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ABSTRACT

In this thesis, the results of cross-sectional studies on the relationship of depression with
adipose tissue n-3 polyunsaturated fatty acids (n-3 PUFA) have been described. The aim of
this thesis is to investigate whether adipose tissue n-3 fatty acids, an objective index or
biomarker of long-term or habitual n-3 PUFA intake relates to depression. The study
populations in this thesis consisted of generally healthy adolescent, adult and elderly
volunteers from the island of Crete. With the exception of the elderly group that consisted

solely of males, all other age-groups consisted of both male and female subjects.

Significant relationships between different n-3 PUFA and depression were not manifested
in our adolescent group. In the same adolescent group, inclusion of serum adiponectin
along with other covariates in the statistical analysis, yielded a significant inverse
relationship (r=-0.24, p<0.05) between scores on the Beck Depression Inventory (BDI) and

adipose tissue eicosapentaenoic acid (EPA).

A significant inverse association between depression and adipose tissue docosahexaenoic
acid (DHA) was observed in one of our adult groups. A comparison of mildly depressed
adults and non-depressed ones indicated significantly lower (-34.6%, p<0.05) adipose
tissue DHA levels in the former sub-group. The inverse relationship between depression
and adipose tissue DHA was also confirmed in a second adult group. Still, in another adult

group, depression was not significantly related to adipose tissue n-3 PUFA.

A significant inverse relationship between depression and adipose tissue alpha-linolenic
acid (ALA) was observed in a group of elderly subjects. Depressed males had significantly
lowered (-10.5%, p<0.02) adipose tissue ALA levels than non-depressed ones.

The results presented in this thesis demonstrated for the fist time in the different age-groups
studied, significant inverse relationships between depression and different adipose tissue
n-3 PUFA. Adipose tissue EPA was significantly inversely associated with depression in
adolescents. Similar relations were found for DHA in adults and for ALA in elderly
subjects. However, an all-embracing explanation for the relations observed for the different

n-3 PUFA in the different age-groups is not yet available.






CONTENTS

Page
Chapter 1 General Introduction 9

Chapter 2 Depression and adipose n-3 polyunsaturated fatty acids in an adolescent 23

group
Published in: Prostagl Leukotr Essent Fatty Acids 2004; 71: 289-94.

Chapter 3 Depression and adiponectin and adipose n-3 polyunsaturated fatty acids 37
in adolescents
Published in: Pharmacol Biochem Behavior 2006; 85: 474-79.

Chapter 4 Depression and adipose n-3 polyunsaturated fatty acids in an adult group 53
Published in: Prostagl Leukotr Essent Fatty Acids 2002; 67: 311-18.

Chapter 5 Depression and adipose n-3 polyunsaturated fatty acids in adults from 69
Crete
Published in: Eur J Clin Nutr 2006; 60: 882-88.

Chapter 6 Depression and n-3 polyunsaturated fatty acids in adipose tissue and 83
serum phospholipids in adults
Submitted.

Chapter 7 Depression and adipose n-3 polyunsaturated fatty acids in an elderly 95
group

Published in: Prostagl Leukotr Essent Fatty Acids 2004; 70: 495-501.

Chapter 8 Depression and adipose and serum cholesteryl ester n-3 polyunsaturated 111
fatty acids in an elderly group
Published in: Eur J Clin Nutr 2006; 60: 1016-23.

Chapter 9 General discussion 129
Summary 161
Samenvatting 165
Acknowledgements 169
About the author 171
List of publications 173






Chapter 1

GENERAL INTRODUCTION



Depression, the most common psychiatric disorder in adults ', is a recurrent, > costly * and
highly debilitating disease.” Depression has been reported to be characterized by increased

morbidity and mortality."®’

Despite increasing affluence and advances in
pharmacotherapy, it has been reported that the age of onset of major depression has
decreased, while its incidence has increased, the last 100 years.® In a recent publication, the
investigators of the Global Burden of Disease project predicted that by 2030, depression

will become one of the leading causes of disability worldwide.”

Recently, a large pan-European survey of depression (DEPRES I) was conducted. The
particular study involved 78,463 adults from six different European countries (UK,
Belgium, France, Germany, The Netherlands and Spain). It was found that 13,359 adults or
17% of the population studied, suffered from depression (major depression, minor
depression, or depressive symptoms).'® Another recent study assessed the prevalence of
depressive disorders in Europe, in nine randomly selected samples of adults aged 18 to 64.
There were 8.764 adult participants from five European countries (UK, Ireland, Norway,
Finland and Spain)."" Depression prevalence (Beck Depression Inventory scores >= 12 and
clinical interview) was assessed in both urban and rural samples. The prevalence of
depression in the rural communities ranged from 6.5% to 9.3%, while that in the urban
communities ranged from 2.6% to 17.1%. Depression prevalence was 8.6% for the entire

population (10.1% for women, 6.6% for men).

There are indications that there is a high prevalence of depression among the Greeks.
Specifically, a recent study of a randomly selected sample of healthy Greek adults showed
that the prevalence of mild-to-severe depression (Zung Self Rating Depression Scale scores
>=50) was 25% for men and 33% for women.'> In addition, a study of healthy elderly
people from five European countries (Italy, Greece, France, Poland, Germany) indicated
that among the five countries, Greece had the highest prevalence of depression (Geriatric
Depression Scale-15 score >=5) (34.4%), followed by Poland (34%), Italy (28.2%), France
(10%) and Germany (8.9%)."

