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ABSTRACT
Background: Patients with the major depressive disorder have prominently been reported with subnormal omega-3
polyunsaturated fatty acids (PUFAs) levels, including importantly low eicosapentaenoic acid and docosahexaenoic
acid in cell plasma and dietary intake. However, more randomized controlled trials are needed to support its
importance in the management of depression. Objective: To explore the role of omega-3 polyunsaturated fatty acid in
the management of the major depressive disorder. Materials and methods: Total 70 patients of aged 20 to 40 years
old, who were already diagnosed with depression and taking antidepressant treatment, were selected at Department
of Psychiatry and Behavioral Sciences, King Edward Medical University Lahore, and were assigned into 2 groups,
i.e. intervention and control, by simple random lottery method. For 12 weeks, the intervention group was advised
to take one omega-3 (300 mg EPA, eicosapentaenoic acid and 200 mg DHA docosahexaenoic acid), or placebo
(500 mg corn oil) capsules once daily with a meal. Beck depression inventory (BDI) scale was used to assess the
depression. Demographic information was collected using a structured questionnaire. SPSS version 20 was used for
data analysis. Chi-square test was used to check the association between depression and risk factors. Paired t-test
was applied to measure the mean difference before and after the intervention. Results: Statistically significant role of
omega-3 PUFAs 15.46 ± 4.98 (p=0.000) was found. And mean was found insignificant in the placebo group as 2.32
± 4.43 (p=0.007). Conclusion: It is concluded that omega-3 polyunsaturated fatty acid has a statistically obvious
role in reducing depression as an add-on treatment with anti-depressants in the intervention group as compared to
the placebo group.
Keywords: Depression, Omega-3 polyunsaturated fatty acids (PUFAs), Eicosapentaenoic acid (EPA), Decosahexonic
acid (DHA), Randomized controlled trial (RCT)
This Clinical Trial has been registered.
(NCT03732378) @ www.clinicaltrials.gov
INTRODUCTION
Major depressive disorder (MDD), also simply known as depression, is a mental disorder present with low mood, loss
of pleasure, feelings of guilt and thoughts of suicide, globally affecting the people of all ages, from all the communities.
The World Health Organization estimates that more than 4.5% people throughout the world are affected by depression
[1]. Currently, depression is a fourth leading cause of disability and till 2020 it will become second among 10 leading
causes of disability, social and economic effects of depression and suicide is mounting in the present years [2].
Chiu reported that the prevalence of depression in Asia is 3.7% with exception of China and South Korea [3]. In
Pakistan, depression rate is crucial, as latest studies show that the prevalence of depression 6%, 1.5% for schizophrenia,
1-2% of epilepsy and 1% of Alzheimer’s disease [4]. Genders, family history, marital status, education level, economic
status, body mass index, sleep duration, smoking was found as risk factors for depression [5-7]. A study conducted
by Gadit and Mug ford concluded that among 3 capital cities of Pakistan (Karachi, Lahore, and Quetta), in Lahore
prevalence rate of depression was high [8].
Omega-3 fatty acids are long-chain polyunsaturated fatty acids of plant and marine source, which are essential fatty
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acids, meaning that these acids cannot be produced by the human body, and must be derived from dietary source
[9]. Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are two significant types of long chain omega-3
PUFAs in the human brain [10]. Polyunsaturated fatty acids (PUFAs) related to neuropsychiatric disorders include
docosahexaenoic acid (DHA), the most abundant brain omega-3 fatty acid (40% of total mammalian brain fatty acids)
and eicosapentaenoic acid (EPA) (only 1% of total brain fatty acids) [10,11].
It has been proposed that eicosapentaenoic acid (EPA) have prominent neuroprotective properties, like anti-oxidative
activity and regulation of anti-inflammatory [12]. Climbing up affirmation propose that oxidative stress play a crucial
role in the pathogenesis of many age-related psychiatric and neurodegenerative diseases like depression and dementia
[13,14]. When the concentration of Reactive oxygen species (ROS) in the tissues become more than its antioxidant
capacity, oxidative stress occurs [15]. Due to the huge utilization of brain and copious presence of polyunsaturated
fatty acids (FAs), brain tissues are especially more prone to oxidative damage [16].
Etiology of depression is related to various endocrinological and metabolic disturbances, it has been reported that
depression has elevated oxidative stress. There may also be iatrogenic such as drug-induced depression. Drugs related
to depression include interferon therapy, beta-blockers, isotretinoin, contraceptives [17,18]. Omega-3 polyunsaturated
fatty acids (PUFAs) due to its anti-oxidative activity may play a role in neuroprotection, anti-inflammatory and antiapoptotic functions [19-24].
Polyunsaturated fatty acids (PUFAs) play a role in modulation of the structure and function of biological membranes,
such as elasticity, membrane organization and ion, and therefore, may help in brain glucose uptake, neuronal function,
