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Objective: Our aim was to analyze the association between sugar-sweetened beverage consumption
and depressive symptoms, as well as the extent to which TV viewing and physical activity moderate
this association.
Methods: We used cross-sectional data from the 2013 Brazilian National Survey (Pesquisa Nacional
de Saúde) of 59,402 adults (33,482 women, mean age = 42.9 years, 95%CI 42.7-43.2 years).
Depressive symptoms (Patient Health Questionnaire-9), physical activity, TV viewing, and sugar-
sweetened beverage consumption, as well as potential confounders (chronological age, ethnicity,
consumption of candy/sweets and fruit, multimorbidity, education, and employment status) were self-
reported. Poisson regression models were used for association analyses.
Results: The consumption of 16 or more glasses/week of sugar-sweetened beverages was
associated with higher levels of severe depressive symptoms among women compared to no
consumption (prevalence ratio [PR] 1.71 [95%CI 1.38-2.11]). Consistent interactions were observed
between 1-5 glasses and TV viewing (PR 2.09 [95%CI 1.06-4.12]) and between 11-15 glasses and TV
viewing (PR 2.90 [95%CI 1.29-6.50]) among men compared to no consumption, given that the co-
occurrence of sugar-sweetened beverage consumption and elevated TV viewing was associated with
higher odds of severe depressive symptoms. Sugar-sweetened beverage consumption did not interact
with physical activity, only presenting an independent association.
Conclusion: Sugar-sweetened beverage consumption was independently associated with severe
depressive symptoms among women and interacted with TV viewing, but not with physical activity
among men.
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Introduction

Depression is a common mental disorder, with a preva-
lence of approximately 4% worldwide.1 People with dep-
ression have considerably lower life expectancy.2 Beyond
the elevated burden of suicide, people with depression
also have an elevated risk of cardiovascular disease.3

Therefore, depression is one of the leading causes of dis-
ability.4 Lifestyle changes, such as diet and exercise, have
been suggested for depression treatment and prevention.5,6

Lifestyle behaviors can play an important role in the
control of depressive symptoms in people without dep-
ression,7 and unhealthy dietary patterns are associated
with increased depressive symptoms.8 Preliminary findings
showed that increased consumption of ultra-processed
food,9,10 specifically added sugar,11 is longitudinally asso-
ciated with increased depressive symptoms. However,
the association with sugar-sweetened beverages is less
clear.11-13 When consumed in high quantities,14 sugar-
sweetened beverages are associated with high glycemic
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load,15,16 increased inflammation, and oxidative stress,17

which in turn can be associated with elevated depressive
symptoms.18 Regarding prospective studies, while Guo
et al.12 found that sugar-sweetened beverages were
associated with higher odds of depression, Sanchez-
Villegas et al.11 and Knüppel et al.13 found inconclusive
evidence of an association between sugar-sweetened
beverages and depression.

Behaviors related to human movement, such as physi-
cal inactivity19 (o 150 min/week of moderate or vigorous
physical activity [PA]20) and sedentary behavior (much
time spent in a sitting, reclining, or lying posture with an
energy expenditure p 1.5 metabolic equivalents)21 have
been related to an elevated risk of depression. Specifi-
cally, some types of movement behaviors, such as men-
tally passive sedentary behaviors (e.g., TV viewing), are
recognized as independent risk factors for depression.5,22

Given the association between unhealthy dietary pat-
terns and movement behaviors,23 ultra-processed food
consumption, PA, and sedentary behavior can share
mechanisms in relation to depression symptoms. For
example, sugar-sweetened beverages,8,24 physical inac-
tivity,25 and high sedentary behaviour26 can be asso-
ciated with inflammation, which is associated with
depression.27 However, it is not clear whether there is
an independent association between the consumption of
sugar-sweetened beverages and depressive symptoms
or whether the co-occurrence with movement behaviors is
involved. We highlight that the co-occurrence of TV view-
ing and the consumption of sugar-sweetened beverages
may involve different mechanisms than the association
between PA and consumption of sugar-sweetened
beverages. For example, the consumption of unhealthy
foods frequently occurs while viewing TV.28 In addition,
many TV commercials advertise ultra-processed foods.29

On the other hand, the association between PA and
sugar-sweetened beverages may be principally due to
healthy or unhealthy lifestyles choices.30

Investigating the interactions between sugar-sweet-
ened beverage consumption and high levels of TV viewing
or physical inactivity in the association with depressive
symptoms could help guide interventions that focus on
individual behaviors or integrate different behaviors. There-
fore, our primary aim was to analyze the association
between sugar-sweetened beverage consumption and
severe depressive symptoms. Our secondary aim was to
assess the interaction between TV viewing and PA in this
association.

