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Depression and long chain n-3 fatty acids
in adipose tissue in adults from Crete
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Background: Only one study has investigated the relationship of essential fatty acids in the adipose tissue with depression in
adults and suggested an inverse relationship between docosahexaenoic acid (22:6 n-3) (DHA) and depression.
Objective: To examine the relation between adipose tissue polyunsaturated fatty acids especially n-3 and n-6 fatty acids, an
index of long-term or habitual fatty acid intake, and depression in adults.
Design: Cross-sectional study of healthy adults from the island of Crete.
Setting: The Preventive Medicine and Nutrition Clinic, University of Crete, Greece.
Subjects: A total of 130 healthy adults (59 males, 71 females) aged 22—58 years. The sample was a sub-sample of the Greek
ApoEurope study group.
Methods: Fatty acids were determined by gas chromatography in adipose tissue. Information about depression was obtained
through the Zung Self-rating Depression Scale.
Results: Adipose tissue DHA was inversely related with depression. Multiple linear regression analysis taking into account the
possible confounding effect of age, gender, body mass index, smoking and educational level confirmed this association.
Conclusions: The inverse relationship between adipose DHA and depression in adults, replicates findings of a previous study.
This relationship indicates that a low long-term dietary intake of DHA is associated with an increased risk for depression in adults.
Funding: The International Olive Oil Council and the DG XII of the European Union.
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Introduction

Depression constitutes the most common psychiatric dis-

order in adults and a major health problem in the elderly

(Zheng et al., 1997; Forsell and Winblad, 1999). It has been

reported that the age of onset of major depression has

decreased, while its incidence has increased, the last 100

years (Klerman and Weissman, 1989). Depression is asso-

ciated with increases in all-causes mortality, particularly in

men (Zheng et al., 1997).

Epidemiological studies have shown that increased con-

sumption of fish is associated with a lower prevalence of

depression (Hibbeln, 1998). There are indications, that

depletions in docosahexaenoic acid (C22:6 n-3) (DHA) and

other long-chain n-3 polyunsaturated fatty acids (PUFA)

may be associated with depression. Lower proportions of
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long-chain n-3 PUFA have been reported in the plasma,

red blood cell membranes and serum cholesteryl esters

and phospholipids of depressed patients as opposed to

healthy controls (Adams et al., 1996; Maes et al., 1996,

1999; Edwards et al., 1998; Peet et al., 1998). However,

not only n-3 PUFA, but also PUFA of the n-6 family

were implicated in depression. Elevated ratios of n-6/n-3

PUFA and of arachidonic (C20:4 n-6) to eicosapentaenoic

acid (C20:5 n-3) have been observed in erythocytes

and serum cholesteryl esters and phospholipids of

depressed patients as opposed to healthy controls (Adams

et al., 1996; Maes et al., 1996, 1999). It has been reported

that plasma and serum phospholipids and cholesteryl

esters reflect fatty acid intake over a few days to

weeks (Glatzz et al., 1989; Katan et al., 1997). However, it

has been shown that lecithin:cholesterol acyl trans-

ferase (LCAT), the enzyme responsible for fatty acid

esterification to cholesteryl esters, has a preference for

linoleic acid over n-3 PUFA, especially DHA (Parks et al.,

1989; Thornburg et al., 1995). Indeed, DHA has been

reported to be a poor substrate for LCAT (Subbaiah et al.,

1993). Nevertheless, taken together, these findings appear

to indicate that the lower n-3 PUFA in depressed persons

reported by most of the studies may reflect, at least in

part, a corresponding lower consumption of these particular

fatty acids. Controlled clinical studies have shown that

dietary supplementation with n-3 PUFA over a short

period, led to improvements in depressive symptoms in

depressed patients (Nemets et al., 2002; Peet and Horrobin,

2002; Su et al., 2003).

Few studies have examined the relationship between long-

term n-3 PUFA intake and depression. The adipose tissue

composition is a biomarker of long-term or habitual dietary

fat intake (1–3 years) (Dayton et al., 1966; Beynen et al.,

1980). Three studies have examined the relationship

between adipose tissue PUFA and depression. One of these

studies indicated an inverse relationship between adipose

tissue alpha-linolenic acid (C18:3 n-3) and depression, in a

group of elderly (Mamalakis et al., 2004a). Depressed subjects

had significantly lower (�10.5%) adipose tissue C18:3 n-3

levels than non-depressed subjects. A second study failed

to observe a relation between adipose tissue n-3 PUFA and

depression in an adolescent group (Mamalakis et al., 2004b).

