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Summary

Objective

The typical Western diet is deficient in omega-3 and high in omega-6 fatty acids (FAs).
These FAs may play a role in depressive symptoms via inflammatory processes, espe-
cially in the context of obesity, a pro-inflammatory state. This study investigated associ-
ations between omega-3 and omega-6 FA intake and depressive symptoms in adults
seeking behavioural weight loss treatment (BWLT).

Methods

One hundred eighty-eight persons with overweight or obesity (83.50% women, 93.10%
White, 55.01 ± 10.09 years old, body mass index 36.02 ± 15.79 kg/m) seeking BWLT
completed the Block Food Frequency Questionnaire, which provides estimates of dietary
FA intake, daily total energy intake (TEI) and macronutrient composition of the diet.
Depressive symptoms were measured via the Center for Epidemiological Studies
Depression Scale. Correlation and linear regression estimated associations between
depressive symptoms and FAs.

Results

On average, participants reported consuming 1866.2 ± 665.1 kcals/d, with 38% of TEI
from fat and an omega-6:3 ratio of 9.2 (13.9 g omega-6 to 1.5 g omega-3). In univariate
models, omega-6 intake was associated with depressive symptoms (r = .182, p = .012);
however, this association was no longer statistically significant after controlling for TEI.
Omega-3 intake was not associated with depressive symptoms.

Conclusion

The expected association between omega-3 and omega-6 FAs and depressive symp-
toms was largely unsupported. A robust association between FA intake and depressive
symptoms may have been masked by a high level of chronic inflammation in this sample
caused by excess weight and overall poor diet. Additional research is needed to deter-
mine whether BWLT improves FA intake, and whether associations between FA intake
and depressive symptoms are strengthened after successful weight loss and improved
diet.
Keywords: Diet, mood, omega fatty acids.
Introduction

Overweight and obesity increase the risk of diminished
psychological well-being and health-related quality of life
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prevalent in the USA (3). Commonly cited pathways for
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the effect of body weight on psychological well-being in-
clude impaired physical functioning (e.g. limited mobility
and sleep apnea) (4), increased rates of chronic disease
(e.g. type 2 diabetes and hypertension) (5) and social
stigma (e.g. being perceived as lazy) (6). A less recognized
potential pathway between body weight and psychologi-
cal well-being is suboptimal intake of polyunsaturated or
‘essential’ fatty acids (7). A few epidemiological studies
and small clinical trials support an inverse association be-
tween essential fatty acid intake and depression, anxiety
and hostility; however, because mental health is such a rel-
evant contributor to the global burden of disease, more re-
search is needed to understand its interplaywith diet (8–12).

Omega-3 fatty acids (n-3 FAs) are known to reduce the
risk of heart disease by lowering blood pressure and
reducing inflammation (3). Further, n-3 FAs play an impor-
tant role in essential body functions, including improv-
ing cellular communication in the brain and reducing
blood clot formation (13). The most commonly con-
sumed n-3 FA is α-linoleic acid (ALA), which is found in
the highest concentrations in soybean and canola oils in
the Western diet (14,15). However, the two essential n-3
FAs with the highest concentration in the brain that are
primarily responsible for its anti-inflammatory effects –
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) – are only abundant in fatty fish and some shellfish
(3). Marine sources are thus considered the best sources
of dietary EPA and DHA (16).

As aforementioned, low levels of essential n-3 FAs may
be a modifiable risk factor for mental illnesses, with sub-
optimal intakes associated with clinical depressive disor-
ders, pessimism and impulsivity (17–19). While not all
studies find an association between n-3 FAs and psycho-
logical well-being (20,21), a number of epidemiological
studies have found a significant inverse relation between
intake of n-3 FAs from marine sources and the prevalence
of depressive symptoms (22). Further, several studies
show lower levels of circulating n-3 FAs in the blood of
depressed patients as compared with healthy control
subjects (23–28). While total n-3 FA intake may be high
due to consumption of processed foods containing ca-
nola and soybean oil, mean intake of EPA and DHA from
marine sources is low in the Western diet, with the aver-
age American adult consuming less than half of the rec-
ommended 250mg/d (29).

