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Association between the consumption of
omega-3-rich fish and depressive symptoms in
older adults living in a middle-income country:
EpiFloripa Aging cohort study
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Asociacion entre el consumo de pescado rico en
omega-3 y los sintomas depresivos en adultos
mayores que viven en un pais de ingresos
medios: estudio de cohorte EpiFloripa Anciano

Abstract

This study aimed to verify the association between the consumption of omega-
3-rich (n-3) fish and depressive symptoms in older adults living in Southern
Brazil. This is a cross-sectional analysis with data from the second wave of
the EpiFloripa Aging cohort study (2013/2014) including 1,130 individuals
aged 60 years or older. The presence of depressive symptoms was measured by
the 15-items Geriatric Depression Scale (GDS-15), and the consumption
of n-3-rich fish by a question of weekly frequency. The minimum set of vari-
ables for adjustment was defined using directed acyclic graph (DAG). Poisson
regression with robust error variance was applied (adjusted by Model 1: de-
mographic and socioeconomic variables, Model 2: added behavioral variables,
Model 3: added health variables). We identified the prevalence of depressive
symptoms in 19% of older adults and 51.8% reported eating n-3-rich fish once
a week. Models 1 and 3 showed an inverse association between n-3-rich fish
and depressive symptoms. However, the association was reduced when behav-
ioral factors (leisure-time physical activity) were included in Model 2. These
findings suggest that n-3-rich fish intake tends to be associated with depres-
sive symptoms in older adults. However, other factors, such as physical exer-
cise, are as pivotal as n-3 fatty acids in preventing the development of depres-
sive symptoms.
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Introduction

Depressive disorders are among the most prevalent mood disorders affecting the older adult popula-
tion 1. Its prevalence has increased specially in lower-income countries, holding the second position
worldwide in cause of disabilities in 2020; presenting a significant economic impact 2.345. Depression
in older adults living in low- and middle-income countries are associated with more frequent medical
appointment and hospitalization, a significant family burden, and a higher risk of suicide and mortal-
ity 26,7. Additionally, it is associated with significant consequences as poor quality of life, dependence
in activities of daily living (ADLs), comorbidities, and cognitive impairment 6.

New research investigating the causes, course, and more effective forms of treatment and preven-
tion of depression have been justified since the current approach mainly involves preventive health
habits and high-cost rehabilitation programs 1,3,8,9,10. The World Health Organization’s (WHO) Com-
prehensive Mental Health Action Plan 2013-2030 showed an imbalance among research performed in
high vs. low/middle-income countries that needs to be addressed to ensure that they have culturally
and economically appropriate strategies to respond to mental health needs and priorities 11.

Thus, the relationship between food intake and depression is a field of research that needs to be
more elucidated. Epidemiological studies have observed a positive relationship between omega-3
(n-3) fatty acids intake and a lower prevalence of depressive symptoms in older adults 12,13,14,15. Most
of these studies were conducted in high-income countries. Recently, the International Society for
Nutritional Psychiatry Research conducted a consensus-based practice guideline for clinical use of
n-3 polyunsaturated fatty acids (PUFAs) in major depressive disorder (MDD), indicating the impor-
tance of consumption of these fatty acids for mental health 16.

Some mechanisms of action of n-3 in depression include plasticity and neurogenesis of neuronal
cells, dysregulation of the neurotransmitter, and neuroinflammation 17,18,19.20. Experimental studies
have shown that diets deficient in n-3 lead to changes in the levels of neurotransmitter, such as dopa-
mine and serotonin 21,2223, They are necessary for the structure and maintenance of brain cells and
behavioral changes, such as anxious behavior and memory deficit 24,2526, Similarly, n-3 supplementa-
tion via fish oil produced an antidepressant effect in rodents 21,27.

The dietary n-3 eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are found in deep-
and cold-water fatty fish (such as salmon, tuna, herring, sardines, and mackerels) and are also available
as n-3 fish oil supplements 28. The n-3 also is found in regional fish in Brazil, such as trout (Salmus sp.),
South American silver croaker (Plagioscion squamosissimus), granulated catfish (Pterodoras granulosus),
spotted sorubim (Pseudoplatystoma corruscans), and trahira (Hoplias malabaricus). Since these fish have
an important source of n-3, their intake could be a strategy to increase n-3 in the diet and, perhaps, to
prevent the development of depressive symptoms 29,30,

Considering the effects of n-3 in depression, as well as the scarce studies conducted in low- and
middle-income countries, we aim to verify the cross-sectional association between the consumption
of n-3-rich fish and depressive symptoms in older adults living in Southern Brazil.