Methods

Sample

Cross-sectional data from the 2013 Brazilian National
Health Survey (Pesquisa Nacional de Saúde) were used.
The sampling and weighting processes have been
described in detail elsewhere.31 Briefly, the Survey was
a cross-sectional epidemiological study conducted with
a nationally representative sample of Brazilian adults
(+ 18 years old). The sampling process involved multiple
stages. First, census tracts were randomly selected; next,

households were randomly selected; and finally, one adult
was randomly selected from the selected households.
The minimum sample size per state (n=27) was 1,800
households, and interviews were conducted in 64,348
households. The sample consisted of 59,402 individuals
with complete data for all variables. The estimates were
weighted, adjusting for nonresponse by sex, total popula-
tion by sex and age, and the number of individuals per
household.

Depressive symptoms

The outcome of this study was positive screening for
severe depressive symptoms according to the Patient
Health Questionnaire-9.32 In its nine questions, this tool
evaluates the frequency of depressive symptoms (dep-
ressed mood, anhedonia, trouble sleeping, tiredness or
lack of energy, change in appetite, feelings of guilt or useles-
sness, trouble concentrating, feeling slow or agitated, and
having recurrent thoughts about death or suicidal idea-
tion) in the two weeks prior to data collection. Each
question has four possible answers on a Likert scale: not
at all (value = 0); some days (value = 1); more than half the
days (value = 2); and nearly every day (value = 3). This
instrument has already been validated for Brazilian adults.33

The test’s algorithm was used to identify individuals at a
higher risk of major depressive episode through the most
common cut-point (sum of the values X 10). The classi-
fication indicates which group is most likely to experience
depressive episodes,33,34 which indicates severe depres-
sive symptoms. Moreover, the questionnaire presented a
good Cronbach’s alpha value (0.836) in the present sample.

Sugar-sweetened beverage consumption

Sugar-sweetened beverage consumption was evaluated
through three questions. First, participants reported how
many days they consumed soft drinks during a normal
week. Second, participants who reported at least 1 day of
consumption were asked how many glasses of soft drinks
they consumed on those days (answers ranging from 1 to
3 or more). Third, participants who reported at least 1 day
of soft drink consumption also reported whether they
consumed sugar-sweetened beverages or artificially-sweet-
ened soft drinks. For the analyses, we only considered
sugar-sweetened beverages as soft drinks. We created
a general score of total glasses consumed per week,
which we classified into five categories to investigate linear
increases: 0 glasses/week; 1-5 glasses/week; 6-10
glasses/week; 11-15 glasses/week; and 16 or more
glasses/week. We used the highest category (16 or more
glasses/week) for the main analysis, considering that this
was the risk group. In addition, we used sensitivity analysis
only among soft drink consumers, analyzing the frequency
(7 days/week as a cut-off point) and number of glasses per
day (two glasses/day as a reference).

Physical activity

PA was assessed with the Brazilian Ministry of Health’s
Surveillance System for Risk and Protective Factors for
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Chronic Diseases by Telephone Survey (Pesquisa de
Vigilância de Fatores de Risco e Proteção para Doenças
Crônicas por Inquérito Telefônico [Vigitel]). This survey
assesses the frequency and duration of different domains of
PA.31,35 The cut-off point for classification as physically
active was 150 min of physical activity per week.

