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ABSTRACT

OMEGA-3 FATTY ACIDS AND DEPRESSIVE SYMPTOMOLOGY AND THE INFLUENCE
OF PSYCHOSOCIAL STRESS: THE HISPANIC COMMUNITY HEALTH STUDY/STUDY

OF LATINOS

by
Caitlin M. Porter, RDN, LD

University of New Hampshire

Objectives: The literature on omega-3 fatty acid (FA) intake and depressive symptoms is
inconsistent, potentially due in part to the influence of psychosocial stress. Some evidence
supports that omega-3 FA intake may have greater benefit on depressive symptoms among
individuals with high oxidative stress. We quantified the associations between dietary and
plasma omega-3 FA and 6-y depressive symptoms and measured the modifying effect of

psychosocial stress.

Methods: Data are from the Hispanic Community Health Study/Study of Latinos (age 48 y, 63%
female). At baseline (2008-11), EPA, DHA and omega-3 very-long-chain FAs (VLCFAS) were
estimated using two 24-hr recalls and the NCI method. Plasma omega-3 FAs were measured by
mass spectrometry. Depressive symptoms were ascertained at baseline and 6-y follow-up with
the 10-item Center for Epidemiological Studies Depression Scale (CES-D). Approximately 9

months from baseline, the 10-item Perceived Stress (PSS) and Chronic Burden of Stress scales
X



were obtained. Unstratified and psychosocial stress-stratified associations were analyzed using
survey linear regression among those with dietary (n=3537) and plasma (n=718) FA data. Model
covariates included, but were not limited to, baseline CES-D score, Hispanic/Latino background,

study site, antidepressant use, total energy intake, and dietary or plasma omega-6 FA.

Results: Baseline DHA and omega-3 VLCFA intake were inversely associated with 6-y CES-D
(P<0.05). All examined dietary omega-3 FA exposures were inversely associated with CES-D
among individuals in the highest PSS quartile (Q4) (P<0.05), but this was attenuated after
considering omega-6 FA intake. DHA and omega-3 VLCFA intakes were inversely associated
with CES-D among individuals with 2 chronic stressors, but not <1 or >2 stressors. Plasma
omega-3 FAs were not associated with CES-D in PSS stratified and unstratified analyses.
However, plasma omega-3 FA were associated with lower CES-D score among those with only

2 chronic stressors.

Conclusions: Dietary omega-3 VLCFAs, but not plasma, were inversely associated with 6-y
CES-D. Psychosocial stress did not clearly modify these associations. These results provide
some evidence that greater omega-3 VLCFA intake may reduce depressive symptoms among
Hispanic/Latino adults. However, considering the limitations of self-reported intake, further
research is needed using biomarkers of long-term omega-3 consumption and psychosocial stress

to confirm our findings.
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CHAPTER I: INTRODUCTION

Rationale

Depression is a multi-factorial, debilitating disease that affects approximately 7.1% of American
adults (1) and 4.4% of adults globally (2). Depression accounts for almost 400 million lost work
days each year in the United States (3), and is the leading cause of disability worldwide (2). The
economic cost of medical treatment related to major depressive disorder in the United States
reached nearly $28 billion in 2010 (3). Hispanic/Latino Americans are one of the fastest growing
ethnic groups in the United States and it is projected that by 2060, the Hispanic/Latino
population will increase by 61.5 million people, an increase of approximately 67% (4). It has
been reported that Hispanic/Latinos are disproportionately affected by depression (5).
Hispanic/Latinos have been shown to have more depressive symptoms than other ethnic groups,
with the recent data from the Multiethnic Study of Atherosclerosis indicating that 28.2% and
13% of Hispanic/Latino women and men, respectively, experience moderate-severe depressive
symptoms compared to 11.4% - 14.7% and 4.7% -7.6% of women and men, respectively, from

other ethnic groups including non-Hispanic Whites, non-Hispanic Blacks, and Chinese (6).

Although depression is multifactorial (7), increasing evidence has linked dietary pattern quality
to incidence of depression and depressive symptoms (8,9). High diet quality has been associated
with lower risk of depression, as well as poor diet quality associated with greater risk of

depression (9). Dietary patterns have also been shown to have an independent effect on severity

of depressive symptoms, with poor diet quality resulting in increased depressive symptom



severity (8). It has been proposed that cardiometabolic risk factors, such as oxidative stress (10),
may increase depression incidence, as cardiovascular disease (CVD) and depression are frequent
comorbidities (11). High oxidative stress and psychological stress are known risk factors for the
development of depression and depressive symptoms (12). It has been proposed that
psychological stress may increase depression risk because psychological stress has been shown

to increase oxidative stress in humans and animal models (12,13).

Omega-3 fatty acids (FAS) have been shown in some studies to be associated with less
depressive symptoms (14), however the epidemiological evidence has been inconsistent (15),
potentially due in part to the modifying effect of oxidative stress. A handful of studies have
found a significant modifying effect of oxidative stress, as indicated by smoking status (16,17)
and lipid peroxidation (18). Additionally, it was recently found in a cohort of Puerto Rican adults
that omega-3 FA status was not associated with depressive symptoms, except in those with high
levels of oxidative stress (5), furthering the argument that the antioxidant effect of omega-3 FAs

(19) may be an important factor in their effect on reducing depressive symptoms.

Therefore, to continue to move the literature forward we quantified the association between
dietary omega-3 FA and omega-3 FA status with self-reported depressive symptoms in a large
cohort of Hispanic/Latino adults living in the U.S. Additionally, we evaluated the modifying
effects of psychological stress on these associations, to ascertain those who may experience the

most benefit of increasing omega-3 FA consumption on depressive symptoms.



Objectives

Aim 1: Quantify the 6-year longitudinal associations of baseline omega-3 FA consumption with
6-year depressive symptomatology and measure the modifying effect of psychological stress
among adults in HCHS/SOL. We used omega-3 FA consumption estimated by the National
Cancer Institute (NCI) method applied to two 24-hr recalls. Psychological stress was measured
using the 10-item Perceived Stress Scale (PSS-10) and Chronic Burden of Stress (CBS) scores
obtained within 9 months of the baseline study visit, most of which (73%) were completed
within 4 months from baseline. We tested whether PSS-10 and CBS each modify the prospective
associations between omega-3 FA consumption and CES-D scores. We hypothesized that higher
omega-3 FA intake would be associated with lower 6-y depressive symptomatology, and the

associations would be modified by PSS-10 and CBS scores.

Aim 2: Quantify the 6-year longitudinal associations of baseline circulating omega-3 FA levels
with depressive symptomatology and measure the modifying effect of psychological stress among
adults in HCHS/SOL. We used baseline plasma omega-3 FA levels generated from untargeted
metabolomics as a biomarker of omega-3 FA consumption. Similar to the Aim 1 approach, we
examined the associations of baseline omega-3 FA biological levels with 6-y CES-D scores.
Further, effect modification of these associations by PSS-10 and CBS scores was determined.
We hypothesized that higher plasma omega-3 FA levels would be associated with lower 6-y

depressive symptomatology, and the associations would be modified by PSS-10 and CBS scores.



Public Health Relevance

Depression is a costly, chronic disease. Approximately 7.1% of American adults (1) and 4.4% of
adults worldwide (2) are affected by depression. Depression is costly in that it is the leading
cause of disability worldwide, and accounts for 400 million lost work days each year in the
United States alone (2). Further, the economic cost of treating major depressive disorder in the
United States reached nearly $28 billion in 2010 (3). Although depression is multifactorial and
has many risk factors and etiologies, evidence has shown an association between dietary pattern
quality and incidence of depression (9). A healthy diet pattern high in fruits, vegetables, whole
grains, olive oil, fish, soy, poultry, and low-fat dairy is associated with lower risk of depression,
while an unhealthy, Western-style, diet pattern high in red and processed meat, refined grains,
high fat dairy, butter, potatoes, and sweets and low in fruits and vegetables is associated with
greater risk of depression (9). Dietary patterns have also been shown to have an independent
effect on severity of depressive symptoms (8). Low diet quality, assessed by the Alternative
Healthy Eating Index (AHEI) score, which includes eight diet components: fruit, vegetables, nuts
and legumes, ratio of white meat to red meat, trans fat, ratio of polyunsaturated fat (PUFA) to
saturated fat, and alcohol, was associated with greater severity of depressive symptoms (8). In
addition, higher omega-3 FA intake has been shown in some, but not all, epidemiological studies

to be associated with less depressive symptoms (17,20-26).

Dietary Omega-3 FA and Depression

Much attention has been given to omega-3 FAs as they pertain to CVD. This is in part due to
their known benefits on inflammation and oxidative stress. Omega-3 FAs exert their anti-

inflammatory effects by decreasing activity of pro-inflammatory processes including the



metabolism of omega-6 FAs, leukocyte chemotaxis, adhesion molecule activity, and nuclear
factor-xB (NF-xB) activation (27). Omega-3 FAs also serve as precursors for anti-inflammatory
molecules, such as resolvins and protectins (28). Omega-3 FAs may reduce oxidative stress by
attenuating oxidative processes such as lipid peroxidation (29) and reactive oxygen species
(ROS) generation (30). Attention has been drawn to their potential benefits on depression, as
inflammation (31), oxidative stress (32) and CVD (33) are implicated in the development of
depressive symptomatology. However, there are inconsistencies (16,34—38) within the literature

with regards to the associations of omega-3 FA consumption and depressive symptoms.

The association between omega-3 FAs and depression has been studied in cross-sectional
(17,25,26), longitudinal (38-40), and case-control (41-43) studies as well as in randomized
controlled trials (RCTs) (44-46). Although a recent meta-analysis of cross-sectional and
prospective studies concluded a protective association of eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) consumption, as well as total omega-3 FA intake on depressive
symptomatology there was heterogeneity across the studies examined which impedes our ability
to draw firm conclusions. For example, although EPA + DHA consumption demonstrated a
protective association in the meta-analysis, only 5 studies were examined and of these 3 were
cross-sectional (22,23,47). Further, one study examined post-partum depression (37), whereas
others were conducted among pregnant women (47) and adolescents (23). Most of these studies
independently did not report a significant protective association (23,35,37) and the study with the
strongest reported association was conducted among 70-90 year olds (22). For total omega-3 FA
intake, there was an overall significant inverse association between total omega-3 FA intake and

depression when results were pooled together. However, only 6 studies were examined, and



among them only 2 independently found a significant association (25,26). Grosso et al. (14) also
concluded that there was heterogeneity across the studies, mainly in terms of design, population,
and omega-3 FA consumption. While some epidemiological studies support a protective
association between omega-3 FA consumption and depressive symptoms, the most recent meta-
analysis of RCTs found no effect of omega-3 FAs on depressive symptoms among those without
depression, but did find a beneficial effect among participants who presented with depression at

baseline (48).

Circulating Omega-3 FA and Depression

Some studies have examined the association of omega-3 FA status and depressive
symptomatology or risk of depression (5,49,50). Biomarkers of omega-3 FA provide an
objective measure of omega-3 FA consumption as humans lack the enzyme to synthesize de
novo omega-3 FAs and thus may provide a more reliable measure of omega-3 FA exposure as
compared to dietary measures. Similar to dietary omega-3 FA, the current literature on omega-3
FA status as it relates to depression or depressive symptoms is inconsistent. Case control studies
have demonstrated that circulating levels of omega-3 FA tend to be lower in cases with
depression as compared to non-depressed controls (43,51-54). However, there are inconsistent
findings as to which omega-3 FAs most strongly relate to depression, as studies have found
differential support for total omega-3 FA (43,51,53,54), EPA (54), DHA (43,51,53,54), EPA +
DHA (43), and ALA (49). Some cohort studies have been conducted cross-sectionally or
prospectively using biomarkers of omega-3 FA status as it relates to depressive symptoms.
Results from cohort studies are inconsistent, with cross-sectional studies finding inverse (55-57),

non-linear (56,58), positive (58), and null (17,50,59) associations between omega-3 FA status
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and depressive symptoms. A limited number of studies have looked at omega-3 FA status and
depressive symptoms longitudinally (5,59). One study conducted among older Puerto Rican
adults found that the 2-y prospective association of erythrocyte EPA and DHA with depressive
symptoms was modified by oxidative stress level (5). Among those with the highest oxidative
stress level (top quartile of urinary 8-hydroxy-2’-deoxyguanosine), greater EPA and DHA
concentrations were associated with lower 2-y depressive symptoms adjusted for baseline
depressive symptoms. Another study did not observe significant associations with depressive
symptoms when examining erythrocyte total omega-3 FA, EPA, DHA, and EPA+DHA at
baseline or 7.5 year follow up in a cohort of post-menopausal women (59). Given that there are a
limited number of studies examining omega-3 FA status and depressive symptoms prospectively,
as well as inconsistent associations in cross-sectional studies, more research is needed to

elucidate the relationship using this objective measure of omega-3 FA intake.

Psychological Stress, Oxidative Stress, and Depression

Chronic psychological stress is a well-established risk factor for depression (60). Chronic
psychological stress has been associated with increased oxidative stress, and it has been
established that oxidative stress is related to increased depressive symptomatology (61,62).
Therefore, it has been proposed that oxidative stress may serve as the link between psychological
stress and depressive symptomatology (12). The brain is particularly vulnerable to oxidative
damage, as it is metabolically active and has fewer antioxidant defenses than other tissues (63).
Psychological stress may influence depressive symptomatology by increasing oxidative stress
which can impair neuronal signaling, contribute to neurodegeneration, and increase

neuroinflammation (63). For example, it has been shown that oxidative stress can lead to the
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activation of the enzyme indoleamine dioxygenase (IDO), which catabolizes tryptophan (64).
The activation of IDO is thought to play a role in depression, as it lowers circulating tryptophan,
and subsequently serotonin, as well as produces neurotoxic TRYCATS (tryptophan catabolites

along the IDO pathway) (64).

In an aforementioned prospective cohort study, our lab observed that greater omega-3 FA
erythrocyte concentrations were associated with lower depressive symptomatology only among
those with high oxidative stress levels (5). These result suggest that the association between
omega-3 FA consumption and depression may be modified by oxidative stress level and perhaps
by psychological stress. This may in part explain the inconsistent associations between omega-3
FA and depressive symptomatology observed in observational studies, as oxidative and
psychological stress have not been widely-considered as potential effect modifiers. In a
secondary data analysis of an omega-3 FA supplementation trial, those with high baseline lipid
peroxidation, a marker of oxidative stress, experienced a greater reduction in depressive
symptoms as compared to those with less oxidative stress at baseline (18). More recently, two
observational epidemiological studies which examined the association between omega-3 FA
consumption and depressive symptomatology stratified their analyses by smoking status (16,17),
which is a well-established pro-oxidant (65). Both studies identified significant effect
modification by smoking status, when stratifying the association of omega-3 FA or fish
consumption with depressive symptomatology by smoking status (16,17). One study in pregnant
women found an inverse relationship between EPA + DHA intake and depressive symptoms that
became significant when looking at current smokers (16). While another study found that women

who were non-smokers and high fish consumers had higher risk of depression, and men who



were occasional or former smokers and high fish consumers had lower risk of depression (17).
Of the few data available, oxidative stress may be a significant modifier of the association
between omega-3 FA consumption and depressive symptomatology. Considering the impact of
psychological stress on oxidative stress burden, it is possible that psychological stress may
modify the associations between omega-3 FA and depressive symptoms. However, based on our
search of the literature, no study to date has explicitly examined the impact of psychological
stress on this association in humans. One study performed in rats observed that omega-3 FA
supplementation reduced depressive symptoms in rats exposed to chronic stress (66). To move

the literature forward, this project aimed to address this knowledge gap.

