) 243 22.0 18.6 -
Cumulative variance explained (%) 24.3 46.3 64.8 -
Overall - - - 0.508
KMO, Kaiser-Meyer-Olkin.

*Factor loading > |0.3| made up the lifestyle patterns for the logistic regression analysis.

https://doi.org/10.1371/journal.pone.0261261.t002
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Table 3. Crude and adjusted logistic regression models (95% CIs) for common mental disorders in Brazilian ado-
lescents. Study of Cardiovascular Risks in Adolescents (ERICA), Brazil, 2013-2014.

Variables OR* (CI 95%) OR" (CI 95%)

Pattern 1

Tertile 1 Ref Ref

Tertile 2 0.92 (0.86-0.99)* 1.22 (1.11-1.33) ***

Tertile 3 1.67 (1.53-1.82) *** 1.68 (1.51-1.87) ***
Pattern 2

Tertile 1 Ref Ref

Tertile 2 0.72 (0.67-0.77) *** 0.88 (0.78-0.99) *

Tertile 3 1.37 (1.24-1.52) *** 1.38 (1.19-1.60) ***
Pattern 3

Tertile 1 Ref Ref

Tertile 2 0.94 (0.86-1.02) 0.88 (0.80-0.96) **

Tertile 3 0.69 (0.64-0.76) *** 0.80 (0.72-0.88) ***

OR, Odds Ratio; CI, Confidence Interval; Ref, reference category.

*Simple ordered logistic regression model.

TOR adjusted for sex, age range, race/color, administrative dependence of the school and nutritional status.

¥ Pattern 1 characterized by high consumption of ultra-processed foods and low consumption of unprocessed or
minimally processed foods.

$ Pattern 2 characterized by high consumption of alcoholic beverages and smoking.

¥ Pattern 3 characterized by high consumption of water and physical activity.

*p<0.05.

**p<0.01.

**p<0.001.

https://doi.org/10.1371/journal.pone.0261261.t003

(factor loading = -0.548). Pattern 2 was characterized by high consumption of alcoholic bever-
ages (factor loading = 0.579) and an increase in the number of cigarettes per day in the last 30
days (factor loading = 0.585). And pattern 3 was composed of high consumption of water (fac-
tor loading = 0.626) and high level of physical activity (factor loading = 0.642).

Table 3 shows the simple and multiple logistic regressions for CMD according to lifestyle
patterns in Brazilian adolescents. In the simple logistic regression, pattern 1 revealed that in
the second tertile there were less chances of CMD (OR 0.92; CI 95% 0.86-0.99) when com-
pared to the reference category. However, the odds of CMD were higher in the third tertile
(OR 1.67; CI1 95% 1.53-1.82). In pattern 2, we observed the same as in pattern 1, but the third
tertile had a greater chance of CMD (OR 1.37; CI 95% 1.24-1.52). Regarding pattern 3, in the
third tertile (OR 0.69; CI 95% 0.64-0.76) there were less odds of CMD. In the adjusted model,
in pattern 1 and 2, the third tertile presented greater chance of CMD. In the first pattern, the
odds ratio was equal to 1.68 (CI 95% 1.51-1.87) and in the second pattern it was equal to 1.38
(CI95% 1.19-1.60). Finally, in pattern 3, the second (OR 0.88; CI 95% 0.80-0.96) and the third
(OR 0.80; CI 95% 0.72-0.88) tertiles presented lower odds of CMD among the adolescents
evaluated.

Discussion

The present study allowed a broad and joint approach to the lifestyle components potentially
associated with mental health, based on a robust sample of Brazilian adolescents. Three life-
style patterns were identified: two patterns based on unhealthy characteristics (pattern 1 and
2), and another based on healthy characteristics (pattern 3). After adjusting for possible
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confounding variables, we observed that all patterns affected the chances of CMD. These
results reinforced the importance of considering lifestyle characteristics not only for physical,
but also mental health during the adolescence.

Although our study, like others, showed that the prevalence of CMD was higher among
adolescents that presented inadequate sleep [33,34], this variable was not eligible to compose
the standards, most likely because our study’s data collection protocol did not show sleep char-
acteristics in detail. Therefore, we removed it from the analysis model.

