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Abstract

Objective: To investigate the association between ultra-processed food (UPF)
consumption and internalising symptoms (IS) among adolescents.

Design: Tt is a cross-sectional study. Paper-pencil survey was completed in class-
room with information on UPF consumption, IS and selected covariates. IS were
assessed with the Internalizing Symptoms sub-scale from the Social Behaviour
Questionnaire (IS-SBQ). UPF was evaluated with a FFQ extracted from the
Brazilian National School Health Survey. Crude and adjusted association between
UPF and IS was investigated with structural equation models.

Setting: Sao Paulo, SP, Brazil.

Participants: A total of 2680 students, M, q. = 14-85; (95 % CI 14-81, 14-88).
Results: UPF consumption was associated with higher scores in IS in the crude
(f=0-14; P < 0-001) and adjusted (f = 0-12; P < 0-001) models. The higher the con-
sumption of UPF, the higher is the IS score. The following variables were associ-
ated with a lower risk of UPF consumption: male sex, public school and having
more meals with parents. The change in the magnitude of the standardised score
was almost negligible, but the model was significantly improved with the inclusion
of covariates.

Conclusions: Our results provide evidence about the positive association between
UPF consumption and IS among adolescents. The association, despite its low mag-
nitude, remained significant after adjusting for potential confounders. These results
are relevant considering the increase in UPF consumption worldwide and in low-
and middle-income countries. Also, our study emphasises the importance of a
healthy diet with a reduction in UPF consumption among adolescents.
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Ultra-processed foods (UPF) are formulations of ingre-
dients, mostly of exclusive industrial use, that result from
a series of industrial processes, which typically contain little
or even no intact food™. Those products are energy-dense
and nutritionally unbalanced. Compared to culinary prep-
arations and processed foods, UPF have, on average, a
higher content of free sugar, saturated fat and total fat.
They also contain synthetic ingredients, such as flavouring,
dyes, texturises, as well as a lower density of proteins, fibres
and micronutrients®®. Consumption of UPF has exponen-
tially increased worldwide. Data from 79 high- and middle-
income countries showed that UPF dominate the food
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supplies of high-income countries, and that their consump-
tion is now rapidly increasing in middle-income coun-
tries”. According to a report that evaluated the sales of
UPF worldwide including thirteen Latin American countries
between 2000 and 2013, both retail sales and fast-food
transactions increased steadily in almost all countries. In
Latin America, most ultra-processed products are increas-
ingly sold in convenience stores, supermarkets and
hypermarkets®,

Several studies have observed a positive association
between UPF consumption and increased risk of chronic
non-communicable diseases™®. There is clear evidence
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of a negative impact of UPF on functional gastrointestinal

disorders”, asthma in adolescents®, obesity®, hyperten-
sion metabolic disorders in adolescents” and
cancer?.

UPF has also been linked to mental health problems and
depression!3-19) 1n general, a diet rich in fruits, vegetables,
olive oil and legumes is protective against mental health
disorders"”. In contrast, high intake of saturated fat and
refined carbohydrates, typical from a diet with a high par-
ticipation of UPF, increased the risk of mental disor-
ders™>® A study reported that higher levels of diet with
components that promote inflammation such as red meat,
takeaway and refined foods, soft drink and confectionary
were associated with increased risk of depression?.
Few biological pathways have been suggested to explain
the link between an unhealthy diet and the onset of depres-
sion®2D Bioactive compounds of UPF activate inflamma-
tory responses through the release of cytokines and the
activation of immune system. Elevated levels of inflamma-
tory markers were described in depressed people®?.

The Internalizing and Externalizing Problems frame-
work was originally conceived by Achenbach in 1991
and it is still frequently used in adolescent’s behaviours
studies. Internalising symptoms (IS) refer to problems of
withdrawal, somatic complaints and anxiety/depression,
while externalising symptoms exhibit themselves in delin-
quent and aggressive behavior. Both concepts are very
helpful for research and treatment purposes®2%,

The relationship between UPF and mental health has
been less studied among adolescents. A prospective cohort
in Australia found that a Western dietary pattern character-
ized by increased intake of takeaway foods, confectionary
and red meat was associated with IS, at the age of 14
years®. In contrast, a prospective Canadian study with
3757 5th grade students (aged 10-11 years) did not find
an association between diet quality and internalising disor-
ders. Nevertheless, lower rates of internalising disorders
were observed among children with greater variety in their
diet®. A systematic review assessed the association
between dietary intake of children and young people
and depression. They found a relationship between
unhealthy diet and consumption of low-quality diet with
depression or poor mental health even though the effect
sizes were small?”. Many studies have been carried out
in developed countries. However, there is a need for stud-
ies in low- and middle-income countries where there are
specific cultural and socio-demographic characteristics
related to UPF consumption. Moreover, the present study,
differently from other publications, emphasised the impor-
tance of food processing in a diet pattern more than isolated
unhealthy foods or nutrients.

Depression may have a short- and long-term negative
impact on several domains of adolescent’s health and social
life including academic performance, substance abuse in
adult life and risk of suicide®®. Rates of depression increase
substantially between 13 and 18 years of age, and the
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estimated cumulative incidence in adolescents approxi-
mates the adult lifetime prevalence rate®.