Omega-3 FA Intake, Stress, and Depression in Hispanic/Latino Populations

Some evidence suggests that Hispanic/Latino populations are disproportionately affected by
psychological stress (67) and depression (68). Hispanic/Latino populations may experience a
disproportionate amount of psychological stress for a multitude of reasons including
acculturation, low socioeconomic status, and limited access to resources (69). Recently, the
Multiethnic Study of Atherosclerosis showed that more Hispanic/Latinos report moderate to high
depressive symptoms as compared to other ethnic groups, at 28.2% and 13% of Hispanic/Latino
women and men, respectively, compared to 11.4% - 14.7% and 4.7% -7.6% of women and men,
respectively, from other ethnic groups including non-Hispanic whites, non-Hispanic blacks, and
Chinese (6). The high burden of depression may in part be due to suboptimal consumption of
food sources of omega-3 FAs in concert with high oxidative stress. In the Hispanic Community
Health Study, average intake of fish among Hispanic/Latino American adults was approximately

0.7 ounces per day (70), which equates to less than 5 ounces per week. The current 2015-2020

9



Dietary Guidelines for Americans recommend that Americans consume approximately 8 ounces
of fish or seafood per week based on a 2,000 calorie diet for general health (71). This
recommendation equates to approximately 250 mg per day of combined DHA and EPA (71).
Further, Mexican-Americans have been shown to have lower long chain omega-3 FA intakes as
compared to non-Hispanic/Latino Whites and non-Hispanic/Latino Blacks, with mean intakes
from food and supplements of 0.17, 0.22, and 0.19 g/day, respectively (72). Given the evidence
of low omega-3 FA consumption and high depressive and stress burden, it is critical to better
clarify the interrelationship between omega-3 FAs, stress, and depressive mood among
individuals of Hispanic/Latino descent. Examining these associations could have significant

implications for the treatment and prevention of depression, a debilitating and costly disease.

Current Literature Gaps and Future Directions

Currently, there are gaps within the literature that need to be addressed and more research needs
to be completed in order to determine the modifying effect of psychological stress on the
association between omega-3 FA and depressive symptoms. Lack of consideration for the
potential modifying effect of psychological stress may help to explain the inconsistencies in the
current literature, which to our knowledge has not been investigated. Further, there has been
limited use of objective measures of omega-3 FA intake, which may strengthen the results. The
results from this thesis project provide additional evidence that my help to identify populations
that may most benefit from omega-3 consumption for the reduction in depressive
symptomatology. While depression is multifactorial and does not have one specific etiology,

dietary practices may provide significant benefits in terms of symptom reduction.

10



CHAPTER II: METHODS

Participants

Participants were from the Hispanic Community Health Study/Study of Latinos (HCHS/SOL), a
population-based prospective cohort study. Data were collected in the first wave of HCHS/SOL
between 2008 and 2011 from 16,415 self-identified Hispanic/Latino adults aged 18-76 years,
recruited from four different field centers (Bronx, NY, Chicago, IL, Miami, FL, and San Diego,
CA) (69,73). The 45-74 year age group was oversampled to ascertain chronic disease rates (74).

Data were collected in the second wave of HCHS/SOL between 2014 and 2017 (n = 11,623).

Of the 16,415 participants in the first wave of HCHS/SOL, 7,321 (45%) were eligible to
participate in the Sociocultural Ancillary Study (SCAS) by consenting to future contact and
being willing to participate (69) (Figure 1). The SCAS was a cross-sectional ancillary study that
investigated the associations of social, cultural, and psychological factors with metabolic
syndrome, CVD, and their risk factors within HCHS/SOL (69). Data from 5,313 (32% of
baseline cohort) participants were collected in the SCAS (69) within 9 months of their baseline
HCHS/SOL visit between February 2010 and June 2011 (69). Detailed methods for HCHS/SOL
and SCAS have been described elsewhere (69,74,76). SCAS collected measures of psychosocial
stress including the 10-item Perceived Stress Scale (PSS-10) and 8-item Chronic Burden of
Stress. In addition, of the HCHS/SOL baseline cohort, approximately 25-33% of participants

participated in the SOL Whole Genome Sequencing (WGS) and Metabolomics Ancillary Study.
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Data from WGS and Metabolomics Ancillary Study include metabolomic measures of plasma

omega-3 FAs.

3,896 participants had complete covariate data and participated in both the second wave of
HCHS/SOL and SCAS. Further exclusions were applied to individuals missing outcome or effect
modifier data: 10-item Center for Epidemiological Studies-Depression Scale (CES-D) score at
baseline (n=33) and 6-y follow up CES-D (n=89), PSS-10 (n=71), and Chronic Burden of Stress
(n=203). No additional exclusions were necessary for missing exposure data, as missing dietary
data were captured when excluding missing covariate data. A final sample of n=3,537 was
available for prospective analyses with dietary omega-3 FAs as the exposure (Figure 1). For
metabolomic analyses, additional exclusions were applied for those missing metabolomic
measures of circulating omega-3 FA (n=2,556). A final sample of n=718 was available for

prospective analyses with metabolomic omega-3 FAs as the exposure (Figure 1).

Primary Exposure: Dietary omega-3 FAs

Participants completed two 24-hour dietary recalls during the first wave of HCHS/SOL (2008-
2011). The first 24-hour dietary recall was completed in person during the baseline visit (77).
The second 24-hour dietary recall was administered over the telephone within 6 weeks of the
baseline visit (74,77). Nutrients were analyzed using the Nutrition Data System for Research
(NDS-R) (version 11, University of Minnesota, Minneapolis, MN) (70). Further nutrient analysis
was conducted using the National Cancer Institute (NCI) Method, a statistical model to estimate

usual intake of episodically consumed foods (78). The NCI method estimates an individual’s

12



usual intake of foods and nutrients accounting for sampling weight and adjusting for covariates
including: age, sex, Hispanic/Latino background, HCHS/SOL center, day of the week, first or
second recall, and self-report of intake being greater, same, or less than usual, and. Omega-3 FAs
were expressed as percent of total FA intake (saturated, monounsaturated, polyunsaturated and
trans FAs). Omega-3 FAs were analyzed as EPA, DHA, and very-long-chain omega-3 FAs
(omega-3 VLCFA). Omega-3 VLCFA is the sum of EPA, docosapentaenoic acid (DPA) and
DHA. These were grouped together for analyses as they represent animal-derived omega-3 FAs
(e.g., fatty fish) (79). It has been previously supported that fish intake is inversely associated
with depression, therefore it is of importance to analyze omega-3 VLCFASs separately (80).

Dietary omega-3 FAs were analyzed continuously.

Secondary Exposure: Circulating omega-3 FAs

Participants had a fasting blood draw during their baseline exam (81). Plasma was collected in
EDTA anticoagulated tubes and centrifuged at 3000 x g at 15°C for 30 minutes (81). Aliquots
were frozen at -80°C at the field centers and sent to the central laboratory at the University of
Minnesota for biomarker analysis (81). Plasma metabolites were measured by Metabolon, Inc
(Morrisville, NC) using untargeted mass spec-based metabolomics profiling. This method
incorporates two separate ultra-high performance liquid chromatography/tandem mass
spectrometry injections and one gas chromatography/mass spectrometry injection per sample,
and can detect metabolites in the range of low nanograms per milliliter (82). Circulating omega-3
FAs were expressed as percent of total circulating FAs (saturated, monounsaturated,
polyunsaturated, and trans FAs). Circulating omega-3 FAs were analyzed continuously as EPA,

DHA and omega-3 VLCFAs as the sum of EPA, DPA, and DHA.
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Primary Outcome: 6-year depressive symptomatology

Self-reported depressive symptoms were assessed using the 10-item Center for Epidemiological
Studies Depression Scale (CES-D) during the baseline exam and approximate 6-year follow up.
CES-D is an abridged version of the 20-item CES-D scale that assesses depressive
symptomatology over the past week using a score ranging from 0-30, with a higher score
indicating more depressive symptoms (83). CES-D was offered in the participant’s preferred
language, and was shown to measure the same construct in the English and Spanish versions in
HCHS/SOL participants (84). A cut-point of 10 on the CES-D indicates high depressive
symptoms with both sensitivity and specificity (85) to the validated cut-off of >16 on the 20-item

CES-D (86). CES-D was analyzed continuously.

Psychological Stress: Perceived Stress Scale and Chronic Burden of Stress

Self-reported psychological stress was measured via the 10-item Perceived Stress Scale (PSS-10)
(87) and 8-item Chronic Burden of Stress scale (88,89) as part of the SCAS. Questionnaires were
administered by a trained interviewer within 9 months of the HCHS/SOL baseline exam (75),

most (73%) were completed within 4 months (75).

PSS-10 is a 10-item questionnaire which assesses the individual's reaction to and ability to cope
with stressors over the past month (87). PSS-10 responses are on a Likert scale of 0-4 (never to
very often). PSS-10 responses are added together, with questions 4, 5, 7, and 8 reverse scored.

Possible PSS-10 scores range from 0-40, with a higher score indicating more perceived stress
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(77). There is no pre-determined cutoff for PSS-10 (90), therefore we categorized PSS-10 scores

into quartiles, as has been done in previously in HCHS/SOL (6).

The Chronic Burden of Stress scale measures chronic stress over the past 6 months in 8 domains
(personal health, health problems in family members, substance abuse in family members,
financial stress, occupational stress, stress related to housing, relationship stress and caregiving
stress) (77). This measure of chronic stress has been used in other multi-ethnic studies (92,93)
and other Hispanic/Latino American populations (94). Chronic Burden of Stress counts the
number of chronic stressors someone has experienced over the past 6 months or more, ranging
from 0-8 (77). A chronic stressor was indicated by the participant identifying a problem as
ongoing for 6 months or more, and found to be moderately to severely stressful (89). We
categorized number of chronic stressors as 0, 1, 2, or >3, as has been done previously in

HCHS/SOL (77).

PSS-10 and Chronic Burden of Stress have both been associated with chronic disease burden
(75,95). In the current study we utilized both measures, as PSS-10 captures more recent stressors
(past 30 days) and Chronic Burden of Stress captures longer-term stressors (past 6 months). Both
Chronic Burden of Stress and PSS-10 have been associated with high depressive symptoms
(CES-D >10) in HCHS/SOL (77). In relation to dietary intake, both PSS-10 and Chronic Burden
of Stress were associated with significantly higher energy intake in HCHS/SOL (77), while only

PSS-10 was associated with significantly lower AHEI-2010 score (77). HCHS/SOL participants
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with obesity reported a greater number of chronic stressors than those who were normal or

overweight (77).

Covariates

Demographic covariates

Models were adjusted for a number of covariates that may influence the associations of dietary
and circulating omega-3 FAs and depression including total energy (25,96), sex (97,98), age
(83,97), smoking status (5,99), physical activity (100,101), education level (102,103), history of
CVD (83,104) or diabetes (105,106), marital status (83,107), household income (98,100) and
Hispanic/Latino background (83,108). Demographic characteristics were self-reported during the
baseline visit including sex, age, smoking status, physical activity, education level, marital status,
household income and Hispanic/Latino background. Covariates are defined similarly to previous
HCHS/SOL studies. Smoking status was defined as those currently smoking at baseline (yes or
no) (5). Physical activity was defined as number of MET-mins per week based on self-reported
responses to the Global Physical Activity Questionnaire. Education level was defined as less than
high school, high school or equivalent, or greater than high school (83). Marital status was
defined as married or living with a partner, single and divorced or widowed (83). Household
income was reported dichotomously as <§30,000 per year or >$30,000 per year (75).
Hispanic/Latino background was self-reported as Dominican, Central American, Cuban,

Mexican, Puerto Rican, South American, or more than one heritage/other.
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Clinical covariates

Clinical covariates include history of CVD and diabetes (DM). Participants were considered to
have CVD if they had electrocardiogram record of possible old Ml, or self-reported history of
myocardial infarction (MI), coronary artery bypass surgery, percutaneous transluminal coronary
angioplasty, and/or stroke (83). Participants were considered to have diabetes if they self-
reported history of diabetes, had a fasting blood glucose of >126 mg/dL, blood glucose of >200
mg/dL on the oral glucose tolerance test, or had a glycosylated hemoglobin of >6.5% (109).
Antidepressant use was ascertained by participants bringing all medications taken within the past

four weeks to the field center during the baseline assessment (74,83).

Dietary covariates

Dietary covariates were collected using two 24-hour recalls and estimated using the NCI method,
as described above. Dietary covariates included total energy (kcals/d), intake of fruit
(servings/d), vegetables (servings/d), and added sugar (g/d). Further, omega-6 FA consumption
and status were considered, as omega-3 FAs and omega-6 FAs share enzymatic pathways, and
compete for desaturation and elongation into the longer chain forms (110). For dietary analyses,
total omega-6 FA consumption (arachidonic acid and linoleic acid) were expressed as a
percentage total FA intake. For metabolomic analyses, total circulating omega-6 FAs (adrenate,
arachidonate, dihomolinoleate, docasdienoate, hexadecadienoate, and linoleate) were expressed

as a percentage of total circulating fatty acids.
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Statistical analysis

All analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC). The significance
level was set at P<0.05 for analyses and P<0.10 for effect modification testing. Data were
assessed for normality and skewness. Skewed data, baseline CES-D and 6-y CES-D, were
normalized using a Box-Cox transformation (111). Data are presented as back-transformed
means and standard errors to increase interpretability. For descriptive purposes, we examined
differences in baseline sample characteristics (covariates described above) by quartile of dietary
and circulating omega-3 VLCFA using survey linear regression in models adjusted for age and

sex accordingly.