The diet of the Brazilian population is traditionally characterized by the combination of rice
and beans, but in the last years an increase in the consumption of ultra-processed foods has
been observed, regardless of the population’s age group [35]. Of the total calories consumed by
Brazilian adolescents, 28% come from ultra-processed foods [36]. The Food Guide for the Bra-
zilian Population recommends that unprocessed or minimally processed foods be the basis of
the diet, and that ultra-processed foods should be avoided in order to promote health [37].

The literature points out that higher consumption of ultra-processed foods favors the devel-
opment of obesity and other chronic non-communicable diseases, increasing specially the risk
of depressive symptoms [38-41]. Therefore, the presence of variables related to diet quality in
lifestyle patterns presented here confirm the importance of the NOVA classification as an
instrument of nutritional assessment. However, the association between food and mental
health can be bidirectional, especially in terms of depression: people diagnosed with depres-
sions can have a poor diet or a poor diet can favor the occurrence of depression [42].

The association between consumption of alcohol and tobacco, measured by the intake of at
least one dose of alcoholic beverage and cigarettes, respectively, in the last 30 days, and the
presence of CMD in the Brazilian adolescent population had already been reported [43], as
well as the association between alcohol use and drunkenness, and the psychological distress of
adolescents in different countries [44]. This fact is even more worrying, considering the high
prevalence of alcohol consumption among adolescents in Brazil (approximately 24%) [45] and
in different countries, such as the United States, which in 2019 found that the current alcohol
use was of 29.2% among high school students [46].

In addition, a cross-sectional study of the Behavioral Risk Factor Surveillance System iden-
tified a strong association between the use of e-cigarettes and depression in the adult popula-
tion of the United States. It was found that former and current cigarette users were more likely
to report a history of clinically diagnosed depression when compared to those who never used
cigarettes [47].

Pattern 3, which was composed of variables physical activity and consumption of water,
revealed synergy between lifestyle related factors, since healthy and unhealthy characteristics
were grouped in the same pattern. In this study, the prevalence of CMD was lower among
physically active adolescents, a finding that corroborates with the evidence that physical activ-
ity has a protective effect against depressive symptoms, regardless of intensity. This finding
also shows the social benefits of exercises and of the physical activity environments, which also
favor the prevention of CMD [48,49].

The advantage of assessing behaviors as lifestyle patterns is to allow a broader approach to
the problem and the synergy of different behaviors [32]. The adjustments applied to the statis-
tical model for sociodemographic variables and nutritional status, consolidate the magnitude
of the association between the investigated patterns and the outcome variable (CMD), and
point to the urgency of a health promoting policy with a more comprehensive potential.

We believe that the combination of a response rate of approximately 70% for a question-
naire that addresses everyday perceptions and attitudes and that is used for CMD tracking, in
a sample of more than 70,000 subjects, allows the identification of valid data such as those pre-
sented in this study.
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However, some limitations must be pointed out. First, there was no way to guarantee that
the adolescents fully understood the questions presented in the self-applicable questionnaire.
Nevertheless, this measure ensured that there was no interference from the interviewer and
was in accordance with the recommendation for the GHQ-12 application [21].

It is important to note that GHQ-12 is a screening tool and does not provide an accurate
diagnosis of CMD, consequently, it may overestimate the prevalence of risk of stress and
depression among adolescents. In addition, the age group for its precise validation was estab-
lished for adolescents over 15 years of age and the presence of 4 symptoms was set as the cut-
off point to CMD, while the ERICA data set considered adolescents from 12 years of age and
the cut-off point of 3 symptoms to define presence of CMD.

The GHQ-12 is a self-applicable instrument and the various existing versions have been
used as screening tools to identify the presence of CMD. Although the GHQ was primarily
aimed at evaluating adults in primary and outpatient care [7], the GHQ-12 has been widely
used to assess adolescents, as revealed in a manuscript entitled Common mental disorders
prevalence in adolescents: A systematic review and metanalyses, which identified 43 studies
that adopted the GHQ in adolescents aged 12 to 19 years in 19 countries [8] and, similarly to
the other studies identified in that systematic review, ERICA used the version of the GHQ-12
that was translated for the Portuguese language and evaluated in a validation study, with a psy-
chiatric interview structured as the gold standard and criteria of three or more symptoms to
identify the presence of CMD, whose results showed sensitivity of 85.0% and specificity of
79.0% and area under the ROC (Receiver Operating Characteristics) curve of 0.87 [22].