The objective of the present study is to investigate the
relationship between UPF consumption and IS among ado-
lescents. We hypothesised that UPF consumption is associ-
ated with an increased risk of IS.

Methods

Study design and sample

For this paper, we used data from the Sdo Paulo Project on
the social development of children and adolescents (SP-
PROSO). SP-PROSO is a cross-sectional study carried on
with a representative sample of the 9th grade students in
public (municipal and state) and private schools in the city
of Sao Paulo, Brazil, in 2017. Sdo Paulo is the highest city in
Brazil and the second highest in Latin America, with an esti-
mated population of 11,966,088 inhabitants in 2017, 6 %
(n 719 927) between 10 and 14 years of age, and 7%
(n 821 019) between 15 and 19 years of age.

The sample size in Sdo Paulo was determined as 2849
students to allow prevalence estimates as lower as 15 %
(calculated based on estimates for events of violence
with a minimum prevalence of 15 %), with a precision
of 0-06 and design effect (deff) =1-7. To reach this num-
ber, we used a stratified sampling procedure, with strata
defined according to school administrative domains
(public municipal, public state and private), and having
classes as primary sampling units. A total of 156 classes,
one class per school, were randomly selected, and 119
schools agreed to participate.

Any adolescent present at classroom at data collection
day whose parents did not proscribe their child’s participa-
tion and who did not present any serious impairments that
avoided understanding of the questions or the possibility of
answering it anonymously were considered eligible. Of the
2816 students who were present in the classroom, 113 did
not participate because they did not meet at least one of the
eligibility criteria, which resulted in a sample of 2702 ado-
lescents. For the analysis, twenty-two questionnaires were
excluded because more than 20 % of the questions were
not answered. Final sample for the present analysis is
2680, 941% of the estimated sample. Data collection
was performed on a pre-determined day during classroom
time, without the presence of teachers or any other school
staff. Students answered the paper-pencil survey anony-
mously with the support of trained researchers.

Once SP-PROSO was designed to allow for comparative
analysis with Z-PROSO, in Zurich, and M-PROSO, in
Montevideo, the same instrument and scales were used
and translated into Portuguese from English, Germany
and Spanish following recommendations for culturally sen-
sitive translations. Additional information about translation
can be found at Nivette et al. (2020)3
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Variables

Main outcome

To measure IS, we used the Internalizing Symptoms sub-
scale from the Social Behaviour Questionnaire (IS-
SBQ)®Y. SBQ and its subscales were validated previously
in Switzerland and showed to have good reliability, cri-
terion and factorial validity, and invariance during child
development®?. The IS-SBQ is expected to have a unidi-
mensional structure. It is composed by eight questions
about IS in the month previous to the survey, with answers
varying from 1-never to 5-very often in a five-point Likert
scale. Questions ask about how often in the previous
month the adolescent: (1) was bored; (2) cried; (3) was
scared, fearful or anxious; (4) was unhappy, miserable,
or distressed; (5) felt alone; (6) could not fall asleep; (7)
was sad without knowing why; and (8) was worried.

Main exposure

The main exposure is an UPF frequency of consumption
score. From a FFQ, we selected five answers in which ado-
lescents were asked how often they ate each kind of ultra-
processed product in a regular week: (1) sausages; (2)
crackers; (3) packet snacks; (4) treats (sweets, candies
and chocolates) and (5) sugary drinks. These products
are markers of unhealthy eating. The possible answers
ranged from never to 7 d. A score was calculated by the
sum of answers, varying from 0 to 35 points. This FFQ is
validated®® and was extracted from the Brazilian
National School Health Survey®®. There were foods con-
sidered healthy diet markers (fruits, vegetables and beans)
and unhealthy diet markers (UPF).

Covariates

The following covariates were included for adjusting pur-
poses: sex (male/female) age (in years), skin colour (white/
black-brown/yellow  (Asian  descendants)-indigenous
mother schooling (up to complete elementary school,
incomplete or complete high school and incomplete or
complete higher education) and school administrative
dependency (public/private). Physical activity (PA) prac-
tice and the habit of having meals with parents (HMP) were
also included as adjusting variables, considering they can
be both associated with UPF consumption and 1S3>3%,
PA was measured considering the weekly frequency and
duration of active transportation (walking or cycling) to
and from school, leisure PA, and participation in physical
education classes during the past week, questions
extracted from the Brazilian National School Health
Survey®?. This questionnaire was previously validated
and showed satisfactory relative validity®”. Total PA was
calculated adding the min/week of each domain and ado-
lescents we considered physically active if total PA
exceeded 299 min/week. HMP was measured by the fol-
lowing question: ‘Do you usually have lunch or dinner with
your mother, father or guardian?” and the adolescents could
answer ‘no’, ‘rarely’, ‘1 or 2d weekly’, ‘3 or 4 d weekly’, ‘5 or
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6 d weekly’ or ‘every day’. The answers were dichotomised
into ‘4 or less days a week’ and ‘5 or more days a week’. This
question was also extracted from the Brazilian National
School Health Survey®®.