Materials and methods

Study design and population

This cross-sectional analysis was carried out with data from the second interview (2013/2014) of the
EpiFloripa survey, regarding the health conditions of older adults from Florianépolis, in the State of
Santa Catarina, Brazil. The EpiFloripa Aging cohort study aims to investigate health determinants
and aspects of older adults living in Southern Brazil. More details about the sample and methodology
are in previous publications 31,32; briefly, the baseline included 1,705 individuals of both sexes, aged
60 years and over, living in the urban area of Florianépolis (2009/2010). Older adults who were living
in long-term care institutions, hospitals, or prisons were not eligible. All participants from baseline
were invited to complete the second wave of interview (2013/2014), which enrolled 1,197 individuals.
For this analysis those who presented complete data on depressive symptoms and n-3-rich fish intake
were included, resulting in a final sample of 1,130 older adults. The power of the sample size (1-8
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error probability) was calculated a posteriori (post hoc) using G*Power, version 3.1.9.7 (http://www.
psycho.uni-duesseldorf.de/abteilungen/aap/gpower3), establishing as parameters the effect size (Exp
B1) of 0.22, base rate (80) of 0.19, and the small effect (R2) of other variables of 0.04 (power = 0.99).

Data were collected by trained interviewers at the participant’s home, previously scheduled by
phone. The interviewers were graduates in health science with experience in research. A previously
designed survey questionnaire was used, and data was recorded in a laptop. The questionnaire con-
tained socioeconomic, demographic, and health aspects related to aging, which included instruments
validated to and translated into Brazilian Portuguese. The quality control of the data was carried out
by telephone with 10% of the sample, using a short version of the questionnaire.

Exposure assessment

To evaluate the consumption of n-3-rich fish, we collected data on the weekly frequency of n-3-rich
fish consumption (number of days per week). A list of n-3-rich fish was created based on a food com-
position table and on studies conducted at the national and regional level 29.30,33. The list included
salmon, tuna, sardines, anchovy, trout, South American silver croaker, and local n-3-rich fish (granu-

lated catfish, spotted sorubim, and trahira). The frequency was categorized as “zero”, “once a week”,
and “twice a week or more” for data analysis.

Outcome assessment

We analyzed the presence of depressive symptoms using the 15-items Geriatric Depression Scale
(GDS-15) 3435, The scale gives a score of zero or one point for an answer of “no” or “yes” for each
question, totaling 15 points. A score of > 6 points was used as the cutoff for the presence of depressive
symptoms, as suggested by Almeida & Almeida 34,36,

The GDS-15 was translated into and validated to Brazilian Portuguese, according to the Inter-
national Classification of Disease (ICD-10) and the Diagnostic and Statistical Manual of Mental
Disorders (DSM-1V) to identify outpatients aged 60 or over who met the criteria for depressive
disorder 34,37, The sensitivity and specificity indexes of the cutoff point 5/6 (not case/case) produced
respectively 85.4% and 73.9% according to ICD-10, and 90.9% and 64.5% according to the DSM-IV.
The internal consistency using Cronbach’s alpha coefficient presented a reliability index of 0.81 34.
Moreover, in the test-retest reliability when the outpatient was evaluated twice in 48 to 72h, GDS-15
scores were reasonably stable, as assessed by paired Wilcoxon (z = 1.60, p = 0.109), by Spearman’s cor-
relation coefficient (rho = 0.86, p < 0.001), and by weighted kappa (0.64) 37. Furthermore, the GDS-15
is recommended by the Brazilian Ministry of Health and is a useful alternative for the rapid assess-
ment of the presence of depressive symptoms in older adults 38.

Covariates

The covariates were included following a hierarchical model, dividing them into three groups: demo-
graphic and socioeconomic; health; and behavioral covariates. Demographic and socioeconomic
variables included gender, age range, schooling level, per capita family income in minimal wages
according to the values in 2013 (BRL 678.00) and 2014 (BRL 724.00), retirement, family arrangements
(live with someone/alone), and marital status (married/single/divorced/widowhood). Behavioral
variables included attendance at social or religious events, alcohol consumption collected by Alcohol
Use Disorder Identification Test (AUDIT) 39, smoking habit, and leisure-time physical activity (insuf-
ficiently active < 150 minutes or sufficiently active > 150 minutes) collected by International Physical
Activity Questionnaire (IPAQ) 4041, Information about antidepressant drug use was collected by con-
sulting all boxes of medicines prescribed for and used by the participant. The Anatomical Therapeutic
Chemical Classification codes from the WHO Collaborating Centre for Drug Statistic Methodology
were applied for codification in the database 42.