Second, the 24-hour dietary recall has limitations inherent to the method, related to mem-
ory bias and the use of only one 24-hour dietary recall. Despite the large sample, it does not
allow analysis of usual consumption in the same way that it has been analyzed in other studies
[32,50]. However, the Multiple Pass Method was applied to reduce the underreporting of food
consumption. The last limitation was the design of the cross-sectional study, which did not
allow conclusions of cause and effect.

Despite the limitations, ERICA was a school-based study with high methodological rigor in
field research, with questionnaire conferences, standardization in anthropometric measures,
quality equipment and a previously trained team for data collection. Finally, the robust statisti-
cal analysis that considered the sample design of the study at all levels can also be considered a
strong point and increase confidence in the results we presented.

Conclusion

The pattern composed by unhealthy lifestyle characteristics indicated an increased chance of
CMD while the pattern composed by high consumption of water and sufficient physical activ-
ity indicated lower chances of CMD.

We suggest that, in addition to identifying isolated risk or protection factors, it is para-
mount to assess the synergy between them and, most importantly, favor the adoption of
healthy lifestyle habits during adolescence. We recommend that health-promoting practices
aimed at adolescents include multiple behaviors, with the objective of ensuring physical, men-
tal, and social well-being.

Supporting information

S1 File.
(XLSX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0261261 December 14, 2021 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0261261.s001
https://doi.org/10.1371/journal.pone.0261261

PLOS ONE

Lifestyle patterns and common mental disorders in Brazilian adolescents

Author Contributions

Conceptualization: Sara Araujo Silva, Kénia Mara Baiocchi Carvalho.
Data curation: Sara Araujo Silva.

Formal analysis: Sara Araujo Silva, Ariene Silva do Carmo.
Methodology: Sara Aradjo Silva.

Supervision: Kénia Mara Baiocchi Carvalho.

Validation: Kénia Mara Baiocchi Carvalho.

Writing - original draft: Sara Araujo Silva.

Writing - review & editing: Sara Araujo Silva, Ariene Silva do Carmo, Kénia Mara Baiocchi
Carvalho.

References

1. Every Woman Every Child. The Global Strategy For Women's, Children’s and Adolescents Health
(2016—2030). World Heal Organ [Internet]. 2015; http://doi.wiley.com/10.1002/ceas.12013%0Ahttps://
www.researchgate.net/publication/317087330%0Ahttps://repositories.lib.utexas.edu/handle/2152/
39127%0Ahttps://cris.brighton.ac.uk/ws/portalfiles/portal/4755978/Julius+Ojebode%27s+Thesis.pdf%
OAusir.salford.a.

2.  Whiteford HA, Ferrari AJ, Degenhardt L, Feigin V, Vos T. The global burden of mental, neurological and
substance use disorders: An analysis from the global burden of disease study 2010. PLoS One. 2015;
10(2):1-14. https://doi.org/10.1371/journal.pone.0116820 PMID: 25658103

3.  WHO. World Health Organization. Global health risks: mortality and burden of disease attributable to
selected major risks. 2009; http://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_
report_full.pdf.

4. World Health Organization. Mental Health Action Plan 2013-2020. WHO Libr Cat DataLibrary Cat Data
[Internet]. 2013;1—-44. http://apps.who.int/iris/bitstream/10665/89966/1/9789241506021_eng.pdf?ua=
1%5Cnhttp://apps.who.int/iris/bitstream/10665/89966/1/9789241506021_eng.pdf.

5. World Health Organization. Depression and other common mental disorders: global health estimates.
WHO World Heal Organ [Internet]. 2017;1-24. http://apps.who.int/iris/bitstream/10665/254610/1/
WHO-MSD-MER-2017.2-eng.pdf.

6. American Psychiatry Association. Manual diagnéstico e estatistico de transtornos mentais—DSM-5.
Artmed, editor. Artmed. 2014. 992 p.

7. Gorenstein, Clarice; Wang, Yuan-Pang; Hungerbihler |. Instrumentos de Avaliagdo em Saude Mental.
Artmed, editor. 2016.

8. Silva SA, Silva SU, Ronca DB, Gongalves VSS, Dutra ES, Carvalho KMB. Common mental disorders
prevalence in adolescents: A systematic review and metaanalyses. PLoS One. 2020; 15(4):1-19.

