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Fatty acid metabolism

4.1  Fatty acids and homocysteine levels in patients 
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study
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Abstract
Major depressive disorders (MDD) and cardiovascular disease are mutually associated. They 

share signs and symptoms of the “metabolic syndrome”. Two observations that may be causally 

related with the metabolic syndrome and therefore with both MDD and cardiovascular disease 

are a decrease in ω-3 polyunsaturated fatty acids (PUFAs) and a rise in plasma homocysteine 

(tHcy) levels. Both the rise in tHcy and the decrease in ω-3 PUFAs may be associated with  

enhanced lipid peroxidation.

We exploratively studied 44 randomly chosen patients out of a cohort of 134 patients with 

the recurrent form of MDD (MDD-R). We measured tHcy levels together with saturated FAs, 

monounsaturated fatty acids (MUFAs) and PUFAs of the ω-3, ω-6 and ω-9 series in plasma and 

erythrocytes. Levels were compared with laboratory reference values. The main findings were 

a decrease in the erythrocytes of C22:5ω-3, C22:6ω-3, C24:1ω-9 and C20:3ω-9 and in the 

plasma a decrease in C24:1ω-9 and C20:3ω-9. The only significant association we found was 

between the total of ω-6 fatty acids and plasma tHcy. The FA alterations were found in patients 

although most of them were clinically recovered, suggesting that the alterations may represent 

a biological” trait” marker for recurrent depression.
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1. Introduction
It is now well established that major depressive disorder (MDD) and in particular its recurrent, 

chronic form, recurrent major depressive disorder (MDD-R), is a growing world wide problem 1. 

The World Health Organization (WHO) recently ranked all major medical disorders in the world by a 

new standardized measure of burden, the disability adjusted life years (DALY). By this measure MDD 

was calculated as being the fourth most disabling 2. One of the reasons for the great contribution  

of MDD to the total burden of disease is its long duration and its highly recurrent nature, with 

almost fifty percent of patients going into recurrence.

It has also been well documented that MDD increases the risk of cardiovascular disease and 

vice versa patients with cardiovascular disease suffer from depression more frequently than 

the general population 3, 4, 5. The precise mechanisms underlying the heart disease-depression 

relationship still remain to be elucidated. Patients with depression and cardiovascular disease 

share components of the “metabolic syndrome” (syn. syndrome X, insulin resistance syndrome). 

This syndrome includes a cluster of risk factors for atherosclerosis such as (visceral) obesity, 

hypertension, glucose intolerance, diabetes mellitus, dyslipidemia, hypercortisolemia and low 

grade inflammation, with insulin resistance being the common feature and basic abnormality 6.

Two observations that may be causally related with the metabolic syndrome and therefore with 

both depressive disorders and cardiovascular disease are a decrease in ω-3 fatty acids and a 

rise in homocysteine levels 7.

Fatty acid research in schizophrenia as well in major depressive disorders has yielded substan-

tial evidence for perturbed membrane phospholipid metabolism 8. Cell membranes consist of 

phospholipid bilayers with fatty acids of different length and degree of unsaturation. Fatty acids 

(FAs) can be classified into three families: saturated FAs, mono-unsaturated FAs (MUFAs) and 

poly-unsaturated FAs (PUFAs). The major series of mammalian FAs are the ω-9, considered non-

essential, and the ω-3 and ω-6 essential FAs. The latter cannot be synthesized by mammals and 

therefore have to be obtained from the diet. PUFAs are the products of successive desaturations  

and elongations of their 18-carbon chain precursors: α-linolenic acid (ALA, C18:3ω-3),  

linoleic acid (LA, C18:2ω-6), and oleic acid (C18:1ω-9). Unsaturated FAs in particular determine 

membrane fluidity and, therefore important membrane functions such as electrical signalling, 

receptor sensitivity, and neurotransmitter release 9. Plasma levels reflect dietary intake of the 

past fortnight rather than long-term dietary impact, which is better reflected in the erythrocyte 

membrane composition 10.



91

Time after Time; biological factors in the course of recurrent depression

It has been postulated that the incidence in ischemic heart disease as well as depressive  

disorders in the past century is related to the changes in the dietary habits of Western societies 

which are characterized by an increased intake of total fat, in particular saturated fats and by a 

shift from ω-3 to ω-6 PUFAs 11, 12.