Analyses were conducted using survey linear regression to account for the complex survey
design in HCHS/SOL. In dietary analyses, associations between baseline omega-3 FA
consumption (EPA, DHA, and omega-3 VLCFA) and 6-y CES-D were analyzed. Two models
were examined. Model 1 considered sex, age, smoking status, physical activity, education level,
marital status, household income, Hispanic/Latino background, HCHS/SOL study site,
antidepressant use, CVD status, diabetes status, baseline CES-D, time between visits, total
energy intake and consumption of fruits, vegetables, and added sugar. Model 2 was further
adjusted for dietary or circulating omega-6 FA. Analyses were stratified a priori by quartiles of
PSS-10 and number of chronic stressors (0, 1, 2, >3). Similar analyses were conducted using
circulating omega-3 FAs as the exposure. In a set of sensitivity analyses we excluded fish oil
supplement users. Given that our dietary omega-3 FA exposure did not include intake from
supplements, fish oil users would inherently consume additional omega-3 VLCFA that were

unaccounted for, it is estimated that fish oil supplements contain an average of 180 mg of EPA
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and 120 mg DHA (112). In addition, supplement users are more likely to engage in health-

promoting behaviors (113) which could introduce residual confounding.

19



CHAPTER I1I: RESULTS

Sample Characteristics

Our final analytical sample (n = 3,537) for prospective analyses using dietary omega-3 FAs as
the exposure was primarily female (63%) with a mean age of 47.6 = 0.2 years (data not shown).
Average time between baseline and follow up visits was 5.7 £ 0.01 years. At follow up, 26% of

participants reported high depressive symptoms (CES-D >10) compared to 31% at baseline.

Those consuming greater amounts of omega-3 VLCFA were older, more physically active, and
had higher income (Table 1). Further, higher omega-3 VLCFA consumption was seen among
females and non-smokers. Additionally, higher omega-3 VLCFA consumption was associated
with lower PSS-10 score and use of antidepressants (p < 0.05 for all). Those consuming more
omega-3 VLCFA reported greater consumption of omega-6 FAs and fruit, as well as lower total
energy intake and lower consumption of vegetables and added sugar (p < 0.001). There were no
significant differences according to omega-3 VLCFA intake among BMI, education level,
marital status, DM or CVD status, CES-D score at baseline or 6-y, or number of chronic

stressors (Table 1).

Those with greater baseline circulating omega-3 VLCFA were more likely to have a lower BMI
and higher education, be older, Dominican, from the Bronx, NY area, and married or living with

a partner (Supplemental Table 1). Additionally, those with the highest baseline circulating
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omega-3 VLCFA were less likely to have DM or smoke and report lower perceived and chronic
stress (p < 0.05 for all, Supplemental Table 1). In terms of dietary characteristics, those with
greater baseline circulating omega-3 VLCFA reported lower total energy and added sugar intake,

and higher intakes of fruit and omega-3 VLCFA (p < 0.05 for all, Supplemental Table 1).

Associations between dietary omega-3 FAs and 6-y CES-D score

Baseline DHA and omega-3 VLCFA consumption were inversely associated with 6-y CES-D
score after adjusting for clinical, demographic, and dietary covariates (p < 0.05) (Figure 2).
These associations remained significant after adjusting for total omega-6 FA consumption (p <
0.05, Figure 2). Baseline EPA consumption tended to be inversely associated with 6-y CES-D
score (p < 0.10, Figure 2), however this association was attenuated after adjusting for total

omega-6 FA consumption.

When stratified by quartile of PSS-10 score, baseline EPA, DHA and omega-3 VLCFA
consumption were associated with lower 6-y CES-D score among those with the highest level of
perceived stress (Q4) after adjusting for demographic, clinical, and dietary covariates (p < 0.05)
(Table 2). The strongest effect size was observed with EPA (f =-1.00 £ 5.59, Table 2). Further,
EPA consumption was inversely associated with 6-y CES-D score in Q2 of perceived stress (p <
0.05, Table 2). After adjusting for total omega-6 consumption, the PSS-10-stratified associations
between DHA and omega-3 VLCFA consumption and 6-y CES-D score were attenuated (Table
2). However, the inverse association between EPA consumption and 6-y CES-D remained

significant in Q2 of PSS-10 (p < 0.05, Table 2). Interestingly, after adjusting for total omega-6
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FA consumption, DHA became significantly protective of 6-y CES-D score in Q3 of PSS-10 (p

<0.05, Table 2).

When stratified by number of ongoing chronic stressors (>6 months), after adjusting for
demographic, clinical, and dietary covariates we observed significant inverse associations
between both DHA and omega-3 VLCFA consumption, but not EPA, with 6-y CES-D score
among those reporting 2 chronic stressors (p < 0.05) (Table 3). Similarly, EPA trended towards
an inverse association with 6-y CES-D score among those reporting 2 chronic stressors (p < 0.10,
Table 3). After adjusting for total omega-6 consumption, the inverse associations between DHA
and omega-3 VLCFA consumption with 6-y CES-D remained significant (p < 0.05, Table 3) and
EPA remained trending towards significance (p < 0.10, Table 3). We did not observe any
significant associations with any dietary omega-3 FA in any model among those reporting 0, 1,

or >3 chronic stressors (Table 3).

Associations between circulating omega-3 FAs and 6-y CES-D score

Baseline circulating EPA, DHA, and omega-3 VLCFA were not associated with 6-y CES-D
score after adjusting for clinical, demographic, and dietary covariates (Figure 3). These

associations remained non-significant after adjusting for circulating total omega-6 FA (Figure 3).

When stratified by quartile of PSS-10 score, circulating EPA, DHA, and omega-3 VLCFA were

not associated with 6-y CES-D score at any level of perceived stress after adjusting for clinical,
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demographic, and dietary covariates (Table 4). These associations remained non-significant at

all levels of perceived stress after adjusting for circulating total omega-6 FAs (Table 4).

When stratified by number of chronic stressors, circulating EPA, DHA, and omega-3 VLCFA
were inversely associated with 6-y CES-D score among those reporting 2 chronic stressors after
adjusting for clinical, demographic, and dietary covariates (p < 0.01) (Table 5). The strongest
effect size was observed with DHA (B =-0.99 + 0.62, Table 5). EPA trended towards an inverse
association among those reporting >3 chronic stressors (p < 0.10, Table 5). After adjusting for
circulating total omega-6 FAs, the associations of circulating EPA, DHA, and omega-3 VLCFA
with 6-y CES-D remained significant among those reporting 2 chronic stressors (p < 0.01, Table
5) and EPA remained trending towards an inverse association among those with >3 chronic
stressors (p < 0.10, Table 5). DHA and omega-3 VLCFA were not associated with 6-y CES-D
score among those reporting 0, 1, or >3 chronic stressors in either model (Table 3). EPA was not
associated with 6-y CES-D among those reporting 0 or 1 chronic stressor in either model (Table

3).

Sensitivity Analyses

Sensitivity analyses were conducted excluding fish oil supplement users (n = 272, 8% for dietary
analyses; n = 48, 7% for circulating analyses). After excluding those who reported using fish oil
supplements, unstratified analyses of dietary omega-3 FAs with 6-y CES-D score remained
unchanged, as consumption of DHA and omega-3 VLCFA were inversely associated with 6-y

CES-D score in both Model 1 and Model 2 (p <0.05) (Supplementary Table 2). When stratified
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by quartile of PSS-10 score, EPA became positively associated with 6-y CES-D score among
those in Q1 in both models (p <0.05, Supplementary Table 2). Further, EPA remained inversely
associated with 6-y CES-D score among those in Q2 in Model 1, however the association was
attenuated after adjusting for total omega-6 FA consumption (p >0.05, Supplementary Table 2).
Additionally, EPA was no longer inversely associated with 6-y CES-D in Q4 in Model 1. Similar
to our primary findings, DHA and omega-3 VLCFA were inversely associated with 6-y CES-D
in Q4 in Model 1, but the associations were attenuated after adjusting for omega-6 FA
consumption. DHA consumption was now significantly inversely associated with 6-y CES-D in
Q3 in Model 1 and Model 2, whereas in our main findings DHA was only inversely associated
with 6-y CES-D in Q3 of Model 2 (p <0.05, Supplementary Table 2). When stratified by chronic
stress, dietary omega-3 VLCFA were no longer associated with 6-y CES-D among those
reporting 2 chronic stressors in Model 1, however the association was significant after adjusting
for total omega-6 FA consumption, similar to our primary findings. There were no changes in
any other dietary omega-3 FA by level of chronic stress. For circulating omega-3 FAs, there

were no changes in our results after excluding fish oil consumers (Supplementary Table 3).
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CHAPTER IV: DISCUSSION
Among a cohort of Hispanic/Latino adults, we observed inverse associations between DHA and
omega-3 VLCFA consumption with 6-y depressive symptoms after adjusting for baseline
depressive symptoms and demographic, clinical, and dietary covariates. These results remained
significant after accounting for total omega-6 FA consumption. When considering psychosocial
stress, EPA, DHA, and omega-3 VLCFA consumption were inversely associated with 6-y
depressive symptoms among those with the highest (Q4) perceived stress. However, these
associations were attenuated after accounting for omega-6 FA consumption. When considering a
longer-term measure of stress (past 6 months), DHA and omega-3 VLCFA consumption were
inversely associated with 6-y depressive symptoms among those who reported experiencing 2
chronic stressors. These associations remained significant after accounting for total omega-6 FA
intake. We observed null associations between circulating omega-3 FA and 6-y depressive
symptoms in this cohort in unstratified analyses or at any level of perceived stress. However,
similarly to our dietary analyses, there were protective associations on 6-y depressive symptoms
with circulating EPA, DHA, and omega-3 VLCFA among those who reported 2 chronic
stressors, regardless of total omega-6 FA status. To the best of our knowledge, this is the first
study to examine the associations between omega-3 FA and depressive symptoms according to

level of psychological stress.
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Unstratified associations between dietary and plasma omega-3 FA with 6-y depressive

symptoms

We observed protective associations of DHA and omega-3 VLCFA consumption on 6-y
depressive symptoms. Previous literature supports inverse associations between omega-3 FA
intake and depressive symptoms (55-57). However, the bulk of the literature pertaining to
omega-3 FA consumption and depressive symptoms is cross-sectional, therefore interpretations
may be hindered by reverse causality. Our findings help to strengthen this body of literature by
using a prospective design. Among previous research that has examined these associations
longitudinally, the majority found null associations (25,114-116). However, a recent meta-
analysis of observational studies found an overall pooled effect of EPA+DHA consumption with
a lower risk of depression (RR 0.78 95% CI: 0.67, 0.92) (14). In a sub-analysis, a stronger
relationship between EPA+DHA consumption and depression was found in longitudinal studies
versus cross-sectional (14). We found DHA consumption, but not EPA, to be protective of 6-y
depressive symptoms. In a sub-analysis in the aforementioned meta-analysis of observational
studies examining omega-3 FA consumption and depressive symptoms, a null association was
found regarding the association between DHA consumption alone and depressive symptoms
(14). However, in a study of Greek adults, DHA in the adipose tissue was inversely associated
with depressive symptoms in cross-sectional analyses (117). Although EPA is typically
considered to be more beneficial than DHA on reducing depressive symptoms, as has been
supported by meta-analyses of RCTs (48,118), doses of EPA in RCTs ranged from 0.63 - 6.2 g/d
(48), whereas consumption in our sample ranged from 0.008 — 0.12 g/d EPA, which likely

limited our ability to detect an effect.
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We did not observe an association between circulating omega-3 FA and 6-y depressive
symptoms. Consistent with our findings, some studies show that there is no association between
omega-3 FA status and depressive symptoms longitudinally (5,119). However, one study sample
had a low rate of high baseline depressive symptoms at 8% (119), and another had a relatively
short follow up of 2 years (5), which may have contributed to finding null associations.
Conversely, a cross-sectional study among Greek adults found that plasma omega-3 FAs were
inversely associated with depressive symptoms (55). However, this sample had considerably
higher levels of circulating omega-3 FA compared to our sample. Therefore, low circulating
levels in our sample may have limited our ability to detect an association. Further, we used
plasma levels of omega-3 FAs to determine omega-3 status, which is indicative of omega-3 FA
consumption over a short period (days to weeks) (120). Research using biochemical measures of
longer-term intake, such as red blood cells or adipose tissue (120) is warranted. Additionally, our
sample size for analyses using circulating omega-3 FA was considerably smaller than our sample

for dietary analyses, which may have weakened our power to detect an association.

Associations between dietary omega-3 FA and 6-y depressive symptoms stratified by

quartiles of PSS-10

In agreement with our hypothesis, dietary DHA and omega-3 VLCFA were inversely associated
with depressive symptoms among those experiencing the highest perceived stress (Q4). There is
evidence to support that perceived stress is associated with greater levels of markers for
inflammation (121) and oxidative stress (122). Therefore, these findings are supported by
previous studies that have found the anti-depressant effects of omega-3 FAs to be enhanced

among those with higher levels of oxidative stress (5,18). Similar to our findings, a sub-analysis
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of one study among Puerto Rican adults found that erythrocyte DHA, not EPA, was significantly
protective of 2-y depressive symptoms among those with the highest oxidative stress (5). It is
possible that the different metabolites of EPA and DHA may provide unique physiological
benefits. For example, the DHA-derived metabolite, neuroprotectin D1, may protect the brain
from oxidative damage (123), as evidenced by neuronal cell culture and animal model studies

(124,125).

We observed attenuation of the protective associations of EPA, DHA, and omega-3 VLCFA
consumption on 6-y depressive symptoms after adjusting for total omega-6 FA consumption.
The aforementioned epidemiological studies examining the modifying effect of oxidative stress
on the association between omega-3 FA and depressive symptoms did not account for omega-6
FA status or consumption, which impedes our ability to elucidate if this is a unique finding. Our
consideration of omega-6 FAs is novel and will help to expand this field of literature. However, a
secondary analysis of an RCT found a greater benefit of omega-3 FA supplementation on
depressive symptoms among those with high baseline lipid peroxidation, supporting that the
beneficial effects were attributable to omega-3 FAs (18). Given that omega-3 FA and omega-6
FA compete for elongation and desaturation by sharing enzymatic pathways, higher consumption
of omega-6 FA reduces the metabolism of omega-3 FA into the longer chain forms (110). The
handful of epidemiological studies that adjusted for omega-6 FA consumption when analyzing
the associations between omega-3 FA and depressive symptoms have mixed findings (25,35).
Although commonly thought to be pro-inflammatory, there is evidence that some eicosanoids
produced from arachidonic acid, such as prostaglandin E> and lipoxin As, may have anti-

inflammatory properties (126,127). However, there is evidence to support that patients with
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major depressive disorder have greater plasma omega-6 FAs compared to non-depressed controls
(129) and that omega-6 FA consumption is positively associated with depressive symptoms
(130). More longitudinal studies using objective markers of omega-3 FA and omega-6 FA are
needed to clarify the relationship between omega-3 FAs, omega-6 FAs, and depressive

symptoms.