9. Cairns KE, Yap MBH, Pilkington PD, Jorm AF. Risk and protective factors for depression that adoles-
cents can modify: A systematic review and meta-analysis of longitudinal studies. J Affect Disord [Inter-
net]. 2014; 169:61-75. Available from: https://doi.org/10.1016/j.jad.2014.08.006 PMID: 25154536

10. Molendijk M, Molero P, Ortufio Sanchez-Pedrefio F, Van der Does W, Angel Martinez-Gonzalez M.
Diet quality and depression risk: A systematic review and dose-response meta-analysis of prospective
studies. J Affect Disord [Internet]. 2018; 226:346-54. Available from: https://doi.org/10.1016/j.jad.2017.
09.022 PMID: 29031185

11. Sarris J, Logan AC, Akbaraly TN, Amminger GP, Balanza-Martinez V, Freeman MP, et al. Nutritional
medicine as mainstream in psychiatry. The Lancet Psychiatry. 2015; 2(3):271—4. https://doi.org/10.
1016/S2215-0366(14)00051-0 PMID: 26359904

12. Werneck AO, Vancampfort D, Oyeyemi AL, Stubbs B, Silva DR. Joint association of ultra-processed
food and sedentary behavior with anxiety-induced sleep disturbance among Brazilian adolescents. J
Affect Disord. 2020; 266:135—-42. https://doi.org/10.1016/j.jad.2020.01.104 PMID: 32056867

13. Von EIm E, Altman DG, Egger M, Pocock SJ, Gatzsche PC, Vandenbroucke JP. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting
observational studies. PLoS Med. 2007; 4(10):1623-7.

PLOS ONE | https://doi.org/10.1371/journal.pone.0261261 December 14, 2021 12/14


http://doi.wiley.com/10.1002/ceas.12013%0A
https://www.researchgate.net/publication/317087330%0Ahttps://repositories.lib.utexas.edu/handle/2152/39127%0Ahttps://cris.brighton.ac.uk/ws/portalfiles/portal/4755978/Julius+Ojebode%27s+Thesis.pdf%0Ausir.salford.a
https://www.researchgate.net/publication/317087330%0Ahttps://repositories.lib.utexas.edu/handle/2152/39127%0Ahttps://cris.brighton.ac.uk/ws/portalfiles/portal/4755978/Julius+Ojebode%27s+Thesis.pdf%0Ausir.salford.a
https://www.researchgate.net/publication/317087330%0Ahttps://repositories.lib.utexas.edu/handle/2152/39127%0Ahttps://cris.brighton.ac.uk/ws/portalfiles/portal/4755978/Julius+Ojebode%27s+Thesis.pdf%0Ausir.salford.a
https://www.researchgate.net/publication/317087330%0Ahttps://repositories.lib.utexas.edu/handle/2152/39127%0Ahttps://cris.brighton.ac.uk/ws/portalfiles/portal/4755978/Julius+Ojebode%27s+Thesis.pdf%0Ausir.salford.a
https://doi.org/10.1371/journal.pone.0116820
http://www.ncbi.nlm.nih.gov/pubmed/25658103
http://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.pdf
http://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.pdf
http://apps.who.int/iris/bitstream/10665/89966/1/9789241506021_eng.pdf?ua=1%5Cn
http://apps.who.int/iris/bitstream/10665/89966/1/9789241506021_eng.pdf?ua=1%5Cn
http://apps.who.int/iris/bitstream/10665/89966/1/9789241506021_eng.pdf
http://apps.who.int/iris/bitstream/10665/254610/1/WHO-MSD-MER-2017.2-eng.pdf
http://apps.who.int/iris/bitstream/10665/254610/1/WHO-MSD-MER-2017.2-eng.pdf
https://doi.org/10.1016/j.jad.2014.08.006
http://www.ncbi.nlm.nih.gov/pubmed/25154536
https://doi.org/10.1016/j.jad.2017.09.022
https://doi.org/10.1016/j.jad.2017.09.022
http://www.ncbi.nlm.nih.gov/pubmed/29031185
https://doi.org/10.1016/S2215-0366%2814%2900051-0
https://doi.org/10.1016/S2215-0366%2814%2900051-0
http://www.ncbi.nlm.nih.gov/pubmed/26359904
https://doi.org/10.1016/j.jad.2020.01.104
http://www.ncbi.nlm.nih.gov/pubmed/32056867
https://doi.org/10.1371/journal.pone.0261261