Health variables included dependence in ADLs (15 items scale, i.e., to lay down/get out of bed,
feed oneself, look after your appearance, walk on flat surfaces, bathe, dress, go to toilet/continence,
climb stairs, take own medications, walk close to home, go shopping, prepare meals, cut toenails, take
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the bus or taxi, do housework), categorized into no disability, low disability (any level of disability in
1 to 3 activities), and moderate/severe disability (any level of disability in > 4 activities) collected by
the scale of daily personal and instrumental activities 43; presence of cognitive deficit, investigated by
the Mini-Mental State Examination, categorized as probable or absence of cognitive deficit (considering
schooling level, with 19/20 cutoffs for illiterate and 23/24 for any level of education) 4445; number
of morbidities (i.e., the sum of the following self-reported diseases: spine or back, arthritis, cancer,
diabetes, bronchitis, cardiovascular, renal, tuberculosis, cirrhosis, stroke, osteoporosis, hypertension,
and depression); and nutritional status according to body mass index (BMI) (underweight < 22kg/m?2,
healthy weight 22-27kg/m2, overweight > 27kg/m2) 46.47. A digital scale with a precision of 100g was
used to measure weight (in kilograms) and a portable stadiometer with a precision of one millimeter
was used to measure height (in meters).

A directed acyclic graph (DAG or causal Bayesian networks) was constructed to represent the the-
oretical-operational model and to elucidate the involvement of covariates in the relationship between
n-3-rich fish consumption and depressive symptoms (Figure 1). The DAG was constructed using the
DAGitty software, v. 3.0 (http://www.dagitty.net/dags.html) 48. The graphic criteria for the selection
of adjustment covariates were used to define the minimum set of potentially confounding covariates
and to reduce the variable selection bias 49,50, The minimum set of adjustment covariates indicated by
the DAG to test the association was gender, age, schooling level, family income, leisure-time physical
activity, BMI, number of morbidities, and dependence on activities of daily living.

Figure 1

Theoretical model of the minimum set of covariates adjustment indicated by the directed acyclic graph (DAG) of the association between omega-3-rich
(n-3) fish consumption and depressive symptoms. EpiFloripa Aging cohort study.
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ADLs: activities of daily living; BMI: body mass index.

Note: the DAG used to determine the minimum set of adjustments covariates was constructed based on literature associations between variables to
test the directed effect of the exposure variable n-3-rich fish on the outcome variable depressive symptoms identified by the white circles. The other
variables identified by the grey circles are the predecessor of exposure and outcome.
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Statistics

In the descriptive analysis, absolute and relative frequency, prevalence, and their respective 95%
confidence intervals (95%CI) were determined for depressive symptoms. The presence of depressive
symptoms and consumption of n-3-rich fish according to characteristics were evaluated by the chi-
square test. A p-value of 5% was considered statistically significant.

To verify the association between n-3-rich fish consumption and depressive symptoms, Poisson
regression with robust error variance was performed, estimating the crude and adjusted prevalence
ratio (PR) and their respective 95%CI. Three models were used in the adjusted analyses, recom-
mended by DAG, following hierarchical structure: Model 1 was adjusted for demographic and socio-
economic variables (age, schooling level, family income); Model 2 was adjusted for demographic,
socioeconomic, and behavioral variables (leisure-time physical activity); and Model 3 was adjust-
ed for demographic, socioeconomic, behavioral, and health variables (dependence on activities of
daily living).

A p-value < 0.05 was considered statistically significant. Due to sample selection process, which
was carried out by conglomerates in EpiFloripa Aging, sample weights were used in all analyses using
the “svy” command in the software Stata 14.0 (https://www.stata.com).

Ethics approval

This study was conducted following the Declaration of Helsinki and all procedures involving research
study participants were approved by the Ethics Research Committee for Research with Human
Subjects of the Federal University of Santa Catarina (protocols n. 329,650 and n. 526,126). Written
informed consent was obtained from all participants.