Statistical analysis

To evaluate factorial structure, dimensionality and internal
consistency of IS-SBQ in Brazilian adolescents, we con-
ducted exploratory factor analysis (EFA), followed con-
firmatory factor analysis (CFA). To check for adequacy of
our data to EFA, the Kaiser-Meyer—Olkin (KMO) index
was calculated. KMO estimates the proportion of the set
of items variance that could be explained by a latent factor.
A KMO > 0-8 was considered meritorious and KMO > 0-9
as excellent. The Bartlett’s test for sphericity tests the null
hypothesis of a zero correlation in the sample matrix. A
P-value <0-05 is indicative of adequacy of the correlation
matrix to conduct EFA.

Once we expect a unidimensional solution, EFA model
was run using the principal component factor method®®.
The number of factors extracted was determined based
on the Kaiser—-Guttman rule and the scree test. Kaiser cri-
terion establishes eigenvalue > 1.0 as indicating a non-triv-
ial factor, and the scree test is based on the visual scrutiny of
the curve formed by the plotted eigenvalues. The number
of factors is determined by the point of greatest change in
the slope of the curve®®. Additionally, in this criteria, inter-
pretability and theoretical consistence were also consid-
ered. No rotation method was applied based on the
resulted simple structure.

A CFA using the structural equations model builder in
Stata was run after EFA. For CFA, each of the eight items
of 1S-SBQ were included in the measurement model as
exogenous observable variables, and IS was defined as
endogenous latent variable. Maximum likelihood with
missing values estimation method (mimv) was used.
Modification index was considered to improve model
specification with the inclusion of covariance between
error terms of exogenous variables. Model fit was evaluated
based on Root Mean Square Error of Approximation
(RMSEA) (£ 0-05) and Confirmatory Fit Index (CFD
(= 0:95). To measure the scale reliability based on CFA
(p), we refit the unstandardised model fixing the variance
of IS. Factorial loadings (1), error variances (0ii) and error
terms covariances (0ij) were applied to the following
equation:

. (i
(a7 + (S 6) + 22 09)

A descriptive analysis was conducted based on the cal-
culation of proportion and 95 % CI for categorical variables,
and means and 95 % CI for continuous or discrete variables.

A maximum likelihood missing value (m/muv) structural
equations model was then run to investigate the association
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between the observed exogenous variable UPF and the
latent endogenous variable IS. Mimuv uses full information
maximum likelihood techniques to account for missing val-
ues®. Crude and adjusted regression coefficients were
calculated. Adjusting observed exogenous variables were
sex, age, skin colour, mother’s education, type of school,
PA and HMP. Once our sample is complex, sampling
weight was used to run the descriptive analysis and the
structural equations model. All the analyses were run using
Stata 15.1.

Results

Characteristics of the sample are presented in Table 1,
together with the mean score of UPF consumption and
IS. UPF consumption is higher among females and students
from public schools, and lower among those whose moth-
ers have a higher schooling level. IS mean score is higher
among females.

Based on KMO (KMO = 0-90) and Bartlett’s test of sphe-
ricity test (P <0-001), our data are adequate to conduct
EFA, suggesting the existence of a latent factor for IS
(Table 2). The first factor explains around 50% of the
shared variance among items. Once one single factor
was extracted, no rotation was applied. Cronbach’s «a
(0-84) points to a high internal consistency. As can be seen
in Table 2, all items contribute to the highest consistency
achieved with the full set of eight items, with smallest val-
ues reached as items are excluded. Item-test and Item-rest
correlation show the non-negligible correlations.

The CFA for the unidimensional standardised solution is
presented in Fig. 1 and corresponding table can be seen in
the Supplemental File. All observed exogenous variables
loads significantly with the latent endogenous variable
IS. Standardised factor loadings range from 0-47 to 0-77.
Covariance between two sets of indicators were included
following modification indices, and the final model
presents a good fit ()* (df)=132-49 (18), P<0-001;
RMSEA = 0-049 and CFI = 0-98), confirming the unidimen-
sional solution. The resulting scale reliability is p =0 82.

The crude and adjusted associations between UPF con-
sumption and IS can be seen in Fig. 2 and corresponding
Table 3. UPF consumption is associated with higher scores
in IS in the crude and adjusted models. The higher the con-
sumption of UPF, the higher is the IS score. The change in
the magnitude of the standardised score was almost negli-
gible, from 0-14 to 0-12, but the model was significantly
improved with the inclusion of covariates, as the coefficient
of determination increased from 0-019 to 0-25.

Discussion

Our main findings were the association between female
sex, private school, having less meals with parents and
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higher IS score with a higher risk of UPF consumption.
More importantly, the size of the regression coefficient link-
ing the dietary pattern with UPF consumption and IS was
small, and the change after controlling for confounding var-
iables was negligible. This result is in agreement with our
main hypothesis and has been also reported in other stud-
ies performed in high-income countries. This association
may be a cause of concern as there is an increase in UPF
consumption in several countries and groups, including
adolescents“i%4D In Brazil, as other countries, adolescents
have the largest share of UPF, in relation to the total
energetic intake (26:7%) (adults have 19-5% and
elderly 15-1%)“2),

The association between unhealthy dietary patterns, as
is the case for consumption of UPF, and depression in
adults has been confirmed by many authors. Two large
cohort studies in Spain (72 14-907, mean age of participants
=367 years)'® and France (2 26:730, mean age of partici-
pants = 47-2)'¥ reached the same conclusion: UPF con-
sumption was associated with the risk of incident
depression. A meta-analysis including twenty-one studies
conducted in ten countries reported that a high v. low
‘Western-type diet’ (rich in red meat, processed meat,
sweets, high-fat dairy products, butter, potatoes and
high-fat gravy) was associated with an 18 % increased risk
of depression®?. Despite this solid evidence, Shivappa
et al. (2018)"® questioned if unhealthy diet characterised
by a high inflammatory index such as UPF would be a bet-
ter predictor of depression and depressive symptoms in
older than younger people. This assumption relies on the
fact that older people have had greater cumulative expo-
sure to an inflammatory diet than younger subjects during
their lives. Despite the pathophysiological plausibility, this
hypothesis is not supported by the results of studies with
adolescents.

