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by episodes of mania or hypomania and depression that 
cause cognitive faults and decrease quality of life.[1] The 
pathogenesis of the disorder is not still elucidated, but 
inflammatory signaling is involved in this disorder. The 
inflammation accelerates the progression of the disorder, 
and the presence of inflammation is the main proof 
of bipolar disorder.[3] Patients with bipolar disorder 
show a significant increase in central and peripheral 

INTRODUCTION

Bipolar disorder is a psychiatric disorder accompanied 
by other psychiatric disorders that is seen in 0.5%–1% 
of the general population.[1] It has been reported a 
prevalence of 0.96% of mood disorders in Iran that 
comprised 22.37% of mood disorders.[2] It is characterized 
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pro‑inflammatory elements such as cytokines. The increases 
in tumor necrosis factor‑α (TNF‑α) and interleukin‑6 (IL‑6) 
and high‑sensitivity C‑reactive protein (hs‑CRP) have been 
observed in patients with bipolar disorder compared with 
healthy people.[4] The decreasing inflammation can help the 
treatment of bipolar disorder.[3] Omega‑3 polyunsaturated 
fatty acids are administrated for the treatment of bipolar 
disorder.[5,6]

Omega‑3 fatty acids decrease inflammation via various 
mechanisms such as prevention of leukocyte chemotaxis 
and production of eicosanoids and inflammatory 
cytokines.[7] A meta‑analysis has shown that omega‑3 fatty 
acid supplementation significantly decreases the levels of 
TNF‑α, IL‑6, and hs‑CRP in patients with heart failure.[8] It 
was also reported that omega‑3 fatty acid supplementation 
significantly reduces the levels of hs‑CRP in patients 
with gestational diabetes mellitus.[9] Other studies have 
not reported the positive effects of omega‑3 fatty acid 
supplementation on inflammatory factors in patients 
with metabolic syndrome[10] and with type 2 diabetes and 
nonalcoholic fatty liver.[11]

With regard to the effects of omega‑3 fatty acids in decreasing 
the inflammation and its anti‑inflammatory properties in 
the alleviation of symptoms and signs of bipolar disorder 
and also conflicts for the effects of omega‑3 fatty acids on 
inflammatory factors, we aimed to investigate the effects 
of omega‑3 fatty acids on the serum concentrations of 
pro‑inflammatory cytokines and depression status in 
patients with bipolar disorder. Based on our searches, there 
are few studies on the effects of omega‑3 fatty acids on the 
serum concentrations of pro‑inflammatory cytokines and 
depression status in patients with bipolar disorder.

MATERIALS AND METHODS

Participants
This randomized clinical trial study was conducted on 
60 patients with bipolar disorder in the depressive phase 
in 2021. The patients referred to Baharan Psychiatric Clinic 
in Zahedan under the supervision of an academic member 
psychiatrist of Zahedan University of Medical Sciences 
were selected for this study. The participants were selected 
based on inclusion and exclusion criteria. Inclusion criteria 
were as follows: Age limit of 16-60 years, at least 6 months 
history of bipolar disorder, willingness to participate in this 
study, lack of receiving of omega‑3 fatty acid supplement 
for several months before the start of the study, lack of 
programmed surgery for three next months, receiving drugs 
interfering with omega‑3 fatty acids such as anticoagulant 
medications, lack of high hypertension, and patients who 
did not consume alcohol. Exclusion criteria included 
changed dosage and medication type, showing sensitivity 

to omega‑3 fatty acid supplement, consuming lesser than 
80.00% supplement, having infectious and inflammatory 
disorders, and lack of willingness for continuing the study. 
Delusional patients with bipolar were also excluded. The 
patients were randomly grouped into two 30‑people 
groups with an equal ratio of both sexes. The patients in the 
omega‑3 fatty acid group (OG) daily consumed 2 capsules 
of 1000 mg of omega‑3 fatty acids (180 mg EPA, 120 mg 
DHA), for 2 months [12] after meals with a sufficient amount 
of water, while patients in the placebo group (PG) daily 
consumed 2 capsules of placebo (pure edible paraffin oil) in 
the same of form for OG. Paraffin and omega‑3 fatty acids 
were prepared from Barij Essence Company.