PLOS ONE

Lifestyle patterns and common mental disorders in Brazilian adolescents

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Bloch KV, Szklo M, Kuschnir MCC, De Azevedo Abreu G, Barufaldi LA, Klein CH, et al. The study of car-
diovascular risk in adolescents—ERICA: Rationale, design and sample characteristics of a national sur-
vey examining cardiovascular risk factor profile in Brazilian adolescents. BMC Public Health. 2015; 15
(1):1-10.

de Vasconcellos MTL, do N Silva PL, Szklo M, Kuschnir MCC, Klein CH, de A Abreu G, et al. Sampling
design for the Study of Cardiovascular Risks in Adolescents (ERICA). Cad Saude Publica [Internet].
2015; 31(5):921-30. Available from: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-
311X2015000500005&Ing=en&ting=en PMID: 26083168

Da Silva TLN, Klein CH, De Moura Souza A, Barufaldi LA, De Azevedo Abreu G, Kuschnir MCC, et al.
Response rate in the study of cardiovascular risks in adolescents—ERICA. Rev Saude Publica. 2016;
50(supl 1):1s—13s.

Veiga Gloria Valeria da; Sichieri R. Correlation in food intake between parents and adolescents
depends on socioeconomic level. Nutr Res. 2006; 26:517-23.

Barufaldi LA, Abreu G de A, Veiga GV da, Sichieri R, Kuschnir MCC, Cunha DB, et al. Software to
record 24-hour food recall: application in the Study of Cardiovascular Risks in Adolescents. Rev Bras
Epidemiol. 2016; 19(2):464-8. https://doi.org/10.1590/1980-5497201600020020 PMID: 27532766

Conway JM, Ingwersen LA, Vinyard BT, Moshfegh AJ. Effectiveness of the US Department of Agricul-
ture 5-step multiple-pass method in assessing food intake in obese and nonobese women. Am J Clin
Nutr. 2003; 77(5):1171-8. https://doi.org/10.1093/ajcn/77.5.1171 PMID: 12716668

Lopes CS; Abreu GA Santos DF; Menezes PR; Carvalho KMB; Cunha CF; et al. ERICA: Prevalence of
common mental disorders in Brazilian adolescents. Rev Saude Publica. 2016; 50(supl 1):1s—9s. https://
doi.org/10.1590/S01518-8787.2016050006690 PMID: 26910549

Drapeau A, Marchand A, Beaulieu-Prevost D. Epidemiology of Psychological Distress. Ment llinesses
—Understanding, Predict Control [Internet]. 2012; http://www.intechopen.com/books/mental-illnesses-
understanding-prediction-and-control/epidemiology-of-psychological-distress.

De Jesus Mari J, Williams P. A Comparison of the Validity of Two Psychiatric Screening Questionnaires
(Ghg-12 and Srg-20) In Brazil, Using Relative Operating Characteristic (Roc) Analysis. Psychol Med.
1985; 15(3):651-9. https://doi.org/10.1017/s0033291700031500 PMID: 4048323

Monteiro CA, Cannon G, Levy R, Moubarac J-C, Jaime P, Martins AP, et al. NOVA. The star shines
bright. World Nutr [Internet]. 2016; 7(1-3):28—38. Available from: https://worldnutritionjournal.org/index.
php/wn/article/view/5.

IBGE. Pesquisa de Orgamentos Familiares 2008/2009: Tabelas de Composi¢éo Nutricional dos Ali-
mentos Consumidos no Brasil [Internet]. Ministério do Planejamento, Orgamento e Gest&o. 2011.
https://biblioteca.ibge.gov.br/visualizacao/livros/liv50002.pdf.

Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, et al. National sleep foundation’s
sleep time duration recommendations: Methodology and results summary. Sleep Heal [Internet]. 2015;
1(1):40-3. Available from: http://dx.doi.org/10.1016/j.sleh.2014.12.010 PMID: 29073412

de Farias Junior JC, Lopes A da S, Mota J, Santos MP, Ribeiro JC, Hallal PC. Validade e reprodutibili-
dade de um questionario para medida de atividade fisica em adolescentes: Uma adaptacdo do Self-
Administered Physical Activity Checklist. Rev Bras Epidemiol. 2012; 15(1):198-210. https://doi.org/10.
1590/s1415-790x2012000100018 PMID: 22450505

WHO. WHO Recommendations on Adolescent Health: Guidelines Approved by the WHO Guidelines
Review Committee. World Heal Organ [Internet]. 2017;(August):1-30. Available from: http://apps.who.
int/iris/bitstream/10665/42590/1/9241562218.pdf.