TV viewing

TV viewing was evaluated as a proxy of sedentary beha-
vior with the question: How many hours a day do you
usually spend watching TV? Five hours per day was
considered the cut-off point for excessive time spent
watching TV, given that this amount of time has been
previously demonstrated to be associated with the pres-
ence of severe depressive symptoms.36

Covariates

Age was included as a continuous variable. Ethnicity was
self-reported as white, black, mixed, or other. Educational
status was determined through the question: What is your
highest level of academic achievement? Based on the
responses, three categories were created (1 = incomplete
high school; 2 = complete high school; and 3 = at least
some university level). Employment status was assessed
by asking whether the respondent had a paying job in the
last month: a yes or no response was used as the
covariate. Smoking status was evaluated through the
question: Do you use any tobacco product? Possible
responses included yes (daily), yes (not daily), and no.
We considered either positive response as exposure, and
the dichotomous response was used as the covariate.
The participants were also asked: How many days per
week do you usually consume alcohol? The responses
were classified as: 1 = non-consumers; 2 = weekly
consumers (one to three days per week); 3 = almost daily
consumers (4 or more days per week). The participants
reported the number of days per week they consumed
fruit and sweet foodstuffs (e.g., cake, sweets, chocolate,
candy, or cookies). Seven days per week was considered
the cutoff point for both indicators. The participants were
asked whether a physician had ever diagnosed them with
dyslipidemia, type 2 diabetes, hypertension, heart dis-
ease, stroke, or pulmonary disease. Response options
were binary (no/yes). In line with previous research, parti-
cipants with two or more chronic conditions were
classified as having physical multimorbidity.37 Body mass
and height were measured with a portable digital scale
and stadiometer, respectively. Body mass index was
subsequently calculated and categorized as: normal
weight (p 24.99 kg/m2), overweight (25 kg/m2 to 29.9
kg/m2), or obese (X 30 kg/m2).

Statistical analysis

Sample characteristics regarding sugar-sweetened bev-
erage consumption were reported using weighted freque-
ncy values and 95% confidence interval (95%CI). The
association between different patterns of sugar-sweetened
beverage consumption and severe depressive symptoms

was assessed using crude and adjusted Poisson regres-
sion models with robust variance. The data were expres-
sed as prevalence ratio (PR). Since sex interacted with
sugar-sweetened beverage consumption in the association
with severe depressive symptoms, we separated the
analyses according to sex.

In addition, we analyzed the independent and com-
bined association between patterns of sugar-sweetened
beverage consumption and TV viewing, as well as pat-
terns of sugar-sweetened beverage consumption and PA.
The association with severe depressive symptoms was
estimated through Poisson regression models with robust
variance, inserting interaction terms. The interaction
terms included the number of glasses/week, weekly
frequency, number of glasses/day, no consumption, 1-6
days/week (with one glass as a reference), respectively,
interacting with TV viewing (o 5 h/day as reference) and
PA (physically active as a reference). All models were
adjusted for potential confounders, considering the
theoretical association with both sugar-sweetened bev-
erage consumption and severe depressive symptoms:
chronological age, ethnicity, educational status, employ-
ment status, smoking, alcohol consumption, fruit con-
sumption, consumption of sweets/candies, multimorbidity,
weight status, TV viewing (for analyses including PA), and
PA (for analyses including TV viewing). The analyses
were performed in Stata 15.1.

Ethics statement

All procedures performed in original studies involving
human participants were approved by the National
Council of Ethics in Research (CONEP 10853812.7.
0000.0008) and were performed in accordance with the
1964 Helsinki Declaration and its later amendments or
comparable ethical standards. Informed consent was
obtained from all participants.

All data have been published as microdata at https://
www.ibge.gov.br/estatisticas/sociais/saude/9160-pesquisa-
nacional-de-saude.html?=&t=microdados.

Results

Sample characteristics

The final sample consisted of 59,402 adults (33,482
females), with a mean age of 42.9 years (95%CI 42.7-
43.2y). The sample characteristics are presented in Table 1.
Among participants who drank 16 or more glasses of sugar-
sweetened beverages per week, the majority were young
adult men with higher TV viewing and lower PA. Depressive
symptom scores according to sugar-sweetened beverage
consumption groups are presented in Table 2. For both
sexes, participants who consumed 16 or more glasses/
week also had higher depressive symptom scores (men:
2.33 [2.06-2.61]; women: 4.92 [4.35-5.49]). Similarly,
participants with daily sugar-sweetened beverage consump-
tion reported higher depressive symptoms (men: 2.14 [1.93-
2.35]; women: 3.98 [3.71-4.26]) and women who consumed
two or more glasses/day also had higher depressive
symptoms (3.53 [3.36-3.71]).
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Association between sugar-sweetened beverage
consumption and severe depressive symptoms