Associations between dietary and circulating omega-3 FA stratified by number of chronic

stressors

In an unexpected finding, both dietary and circulating omega-3 FAs were inversely associated
with 6-y depressive symptoms among those who reported experiencing 2 chronic stressors, but
not among those with the highest chronic stress (>3 chronic stressors) as we had hypothesized. In
HCHS/SOL, Chronic Burden of Stress has been shown to be positively associated with chronic
diseases such as DM, HTN, and CHD cross-sectionally (75), supporting Chronic Burden of
Stress as a potential predictor of pathophysiological effects of stress. Further, a shortened version
of the Chronic Burden of Stress was positively associated with interleukin (IL) 6 and C-reactive
protein in a multi-ethnic cohort (131), suggesting a positive association between this measure of
chronic stress and inflammation. To the best of our knowledge, the effect of psychological stress
on the association between omega-3 FA and depressive symptoms has yet been studied in
humans. However, in animal models omega-3 FA supplementation appears to reduce depressive

symptoms after exposure to chronic stress (132,133).

Interestingly, we observed the strongest associations between omega-3 FA status and

consumption with 6-y depressive symptoms among those who reported experiencing 2 chronic
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stressors. Those who reported experiencing 2 chronic stressors had the highest prevalence of
baseline CVVD compared to those experiencing 0, 1, or >3 stressors (7.4% vs. 3.4-6.9%),
potentially suggesting that they had a higher overall oxidative stress load (134). Additionally,
those who were experiencing >3 chronic stressors had a considerably higher rate of
antidepressant medication use (12.7%) compared to those with 0, 1, or 2 stressors (3.1-5.7%).
Higher rates of antidepressant use suggests that these individuals may have more access and
utilization of health care services. Therefore, although those with >3 chronic stressors are
experiencing the greatest number stressors, they may have more resources to cope with stress
therefore weakening the negative physiological effects. Additionally, it is possible that those
experiencing >3 chronic stressors may be more resilient towards stress, and therefore have less
of a physiological response, as evidence suggests that after repeated exposure to a stressor there

can be a diminished response to future stressors of the same type (136).

Biological Plausibility

Oxidative stress, an imbalance of reactive oxygen species (ROS) production and antioxidant
activity, can contribute to onset of depressive symptoms through damage of DNA, lipids, and
proteins. Oxidative stress-induced damage of DNA and proteins is implicated in
neurodegeneration (63,137), a characteristic of depression (138,139) (Figure 4). Lipid
peroxidation as a result of oxidative stress can alter cellular membrane structure, potentially
affecting neuronal signaling (63). Treatment with antidepressant medications has been shown to
reduce oxidative stress (140,141), providing further support for the role of oxidative stress in

depression.
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Inflammation and oxidative stress are related processes, such that inflammation can induce
oxidative stress and vice versa (142) (Figure 4). This cyclical relationship occurs via several
physiological mechanisms. For example, when activated, immune cells produce ROS as a
cellular defense mechanism (143). Conversely, oxidative stress can induce inflammation via
several mechanisms. For example, ROS can activate NF-xB (144), a pro-inflammatory
transcription factor. Additionally, 8-isoprostane, a byproduct of lipid peroxidation, has been

shown to upregulate the production of IL-8, an inflammatory cytokine (145).

Inflammation is implicated in the development of depression by affecting neurotransmitter
synthesis and inducing neuroinflammation (31) (Figure 4). Inflammatory cytokines can induce
depressive symptoms by activating the IDO pathway, which diverts metabolism of tryptophan
away from serotonin production and towards production of TRYCATS (146). TRYCATSs are
neurotoxic byproducts of the IDO pathway that may contribute to depressive symptoms (146). In
mice, lipopolysaccharide-induced systemic inflammation lead to neuroinflammation and
subsequent neurodegeneration (147). In humans undergoing treatment for cancer or hepatitis C
with the administration of pro-inflammatory cytokines, IL-2 and interferon-a., over one third of
patients are estimated to develop depression (148). The influence of inflammation on depressive
symptoms is further corroborated by evidence that antidepressant medications reduce

inflammation (149).
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Psychological stress can induce both oxidative stress and systemic inflammation (61,150).
Oxidative stress is hypothesized to be a physiological link between psychological stress and
depression (12). Psychological stress can lead to the activation of NF-xB (12) which promotes
both oxidative stress and inflammation by increasing production of ROS and pro-inflammatory
cytokines (151,152). Omega-3 FAs are widely recognized for exerting anti-inflammatory effects
in the body. These anti-inflammatory effects are a result of a number of physiological
mechanisms including activation of anti-inflammatory processes and mitigation of pro-
inflammatory processes. Metabolic byproducts synthesized from EPA and DHA via
cyclooxygenase and lipoxygenase enzyme activity, including E-series resolvins, derived from
EPA, and D-series resolvins and protectins derived from DHA, are potent anti-inflammatory
mediators (28). These bioactive molecules are able to both dampen the inflammatory response
(128), as well as promote resolution of existing inflammation (28). Further, EPA and the omega-
6 FA arachidonic acid (ARA) can both lead to the synthesis of eicosanoids, as they each contain
a 20-carbon chain. However, while eicosanoids derived from ARA are potently pro-
inflammatory, EPA-derived eicosanoids are estimated to be 10-100 times less inflammatory than
those from ARA (128). EPA reduces ARA-mediated inflammation by reducing the rate at which
ARA-derived eicosanoids are synthesized and leading to the synthesis of much less potent
eicosanoids. In addition, omega-3 FAs can mitigate pro-inflammatory cytokine production
(153,154) and reduce the activity of NF-xB (155). Some evidence suggests that omega-3 FAs
may mitigate oxidative stress by reducing ROS production (30) and upregulating endogenous
antioxidant activity (156). However, given the potent anti-inflammatory properties of omega-3
FAs discussed above, the omega-3 FA-induced reduction in inflammation is likely contributing

to mitigation of oxidative stress.
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Strengths and Limitations

There are several strengths to our current study. We used a prospective design, which reduces the
possibility of reverse causality that would be present in a cross-sectional design. Further, our
analytical sample size is larger than previous studies in this field. We also used an objective
measure of omega-3 FAs in conjunction with dietary measures, which may help clarify some of
the error that is inherently introduced when relying on self-reported dietary data. By using
measures of both recent (past 30 days) and chronic (past 6 months) psychological stress, we were

able to capture a wide range of stressors.

Although there are many strengths of our study, several limitations exist. Dietary intake was only
available at baseline, leading us to assume no variation in intake over the six year follow up.
Additionally, diet was measured using two 24-hour recalls, whereas the use of three 24-hour
recalls is typically recommended to improve accuracy (157,158). This discrepancy may have
contributed to misclassification errors. However, the use of the NCI method increased the
accuracy of estimating usual dietary intakes. Further, plasma omega-3 FAs are a biomarker that
is relevant to the past several days to weeks (120), and do not reflect as long of a time period as
other biomarkers of omega-3 FAs. Although we considered a number of potential confounding

variables, residual confounding is still a concern.

Conclusions
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We found that DHA and omega-3 VLCFA consumption was associated with lower 6-y
depressive symptoms in a cohort of Hispanic/Latino adults living in the US. In addition, we
found that dietary DHA and omega-3 VLCFA and plasma EPA, DHA, and omega-3 VLCFA
were inversely associated with 6-y depressive symptoms among those who reported experiencing
two chronic stressors. These findings provide support that omega-3 FA consumption may reduce
depressive symptoms in a Hispanic/Latino cohort. Future studies are needed to analyze these
associations using objective measures of omega-3 FA that are representative of longer term

intake of omega-3 FAs in longitudinal studies.
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Table 1. Sample characteristics by quartile of baseline omega-3 VLCFA consumption®

Dietary Omega-3 VLCFA (Quartile)?

ngém ngiim ngisf;S nSBAErM P-trend
BMI 29.9+0.26 29.5+0.30 29.5+0.25 30.2+£0.35 0.09
Age, years 42.4+£0.81 43.0 £ 0.66 42.7+0.78 476+0.93 <0.001
Female, % 49.9 53.1 60.2 63.2 <0.001
Hispanic/Latino Background
Dominican, % 1.9 4.5 10.5 27.5 <0.001
Central American, % 6.7 7.6 8.0 5.9 0.38
Cuban, % 37.41 19.32 9.67 4.32 <0.001
Mexican,% 36.6 43.7 48.7 30.9 0.06
Puerto Rican, % 14.0 18.8 15.2 16.1 0.59
South American, % 1.0 35 6.2 11.9 <0.001
Multiple/Other, % 25 2.6 1.7 35 0.30
HCHS Site
Bronx, % 13.8 21.0 29.2 56.3 <0.001
Chicago, % 19.9 20.0 13.4 8.4 <0.001
Miami, % 45.0 29.2 19.3 10.7 <0.001
San Diego, % 21.2 29.8 38.1 24.6 0.54
<HS, % 26.4 31.9 29.8 34.1 0.09
HS or equivalent, % 34.2 25.1 26.4 26.2 0.37
>HS, % 39.4 43.0 43.8 39.7 0.39
Income >$30,000, % 26.6 29.8 35.5 31.8 <0.05
Marital Status
Single, % 335 31.1 31.3 28.2 0.78
Married/Living with a Partner, % 50.8 50.6 51.6 50.2 0.93
Separated/Divorced, % 15.7 18.4 17.1 21.6 0.87
Diabetes, % 15.5 18.0 16.4 20.5 0.65
Cardiovascular Disease, % 4.3 5.3 4.6 5.7 0.48
Physical Activity, MET-mins/d 626 + 58.4 543+ 47.1 554 +34.2 741 +50.2 <0.05
Smoking, % 24.8 20.8 15.8 13.1 <0.001
Antidepressant use, % 6.9 5.1 6.3 3.9 <0.05
Energy, Kcals 2116 £ 22 201921 1905 + 17 1748 + 22 <0.001
Vegetables, servings/d 2.10+ 0.03 2.04 £ 0.03 2.01+ 0.03 1.89+ 0.04 <0.001
Fruit, servings/d 1.00+ 0.03 1.06 + 0.03 1.18 + 0.04 1.28+ 0.04 <0.001
Added sugar g/d 69.0+ 1.1 694+ 1.2 648+ 1.2 56.3+ 1.2  <0.001
Dietary Omega-3 VLCFA, %FA  0.117+0.003 0.168+0.003  0.219+0.003 0.333+0.004 <0.001
Dietary EPA, %FA 0.024+0.001 0.035+0.001  0.047 £0.001 0.074+0.002 <0.001
Dietary DHA, %FA 0.070£0.002 0.102+0.002 0.132+0.002 0.195+0.003 <0.001
Dietary Total Omega-6, %FA 19.2+ 0.14 19.6 + 0.13 19.7 + 0.12 20.2+ 0.13 <0.001
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Baseline CES-D 6.0+0.1 55+0.1 52+01 54+0.1 0.23

6-y CES-D 5.2+0.1 49+0.1 47+0.1 47+0.1 0.50
PSS-10 score 15.2+0.3 14.7+0.3 14.1+0.3 13.9+0.3 <0.001
Number of Chronic Stressors 1.3+0.1 1.3+0.1 1.2+0.1 1.1+0.1 0.32

T Values are age- and sex-adjusted means + SE or proportions by quartile of omega-3 VLCFA consumption as % total fat using proc surveyreg
and proc freq, respectively, in SAS. Q, quartile; HCHS, Hispanic Community Health Study; HS, high school education; MET, metabolic
equivalent; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; CES-D, 10-item Center for Epidemiological Studies Depression Scale;
PSS-10, 10-Item Perceived Stress Scale.

2VLCFA, very-long-chain fatty acids, omega-3 VLCFA was calculated as the sum of EPA, DHA, and DPA.
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Table 2. Associations between baseline omega-3 FA consumption and 6-y CES-D score
stratified by quartile of PSS-10 score!-2

PSS-10 Score?®

Q1 Q2 Q3 Q4
5.83 £ 0.09 12.02 £ 0.05 16.97 £ 0.05 23.71+£0.12
n=806 n=915 n=930 n=886
Model 1
EPA 17.1 £ 5.68% -0.977 £ 5.44* -0.975+5.91 -0.998 + 5.59*
DHA 1.30+1.75 -0.902 + 1.467 -0.959 + 1.797 -0.984 + 1.64*
VLCFA* 0.747 £ 0.853 -0.729 £ 0.7527 -0.668 + 0.862 -0.851 + 0.828*
Model 2
EPA 18.6 + 5.757 -0.985 + 5.56* -0.987 £ 6.80 -0.999 +5.59
DHA 145+ 1.77 -0.884 +1.48 -0.977 £1.93* -0.914 + 1.627
VLCFA?* 0.822 + 0.863 -0.709 + 0.7667 -0.717 £ 0.935 -0.707 £ 0.830

! Values are B + SE estimates using multivariable survey linear regression. CES-D, 10-Item Center for Epidemiological Studies Depression
Scale; Q, Quartile; PSS-10, 10-Item Perceived Stress Scale; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; VLCFA, very long

chain omega-3 fatty acids. Omega-3 FA consumption expressed as percent of total fat intake. TP=0.05 to <0.10; *P<0.05; **P<0.01.

2 Model 1 was adjusted for sex, BMI, age, total energy intake, diabetes status, education level, smoking status, study site, physical activity,
cardiovascular disease status, marital status, Hispanic/Latino background, income, antidepressant use, baseline CES-D score, time between
visits, and intake of total energy, fruit, vegetables, and added sugar. Model 2 adjusting for Model 1 + total omega-6 FA consumption.

3 Mean + SE PSS-10 score by quartile.

4 VLCFA calculated as the sum of EPA, DHA, and DPA (docosapentaenoic acid).
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Table 3. Associations between baseline omega-3 FA consumption and 6-y CES-D score
stratified by number of chronic stressors'-2

Model 1
EPA
DHA
VLCFA?®

Model 2
EPA
DHA
VLCFA®

Number of Chronic Stressors

0 1 2 3+
n=1590 n=747 n=527 n=673
-0.643 £ 3.84 -0.761 £ 7.62 -0.689 + 14.5+ -0.959 £ 7.27
-0.701 £1.39 -0.735 + 2.07 -1.00 + 3.03* -0.614 £1.85
-0.434 £ 0.67 -0.316 £1.02 -0.944 + 1.46* -0.443 £ 0.916
-0.713 £ 4.16 0.832+7.26 -0.268 + 15.67 -0.797 £ 8.23
-0.751£1.52 0.035+1.99 -1.00 + 3.39* -0.325+1.99
-0.483 £0.73 0.386 + 0.981 -0.971 £ 1.60* -0.238 £ 0.988

! Values are B + SE estimates using multivariable survey linear regression. CES-D, 10-Item Center for Epidemiological Studies Depression
Scale; Q, Quartile; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; VLCFA, very long chain omega-3 fatty acids. Omega-3 FA
consumption expressed as percent of total fat intake. +P=0.05 to <0.10; *P<0.05; **P<0.01.
2 Model 1 was adjusted for sex, BMI, age, total energy intake, diabetes status, education level, smoking status, study site, physical activity,
cardiovascular disease status, marital status, Hispanic/Latino background, income, antidepressant use, baseline CES-D score, time between
visits, and intake of total energy, fruit, vegetables, and added sugar. Model 2 adjusting for Model 1 + total omega-6 FA consumption.