World Health Organization. WHO Guidelines on physical activity and sedentary behaviour. Routledge
Handbook of Youth Sport. 2020. 1-104 p.

Onis Mercedes; Onyango Adelheid W; Borghi Elaine; Siyam Amani; Nishida Chizuru; Siekmann J.
Development of a WHO growth reference for school-aged children and adolescents. Bull World Health
Organ. 2007; 85(September):660—7. https://doi.org/10.2471/blt.07.043497 PMID: 18026621

Hair Jr, Joseph F.; Black, William C.; Babin, Barry J.; Anderson, Rolph E.; Tatham RL. Analise multivar-
iada de dados. 6% edigdo. Bookman, editor. 2009. 688 p.

Kline RB. Principles and Practice of Structural Equation Modeling. Fourth Edi. Guilford Publications,
editor. Vol. 1. 2016. 534 p.

Rocha LL, Pessoa MC, Gratdo LHA, do Carmo AS, de Freitas Cunha C, de Oliveira TRPR, et al. Health
behavior patterns of sugar-sweetened beverage consumption among Brazilian adolescents in a nation-
ally representative school-based study. PLoS One. 2021; 16(1 January):1-13.

Hori D, Tsujiguchi H, Kambayashi Y, Hamagishi T, Kitaoka M, Mitoma J, et al. The associations
between lifestyles and mental health using the General Health Questionnaire 12-items are different

PLOS ONE | https://doi.org/10.1371/journal.pone.0261261 December 14, 2021 13/14


http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-311X2015000500005&lng=en&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-311X2015000500005&lng=en&tlng=en
http://www.ncbi.nlm.nih.gov/pubmed/26083168
https://doi.org/10.1590/1980-5497201600020020
http://www.ncbi.nlm.nih.gov/pubmed/27532766
https://doi.org/10.1093/ajcn/77.5.1171
http://www.ncbi.nlm.nih.gov/pubmed/12716668
https://doi.org/10.1590/S01518-8787.2016050006690
https://doi.org/10.1590/S01518-8787.2016050006690
http://www.ncbi.nlm.nih.gov/pubmed/26910549
http://www.intechopen.com/books/mental-illnesses-understanding-prediction-and-control/epidemiology-of-psychological-distress
http://www.intechopen.com/books/mental-illnesses-understanding-prediction-and-control/epidemiology-of-psychological-distress
https://doi.org/10.1017/s0033291700031500
http://www.ncbi.nlm.nih.gov/pubmed/4048323
https://worldnutritionjournal.org/index.php/wn/article/view/5
https://worldnutritionjournal.org/index.php/wn/article/view/5
https://biblioteca.ibge.gov.br/visualizacao/livros/liv50002.pdf
http://dx.doi.org/10.1016/j.sleh.2014.12.010
http://www.ncbi.nlm.nih.gov/pubmed/29073412
https://doi.org/10.1590/s1415-790x2012000100018
https://doi.org/10.1590/s1415-790x2012000100018
http://www.ncbi.nlm.nih.gov/pubmed/22450505
http://apps.who.int/iris/bitstream/10665/42590/1/9241562218.pdf
http://apps.who.int/iris/bitstream/10665/42590/1/9241562218.pdf
https://doi.org/10.2471/blt.07.043497
http://www.ncbi.nlm.nih.gov/pubmed/18026621
https://doi.org/10.1371/journal.pone.0261261

PLOS ONE

Lifestyle patterns and common mental disorders in Brazilian adolescents

34.

35.

36.

37.

38.

39.

40.

M,

42,

43.

44.

45.

46.

47.

48.

49.

50.

dependently on age and sex: a population-based cross-sectional study in Kanazawa, Japan. Environ
Health Prev Med. 2016; 21(6):410-21. https://doi.org/10.1007/s12199-016-0541-3 PMID: 27270412

Ojio Y, Nishida A, Shimodera S, Togo F, Sasaki T. Sleep duration associated with the lowest risk of
depression/anxiety in adolescents. Sleep J Sleep Sleep Disord Res. 2016; 39(8):1555—-62. https://doi.
org/10.5665/sleep.6020 PMID: 27306271

Instituto Brasileiro de Geografia e Estatistica |. Pesquisa de Orgamentos Familiares 2017-2018—Pri-
meiros Resultados [Internet]. Ibge. 2019. 69 p. http://scholar.google.com/scholar?hl=en&btnG=
Search&g=intitle:Pesquisa+de+Or?amentos+Familiares#0.