Figure 1 depicts a flow diagram of participants in this study. 
Sample sizes were calculated based on previous studies[13] 
and based on the below equation:

∈
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Where n1 and n2 show the number of samples in the 
omega‑3 and placebo groups, respectively. Furthermore, κ, 
α, 1−β, σ2, є, and δ show the number of samples in omega‑3 
to placebo, probability of type  1 error, statistical power, 
the mixed variance of groups, real difference, and clinical 
effective limit, respectively. Based on the same study, the 
values for κ, α, 1−β, σ2, є, and δ were 1, 0.05, 0.80, 88.5, 2.2, 
and 5, respectively.[13]

To avoid gastrointestinal side effects, we suggested consuming 
supplements with the main meals (lunch and dinner). The 
patients were monitored for clinical abnormalities and weekly 
controlled for consumption of supplements. In addition, to 
avoid error effect, it was recommended families and patients 
who do not feed foods containing omega‑3 and not follow an 
anti‑inflammatory diet. A complete list of familis was given 
to them and followed weekly.

Randomization
The patients were allocated into groups by using permuted 
block stratified randomization. The patients were classified 
based on age and gender. Quadruple blocks (both groups 
and two replications for each group) were randomly 
selected from permutes and assigned to groups by help R 
software  (version  4.0.2) (R Foundation for statistical 
computing, Vienna, Austria).

Matching and blinding
Both groups were matched for sex and age based on 
frequency matching and with the help of permuted block 
stratified randomization. Double blinding was conducted 
so that Interventionists, and technicians did not have any 
information for the study.
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Measurements
To measure the depression status, the Hamilton test was 
used.[14] It has a Persian version with a reliability of 81%. 
This questionnaire is a 24‑item scale with items for feelings 
of sadness, suicide, sleep, work and activity, psychological 
anxiety, body anxiety, weight loss, frustration, etc. Items 
were scored from 0 as lack and 1–4 for other conditions. 
Total scores were gathered and scored as 0–6 (the absence 
or remission of depression), 7–17  (mild depression), 
18–24  (moderate depression), and 25 and above  (severe 
depression). The interviewer completed the questionnaire 
and also requested the data for age, married status, and job. 
All the patients were diagnosed by a psychiatrist, and they 
had a history of the disorder.

To assess the serum concentrations of TNF‑α, IL‑6, and 
hs‑CRP, blood samples  (5  mL) were collected from each 
patient before and after the study and centrifuged at 
3500  rpm for 10  min. Serum samples were analyzed for 
the serum concentrations of TNF‑α, IL‑6, and hs‑CRP by 
commercial kits (LDN Company, Germany), as suggested 
by producer companies.

Data analysis
We analyzed the data for normality by Kolmogorov–
Smirnov test and Q_Q plot, and the data for depression 
score and the serum concentrations of TNF‑α, IL‑6, and 
hs‑CRP were analyzed by paired t‑test for intragroup 
comparison and T‑independent for comparisons between 
groups, because the data were normal. Demographic 
characteristics were reported as mean ± standard deviation 
and distribution frequency. Furthermore, to compare 

basic characteristics between the intervention and the 
control groups, independent sample t‑test and Chi‑square 
test were used for continuous and categorical variables, 
respectively. In addition, the correlation between serum 
concentrations and depression score was investigated by 
Pearson correlation. P < 0.05 was considered statistically 
significant.

Ethical considerations
This study was approved by the Ethical Committee of 
Zahedan University of Medical Sciences  (IR.ZAMUS.
REC.1400.319). The study was registered at the Iranian 
Registry of Clinical Trials IRCT (IRCT20211220053469N1; 
www.irct.ir). All the participants signed informed consent, 
and subjects who did not have willing to participate in this 
study were allowed to leave the study. Informed consent 
was taken from all the participants.

RESULTS

Demographic data
Table  1 depicts the results for demographic data. The 
results show that most participants in the OG were 
housekeepers  (n  =  12, 40.00%) and unemployed  (n  =  11, 
36.70%) while most participants in the control group were 
housekeepers (n = 13, 43.30%). The results showed that most 
participants had an education lower than diploma in both 
groups. The participants were middle aged and did not 
have significant differences in age. The results did not show 
significant differences between omega‑3 fatty acids and placebo 
for height (P = 0.72), weight before the study (P = 0.99), disease 
duration (P = 0.576), and weight after the study (P = 0.94).