There is some evidence that the prevalence of depression in Greece is increasing. A cross-
sectional survey carried out by the National Center for Social Research in 1978, involved a
randomly selected sample of Greek adults from four geographic areas of mainland Greece.
The prevalence of mild to severe depression in that group (>16 score on CES-D scale) was
17% (9.6% for males, 23.3% for females).'* A second cross-sectional survey was carried

out by the Department of Psychiatry of Athens University in 1984. The particular study
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followed the same methodology as the 1978 survey. A representative sample of Greek
adults was recruited from the same areas as the 1978 study. It was found that the
prevalence of depression in adult Greeks was significantly higher (10.6%) in 1984 than in
1978. Specifically, the prevalence of mild to severe depression (>16 score on CES-D scale)
had increased from 17% in 1978 to 27.6% in 1984. The proportion of depressed males and
females in 1984 were 15.4% and 37.6% respectively. The authors attributed the significant
increase in depression prevalence between 1978 and 1984, to the psychosocial stress due to
the economic instability and recession and increase in inflation rate and unemployment
during the particular six-year period."” Finally, it has been reported that there has been a
significant 73.8% increase in the sales of psychotropic drugs as opposed to an increase of

36% in the sales of all other drugs in Greece, during the particular six-year period.'®

DEPRESSION AND N-3 POLYUNSATURATED FATTY ACIDS

The parent compound of the n-3 family of polyunsaturated fatty acids (PUFA) is alpha-
linolenic acid (C18:3 n-3) (ALA). ALA is nutritionally an essential fatty acid, because it
can not be synthesized by the body or be inter-converted from other fatty acids but must be
supplied from the diet. ALA comes primarily from plant sources. Rich sources of ALA are
flaxseed, canola and walnuts, and flaxseed oil, walnut oil and rapeseed oil. Once consumed
from the diet, ALA undergoes a series of desaturations / elongations to produce its longer-
chain derivative fatty acids eicosapentaenoic acid (C20:5 n-3) (EPA), and docosahexaenoic
acid (C22:6 n-3) (DHA). It has been reported that humans have a limited capacity of
converting ALA to its longer-chain derivatives EPA and DHA.'"'® It has been suggested
that the safest way to ensure adequate supplies / body stores in the later two fatty acids is
through exogenous sources or preformed dietary EPA and DHA. Rich sources of dietary
EPA and DHA are fish, particularly fatty fish such as sardines, herring, mackerel, salmon,

anchovy and tuna, and fish oil.

A number of studies has indicated significant relationships between depression and n-3
PUFA. Specifically, cross-cultural, cross-sectional, case-control and prospective cohort
studies have reported inverse relationships between depression and PUFA of the n-3
family."”® Some of these studies have used dietary intake measures such as dietary history

. . 22-24
or food frequency questionnaires,

whereas other studies have used objective indicators
(biomarkers) of short-term (few days to few months) n-3 PUFA intake.”?* These

biomarkers of short-term fatty acid intake were red blood cell membrane phospholipids,
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plasma and serum phospholipids and plasma and serum cholesteryl esters. For example,
case-control studies have shown lower levels of EPA, DHA and total n-3 fatty acids in the
red blood cell membrane phospholipids, plasma or erythrocyte blood lipids, and cholesteryl

esters of depressive patients as opposed to healthy control subjects.”®

Moreover, a
number of clinical controlled studies have shown that therapeutic administration of n-3
PUFA to depressed patients over brief time periods, led to significant reductions in
depression severity.”>® Although most of these studies provide indications for a link
between depression and short-term n-3 PUFA intake, no such association has yet been
shown for long-term n-3 PUFA intake. In other words, it is not yet known whether a high
long-term or habitual n-3 PUFA intake protects against depression. Until now, no studies

have investigated the extent to which depression is related to objective indicators or

biomarkers of long-term n-3 PUFA intake.

BIOCHEMICAL MECHANISMS LINKING N-3 PUFA TO DEPRESSION

Although the precise etiology of depression remains unknown, one of the key features of
the particular disorder is deficits in adrenergic and serotonergic neurotransmission.
Depression has been reported to be associated with reduced norepinephrine and dopamine
as well as serotonin levels.>*** On the other hand, there are indications that certain n-3 fatty
acids may be associated with increases in serotonin and dopamine. Specifically, positive
correlations have been reported between plasma DHA and cerebrospinal fluid 5-
hydroxyindoleacetic acid (5-HIAA) and homovanillic acid (HVA) concentrations, in
healthy humans.®® Cerebrospinal fluid 5-HIAA and HVA levels reflect central
concentrations of serotonin and dopamine respectively.’® Aside from deficits in adrenergic
and serotonergic channels, depression is characterized by inflammation and elevated pro-
inflammatory cytokines such as IL-1, IL-2, IL-6 and TNF-alpha.”” On the other hand, it
has been reported that n-3 fatty acids such as ALA, EPA and DHA, inhibit the production
of the particular pro-inflammatory cytokines in human subjects.*”** Finally, it has been
reported that depression is associated with neuronal atrophy and volume loss in the
hippocampus.**® On the other hand, there are indications that certain fatty acids of the
omega-3 series may confer protection to the hippocampus. Specifically, EPA and DHA

have been credited with neuroprotective effects on the animal hippocampus.*’>
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RATIONALE OF THIS THESIS

When the research for this thesis started, there was some evidence in support of an inverse
relationship between depression and n-3 fatty acids. A number of studies that have used
objective indices or biomarkers of short-term fatty acid intake have indicated significant
inverse relationships between depression and short-term n-3 PUFA consumption.”*® Up
until now, however, no studies have investigated whether depression relates also to
biomarkers of long-term or habitual n-3 PUFA intake. The aim of this thesis is to
investigate whether adipose tissue n-3 fatty acids, an objective index or biomarker of long-

term or habitual n-3 PUFA intake relates to depression.