By contrast, the intake of omega-6 (n-6) FAs has more
than tripled within the past 55 years with the increased
use of cooking oils, shortenings and margarines in proc-
essed and fast foods (30). N-6 FAs are most prevalent in
the form of linoleic acid (LA), found in vegetable oils (such
as corn, canola and soy) used in processed foods and an-
imal products (31). The downstream metabolites of LA are
pro-inflammatory, with the increased risk of inflammation
Obesity Science & Practice published by John Wiley & Sons Ltd,
associated with a variety of both physical and mental ill-
ness (32,33). Although moderate n-6 FA intake is essen-
tial to support brain and body functioning, several
studies have found a relation between high n-6 FAs and
depressive symptoms, with the risk of developing depres-
sive symptoms increasing with the amount of processed
food consumed (34,35). Whereas the Institute of Medicine
has indicated that n-6 FA adequate intake ranges from 11
to 12 g/d for women and 14 to 17 g/d for men (36), recom-
mended intakes for n-6 FAs are contentious. Further, be-
cause n-6 and n-3 FAs compete for the same conversion
enzymes in vivo, recommendations are more interpret-
able as a ratio of n-6 : n-3, which is ideal at 2:1 (37), and
it is suggested that LA intake is limited to 2.0% of total
energy intake (37) to allow for optimal conversion of ALA
to EPA and DHA (3). Research supports that diets with a
high n-6 : n-3 ratio are significantly associated with de-
pressive symptoms (38–42).

Persons with overweight and obesity are known to
consume a diet with a high n-6 : n-3 ratio, with excessive
intake of FAs from animal-derived fats and refined grains
(43) and insufficient consumption of n-3 FAs (especially
EPA and DHA). However, it is unknown whether essential
FA intake is associated with depressive symptoms
among a sample composed exclusively of persons with
overweight/obesity who are already at risk for both in-
flammation and impairments in mood due to excess
weight. This question has particular relevance for individ-
uals seeking behavioural treatment for weight loss and for
weight loss in general, which typically produces improve-
ments in mood as a secondary benefit (44). If suboptimal
essential FA intake at baseline is associated with higher
levels of depressive symptoms, there may be reason to
believe that targeting n-3 and n-6 FA consumption among
individuals could help to maximize the beneficial effects
of behavioural weight loss treatment on psychological
well-being. Therefore, this study aimed to examine associ-
ations between n-3 and n-6 FA consumption and depres-
sive symptoms among persons with overweight/obesity
seeking behavioural weight loss treatment.

Research design and methods

Study design and participants

This study involved secondary analysis of baseline data
from an 18-month randomized controlled trial of behav-
ioural weight loss treatment. The sample consisted of
participants between the ages of 18 and 70 years, with a
body mass index (BMI) of 25–45 kgm2. Study exclusion
criteria included: current participation in another weight
loss programme; weight loss of ≥ 5% body weight during
the prior 6months; current use of weight loss medication;
© 2016 The Authors
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report of chest pain during physical activity or a heart con-
dition; medical conditions that might render unsupervised
unsafe physical activity; less than 6months post-partum
or planning to become pregnant within the approaching
18months; plans to relocate outside of the geographic re-
gion; history of a diagnosed eating disorder excluding
binge eating disorder, substance abuse or other serious
untreated psychiatric problem (e.g. bipolar disorder) that
would preclude them from following study protocol. Partic-
ipantswere recruited via advertising in local print media and
flyers mailed to the home. Screening for eligibility was
conducted by phone. Participants then attended a base-
line orientation and an assessment session, where they
completed informed consent procedures, had their
height and weight measured and completed question-
naires described later. Study procedures were approved
by the Institutional Review Board of The Miriam Hospital
of Providence, RI, USA.

Measures

Body weight was measured to the nearest .1 kg, in light
clothing and without shoes, on a digital scale. Height was
measured to the nearest millimetre using a wall-mounted
stadiometer. BMI was calculated as kg/m2. Participants
completed a demographic questionnaire reporting their
age, sex, race, ethnicity and level of education.

Characteristics of participants’ diets, including daily total
energy intake (kcal); percent of daily energy from carbohy-
drate, fat and protein; and daily consumption of n-3 (both to-
tal andALA, EPAandDHA individually) and n-6 FAs and their
ratio (n-6 : n-3) were estimated using the Block Food Fre-
quency Questionnaire (FFQ) (45). This validated self-report
measure assesses the frequency, portion and preparation
of 110 food and drink items consumed over the past year.
Research supports that reported essential FA intake from
an FFQ reliably correlates with serum levels (46).