The Western Australian Pregnancy Cohort (Raine) Study
evaluated the relationship between dietary patterns and
mental health in early adolescence. Two dietary patterns
(Western and Healthy) were identified using factor analysis
and food group intakes estimated by a 212-item FFQ. They
employed the Child Behaviour Checklist (CBCL) to assess
mental health status among 1324 adolescents (mean age of
14 years). Internalising and externalising CBCL scores were
significantly associated with the Western dietary pattern,
with increased intakes of takeaway foods, confectionary
and red meat being associated with higher scores in
CBCL. In contrast, improved behavioural scores were sig-
nificantly associated with higher intakes of leafy green veg-
etables and fresh fruit (components of a healthy
pattern)®. Of note, in the adjusted model, the Western
dietary pattern was more strongly associated with external-
ising symptoms than for IS. Khalid et al. (2016)%” per-
formed a systematic review evaluating the relationship
between diet and mental health in youth. They included
twenty articles being seventeen cross-sectional and three
prospective cohort studies with follow-up periods ranging
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Table 1 Sample characteristics (n 2680). SP-PROSO, Séo Paulo, Brazil, 2017

Ultra-processed food fre-

quency of consumption Internalising symp-

Total score toms scale score
Mean 95 % Cl min=0; max=35 min=1; max=>5
Age 14.85 14-81, 14-88
% 95 % Cl Mean 95% Cl Mean 95 % Cl
Sex
Male 52-60 50-90, 54-29 18-93 18-31, 19-56 2.27 223,232
Female 47-4 45.71,49-10 20-36 19-7, 21.02 2.95 2.89, 3-02
Mother schooling
Up to complete elementary school 24.78 22.71, 26-98 20-84 20-03, 21-66 2.55 2:46, 2-64
Incomplete or complete high school 40-19 37-52, 42.91 20-64 20-04, 21-23 2-60 2.55, 2.65
Incomplete or complete higher education 35-03 32.06, 38-12 17-73 16-99, 18-47 263 2.57,2-69
Skin colour
White 44.22 41.68, 46-80 1813 17-45, 18-81 2.62 2.56, 2-68
Black or brown 49.07 46-26, 51-89 21.06 20-48, 21-64 2-56 25,261
Yellow (Asian descendants) or indigenous 6-70 5.51, 8-14 19-84 17.95, 21.72 2.74 2.58, 2.9
School administration
Private 30-25 28-4, 3217 16-46 15-62, 17-30 2-66 26, 2.71
Public 69-75 67-83,71-6 211 20-6, 21-59 2.57 2.52, 2.62
Physical activity
< 300 min/week 75-52 7313, 77-76 1948 18-97, 19-99 2-65 26,27
> 300 min/week 24.48 22.24, 26-87 19-89 1893, 20-84 2:5 2.42, 2.58
Having meals with parents’ frequency
4 or less d/week 33.94 31.95, 35-98 19-37 18-65, 20-08 2.75 2.67,2-82
5 or more d/week 66-06 64-02, 68-05 1979 1928, 20-3 2.52 248, 2.57

Table 2 Internal consistency and factorial structure of the internalising symptoms SBQ subscale, Sao Paulo, Brazil, 2017

Internal consistency

Exploratory factor analysis

ltem-test correlation ltem-rest correlation a Factorial loadings Uniqueness
Factor 1

| was bored 0-5477 0-4243 0-8384 0-5376 0-7110
| cried 0-7244 0-6184 0-8159 0-7380 0-4553
| was scared, fearful or anxious 0-7328 0-6279 0-8146 0-7448 0-4453
| was unhappy, miserable or distressed 0-6255 0-4835 0-8336 0-6051 0-6339
| felt alone 0-7777 0-6825 0-8069 0-7827 0-3874
| couldn’t fall asleep 0-6365 0-5072 0-8298 0-6290 0-6043
| was sad without knowing why 0-7834 0-6839 0-8062 0-7900 0-3759
| was worried 0-6550 0-5369 0-8260 0-6669 0-5552
Cronbach’s « 0-8407

Eigenvalue 3-83

Proportion 0-48

SBQ, Social Behaviour Questionnaire.