STUDY POPULATIONS

The study populations in this thesis were groups of adolescent, adult and elderly subjects
from the island of Crete. All groups consisted of healthy, mostly non-depressed, volunteer
participants. With the exception of the elderly group that consisted solely of males, all
other age-groups consisted of both male and female participants. The adolescent group was
comprised of 90 children (54 girls and 36 boys) aged 13 to 18. The group came from an
urban community of Crete. One of the adult groups consisted of 247 lawyers (146 males,
101 females) aged 24 to 69. The second adult group, a sub-sample of the Greek ApoEurope
study group, consisted of 130 adults (59 males, 71 females) aged 22 to 58. Subjects came
from urban and rural communities of Crete. The sample consisted of employees of the
University hospital of Crete and the University of Crete, farmers, and third year medical
students at the University of Crete. The third adult group, a representative sample of a rural
community of Crete, was comprised of 394 subjects (175 males, 219 females) aged 18 to
60. The particular subjects were involved into small farming business. The elderly group

consisted of 150 male survivors of the Cretan cohort of the Seven Countries Study.

MEASURES OBTAINED
Anthropometric measures such as body weight and height were taken, and body mass index
(BMI) was calculated by dividing weight (Kg) by height squared (m?). In addition, data

concerning subjects’ smoking habits and education were collected.

Long-term or habitual n-3 fatty acid intake was assessed through the use of the adipose

tissue as a biological specimen or compartment. Both, adipose tissue and erythrocyte
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membranes, serum triacylglycerols, cholesteryl esters and phospholipids, all have been
used as objective biological indicators or biomarkers of fatty acid intake. However, serum
triacylglycerol, cholesteryl ester and phospholipid and erythrocyte membrane fatty acid
composition reflects fatty acid intake of the preceding few hours to several weeks.”* By
contrast, the adipose tissue has a very slow turnover (0.11% daily) and a half-life of
approximately 600 days.””’ The fatty acid composition of adipose tissue has been reported
to reflect dietary intake of the preceding 2 to 3 year period.”>”* Adipose samples were
aspirated from the gluteal adipose tissue (buttock) and n-3 PUFA were determined by gas
chromatography. There are indications that abdominal adipose tissue has a faster fatty acid
turn over rate than gluteal depots.”’”’ Consequently, gluteal adipose tissue should perhaps
be preferred over abdominal adipose tissue for the study of long-term fatty acid

consumption.

Adipose tissue is a useful marker of the type of fat consumed.®”®' However, adipose tissue
has a limited value as a dietary intake index for monounsaturated and saturated fatty
acids.”? The reason is that the adipose levels of these nonessential fatty acids are not only
the result of dietary intake but also of endogenous synthesis. However, this is not the case
with trans fatty acids, the odd-chain saturated fatty acids (e.g. C15:0 and C17:0) and the
essential polyunsaturated fatty acids (n-3 and n-6 PUFA), that can not be synthesized

endogenously but are derived exclusively from dietary sources.*>**

It has been reported that
the adipose tissue is a particularly useful dietary intake marker for essential fatty acids such
as the n-3 PUFA.® Adipose tissue n-3 PUFA levels have been reported to closely reflect

dietary intake levels."”°

The use of dietary intake measures such as dietary history or food-frequency questionnaires
or estimated or weighed food records is flawed with bias due to inaccurate recall and
reporting, changes in seasonal eating patterns, inherent limitations in the use of the food
consumption tables used to assess intake of individual fatty acids, and over- or under-
reporting of foods regarded as more socially acceptable or less socially acceptable
respectively. The use of the adipose tissue, on the other hand, is free of such bias. Actually,

the adipose tissue has been used to validate dietary questionnaires.”"’* Owing to its slow

55-57 73,74

turnover and insensitivity to acute disease, adipose tissue is perhaps an ideal
medium for the study of long-term fatty acid intake. The use of the adipose tissue as a
biomarker of long-term fatty acid intake may be especially suited for the study of chronic

disease or diseases that can have a long course and duration such as depression. However, a
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weakness in using adipose tissue measures is that these measures represent qualitative
rather than quantitative estimates. In other words, the different individual fatty acids
assessed reflect relative or qualitative (% of the total fatty acids in the chromatogram)
rather than absolute or quantitative (e.g. mg) fatty acid intake. Nevertheless, the adipose
tissue fatty acid content has been used in epidemiological research as a valid marker of the

type of fat consumed by different populations ** and within individuals.”’®

Depressive symptomatology was assessed through the administration of well-known,
widely used self-rating depression scales such as the Beck Depression Inventory (BDI),”’
the Zung Self Rating Depression Scale (ZSRDS),”® the Center for Epidemiologic Studies
Depression Scale (CES-D) " and the 15-item version of the Geriatric Depression Scale
(GDS-15).*" The rationale for selecting the particular instruments were their well
established psychometric properties (reliability and validity) as well as their applicability to
the particular age-groups studied.®™ Furthermore, the CES-D,*’ the ZSRDS ** and the
GDS-15 * have been standardized in Greeks.