In patients with major depressive disorder a significant reduction of total ω-3 PUFAs, as well as of 

the single FAs EPA (eicosapentaenoic acid, C20:5ω-3), DHA (docosahexaenoic acid, C22:6-ω3) 

and high total ω-6/ total ω-3 and high AA (arachidonic acid, C20:4ω-6)/EPA ratios were found 

in plasma and erythrocyte cell membranes compared with healthy controls 13, 14, 15, 16, 17. Results 

in ω-6 PUFAs are less consistent: no difference and a smaller sized reduction in these fatty acids 

than in ω-3 PUFAs were reported. Less attention was paid to the saturated FAs and MUFAs, but 

increases in C16:0, C18:0 and C18:ω-9 were reported 14, 15.

In addition to a decreased dietary intake, an enhanced	ω-3 fatty acid peroxidation may also  

affect the fatty acid composition. Both patients with major depressive disorder and patients with 

coronary artery disease showed a similar increase in lipid peroxidation compared with healthy 

controls 18. Lipid peroxidation is thought to play a fundamental role in the pathogenesis of  

atherosclerotic vascular disease 19.

Homocysteine is a sulphur-containing amino acid metabolized by two different pathways:  

remethylation and transsulfuration. In the remethylation pathway, which requires folic acid 

and vitamin B
12

 as cofactors homocysteine is converted to S-adenosylmethionine, a univeral  

methyldonor. In the transsulfuration reaction which requires vitamin B
6
 as a cofactor homocys-

teine is converted to glutathione, a major intracellular antioxidant 20.

Homocysteine itself can generate reactive oxygen species (ROS) and induce lipid peroxidation 

(LPO) 21. Total plasma homocysteine (tHcy) levels above 9-10 μmol/l are thought to represent a 

graded independent risk factor for arteriosclerotic vascular diseases 22.

Mean tHcy were reported to be higher in patients with major depressive disorder than in healthy 

controls. In one study 20% of depressed patients had tHcy levels >13.2 μmol/l, whereas in 

another study 50% of the depressed patients had levels >12 μmol/l suggesting that 20-50% of 

the patients may be at increased risk of cardiovascular morbidity (homocysteine concentrations 

>9 μmol/l) 22, 23, 24.
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Animal and human studies suggest a link between hyperhomocysteinemia, lipid peroxidation 

and a decrease in ω-3 FAs. A folic-acid deficient diet increased tHcy in rats fourfold. It further 

induced an increase in LPO products while erythrocytes became enhanced susceptible to free 

radicals in vitro. At the same time there was a decrease in total ω-3 FAs in plasma and a  

decrease in ALA and DHA in plasma and thrombocytes: AA was increased, as was the AA/EPA 

quotient 25. In another study the administration of folic acid significantly increased DHA in rat 

erythrocyte phospholipids without significant changes in the ω-6 FA status 26. In the plasma of 

pregnant women with signs of placental vasculopathy tHcy levels were elevated and negatively 

correlated with erythrocyte phospholipid DHA of their offspring 27. Together these data suggest 

that enhanced tHcy levels are associated with increased LPO and low plasma and tissue ω-3 

FAs.

Because biological defect(s) may not only exist during depression but may also persist during the 

interepisodic phase of the recurrent form of MDD 28 it is relevant to further explore the relation-

ship between homocysteine and fatty acids in patients with this recurrent type of depression.  

We therefore measured tHcy levels together with saturated FAs, MUFAs and PUFAs of the ω-3 

and ω-6 and ω-9 series in plasma and erythrocytes.

2. Subjects and methods
2.1. Subjects

So far we analysed plasma and erythrocytes of 44 patients, randomly chosen of a cohort of  

136 patients with a high risk of recurrent depression (≥2 episodes in the past). These patients 

participated in a randomized clinical trial comparing the efficacy of a preventive cognitive therapy  

with care as usual with a follow-up of 2 years.

The inclusion criteria of the main study were age between 18 and 65 years, at least two  

depressive episodes in (the previous) 5 years, having reached current remission status accord-

ing to criteria of the fourth edition of the Diagnostic and Statistic Manual (DSM-IV), for longer 

than 10 weeks and no longer than 2 years ago and a current score on the Hamilton Rating Scale 

for depression of <10. Exclusion criteria were: current mania or hypomania, history of bipolar 

illness, psychotic disorders (current or previous), organic brain syndrome, alcohol or drug abuse, 

predominant anxiety disorders, recent Electro Convulsive Therapy (ECT), recent cognitive treat-

ment, other cognitive therapy in aftercare, current psychotherapy with a frequency more than 

two times a month.
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The Medical Ethical Committee of the Academic Medical Centre in Amsterdam approved the 

study protocol. All participants gave written informed consent prior to enrollment.