from 2 to 4 years. Overall, they found an association
between healthy dietary patterns or consumption of a
high-quality diet and lower levels of depression or better
mental health. Similarly, there was a relationship between
unhealthy diet and consumption of low-quality diet and
depression or poor mental health. However, where signifi-
cant relationships were reported, effect sizes were small.
Moreover, most studies used a cross-sectional design,
attempted to control the impact of confounders and
included multiple measures of diet quality and multiple
testing?”.
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One possible mechanism explaining the relationship
between UPF and mental health lies on the role of inflam-
mation. Bioactive compounds of diet may exhibit different
inflammatory properties®”. Poor diet as well many other
factors (stress, smoking, physical inactivity, etc.) may
increase the risk of depression through an activation of sys-
temic inflammation which is the result of the release of
proinflammatory cytokines from immune cells and chronic
activation of the innate immune system®V. Depressed peo-
ple have elevated levels of various inflammatory markers
including c-reactive protein, IL-6 and TNF“®, Several
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X2(df)=132,49(18); p-value<0-001

RMSEA=0,049
CFI=0,98

Fig. 1 Confirmatory factor analysis for the unidimensional solution of the IS-SBQ. S&o Paulo, Brazil, 2017 (standardized solution). IS-
SBQ, Internalizing Symptoms sub-scale from the Social Behaviour Questionnaire; RMSEA, Root Mean Square Error of

Approximation; CFl, Confirmatory Fit Index

mechanisms explain how systemic inflammation affects the
brain and mood regulation®”. Nevertheless, cross-sec-
tional studies cannot exclude an alternative explanation
for the association between UPF and IS. It is also possible
that IS drive the eating behaviour. Studies on rodents
explained how chronic stress (and high concentration of
glucocorticoids) leads to a direct excitatory effect on brain
that motivates ingestion of ‘comfort food’™*®. The effects
chronic stress (and glucocorticoids) seen in rats are pos-
sible applied to humans. Studies showed that individuals
with clinical or subclinical psychiatric disorders often over-
eat as a reaction to distress”. Additionally, there are evi-
dence that high-fat and carbohydrate foods may help
people to feel and function better“®.

Our data support the importance of making efforts to
improve dietary patterns among adolescents, given its
important public health association on mental health
beside other non-communicable chronic diseases. These
healthy dietary patterns are based on the degree and pur-
pose of food processing and recognises the value of
unprocessed and minimally processed foods™?. In particu-
lar, dietary intake is a modifiable associated factor for

9/10.1017/51368980021004195 Published online by Cambridge University Press

depression and anxiety. Globally, depression is the fourth
leading cause of illness and disability among adolescents
aged 15-19 years and fifteenth for those aged 10-14 years.
Anxiety is the ninth leading cause for adolescents aged 15—
19 years and sixth for those aged 10-14 years. Emotional
disorders can profoundly affect areas like schoolwork
and school attendance. At its worse, depression can lead
to suicide™”. In Brazil, a large cross-sectional, national,
school-based study conducted in 2013-2014 with 74 589
adolescents found a 30 % prevalence of common mental
disorders*®. Common mental disorders are mainly charac-
terized by the presence of symptoms of depression and
anxiety, and various non-specific and somatic complaints.

Our study has some strengths. First of all, to our knowl-
edge, this is the first Brazilian study to examine the relation-
ship between consumption of UPF and mental health in a
large sample of adolescent population. Importantly, this
association was controlled for a variety of potential con-
founders, including PA, doing meal with parents and
socio-demographic factors. Regarding our outcome, we
used a valid and reliable measure of IS. Moreover, we per-
formed an internal validation of a latent variable. The
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Age
N 1
2.
Mother education 1
—025
1-5)
Type of school 1 .008
—05
22
UPF consumption -
46
11
Sex 1 Z.0077
-57|
Physical activity 1
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Meals w/ parents 1

»(_Int.Symptoms |
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‘73 Fear/anxiety
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Fig. 2 Structural equation models for the adjusted association between ultra-processed food (UPF) consumption and internalising
symptoms behaviors among adolescents in Sdo Paulo (n 2680), Brazil, 2017

Table 3 Structural equation models for the crude and adjusted
association between ultra-processed food (UPF) consumption
and internalising symptoms behaviours among adolescents in
Séao Paulo (n 2680), Brazil, 2017

Crude Adjusted
p p
Coefficients (stdz) g (stdz) B
UPF consumption 0-14* 0.01* 0-12* 0-01*
Age - - -0.03 -0-03
Sex (ref = girls) - - —0-46* -0-88*
Type of school (ref = private) - - —-0-05t -0-11t
Mother schooling (ref = up to - - 0-1 0-01
complete elementary school)
Physical activity (ref = <60 min/ - - —0-007 -0-02
week)
Meals with parentes - - —012* —-0-25*
(ref=4 or less days a week)
Coefficient of determination 0-019 0-25
*P<0-001.
tP<0-05.

instrument used for the evaluation of food consumption
frequency was previously validated assuring the quality
of dietary data assessment®®. External validity is another
positive aspect of our study, since it showed a high
response rate in a representative sample of 9th grade stu-
dents from public and private schools. According to the
Continuous National Household Sample Survey (PNAD),
97-5% of children and adolescents, with compatible age,
would be enrolled in elementary school in the city of
Sdo Paulo in 2017, In addition, the self-completion and
comprehension of the questionnaire are highly expected
at this group of adolescents. Other relevant aspect of the

0.1017/51368980021004195 Published online by Cambridge University Press

present study is the focus on food processing — and not
in isolated nutrients — as defined by NOVA classification,
which classifies foods according to the degree and purpose
of industrial processing, and brings the UPF concept®.
We also believe that in terms of a public health policy is
probably better to inform the population to decrease the
ingestion of UPF in general than to reduce specific nutrients
and foods.