OUTLINE OF THIS THESIS

In this thesis, cross-sectional studies on the relations between depression and n-3 PUFA are
addressed. Seven studies describe the relationship between degree of depression or
depressive symptomatology and n-3 PUFA in the adipose tissue, an objective indicator or
biomarker of habitual or long-term intake, in different age-groups. In CHAPTERS 2 and 3
we report on the association between depression and adipose tissue n-3 PUFA in an

adolescent group.

In CHAPTER 4, the relationship between degree of depression and adipose omega-3
PUFA is investigated in a group of adults (lawyers). In addition, comparisons are made
between mildly depressed subjects and non-depressed ones in adipose tissue n-3 PUFA
composition. In CHAPTER 5, we investigate for possible associations between depression
and adipose n-3 PUFA in an adult sub-sample of the Greek ApoEurope study group. This
sample consisted of 130 adults (59 males, 71 females) from urban and rural communities of
Crete. In CHAPTER 6, the relationship of depression with adipose n-3 fatty acids is

investigated in an adult population, a representative sample of a rural community of Crete.

In CHAPTER 7, the association between degree of depression symptomatology and

adipose tissue n-3 PUFA composition is investigated in the surviving elderly males of the
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Cretan cohort of the Seven Countries Study. Furthermore, comparisons are made between

depressed and non-depressed subjects in adipose tissue n-3 fatty acid composition.

In CHAPTER 8, we investigate whether the relationship between depression and n-3

PUFA in adipose tissue in the elderly survivors of the Greek Seven Countries Study group

persists, after controling for serum cholesteryl ester fatty acid composition.

Finally, the main results, methodological considerations and the strength of the associations

between different n-3 PUFA and depression are discussed in CHAPTER 9.
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ABSTRACT

The purpose of the present study was to investigate the relation between adipose tissue
polyunsaturated fatty acids, an index of long-term or habitual fatty acid dietary intake and
depression. The sample consisted of 90 adolescents from the island of Crete. There were 54
girls and 36 boys, aged 13 to 18. The mean age was 15.2 years. Subjects were examined by
the Preventive Medicine and Nutrition Clinic of the University of Crete. Depression was
assessed through the use of the Beck Depression Inventory (BDI) and the Center for
Epidemiologic Studies Depression Scale (CES-D). Unlike other studies, there were no
significant relations between adipose tissue n-3 or n-6 polyunsaturated fatty acids and
depression. BDI correlated positively with adipose tissue C20:3n-6 / C18:3n-6 ratio, while
CES-D correlated positively with adipose tissue (C20:3n-6 + C22:5n-3) / (C18:3n-6 +
C20:5n-3) ratio. Depressed subjects (BDI>16, CES-D>16) had significantly elevated
adipose tissue C20:3n-6 / C18:3n-6 and (C20:3n-6 + C22:5n-3) / (C18:3n-6 + C20:5n-3)
ratios, than non-depressed subjects. The observed positive relation between depression and
the particular fatty acid ratios, in the present study, appears to indicate increasing activity
of elongases, the enzymes responsible for elongating polyunsaturated fatty acids into their
longer-chain derivatives, with increasing depression. This is the first literature report of a
possible relation between elongases and depression. The observed relation may stem from a
possible over-expression of the HELO1 (ELOVLS) gene, the gene encoding a protein
responsible for elongating long-chain polyunsaturated fatty acids, in the adipose tissue of

depressed adolescents.
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INTRODUCTION

Depression has been one of the major health problems of the last century. ' It appears that
decreases in depression prevalence are associated with increased consumption of fish. **
There are indications, that depletions in docosahexaenoic acid (C22:6n-3) (DHA), one of
the long-chain polyunsaturated fatty acids (PUFA) in fish-oil, > as well as other long-chain
n-3 PUFA may be associated with depression. Significant depletions in red blood cell
membrane phospholipid DHA and other n-3 long-chain PUFA, have been reported in
depressed patients as opposed to healthy controls. ®” Furthermore, dietary intake of n-3
PUFA as well as red blood cell membrane PUFA levels have been reported to correlate
negatively with depression severity.” As indicated by another study, erythrocyte
phospholipid eicosapentaenoic acid (C20:5n-3) (EPA) levels correlated negatively with
depression severity, in a group of depressed patients.®

Besides polyunsaturated fatty acids of the n-3 series, PUFA of the n-6 family, also have
been reported to relate to depression. Specifically, positive correlations have been reported
between the ratio of n-6 polyunsaturated arachidonic acid (c20:4 n-6) (AA) to EPA, as well
as the ratio of total n-6/n-3 PUFA in erythrocytes, and depression severity.® In another
study, major depressed patients had significantly elevated phospholipid and cholesteryl
ester AA/EPA ratios and cholesteryl ester n-6/n-3 fatty acid ratios, than minor depressed
patients or healthy controls. Major depressed patients had significantly decreased serum
cholesteryl ester n-3 PUFA and cholesteryl ester and phospholipid EPA, than minor
depressed patients or healthy controls.” Finally, significantly increased AA/EPA ratios and
significantly decreased n-3 PUFA have been reported in phospholipids and serum
cholesteryl esters of depressed patients as opposed to healthy controls.'”