2.2. Assessment of depression and other variables

At the 2-years follow up assessment of the main study, patients psychiatric status was again  

assessed with the Structured Clinical Interview of DSM-IV disorders (SCID-I) by trained inter-

viewers, so patients were either relapsed (depressed) or remitted (non-depressed).

Blood was also sampled at this moment.

Information about the use of antidepressants during sampling was obtained by the Trimbos/IMTA 

questionnaire for Costs associated with Psychiatric Illness self report questionnaire (TIC-P:40) 

and by interview.

Anthropometric measurements (body mass index (kg/m2), waist circumference (WC) (cm) and 

waist hip ratio) were obtained during sampling time.

2.3. Blood sample collection and analysis of homocysteine and fatty acids

Venous blood samples were collected at the patients home. Plasma was separated within 4 h of 

collection and stored at −80°C until analysis. In all 136 patients folic acid, vitamin status and 

homocysteine were analysed.

The tHcy was determined with isocratic high-performance liquid chromatography (HLPC)  

electrospray tandem massaspectrometry (MS-MS). The intra- and interassay coefficients of  

variation, linear in range from 2 to 150 μmol/l, were within 3.6% and 4%, respectively.

Plasma folate and vitamins B
6
 and B

12
 were measured by routine laboratory methods.

Fatty acids in plasma or erythrocytes were analysed in the random sample of 44 patients by 

capillary gas chromatography as their methyl esters. A 50 μl sample was added to 1 ml of a 3 M 

methanolic HCl solution and the lipids were hydrolysed at 90°C for 4 h, achieving simultaneous 

methylation of the liberated fatty acids. After cooling the fatty acid methyl esters were extracted 

with 2 ml hexane.
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Following evaporation of the solvent, the fatty acid methyl esters were separated on a capillary 

free fatty acid phase (FFAP) column. All concentrations were calculated with reference to the 

internal standard 18-methylnonadecanoic acid.

2.4. Statistical analysis

All data were screened for distribution of normality and in case of skewed distribution variables 

were log transformed and geometric means were obtained and 95% confidence intervals were 

calculated.

In order to evaluate whether FAs of the study sample were outside the normal limits, FA means 

and their 95% CI of the patients were compared to in house laboratory reference values. These 

reference values are derived from healthy laboratory personnel (n=40) in the age range from 

20 to 50 years.

Linear regression analyses were performed in order to investigate the association between  

levels of tHcy and the following FAs: C18:3ω-3, C20:5ω-3, C22:6ω-3, C18:2ω-6, C20:4ω-6, 

C18:1ω-9, C24:1ω-9, C20:3ω-9, C16:0, C18:0, C20:0, C22:0, C24:0 and the summations of 

the various series in erythrocytes and plasma. In this approach adjustment was made for gender 

and use of antidepressants. The selected FAs constitute the precursors and their respective 

desaturation and elongation products.

Logistic regression was applied to investigate the association between FA levels (concentrations 

dichotomized into above and below the median values) and depression-status (depressed/non-

depressed). To adjust for multiple testing, P-values were calculated according to the method 

described by Holm 29.

Statistical differences were considered significant at P-values <0.05 (two-sided). All analyses 

were performed using the statistical package SPSS 10 for Windows (release 10.0.7, SPSS Inc, 

Chicago, IL).

3. Results
3.1. Characteristics of the study population

Table 1 shows the characteristics of the study sample (n=44) as compared to the cohort 

(n=136). The two groups were comparable with respect to: age, gender, proportion of patients 

with current depression, and proportion of patients using antidepressants. There were also no 

differences regarding BMI, WC, folic acid, vitamin B
6
 and B

12
 and tHcy.
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The mean tHcy was 10.5 μmol/l (range: 7-15, SD=2.8) for men and 8.7 μmol/l (range: 6-14, 

SD=1.9) for women. Plasma folate and vitamin B
6
 and B

12
 were within normal limits.