an neurotransmission [9,25]. Different active pro or anti-inflammatory metabolites, such as eicosanoids, leukotrienes,
and docosanoids are produced [26]. Polyunsaturated fatty acids (PUFAs) related to neuropsychiatric disorders include
docosahexaenoic acid (DHA), the most abundant brain omega-3 fatty acid (40% of total mammalian brain fatty acids)
and eicosapentaenoic acid (EPA) (only 1% of total brain fatty acids) [10,11].
It is consistently observed that erythrocyte levels of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)
were negatively associated with the risk of depression, analyzed that omega-3 polyunsaturated fatty acids (PUFAs)
have promising effect in reducing the symptoms of major depressive disorder [27,28]. Previously several clinical
trials investigated the effect of Omega-3 polyunsaturated fatty acids (PUFAs) in major depressive disorder, showing
both positive, and negative results [29-32].
Most of the research into understanding the etiology and pathophysiology of depression has focused on genetic and
environmental factors, while pharmacological treatment was based on the monoamine hypothesis of depression [33].
Selective serotonin reuptake inhibitors (SSRIs) are still broadly prescribed drugs for the treatment of depression,
analyzed that depression remains treatment-resistant [34,35]. Combining Omega-3 fatty acids with selective serotonin
reuptake inhibitors (SSRIs) has advantages in the treatment of depression [36,37].
Literature has shown that internationally many studies have been conducted to understand the prevalence, economic
and social effects, pathophysiology, treatment, the relationship between omega-3 and depression. It has been suggested
that a low level of omega-3 polyunsaturated fatty acids is related to increased risk of major depressive disorder, but
few studies also oppose this association. A few studies have also been done in Pakistan on depression. But no study
is reported till now about the significant role of omega-3 in the management of depression. The present study was
aimed to evaluate the hypothesis that omega-3 polyunsaturated fatty acids (PUFA) and major depressive disorder are
negatively associated.
This study was conducted at the psychiatry department of King Edward Medical University Lahore to explore the role
of omega-3 polyunsaturated fatty acids in the management of the major depressive disorder.
MATERIALS AND METHODS
Study Design
The 12-week randomized, single-blind, placebo-controlled trial (RCT) was conducted at Department of Psychiatry and
Behavioral Sciences, King Edward Medical University Lahore. From 19 May 2017 to 16 August 2017 one omega-3
capsule (300 mg EPA, eicosapentaenoic acid and 200 mg DHA docosahexaenoic acid) were given, or placebo (500
mg corn oil) [38-40].
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Inclusion Criteria
Patient aged 20 to 40 years, were diagnosed according to the diagnostic and statistical manual of mental disorders,
fourth edition text revision (DSM-iv-TR) for depression and taking an anti-depressant, were eligible for the study.
Exclusion Criteria
Patients were excluded if they were pregnant, lactating. Unstable medical or neurological conditions that can likely
to interfere with the treatment of depression such as dementia, schizophrenia, epilepsy, history of allergy to omega-3
fatty acids, finfish or shellfish.
Data Collection and Evaluation
Subjects were assessed at the first visit according to inclusion and exclusion criteria. Information about demographics,
dietary habits and risk factors such as age, gender, height, weight and family history of depression, dietary habits,
education levels, marital status, cigarette smoking, supplementation and sleeping hours were obtained by using a
structured questionnaire in the face to face interview in local and easy to understand language. BMI was calculated
by using the equation BMI=kg/m2.
Outcome Measurement
Evaluations of depression were performed by using Beck’s inventory depression rating scale 21 items, at baseline, and
after the intervention [41,42]. Ranking of Beck Depression Inventory (BDI) scale ranking is 1-10: Normal ups down,
11-16: Mild mood disturbance, 17-20: Borderline clinical depression, 21-30: moderate depression, 31-40: Severe
depression, Over 40: Extreme depression.
Ethical Approval
Written approval (Reg.No.Psy/561/17) was taken from the head of the Department of Psychiatry and Behavioral
Sciences, King Edward Medical University, Lahore. Informed consent had been taken from all study participants in
written form after explaining the procedure of the study. This study was conducted according to the guidelines laid
out in the Declaration of Helsinki.
Statistical Analysis
Data were analyzed through SPSS version 20.0 with 95% confidence interval. Frequency distribution and of
demographic variables were checked. Chi-square test was used to check the relationship between depression and risk
factors. Paired t-test was used to analyze the before and after intervention means difference. Results were presented
in the tabular and graphical form.
RESULTS
Age, BMI, gender, family history, marital status, occupation, economic status, education level and sleeping hours
were not significantly associated with depression, as illustrated in Table 1.
Table 1 Demographic characteristics
Variables
Number
Age (Years), Mean ± S.D
BMI (Kg/m2), Mean ± S.D
Female
Male
Married
Unmarried
Divorced
Widow/Widower