However, not all studies have shown decreased n-3 PUFA in depressed patients as opposed
to healthy subjects. Specifically, two studies have shown significant increases rather than
decreases in plasma choline phosphoglyceride and erythrocyte EPA and DHA levels in

11-12

depressed patients as opposed to healthy control subjects. Nevertheless, since plasma

phospholipids and cholesteryl esters are markers of fatty acid intake of the preceding few

13-14
weeks,

the decreased n-3 PUFA in depression reported by most studies, appears to
reflect, in part, a corresponding reduced intake in the particular fatty acids.

Some other reason for the reported reductions of n-3 PUFA in depression, may relate to
some pathophysiological features of this disease, namely inflammation and lipid

15-16

peroxidation, and low zinc concentrations. It is known that inflammatory response
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system activation is associated with lipid peroxidation and reduced levels of n-3 PUFA.'*"’
Similarly, reduced levels of zinc, an inflammation marker, an antioxidant and a co-factor to
the formation of desaturated and elongated products of alpha linolenic (C18:3 n-3) acid,"
are associated with reductions in n-3 PUFA." It is possible, therefore, that the reported
reductions in n-3 PUFA in depression, may relate to the particular pathophysiological
features of the disease.

It is worth noting that only two studies used adipose tissue fatty acid measures, a biomarker
of long-term (1 to 3 year) or habitual dietary fat intake. "' One of these studies indicated
that adipose tissue DHA related negatively to depression in an adult group.”” The other
study indicated an inverse relation between adipose tissue alpha-linolenic acid (C18:3n-3)
and depression, in an elderly group.”' However, no study has as yet been conducted on the
relation between adipose tissue fatty acids and depression in adolescents.

The aim of the present study was to examine the relation between depression and adipose

tissue PUFA of the n-3 and n-6 families in a group of adolescents.

METHODS

Study population

The study sample consisted of 90 adolescents from the island of Crete. There were 54 girls
and 36 boys, aged 13 to 18. Most of the subjects (81%) were between 13 and 16.5 years of
age. The mean age was 15.2 years. All subjects were informed about the nature and the
purpose of this study and signed a consent form. The ethical committee at the University of
Crete had previously approved the protocol of this research. Subjects were examined by the

Preventive Medicine and Nutrition Clinic of the University of Crete.

Depression assessment

Depression level was assessed through the use of a Greek translation of the Beck
Depression Inventory (BDI) and the Center for Epidemiologic Studies Depression Scale
(CES-D). (BDI), a 21-item scale, has been reported to constitute a valid and reliable
depression measure in adolescents. 2224 CES-D, a 20-item scale, is a valid and reliable
measure of depression in adolescents. >*® Furthermore, CES-D has been standardized in

Greeks. >’
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Anthropometric Measures
Body weight was assayed by a digital scale (Seca) with an accuracy of £ 100 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).

Adipose tissue measures

Buttock subcutaneous tissue samples were collected by aspiration, using the method
described by Beynen and Katan.?® The particular method has been reported to be rapid and
safe, and to cause no more discomfort than a routine venipuncture.”® Buttock adipose tissue
samples can be safely stored for up to 1.5 year without changes in the component fatty
acids. *® 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 tissue samples were stored in -80°C. Prior to
analysis samples were thawed and the fat was transferred to 10 ml screw-capped tubes with
the aid of Pasteur pipettes and several drops (~0.5 ml) of chloroform: methanol (2:1, v/v).
Methyl esters of the fat component fatty acids were prepared in the screw-capped vials
according to the method described by Metcalfe et al.  Briefly, 20-30 mg of fat sample
were saponified with 1.0 ml NaOH in methanol and the FAME were prepared with 14%
boron trifluoride in methanol followed by extraction with hexane after washing with
saturated NaCl. The hexane (upper layer) containing the FAME was transferred to GC vials
and stored at —20° C until analysis. The FAME were separated on a 100 x 0.25 mm Id.SP-
2560 fussed silica capillary column, coated with a 0.25 pm of cyanopropyl silicone
provided by SUPELCO, using a SHIMADZU GC-17A/FID gas chromatograph equipped
with an AOC-201 auto injector. The Class-VP chemstation software was used for
quantitation and identification of peaks. Baseline separation of over 50 FAME peaks was
accomplished by means of mixed FAME standards (Sigma). The analytical conditions
employed were as follows: volume injected 1 pl, carrier gas helium (1.1 ml/min), injector
temperature 250° C, FID 260° C, split ratio 1:4 to 1:20 (depending on the sample quantity),
and oven temperature from 140° C to 245° C with stepped temperature program: within

total run time 54 min.
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Statistical methods
Data were analyzed through the use of the SPSS statistical package. The statistical methods
used were one-way ANOVA, Pearson correlations and linear multiple stepwise Regression

analysis.