Table 1: Characteristics of patients

Study sample Cohort

N 44 136

Age (years) 45±9 45±10

Male (%) 10 (23%) 35 (26%)

BMI (kg/m2) 26.4±5.3 26.9±5.2

Waist circumference (cm) 86.9±13.8 89.3±13.9

Folic Acid (nmol/l) 22.6±6.8 23.8±7.3

Vitamin B
6
 (nmol/median range) 89.5±87.1 98.5±88.4

Vitamin B
12

 (pmol/l) 324.4±115.9 313.8±127.4

Homocysteine (μmol/l) 9.1±2.2 9.7±3.0

Current depression (%) 8 (18%) 25 (18%)

Use of antidepressants (%) 29 (66%) 81 (60%)*

Abbreviations - BMI = body mass index.
Values are means±SD or number with percentages.
*  Of 4 patients data were missing. Reference values: Folic acid 7-39 nmol/l, vitamin B

6
 35-107 nmol/l, 

vitamin B
12

 150-700 pmol/l, homocysteine male 8-18 μmol/l, homocysteine female 6-19 μmol/l.

3.2. Fatty acids concentrations

3.2.1. Erythrocytes

We found the following erythrocyte FAs concentrations being below the lower limit of the  

normal reference range (see Table 2):

•	 In the ω-3 series: C22:5ω-3 and C22:6ω-3 (DHA)

•	 In the ω-6 series: C18:3ω-6 and C22:4ω-6

•	 In the ω-9 series: C20:3ω-9 and C24:1ω-9

Saturated FA levels: C22:0 and C24:0.

The sum of the FAs and the ratios of C22:5ω-6/C22:4ω-6 and C22:5ω-6/C22:6ω-3 were within 

the normal range.
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Table 2: Erythrocyte fatty acid concentrations (pmol/10 e6 erythrocytes)

Mean CI 95% RV

ω-3 Series

  Linolenic acid (18:3ω-3) 0.8 0.7-0.9 0.1-1.8

  Eicosapentaenoic acid (20:5ω-3) 3.2 2.8-3.5 1.1-7.7

  Docosapentaenoic acid (22:5ω-3) 6.8a 6.5-7.2 7.6-23

  Docosahexaenoic acid (22:6ω-3) 12.6a 11.7-13.4 15.2-37.6

ω-6 Series

  Linoleic acid (18:2ω-6) 76.8 72.9-81.0 52.0-89.0

  Gamma-Linolenic acid (18:3ω-6) 0.5a 0.5-0.6 0.0-0.4

  Eicosadienoic acid (20:2ω-6) 1.2 1.1-1.3 0.2-2.4

  Homogamma-Linolenic acid (20:3ω-6) 8.8 8.1-9.6 6.0-19.6

  Arachidonic acid (20:4ω-6) 71.3 69.2-73.4 67.0-107.0

  Docosadienoic acid (22:2ω-6) 0.7 0.6-0.7 0.0-4.0

  Docosatetraenoic acid (22:4ω-6) 8.7a 8.1-9.3 9.5-26.6

  Docosapentaenoic acid (22:5ω-6) 1.5 1.3-1.6 1.4-6.2

ω-9 Series

  Hypogeic acid (16:1ω-9) 0.9 0.8-1.0 0.0-7.2

  Oleic acid (18:1ω-9) 83.1 80.7-85.4 58.0-115.0

  Gondoic acid (20:1ω-9) 1.0 0.9-1.0 0.0-3.5

  Erucic acid (22:1ω-9) Nd

  Nervonic acid (24:1ω-9) 9.5a 9.2-9.8 15.5-35.8

  Eicosatrienoic acid (20:3ω-9) 0.3a 0.3-0.4 1.0-4.1

Saturates

  Myristic acid (C14:0) 3.7 3.4-3.9 0.7-6.9

  Palmitic acid (C16:0) 187.4 183.3-191.5 113.0-193.0

  Stearic acid (C18:0) 110.2 107.4-113.0 81.0-141.0

  Arachidic acid (C20:0) 2.6 2.5-2.7 2.0-3.4

  Behenic acid (C22:0) 6.0a 5.8-6.2 6.3-13.7

  Lignoceric acid (C24:0) 10.1a 9.7-10.4 16.3-33.1

		Σ Fatty acids 619.9 606.5-633.3 535.0-840.0

Ratio's

  C22:5ω-6/C22:4ω-6 0.2 0.1-0.2 0.05-0.6

  C22:5ω-6/C22:6ω-3 0.1 0.1-0.2 0.04-0.4

Figures represent means with 95% confidence intervals (CI). In case of skewed distribution geometric 
means were obtained.RV means laboratory reference values; Σ is summation; and Nd is non-detectable.
a  Represent levels (+CI) exceeding the laboratory reference values.
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3.2.2. Plasma