3 VLCFA calculated as the sum of EPA, DHA, and DPA (docosapentaenoic acid).
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Table 4. Associations between circulating omega-3 FAs and 6-y CES-D score stratified by
quartile of PSS-10 score®?

Model 1
EPA
DHA
VLCFA?*

Model 2
EPA
DHA
VLCFA?

PSS-10 Score?®

Ql Q2 Qs Q4
6.35+0.2 13.06+0.1 17.48 + 0.08 23.53+0.29
n=202 n=189 n=170 n=157
0.293 £ 0.775 -0.893 £ 2.17 -0.169 £ 0.973 -0.481+£1.93
-0.087 +0.403 0.114 £ 0.490 -0.192 +0.310 -0.014 +0.333
-0.022 + 0.246 -0.064 + 0.366 -0.159 £ 0.210 -0.058 + 0.228
0.296 £ 0.777 -0.906 +2.28 0.113 £ 0.999 -0.402 £2.16
-0.088 + 0.404 0.121 +0.483 -0.128 + 0.298 0.079 = 0.336
-0.022 + 0.247 -0.062 + 0.364 -0.116 + 0.208 0.006 + 0.240

! Values are P + SE estimates using multivariable survey linear regression. CES-D, 10-Item Center for Epidemiological Studies Depression
Scale; Q, Quartile; PSS-10, 10-Item Perceived Stress Scale; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; VLCFA, very long

chain fatty acids. Circulating omega-3 FA expressed as percent of total circulating fatty acids.*P<0.05.
2 Model 1 was adjusted for sex, BMI, age, total energy intake, diabetes status, education level, smoking status, study site, physical activity,
cardiovascular disease status, marital status, Hispanic/Latino background, income, antidepressant use, baseline CES-D score, time between
visits, and intake of total energy, fruit, vegetables, and added sugar. Model 2 adjusting for Model 1 + total circulating omega-6 FA.

3 Mean + SE PSS-10 score by quartile.

4 VLCFA calculated as the sum of EPA, DHA, and DPA (docosapentaenoic acid).
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Table 5. Associations between circulating omega-3 FAs and 6-y CES-D score stratified by
number of chronic stressors'?

Number of Chronic Stressors

0 1 2 3+
n=316 n=168 n=101 n=133

Model 1

EPA 1.14+1.03 0.314 +0.924 -0.863 + 3.20** -0.887 + 1.427

DHA 0.223 +0.327 0.170 + 0.292 -0.994 + 0.618** -0.279 £ 0.327

VLCFA3 0.234 +0.218 0.093 £ 0.207 -0.937 £ 0.387** -0.288 £ 0.230
Model 2

EPA 1.23+1.03 0.444 + 0.893 -0.815 + 3.30** -0.908 + 1.487

DHA 0.228 +0.325 0.204 + 0.285 -0.993 + 0.629** -0.277 £0.350

VLCFA3 0.233 +0.218 0.115+0.200 -0.936 + 0.393** -0.292 £ 0.241

! Values are B + SE estimates using multivariable survey linear regression. CES-D, 10-Item Center for Epidemiological Studies Depression
Scale; Q, Quartile; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; VLCFA, very long chain fatty acids. Circulating omega-3 FA
expressed as percent of total circulating fatty acids. +P=0.05 to <0.10, *P<0.05, **P<0.01.

2 Model 1 was adjusted for sex, BMI, age, total energy intake, diabetes status, education level, smoking status, study site, physical activity,
cardiovascular disease status, marital status, Hispanic/Latino background, income, antidepressant use, baseline CES-D score, time between
visits, and intake of total energy, fruit, vegetables, and added sugar. Model 2 adjusting for Model 1 + total circulating omega-6 FA.

3 VLCFA calculated as the sum of EPA, DHA, and DPA (docosapentaenoic acid).
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Supplementary Table 1. Sample characteristics by quartile of baseline circulating omega-3

VLCFA!
Circulating Omega-3 VLCFA (Quartile)?
Ql Q2 Q3 Q4
n=179 n=180 n=180 n=179 ~ P-trend
BMI 322+0.78  30.9+0.72 29.5+0.55 30.0+0.94 <0.05
Age, years 387114 43.6+1.2 440+1.6 49.3+2.3 <0.001
Female, % 51.5 46.9 57.0 48.2 0.07
Hispanic/Latino Background
Dominican, % 3.0 2.0 9.3 18.4 <0.001
Central American, % 6.7 6.2 6.9 3.1 0.07
Cuban, % 13.8 32.1 20.4 20.0 0.47
Mexican,% 43.3 41.0 41.2 26.3 0.28
Puerto Rican, % 23.7 16.0 14.4 23.3 <0.05
South American, % 4.1 24 6.3 9.0 0.06
Multiple/Other, % 55 0.31 1.6 0 0.07
HCHS Site
Bronx, % 23.0 25.0 27.0 46.4 <0.05
Chicago, % 20.6 135 9.34 9.67 0.13
Miami, % 27.6 34.8 30.6 23.6 <0.05
San Diego, % 28.8 26.7 33.1 20.4 0.70
<HS, % 28.3 24.7 24.2 22.6 0.53
HS or equivalent, % 334 35.1 22.7 20.5 <0.05
>HS, % 38.3 40.3 53.1 57.0 <0.05
Income >$30,000, % 35.5 37.3 36.0 38.6 <0.05
Marital Status
Single, % 43.0 36.7 32.6 16.8 <0.05
Married/Living with a Partner, % 42.2 48.8 50.3 56.1 <0.05
Separated/Divorced, % 14.9 145 17.0 27.1 0.41
Diabetes, % 194 20.2 10.6 8.49 <0.001
Cardiovascular Disease, % 4.30 3.72 5.05 5.75 0.59
Physical Activity, MET-mins/d 711 + 147 697 £ 124 615 +94.6 658 + 108 0.77
Smoking, % 17.8 27.6 19.9 10.0 <0.05
Antidepressant use, % 6.09 5.39 2.32 5.15 0.87
Energy, Kcals/d 1947 + 48 2015 + 46 1913+ 43 1905 + 70 <0.05
Vegetables, servings/d 1.86+ 0.06 1.99% 0.07 1.99 + 0.08 2.07 = 0.07 0.35
Fruit, servings/d 094+ 0.06 0.96+ 0.05 1.06 + 0.06 1.18 + 0.09 <0.05
Added sugar, g/d 709+ 2.8 68.9+ 2.1 64.0+ 2.0 60.1+2.0 <0.001
Dietary VLCFA, % FA 0.18 +0.006 0.18+0.008 0.21 +0.008 0.24 £0.009 <0.001
Dietary EPA, % FA 0.037 £0.003 0.037 £0.004 0.044+0.004 0.051+0.005 <0.001
Dietary DHA, % FA 0.11+0.003 0.11+£0.005 0.12+0.005 0.14£0.005 <0.001
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Dietary Total Omega-6 FA, % FA
Baseline CES-D score

6-y CES-D score

PSS-10 score

Number of Chronic Stressors
Circulating EPA, % FA
Circulating DHA, % FA
Circulating VLCFA, % FA
Circulating Omega-6 FA, % FA

19.56 £ 0.3
5.7+0.1
5.6+0.2
154+0.6
1.7+0.2

0.07 +0.003

0.40+0.01

0.61+0.01
19.8+0.3

19.51+£0.3
55+0.2
55+0.2
15.0+0.7
1.3+0.2
0.10+0.01
0.57+0.01
0.85+0.01
19.5+0.2

19.93+0.2
5.6+0.1
3.9+0.2
13.9+05
1.1+ 01
0.13+0.004
0.74+0.01
1.09+0.01
19.9+0.2

19.67+£0.3
43+0.1
34+0.2
121+05
11+0.2
0.23+0.01
1.10+0.03
1.59+0.05
20.1+0.3

1.00
0.05
<0.05
<0.001
<0.05
<0.001
<0.001
<0.001
0.31

1Values are age- and sex-adjusted means + SE or proportions by quartile of circulating omega-3 VLCFA as % total circulating fatty acids using
proc surveyreg and proc freq, respectively, in SAS. Q, quartile; HCHS, Hispanic Community Health Study; HS, high school education; MET,
metabolic equivalent; CES-D, 10-item Center for Epidemiological Studies Depression Scale; PSS-10, 10-Item Perceived Stress Scale; EPA,

eicosapentaenoic acid; DHA, docosahexaenoic acid; VLCFA, very long chain fatty acids.

2VLCFA calculated as the sum of EPA, DHA, and DPA (docosapentaenoic acid).
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Supplementary Table 2. Associations between baseline omega-3 FA consumption and 6-y CES-D score excluding fish oil users!?

Model 1
EPA
DHA
VLCFA3

Model 2
EPA
DHA
VLCFA3

PSS-10 Score

Number of Chronic Stressors

Unstratified Q1 Q2 Q3 Q4 0 1 2 3+

-0.946 £ 2.28 26.1 +6.06* -0.998 +5.70* -0.992 + 6.68 -1.00 £5.31% -0.621 £ 3.94 -0.926 £ 9.42 -0.753+17.0 -0.889 £ 7.39
-0.877 £ 0.879* 2.01+1.99 -0.816 +1.49 -0.979 + 1.89* -0.980 + 1.58* -0.715+1.46 -0.889+2.34 -1.00 +3.52* -0.558 + 1.90
-0.614 £ 0.447* 1.11+0.939 -0.640+0.773 -0.720+0.915 -0.833 £0.799* -0.438 £ 0.699 -0.506 £1.15 -0.951+1.641 -0.375%0.935

-0.919+ 241 26.8£6.09* -0.999 £5.817 -0.999 +7.70 -1.00 £5.32 -0.733+£4.20 -0.186 +9.11  -0.433 +18.37F -0.611 £8.29
0.863+0936* 2.09£200 -0.792+151  -0.993+2.04*  -0.932+ 1.56F 0784158  -0513+£224 -1.00+3.94*  -0.249 £ 2.02
-0.592 £ 0.474* 1.15+0.944 -0.620+£0.788 -0.786+0.9941 -0.731 £ 0.8007 -0.510 £ 0.746 -0.015+1.11 -0.974+1.81* -0.160+ 0.999

! Values are P + SE estimates using multivariable survey linear regression. CES-D 10, 10-Item Center for Epidemiological Studies Depression Scale; Q, Quartile; PSS-10, 10-Item Perceived Stress
Scale; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; VLCFA, very long chain fatty acids. Omega-3 FA consumption expressed as % of total fat intake. N=272 (8%) of original analytic
sample used fish oil supplement. +P=0.05 to <0.10; *P<0.05; **P<0.01.
2 Model 1 was adjusted for sex, BMI, age, total energy intake, diabetes status, education level, smoking status, study site, physical activity, cardiovascular disease status, marital status, Hispanic/Latino
background , income, antidepressant use, baseline CES-D score, time between visits, and intake of total energy, fruit, vegetables, and added sugar. Model 2 adjusting for Model 1 + total omega-6 FA

consumption.

3 VLCFA calculated as the sum of EPA, DHA, and DPA (docosapentaenoic acid).



Supplementary Table 3. Associations between baseline circulating omega-3 FA and 6-y CES-D score excluding fish oil users®?

PSS-10 Score

Number of Chronic Stressors

Unstratified Q1 Q2 Q3 Q4 0 1 2 3+

Model 1

EPA -0.358 +1.107 1.19+1.05 -0.895+ 2523 -0.083+1.31 -0.879 £ 2.75 1.35+1.19 0.590 £4.24 -0.031 + 4.62** -0.837+1.34

DHA -0.144 + 0.282 0.195 £ 0.495 0.079£0.595 0.158 £ 0.342 -0.348 £ 0.379 0.238 £0.350 0.421 £0.354 -1.00 £ 0.654** -0.212 £ 0.309

VLCFA®  -0.129+0.211 0.174 £0.291 -0.119+0.434 0.044 £0.248 -0.314 £ 0.272 0.250 £0.230 0.255+0.305 -0.980 + 0.427**  -0.246 £0.218
Model 2

EPA -0.287 £ 1.097 1.16 £1.09 -0.890 + 2.57 0.978 £1.30 -0.875+2.381 1.42+1.17 1.04 £4.02 0.521 + 4.875** -0.820 +1.41

DHA -0.138 £ 0.281 0.200 £ 0.501 0.063 £0.579  0.359 £0.330 -0.339+0.374 0.253+0.348 0.474£0.344 -1.00 £ 0.668** -0.176 £ 0.327

VLCFA3 -0.125 +0.210 0.183 £0.298 -0.127 £ 0.427 0.208 £0.241 -0.309 £ 0.272 0.250£0.229 0.292+0.295 -0.980 + 0.429**  -0.225+0.230

! Values are P + SE estimates using multivariable survey linear regression. CES-D 10, 10-Item Center for Epidemiological Studies Depression Scale; Q, Quartile; PSS-10, 10-Item Perceived Stress
Scale; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; VLCFA, very long chain fatty acids. Omega-3 FA expressed as % of total circulating fatty acids. N=48 (7%) of original analytic cohort
used a fish oil supplement. P=0.05 to <0.10; *P<0.05; **P<0.01.
2 Model 1 was adjusted for sex, BMI, age, total energy intake, diabetes status, education level, smoking status, study site, physical activity, cardiovascular disease status, marital status, Hispanic/Latino
background , income, antidepressant use, baseline CES-D score, time between visits, and intake of total energy, fruit, vegetables, and added sugar. Model 2 adjusting for Model 1 + total circulating

omega-6 FA.

3 VLCFA calculated as the sum of EPA, DHA, and docosapentaenoic acid (DPA).
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Figure 1. Eligibility criteria for analytic sample
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Figure 2. Associations between baseline dietary omega-3 FA consumption and 6-y
CES-D score!+?

Model 1 Model 2

EPA DHA VLCFA3? EPA DHA VLCFA3?

- Model 1 Model 2
EPA -0.97+£2.147 -094+£229
DHA -0.88+0.81* -0.85+0.88*

-4 VLCFA -0.63+042% -0.59+045%

Change in 6-y CES-D 10 score per 1% increase
in omega-3 FA consumption
R
Ed
Ed

! Values are B = SE estimates using multivariable survey linear regression. CES-D, 10-Item Center for Epidemiological Studies
Depression Scale; Q, Quartile; EPA. eicosapentaenoic acid; DHA, docosahexaenoic acid, VLCFA, very long chain fatty acids. Omega-3
FA consumption expressed as % total fat intake. TP=0.05to <0.10, ¥*P<0.05.

2 Model 1 was adjusted for sex, BMI, age, total energy intake, diabetes status, education level, smoking status, study site, physical activity,
cardiovascular disease status, marital status, Hispanic/Latino background, income, antidepressant use, baseline CES-D score, time
betweenvisits, and intake of total energy, fruit, vegetables, and added sugar. Model 2 adjusting for Model 1 + total omega-6 FA
consumption.