The associations between different patterns of sugar-
sweetened beverage consumption and severe depressive
symptoms are presented in Table 3. Considering the
adjusted models, among women, consumption of 16 or

more glasses/week was associated with a 71% higher
prevalence of severe depressive symptoms (PR 1.71
[95%CI 1.38-2.11]), compared to those who reported
drinking no sugar-sweetened beverages. Similarly, drink-
ing sugar-sweetened beverages 7 days/week (PR 1.34
[95%CI 1.16-1.56]; 1-6 days/week as reference) and two
or more glasses of sugar-sweetened beverages on each

Table 2 Depressive symptom scores according to sugar-sweetened beverage consumption groups

Men Women

n Mean (95%CI) n Mean (95%CI)

Number of glasses/week
0 7,634 1.24 (2.08-2.39) 13,379 3.43 (3.30-3.57)
1-5 9,299 1.72 (1.61-1.84) 12,857 3.10 (2.95-3.24)
6-10 4,612 1.93 (1.73-2.13) 4,478 3.34 (3.10-3.57)
11-15 2,567 1.84 (1.64-2.03) 2,230 3.47 (3.16-3.77)
16 or more 1,808 2.33 (2.06-2.61) 1,338 4.92 (4.35-5.49)

Weekly frequency (days/week)
1-6 22,205 1.81 (1.72-1.90) 30,268 3.13 (3.02-2.25)
7 3,715 2.14 (1.93-2.35) 4,014 3.98 (3.71-4.26)

Number of glasses/day
1 7,496 1.80 (1.66-1.94) 12,496 3.12 (2.99-3.25)
2 or more 11,647 1.94 (1.84-2.05) 9,823 3.53 (3.36-3.71)

95%CI = 95% confidence interval.

Table 3 The association between different indicators of sugar-sweetened beverage consumption and severe depressive
symptoms according to sex

Men Women

n PR (95%CI) n PR (95%CI)

Crude models
Number of glasses/week
0 7,634 Ref 13,379 Ref
1-5 9,299 0.68 (0.54-0.85)* 12,857 0.87 (0.77-0.98)*
6-10 4,612 0.74 (0.55-0.98)* 4,478 1.01 (0.86-1.18)
11-15 2,567 0.63 (0.46-0.86)* 2,230 0.94 (0.77-1.15)
16 or more 1,808 0.85 (0.61-1.19) 1,338 1.80 (1.45-2.22)*

Weekly frequency (days/week)
1-6 22,205 Ref 30,268 Ref
7 3,715 1.20 (0.93-1.55) 4,014 1.46 (1.26-1.69)*

Number of glasses/day
1 7,496 Ref 12,496 Ref
2 or more 11,647 0.95 (0.76-1.20) 9,823 1.19 (1.05-1.36)*

Adjusted models
Number of glasses/week
0 7,634 Ref 13,379 Ref
1-5 9,299 0.80 (0.63-1.01) 12,857 0.92 (0.81-1.04)
6-10 4,612 0.88 (0.65-1.20) 4,478 1.07 (0.91-1.25)
11-15 2,567 0.76 (0.55-1.06) 2,230 0.98 (0.79-1.21)
16 or more 1,808 1.05 (0.74-1.49) 1,338 1.71 (1.38-2.11)*

Weekly frequency (days/week)
1-6 22,205 Ref 30,268 Ref
7 3,715 1.22 (0.93-1.60) 4,014 1.34 (1.16-1.56)*

Number of glasses/day
1 7,496 Ref 12,496 Ref
2 or more 11,647 1.06 (0.85-1.33) 9,823 1.21 (1.06-1.37)*

95%CI = 95% confidence interval; PR = prevalence ratio; Ref = reference category.
Adjusted models were adjusted for chronological age, ethnicity, educational status, employment status, smoking, consumption of alcohol, fruit,
and sweets/candy, multimorbidity, and weight status.
*p o 0.05.
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day of consumption (PR 1.21 [95%CI 1.06-1.37]; one
glass as a reference) were also associated with a higher
likelihood of severe depressive symptoms. No associa-
tions were found among men.