We found the following plasma FAs concentrations being below the lower limit of the normal 

reference range (see Table 3):

•	 In the ω-6 series: C22:4ω-6

•	 In the ω-9 series: C24:1ω-9 and C20:3ω-9

We found the following plasma FAs concentrations exceeding the upper limit of the normal 

reference range:

•	 In the ω-3 series: C18:3ω-3

•	 In the ω-6 series: C18:2ω-6 and C22:2ω-6

•	 In the ω-9 series: C18:1ω-9

In the saturated series: C14:0, C20:0 and C24:0

The sum of the FAs was above the upper limit of the normal range

The ratios C24:0/C22:0, C20:3ω-9/C20:4ω-6, C22:5ω-6/C22:4ω-6 and C22:5ω/C22:6ω-3 

were all within normal limits.

Table 3: Plasma fatty acid concentrations (μmol)

Mean CI 95% RV

ω-3 Series

 Linolenic acid (18:3ω-3) 81.2a 70.2-94.0 30.0-70.0

 Octadecatetraenoic acid (18:4ω-3) Nd

 Eicosapentaenoic acid (20:5ω-3) 68.3 57.6-79.0 15.0-95.0

 Docosapentaenoic acid (22:5ω-3) 24.8 22.1-27.9 20.0-50.0

 Docosahexaenoic acid (22:6ω-3) 127.7 115.4-140.1 75.0-180.0

ω-6 Series

 Linoleic acid (18:2ω-6) 4156.6a 3896.0-4417.2 1950.0-3500.0

 Gamma-Linolenic acid (18:3ω-6) 47.8 39.1-58.5 15.0-50.0

 Eicosadienoic acid (20:2ω-6) 20.7 18.6-22.7 10.0-40.0

 Homogamma-Linolenic acid (20:3ω- 6) 145.0 130.2-161.5 70.0-190.0

 Arachidonic acid (20:4ω-6) 567.4 522.0-612.7 300.0-650.0

 Docosadienoic acid (22:2ω-6) 13.9a 12.8-15.0 0.0-5.0

Table is continued on the next page >
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 Docosatetraenoic acid (22:4ω-6) 9.6a 8.5-10.8 10.0-25.0

 Docosapentaenoic acid (22:5ω-6) 6.5 5.7-7.5 5.0-20.0

ω-9 Series

 Hypogeic acid (16:1ω-9) 58.9 52.8-65.6 15.0-90.0

 Oleic acid (18:1ω-9) 2607.9a 2342.8-2902.7 1035.0-2025.0

 Gondoic acid (20:1ω-9) 12.5 11.0-14.2 10.0-25.0

 Erucic acid (22:1ω-9) Nd

 Nervonic acid (24:1ω-9) 49.3a 46.5-52.1 55.0-85.0

 Eicosatrienoic acid (20:3ω-9) 8.1a 6.9-9.5 10.0-20.0

Saturates

 Myristic acid (C14:0) 180.6a 148.1-220.2 50.0-145.0

 Palmitic acid (C16:0) 3015.1 2735.6-3323.0 1465.0-2790.0

 Stearic acid (C18:0) 712.7 651.6-779.5 465.0-755.0

 Arachidic acid (C20:0) 33.4a 30.6-36.2 15.0-30.0

 Behenic acid (C22:0) 43.0 40.6-45.4 40.0-100.0

 Lignoceric acid (C24:0) 35.2 33.2-37.8 35.0-75.0

Σ Fatty acids 12718.3a 11718.2-13805.2 5950.0-11600.0

Ratio's

 C24:0/C22:0 0.8 0.8-0.9 0.6-0.9

 C20:3ω-9/C20:4ω-6 0.02 0.01-0.02 0.01-0.07

 C22:5ω-6/C22:4ω-6 0.7 0.6-0.8 0.2-2.0

 C22:5ω-6/C22:6ω-3 0.06 0.05-0.07 0.02-0.3

Figures represent means with 95% confidence intervals (CI). In case of skewed distribution geometric 
means were obtained.RV means laboratory reference values; Σ is summation; and Nd is non-detectable.
a  Represent levels (+CI) exceeding the laboratory reference values.