It must be emphasized that only one study has examined

the relationship between adipose n-3 PUFA and depression

in adults. Furthermore, the particular adult group was a

homogeneous one in terms of education and occupation (i.e.

lawyers). This study indicated that adipose tissue

DHA related inversely to depression in the particular

adult group (Mamalakis et al., 2002). Mildly depressed

subjects had 36.4% lower adipose tissue DHA levels than

non-depressed subjects.

The purpose of the present study is to re-examine

and confirm the findings obtained on depression and

adipose tissue n-3 PUFA in adults, this time using a non

homogeneous study sample.

Methods

Subjects

The study sample was a sub-sample of the Greek ApoEurope

study group (Schiele et al., 2000). The sample consisted of

130 healthy adults (59 males, 71 females) from the island

of Crete. Subjects were between 22 and 58 years of age. The

mean age was 36.9 years. All subjects were informed about

the nature and the purpose of this study and signed an

informed consent. The ethics committee at the University of

Crete had previously approved the protocol of this research.

Subjects were interviewed by appointment at the Preventive

Medicine and Nutrition Clinic of the University of Crete

where they underwent a thorough physical examination and

clinical test.

Depression assessment

The level of depression was assessed through the use of

a Greek translation of the Zung Self-rating Depression Scale

(ZSDS). ZSDS, a 20-item scale, has been reported to constitute

a valid and reliable measure of depression (Fountoulakis

et al., 2001).

Anthropometric measures

Body weight was assayed by a digital scale (Seca) with an

accuracy of7100 g. Subjects were weighed without shoes, in

their underwear. Standing height was measured without

shoes to the nearest 0.5 cm with the use of a commercial

stadiometer with the shoulders in relaxed position and arms

hanging freely. Body mass index (BMI) was calculated by

dividing weight (kg) by height squared (m2).

Questionnaire data

Subjects were asked about their smoking habits and educa-

tion. Smoking was a dichotomous variable (no smoking¼0,

occasional or regular smoking¼1). Educational level was

coded on an interval scale (primary school¼0, secondary

school¼1, post-high school education/vocational-technical

training¼2, higher education¼3).

Adipose tissue measures

Buttock subcutaneous tissue samples were collected by

aspiration, using the method described by Beynen and Katan

(Beynen and Katan, 1985). The particular method has

been reported to be rapid and safe, and to cause no more

discomfort than a routine venipuncture (Beynen and Katan,

1985). Buttock adipose tissue samples can be safely stored for

up to 1.5 years without changes in the component fatty acids

(Beynen and Katan, 1985). Samples were taken from the left

upper outer quadrant of the gluteal area, through the use of a

10 ml vaccutaneous tube. Prior to aspiration, aspiration sites

were sprayed with local anesthetic (ethyl chloride). Adipose
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tissue samples were stored in �801C. Prior to analysis

samples were thawed and the fat was transferred to 10 ml

screw-capped tubes by means of Pasteur pipettes and several

drops (B0.5 ml) of chloroform: methanol (2:1, v/v). Methyl

esters of the fat component fatty acids (FAME) were prepared

in the screw-capped vials according to the method described

by Metcalfe et al. (1966). The FAME were separated on a

50 mx0.22 mm BPX 70 capillary column, coated with a

0.25 mm film of cyanopropyl silicone provided by SGE

(Melbourne, Australia), using an Agilent Technologies

(former Hewlett-Packard HP, Avondale, PA, USA) HP 6890

gas chromatograph equipped with autosampler and with a

MSD-5972 mass selective detector as it was described by

Mamalakis et al. (2001).

The identification of over 40 FAME peaks was accom-

plished by means of a standard mixture of 37 FAME

purchased from Sigma (Sigma L9405, St Louis, MO, USA)

and by reference to NIST mass spectra library. The mixed

FAME standard was injected periodically to determine slight

changes in retention times, while it furthermore served for

the calculation of fatty acid response factors. The calculated

response factors were found to range between 0.88 and 1.15

and they were applied to the areas derived from the

chromatographic traces.

Statistical methods

Data were analyzed through the use of the SPSS statistical

package. Since several of the adipose tissue fatty acids were

not normally distributed, the rank-order Spearman’s correla-

tion coefficient was used to assess unadjusted relationships

between adipose tissue essential fatty acids and Zung

depression scores.

