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Antioxidants and fatty acids are associated with depression and inflammation, and
inflammation appears to predict depression risk; hence, the associations between these
nutrients and depression may be mediated by inflammation. We hypothesized that
inflammatory markers interleukin (IL)-6 and C-reactive protein (CRP) mediate the
associations between antioxidant and fatty acid intakes, and depression. Participants were
from the Hunter Community Study, a longitudinal cohort of adults aged 55-85 years. Dietary
intakewas assessed using the Older Australian’s Food FrequencyQuestionnaire. Fasting blood
samples were drawn for analysis of nutrient and inflammatory biomarkers. Depressive
symptoms were assessed using the 20-item Center for Epidemiologic Studies—Depression
scale at baseline and at 5-year follow-up. Linear mixed models were used to investigate
longitudinal associations between dietary intakes and depression, and mediation analyses
were carried out to determine if IL-6 and/or CRPwere themediators. Analyseswere conducted
on men and women separately and adjusted for potential confounders. Fruit and
monounsaturated fat intakes were negatively associated with depression, whereas total fat
and saturated fat intakes were positively associated with depression in both sexes. Omega-3
polyunsaturated fat was inversely associated with depression in men only. IL-6 was a
significant mediator of the association between fruits with low carotenoid content and
depression inwomen. CRP significantlymediated the relationship between total fat, saturated
fat, and monounsaturated fat intakes and depression in women, and saturated fat intake
and depression in men. Our findings raise the possibility that the association between fatty
acid intake and depression is partially mediated by inflammatory markers.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Depression is a highly prevalent mental health disorder that
results in substantial disability [1]. Much work has been
devoted to understanding the cause of depression to allow for
development of prevention and treatment strategies. The
pathophysiology of depression is understood to be influenced
by endocrine, immunological, and metabolic mediators, and
cellular, molecular, and epigenetic forms of plasticity [2]. In
particular, several lines of research have implied that
systemic, low-grade inflammation may have a causative role
in the onset of depression [2,3]. Inflammatory markers such
as interleukin (IL)-6, tumor necrosis factor–α, interferon-α,
and C-reactive protein (CRP) may modulate the synthesis,
release, and reuptake of neurotransmitters which are in-
volved in mood regulation [2]. Inflammatory cytokines may
also exert effects on the hypothalamic-pituitary-adrenal axis
hormones where high levels of corticotrophin-releasing-
hormone and cortisol are suggested to contribute to the
signs and symptoms of depression [2]. Administration of low
doses of proinflammatory cytokines to rodents resulted in
depression-like behavior including social withdrawal, and
decreased exploratory and sexual behavior [4]. High concen-
trations of inflammatory markers have also been found in
depressed patients [3,5]. Thus, the causal connection between
inflammation and depression is plausible.

Emerging evidence from epidemiological studies has
shown how various dietary components are associated with
inflammation and depression. Studies have found higher
intake of omega-3 polyunsaturated fat (n-3 PUFA) to be
associated with lower inflammatory cytokine production [6].
Likewise, consumption of fish or n-3 PUFA supplements may
be associated with lower depression risk [7]. Antioxidants and
phytochemicals (usually found in fruits and vegetables) may
be beneficial in reducing levels of inflammation [8], and a diet
high in fruit and vegetables has been demonstrated to be
associated with reduced odds of depression [9]. Conversely,
diets characterized by high glycemic index [10] and high
saturated fat (SFA) [11] may be associated with elevated levels
of inflammatory markers. This nutrient profile is typical of a
Western diet that includes high amounts of refined grains,
red and processed meat, and fast food, which is potentially
associated with an increased risk of depression [9]. In other
words, diets rich in anti-inflammatory components may
reduce the risk of depression, whereas proinflammatory
diets could fuel depressive symptoms.

Current large-scale epidemiological evidence suggests
consumption of a diet high in fish, fruit and vegetables, and
whole grains may reduce depression risk [9]. However, these
results have been somewhat inconsistent. This may be due to
the fact that many studies examining diet and depression do
not incorporate existing knowledge of nutrient-disease asso-
ciations or possible mechanisms linking the diet-depression
relationship, and may not capture the aspect of diet most
relevant to depression.

A number of studies have examined the association between
dietary intake and inflammation [6,8,11] or the association
between inflammation and depression [3]. Others have examined
the association of dietary intakewith depression [7]. However, it is

not known whether inflammatory markers mediate the relation-
ship betweendiet anddepression. Basedonavailable evidence,we
hypothesized that nutrients with anti- or proinflammatory
properties such as antioxidants and fatty acids would be
associated with depressive symptoms and that inflammatory
markers IL-6 and CRP would mediate these associations.
Therefore, we aimed to (1) explore the prospective associations
between carotenoids, vitamin E, fatty acids, fruit and vegetables,
and depressive symptoms among a group of older Australian
adults and (2) test the potential mediating effects of inflamma-
tory markers using mediation analyses.

2. Methods and materials

2.1. Study sample

Data for this study were drawn from the Hunter Community
Study (HCS), which is a population-based cohort study of
adults aged 55-85 years at recruitment residing in Newcastle,
New South Wales, Australia [12]. Study participants were
randomly selected from the New South Wales State Electoral
Roll and recruited between December 2004 and December
2007. A total of 3254 individuals participated in the study. The
HCS participants were similar in sex and marital status to the
national profile but were slightly younger [12]. At baseline, all
participants were required to attend a face-to-face clinical
assessment at the HCS clinic with trained study assessors,
provide a fasting blood sample, and complete a series of self-
report questionnaires which included assessment of dietary
intake and depressive symptoms (for details onmeasures, see
McEvoy et al, 2010) [12]. In 2010, participants were invited to
complete follow-up questionnaires, and 2250 participants
completed the follow-up. Full methodological details have
been published previously [12]. The present study was
restricted to participants who had complete dietary data,
provided a blood sample, and completed the assessment for
depressive symptoms (n = 2035). The HCS has received ethics
approval from the University of Newcastle Research Ethics
Committee (H-820-0504). Written informed consent was
obtained before participants were enrolled in the study.

2.2. Assessment of dietary intake

Dietary intake was assessed at baseline using the self-
administered Older Australian’s Food Frequency Question-
naire (FFQ). This 145-item semiquantitative FFQ was devel-
oped by the Blue Mountain Eye Study (BMES) specifically for
use with older Australians [13]. Participants were required to
indicate their usual frequency of foods consumed in the past
year, with 9 categorical frequency options: “never” to “four or
more times per day.” Open-ended questions were included on
the types of fruit juices, breakfast cereal, and other frequently
consumed foods that were not included in the list. The FFQ
also assessed dietary supplements use. The FFQ has been
validated twice, against 4-day weighed food records in the BMES
[13] and against plasma biomarkers in the HCS [14]. This FFQ
demonstrated reasonable validity against both self-reported and
objective biochemical measures. The correlation coefficient for
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