Results

Table 1 shows participant characteristics and the prevalence of depressive symptoms according to
demographic, socioeconomic, behavioral, and health variables. Our sample presented a higher preva-
lence of women (62.9%) and the age range of 70-79 years (44.5%), and of those who did not eat fish
(48.2%). We identified a prevalence of depressive symptoms in 19% (95%CI: 16.0; 22.5). The variables
associated with depressive symptoms (p < 0.05) were gender, age, schooling level, income, attendance
at social or religious events, alcohol consumption, leisure-time physical activity, antidepressant use,
dependence in ADLs, cognitive deficit, and number of morbidities.

Table 2 shows the weekly consumption of n-3-rich fish according to participant characteristics.
The variables associated with weekly consumption of n-3-rich fish (p < 0.05) were schooling level,
income, attendance at social or religious events, smoking habit, and leisure-time physical activity.

Table 3 shows the association analysis using Poisson regression modeling with robust error
variance. Consumption of n-3-rich fish once a week was not statistically significant in any model.
However, a statistically significant association was found for the consumption of n-3-rich fish twice
or more times per week in the crude and adjusted Model 1. The prevalence of depressive symp-
toms was lower in individuals who ate fish twice or more times per week in the crude and adjusted
Model 1 when compared to those who never consumed n-3-rich fish. Nevertheless, when the behav-
ioral variable (leisure-time physical activity) was included in Model 2, the association was not evident.
The tendency was maintained in Model 3.

Discussion

Our results indicate a high prevalence of depressive symptoms in older adults interviewed by the
EpiFloripa Aging study. Over half participants consumed n-3-rich fish at least once a week. There
was an association between consumption of n-3-rich fish and depressive symptoms when the crude
analysis was performed; demographics and socioeconomic variables were included in Model 1. This
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Table 1

Participant characteristics and the prevalence of depressive symptoms according to demographic, socioeconomic, behavioral, and health variables.
EpiFloripa Aging cohort study.

Characteristics n % 95%Cl Prevalence of depressive symptoms
% p-value *
Gender [n = 1,130] 0.018
Men 398 37.1 34.0; 40.5 15.8
Women 732 62.9 59.5; 66.1 20.9
Age range (years) [n = 1,130] 0.005
60-69 400 35.0 31.0; 39.2 13.7
70-79 497 44.5 40.6; 48.4 20.1
>80 233 20.5 18.0; 23.2 25.8
Schooling level (years) [n = 1,129] 0.002
No formal education 78 6.4 4.7, 85 26.1
1-4 398 34.2 28.2;39.7 23.2
5-8 181 15.9 13.4;19.0 14.9
9-11 167 17.6 15.3; 21.0 22.0
>12 262 25.9 21.1;31.4 12.0
Per capita family income (minimum wage) [n = 1,086] <0.001 **
<1 87 6.9 5.1;9.3 29.2
>Tand<3 307 28.2 24.6; 32.0 22.7
>3and <5 216 19.2 15.9; 23.1 20.4
>5and <10 261 239 20.5; 27.8 15.3
>10 215 21.8 17.0;27.4 13.7
Retirement [n = 1,028] 0.238
No 206 19.5 16.6; 22.8 24.4
Yes 822 80.5 77.2;83.4 17.9
Family arrangements [n = 1,130] 0.887
Live with another/Others 903 78.8 75.3;81.9 18.9
Live alone 227 21.2 18.1; 24.7 19.1
Marital status [n = 1,130] 0.433
Married 634 56.4 51.1; 59.3 16.0
Single 69 5.7 4.3;7.7 20.4
Divorced 82 7.9 6.5;9.9 27.0
Widowed 345 30.0 27.5;34.5 221
Attendance at social or religious events [n = 1,130] 0.004
No 657 59.2 55.6; 62.8 22.0
Yes 473 40.8 37.2;44.4 14.7
Alcohol consumption [n = 1,130] <0.001
No 692 60.5 56.0; 64.9 23.6
Yes 438 39.5 35.1;44.0 1.7
Smoking [n =1,130] 0.799
No 687 59.4 55.9; 62.9 18.5
Yes 443 40.6 37.1; 441 19.7
Leisure-time physical activity [n = 1,126] <0.001
Insufficiently active 817 71.7 67.2;75.9 22.5
Sufficiently active 309 28.3 24.1;32.8 9.4
Antidepressant use [n = 1,053] 0.001
No 875 82,9 80.5; 85.0 17.9
Yes 178 171 15.0; 19.5 28.9

(continues)
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Table 1 (continued)