RESULTS

Table 2.1 depicts means and standard deviations of depression, age, anthropometric, and
adipose tissue fatty acid measures in the two genders, while Table 2.2 depicts means and
standard deviations of the particular variables in depressed v/s non-depressed subjects.
Depressed subjects had significantly higher elongation indices. Specifically, depressed
adolescents (BDI>16) had higher adipose tissue C20:3n-6/C18:3n-6 (P<0.05) and (C20:3n-
6+C22:5n-3) / (C18:3n-6+C20:5n-3) (P<0.05) ratios than non-depressed ones. Also,
depressed adolescents (CES-D>16) had higher adipose C22:5n-3/C20:5n-3 (P<0.05) and

Table 2.1 Depression, anthropometric, and adipose tissue fatty acid measures (mean + standard
deviation) in the two genders

Girls Boys
Mean SD N Mean SD N
Age 15.5 1.6 54 14.8 1.4 36
BMI 22.06 4.20 54 24.21 4.59 36
BDI 10.51 7.24 54 7.13 5.23 36
CES D 17.27 11.32 54 11.30 7.67 36
C18:2n-6 13.00 1.70 54 13.30 2.31 36
C18:3n-6 0.07 0.01 54 0.06 0.02 36
C20:2n-6 0.17 0.02 54 0.18 0.04 36
C20:3n-6 0.20 0.05 54 0.21 0.05 36
C20:4n-6 0.35 0.07 54 0.36 0.11 36
C18:3n-3 0.51 0.05 54 0.53 0.07 36
C20:3n-3 0.03 0.01 54 0.03 0.01 36
C20:5n-3 0.02 0.01 54 0.03 0.01 36
C22:3n-3 0.11 0.03 54 0.12 0.03 36
C22:5n-3 0.09 0.03 54 0.10 0.03 36
C22:6n-3 0.09 0.03 54 0.10 0.04 36
sum n-3 fatty acids 0.86 0.11 54 0.92 0.10 36
sum n-6 fatty acids ~ 14.08 1.70 54 14.36 2.35 36
n-6/n-3 ratio 16.65 3.11 54 15.85 3.19 36
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(C20:3n-6+C22:5n-3) / (C18:3n-6+C20:5n-3) (P<0.05) ratios than their non-depressed
counterpart (Table 2.2).

Table 2.2 Anthropometric, and adipose tissue fatty acid measures (mean + standard deviation) in
depressed (BDI>16, CES-D>16) v/s non-depressed adolescents.

BDI CES-D
Non-depressed Depressed Non-depressed Depressed
(BDI>16) (CES-D>16)

Mean SD N Mean SD N Mean SD N Mean SD N

AGE 15.3 1.6 71 147 12 12 154 16 50 150 15 34
BMI 2243 405 71 2415 491 12 2279 3.85 50 2335 527 34
C18:2n-6 13.10 2.00 71 1338 196 12 1326 232 50 13.00 1.48 34
C18:3n-6 0.07 0.01 71 0.06 001 12 0.07 002 50 0.06 0.01 34
C20:2n-6 0.18 0.03 71 0.18 003 12 0.18 004 50 0.17 0.03 34
C20:3n-6 020 005 71 022 006 12 020 0.05 50 022 0.06 34
C20:4n-6 035 0.09 71 036 007 12 036 0.09 50 036 0.08 34
C18:3n-3 052  0.06 71 053 008 12 053 005 50 051 0.07 34
C20:3n-3 0.03 001 71 0.03 001 12 0.03 001 50 0.03 0.01 34
C20:5n-3 0.03 001 71 0.02 001 12 0.03 001 50 0.02 0.01 34
C22:3n-3 0.11 0.03 71 0.12 004 12 0.11 003 50 0.12 0.04 34
C22:5n-3 0.10 0.03 71 0.10 0.02 12 0.10 0.03 50 0.10 0.03 34
C22:6n-3 0.09 0.03 71 0.09 003 12 0.09 004 50 0.09 0.03 34
sum n-3 fatty acids 088 0.11 71 089 0.11 12 0.89 0.11 50 088 0.11 34
sum n-6 fatty acids 14.17 202 71 1446 195 12 1432 235 50 14.10 149 34
n-6/n-3 ratio 1633 3.13 71 16.61 3.74 12 1639 3.50 50 16.28 2.86 34
C20:3n-6/C18:3n-6 308 098 71 373% 1.15 12 3.02 1.01 50 3.46 1.04 34
C22:5n-3/C20:5n-3 4.06 1.21 71 434 134 12 391 121 50 4.51* 1.19 34
(C20:3n-6+C22:5n-3) / 329 088 71 386% 113 12 322 090 50 3.69* 0.97 34

(C18:3n-6+C20:5n-3)

Comparisons are made against the non-depressed category (one-way ANOVA)
*P<(.05, 4P<0.05

Table 2.3 depicts Pearson correlations between depression and adipose tissue fatty acids.
Depression (BDI and CES-D) scores correlated positively with adipose tissue C20:3n-
6/C18:3n-6 (P<0.05) and (C20:3n-6+C22:5n-3) / (C18:3n-6+C20:5n-3) (P<0.05) ratios.
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Table 2.3 Pearson correlations between depression and adipose tissue fatty acids.

BDI CES D
C18:2n-6 -.007 .003
C18:3n-6 -.158 -.125
C20:2n-6 .024 .053
C20:3n-6 145 204
C20:4n-6 .003 .093
C18:3n-3 -.054 -.079
C20:3n-3 -.070 .002
C20:5n-3 -.176 -.184
C22:3n-3 .061 128
C22:5n-3 -.057 .023
C22:6n-3 -.011 -.008
sum n-6 fatty acids -.047 -.012
sum n-3 fatty acids -.003 015
n-6/n-3 ratio .035 .006
C20:3n-6/C18:3n-6 245% 230%
C22:5n-3/C20:5n-3 114 214
(C20:3n-6+C22:5n-3) / (C18:3n-6+C20:5n-3) 232% 253%*

* Correlation is significant at the 0.05 level (2-tailed).