Patients
30

Control
31
30.5 ± 6.92
23.2 ± 1.8
Sex N (%)
34 (58.1%)
27 (49.1%)
Marital Status N (%)
37 (60.6%)
19 (33.0%)
3 (4.2%)
2 (2.8%)
Occupation
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p-value
0.968
0.91
0.233

0.784

Yousef, et al.

Gov. Employ
Private Job
Own Business
No Work/House Wife
Student
Yes
No
Uneducated
Primary
Middle
High School
College
University
<20,000
20,000-30,000
31,000-40,000
>50,000
<5 Hour
6-8 Hours
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7 (9.9%)
11 (16.9%)
15 (23.9%)
19 (33.8%)
9 (14.1%)
Family History
11 (18.3%)
50 (81.7%)
Education Level
3 (4.2%)
6 (8.5%)
13 (18.5%)
23 (32.4%)
22 (31.0%)
3 (4.2%)
Monthly Income In PKR
16 (25.5%)
28 (45.1%)
14 (22.4%)
3 (5.6%)
Sleeping Hours/24 Hours
32 (53.5%)
29 (45.1%)
BMI: Body Mass Index, Gov: Government, PKR: Pakistani Rupees

0.722

0.707

0.76

0.386

0.617

DISCUSSION
The purpose of this study was to explore the role of omega-3 polyunsaturated fatty acids in the management of major
depressive disorder and unveiled statistically significant role as the mean difference was 15.46 ± 4.98 (p=0.000).
Placebo group means difference was 2.32 ± 4.43 (p=0.007). This finding is adjacent to the results of a randomized,
double-blind, 12-week, placebo-controlled trial aimed to explore the effects of omega-3 supplementation in depression,
in Korea. In this 12-week, parallel-group trial, (n=35) were assigned to take either 3 capsules of omega-3 PUFAs
(1.140 mg of EPA + 600 mg of DHA; n=18) or placebo (n=17). Supplementation of omega-3 significantly reduced
clinical global impression improvement scores as compared with intake of placebo [43].
Role of omega-3 PUFAs in depression may be due to the antioxidant activity of omega-3 PUFAs, this is closely
matched to the studies, found that etiology of depression is related to various endocrinological and metabolic
disturbances, it has been reported that depression has elevated oxidative stress [17,18]. Another previous study
supported the role of inflammatory mechanisms in major depression was confirmed. (n=132) with chronic hepatitis
C viral infection were tested to evaluate the role of genes (COX-2 and PLA-2) in the development of depression
during interferon (IFN)-α treatment. Erythrocyte levels of the 3 main polyunsaturated fatty acids, docosahexaenoic
acid (DHA), eicosapentaenoic acid (EPA), and arachidonic acid of 63 patients were examined. Results suggested that
probably by influencing the eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) levels, genetic alteration
in the COX-2 and PLA-2 genes, enhance the risk of IFN-α-induced depression [44].
Lower plasma levels of omega-3 polyunsaturated fatty acids and changed lipoprotein concentration have been reported
in depression due to lipid metabolism disturbance [45,46]. Higher plasma levels of omega-3 polyunsaturated fatty
acids (PUFAs) hinder the production of pro-inflammatory cytokines [47].
In contrary to the results of the current study, no indicative relationship was explored between any omega-3
polyunsaturated fatty acid level and residual depressive symptoms in older 130 outpatient aged from 60 to 86 years.
Hamilton Depression Rating Scale (HDRS) scores>5 were used to define residual depressive symptoms. And fatty
acids levels in erythrocyte membranes and in plasma were checked separately by gas chromatography [48]. Finding
another study oppose the present study results, in which no association between polyunsaturated fatty acids intake and
incidence of depressive symptoms was showed [49].
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This may be due to the difference in demographic factors of participants and the small sample size of the current study.