3.3. Associations between fatty acids and homocysteine

We found no associations between levels of the selected individual FAs in erythrocytes and  

tHcy except for C22:0 (β=0.419;P=0.010). However, after correction for multiple testing this 

association was no longer statistically significant.

We also found no associations between the Σ FA and the Σ of the ω-3, ω-6, ω-9 and the satu-

rated FAs and tHcy.

In plasma associations between the following FAs and tHcy were found: C18:2ω-6 

(β=0.404,P=0.01), C16:0 (β=0.324,P=0.05), C18:0 (β=0.361,P=0.03) and C22:0 
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(β=0.332,P=0.05). After correction for multiple testing these associations were no longer  

statistically significant.

An association, albeit less strong after correction for multiple testing, was found between the  

Σ FA and tHcy (β=0.351,P=0.07) and between the Σ saturated FA (β=0.347,P=0.07) and tHcy. 

A significant association was found between the Σ	ω-6 and tHcy (β=0.424,P=0.03).

The results obtained from the linear regression analysis did not alter when adjustment was made 

for the use of antidepressants.

3.4. Associations between fatty acids and depression

No associations between the depression status and the selected FAs in erythrocytes and plasma 

were found.

The strongest estimate for an association with the depression status was found for C18:1ω-9 

levels above 82.4 pmol/10 e6 and C24:1ω-9 below 9.4 pmol/10 e6 (OR=9.8 (95% CI 1.089-

88.229), P=0.042) in the erythrocytes, however statistical significance disappeared after  

correction was made for multiple testing.

4. Discussion
In this preliminary descriptive analysis of tHcy and fatty acids in patients with recurrent  

depression tHcy levels were within the laboratory reference values in both men and women.  

As was found in non-depressed individuals levels were lower in women than in men 20. This is in 

accordance with the normal vitamin B
6
, B

12
 and folic acid concentrations.

In the erythrocytes the following PUFAs were below the lower limit of the normal reference range: 

C22:5ω-3, C22:6ω-3, C22:4ω-6, C20:3ω-9 as was the MUFA C24:1ω-9. The PUFA C18:3ω-6 

was slightly above the upper limit of the normal range. As the sum of the fatty acids was within 

the normal reference range, we do think that the alterations are best explained by decreased 

Δ-6 desaturase and elongase activities. The saturated fatty acids C20:0 and C22:0 were slightly 

below the lower limit of the reference range, probably reflecting the dietary intake and /or  

decreased elongase activity.

In plasma the following PUFAs were below the lower limit of the normal reference range: 

C20:3ω-9 and C24:1ω-9 again compatible with a Δ-6 desaturase and elongase defects, as 

was shown in the erythrocytes. The increases of C18:3ω-3, C18:2ω-6 as well as of C18:1ω-9, 
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the saturated FAs C14:0, C16:0, C20:0 and the Σ of the fatty acids most likely reflect dietary 

influences.

We did not find any association between plasma homocysteine and the Σ of the fatty acids, the 

Σ of the ω-3 and ω-9 PUFAs, the selected saturated FAs, the MUFAs or any of the members 

of the ω-3, ω-6 and ω-9 series in plasma or erythrocytes. The outcomes were not modulated 

by the use of antidepressants. The only significant relation we found was between the Σ of the 

ω-6 PUFAs in plasma and tHcy. This could be a reflection of the alleged interaction of an altered 

ω-6/ω-3 FA balance and tHcy 7.

In this preliminary study there was no association between the selected FAs in plasma or  

erythrocytes and the depressive status.

We do not think that the alterations we found in the members in the ω-3 and ω-9 series can be 

explained by dietary influences only. In other, controlled studies the decrease in DHA was not 

caused by dietary differences between depressive patients and control subjects 14, 16.

At least two other mechanisms may be involved: (1) a stress induced inhibition of Δ-5 and 

Δ-6 desaturase and elongase activities and (2) alterations in oxidative metabolism resulting in 

enhanced LPO. Both mechanisms, of course, may be enhanced by a dietary shift from ω-3 to 

ω-6 FAs.