Multiple linear regression analysis was carried out with

Zung depression as the dependent variable and age, gender,

BMI, educational level, smoking and adipose tissue DHA as

the independent variables. Gender and cigarette smoking

were dummy variables (males¼1, females¼0), (smokers¼1,

non-smokers¼0). Education was categorized in four levels

(primary school¼0, secondary school¼ 1, post-high school

education¼2, higher education¼3).

Results

Table 1 depicts means and s. d. of depression, anthropo-

metric and adipose tissue fatty acid measures for the two

genders. of the females, 21.6% had primary education or less,

25.1% had high school education, 14.5% had post-high

school education/vocational training and 38.8% had com-

pleted college/university while the corresponding propor-

tions for males were 30.9, 19.5, 9 and 40.6%, respectively.

Of females 42.3% were smokers and 33.9% of the males.

Females had serum total cholesterol (209.1 mg/dl), triglyce-

rides (77.9 mg/dl), HDL-C (58.9 mg/dl), LDL-C (134.7 mg/dl),

systolic blood pressure (119.4) and diastolic blood pressure

(76.5), while the corresponding levels for males were

(227.6 mg/dl), (138.8 mg/dl), (46.7 mg/dl), (153.1 mg/dl),

(125.1 mm Hg) and (84.3 mm Hg).

Table 2 depicts Spearman correlations between depression

and adipose tissue fatty acids in the two genders and

the entire sample. The long-chain n-3 fatty acids C22:5

n-3 and C22:6 n-3 were inversely related with depression.

Most evidence for an association between long chain

n-3 fatty acids and depression is for C22:6 n-3, DHA.

Because of the strong correlation between C22:6 n-3 and

C22:5 n-3 (r¼ þ0.84, po0.0005) we used only DHA in

further analysis on the association between n-3 fatty

acids and depression. The inverse association between

adipose tissue DHA and depression remained after

adjustment of potential confounders (i.e. age, gender, BMI,

smoking and educational level). Also, gender, BMI

Table 1 Means and s.d. of depression, anthropometric and adipose
tissue fatty acid measures in adults from Crete

Women Men

Mean s.d. N Mean s.d. N

Age 36.2 6.7 71 37.7 7.9 59
BMI 24.8 4.5 71 27.7 3.8 56
Depression score 33.9 6.4 71 30.4 6.6 59
C18:2 n-6 12.4 1.9 71 12 2.3 59
C18:3 n-6 0.15 0.11 71 0.13 0.09 59
C20:2 n-6 0.19 0.04 71 0.18 0.04 59
C20:3 n-6 0.19 0.06 71 0.20 0.06 59
C20:4 n-6 0.26 0.09 71 0.31 0.11 59
C22:2 n-6 0.04 0.02 68 0.04 0.02 56
C22:5 n-6 0.03 0.02 67 0.04 0.03 54
C18:3 n-3 0.48 0.08 71 0.50 0.12 59
C18:4 n-3 0.30 0.08 71 0.28 0.09 59
C20:3 n-3 0.04 0.02 68 0.05 0.05 57
C20:5 n-3 0.03 0.01 71 0.04 0.02 59
C22:5 n-3 0.11 0.04 71 0.13 0.04 59
C22:6 n-3 0.09 0.03 71 0.10 0.05 59

Table 2 Spearman’s correlations between adipose tissue fatty acids and
depression in the adults aged 22–58 years from Crete

Fatty acids Zung depression

Males (N¼59) Females (N¼71) Total (N¼130)

C18:2 n-6 0.22 �0.04 0.11
C18:3 n-6 0.10 0.09 0.10
C20:2 n-6 0.08 0.08 0.11
C20:3 n-6 �0.08 0.14 �0.00
C20:4 n-6 �0.02 0.11 �0.03
C22:2 n-6 �0.13 �0.04 �0.05
C22:5 n-6 �0.22 0.02 �0.10
C18:3 n-3 0.08 0.12 0.08
C18:4 n-3 0.09 0.17 0.12
C20:3 n-3 0.09 0.01 0.02
C20:5 n-3 �0.16 0.10 �0.08
C22:5 n-3 �0.25 �0.04 �0.20*
C22:6 n-3 �0.26 �0.12 �0.19*

*Po0.05.
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and smoking were significantly related with depression

(Table 3).

Discussion

This study was carried out in adults and confirmed the

association between the adipose tissue n-3 fatty acid DHA

and depression. No association was observed between n-6

fatty acids in adipose tissue and depression. In addition

independent effects were observed for gender, BMI and

smoking in relation to depression.