Depressive symptoms were measured by the Center
for Epidemiological Studies Depression Scale (CES-D
10), a validated measure shown to have high internal con-
sistency and sensitivity in identifying depressive symp-
toms among adult populations (47,48). The 10-question
scale measures depressive symptoms such as: feelings
of loneliness, helplessness, sleep disturbance and psy-
chomotor retardation (‘I could not get going’). Participants
recorded the frequency of depressive symptoms during
the previous week on a four-point scale, ranging from 0
(‘less than one day’) to 3 (‘most or all of the time’).

Statistical analyses

All analyses were completed using IBM SPSS Statistics for
Windows, Version 20.0 (Released 2011, IBM Corp.,
© 2016 The Authors
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Armonk, NY, USA). Descriptive statistics including means
with standard deviations and counts with percentages
were used to characterize participants’ demographic
and anthropomorphic characteristics, dietary intake and
depressive symptoms. Bivariate correlation was used to
test for associations between BMI (kg/m 2), depressive
symptoms and dietary characteristics. Separate linear re-
gression models were used to predict depressive symp-
toms from daily intake of n-3 (both total and ALA, EPA
and DHA individually) and n-6 FAs and their ratio (n-6 :
n-3), controlling for BMI (kg/m 2), gender and daily total
energy intake (kcal).
Results

Four participants were excluded from analysis as they
were clear outliers (≥10 standard deviations beyond the
mean) on FFQ measures. The remaining n=188 partici-
pants included in the analysis were largely female,
middle-aged, non-Hispanic White with at least a college
education (Table 1). The majority (n=156, 83%) were
obese (BMI> 30 kg/m 2), and depression scores were
low to moderate on average, ranging from 0 to 24 out of
a maximum of 30.

Table 1 shows that participants reported a diet high in
fat (38% of total energy intake) and high in n-6 FAs
(14 g/d). Total n-3 FA intake was also high (1.5 g/d) but
consisted mostly of ALA (1.36 g/d) with very low levels
of EPA (0.04 g/d) and DHA (0.07 g/d). Table 2 shows
the recommended daily intakes for n-3 and n-6 FAs in
comparison with levels reported by participants. On aver-
age, this sample reported consuming less than recom-
mended levels of EPA and DHA and more than the
recommendations for n-6 FAs. The n-6 : n-3 ratio shows
that participants consumed 9.38 g of n-6 for every 1 g of
n-3 FAs.

Results of the bivariate correlations are presented in
Table 3. Higher levels of depressive symptoms were sig-
nificantly associated with higher total energy intake and
consuming higher levels of n-6 FAs. Consuming an addi-
tional 35 kcal or 0.3 g of n-6 FAs per day was associated
with a one-unit increase in depressive symptoms. Nota-
bly, depressive symptoms were not associated with BMI
(kg/m2), n-3 FAs or n-6 : n-3 ratio. Linear regression
analyses controlling for BMI (kg/m2), gender and daily
total energy intake failed to find an association between
depressive symptoms and total n-3 FA intake (b=�.63,
SE= .77, t= .812, p= .418), n-6 (b= .02, SE= .79, t= .238,
p= .812) or the ratio of n-6 to n-3 (b= .16, SE= .18,
t= .902, p= .368). The same pattern held when testing
ALA, EPA and DHA in the model instead of total n-3 FA
intake.
besity and The Obesity Society. Obesity Science & Practice



Table 1 Characteristics of participants

Full sample (N = 188)

Sex, n (%)
Men 31 (16.5)
Women 157 (83.5)

Age, mean (SD), years 55.01 (10.09)
Race, n (%)

Asian 2 (1.1)
African-American 6 (3.2)
White 175 (93.1)
Other 5 (2.7)

Ethnicity, n (%)
Hispanic 4 (2.1)
Non-hispanic 184 (97.9)

Education (%)
High school or less 17 (9)
Vocational training 9 (4.8)

Some college 37 (19.7)
College/University degree 58 (30.9)
Graduate degree 67 (35.6)

Weight, mean (SD), kg 95.83 (17.33)
Body mass index, mean (SD), kg/m2 36.20 (15.79)
Energy intake, mean (SD), kcal 1866.22 (665.11)

Fat, % energy intake 38.03 (5.55)
Protein, % energy intake 16.35 (3.04)
Carb, % energy intake 44.37 (6.60)

Total omega-3 intake, mean (SD), g 1.49 (0.61)
Alpha-linolenic acid, mean (SD), g 1.36 (0.56)
Eicosapentaenoic acid, mean (SD), g 0.04 (0.05)
Docosahexaenoic acid, mean (SD), g 0.07 (0.05)
Total omega-6 intake, mean (SD), g 13.95 (6.01)
Linoleic acid 13.84 (5.98)
Omega-6 : omega-3 ratio, (SD),g 9.38 (1.56)
CES-D score, mean (SD) 9.57 (3.77)