Characteristics n % 95%ClI Prevalence of depressive symptoms
% p-value *
Dependence in ADLs [n = 1,126] <0.001
No disability 359 32.9 29.3;36.7 5.3
Low disability 450 40.2 37.0; 43.5 15.9
Moderate/Severe disability 317 26.9 23.6; 30.5 411
Cogpnitive deficit [n = 1,122] <0.001
Probable absence 863 78.3 73.9;82.2 13.9
Probable presence 259 21.7 17.8; 26.1 37.0
Number of morbidities [n = 1,130] <0.001
None 69 6.5 5.1; 84 8.0
1 180 17.5 15.3;19.9 3.2
>2 881 76.0 73.1;78.7 23.6
Nutritional status [n =1,114] 0.077
Underweight 97 8.8 7.2;10.8 22.6
Healthy weight 407 355 31.6; 38.6 16.4
Overweight 610 55.7 52.4;58.9 20.2
N-3-rich fish consumption [n = 1,130] 0.123
None 528 48.2 43.9;52.5 19.6
Once a week 304 25.5 22.1;29.2 18.3
Twice a week or more 298 26.3 22.9;30.0 18.4
Presence of depressive symptoms [n = 1,130]
Negative 907 81.0 77.5;84.0 -
Positive 223 19.0 16.0; 22.5 -

95%Cl: 95% confidence interval; ADLs: activities of daily living; BMI: body mass index.
* p-value of chi-square test;
** p-value of chi-square test for trend.

association, however, was not maintained when leisure-time physical activity was added to the analy-
sis, indicating that other pivotal factors are related to the development of depressive symptoms in
this population.

Previous studies with similar methodology reported that the prevalence of depressive symptoms
varied regionally within Brazil from 13% to 39%. These results could be explained by the sociodemo-
graphic and cultural differences of each Brazilian regions 51,52,53,54. Some of the factors that we found
significantly associated with the prevalence of depressive symptoms were similar to those in previous
studies, such as higher prevalence in older women, lower schooling level, not attending social or reli-
gious events, insufficient physical activity, dependence in ADLs, and self-report of two or more mor-
bidities 52.53,54. We chose to keep the variable of self-reported depression diagnosis with the number
of morbidities, since we used the GDS to measure depressive symptoms and not depression diagnose.

About 51.8% of the participants reported n-3-rich fish intake at least once a week. This proportion
is lower than the national estimate for overall fish consumption (58.4%) 55. There was also a higher
proportion of individuals with lower education and income among those who never consumed n-3-
rich fish, which is in line with what was described by the Brazilian National Health Survey (PNS) in 2013
55, and by other studies with older adults 56,57,58. Lower consumption of fish was reported by lower-
income individuals, suggesting that socioeconomic characteristics may influence this kind of food.
It is believed that schooling level and income may influence access to n-3-rich fish, which tend to be
more expensive than other types of fish in Brazil. Lower schooling level could affect an individual’s
understanding and knowledge on the health-related benefits of n-3-rich fish.

Cad. Saude Publica 2022; 38(11):e00011422
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Table 2

Omega-3-rich (n-3) fish consumption according to participant characteristics. EpiFloripa Aging cohort study.

Characteristics Total Weekly consumption p-value *
Twice or more
n % n % n %
Gender [n = 1,130] 0.078
Men 398 182 47.8 122 30.1 94 221
Women 732 346 48.4 182 22.8 204 28.8
Age range (years) [n = 1,130] 0.659
60-69 400 194 48.6 106 27.4 100 24.0
70-79 497 231 49.3 138 25.1 128 25.6
>80 233 103 45.3 60 23.2 70 31.5
Schooling level (years) [n =1,129] 0.012
No formal education 78 47 61.6 17 19.2 17 19.2
1-4 398 199 51.1 93 211 113 27.8
5-8 181 96 50.8 51 23.2 43 26.0
9-11 167 81 471 54 28.5 42 24.4
>12 262 104 40.0 89 32.1 83 27.9
Per capita family income (minimun wave) [n = 1,086] 0.002
<1 87 47 57.2 18 16.9 22 25.9
>Tand<3 307 160 51.7 69 21.8 78 26.5
>3and<5 216 100 50.6 60 24.5 56 24.9
>5and <10 261 128 49.6 63 22.5 70 27.9
>10 215 75 37.8 83 37.9 57 24.3
Retirement [n = 1,028] 0.103
No 206 104 50.7 43 19.8 59 29.5
Yes 822 374 47.4 232 26.6 216 26.0
Family arrangements [n = 1,130] 0.300
Live with another/others 903 421 48.5 251 26.2 231 25.3
Live alone 227 107 47.2 53 23.0 67 29.8
Marital Status [n = 1,130] 0.270
Married 634 282 45.9 185 27.8 167 26.3
Single 69 39 55.5 12 20.5 18 24.0
Divorced 82 44 55.3 18 21.5 20 23.2
Widowed 345 163 49.1 89 23.4 93 27.5
Attendance at social or religious events [n = 1,130] 0.022
No 657 324 51.7 157 231 176 25.2
Yes 473 204 43.1 147 29.0 122 27.9
Alcohol consumption [n = 1,130] 0.058
No 692 332 50.2 169 23.0 191 26.8
Yes 438 196 45.2 135 29.3 107 25.5
Smoking [n =1,130] 0.011
No 687 302 45.3 183 24.9 202 29.8
Yes 443 226 52.4 121 26.5 96 211
Leisure-time physical activities [n = 1,126] 0.022
Insufficiently active 817 403 50.1 209 24.2 205 24.9
Sufficiently active 309 124 42.0 92 28.0 93 30.0
Antidepressant use [n = 1,053] 0.724
No 875 414 49.2 230 24.4 231 26.4
Yes 178 81 46.4 52 29.0 45 24.7