Independent associations of sugar-sweetened beverage
consumption, TV viewing, and physical activity with
severe depressive symptoms

Regarding independent associations of sugar-sweetened
beverage consumption, TV viewing, and physical inactiv-
ity with severe depressive symptoms (see Tables S1 and
S2, available as online-only supplementary material),
sugar-sweetened beverage consumption was associated
with higher odds of severe depressive symptoms only
among women, while higher TV viewing and physical
inactivity were associated with higher odds of severe
depressive symptoms in both sexes.

Combined associations of sugar-sweetened beverage
consumption, TV viewing and physical activity with severe
depressive symptoms

Considering only participants who reported consuming
sugar-sweetened beverages, the combined association of
consumption with TV viewing and PA in the associa-
tion with severe depressive symptoms are presented in
Table 4. In general, individuals with combined unhealthy
behaviors (X 5 h TV viewing or physical inactivity and
sugar-sweetened beverage consumption 7 days/week or
two or more glasses/day) had a higher likelihood of

severe depressive symptoms; drinking two or more
glasses/day interacted with TV viewing among men (PR
2.11 [95%CI 1.19-3.74]).

The combined associations between TV viewing and
sugar-sweetened beverage consumption are presented in
Figure 1. Lower consumption reduced the effects of
higher TV viewing, and lower TV viewing reduced the
harmful association between high sugar-sweetened bev-
erage ingestion and severe depressive symptoms.
Among men, there were consistent interactions between
1-5 glasses and TV viewing (PR 2.09 [95%CI 1.06-4.12])
and between 11-15 glasses and TV viewing (PR 2.90
[95%CI 1.29-6.50]). The combined associations between
PA and sugar-sweetened beverage consumption are
shown in Figure 2. There was an association between
16 glasses of sugar-sweetened beverages per week and
severe depressive symptoms regardless of PA level, with
no consistent interactions.

Discussion

We aimed to investigate the association between sugar-
sweetened beverage consumption and severe depressive
symptoms, as well as whether TV viewing and PA can
change the association between sugar-sweetened bev-
erage consumption and severe depressive symptoms.
We found that different indicators of sugar-sweetened
beverage consumption and severe depressive symptoms
were associated only among women. In addition, TV
viewing interacted with sugar-sweetened beverage con-
sumption among men, given that lower TV viewing

Table 4 Combined associations of sugar-sweetened beverage consumption with PA and TV viewing in the association with
severe depressive symptoms

Men (n=19,143) Women (n=21,776)

Sugar-sweetened beverage consumption n PR (95%CI) n PR (95%CI)

7 days/week
No + o 5 h/day TV viewing 20,754 Ref 27,400 Ref
No + X 5 h/day TV viewing 1,451 1.86 (1.29-2.68)* 2,868 1.27 (1.01-1.58)*
Yes + o 5 h/day TV viewing 3,302 1.16 (0.86-1.57) 3,394 1.32 (1.12-1.56)*
Yes + X 5 h/day TV viewing 413 2.08 (1.30-3.31)* 620 1.70 (1.29-2.25)*

No + active 4,714 Ref 5,223 Ref
No + inactive 17,491 1.91 (1.34-2.71)* 25,045 1.17 (0.92-1.48)
Yes + active 765 1.46 (0.79-2.68) 510 1.09 (0.66-1.78)
Yes + inactive 2,950 2.13 (1.41-3.20)* 3,504 1.59 (1.23-2.05)*

2 or more glasses/day
No + o 5 h/day TV viewing 7,027 Ref 11,403 Ref
No + X 5 h/day TV viewing 469 1.11 (0.70-1.76) 1,093 1.14 (0.87-1.49)
Yes + o 5 h/day TV viewing 10,700 0.94 (0.74-1.20) 8,567 1.16 (1.01-1.33)*
Yes + X 5 h/day TV viewing 947 2.21 (1.53-3.19)* 1,256 1.66 (1.31-2.10)*