Nevertheless, our study has some limitations. Firstly, the
cross-sectional design does not allow to establish causal
relationships. We cannot exclude a strong possibility of
reversal causality nor the possible cyclic nature of the asso-
ciation between UPF and IS. It is possible that low mood
leads to increased consumption of UPF or that both
reinforce each other in a cyclic process of reinforcement.
Secondly, our assessments were based on self-report
instruments. Although valid, they are subject to some
degree of misclassification and subjectivity. Moreover, it
is important to mention that we used a part of the FFQ to
assess UPF consumption, not evaluating the whole diet
of the adolescents. These UPF, however, are markers of
unhealthy eating and are between main industrialised
products consumed by Brazilian adolescents“?.
Concerning validity and reliability of the IS-SBQ scale, even
though it was not previously validated in Brazil and ideally,
validity and reliability should had been evaluated in a dis-
tinct sample, we conduct EFA and CFA, confirming its uni-
dimensional solution and excellent reliability, making us
confident about its adequacy to our adolescent population
as previously described for Switzerland adolescents®?. In
this sense, one further limitation is the use of a question-
naire for the evaluation of IS among adolescents. Ideally,
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we should use a diagnostic criterion for depression classi-
fication. Nevertheless, the large sample size limits this
option. Third, once our survey was school-based and the
target population were adolescents present at school on
data collection day, only adolescents enrolled at schools
and present at classes were included. Also, some schools
refused to participate. These could result in selection bias.
Unfortunately, we do not have information about adoles-
cents that are out of school and about the schools that
refuse to participate, what could give us additional informa-
tion to clearly evaluate the impact of a potential bias. It
should be stated however that the number of unrolled ado-
lescents is small. Once truant adolescents are more prone
to risky habits and lower health, it is possible to suppose
that those who are out of school have both a higher UPF
and IS. If so, even though the magnitude of prevalence
could be underestimated, no change would be expected
in the measure of association. Fourth, considering that
our study was performed with young students from Sao
Paulo city, our results cannot be generalised to other
groups. Finally, there is a risk of additional non-adjusted
confounding, such as family history of depressive disor-
ders, stressful life events and sleep disorders that are asso-
ciated with depression®?,

Our findings support a relationship between consump-
tion of UPF and higher risk of IS among adolescents aged 13
to 17 years. Considering possible ethical implications of a
randomised trial for the assessment of the negative impact
of UPF on adolescents’ mental health, further observational
longitudinal studies are recommended.

Acknowledgements

Financial support: The authors are grateful to The British
Academy/Newton Advanced Fellowship and the
Fundac¢io de Amparo a Pesquisa do Estado de Sao Paulo
(FAPESP) for funding this study (PI: MFTP, grant number
2016/22259-4) and to the Coordenacao de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES)
for awarding MAL with a PhD scholarship (grant number
001). The funders had no role in the design, analysis or writ-
ing of this article. Conflict of interest: There are no conflicts
of interest. Authorship: A.F.C., M.A.L., RB.L. and M.F.T.P.
contributed to study design, data analysis and writing the
final version of the manuscript. M.M.L.E. contributed to
sample design, study design and data analysis. All authors
have approved the final version of the manuscript and
declare that they are responsible for all aspects of the
manuscript, ensuring its accuracy and integrity. Ethics of
buman subject participation: This study was conducted
according to the guidelines laid down in the Declaration
of Helsinki. The protocol for this study was approved by
the Ethical Committee of the University of Sio Paulo (num-
ber 1,719,856) and the Ethical committee of Ministry of

9/10.1017/51368980021004195 Published online by Cambridge University Press

A Faisal-Cury et al.

Health in Brazil (number 2,014,816). Only students whose
parents did not refuse their child’s participation were
invited. Written informed consent was given to each ado-
lescent and only those who agreed to participate were
included.

Supplementary material

For supplementary material accompanying this paper visit
https://doi.org/10.1017/51368980021004195

References

1. Monteiro CA, Cannon G, Levy RB efal. (2019) Ultra-
processed foods: what they are and how to identify them.
Public Health Nutr 22, 936-941.

2. Costa Louzada ML, Martins AP, Canella DS et al. (2015) Ultra-
processed foods and the nutritional dietary profile in Brazil.
Rev Saude Publica 49, 38.

3. de Miranda RC, Rauber F, de Moraes MM et al. (2021)
Consumption of ultra-processed foods and non-communi-
cable diseases-related nutrient profile in Portuguese adults
and elderly (2015-2016): the Upper project. Br J Nutr 125,
1177-1187.

4. Monteiro CA, Moubarac JC, Cannon G et al. (2013) Ultra-
processed products are becoming dominant in the global
food system. Obes Rev 14, Suppl. 2, 21-28.

5. Pan American Health Organization (2015) Ultra-Processed
Food and Drink Products in Latin America: Trends,
Impact on Obesity, Policy Implications. Washington, DC:
PAHO.

6. Machado PP, Steele EM, Levy RB efal. (2019) Ultra-
processed foods and recommended intake levels of nutrients
linked to non-communicable diseases in Australia: evidence
from a nationally representative cross-sectional study. BMJ
Open 9, €029544.