The observed inverse relationship between gender and

depression (Table 3) agrees with studies indicating consis-

tently higher depression rates in women as opposed to men

(Kuehner, 2003). The positive relationship between BMI and

depression (Table 3) is in line with findings of other studies

(Roberts et al., 2003). For example, a prospective study of

2123 middle-aged adults indicated that baseline obesity was

associated with elevated risk of depression 5 years after. This

finding was independent of depression at baseline (Roberts

et al., 2003). Indeed, obesity may lead to lower self-esteem

and subsequent depression (Sheslow et al., 1993). The

observed positive relation between smoking and depression

also agrees with findings of other studies (Anda et al., 1990;

Paperwalla et al., 2004). In a number of studies, it appears

that depression is an antecedent of smoking. Unlike other

studies, this study failed to demonstrate a significant relation

between depression and age (Snowdon, 2001). Also, the

present study failed to replicate the inverse relation between

depression and educational level often reported in the

literature (Gallo et al., 1993).

Given that adipose tissue fatty acid composition is a

biomarker of long term (1–3 years) or habitual dietary fat

intake (Dayton et al., 1966; Beynen et al., 1980), the observed

inverse relationship between adipose tissue DHA and

depression, in the present study, indicates that lower long-

term dietary DHA intakes are related to a higher depression

risk. This result in our adult sample, replicates the finding of

our previous study (Mamalakis et al., 2002). Mildly depressed

subjects had 36.4% lower adipose tissue DHA levels than

non-depressed subjects (Mamalakis et al., 2002). The inverse

relationship between adipose tissue DHA and depression, in

the present study, is in congruence with results of other

studies that have shown inverse relationships between

consumption of fish and depression (Hibbeln, 1998).

Furthermore, the inverse relationship between DHA and

depression, supports findings of other studies that detected

lower levels in long-chain n-3 PUFA in plasma, red blood cell

membranes, and serum cholesteryl esters and phospholipids

of depressed patients compared to healthy controls (Adams

et al., 1996; Maes et al., 1996, 1999; Edwards et al., 1998; Peet

et al., 1998). Finally, this finding is in line with findings of

controlled clinical studies that have shown beneficial effects

of n-3 PUFA administration on depression (Nemets et al.,

2002; Peet and Horrobin, 2002; Su et al., 2003). However,

unlike other studies that reported elevations in arachidonic

(C20:4 n-6) to eicosapentaenoic acid (C20:5 n-3) ratio in

depression (Adams et al., 1996; Maes et al., 1996, 1999), the

present study failed to detect any significant correlation

between the particular ratios and depression (Table 2).

There are indications that the brain preferentially incor-

porates esterified over unesterified fatty acids (Thies et al.,

1994; Lagarde et al., 2001). It has been reported that fatty

acids esterified to erythrocyte membrane phospholipids

closely reflect those of neuronal membranes (Carlson et al.,

1986; Babin et al., 1993). Nevertheless, adipose tissue fatty

acids also may be related to brain fatty acids (Christensen

and Hoy, 1997; Valenzuela et al., 2004; Taha et al., 2005). As a

result of hydrolysis of adipose tissue triacylglycerols by

hormone-sensitive lipase and adipose triglyceride lipase, free

fatty acids enter the circulation (Frayn, 1998; Raclot et al.,

2001; Zimmermann et al., 2004). Non-esterified fatty acids,

including DHA, supply cells, tissues, organs and brain with

fatty acids (Thies et al., 1994; Rapoport et al., 2001).

It has been reported that n-3 PUFA can suppress some of

the pathophysiological features of depression, such as

inflammation and immune reactivity markers. Specifically,

in vitro studies have shown that EPA and DHA suppress IL-6

production by human endothelial cells (Khalfoun et al.,

1997). EPA and DHA have been reported to suppress the

in vitro production of IL-1, IL-2, IL-6, TNF-a and INF-g by

human lymphocytes (Purasiri et al., 1997). Human studies

have indicated that dietary supplementation with EPA and

DHA results in suppression of IL-1, IL-2, IL-6 and TNF-a
production by monocytes (Calder, 1997). Given that cyto-

kines such as IL-1, IL-2, IL-6 and TNF-a have been reported

to relate positively to depression (Maes et al., 1991; Maes,

1995; Hestad et al., 2003), the observed inverse relationship

between adipose tissue DHA and depression, in the present

study, may be due to an inhibiting effect of DHA on the

production of the particular cytokines.