Figure 1: Participants’ flow diagram of the study
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The serum concentrations of interleukin‑6, tumor necrosis 
factor‑α and high‑sensitivity C‑reactive protein
Table  2 presents the effects of omega‑3 fatty acid 
supplementation on the serum concentrations of IL‑6, 
TNF‑α, and hs‑CRP between groups, before and after the 
study. For the serum concentrations of IL‑6  (P  =  0.652), 
TNF‑α  (P  =  0.196), and hs‑CRP  (P  =  0.083), significant 
differences were not seen between the OG and the placebo 
group before intervention. The serum concentrations of 
IL‑6 (P < 0.001), TNF‑α (P < 0.001), and hs‑CRP (P < 0.001) were 
significantly reduced in the OG after the study compared 
with before the study. The serum concentrations of IL‑6, 
TNF‑α, and hs‑CRP were decreased by 50.00%, 32.00%, 
and 43.00%, respectively, after the intervention compared 

with before intervention in the case group. Significant 
differences were not seen in the serum concentrations of 
IL‑6 (P = 0.124), TNF‑α (P = 0.865), and hs‑CRP (P = 0.641) 
between the placebo group before and after the intervention. 
There were significant differences between the two groups 
after intervention for all inflammatory factors (P < 0.001).

Depression score
The effects of omega‑3 fatty acid supplementation on 
depression scores are also reported in Table 3. There were 
no significant differences between the OG and the placebo 
group at the start of the study for the depression score on 
the Hamilton test (P = 0.128). The results showed that the 
depression score  (P  <  0.001) was significantly decreased 
before the study compared with after intervention in the 
OG. Regarding depression scores, there were no significant 
differences between the placebo group before and after 
intervention (P = 0.590). There were significant differences 
between the two groups after intervention (P < 0.001).

The relation between depression score and the serum 
concentrations of interleukin‑6, tumor necrosis factor‑α, 
and high‑sensitivity C‑reactive protein
We observed a positive correlation between depression 
scores with the serum concentrations of IL‑6, TNF‑α, 
and hs‑CRP before and after intervention in both 
groups [Table 4].

DISCUSSION

This study was conducted to investigate the effects of 
omega‑3 fatty acid supplementation on depression score 
and the serum concentrations of TNF‑α, IL‑6, and hs‑CRP 
and depression scores in patients with bipolar disorder. 
The results for serum concentration of pro‑inflammatory 
factors in patients with bipolar disorder are similar to 
results reported by other studies that have shown a 
positive correlation between depression status and serum 
concentrations of pro‑inflammatory cytokines.[15] The 
results elucidate the role of cytokines in the pathogenesis 
and progression of the disorder. Based on our findings, 
the increased serum concentration of TNF‑α, IL‑6, and 
hs‑CRP increases depression score while the decreased 
serum levels decrease depression score. The results are also 
in line with findings reported by Bai et al. who compared 
inflammatory cytokine levels among type  I/type  II and 
manic/hypomanic/euthymic/depressive states of bipolar 
disorder and showed a significant relationship between 
inflammatory dysregulation and progression of bipolar 
disorder.[16] In the current study, patients in both groups 
had scores higher than 25 before intervention which 
shows severe depression based on the Hamilton score. 
Previous studies have attributed the increased depression 
to a fault in immunological responses and activation of the 

Table 2: The effects of omega‑3 fatty acid 
supplementation on the serum concentrations 
of interleukin‑6, tumor necrosis factor‑α, and 
high‑sensitivity C‑reactive protein of patients with 
bipolar disorder
Parameters Groups n Before After Changes P*
IL‑6 
(pg/mL)

Omega‑3 30 3.46±0.54 2.30±0.40 −1.16±0.68 <0.001
Placebo 30 3.39±0.61 3.51±0.64 0.11±0.39 0.124
P** 0.652 <0.001

TNF‑α 
(pg/mL)

Omega‑3 30 7.23±1.02 5.46±1.05 −1.76±0.75 <0.001
Placebo 30 6.94±0.66 6.95±0.91 0.01±0.60 0.865
P** 0.196 <0.001

hs‑CRP 
(pg/mL)