The present study explored no significant relationship between risk factors and depression. Mean age of participants
was 30.5 ± 6.92. This finding was aligned with a previous study conducted in the Department of Psychiatry, Columbia
University, New York, aimed to find the role of omega-3 polyunsaturated fatty acid supplementation and white matter
changes in major depression. N=28 were treated with fish oil for 6 weeks [50]. The present study found females
patients were more 34 (58.1%) than male patients 27 (41.9%). This finding was compatible with previous studies,
concluded that females are more vulnerable to having depression as compared to males [51,52].
In this study family history was not statistically associated with depression (p<0.707) and this finding was incompatible
to a previous double-blind placebo-controlled study, in which hypothesis was confirmed that serotonin transporter
gene promoter polymorphism (5HTTLPR)-dependent low transcriptional activity of the human serotonin transporter
gene is a genetically susceptible factor for depression. Total 45 white women, aged from 19 to 53 years (mean ± SD
age, 26.3 ± 4.9), 24 healthy females with no family history of depression and 21 females with a positive family history
of depression were studied [53].
In the current study, marital status was not significant with depression (p<0.784), finding contradict a review study
examined that depression impacts marital status, (p<0.01) and, conversely, marital status effects the incidence of this
disorder (p=0.04) [54]. Education level had no definite or statistical association with depression, however previous
studies, concluded a clear negative relationship between depression and higher education levels. Higher educational
level suggested being shielded against depression [55-57].
CONCLUSION
Role of Omega-3 polyunsaturated fatty acid as an add-on treatment with an antidepressant was significant and
improved the Beck depression inventory (BDI) scores of depressive symptoms in the treatment group as compared to
placebo. This suggests that the use of dietary omega-3 PUFAs can be prevented from depression.
Limitations
•

A short period of time

•

Single centered study

•

Due to financial constraints, it was not possible to conduct the study on large scale, was dealt single-handedly
and small sample size
DECLARATIONS

Conflict of Interest
It is affirmed that this manuscript is an honest, accurate, and transparent account of the study being reported, no
important aspects of the study have been omitted. All authors and co-authors worked honestly.
REFERENCES
[1] Ferrari, Alize J., et al. “Burden of depressive disorders by country, sex, age, and year: findings from the global
burden of disease study 2010.” PLoS Medicine, Vol. 10, No. 11, 2013.
[2] Miret, Marta, et al. “Depressive disorders and suicide: epidemiology, risk factors, and burden.” Neuroscience and
Biobehavioral Reviews, Vol. 37, No. 10, 2013, pp. 2372-74.
[3] Chiu, Edmond. “Epidemiology of depression in the Asia Pacific region.” Australasian Psychiatry, Vol. 12, 2004,
pp. 4-10.
[4] Gadit, A. A. “Economic burden of depression in Pakistan.” Journal-Pakistan Medical Association, Vol. 54, No.
2, 2004, pp. 43-44.
[5] Weich, Scott, et al. “Mental health and the built environment: a Cross-sectional survey of individual and contextual
risk factors for depression.” The British Journal of Psychiatry, Vol. 180, No. 5, 2002, pp. 428-33.
[6] Dobson, Keith S., and David JA Dozois. “Risk factors in depression.” Elsevier, 2011.
[7] Schaakxs, Roxanne, et al. “Risk factors for depression: differential across age?” The American Journal of
Geriatric Psychiatry, Vol. 25, No. 9, 2017, pp. 966-77.

182

Yousef, et al.