(continues)
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Table 2 (continued)
Characteristics Total Weekly consumption p-value *
None Once Twice or more
n % n % n %
Dependence in ADLs [n = 1,126] 0.087
No disability 359 147 43.0 109 31.6 103 25.4
Low disability 450 229 51.8 112 22.4 109 25.8
Moderate/Severe disability 317 149 48.6 83 231 85 28.3
Cogpnitive deficit [n = 1,122] 0.126
Probable absence 863 390 471 244 27.0 229 25.9
Probable presence 259 134 51.9 59 20.8 66 27.3
Number of morbidities [n = 1,130] 0.430
None 69 25 30.2 23 44.7 21 25.1
1 180 85 48.9 51 28.4 44 22.7
22 881 418 49.6 230 23.2 233 27.2
Nutritional status according to BMI [n = 1,114] 0.248
Underweight 97 53 55.2 24 23.7 20 21.2
Healthy weight 517 175 45.6 117 27.3 115 271
Overweight 500 292 48.8 157 241 161 271
Presence of depressive symptoms [n = 1,130] 0.123
Negative 907 413 47.7 249 25.8 245 26.5
Positive 223 115 50.4 55 241 53 25.5

ADLs: activities of daily living; BMI: body mass index.

* p-value of chi-square test.

Table 3

Association between omega-3-rich (n-3) fish consumption and depressive symptoms in older adults. EpiFloripa Aging cohort study.

Frequency * Crude analysis Model 1 Model 2 Model 3 (final)

PR 95%ClI p-value PR 95%(Cl p-value PR 95%ClI p-value PR 95%(Cl p-valeu
None 1.00 1.00 1.00
Once 0.90 0.78; 1.03 0.142 0.96 0.83;1.10 0.525 0.96 0.83; 1.10 0.536 099 0.87;1.12 0.885
Twice or more 0.87 0.78;0.98 0.024 0.89 0.79;099 0.035 0.91 0.82;1.02 0.104 090 0.81;1.01 0.075

95%Cl: 95% confidence interval; PR: prevalence ratio.

Note: poisson regression was used to verify the association.

Model 1: adjusted for demographic and socioeconomic variables (gender, age, education); Model 2: adjusted for demographic, socioeconomic, and

behavioral variables (leisure-time physical activity); Model 3 (final): adjusted for demographic, socioeconomic, behavioral, and health variables (body

mass index, dependence on activities of daily living and number of morbidities).

* Weekly consumption frequency.
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The proportion of individuals with depressive symptoms decreased slightly with the consump-
tion of n-3-rich fish twice or more times per week compared to once a week or less. In Models 1
and 2, higher consumption seemed to be a protective factor against depressive symptoms. However,
the inclusion of leisure-time physical activity reduced the association. Some studies have found an
association between physical activity and depressive symptoms/depression 59,6061, such as a previous
study with the same sample of EpiFloripa Aging 62 that support the idea that physical activity could
protect against the emergence of depression 63. A possible explanation is that exercise may alleviate
depression by increasing availability of serotonin and norepinephrine 64, reducing systemic inflam-
matory signaling 5965, and influencing neurotrophins synthesis such as brain-derived neurotrophic
factor (BNDF) 65. Furthermore, some evidence has raised discussion on the collaborative effect of n-3
and physical activity acting in the increase of hippocampal neurogenesis and neurotrophic factors,
promoting mental health and reducing the risk of neurological disorders 65,66,67,68,

In Brazil, studies have not yet been conducted to investigate the relationship between depressive
symptoms and consumption of n-3-rich fish in older adults. However, previous studies using differ-
ent ways to evaluate both depression and fish consumption in other countries have shown contradic-
tory results. Similarly, one research carried in Cuba, Dominican Republic, Venezuela, Mexico, Peru,
India, and China found, in an unadjusted analysis, that fish intake on most days of the week resulted in
alow prevalence of depression (PR = 0.73; 95%CI: 0.59; 0.91) when compared to fewer days, however,
after adjustments the association was attenuated 12.