Rocha LL, Gratdo LHA, do Carmo AS, Costa ABP, de F Cunha C, de Oliveira TRPR, et al. School
Type, Eating Habits, and Screen Time are Associated With Ultra-Processed Food Consumption Among
Brazilian Adolescents. J Acad Nutr Diet [Internet]. 2021; 121(6):1136—42. Available from: https://doi.
org/10.1016/j.jand.2020.12.010 PMID: 33516640

Brasil. Guia Alimentar para a Populagao Brasileira [Internet]. 2% edigdo. Guia alimentar para a popu-
lagdo. Ministério da Saude. Secretaria de Atengdo a Saude. Departamento de Atengéo Basica.; 2014.
156 p. http://www.ufsm.br/congressodireito/anais%0Ahttp://www.scielo.br/scielo.php?script=sci_
arttext&pid=S0102-311X2017000405009&Ing=pt&ting=pt%0Ahttp://www.unicamp.br/nepa/arquivo_
san/volume_17_1_2010/san_vol_17_1_Neila[113-122].pdf%0Awww.saude.gov.br/bvs.

Adjibade M, Julia C, Allés B, Touvier M, Lemogne C, Srour B, et al. Prospective association between
ultra-processed food consumption and incident depressive symptoms in the French NutriNet-Santé
cohort. BMC Med. 2019; 17(1):1-13. https://doi.org/10.1186/s12916-018-1207-3 PMID: 30651111

Gomez-Donoso C, Sanchez-Villegas A, Martinez-Gonzalez MA, Gea A, Mendonga R de D, Lahortiga-
Ramos F, et al. Ultra-processed food consumption and the incidence of depression in a Mediterranean
cohort: the SUN Project. Eur J Nutr. 2020; 59(3):1093—-103. https://doi.org/10.1007/s00394-019-01970-
1 PMID: 31055621

Zheng L, SunJ, Yu X, Zhang D. Ultra-Processed Food Is Positively Associated With Depressive Symp-
toms Among United States Adults. Front Nutr. 2020; 7(December):1-9. https://doi.org/10.3389/fnut.
2020.600449 PMID: 33385006

Chen X, Zhang Z, Yang H, Qiu P, Wang H, Wang F, et al. Consumption of ultra-processed foods and
health outcomes: a systematic review of epidemiological studies. 2020;1-10.

Jacka FN. Nutritional Psychiatry: Where to Next? EBioMedicine [Internet]. 2017; 17:24-9. Available
from: https://doi.org/10.1016/j.ebiom.2017.02.020 PMID: 28242200

Ferreira VR, Jardim TV, Sousa ALL, Rosa BMC, Jardim PCV. Smoking, alcohol consumption and men-
tal health: Data from the Brazilian study of Cardiovascular Risks in Adolescents (ERICA). Addict Behav
Reports [Internet]. 2019; 9(November 2018):100147. Available from: https://doi.org/10.1016/j.abrep.
2018.100147.

Balogun O, Koyanagi A, Stickley A, Gilmour S, Shibuya K. Alcohol consumption and psychological dis-
tress in adolescents: A multi-country study. J Adolesc Heal [Internet]. 2014; 54(2):228-34. Available
from: http://dx.doi.org/10.1016/j.jadohealth.2013.07.034 PMID: 24064281

IBGE. Pesquisa Nacional de Saude do Escolar (PeNSE) 2015. IBGE. Instituto Brasileiro de Geografia
e Estatistica, editor. Rio de Janeiro; 2016. 132 p.