No + active 1,546 Ref 2,024 Ref
No + inactive 5,950 2.09 (1.22-3.56)* 10,472 1.13 (0.84-1.51)
Yes + active 2,454 1.29 (0.69-2.39) 1,372 1.01 (0.69-1.48)
Yes + inactive 9,193 2.11 (1.24-3.60)* 8,451 1.38 (1.04-1.85)*

95%CI = 95% confidence interval; PA = physical activity; PR = prevalence ratio; Ref = reference category.
Adjusted for chronological age, ethnicity, educational status, employment status, smoking, consumption of alcohol, fruit, and sweets/candy,
multimorbidity, weight status, TV viewing (for PA analysis), and PA (for TV viewing analysis). Interactions: a) more than 7 days/week � TV
viewing (PR 0.97 [95%CI 0.52-1.78]) and women: PR 1.02 (95%CI 0.70-1.48); b) more than 7 days/week � PA (men: PR 0.76 [95%CI 0.39-
1.49] and women: PR 1.25 [95%CI 0.75-2.09]); c) two or more glasses � TV viewing (men: PR 2.11 [95%CI 1.19-3.74] and women: PR 1.26
[95%CI 0.88-1.80]); and d) two or more glasses � PA (men: PR 0.78 [95%CI 0.41-1.50] and women: PR 1.22 [95%CI 0.81-1.83]).
*p o 0.05.
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reduced the association between sugar-sweetened bev-
erage consumption and severe depressive symptoms.
Sugar-sweetened beverage consumption did not interact
with TV viewing among women. The associations of
sugar-sweetened beverage consumption and TV viewing

with severe depressive symptoms were independent in
both sexes.

Our study showed that whether independently or depen-
dently associated with TV viewing, higher ingestion of
sugar-sweetened beverages was a risk factor for severe

Figure 1 Combined associations of sugar-sweetened beverage consumption with TV viewing in the association with severe
depressive symptoms, adjusted for age, ethnicity, educational status, employment status, smoking, consumption of alcohol,
fruit, and sweets/candy, multimorbidity, TV viewing, weight status, and physical activity. Interactions: A) men: 1-5 glasses �
TV viewing (prevalence ratio [PR] 2.09 [95% confidence interval {95%CI} 1.06-4.12]); 6-10 glasses � TV viewing (PR 1.64
[95%CI 0.68-3.97]), 11-15 glasses � TV viewing (PR 2.90 [95%CI 1.29-6.50]), 16 or more glasses � TV viewing (PR 1.22
[95%CI 0.53-2.79]); B) women: 1-5 glasses � TV viewing (PR 1.25 [95%CI 0.88-1.76]), 6-10 glasses � TV viewing (PR 0.73
[95%CI 0.47-1.13]), 11-15 glasses � TV viewing (PR 1.10 [95%CI 0.67-1.79]), 16 or more glasses � TV viewing (PR 1.06
[95%CI 0.67-1.68]). * p o 0.05.

Figure 2 Combined associations of sugar-sweetened beverage consumption with physical activity in the association with
severe depressive symptoms, adjusted for chronological age, ethnicity, educational status, employment status, smoking,
consumption of alcohol, fruit, and sweets/candy, multimorbidity, weight status, and TV viewing. Interactions: A) men: 1-5
glasses � TV viewing (prevalence ratio [PR] 1.00 [95% confidence interval {95%C} 0.51-1.96]), 6-10 glasses � physical
activity (PA) (PR 0.79 [95%CI 0.33-1.86]), 11-15 glasses � PA (PR 1.45 [95%CI 0.63-3.37]), 16 or more glasses � PA (PR
0.29 [95%CI 0.13-0.64]); B) women: 1-5 glasses � PA (PR 0.75 [95%CI 0.51-1.10]), 6-10 glasses � PA (PR 1.03 [95%CI
0.63-1.70]), 11-15 glasses � PA (PR 1.50 [95%CI 0.85-2.62]), 16 or more glasses � PA (PR 0.71 [95%CI 0.35-1.43]).
* p o 0.05.
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depressive symptoms. However, only high consumption
was associated with severe depressive symptoms (16
glasses or more/week). The association between sugar-
sweetened beverage consumption and severe depressive
symptoms can be explained due to the high glycemic load
of the beverages.15,16 A higher glycemic load is associated
with inflammatory markers and oxidative stress,17 which
are associated with severe depressive symptoms.18