3 VLCFA calculated as the sum of EPA. DHA, and docosapentaenoic acid (DPA).
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Figure 3. Associations between baseline circulating omega-3 FA and 6-y CES-D
scorel+
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DHA -0.20+0.26 -0.20+0.26
VLCFA -0.16+0.19 -0.16+0.19

! Values are B = SE estimates using multivariable survey linear regression. CES-D, 10-Item Center for Epidemiological Studies
Depression Scale; VLCFA, very long chain fatty acids. Circulating omega-3 FA expressed as % total circulating fatty acids. ¥*P<0.05.

2 Model 1 was adjusted for sex, BMI, age, total energy intake, diabetes status, education level, smoking status, study site, physical activity,
cardiovascular disease status, marital status, Hispanic/Latino background, income, antidepressant use, baseline CES-D score, time
betweenvisits, and intake of total energy, fruit, vegetables, and added sugar. Model 2 adjusting for Model 1 + total circulating omega-6
FA.

3 VLCFA calculated as the sum of EPA, DHA, and docosapentaenoic acid (DPA).
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Figure 4. Biological plausibility of omega-3 FA on depressive symptoms and effect of psychological stress

T Psychological Stress

f pm;tnﬂ;? mlatory + | antioxidant
cytokines
. defenses!
* NF-kB activation! A
Cortisol release? @ » NF-xB activation
« Cortisol release?

omega-3 | . o omega-
PUFA | 1 Inflammation T Oxidative Stress | [ PUFA

* |pro-inflammatory * | ROS generation®
pathways’ * 1 antioxidant

. 1 0n3
. Eicosanoid ancli . f ?etrzuyﬁzzl;ﬁitmn * Impaired neuron activity’
resolvin synthesis (1 serotonin 1 TRYCATS)? signaling*
* 1 neurodegeneration*
+ Cell membrane
disruption*

TDepression

1. Salim. Curr Opin Pharmacel. 2016;29:70-76. 2. Leonard. Acta Neuropsyehiatrica. 2018;30(1):1-16. 3. Maes et al. Metab Brain Dis. 2009;24(1):27-53. 4. Maes et al. Prog Neuropsychopharmacol Biol Psychiatry. 2011;35(3):676-92. 5. Calder PC. Nutrients.
2010;2(3):355-374. 6. Borow KM et al. Atherosclerosis. 2015;242(1):357-366. 7. Garrel et al. Int JBiochem Cell Biol. 2012;44(10):123-131.



10.

11.

12.

REFERENCES

NIMH » Major Depression [Internet]. [cited 2019 Sep 20]. Available from:
https://www.nimh.nih.gov/health/statistics/major-depression.shtmi

World Health Organization. Depression and Other Common Mental Health Disorders:
Global Health Estimates [Internet]. 2017. Available from:
http://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-
eng.pdf;jsessionid=F01A85FBCEF5395DBE3AB72BC0075095?sequence=1

Greenberg PE, Fournier A-A, Sisitsky T, Pike CT, Kessler RC. The Economic Burden of
Adults With Major Depressive Disorder in the United States (2005 and 2010). The Journal
of Clinical Psychiatry. 2015;155-62.

United States Census Bureau. Hispanic Heritage Month 2017 [Internet]. Census.gov. 2018
[cited 2018 Oct 27]. Available from: https://www.census.gov/newsroom/facts-for-
features/2017/hispanic-heritage.htmi

Bigornia SJ, Harris WS, Falcon LM, Ordovas JM, Lai C-Q, Tucker KL. The Omega-3
Index Is Inversely Associated with Depressive Symptoms among Individuals with
Elevated Oxidative Stress Biomarkers. J Nutr. 2016;146:758-66.

Peplinski B, McClelland R, Szklo M. Associations between socioeconomic status markers
and depressive symptoms by race and gender: results from the Multi-Ethnic Study of
Atherosclerosis (MESA). Annals of Epidemiology. 2018;28:535-542.e1.

Otte C, Gold SM, Penninx BW, Pariante CM, Etkin A, Fava M, Mohr DC, Schatzberg AF.
Major depressive disorder. Nature Reviews Disease Primers. 2016;2:16065.

Appelhans BM, Whited MC, Schneider KL, Ma Y, Oleski JL, Merriam PA, Waring ME,
Olendzki BC, Mann DM, Ockene IS, et al. Depression severity, diet quality, and physical
activity in women with obesity and depression. J Acad Nutr Diet. 2012;112:693-8.

Li Y, Lv M-R, Wei Y-J, Sun L, Zhang J-X, Zhang H-G, Li B. Dietary patterns and
depression risk: A meta-analysis. Psychiatry Research. 2017;253:373-82.

Maes M, Galecki P, Chang YS, Berk M. A review on the oxidative and nitrosative stress
(O&NS) pathways in major depression and their possible contribution to the
(neuro)degenerative processes in that illness. Progress in Neuro-Psychopharmacology and
Biological Psychiatry. 2011;35:676-92.

Rumsfeld JS, Ho PM. Depression and Cardiovascular Disease: A Call For Recognition.
Circulation. 2005;111:250-3.

Salim S. Oxidative stress: a potential link between emotional wellbeing and immune
response. Curr Opin Pharmacol. 2016;29:70-6.

49



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Lucca G, Comim CM, Valvassori SS, Réus GZ, VVuolo F, Petronilho F, Dal-Pizzol F,
Gavioli EC, Quevedo J. Effects of chronic mild stress on the oxidative parameters in the
rat brain. Neurochem Int. 2009;54:358-62.

Grosso G, Micek A, Marventano S, Castellano S, Mistretta A, Pajak A, Galvano F.
Dietary n-3 PUFA, fish consumption and depression: A systematic review and meta-
analysis of observational studies. J Affect Disord. 2016;205:269-81.

Trebaticka J, Dukat A, Dura¢kova Z, Muchova J. Cardiovascular Diseases, Depression
Disorders and Potential Effects of Omega-3 Fatty Acids. 2017;66:20.

Sontrop J, Avison WR, Evers SE, Speechley KN, Campbell MK. Depressive symptoms
during pregnancy in relation to fish consumption and intake of n-3 polyunsaturated fatty
acids. Paediatric and Perinatal Epidemiology. 2008;22:389-99.

Suominen-Taipale AL, Partonen T, Turunen AW, Mannisto S, Jula A, Verkasalo PK. Fish
Consumption and Omega-3 Polyunsaturated Fatty Acids in Relation to Depressive
Episodes: A Cross-Sectional Analysis. PLOS ONE. 2010;5:e10530.

Mazereeuw G, Herrmann N, Andreazza AC, Scola G, Ma DWL, Oh PI, Lanctot KL.
Oxidative stress predicts depressive symptom changes with omega-3 fatty acid treatment
in coronary artery disease patients. Brain Behav Immun. 2017;60:136-41.

Innes JK, Calder PC. The Differential Effects of Eicosapentaenoic Acid and
Docosahexaenoic Acid on Cardiometabolic Risk Factors: A Systematic Review. Int J Mol
Sci [Internet]. 2018 [cited 2018 Nov 4];19. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5855754/

Lai JS, Oldmeadow C, Hure AJ, McEvoy M, Hiles SA, Boyle M, Attia J. Inflammation
mediates the association between fatty acid intake and depression in older men and
women. Nutrition Research. 2016;36:234-45.

Panagiotakos DB, Mamplekou E, Pitsavos C, Kalogeropoulos N, Kastorini C-M,
Papageorgiou C, Papadimitriou GN, Stefanadis C. Fatty Acids Intake and Depressive
Symptomatology in a Greek Sample: An Epidemiological Analysis. Journal of the
American College of Nutrition. 2010;29:586-94.

Kamphuis MH, Geerlings M, Tijhuis MAR, Kalmijn S, Grobbee DE, Kromhout D.
Depression and cardiovascular mortality: a role for n-3 fatty acids? Am J Clin Nutr.
2006;84:1513-7.

Murakami K, Miyake Y, Sasaki S, Tanaka K, Arakawa M. Fish and n-3 Polyunsaturated
Fatty Acid Intake and Depressive Symptoms: Ryukyus Child Health Study. Pediatrics.
2010;126:e623-30.

Astorg P, Couthouis A, Bertrais S, Arnault N, Meneton P, Guesnet P, Alessandri J-M,
Galan P, Hercberg S. Association of fish and long-chain n-3 polyunsaturated fatty acid

50



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

intakes with the occurrence of depressive episodes in middle-aged French men and
women. Prostaglandins Leukot Essent Fatty Acids. 2008;78:171-82.

Kesse-Guyot E, Touvier M, Andreeva VA, Jeandel C, Ferry M, Hercberg S, Galan P.
Cross-Sectional but Not Longitudinal Association Between n-3 Fatty Acid Intake and
Depressive Symptoms: Results From the SU.VI.MAX 2 Study. Am J Epidemiol.
2012;175:979-87.

Beydoun MA, Fanelli Kuczmarski MT, Beydoun HA, Hibbeln JR, Evans MK, Zonderman
AB. o-3 fatty acid intakes are inversely related to elevated depressive symptoms among
United States women. J Nutr. 2013;143:1743-52.

Calder PC. Omega-3 Fatty Acids and Inflammatory Processes. Nutrients. 2010;2:355-74.

Serhan CN. Novel Pro-Resolving Lipid Mediators in Inflammation Are Leads for
Resolution Physiology. Nature. 2014;510:92-101.

Mason RP, Jacob RF. Eicosapentaenoic acid inhibits glucose-induced membrane
cholesterol crystalline domain formation through a potent antioxidant mechanism.
Biochimica et Biophysica Acta (BBA) - Biomembranes. 2015;1848:502-9.

Borow KM, Nelson JR, Mason RP. Biologic plausibility, cellular effects, and molecular
mechanisms of eicosapentaenoic acid (EPA) in atherosclerosis. Atherosclerosis.
2015;242:357—-66.

Kiecolt-Glaser JK, Derry HM, Fagundes CP. Inflammation: Depression Fans the Flames
and Feasts on the Heat. AJP. 2015;172:1075-91.

Hovatta I, Juhila J, Donner J. Oxidative stress in anxiety and comorbid disorders.
Neuroscience Research. 2010;68:261-75.

Halaris A. Inflammation-Associated Co-morbidity Between Depression and
Cardiovascular Disease. In: Dantzer R, Capuron L, editors. Inflammation-Associated
Depression: Evidence, Mechanisms and Implications [Internet]. Cham: Springer
International Publishing; 2017 [cited 2019 Jan 29]. p. 45-70. Available from:
https://doi.org/10.1007/7854_2016 28

Appleton KM, Peters TJ, Hayward RC, Heatherley SV, McNaughton SA, Rogers PJ,
Gunnell D, Ness AR, Kessler D. Depressed mood and n-3 polyunsaturated fatty acid
intake from fish: non-linear or confounded association? Soc Psychiat Epidemiol.
2007;42:100-4.

Colangelo LA, He K, Whooley MA, Daviglus ML, Liu K. Higher dietary intake of long-
chain ®-3 polyunsaturated fatty acids is inversely associated with depressive symptoms in
women. Nutrition. 2009;25:1011-9.

Hakkarainen R, Partonen T, Haukka J, Virtamo J, Albanes D, Lonngvist J. Is Low Dietary
Intake of Omega-3 Fatty Acids Associated With Depression? AJP. 2004;161:567-9.

51



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Strem M, Mortensen EL, Halldorsson TI, Thorsdottir I, Olsen SF. Fish and long-chain n-3
polyunsaturated fatty acid intakes during pregnancy and risk of postpartum depression: a
prospective study based on a large national birth cohort. Am J Clin Nutr. 2009;90:149-55.

Sanchez-Villegas A, Henriquez P, Figueiras A, Ortufio F, Lahortiga F, Martinez-Gonzalez
MA. Long chain omega-3 fatty acids intake, fish consumption and mental disorders in the
SUN cohort study. Eur J Nutr. 2007;46:337—46.

Beydoun MA, Fanelli Kuczmarski MT, Beydoun HA, Rostant OS, Evans MK, Zonderman
AB. Associations of the Ratios of n-3 to n-6 Dietary Fatty Acids With Longitudinal
Changes in Depressive Symptoms Among US Women. Am J Epidemiol. 2015;181:691—
705.

Lucas M, Mirzaei F, O’Reilly EJ, Pan A, Willett WC, Kawachi I, Koenen K, Ascherio A.
Dietary intake of n—3 and n—6 fatty acids and the risk of clinical depression in women: a
10-y prospective follow-up study. Am J Clin Nutr. 2011;93:1337-43.

Astorg P, Couthouis A, Bertrais S, Arnault N, Meneton P, Guesnet P, Alessandri J-M,
Galan P, Hercberg S. Association of fish and long-chain n-3 polyunsaturated fatty acid
intakes with the occurrence of depressive episodes in middle-aged French men and
women. Prostaglandins, Leukotrienes and Essential Fatty Acids. 2008;78:171-82.

Edwards R, Peet M, Shay J, Horrobin D. Omega-3 polyunsaturated fatty acid levels in the
diet and in red blood cell membranes of depressed patients. Journal of Affective
Disorders. 1998;48:149-55.

Frasure-Smith N, Lespérance F, Julien P. Major depression is associated with lower
omega-3 fatty acid levels in patients with recent acute coronary syndromes. Biological
Psychiatry. 2004;55:891-6.

Giltay EJ, Geleijnse JM, Kromhout D. Effects of n—3 fatty acids on depressive symptoms
and dispositional optimism after myocardial infarction. Am J Clin Nutr. 2011;94:1442-50.

Watanabe N, Matsuoka Y, Kumachi M, Hamazaki K, Horikoshi M, Furukawa TA.
Omega-3 fatty acids for a better mental state in working populations - Happy Nurse
Project: A 52-week randomized controlled trial. Journal of Psychiatric Research.
2018;102:72-80.

Hashimoto M, Kato S, Tanabe Y, Katakura M, Mamun AA, Ohno M, Hossain S, Onoda
K, Yamaguchi S, Shido O. Beneficial effects of dietary docosahexaenoic acid intervention
on cognitive function and mental health of the oldest elderly in Japanese care facilities and
nursing homes. Geriatrics & Gerontology International. 2017;17:330-7.

Golding J, Steer C, Emmett P, Davis JM, Hibbeln JR. High Levels of Depressive
Symptoms in Pregnancy With Low Omega-3 Fatty Acid Intake From Fish: Epidemiology.
2009;20:598-603.

52



48.

49,

50.

51.

52.

53.

54,

55.

56.

S57.

58.

Grosso G, Pajak A, Marventano S, Castellano S, Galvano F, Bucolo C, Drago F, Caraci F.
Role of Omega-3 Fatty Acids in the Treatment of Depressive Disorders: A Comprehensive
Meta-Analysis of Randomized Clinical Trials. Malaga G, editor. PLoS ONE.
2014;9:€96905.

Cribb L, Murphy J, Froud A, Oliver G, Bousman CA, Ng CH, Sarris J. Erythrocyte
polyunsaturated fatty acid composition is associated with depression and FADS genotype
in Caucasians. Nutritional Neuroscience. 2018;21:589-601.