Jones CM, Clayton HB, Deputy NP, Roehler DR, Ko JY, Esser MB, et al. Prescription Opioid Misuse
and Use of Alcohol and Other Substances Among High School Students—Youth Risk Behavior Survey,
United States, 2019. MMWR Suppl. 2020; 69(1):38—46. https://doi.org/10.15585/mmwr.su6901a5
PMID: 32817608

Pengpid S, Peltzer K. Leisure-time sedentary behavior is associated with psychological distress and
substance use among school-going adolescents in five southeast Asian countries: A cross-sectional
study. Int J Environ Res Public Health. 2019; 16(12). https://doi.org/10.3390/ijerph16122091 PMID:
31200468

Harvey SB, Hotopf M, @verland S, Mykletun A. Physical activity and common mental disorders. Br J
Psychiatry. 2010; 197(5):357—64. https://doi.org/10.1192/bjp.bp.109.075176 PMID: 21037212

Kandola A, Ashdown-Franks G, Hendrikse J, Sabiston CM, Stubbs B. Physical activity and depression:
Towards understanding the antidepressant mechanisms of physical activity. Neurosci Biobehav Rev
[Internet]. 2019; 107(September):525-39. Available from: https://doi.org/10.1016/j.neubiorev.2019.09.
040 PMID: 31586447

da Silva SU, de Almeida Alves M, de Assis Guedes de Vasconcelos F, Goncalves VSS, Barufaldi LA,
de Carvalho KMB. Association between body weight misperception and dietary patterns in Brazilian
adolescents: Cross-sectional study using ERICA data. PLoS One. 2021; 16(9 September):1-21.

PLOS ONE | https://doi.org/10.1371/journal.pone.0261261 December 14, 2021 14/14


https://doi.org/10.1007/s12199-016-0541-3
http://www.ncbi.nlm.nih.gov/pubmed/27270412
https://doi.org/10.5665/sleep.6020
https://doi.org/10.5665/sleep.6020
http://www.ncbi.nlm.nih.gov/pubmed/27306271
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:Pesquisa+de+Or?amentos+Familiares#0
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:Pesquisa+de+Or?amentos+Familiares#0
https://doi.org/10.1016/j.jand.2020.12.010
https://doi.org/10.1016/j.jand.2020.12.010
http://www.ncbi.nlm.nih.gov/pubmed/33516640
http://www.ufsm.br/congressodireito/anais%0Ahttp://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-311X2017000405009&lng=pt&tlng=pt%0Ahttp://www.unicamp.br/nepa/arquivo_san/volume_17_1_2010/san_vol_17_1_Neila[113-122].pdf%0A
http://www.ufsm.br/congressodireito/anais%0Ahttp://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-311X2017000405009&lng=pt&tlng=pt%0Ahttp://www.unicamp.br/nepa/arquivo_san/volume_17_1_2010/san_vol_17_1_Neila[113-122].pdf%0A
http://www.ufsm.br/congressodireito/anais%0Ahttp://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-311X2017000405009&lng=pt&tlng=pt%0Ahttp://www.unicamp.br/nepa/arquivo_san/volume_17_1_2010/san_vol_17_1_Neila[113-122].pdf%0A
http://www.saude.gov.br/bvs
https://doi.org/10.1186/s12916-018-1207-3
http://www.ncbi.nlm.nih.gov/pubmed/30651111
https://doi.org/10.1007/s00394-019-01970-1
https://doi.org/10.1007/s00394-019-01970-1
http://www.ncbi.nlm.nih.gov/pubmed/31055621
https://doi.org/10.3389/fnut.2020.600449
https://doi.org/10.3389/fnut.2020.600449
http://www.ncbi.nlm.nih.gov/pubmed/33385006
https://doi.org/10.1016/j.ebiom.2017.02.020
http://www.ncbi.nlm.nih.gov/pubmed/28242200
https://doi.org/10.1016/j.abrep.2018.100147
https://doi.org/10.1016/j.abrep.2018.100147
http://dx.doi.org/10.1016/j.jadohealth.2013.07.034
http://www.ncbi.nlm.nih.gov/pubmed/24064281
https://doi.org/10.15585/mmwr.su6901a5
http://www.ncbi.nlm.nih.gov/pubmed/32817608
https://doi.org/10.3390/ijerph16122091
http://www.ncbi.nlm.nih.gov/pubmed/31200468
https://doi.org/10.1192/bjp.bp.109.075176
http://www.ncbi.nlm.nih.gov/pubmed/21037212
https://doi.org/10.1016/j.neubiorev.2019.09.040
https://doi.org/10.1016/j.neubiorev.2019.09.040
http://www.ncbi.nlm.nih.gov/pubmed/31586447
https://doi.org/10.1371/journal.pone.0261261