Omega‑3 30 2.82±1.02 1.97±0.57 −0.85±0.68 <0.001
Placebo 30 3.02±0.40 3.04±0.29 0.02±0.27 0.641
P** 0.083 <0.001

*P value for independent t‑test, **P value for dependent t‑test. The results are 
reported as mean±SD. SD=Standard deviation; IL‑6=Interleukin‑6; TNF‑α=Tumor 
necrosis factor‑α; hs‑CRP=High‑sensitivity C‑reactive protein

Table 1: Demographic data for participants in both 
groups
Parameters Omega‑3 fatty acids Placebo P*
Job Housekeeper (n=12; 

40.00%)
Worker (n=1; 3.30%)
Employee (n=1; 3.30%)
Freelance (n=5; 6.70%)
Unemployment (n=11; 
36.70%)

Housekeeper 
(n=13; 43.30%)
Freelance (n=7; 
23.30)
Unemployment 
(n=8; 26.70)
Retired (n=2; 
6.70%)

0.345

Education <Diploma (n=21; 70.00%)
Diploma (n=8; 25.00%)
BSc. and higher (n=1; 
3.30%)

<Diploma 
(n=25; 83.30%)
Diploma (n=5; 
16.70%)

0.658

Disease’s duration 
(months)

23.2±7.8 26.7±9.3 0.576

Age (years) 36.93±10.03 37.83±10.72 0.74
Height (cm) 169.37±8.04 165.10±22.00 0.32
Weight (kg), 
preintervention

67.35±14.68 67.28±11.26 0.99

Weight (kg), 
postintervention

67.27±14.94 67.50±10.28 0.94

*P values were obtained from independent samples t‑test for continuous variables 
and Chi‑square test for categorical ones. The results are reported as mean±SD. 
SD=Standard deviation
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inflammatory response system.[17] Other studies have also 
confirmed the relation between pro‑inflammatory cytokines 
with depression in patients with bipolar disorder and 
showed to be high depression in patients and attributed it 
to an increase in the serum concentrations of cytokines.[18] 
The increase in serum concentrations of pro‑inflammatory 
cytokines might be a response to patient status during 
the involvement with the disorder. The relation between 
concentrations of pro‑inflammatory cytokines and 
depression has been previously reported. Cytokines might 
be involved in the hypothalamus–pituitary axis (HPA) and 
cause neurogenesis in major depression.[17] Thus, a fault 
in the HPA axis has a significant role in the relationship 
between mood disorders and inflammation. Cytokines 
penetrate in central nervous system via the blood–brain 
barrier, binding to receptors in the peripheral afferent nerve 
and promoting cortisol and other hormones and transmitters 
distributing the HPA axis.[17] TNF‑α has negative effects on 
systems involved in depression, such as dopaminergic and 
serotonergic systems.[19] The increased levels of hs‑CRP and 
IL‑6 elevate vulnerability to inflammatory responses and are 
associated with mood disorders.[20] In sum, cytokine levels 
are higher in response to disorder and these are involved 
in mood disorders such as depression in patients with 
bipolar disorders.

Our findings showed that administration of omega‑3 
fatty acid supplement significantly reduced the serum 
concentrations of TNF‑α, IL‑6, and hs‑CRP. The results 
are in agreement with findings reported by Dezfouli et al. 
who conducted a meta‑analysis review on the effects of 
omega‑3 supplementation on serum levels of inflammatory 
biomarkers in 371 patients with hemodialysis and showed 
that omega‑3 fatty acid supplementation significantly 
decreased the serum concentrations of TNF‑α, IL‑6, and 
hs‑CRP.[21] The results are also similar to results reported 
by Singh who reviewed the effects of omega‑3 fatty acid 

supplementation on cognition and inflammation and 
showed that omega‑3  supplementation decreased the 
serum concentrations of IL‑6 and TNF‑α in parallel with 
improving cognitive performance.[22] In contrast to our 
findings, Salehi et  al. investigated the effects of omega‑3 
fatty acid supplementation for 6  months in patients 
with hemodialysis and did not report significant effects 
of omega‑3 fatty acid supplementation on the serum 
concentrations of IL‑6 and TNF‑α.[23] The mechanism of 
omega‑3 fatty acids in decreasing inflammation could be 
attributed to its effects in downregulating inflammatory 
cytokines and enzymes[24] and attenuating the production 
of pro‑inflammatory cytokines.[25]