Berger M, Taylor S, Harriss L, Campbell S, Thompson F, Jones S, Makrides M, Gibson R,
Amminger GP, Sarnyai Z, et al. Cross-sectional association of seafood consumption,
polyunsaturated fatty acids and depressive symptoms in two Torres Strait communities.
Nutritional Neuroscience. 2018;0:1-10.

Assies J, Pouwer F, Lok A, Mocking RJT, Bockting CLH, Visser I, Abeling NGGM,
Duran M, Schene AH. Plasma and Erythrocyte Fatty Acid Patterns in Patients with
Recurrent Depression: A Matched Case-Control Study. PLoS One [Internet]. 2010 [cited
2019 Feb 5];5. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2871041/

Cribb L, Murphy J, Froud A, Oliver G, Bousman CA, Ng CH, Sarris J. Erythrocyte
polyunsaturated fatty acid composition is associated with depression and FADS genotype
in Caucasians. Nutritional Neuroscience. 2018;21:589-601.

Peet M, Murphy B, Shay J, Horrobin D. Depletion of Omega-3 Fatty Acid Levels in Red
Blood Cell Membranes of Depressive Patients. Biological Psychiatry. 1998;43:315-9.

Edwards R. Omega-3 polyunsaturated fatty acid levels in the diet and in red blood cell
membranes of depressed patients. Journal of Affective Disorders. 1998;48:149-55.

Panagiotakos DB, Mamplekou E, Pitsavos C, Kalogeropoulos N, Kastorini C-M,
Papageorgiou C, Papadimitriou GN, Stefanadis C. Fatty Acids Intake and Depressive
Symptomatology in a Greek Sample: An Epidemiological Analysis. Journal of the
American College of Nutrition. 2010;29:586-94.

Markhus MW, Skotheim S, Graff IE, Frgyland L, Braarud HC, Stormark KM, Malde MK.
Low Omega-3 Index in Pregnancy Is a Possible Biological Risk Factor for Postpartum
Depression. PLoS One [Internet]. 2013 [cited 2019 Feb 5];8. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3701051/

Shiraishi M, Matsuzaki M, Yatsuki Y, Murayama R, Severinsson E, Haruna M.
Associations of dietary intake and plasma concentrations of eicosapentaenoic and
docosahexaenoic acid with prenatal depressive symptoms in Japan. Nursing & Health
Sciences. 2015;17:257-62.

Suominen-Taipale AL, Partonen T, Turunen AW, Méannist6 S, Jula A, Verkasalo PK. Fish

Consumption and Omega-3 Polyunsaturated Fatty Acids in Relation to Depressive
Episodes: A Cross-Sectional Analysis. PLOS ONE. 2010;5:e10530.

53



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Persons JE, Robinson JG, Ammann EM, Coryell WH, Espeland MA, Harris WS, Manson
JE, Fiedorowicz JG. Omega-3 fatty acid biomarkers and subsequent depressive symptoms.
International Journal of Geriatric Psychiatry. 2014;29:747-57.

Hammen C. Stress and Depression. Annual Review of Clinical Psychology. 2005;1:293—
319.

Black C, Bot M, Revesz D, Scheffer P, Pennix B. The association between three major
physiological stress systems and oxidative DNA and lipid damage.
Psychoneuroendocrinology. 2017;80:56—66.

Liu T, Zhong S, Liao X, Chen J, He T, Lai S, Jia Y. A Meta-Analysis of Oxidative Stress
Markers in Depression. PLOS ONE. 2015;10:e0138904.

Maes M, Galecki P, Chang YS, Berk M. A review on the oxidative and nitrosative stress
(O&NS) pathways in major depression and their possible contribution to the
(neuro)degenerative processes in that illness. Progress in Neuro-Psychopharmacology and
Biological Psychiatry. 2011;35:676-92.

Maes M, Leonard BE, Myint AM, Kubera M, Verkerk R. The new ‘5-HT” hypothesis of
depression: Cell-mediated immune activation induces indoleamine 2,3-dioxygenase,
which leads to lower plasma tryptophan and an increased synthesis of detrimental
tryptophan catabolites (TRYCATS), both of which contribute to the onset of depression.
Progress in Neuro-Psychopharmacology and Biological Psychiatry. 2011;35:702-21.

Carnevale R, Sciarretta S, Violi F, Nocella C, Loffredo L, Perri L, Peruzzi M, Marullo
AGM, De Falco E, Chimenti I, et al. Acute Impact of Tobacco vs Electronic Cigarette
Smoking on Oxidative Stress and Vascular Function. Chest. 2016;150:606-12.

Ferraz AC, Delattre AM, Almendra RG, Sonagli M, Borges C, Araujo P, Andersen ML,
Tufik S, Lima MMS. Chronic -3 fatty acids supplementation promotes beneficial effects
on anxiety, cognitive and depressive-like behaviors in rats subjected to a restraint stress
protocol. Behavioural Brain Research. 2011;219:116-22.

American Psychological Association. Stress in America: The State of Our Nation
[Internet]. 2017 [cited 2018 Nov 27]. Available from:
https://www.apa.org/news/press/releases/stress/2017/state-nation.pdf

Pratt LA, Brody DJ. Depression in the U.S. Household Population, 2009-2012. NCHS
Data Brief No 172. 2014;

Gallo LC, Penedo FJ, Carnethon M, Isasi C, Sotres-Alvarez D, Malcarne VL, Roesch SC,
Youngblood ME, Daviglus ML, Gonzalez P, et al. The Hispanic Community Health
Study/Study of Latinos Sociocultural Ancillary Study: Sample, Design, and Procedures.
Ethn Dis. 2014;24:77-83.

Siega-Riz AM, Sotres-Alvarez D, Ayala GX, Ginsberg M, Himes JH, Liu K, Loria CM,
Mossavar-Rahmani Y, Rock CL, Rodriguez B, et al. Food-group and nutrient-density

54



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

intakes by Hispanic and Latino backgrounds in the Hispanic Community Health
Study/Study of Latinos123. Am J Clin Nutr. 2014;99:1487-98.

Office of Disease Prevention and Health Promotion. 2015-2020 Dietary Guidelines: A
Closer Look Into Healthy Eating Patterns [Internet]. [cited 2018 Oct 27]. Available from:
https://health.gov/dietaryguidelines/2015/guidelines/chapter-1/a-closer-look-inside-
healthy-eating-patterns/#callout-seafood

Richter CK, Bowen KJ, Mozaffarian D, Kris-Etherton PM, Skulas-Ray AC. Total Long-
Chain n-3 Fatty Acid Intake and Food Sources in the United States Compared to
Recommended Intakes: NHANES 2003-2008. Lipids. 2017;52:917-27.

Relationship between Baseline Sedentary Behavior Prospective Changes in Depressive
Symptoms from 2008-11 to 2014-17 among US Hispanics/Latino Men and Women: The
Hispanic Community Health Study/Study of Latinos. 9999.

Sorlie PD, Avilés-Santa LM, Wassertheil-Smoller S, Kaplan RC, Daviglus ML, Giachello
AL, Schneiderman N, Raij L, Talavera G, Allison M, et al. Design and Implementation of
the Hispanic Community Health Study / Study of Latinos. Ann Epidemiol. 2010;20:629—
41.

Gallo LC, Roesch SC, Fortmann AL, Carnethon MR, Penedo FJ, Perreira K, Birnbaum-
Weitzman O, Wassertheil-Smoller S, Castafieda SF, Talavera GA, et al. Associations of
chronic stress burden, perceived stress, and traumatic stress with cardiovascular disease
prevalence and risk factors in the HCHS/SOL Sociocultural Ancillary Study. Psychosom
Med. 2014;76:468-75.

LaVange LM, Kalsbeek W, Sorlie PD, Avilés-Santa LM, Kaplan RC, Barnhart J, Liu K,
Giachello A, Lee DJ, Ryan J, et al. Sample Design and Cohort Selection in the Hispanic
Community Health Study/Study of Latinos. Ann Epidemiol. 2010;20:642-9.

Isasi CR, Parrinello CM, Jung MM, Carnethon MR, Birnbaum-Weitzman O, Espinoza
RA, Penedo FJ, Perreira KM, Schneiderman N, Sotres-Alvarez D, et al. Psychosocial
stress is associated with obesity and diet quality in Hispanic/Latino adults. Annals of
Epidemiology. 2015;25:84-9.

Tooze JA, Kipnis V, Buckman DW, Carroll RJ, Freedman LS, Guenther PM, Krebs-Smith
SM, Subar AF, Dodd KW. A mixed-effects model approach for estimating the distribution
of usual intake of nutrients: The NCI method. Stat Med [Internet]. 2010 [cited 2019 Oct
4];29. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3865776/

Office of Dietary Supplements - Omega-3 Fatty Acids [Internet]. [cited 2018 Nov 29].
Available from: https://ods.od.nih.gov/factsheets/Omega3FattyAcids-HealthProfessional/

Larrieu T, Layé S. Food for Mood: Relevance of Nutritional Omega-3 Fatty Acids for
Depression and Anxiety. Front Physiol [Internet]. 2018 [cited 2018 Oct 27];9. Available
from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6087749/

55



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Thyagarajan B, Howard AG, Durazo-Arvizu R, Eckfeldt JH, Gellman MD, Kim RS, Liu
K, Mendez AJ, Penedo FJ, Talavera GA, et al. Analytical and biological variability in
biomarker measurement in the Hispanic Community Health Study/Study of Latinos. Clin
Chim Acta. 2016;463:129-37.

Menni C, Kastenmiiller G, Petersen AK, Bell JT, Psatha M, Tsai P-C, Gieger C, Schulz H,
Erte I, John S, et al. Metabolomic markers reveal novel pathways of ageing and early
development in human populations. Int J Epidemiol. 2013;42:1111-9.

Wassertheil-Smoller S, Arredondo E, Cai J, Castenada S, Choca JP, Gallo L, Jung M,
LaVange LM, Lee-Rey ET, Mosley T, et al. Depression, anxiety, antidepressant use, and
cardiovascular disease among Hispanic men and women of different national
backgrounds: results from the Hispanic Community Health Study/Study of Latinos
(HCHS/SOL). Ann Epidemiol. 2014;24:822-30.

Gonzélez P, Nufiez A, Merz E, Brintz C, Weitzman O, Navas E, Camacho A, Buelna C,
Penedo FJ, Wassertheil-Smoller S, et al. Measurement Properties of the Center for
Epidemiologic Studies Depression Scale (CES-D 10): Findings from HCHS/SOL. Psychol
Assess. 2017;29:372-81.

Andresen, EM. Screening for depression in well older adults: evaluation of a short form of
the CES-D (Center for Epidemiologic Studies Depression Scale). Am J Prev Med.
1994;10:77-84.

Vilagut G, Forero CG, Barbaglia G, Alonso J. Screening for Depression in the General
Population with the Center for Epidemiologic Studies Depression (CES-D): A Systematic
Review with Meta-Analysis. PLoS One [Internet]. 2016 [cited 2019 Oct 7];11. Available
from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4868329/

Cohen S, Kamarck T, Mermelstein R. A Global Measure of Perceived Stress. J Health Soc
Behav. 1983;24:385-96.

Bromberger JT, Matthews KA. A longitudinal study of the effects of pessimism, trait
anxiety, and life stress on depressive symptoms in middle-aged women. Psychology and
Aging. 1996;11:207-13.

Shivpuri S, Gallo LC, Crouse JR, Allison MA. The Association Between Chronic Stress
Type and C-Reactive Protein in the Multi-Ethnic Study of Atherosclerosis (MESA): Does
Gender Make a Difference? J Behav Med. 2012;35:74-85.

Boer AC, ten Brinck RM, Evers AWM, van der Helm-van Mil AHM. Does psychological
stress in patients with clinically suspect arthralgia associate with subclinical inflammation
and progression to inflammatory arthritis? Arthritis Res Ther [Internet]. 2018 [cited 2019
Feb 3];20. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5934795/

Gerber M, Kalak N, Elliot C, Holsboer-Trachsler E, Piihse U, Brand S. Both Hair Cortisol
Levels and Perceived Stress Predict Increased Symptoms of Depression: An Exploratory
Study in Young Adults. NPS. 2013;68:100-9.

56



92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Bromberger JT, Matthews KA. A longitudinal study of the effects of pessimism, trait
anxiety, and life stress on depressive symptoms in middle-aged women. Psychology and
Aging. 1996;11:207-13.

Ogilvie RP, Everson-Rose SA, Longstreth WT, Rodriguez CJ, Diez-Roux AV, Lutsey PL.
Psychosocial Factors and Risk of Incident Heart Failure: The Multi-Ethnic Study of
Atherosclerosis (MESA). Circ Heart Fail. 2016;9:e002243.

Gallo LC, Jiménez JA, Shivpuri S, Espinosa de los Monteros K, Mills PJ. Domains of
Chronic Stress, Lifestyle Factors, and Allostatic Load in Middle-Aged Mexican-American
Women. Ann Behav Med. 2011;41:21-31.

Strodl E, Kenardy J, Aroney C. Perceived stress as a predictor of the self-reported new
diagnosis of symptomatic CHD In older women. Int J Behav Med. 2003;10:205-20.

Quezada AD, Macias-Waldman N, Salmerdn J, Swigart T, Gallegos-Carrillo K. Physical
activity and calorie intake mediate the relationship from depression to body fat mass
among female Mexican health workers. Int J Behav Nutr Phys Act [Internet]. 2017 [cited
2018 Dec 2];14. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5693575/

Papanikolaou Y, Brooks J, Reider C, Fulgoni VL. U.S. adults are not meeting
recommended levels for fish and omega-3 fatty acid intake: results of an analysis using
observational data from NHANES 2003-2008. Nutr J. 2014;13:31.

Brody D, Pratt L, Hughes J. Prevalence of Depression Among Adults Aged 20 and Over:
United States, 2013-2016 [Internet]. NCHS Data Brief No. 303; 2018. Available from:
https://unh.app.box.com/file/345382597155

Mathew AR, Hogarth L, Leventhal AM, Cook JW, Hitsman B. Cigarette Smoking and
Depression Comorbidity: Systematic Review & Proposed Theoretical Model. Addiction.
2017;112:401-12.

Villegas R, Takata Y, Murff H, Blot W. Fish, omega-3 long-chain fatty acids, and all-
cause mortality in a low-income US population: results from the Southern Community
Cohort Study. Nutr Metab Cardiovasc Dis. 2015;25:651-8.

Rebar AL, Stanton R, Geard D, Short C, Duncan MJ, Vandelanotte C. A meta-meta-
analysis of the effect of physical activity on depression and anxiety in non-clinical adult
populations. Health Psychology Review. 2015;9:366—78.