Int J Med Res Health Sci 2018, 7(11): 178-185

[8] Gadit, Amin A. Muhammad, and Gerry Mugford. “Prevalence of depression among households in three capital
cities of Pakistan: need to revise the mental health policy.” Plos One, Vol. 2, No. 2, 2007, pp. 209.
[9] Luchtman, Dirk W., and Cai Song. “Cognitive enhancement by omega-3 fatty acids from childhood to old age:
findings from animal and clinical studies.” Neuropharmacology, Vol. 64, 2013, pp. 550-65.
[10] McNamara, Robert K. “Evaluation of docosahexaenoic acid deficiency as a preventable risk factor for recurrent
affective disorders: current status, future directions, and dietary recommendations.” Prostaglandins, Leukotrienes,
and Essential Fatty Acids, Vol. 81, No. 2-3, 2009, p. 223.
[11] Arterburn, Linda M., Eileen Bailey Hall, and Harry Oken. “Distribution, interconversion, and dose response of
n-3 fatty acids in humans.” The American Journal of Clinical Nutrition, Vol. 83, No. 6, 2006, pp. 1467-76.
[12] Cunnane, S. C., et al. “Fish, docosahexaenoic acid and Alzheimer’s disease.” Progress in Lipid Research, Vol.
48, No. 5, 2009, pp. 239-56.
[13] Lukiw, Walter J., and Nicolas G. Bazan. “Docosahexaenoic acid and the aging brain.” The Journal of Nutrition,
Vol. 138, No. 12, 2008, pp. 2510-14.
[14] Ng, Felicity, et al. “Oxidative stress in psychiatric disorders: evidence base and therapeutic implications.”
International Journal of Neuropsychopharmacology, Vol. 11, No. 6, 2008, pp. 851-76.
[15] Dringen, Ralf. “Metabolism and functions of glutathione in brain.” Progress in Neurobiology, Vol. 62, No. 6,
2000, pp. 649-71.
[16] Mladenović, D., et al. “The correlation between lipid peroxidation in different brain regions and the severity of
lindane-induced seizures in rats.” Molecular and Cellular Biochemistry, Vol. 333, No. 1-2, 2010, p. 243.
[17] Maes, Michael, et al. “A review on the oxidative and nitrosative stress (O and NS) pathways in major depression
and their possible contribution to the (neuro) degenerative processes in that illness.” Progress in NeuroPsychopharmacology and Biological Psychiatry, Vol. 35, No. 3, 2011, pp. 676-92.
[18] Rustad, James K., Dominique L. Musselman, and Charles B. Nemeroff. “The relationship of depression and
diabetes: pathophysiological and treatment implications.” Psychoneuroendocrinology, Vol. 36, No. 9, 2011, pp.
1276-86.
[19] Liu, Qiang, et al. “Omega-3 polyunsaturated fatty acids protect neural progenitor cells against oxidative injury.”
Marine Drugs, Vol. 12, No. 5, 2014, pp. 2341-56.
[20] Roca-Rodríguez, M. M., et al. “Effect of a specific supplement enriched with n-3 polyunsaturated fatty acids on
markers of inflammation, oxidative stress and metabolic status of ear, nose, and throat cancer patients.” Oncology
reports, Vol. 31, No. 1, 2014, pp. 405-14.
[21] Calder, Philip C. “n-3 Polyunsaturated fatty acids, inflammation, and inflammatory diseases.” The American
Journal of Clinical Nutrition, Vol. 83, No. 6, 2006, pp. 1505-19.
[22] Hintze, K. J., J. Tawzer, and Robert E. Ward. “Concentration and ratio of essential fatty acids influence the
inflammatory response in lipopolysaccharide-challenged mice.” Prostaglandins, Leukotrienes, and Essential
Fatty Acids, Vol. 111, 2016, pp. 37-44.
[23] Uygur, Ramazan, et al. “Protective effects of fish omega-3 fatty acids on doxorubicin-induced testicular apoptosis
and oxidative damage in rats.” Andrologia, Vol. 46, No. 8, 2014, pp. 917-26.
[24] Wu, Yan-Qin, et al. “Long chain omega-3 polyunsaturated fatty acid supplementation alleviates
doxorubicin-induced depressive-like behaviors and neurotoxicity in rats: involvement of oxidative stress and
neuroinflammation.” Nutrients, Vol. 8, No. 4, 2016, p. 243.
[25] Gorjão, Renata, et al. “Comparative effects of DHA and EPA on cell function.” Pharmacology and Therapeutics,
Vol. 122, No. 1, 2009, pp. 56-64.
[26] Ganança, Licinia, et al. “Lipid correlates of antidepressant response to omega-3 polyunsaturated fatty acid
supplementation: A pilot study.” Prostaglandins, Leukotrienes, and Essential Fatty Acids, Vol. 119, 2017, pp.
38-44.
[27] Park, Yongsoon, et al. “Erythrocyte n-3 polyunsaturated fatty acid and seafood intake decrease the risk of
depression: case-control study in Korea.” Annals of Nutrition and Metabolism, Vol. 61, No. 1, 2012, pp. 25-31.