CES-D, Center for Epidemiological Studies Depression Scale; SD,
standard deviation.
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Discussion

In this study of persons with overweight or obesity pre-
senting for behavioural weight loss treatment, n-3 FAs
(both total and ALA, EPA, and DHA individually) were
not related to depressive symptoms, and n-6 FAs were
only related to depressive symptoms before controlling
for total energy intake. This stands in contrast to epidemi-
ological studies linking higher n-3 FA intake and lower
levels of depressive symptoms in national populations
(42,49), several of which found an association with a
higher ratio of n-6 :n-3 and increased depressive symp-
toms (39,50,51). In this sample, the link between omega
FAs and depressive symptoms was likely masked by the
limited range in EPA and DHA intake, and a pre-existing
inflammatory state stemming from overall poor diet and
excess weight (52,53).
Obesity Science & Practice published by John Wiley & Sons Ltd,
Obesity is associated with both chronic inflammation
and depression (54–56). Therefore, we hypothesized that
omega FAs, which are thought to affect mood via regula-
tion of inflammatory pathways, might be related to de-
pressive symptoms in a sample of persons with
overweight or obesity (57–59). However, chronic inflam-
mation, which is a hallmark of overweight/obesity, could
overwhelm any positive effect of n-3 FA intake on inflam-
mation, thus explaining our null findings. Furthermore,
animal models show that a high-fat diet can increase de-
pressive symptoms via brain inflammation, even in the
absence of obesity (60). Additional research incorporating
biomarkers to measure omega FA levels and inflamma-
tory states is needed to test for this possibility. The
strength of the association between FAs and depressive
symptoms for normal weight versus persons with
overweight/obesity should also be compared in national
samples.

The observed pattern of omega FA intake also limited
our opportunity to detect effects on depressive symp-
toms. The majority of n-3 FA intake was via ALA, which
is only likely to have anti-inflammatory effects when con-
verted by the body to EPA and DHA. However, very little
of ALA is converted to EPA and DHA in the presence of
high levels of n-6 FAs because of competition for en-
zymes (61). In this sample, n-3 FAs were unlikely to have
an anti-inflammatory effect and subsequent positive ef-
fects on depressive symptoms, both because (i) Overall
consumption of EPA and DHA from fatty fish and shellfish
was well below recommended levels and (ii) Because of
little opportunity to convert ALA to EPA and DHA given
an unfavourable n-6 to n-3 ratio (29).

While persons with overweight/obesity might be ex-
pected to report consuming poor-quality diets, the low
level of EPA and DHA gleaned from rich dietary sources
is an important finding of this study. EPA and DHA defi-
ciency could have important health implications beyond
depressive symptoms (14). For example, low EPA and
DHA are not only associated with obesity (62) but also
with cardiovascular disease, attention deficit hyperactiv-
ity disorder and dementia (63–65).

In contrast to n-3 FAs, the pro-inflammatory n-6 FAs
(56) were consumed at much higher levels. While n-6
FAs might be expected to have an effect on depressive
symptoms, they would likely do so by exacerbating an al-
ready elevated level of chronic inflammation (56). Some
evidence of this association was detected in the correla-
tion between n-6 FA intake and depressive symptoms;
however, the association was accounted for by total en-
ergy intake. This likely indicates that n-6 FAs served pri-
marily as a proxy of overall dietary quality, as n-6 FA
consumption is known to relate to both overall total en-
ergy intake and dietary quality (53,66). Furthermore, poor
© 2016 The Authors
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Table 2 Reported dietary polyunsaturated fatty acid intake as compared with recommendationsa

Nutrient Recommended daily intakea (% of total energy intake) Reported daily intakeb (% of total energy intake)

Omega-3 intake
Alpha-linolenic acid 1.0%s 0.65%
Eicosapentaenoic acid 0.1% 0.02%
Docosahexaenoic acid 0.1% 0.01%

Eicosapentaenoic
acid + Docosahexaenoic acid

0.3% 0.03%

Omega-6 intake
Linoleic acid 2.0% 6.7%
(Upper limit) 3.0%
Omega-6 : omega-3 ratio Recommended ratio Reported ratio
Ratio (grammes) 2:1 9.38:1

aRecommendations are based on AI’s (Adequate Intake) for adults, which is expected to meet or exceed the amount needed to maintain ade-
quacy in essentially all healthy members of a the population
bParticipants reported consuming 1866.2 kcals/d, on average.
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dietary quality is a known contributor to inflammation
(41,67). Thus, the observed pattern of FA intake reinforces
the hypothesis that chronic inflammation is an important
influence in persons with overweight/obesity and that
FA intake may not affect depressive symptoms.