Our findings also showed decreased depression scores in 
patients receiving omega‑3 fatty acid supplements. Similar 
to our findings, Osher et al.[26] assessed the effects of daily 
supplementation of omega‑3 fatty acids (1.5–2  g/day) 
for 6  months on depression scores with the help of the 
Hamilton questionnaire. They reported a decrease of 50.00% 
depression score compared to preintervention. Frangou 
et al.[27] supplemented ethyl eicosapentaenoic acid in bipolar 
depression for 12 weeks and assessed depression score by 
the Hamilton questionnaire. They observed a reduction 
in depression scores in patients receiving omega‑3 fatty 
acid supplements and also a decrease in depression scores 
in the control group. The antidepressant mechanism of 
omega‑3 fatty acids is significantly associated with the 
anti‑inflammatory properties of omega‑3 fatty acids. 
Pro‑inflammatory and inflammatory cytokines decrease 
neurotransmitter precursor availability, activate the HPA 
axis, and change neurotransmitter metabolism which all 
have significant roles in the progression of depression.[28] 
Our results showed a positive correlation between the 
serum concentrations of cytokines and depression scores. 
The supplementation of omega‑3 fatty acids decreased the 
serum concentrations of cytokines parallel with decreased 
depression scores. It highlights the role of anti‑inflammatory 
omega‑3 fatty acid supplement and also its role in 
decreasing the depression via the anti‑inflammatory system. 
Omega‑3 fatty acids also maintain membrane integrity and 
fluidity which are essential for neurotransmitter binding 
and signaling within the cell.[29]

This study has several limitations such as assessing 
cytokines in serum may not reflect their concentrations 
in brain. Although studies have reported that changes in 

Table 3: The effects of omega‑3 fatty acid supplementation on depression score of patients with bipolar disorder
Parameters Groups n Before After Changes P*
Depression score Omega‑3 30 18.93±9.04 13.70±5.32 −5.23±3.22 <0.001

Placebo 30 19.36±9.72 20.43±8.26 1.06±5.22 0.590
P** 0.128 <0.001

*P value for independent t‑test, **P value for dependent t‑test. The results are reported as mean±SD. SD=Standard deviation

Table 4: Correlation between pro‑inflammatory cytokines 
with depression score in patients with bipolar disorder

Groups n IL‑6 TNF‑α hs‑CRP
R P R P R P

Before Omega‑3 30 0.385 0.032 0.421 0.019 0.682 <0.001
Before Placebo 30 0.521 <0.001 0.512 <0.001 0.711 <0.001
After Omega‑3 30 0.414 0.012 0.365 0.039 0.811 <0.001
After Placebo 30 0.445 <0.001 0.551 <0.001 0.351 0.039
The results are reported as correlation coefficient. IL‑6=Interleukin‑6; TNF‑α=Tumor 
necrosis factor‑α; hs‑CRP=High‑sensitivity C‑reactive protein
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peripheral levels may partly reflect the changes in brain 
cytokine secretion, we did not find any definitive conclusion 
on this matter.[30] This study investigated three inflammatory 
factors which is a limitation in the current study, but 
assessing other factors can be an idea for future studies. 
The lack of a follow‑up period is another limitation of the 
current study. The strength point of the current study is to 
be novel and can open new doors for future researchers and 
help to manage the treatment of bipolar disorder.

CONCLUSION

This study suggests a positive relationship between the 
serum concentrations of TNF‑α, IL‑6, and hs‑CRP and 
score depression in patients with bipolar disorders. Our 
findings also showed that supplementation of omega‑3 
fatty acids decreased depression scores via a possible 
decrease in inflammatory responses. Although future 
studies are required for showing the relation between 
peripheral cytokines, depression, and omega‑3 in patients 
with bipolar disorder, omega‑3 fatty acids can be suggested 
as a supplement for the treatment of inflammation and 
depression in patients with bipolar disorder.
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