183

Yousef, et al.

Int J Med Res Health Sci 2018, 7(11): 178-185

[28] Ginty, Annie T., and Sarah M. Conklin. “Short-term supplementation of acute long-chain omega-3 polyunsaturated
fatty acids may alter depression status and decrease symptomology among young adults with depression: A
preliminary randomized and placebo-controlled trial.” Psychiatry Research, Vol. 229, No. 1-2, 2015, pp. 485-89.
[29] Nemets, Boris, Ziva Stahl, and R. H. Belmaker. “Addition of omega-3 fatty acid to maintenance medication
treatment for recurrent unipolar depressive disorder.” American Journal of Psychiatry, Vol. 159, No. 3, 2002,
pp. 477-79.
[30] Peet, Malcolm, and David F. Horrobin. “A dose-ranging study of the effects of ethyl-eicosapentaenoate in patients
with ongoing depression despite apparently adequate treatment with standard drugs.” Archives of General
Psychiatry, Vol. 59, No. 10, 2002, pp. 913-19.
[31] Grenyer, Brin FS, et al. “Fish oil supplementation in the treatment of major depression: a randomized doubleblind placebo-controlled trial.” Progress in Neuro-Psychopharmacology and Biological Psychiatry, Vol. 31, No.
7, 2007, pp. 1393-96.
[32] Mischoulon, David, et al. “A double-blind randomized controlled trial of ethyl-eicosapentaenoate (EPA-E) for
major depressive disorder.” The Journal of Clinical Psychiatry, Vol. 70, No. 12, 2009, p. 1636.
[33] Hirschfeld, Robert MA, et al. “Development and validation of a screening instrument for bipolar spectrum
disorder: the Mood Disorder Questionnaire.” American Journal of Psychiatry, Vol. 157, No. 11, 2000, pp. 1873-75.
[34] Watts, Sarah, et al. “A clinical audit of changes in suicide ideas with internet treatment for depression.” BMJ
Open, Vol. 2, No. 5, 2012.
[35] Keyes, Corey LM. “Promoting and protecting mental health as flourishing: A complementary strategy for
improving national mental health.” American Psychologist, Vol. 62, No. 2, 2007, p. 95.
[36] Payahoo, Laleh, et al. “Assessment of nutritional and depression status in free-living elderly in Tabriz, Northwest
Iran.” Health Promotion Perspectives, Vol. 3, No. 2, 2013, p. 288.
[37] Badrasawi, Manal M., et al. “Effect of Talbinah food consumption on depressive symptoms among elderly
individuals in long-term care facilities, randomized clinical trial.” Clinical Interventions in Aging, Vol. 8, 2013,
p. 279.
[38] Dashti-Khavidaki, Simin, et al. “Effects of omega-3 fatty acids on depression and quality of life in maintenance
hemodialysis patients.” American Journal of Therapeutics, Vol. 21, No. 4, 2014, pp. 275-87.
[39] Joint FAO/WHO Expert Committee on Food Additives. Meeting, and World Health Organization. Evaluation of
Certain Food Additives: Seventy-first Report of the Joint FAO/WHO Expert Committee on Food Additives. Vol.
71. World Health Organization, 2010.
[40] Freeman, Marlene P., et al. “Omega-3 fatty acids and supportive psychotherapy for perinatal depression: a
randomized placebo-controlled study.” Journal of Affective Disorders, Vol. 110, No. 1-2, 2008, pp. 142-48.
[41] Jiang, Wei, et al. “Plasma omega-3 polyunsaturated fatty acids and survival in patients with chronic heart failure
and major depressive disorder.” Journal of Cardiovascular Translational Research, Vol. 5, No. 1, 2012, pp. 92-99.
[42] Riemer, Sabine, et al. “Lowered ω-3 PUFAs are related to major depression, but not to somatization syndrome.”
Journal of Affective Disorders, Vol. 123, No. 1-3, 2010, pp. 173-80.
[43] Park, Yongsoon, et al. “Supplementation of n-3 polyunsaturated fatty acids for major depressive disorder: a
randomized, double-blind, 12-week, placebo-controlled trial in Korea.” Annals of Nutrition and Metabolism,
Vol. 66, No. 2-3, 2015, pp. 141-48.
[44] Su, Kuan-Pin, et al. “Phospholipase A2 and cyclooxygenase 2 genes influence the risk of interferon-α–induced
depression by regulating polyunsaturated fatty acids levels.” Biological Psychiatry, Vol. 67, No. 6, 2010, pp.
550-57.
[45] Decsi, T., et al. “Low contribution of n-3 polyunsaturated fatty acids to plasma and erythrocyte membrane lipids
in diabetic young adults.” Prostaglandins, Leukotrienes and Essential Fatty Acids, Vol. 76, No. 3, 2007, pp.
159-64.
[46] Maes, Michael, et al. “Lowered ω3 polyunsaturated fatty acids in serum phospholipids and cholesteryl esters of
depressed patients.” Psychiatry Research, Vol. 85, No. 3, 1999, pp. 275-91.