Despite not finding a robust effect of FAs on de-
pressive symptoms, the influence of FAs on mood
Table 3 Correlations among body size, dietary characteristics and depre

Variable 1 2 3 4

1. BMI (kg/m2) —

2. Energy intake r .168 —
p .021

3. Fat intake (g) r �.027 .122 —
p .717 .096

4. Protein intake (g) r �.035 �.133 .146 —

p .633 .069 .046
5. Carb intake (g) r .083 .068 �.622 �.441

p .257 .356 < .001 < .001
6. Total omega-3 intake (g) r .086 .816 .364 .063

p .240 < .001 < .001 .388
7. ALA (g) r .102 .827 .879 .771

p .162 < .001 < .001 < .001
8. EPA (g) r �.047 .237 .261 .416

p .521 .001 < .001 < .001
9. DHA (g) r �.035 .323 .357 .537

p .634 < .001 < .001 < .001
10. Total omega-6 intake (g) r .093 .873 .388 �.030

p .240 < .001 < .001 .681
11. Omega-6 : omega-3 ratio r .014 244 .073 �.192

p .852 .001 .320 .008
12. CES-D total r �.009 .196 �.018 .043

p .901 .007 .807 .558

ALA, alpha-linolenic acid (g); BMI, body mass index; CES-D, Center for Epid
EPA, eicosapentaenoic acid (g).

© 2016 The Authors
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may become more powerful as the behavioural weight
loss seekers lose weight, improve the quality of their
diet and become physically active, all of which might
improve a chronic state of inflammation (48,66). Addi-
tionally, the omega FA profile would be expected to
change in favour of increased n-3 FA intake via rich die-
tary sources and reduced n-6 FA intake. In this scenario,
ssive symptoms

5 6 7 8 9 10 11 12

—

�.191 —
.009
.675 .984 —

< .001 < .001
.104 .450 .286 —
.156 < .001 < .001
.152 .533 .376 .952 —
.038 < .001 < .001 < .001

�.119 .918 .928 .285 .393 —
.105 < .001 < .001 < .001 < .001
.162 �.054 .044 �.306 �.236 .303 —

.026 .464 .551 < .001 < .001 < .001

.060 .129 .130 .024 .060 .182 .111 —

.412 .078 .075 .747 .410 .012 .129

emiological Studies Depression Scale; DHA, docosahexaenoic acid (g);

besity and The Obesity Society. Obesity Science & Practice
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FAs could be expected to have a greater impact on de-
pressive symptoms. Additional research is needed to de-
termine whether individuals who are seeking to maximize
improvements in mood, which are often seen as a sec-
ondary benefit of behavioural weight loss treatment (44),
may benefit from coaching regarding the beneficial ef-
fects of a healthy FA profile.

This study is important because it is one of few to ex-
plore associations between omega FA consumption and
mood specifically in persons with overweight/obesity.
This paper is also among the first to identify FAs as
potentially important for maximizing improvements in
psychological well-being that are typically achieved
as a secondary benefit of behavioural weight loss
treatment. The large sample size and use of a gold-
standard dietary assessment tool are also methodological
strengths. This study also has several limitations.
First, the analysis was based on cross-sectional
baseline data, so any causal or temporal relationship
between dietary intake, mood and weight cannot be
determined. Second, FFQs are known to be imper-
fect, as they provide an estimate of relative intake
for total energy and FA intake. However, it is likely
that, as a measure of inter-individual variability in total
caloric intake and FA consumption, the measure was
acceptable for the purposes of this study. Lastly,
while the CES-D is an oft-used and validated mea-
sure, depressive symptomology was self-reported
and could not be used to establish a clinical diagno-
sis of depression. Future direction might incorporate
the use of a more sensitive instrument for differences
in minor depressive symptomology.

This research contributes to a growing body of lit-
erature on the relation between FAs and mood. Addi-
tional research is needed to determine for whom and
under what circumstances FAs are related to mood,
and whether the effect of FAs can be harnessed to
improve mood, particularly among populations such
as the persons with overweight/obesity who are rou-
tinely observed to experience impairments in mood.
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