Nevertheless, very small portions of sugar-sweetened
beverages should not necessarily imply an immediate
increase in glycemic load, which would explain why only
high intake of sugar-sweetened beverages was asso-
ciated with higher severe depressive symptoms. These
beverages also include other industrialized components,
such as artificial flavors and colors, as well as other
additives that may also be related to depressive symp-
toms, although this is still under investigation.38 In addi-
tion, higher consumption of sugar-sweetened beverages
may lead to lower consumption of fruits and vegetables
and other foods that protect against depressive symp-
toms.8 Higher consumption of sugar-sweetened bevera-
ges is also associated with obesity,39 which is associated
with depressive symptoms.40 However, we observed that,
even when controlling for fruit consumption and weight
status, high intake of sugar-sweetened beverages was
still associated with depressive symptoms.

We also found that the association between sugar-
sweetened beverage consumption and severe depressive
symptoms was influenced by TV viewing, but not PA,
among men. This finding can be explained through
different paths, especially since TV viewing may share
more social and behavioral mechanisms with sugar-
sweetened beverage consumption than PA. First, watch-
ing television may increase food intake, such as well
as sugar-sweetened beverage consumption due to their
co-occurrence (i.e. eating and drinking while watching
television).28 Second, many TV commercials are about
ultra-processed foods, such as sugar-sweetened bev-
erages, which consequently influences higher consump-
tion.29,41 Third, high sitting time and sugar-sweetened
beverage consumption share similar mechanisms that
underlie the association with depressive symptoms, such
as higher inflammatory levels42 and obesity,43 which are
associated with higher depressive symptoms.18

We also found a sex difference in the association
between sugar-sweetened beverage consumption and
severe depressive symptoms. Obesity is more prevalent
among women44 and women have a higher mean energy
intake.45 It is plausible to infer that sugar-sweetened
beverages have a greater impact on the glycemic index in
women than men. However, we found higher consump-
tion of sugar-sweetened beverages among men, which
suggests that the same amount of sugar-sweetened
beverages can have a greater effect on women than
men with respect to severe depressive symptoms.

Our study has some limitations. First, due to the cross-
sectional design, causality cannot be inferred. Thus,
severe depressive symptoms can only be associated
with risk behaviors, such as the consumption of sugar-
sweetened beverages and physical inactivity.6 Second,
we used self-report measures of lifestyle behaviors, which

could produce bias. In addition, we only assessed one
sedentary behavior activity (TV viewing) as a proxy, which
should be considered when interpreting the findings,
despite the fact that TV viewing is a mentally passive
activity and has been associated with depressive symp-
toms.36,46 Finally, although recent evidence suggests that
there is an association between artificially sweetened soft
drinks and brain health,47 we did not include this in our
analysis given the lack of a direct relationship with mental
health, especially through shared mechanisms with PA
and sedentary behaviors.12,48 Nevertheless, we could not
adjust for potential confounders such as other nutrients,
total energy intake, loneliness, and family history of
mental disorders. On the other hand, we found combined
associations of sugar-sweetened beverage consumption
with PA and TV viewing in the association with depressive
symptoms using a large representative cohort of Brazilian
adults, which we consider a strength. We also controlled
for important confounders, especially eating habits (e.g.,
consumption of alcohol, fruit, sweets/candy), specifying
the role of sugar-sweetened beverages.

Thus, we conclude that sugar-sweetened beverage
consumption is independently associated with severe
depressive symptoms in women, while it interacted with
TV viewing among men. In addition, sugar-sweetened
beverage consumption did not interact with PA since it
only presented independent associations. Future inter-
ventions should reduce the combination of TV viewing
and sugar-sweetened beverage consumption, since they
can interact in the association with severe depressive
symptoms. Longitudinal studies are needed to test these
associations and confirm these findings, especially con-
sidering the potential interactions between lifestyle beha-
viors in the prediction of severe depressive symptoms.
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10 Gómez-Donoso C, Sánchez-Villegas A, Martı́nez-González MA, Gea
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