The positive relation between depression and elongation indices was confirmed also by
stepwise multiple linear regression analysis. Specifically, 22% of the variability in BDI
depression was significantly accounted for by age, sex and adipose tissue C20:3n-
6/C18:3n-6 ratio (F=8.8, p<0.0005). Beta coefficients show that BDI depression is related
positively to adipose tissue C20:3n-6/C18:3n-6 ratio and negatively to age and sex. Sex is a
dummy variable (females=0, males=1). The major predictor of BDI depression is sex (B=-
0.35, t=-3.5, P<0.001), followed by age (B=-0.34, t=-3.4, P<0.001) and adipose C20:3n-
6/C18:3n-6 ratio (B=0.28, t=2.8, P<0.006). Similarly, 13% of the variability in CES-D
depression was significantly accounted for by sex and adipose tissue (C20:3n-6+C22:5n-3)
/ (C18:3n-6+C20:5n-3) ratio (F=7.2, p<0.001). Beta coefficients show that CES-D
depression is related positively to adipose tissue (C20:3n-6+C22:5n-3) / (C18:3n-
6+C20:5n-3) ratio and negatively to sex. The major predictor of CES-D depression is sex
(B=-0.3, t=-2.9, P<0.005), followed by adipose tissue (C20:3n-6+C22:5n-3) / (C18:3n-
6+C20:5n-3) ratio (B=0.27, t=2.6, P<0.01).
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DISCUSSION

The results of the present study failed to confirm the negative relation between depression
and adipose n-3 polyunsaturated fatty acids reported in adults and the elderly.”**' It appears
that in this adolescent group, adipose tissue PUFA, an index of relatively long-term PUFA

. 18-19
intake,

is not associated with depression. The reasons for this are not clear and deserve
further examination. Previous studies with adult and elderly subjects have indicated inverse
relations between depression and adipose tissue docosahexaenoic (C22:6n-3) and alpha-
linolenic (C18:3n-3) acids respectively.”**' One reason for the failure to observe
significant relations between the particular fatty acids and depression in the present study,
may be the pronounced differences in the levels of these fatty acids between the adolescent
and the previous two groups. Compared to the elderly group, the adolescent group had
approximately 44% higher mean C18:3n-3 levels.”’ Compared to the adult group, the
adolescent group had approximately 64% lower mean C22:6n-3 levels.? It is possible that
the inverse relation of depression with the particular fatty acids in the adult and elderly
groups may have derived or have been contingent upon the specific C18:3n-3 and C22:6n-3
level ranges observed in these groups. The pronounced discrepancies of the adolescent
group from the rest two groups in mean C18:3n-3 and C22:6n-3 levels, therefore, may
underlie the failure to obtain a significant relation between these two fatty acids and
depression in the former group. Clearly, more studies are needed on the relation between
adipose polyunsaturated fatty acids and depression in adolescents.

This study indicated that the degree of depression in adolescents correlated positively with
adipose tissue C20:3n-6/C18:3n-6 and (C20:3n-6+C22:5n-3) / (C18:3n-6+C20:5n-3) ratios
(Table 2.3). Furthermore, similar results were obtained when the group was subdivided into
depressed v/s non-depressed sub-samples. Specifically, depressed adolescents (BDI>16)°
had higher adipose tissue C20:3n-6/C18:3n-6 and (C20:3n-6+C22:5n-3) / (C18:3n-
6+C20:5n-3) ratios than non-depressed ones. Also, depressed adolescents (CES-D>16)*
had higher adipose C22:5n-3/C20:5n-3 and (C20:3n-6+C22:5n-3) / (C18:3n-6+C20:5n-3)
ratios than their non-depressed counterpart (Table 2.2). The particular ratios of
polyunsaturated fatty acids probably reflect the activity of elongases, the enzymes
responsible for elongating polyunsaturated fatty acids into their longer-chain derivatives.’'
C20:3n-6 and C22:5n-3 are products of chain elongation of C18:3n-6 and C20:5n-3
respectively.’’ The results of this study, therefore, appear to indicate that depression in

adolescents is associated with increased chain elongation of adipose tissue C18:3n-6 and
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C20:5n-3, into C20:3n-6 and C22:5n-3 respectively. This is the first literature report of a
possible relation between elongases and depression.

Recently, HELOI1 (alternatively ELOVLS), a gene encoding a protein involved in the
elongation of PUFA, was identified in humans.**’