Other observational studies worldwide have shown a statistically significant association between
fish consumption and depressive symptoms/depression even after adjustments including physical
activity 14,15,69,70,71,72_In Finland, the consumption of fish less than once a week showed a 31% higher
probability of having mild to severe depression (OR = 1.31, 95%CI: 1.10; 1.56) 14. In Singapore, the
consumption of n-3-rich fish three times per week showed a lower chance of having depressive symp-
toms (OR = 0.60, 95%CI: 0.40; 0.90) 15. In two studies on the Greek Islands, the consumption of 300g
of fish per week reduced the probability for depressive symptoms by 66% (OR = 0.34, 95%CI: 0.19;
0.61) 69, and once a week showed a lower probability of 36% (OR = 0.64, 95%CI: 0.48; 0.84) 70. In Japan,
the consumption of 111.1g/day of fish showed a reduction of 66% in the risk of depressive disorder
(OR = 0.44, 95%CI: 0.23; 0.84) 71. In Italy, the highest quartile of fish and shellfish consumption was
associated with a subsequent decrease in depressive symptoms (B = -0.97, 95%CI: -1.74; -0.21) 72.

Results from a meta-analysis of clinical trials of supplementation in individuals diagnosed with
depression concluded that the n-3 fatty acids are effective in the treatment of depressed older adult
patients, and the benefits of supplementation were significant only in those with mild to moderate
depression 73. Another study, however, suggested that the n-3 PUFA treatment can reduce depressive
symptoms among adults aged 60 or older 74. Nonetheless, a recent guideline from the subcommittee
of the international society for nutritional psychiatry research indicated the use of n-3 PUFAs in the
treatment and prevention of MDD in high-risk populations including older adults 16.

Aninteresting finding of our study is that 17.9% of older adults classified with depressive symptoms
have not used antidepressants, and 28.9% (p = 0.001) of older adults who used antidepressants were
also classified with depressive symptoms. Often subclinical forms of depression are frequent in older
adults, associated with the fact that there is a gap in the availability of psychological treatment for them
in low/middle-income countries 7576,77. Diagnosing older adult people at risk of depression is very
important, since it is a strategy that can help prevent serious disabilities and other complications 78.
Moreover, some studies discussed that around 10-30% of individuals with depression presented
resistance to drug therapy, not responding to treatment with at least two antidepressants 79,80,81,82,
Other limiting factors of pharmacological treatment are the unpleasant side effects that the available
antidepressants often have. Additionally, unintentional non-adherence, such as forgetfulness and the
inability to follow treatment instructions due to lack of understanding or physical problems can also
be responsible for any eventual interruption of the treatment 83,84,

Some of the strengths of our study includes being in line with the WHO’s Comprehensive Mental
Health Action Plan 2013-2030, increasing the data from low- and middle-income countries. It is the
first study conducted in Brazil that investigates this relationship in the older adult population using
a representative sample, with methodological strictness (e.g., trained interviewers, a pilot study, face-
to-face interviews, and quality control of the interview) and specific methods for cross-sectional data
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analysis. Furthermore, the GDS-15 scale is one of the most widely used tools in such studies and has
been validated for application in the Brazilian population.

The main limiting factor of this study is that we could not measure the levels of n-3 fatty acids
incorporated in red blood cells, which would provide a more accurate reflection of any previous con-
sumption of n-3 fatty acids. Determining these levels requires a high investment for epidemiological
studies with large samples, which made it difficult to perform in a middle-income country like Brazil.
Also, we did not have information on oral supplementation with n-3 fatty acids. However, the study
aimed to evaluate the relationship of depressive symptoms with food intake, which we were able to
do. Although the consumption of n-3-rich fish may be biased by interpretation and responses from
the individuals interviewed in this study, other international studies also use questions to estimate
weekly food intake, including national surveys such as the Risk and Protective Factors Surveillance System
for Chronic Noncomunicable Diseases Through Telephone Interview (Vigitel) 12,14,15,85,

In conclusion, n-3-rich fish intake reduced the likelihood of depressive symptoms when adjusted
for socioeconomic and health variables, but the association was not so evident when leisure-time
physical activity was included in the analysis. We were able to observe factors related to the consump-
tion of this type of food among the older adults, showing that perhaps the propagation of information
about consuming these fish could be one strategy, not only for its health benefits but also for possibly
reducing the prevalence of developing depressive disorders.