184

Yousef, et al.

Int J Med Res Health Sci 2018, 7(11): 178-185

[47] Kiecolt-Glaser, Janice K., et al. “Omega-3 supplementation lowers inflammation and anxiety in medical students:
a randomized controlled trial.” Brain, Behavior, and Immunity, Vol. 25, No. 8, 2011, pp. 1725-34.
[48] Jadoon, Ayesha, et al. “Associations of polyunsaturated fatty acids with residual depression or anxiety in older
people with major depression.” Journal of Affective Disorders, Vol. 136, No. 3, 2012, pp. 918-25.
[49] Kesse-Guyot, Emmanuelle, et al. “Cross-sectional but not a longitudinal association between n-3 fatty acid intake
and depressive symptoms: results from the SU. VI. MAX 2 study.” American Journal of Epidemiology, Vol. 175,
No. 10, 2012, pp. 979-87.
[50] Chhetry, Binod Thapa, et al. “Omega-3 polyunsaturated fatty acid supplementation and white matter changes in
major depression.” Journal of Psychiatric Research, Vol. 75, 2016, pp. 65-74.
[51] Nolen-Hoeksema, S. “Gender differences in depression.” Current Directions in Psychological Science, Vol. 10,
No. 5, 2001, pp. 173-76.
[52] Simon, Robin W. “Revisiting the relationships among gender, marital status, and mental health.” American
Journal of Sociology, Vol. 107, No. 4, 2002, pp. 1065-96.
[53] Neumeister, Alexander, et al. “Association between serotonin transporter gene promoter polymorphism
(5HTTLPR) and behavioral responses to tryptophan depletion in healthy women with and without a family
history of depression.” Archives of General Psychiatry, Vol. 59, No. 7, 2002, pp. 613-20.
[54] Bulloch, Andrew G., et al. “The relationship between major depression and marital disruption is bidirectional.”
Depression and Anxiety, Vol. 26, No. 12, 2009, pp. 1172-77.
[55] Kaplan, George A., et al. “Psychosocial predictors of depression: prospective evidence from the human population
laboratory studies.” American journal of Epidemiology, Vol. 125, No. 2, 1987, pp. 206-20.
[56] Andrews, Gavin, Scott Henderson, and Wayne Hall. “Prevalence, comorbidity, disability and service utilization:
an overview of the Australian National Mental Health Survey.” The British Journal of Psychiatry, Vol. 178, No.
2, 2001, pp. 145-53.
[57] Bjelland, Ingvar, et al. “Does a higher educational level protect against anxiety and depression? The HUNT
study.” Social Science and Medicine, Vol. 66, No. 6, 2008, pp. 1334-45.

185