short arm of chromosome 6p21.1-p12.1.>* The highest levels of HELO1 mRNA are in

The particular gene is located on the

testis and adrenal gland, while substantial amounts of HELO1 mRNA are found also in
prostate, lung and brain tissue.”’ Chromosome 6, the largest chromosome sequenced,
constitutes approximately 6% of the human genome.** Chromosome 6 harbors genes
directly implicated, or suspected to be implicated in depression such as the heat shock
protein 70 (HSP70-1) gene,” the prolyl oligopeptidase (PREP) gene,*® the serotonin 1B
(HTR1B)* and 1E (HTRIE)®® receptor genes, and genes in the HLA region of the major
histocompatibility complex.”” It may be noteworthy that HELOI1 is on the same domain
(6p21.1-p12.1) of the cytogenetic band, albeit at an approximate distance of 11Mb, as
transcriptional regulating protein-132 (TReP-132), a protein implicated in steroid
synthesis.* Depression has been reported to be characterized by elevated corticosteroidal
activity and HPA-axis activation.**> Both HELOI and TreP-132 are highly expressed in
adrenals and testis.”**" Cloning of the mouse orthologue of human TReP-132, indicated
that expression of the gene was highest in thymus, testis and brain structures such as the
hypothalamus, basal ganglia, hippocampus, and piriform and cerebral cortex. The authors
concluded that although steroidogenesis pathways have not as yet been firmly established
in the brain, expression of TReP-132 in the brain is an anatomical evidence that this gene
may be implicated in the de novo steroid synthesis within brain regions involved in
behavior and psychiatric disorders.”” Nevertheless, although proximal genes that share
related functions have been identified on the human genome, physical proximity per se
does not necessitate functional association among genes.**

Should the results of this study be replicated by other adolescent studies, this might
instigate a need for investigating the possibility of an over-expression of the HELO1 /
ELOVLS gene in the adipose tissue of depressed adolescents.

In conclusion, the results of the present study indicated that in this adolescent group there
was no association between adipose polyunsaturated fatty acids and depression. Instead,
there was a significant positive relation between depression and adipose tissue
C20:3n-6/C18:3n-6, C22:5n-3/C20:5n-3, and (C20:3n-6+C22:5n-3) / (C18:3n-6+C20:5n-3)
ratios. The observed positive relation between depression and the particular fatty acid

ratios, appears to indicate increasing activity of elongases, the enzymes responsible for
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elongating polyunsaturated fatty acids into their longer-chain derivatives, with increasing

depression. The observed relation may stem from a possible over-expression of the HELO1

(ELOVLY) gene, in the adipose tissue of depressed adolescents.
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ABSTRACT

The purpose of the present study was to investigate for a possible relationship between
depression and serum adiponectin and adipose tissue omega-3 and omega-6 PUFA. The
sample consisted of 90 healthy adolescent volunteers from the island of Crete. There were
54 girls and 36 boys, aged 13 to 18. The mean age was 15.2 years. Subjects were examined
by the Preventive Medicine and Nutrition Clinic of the University of Crete. Depression was
assessed through the use of the Beck Depression Inventory (BDI) and the Center for
Epidemiologic Studies Depression Scale (CES-D). Fatty acids were determined by gas
chromatography in adipose tissue. CES-D correlated with dihomo-gamma linolenic acid
(DGLA). Multiple linear regression analyses showed that BDI was negatively associated
with eicosapentaenoic acid (EPA), while CES-D was positively associated with DGLA in
adipose tissue. Serum adiponectin was not significantly associated with depression. The
negative relationship between adipose EPA and depression in adolescents, is in line with
findings of previous studies involving adult and elderly subjects, demonstrating negative
relations between depression and adipose omega-3 PUFA. This is the first literature report
of a relationship between depression and an individual omega-3 fatty acid in adolescents.
The inverse relationship between adipose EPA and depression indicates that a low long-
term dietary intake of EPA is associated with an increased risk for depression in

adolescents.
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INTRODUCTION

Depression is characterized by an immune-inflammatory response or immune-
inflammation markers such as increased number of activated T-cells and peripheral blood
cells (i.e. B lymphocytes, CD T-cells, leukocytes, neutrophils and monocytes) and
increased pro-inflammatory cytokines such as interleukin-1 (IL-1)," interleukin-2 (IL-2),}
interleukin-6 (IL-6),>*” interferon-y (INF-y),'® tumor necrosis factor-alpha (TNF-a),'' and
increased number of soluble IL-2 (sIL-2R) ""'? and IL-6 (SIL-6R) receptors.”'?

Aside from pro-inflammatory cytokines, depression has been reported to relate also to anti-
inflammatory cytokines. A study indicated that depressed chronic heart failure patients had
lower circulating IL-10 levels, an anti-inflammatory cytokine, than non depressed
patients.'® It has been suggested that the therapeutic efficacy of antidepressants is, among
other things, due to anti-inflammatory actions or shifting the pro- / anti-inflammatory
cytokine balance towards decreased expression of pro-inflammatory cytokines and
increased expression of anti-inflammatory ones.">"”

Adiponectin (also known as AdipoQ, Acrp 30, GBP28 or apM1), a novel adipocytokine, is

- - - 18-21
secreted exclusively from adipose tissue.

The levels of this cytokine in human plasma
by far exceed those of any other hormone.'® Adiponectin, anti-inflammatory cytokine, is
inversely related to pro-inflammatory cytokines such as IL-6 and TNF-a, that are reportedly
elevated in depression.*''*'** Also, there are indications that adiponectin may increase the
levels of IL-10, an anti-inflammatory cytokine that has been reported to be decreased in

. 1425
depression.

No studies have as yet examined whether adiponectin relates to depression.
On the other hand, lower proportions of omega-3 PUFA have been reported in the plasma,
red blood cell membranes, serum phospholipids and cholesteryl esters and adipose tissue of
depressed patients as opposed to healthy controls.**>* In addition, there are indications that
adiponectin may relate to fatty acids,”* including polyunsaturated fatty acids (PUFA) of
the omega-3 family.** A previous study did not find a significant relationship between
depression and adipose 