7. Schnabel L, Buscail C, Sabate JM et al. (2018) Association
between ultra-processed food consumption and functional
gastrointestinal disorders: results from the French NutriNet-
Santé cohort. Am J Gastroenterol 113, 1217-1228.

8. Melo B, Rezende L, Machado P et al. (2018) Associations of
ultra-processed food and drink products with asthma and
wheezing among Brazilian adolescents. Pediatr Allergy
Immunol 29, 504-511.

9. Canhada SL, Luft VC, Giatti L et al. (2020) Ultra-processed
foods, incident overweight and obesity, and longitudinal
changes in weight and waist circumference: the Brazilian
longitudinal study of adult health (ELSA-BrasiD. Public
Health Nutr 23, 1076-1086.

10. Mendonca RD, Pimenta AM, Gea A etal. (2016)
Ultraprocessed food consumption and risk of overweight
and obesity: the University of Navarra follow-up (SUN)
cohort study. Am J Clin Nutr 104, 1433-1440.

11. Tavares LF, Fonseca SC, Garcia Rosa ML et al. (2012)
Relationship between ultra-processed foods and metabolic
syndrome in adolescents from a Brazilian family doctor pro-
gram. Public Health Nutr 15, 82-87.

12. Fiolet T, Srour B, Sellem L et al. (2018) Consumption of ultra-
processed foods and cancer risk: results from NutriNet-Santé
prospective cohort. BMJ 360, k322.

13.  Adjibade M, Julia C, Alles B et al. (2019) Prospective associ-
ation between ultra-processed food consumption and inci-
dent depressive symptoms in the French NutriNet-Santé
cohort. BMC Med 17, 78.


https://doi.org/10.1017/S1368980021004195
https://doi.org/10.1017/S1368980021004195

Public Health Nutrition

oL

https://doi.org/|

Ultra-processed foods and mental health

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

20.

27.

28.

29.

30.

31

32.

Gomez-Donoso C, Sinchez-Villegas A, Martinez-Gonzilez
MA et al. (2020) Ultra-processed food consumption and
the incidence of depression in a Mediterranean cohort: the
SUN project. Eur J Nutr 59, 1093-1103.

Le Port A, Gueguen A, Kesse-Guyot E et al. (2012)
Association between dietary patterns and depressive symp-
toms over time: a 10-year follow-up study of the GAZEL
cohort. PLoS One 7, €51593.

Shivappa N, Hébert JR, Veronese N et al. (2018) The relation-
ship between the dietary inflammatory index (DII®) and inci-
dent depressive symptoms: a longitudinal cohort study.
J Affect Disord 235, 39-44.

Sanchez-Villegas A, Delgado-Rodriguez M, Alonso A et al.
(2009) Association of the Mediterranean dietary pattern with
the incidence of depression: the Seguimiento Universidad de
Navarra/University of Navarra follow-up (SUN) cohort. Arch
Gen Psychiatry 66, 1090-1098.

Sanchez-Villegas A, Ruiz-Canela M, de la Fuente-Arrillaga C
et al. (2015) Dietary inflammatory index, cardiometabolic
conditions and depression in the Seguimiento Universidad
de Navarra cohort study. BrJ Nutr 114, 1471-1479.

Oddy WH, Allen KL, Trapp GSA et al. (2018) Dietary pat-
terns, body mass index and inflammation: pathways to
depression and mental health problems in adolescents.
Brain Bebav Immun 69, 428-439.

Shivappa N, Steck SE, Hurley TG et al. (2014) Designing and
developing a literature-derived, population-based dietary
inflammatory index. Public Health Nutr 17, 1689-1696.
Adjibade M, Andreeva VA, Lemogne C et al. (2017) The
inflammatory potential of the diet is associated with depres-
sive symptoms in different subgroups of the general popula-
tion. J Nutr 147, 879-887.

LiY,Lv MR, Wei Y] et al. (2017) Dietary patterns and depres-
sion risk: a meta-analysis. Psychiatry Res 253, 373-382.
Achenbach T™™M (1991) Manual for the Child Behavior
Checklisy/4-18 and 1991 Profile. Burlington, VT:
University of Vermont Department of Psychiatry.

Levesque RJR (2011) Externalizing and internalizing symp-
toms. In Encyclopedia of Adolescence, pp. 2053-2059 [RJR
Levesque, editor]. New York, NY: Springer.

Oddy WH, Robinson M, Ambrosini GL et al. (2009) The asso-
ciation between dietary patterns and mental health in early
adolescence. Prev Med 49, 39-44.

McMartin SE, Kuhle S, Colman I et al. (2012) Diet quality and
mental health in subsequent years among Canadian youth.
Public Health Nutr 15, 2253-2258.

Khalid S, Williams CM & Reynolds SA (2016) Is there an asso-
ciation between diet and depression in children and adoles-
cents? A systematic review. Br J Nutr 116, 2097-2108.
Glied S & Pine DS (2002) Consequences and correlates of
adolescent depression. Arch Pediatr Adolesc Med 156,
1009-1014.

Avenevoli S, Swendsen J, He JP et al. (2015) Major depres-
sion in the national comorbidity survey-adolescent supple-
ment: prevalence, correlates, and treatment. J Am Acad
Child Adolesc Psychiatry 54, 37.e2—-44.e2.