Nordgren TM, Lyden E, Anderson-Berry A, Hanson C. Omega-3 Fatty Acid Intake of
Pregnant Women and Women of Childbearing Age in the United States: Potential for
Deficiency? Nutrients [Internet]. 2017 [cited 2019 Jan 23];9. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5372860/

Freeman A, Tyrovolas S, Koyanagi A, Chatterji S, Leonardi M, Ayuso-Mateos JL,
Tobiasz-Adamczyk B, Koskinen S, Rummel-Kluge C, Haro JM. The role of socio-

57



104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

economic status in depression: results from the COURAGE (aging survey in Europe).
BMC Public Health [Internet]. 2016 [cited 2019 Feb 3];16. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5069819/

Mori TA. Omega-3 fatty acids and cardiovascular disease: epidemiology and effects on
cardiometabolic risk factors. Food Funct. 2014;5:2004-19.

Semekovich K, Brown M, Svrakic D, Lustman PJ. Depression in Type 2 Diabetes
Mellitus: Prevalence, Impact, and Treatment. Drugs. 2015;75:577-87.

Chen C, Yang Y, Yu X, Hu S, Shao S. Association between omega-3 fatty acids
consumption and the risk of type 2 diabetes: A meta-analysis of cohort studies. J Diabetes
Investig. 2017;8:480-8.

Skogli H-R, Geoffroy D, Weiler HA, Tell GS, Kirmayer LJ, Egeland GM. Associations
between omega-3 fatty acids and 25(OH)D and psychological distress among Inuit in
Canada. International Journal of Circumpolar Health. 2017;76:1302684.

Siega-Riz AM, Sotres-Alvarez D, Ayala GX, Ginsberg M, Himes JH, Liu K, Loria CM,
Mossavar-Rahmani Y, Rock CL, Rodriguez B, et al. Food-group and nutrient-density
intakes by Hispanic and Latino backgrounds in the Hispanic Community Health
Study/Study of Latinos123. Am J Clin Nutr. 2014;99:1487-98.

Association AD. 2. Classification and Diagnosis of Diabetes: Standards of Medical Care
in Diabetes—2019. Diabetes Care. 2019;42:S13-28.

Schmitz G, Ecker J. The opposing effects of n—3 and n—6 fatty acids. Progress in Lipid
Research. 2008;47:147-55.

Box GEP, Cox DR. An Analysis of Transformations. Journal of the Royal Statistical
Society Series B (Methodological). 1964;26:211-52.

Office of Dietary Supplements - Omega-3 Fatty Acids [Internet]. [cited 2020 Jan 28].
Available from: https://ods.od.nih.gov/factsheets/Omega3FattyAcids-HealthProfessional/

Dickinson A, MacKay D. Health habits and other characteristics of dietary supplement
users: a review. Nutr J. 2014;13:14.

Hakkarainen R, Partonen T, Haukka J, Virtamo J, Albanes D, Lénnqvist J. Is Low Dietary
Intake of Omega-3 Fatty Acids Associated With Depression? AJP. 2004;161:567-9.

Jacka FN, Pasco JA, Henry MJ, Kotowicz MA, Nicholson GC, Berk M. Dietary Omega-3
Fatty Acids and Depression in a Community Sample. Nutritional Neuroscience.
2004:7:101-6.

Lucas M, Mirzaei F, O’Reilly EJ, Pan A, Willett WC, Kawachi I, Koenen K, Ascherio A.
Dietary intake of n—3 and n—6 fatty acids and the risk of clinical depression in women: a
10-y prospective follow-up study1234. Am J Clin Nutr. 2011;93:1337-43.

58



117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Mamalakis G, Kalogeropoulos N, Andrikopoulos N, Hatzis C, Kromhout D,
Moschandreas J, Kafatos A. Depression and long chain n-3 fatty acids in adipose tissue in
adults from Crete. European Journal of Clinical Nutrition. 2006;60:882-8.

Martins JG. EPA but Not DHA Appears To Be Responsible for the Efficacy of Omega-3
Long Chain Polyunsaturated Fatty Acid Supplementation in Depression: Evidence from a
Meta-Analysis of Randomized Controlled Trials. Journal of the American College of
Nutrition. 2009;28:525-42.

Persons JE, Robinson JG, Ammann EM, Coryell WH, Espeland MA, Harris WS, Manson
JE, Fiedorowicz JG. Omega-3 Fatty Acid Biomarkers and Subsequent Depressive
Symptoms. Int J Geriatr Psychiatry. 2014;29:747-57.

Silva V, Barazzoni R, Singer P. Biomarkers of Fish Oil Omega-3 Polyunsaturated Fatty
Acids Intake in Humans. Nutrition in Clinical Practice. 2014;29:63-72.

Yang Y, Bi M, Xiao L, Chen Q, Chen W, Li W, Wu Y, Hu Y, Huang Y. Perceived stress
status and sympathetic nervous system activation in young male patients with coronary
artery disease in China. European Journal of Internal Medicine. 2015;26:726-30.

Martinez de Toda I, Miguélez L, Siboni L, Vida C, De la Fuente M. High perceived stress
in women is linked to oxidation, inflammation and immunosenescence. Biogerontology.
2019;20:823-35.

Bazan NG. Neuroprotectin D1 (NPD1): A DHA-Derived Mediator that Protects Brain and
Retina Against Cell Injury-Induced Oxidative Stress. Brain Pathology. 2005;15:159-66.

Mukherjee PK, Marcheselli VL, Serhan CN, Bazan NG. Neuroprotectin D1: A
docosahexaenoic acid-derived docosatriene protects human retinal pigment epithelial cells
from oxidative stress. PNAS. 2004;101:8491-6.

Marcheselli VL, Hong S, Lukiw WJ, Tian XH, Gronert K, Musto A, Hardy M, Gimenez
JM, Chiang N, Serhan CN, et al. Novel Docosanoids Inhibit Brain Ischemia-Reperfusion-
mediated Leukocyte Infiltration and Pro-inflammatory Gene Expression [Internet]. Journal
of Biological Chemistry. [cited 2020 Jan 29]. Available from: http://www.jbc.org

Guo Z, Hu Q, Xu L, Guo Z-N, Ou Y, He Y, Yin C, Sun X, Tang J, Zhang JH. Lipoxin A4
reduces inflammation through formyl peptide receptor 2 /p38MAPK signaling pathway in
subarachnoid hemorrhage rats. Stroke. 2016;47:490-7.

Miles EA, Allen E, Calder PC. IN VITRO EFFECTS OF EICOSANOIDS DERIVED
FROM DIFFERENT 20-CARBON FATTY ACIDS ON PRODUCTION OF
MONOCYTE-DERIVED CYTOKINES IN HUMAN WHOLE BLOOD CULTURES.
Cytokine. 2002;20:215-23.

Calder PC. Omega-3 Fatty Acids and Inflammatory Processes. Nutrients. 2010;2:355-74.

59



129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

Assies J, Pouwer F, Lok A, Mocking RJT, Bockting CLH, Visser I, Abeling NGGM,
Duran M, Schene AH. Plasma and Erythrocyte Fatty Acid Patterns in Patients with
Recurrent Depression: A Matched Case-Control Study. PLoS One [Internet]. 2010 [cited
2019 Nov 21];5. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2871041/

Wolfe AR, Ogbonna EM, Lim S, Li Y, Zhang J. Dietary linoleic and oleic fatty acids in
relation to severe depressed mood: 10 years follow-up of a national cohort. Progress in
Neuro-Psychopharmacology and Biological Psychiatry. 2009;33:972—7.

Ranjit N, Diez-Roux AV, Shea S, Cushman M, Seeman T, Jackson SA, Ni H.
Psychosocial Factors and Inflammation in the Multi-Ethnic Study of Atherosclerosis. Arch
Intern Med. 2007;167:174-81.

Ferraz AC, Delattre AM, Almendra RG, Sonagli M, Borges C, Araujo P, Andersen ML,
Tufik S, Lima MMS. Chronic w-3 fatty acids supplementation promotes beneficial effects
on anxiety, cognitive and depressive-like behaviors in rats subjected to a restraint stress
protocol. Behavioural Brain Research. 2011;219:116-22.

Tang M, Jiang P, Li H, Liu Y, Cai H, Dang R, Zhu W, Cao L. Fish oil supplementation
alleviates depressant-like behaviors and modulates lipid profiles in rats exposed to chronic
unpredictable mild stress. BMC Complement Altern Med [Internet]. 2015 [cited 2019 Dec
3];15. Available from: https://www.ncbi.nIm.nih.gov/pmc/articles/PMC4504181/

Cervantes Gracia K, Llanas-Cornejo D, Husi H. CVD and Oxidative Stress. J Clin Med
[Internet]. 2017 [cited 2019 Dec 3];6. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5332926/

Gariépy G, Honkaniemi H, Quesnel-Vallée A. Social support and protection from
depression: systematic review of current findings in Western countries. The British
Journal of Psychiatry. 2016;209:284-93.

Herman JP. Neural control of chronic stress adaptation. Front Behav Neurosci [Internet].
2013 [cited 2020 Jan 29];7. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articlessPMC3737713/

Gardner A, Boles RG. Beyond the serotonin hypothesis: Mitochondria, inflammation and
neurodegeneration in major depression and affective spectrum disorders. Progress in
Neuro-Psychopharmacology and Biological Psychiatry. 2011;35:730-43.

Zou K, Deng W, Li T, Zhang B, Jiang L, Huang C, Sun X, Sun X. Changes of Brain
Morphometry in First-Episode, Drug-Naive, Non-Late-Life Adult Patients with Major
Depression: An Optimized Voxel-Based Morphometry Study. Biological Psychiatry.
2010;67:186-8.

Bremner JD, Narayan M, Anderson ER, Staib LH, Miller HL, Charney DS. Hippocampal
Volume Reduction in Major Depression. AJP. 2000;157:115-8.

60



140.

141.

142.

143.

144,

145.

146.

147.

148.

149.

150.

151.

Liu T, Zhong S, Liao X, Chen J, He T, Lai S, Jia Y. A Meta-Analysis of Oxidative Stress
Markers in Depression. PL0oS One [Internet]. 2015 [cited 2019 Dec 13];10. Available
from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4596519/

Behr GA, Moreira JCF, Frey BN. Preclinical and Clinical Evidence of Antioxidant Effects
of Antidepressant Agents: Implications for the Pathophysiology of Major Depressive
Disorder. Oxid Med Cell Longev [Internet]. 2012 [cited 2019 Dec 13];2012. Available
from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3368202/

Biswas SK. Does the Interdependence between Oxidative Stress and Inflammation
Explain the Antioxidant Paradox? Oxid Med Cell Longev [Internet]. 2016 [cited 2019 Dec
6];2016. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4736408/

Nathan C, Cunningham-Bussel A. Beyond oxidative stress: an immunologist’s guide to
reactive oxygen species. Nat Rev Immunol. 2013;13:349-61.

Morgan MJ, Liu Z. Crosstalk of reactive oxygen species and NF-«B signaling. Cell Res.
2011;21:103-15.

Scholz H, Yndestad A, Damas JK, Weehre T, Tonstad S, Aukrust P, Halvorsen B. 8-
Isoprostane increases expression of interleukin-8 in human macrophages through
activation of mitogen-activated protein kinases. Cardiovasc Res. 2003;59:945-54.

Maes M, Leonard BE, Myint AM, Kubera M, Verkerk R. The new ‘5-HT’ hypothesis of
depression: Cell-mediated immune activation induces indoleamine 2,3-dioxygenase,
which leads to lower plasma tryptophan and an increased synthesis of detrimental
tryptophan catabolites (TRYCATS), both of which contribute to the onset of depression.
Progress in Neuro-Psychopharmacology and Biological Psychiatry. 2011;35:702-21.

Qin L, Wu X, Block ML, Liu Y, Breese GR, Hong J-S, Knapp DJ, Crews FT. Systemic
LPS Causes Chronic Neuroinflammation and Progressive Neurodegeneration. Glia.
2007;55:453-62.

Maes M, Yirmyia R, Noraberg J, Brene S, Hibbeln J, Perini G, Kubera M, Bob P, Lerer B,
Maj M. The inflammatory & neurodegenerative (I&ND) hypothesis of depression: leads
for future research and new drug developments in depression. Metab Brain Dis.
2009;24:27-53.

Gatecki P, Mossakowska-Wajcik J, Talarowska M. The anti-inflammatory mechanism of
antidepressants — SSRIs, SNRIs. Progress in Neuro-Psychopharmacology and Biological
Psychiatry. 2018;80:291-4.

Glaser R, Kiecolt-Glaser JK. Stress-induced immune dysfunction: implications for health.
Nature Reviews Immunology. 2005;5:243-51.

Anrather J, Racchumi G, ladecola C. NF-xB Regulates Phagocytic NADPH Oxidase by
Inducing the Expression of gp91phox. J Biol Chem. 2006;281:5657—67.

61



152.

153.

154.

155.

156.

157.

158.

Liu T, Zhang L, Joo D, Sun S-C. NF-«xB signaling in inflammation. Signal Transduct
Target Ther. 2017;2:17023.

Lo C-J, Chiu KC, Fu M, Lo R, Helton S. Fish Qil Decreases Macrophage Tumor Necrosis
Factor Gene Transcription by Altering the NF«xB Activity. Journal of Surgical Research.
1999;82:216-21.

Kiecolt-Glaser JK, Belury MA, Andridge R, Malarkey WB, Hwang BS, Glaser R. Omega-
3 supplementation lowers inflammation in healthy middle-aged and older adults: A
randomized controlled trial. Brain, Behavior, and Immunity. 2012;26:988-95.

Xi S, Cohen D, Barve S, Chen LH. Fish oil suppressed cytokines and nuclear factor-
kappaB induced by murine AIDS virus infection. Nutrition Research. 2001;21:865-78.

Garrel C, Alessandri J-M, Guesnet P, Al-Gubory KH. Omega-3 fatty acids enhance
mitochondrial superoxide dismutase activity in rat organs during post-natal development.
The International Journal of Biochemistry & Cell Biology. 2012;44:123-31.

Shamah-Levy T, Rodriguez-Ramirez S, Gaona-Pineda EB, Cuevas-Nasu L, Carriquiry
AL, Rivera JA. Three 24-Hour Recalls in Comparison with One Improve the Estimates of
Energy and Nutrient Intakes in an Urban Mexican Population. J Nutr. 2016;146:1043-50.

MA'Y, Olendzki BC, Pagoto SL, Hurley TG, Magner RP, Ockene IS, Schneider KL,
Merriam PA, Hébert JR. Number of 24-Hour Diet Recalls Needed to Estimate Energy
Intake. Ann Epidemiol. 2009;19:553-9.

62



	OMEGA-3 FATTY ACIDS AND DEPRESSIVE SYMPTOMOLOGY AND THE INFLUENCE OF PSYCHOSOCIAL STRESS: THE HISPANIC COMMUNITY HEALTH STUDY/STUDY OF LATINOS
	Recommended Citation

	tmp.1593006123.pdf.uJEPr