Major depression is often accompanied by hypothalamic-pituitary-adrenal (HPA) axis dysfunction 

and elevated basal cortisol levels. The stress hormones ACTH, cortisol and adrenalin all depress 

Δ6 and Δ5 desaturases 30.

Oxidative stress arises whenever there is a disbalance in the mitochondrial generation of reac-

tive oxygen species (ROS) and the intra- and extracellular antioxidative defense mechanisms 31. 

The carbon-atoms in a double bond are particularly sensitive to ROS, so the more double bonds 

the more susceptible the PUFA becomes to peroxidation 32. Stress is an important stimulus 

for ROS production. Also activation of immune cells by different causes induce an oxidative 

burst. Both depression and cardiovascular disease are accompanied by low grade inflammation. 

Omega-3 and ω-6 PUFAs and their respective eicosanoids (prostaglandins, thromboxanes and 

leukotrienes) have immunomodulatory properties. Omega-3 PUFAs and their derivatives have 

anti-inflammatory and ω-6 PUFAs pro-inflammatory actions. Thus a dietary shift from ω-3 to 
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ω-6 FAs will trigger enhanced activation of the immune system and an increased production of 

pro-inflammatory eicosanoids and cytokines 33. Maes et al. reported significant lower vitamin E 

concentrations in patients with major depression suggesting lower antioxidant defenses against 

LPO 34. In another study it was shown that (1) major depression, especially melancholia, was 

associated with elevated antioxidative enzyme activities (AEA) and LPO and (2) subchronic treat-

ment with SSRIs had a suppressive effect on AEA and LPO 35.

Very interestingly, the alterations we measured in the erythrocyte PUFAs in our patients with  

recurrent depression corresponded to those we reported previously in the erythrocyte mem-

branes of young schizophrenic patients i.e. a decrease in C22:5ω-3, C22:6ω-3 and in C24:1ω-9 

(nervonic acid) and C20:3ω-9 36. In addition reduced PUFAs (DHA and AA) and increased levels 

of LPO products were reported in never medicated, first-episode schizophrenic patients 37.

Moreover, corresponding patterns of fatty acid changes are found in other unrelated diseases 

which have oxidative stress as a common feature e.g. diabetes, multiple sclerosis, Alzheimer’s 

disease and are also seen during normal aging 38, 39. It could be hypothesized that oxidative 

stress induces an adaptive gene response. Pending on the level of oxidative stress, desaturase 

enzymes may “activated” or “inactivated” by products of PUFA peroxidation 38.

DHA has a “paradoxical” role. Due to its high degree of unsaturation it is highly oxidizable, but 

experimental and clinical data support an antioxidative role for DHA. The lipid bound DHA in the 

bilayer does indeed trap ROS, but is able to limit further generation of LPO products 40. However, 

DHA levels are critical; experimental and clinical data show that DHA may exhibit either pro-

oxidant or antioxidant activities depending on the dosage of PUFA administered 41.

Last but not least, the activities of the enzymes of the mitochondrial oxidative respiratory 

chain and level of oxidative stress are also genetically determined. Evidence for alterations in  

mitochondrial metabolism and by inference increased oxidative stress is growing steadily in 

schizophrenia and to a lesser extent in major depressive disorders 42, 43.

At this stage we cannot draw firm conclusions as ours is an explorative descriptive study 

only. Major limitations are its cross-sectional design, and the fact that we could not adjust for  

important variables as the dietary composition, smoking and alcohol (ab)use. The study will be 

extended to the total cohort and be adjusted for important confounders (body mass, visceral fat, 

smoking, family history) as well as a comparison with a matched control group will be included. 

The usefulness of tHcy as an (in)direct parameter of oxidative metabolism needs to be evaluated 

further.
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Nevertheless, we found differences in the fatty acids despite the clinical recovery of most of 

our patients, and the fact that 66% of them used antidepressants. In this, our data correspond 

with a previous study in which it was shown that FA alterations may persist despite succesfull 

antidepressant treatment 16. So, persistant FA changes may represent a biological “trait” marker 

for (relapse or recurrency of) depression.

Finally, in prospective studies FA metabolism should be studied together with parameters of 

oxidative metabolism for a better understanding and interpretation of alterations in fatty acid 

metabolism.
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