The consumption of n-3-rich fish could be encouraged in Florianopolis since it is a seaside town
with alocal fish supply. It is necessary, however, to improve access to and information on the benefits
of consuming n-3-rich fish, as well as to improve public policies that promote access to and consump-
tion of these kind of fish. Studies with more advanced methodologies and that include serum levels of
n-3 fatty acids are needed to help understand the relationship between consumption of n-3-rich fish
and the development of mood disorders among older adults.
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Resumo

Este estudo buscou verificar a associacdo entre o
consumo de peixes ricos em dmega-3 (n-3) e sin-
tomas depressivos em idosos residindo no Sul do
Brasil. Esta é uma andlise transversal com dados
da segunda onda do estudo de coorte EpiFloripa
Idoso (2013/2014) e incluiu 1.130 individuos com
60 anos ou mais. A presenca de sintomas depressi-
vos foi medida pela Escala de Depressao Geria-
trica de 15 itens (GDS-15) e pela frequéncia se-
manal de consumo de peixes ricos em n-3. O con-
junto minimo de varidveis para ajuste foi definido
utilizando-se um grifico aciclico dirigido (GAD).
Foi aplicada a regressdo de Poisson com variancia
robusta de erros (ajustada pelo Modelo 1: varid-
veis demogrdficas e socioeconomicas, Modelo 2:
varidveis comportamentais adicionadas e Modelo
3: varidveis de saude). Identificamos a prevalén-
cia de sintomas depressivos em 19% dos idosos e
51,8% relataram comer peixes ricos em n-3 uma
vez por semana. Os Modelos 1 e 3 apresentaram
uma associacdo inversa entre peixes ricos em n-3
e sintomas depressivos. No entanto, a associa¢do
foi reduzida quando fatores comportamentais (ati-
vidade fisica de lazer) foram incluidos no Modelo
2. Esses achados sugerem que a ingestdo de peixes
ricos em n-3 tende a estar associada a sintomas
depressivos em idosos. No entanto, outros fatores
como o exercicio fisico sdo tdo cruciais quanto os
dcidos graxos n-3 em prevenir o desenvolvimento
de sintomas depressivos.
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Resumen

El objetivo de este estudio fue verificar la asocia-
cion entre el consumo de pescado rico en omega-3
(n-3) y los sintomas depresivos en adultos mayores
que viven en el Sur de Brasil. Andlisis transver-
sal con datos de la segunda oleada del estudio de
cohortes EpiFloripa Anciano (2013/2014) que in-
cluyé a 1.130individuos de 60 afios 0 mds. La pre-
sencia de sintomas depresivos se midio mediante
la Escala de Depresion Geriatrica de 15 items
(GDS-15), y el consumo de pescado rico en n-3
mediante una pregunta sobre la frecuencia sema-
nal. El conjunto minimo de variables para el ajus-
te se definié mediante un grdfico aciclico dirigido
(GAD). Se aplicé la regresion de Poisson con va-
rianza de error robusta (ajustada por el Modelo 1:
variables demogrdficas y socioecondomicas, Modelo
2: variables de comportamiento afiadidas, Mode-
lo 3: variables de salud afiadidas). Se identificé la
prevalencia de sintomas depresivos en el 19% de
los adultos mayores y el 51,8% informé de que co-
mia pescado rico en n-3 una vez a la semana. Los
Modelos 1y 3 mostraron una asociacion inversa
entre el pescado rico en n-3y los sintomas depre-
sivos. Sin embargo, la asociacion se redujo cuando
se incluyeron los factores conductuales (actividad
fisica en tiempo libre) en el Modelo 2. Estos resul-
tados sugieren que la ingesta de pescado rico en
n-3 tiende a asociarse con los sintomas depresivos
en los adultos mayores. Sin embargo, otros factores
como el ejercicio fisico son tan fundamentales co-
mo los dcidos grasos n-3 para prevenir el desarro-
llo de sintomas depresivos.
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