Nivette A, Trajtenberg N, Eisner M et al. (2020) Assessing the
measurement invariance and antecedents of legal cynicism
in Sao Paulo, Zurich, and Montevideo. J Adolesc 83, 83-94.
Tremblay RE, Loeber R, Gagnon C et al. (1991) Disruptive
boys with stable and unstable high fighting behavior patterns
during junior elementary school. J Abnorm Child Psychol 19,
285-300.

Murray AL, Eisner M & Ribeaud D (2019) Can the social
behavior questionnaire help meet the need for dimensional,

0.1017/51368980021004195 Published online by Cambridge University Press

33.

34.

30.

37.

38.
39.
40.

41.

42.

43.

44.

40.

47.

48.

49.

9

transdiagnostic measures of childhood and adolescent
psychopathology? Eur J Psychol Assess 35, 674—679.
Tavares LF, Castro IR, Levy RB et al. (2014) Relative validity
of dietary indicators from the Brazilian national school-based
health survey among adolescents in Rio de Janeiro, Brazil.
Cad Saude Publica 30, 1029-1041.

Instituto Brasileiro de Geografia e Estatistica (2016) Pesquisa
Nacional de Satide do Escolar (Brazilian National School
Health Survey). Coordenagdo de Populacdo e Indicadores
Sociais. Rio de Janeiro: IBGE.

Biddle S] & Asare M (2011) Physical activity and mental
health in children and adolescents: a review of reviews. Br
J Sports Med 45, 886-895.

de Moraes AC, Adami F & Falcio MC (2012) Understanding
the correlates of adolescents’ dietary intake patterns. A multi-
variate analysis. Appetite 58, 1057-1062.

Tavares LF, Castro IR, Cardoso LO et al. (2014) Validity of
indicators on physical activity and sedentary behavior from
the Brazilian national school-based health survey among
adolescents in Rio de Janeiro, Brazil. Cad Saude Publica
30, 1861-1874.

Brown TA (2006) Confirmatory Factor Analysis for Applied
Research. New York: The Guilford Press.

Allison PD (2003) Missing data techniques for structural
equation modeling. J Abnorm Psychol 112, 545-557.
Rauber F, Louzada MLDC, Martinez Steele E et al. (2019)
Ultra-processed foods and excessive free sugar intake in
the UK: a nationally representative cross-sectional study.
BMJ Open 9, e027546.

Machado PP, Steele EM, Louzada MLDC et al. (2020) Ultra-
processed food consumption drives excessive free sugar
intake among all age groups in Australia. Eur J Nutr 59,
2783-2792.

Instituto Brasileiro de Geografia e Estatistica (2020) Pesquisa
de Orcamentos Familiares (POF) 2017-2018: Andilise do
Consumo Alimentar Pessoal 1o Brasil/IBGE
(Brazilian Consumer Expenditure Survey (POF) 2017-
2018: Analysis of Personal Food Consumption in Brazil),
Coordenacgdo de Trabalbo e Rendimento. Rio de Janeiro:
IBGE.

Kohler CA, Freitas TH, Maes M et al. (2017) Peripheral cyto-
kine and chemokine alterations in depression: a meta-analy-
sis of 82 studies. Acta Psychiatr Scand 135, 373-387.
Dallman MF, Pecoraro N, Akana SF et al. (2003) Chronic
stress and obesity: a new view of “comfort food”. Proc
Natl Acad Sci US A 100, 11696-11701.

Parker G, Roy K, Mitchell P et al. (2002) Atypical depression:
a reappraisal. Am J Psychiatry 159, 1470-1479.

Canetti L, Bachar E & Berry EM (2002) Food and emotion.
Behav Processes 60, 157-164.

World Health Organization (2020) Adolescent mental health.
https://www.who.int/news-room/fact-sheets/detail/adolesc
ent-mental-health (accessed January 2021).

Lopes CS, Abreu GA, dos Santos DF ef al. (2016) ERICA:
prevalence of common mental disorders in Brazilian adoles-
cents. Rev Saude Publica 50, Suppl. 1, 14s.

Observatorio do Plano Nacional de Educac¢io Ensino
Fundamental (Observatory of the National Plan for
Elementary  Education) (2017).  https://www.observato
riodopne.org.br/meta/ensino-fundamental (accessed January
2020).

Lopresti AL, Hood SD & Drummond PD (2013) A review of
lifestyle factors that contribute to important pathways associ-
ated with major depression: diet, sleep and exercise. J Affect
Disord 148, 12-27.


https://www.who.int/news-room/fact-sheets/detail/adolescent-mental-health
https://www.who.int/news-room/fact-sheets/detail/adolescent-mental-health
https://www.observatoriodopne.org.br/meta/ensino-fundamental
https://www.observatoriodopne.org.br/meta/ensino-fundamental
https://doi.org/10.1017/S1368980021004195

	The relationship between ultra-processed food consumption and internalising symptoms among adolescents from São Paulo city, Southeast Brazil
	Methods
	Study design and sample
	Variables
	Main outcome
	Main exposure
	Covariates

	Statistical analysis

	Results
	Discussion
	Acknowledgements
	Supplementary material
	References