Another reason for the inverse relationship between

adipose tissue DHA and depression, may involve dopami-

nergic and serotonergic pathways. It was reported that DHA

supplementation was associated with increases in the

serotonin and dopamine levels in the rat hippocampus

(Li et al., 2000). Another study showed that DHA and

arachidonic acid feeding prevented a decrease in dopami-

nergic and serotonergic neurotransmitters in animal frontal

Table 3 Crude and multiple linear regression coefficients for adipose
tissue DHA and other correlates of depression

Predictor Crude beta Multivariate beta t-value P-value

Adipose tissue DHA �36.6 �0.22 �2.7 0.008
Smoking 3.14 0.23 2.8 0.006
BMI 0.41 0.27 3.2 0.002
Gender �4.07 �0.30 �3.5 0.001
Age 0.03 0.03 0.3 0.72
Educational level �0.84 �0.11 �1.3 0.21
Constant 25.6 7.4 0.0005
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cortex (de la Presa Owens and Innis, 1999). Still, another

study indicated that deficiencies in n-3 PUFA were associated

with lower dopamine levels in rats (Takeuchi et al., 2002).

Positive correlations were observed between plasma DHA

and cerebrospinal fluid (CSF) 5-hydroxyindoleacetic acid

(5-HIAA) and homovanillic acid (HVA) concentrations, in

healthy subjects (Hibbeln et al., 1998). CSF 5-HIAA and

HVA levels reflect central concentrations of serotonin

and dopamine respectively (Hibbeln et al., 1998). Given that

depression is characterized by reduced dopamine and

serotonin levels (Bunney, 1975; Price et al., 1990), the

observed inverse relationship between adipose tissue DHA

and depression, may reflect a stimulatory effect of DHA on

serotonin and dopamine synthesis.

Finally, some plausible explanation for the inverse rela-

tionship between adipose tissue DHA and depression, may

relate to the reported neuroprotection conferred by DHA.

Specifically, one of the key pathophysiological features of

depression is neuronal atrophy and volume loss in the

hippocampus (Sheline et al., 1999; Sapolsky, 2000). Dietary

deficiency in n-3 PUFA has been reported to result in

diminished nerve growth factor levels in rat hippocampus

(Ikemoto et al., 2000). Another study observed decreases in

neuron size in the hippocampus of rats fed DHA-deficient

diets (Ahmad et al., 2002). Some other animal study reported

that DHA protected rat hippocampal cultures from gluta-

mate-induced cytotoxicity (Wang et al., 2003). DHA has been

credited with neuroprotective and neurotrophic properties

by a number of animal studies (Lauritzen et al., 2000; Polit

et al., 2001).

An obvious limitation of this cross-sectional study is that it

cannot establish a cause–effect relationship between DHA

and depression. Whether the observed relationship between

adipose DHA levels and depression in the present study

reflects a protective effect of long-term DHA intake on

depression or is merely an epiphenomenon of depression is

not known. However, double-blind, placebo-controlled

clinical trails of n-3 fatty acids in major depression and

bipolar disorder have provided indications for a causal link

between particular fatty acids, including DHA, and depres-

sion (Stoll et al., 1999; Nemets et al., 2002; Peet and

Horrobin, 2002; Su et al., 2003). It should be born in mind,

that the etiology of depression is still unknown. Never-

theless, the significant reductions in depression as a result of

n-3 fatty acid administration in clinical trials indicate that

these fatty acids may impinge, directly or indirectly, on the

biochemical substratum of depression. Another limitation

of the present study is that it consisted of predominantly

non-depressed subjects. Studies that examine adipose n-3

fatty acids in relationship to depression have not yet been

conducted in depressed persons, and are, therefore, needed.

In conclusion, we observed an inverse relationship

between adipose tissue DHA and depression, indicating that

a high long-term dietary DHA intake lowers the risk of

depression. This is the second report on the relationship

between adipose tissue DHA and depression in adults. Given

the positive relationship between depression and cytokines,

such as IL-1, IL-2, IL-6, INF-g and INF-a, the inverse

relationship between DHA and depression, may be the result

of an inhibiting effect of the particular fatty acid on cytokine

synthesis. Other plausible reasons for this relationship may

involve possible stimulatory effects on serotonergic and

dopaminergic systems as well as neuroprotection against

hippocampal neuronal atrophy and volume loss.
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