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Abstract
Controversy exists as to whether eicosapentaenoic acid (EPA) or docosahexaenoic acid (DHA) or
both are responsible for the efficacy of n-3 polyunsaturated fatty acids in depression. We conducted
a single-center, randomized, double-blind, placebo-controlled, multi-arm, parallel-group trial,
comparing the efficacy of EPA versus DHA as adjuvants to maintenance medication treatments for
mild-to-moderate depression. Eighty-one mild-to-moderately depressed outpatients were randomly
assigned to receive either 1 g/d of EPA or DHA or placebo (coconut oil) for 12 weeks. The primary
outcome measure was the 17-item Hamilton Depression Rating Scale (HDRS) final score in the
modified intention-to-treat population, which comprised of all randomized patients with at least 1
post-randomization observation (n=62; 61.3% female; mean age 35.171.2 years). Allocated
treatments were well tolerated. Although there was no significant difference between groups at
baseline, patients in the EPA group showed a significantly lower mean HDRS score at study endpoint
compared with those in the DHA (po0.001) or placebo (p=0.002) groups. Furthermore, response to
treatment (defined as a Z50% decrease from the baseline HDRS score) was only observed in
6 patients receiving EPA, while no one in any of DHA or placebo groups responded to treatment.
Overall, these data suggest greater efficacy of EPA compared to DHA or placebo as an adjunctive
treatment in mild-to-moderate depression. However, further, randomized controlled trials are
needed to support these findings.
& 2012 Elsevier B.V. and ECNP. All rights reserved.
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1. Introduction

Depression is a serious public health concern with a lifetime
prevalence of about 16% (Kessler et al., 2003), and is
associated with substantial morbidity, mortality, and health
care costs (Andrade et al., 2003). In Iran, the prevalence of
reserved.
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depression is also considerable and it is more common
among females than males (Sadeghirad et al., 2010).
Although, at the individual level, disability from subclinical
or mild-to-moderate depression is lower than for major
depressive disorder (MDD), it is of major public health
significance due to its greater prevalence (Judd et al.,
2002) and associated increased risk of mortality (Cuijpers
and Smit, 2002), coronary heart disease (Rugulies, 2002),
and developing subsequent MDD (Cuijpers and Smit, 2004).
Generally, existing treatments for depression have limited
efficacy (Bech et al., 2000) and despite the development of
new antidepressant medications with improved side-effect
profiles, approximately, 60% of patients treated with anti-
depressants do not achieve remission (Fagiolini and Kupfer,
2003). Therefore, novel approaches to the management of
depression need to be found.

The n-3 polyunsaturated fatty acids (n-3 PUFAs) found in
fish and marine derivates, particularly eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA), have been suggested
to provide an alternative to antidepressant medications with
fewer side effects. Lower dietary intakes of fish or n-3 PUFAs
have been significantly correlated with world-wide preva-
lence of depression (Hibbeln, 1998; Hibbeln and Salem,
1995). Moreover, there is increasing evidence from epide-
miological and clinical studies that EPA and/or DHA have
beneficial effects in those suffering from mood disorders,
especially depression (Sontrop and Campbell, 2006).

Thus far, a large number of studies have examined the
antidepressant efficacy of n-3 PUFAs (mostly as an adjunctive
treatment) in patients with unipolar MDD, resulting in
positive (da Silva et al., 2008; Jazayeri et al., 2008;
Mischoulon et al., 2008; Nemets et al., 2002; Peet and
Horrobin, 2002; Rondanelli et al., 2010; Su et al., 2003)
and negative (Bot et al., 2010; Carney et al., 2009; Chiu
et al., 2008; Grenyer et al., 2007; Lucas et al., 2009;
Marangell et al., 2003; Mischoulon et al., 2009; Silvers
et al., 2005) findings. However, the potential antidepressant
effects of n-3 PUFAs on mild-to-moderately depressed
patients are not yet well studied and findings from the rare
previous trials conducted on these patients are contradicting,
yielding in positive (Frangou et al., 2006; Tajalizadekhoob
et al., 2011) and negative (Rogers et al., 2008) results. These
mixed findings may be due to methodological differences
including the use of different combinations (i.e. EPA, DHA, or
EPA+DHA) or doses (ranging from 0.2 to 9.6 g/d) of n-3
PUFAs. Furthermore, to our knowledge, no previous study has
compared the efficacy of EPA versus DHA for the treatment of
depression and controversy exists as to whether EPA or DHA
or both are responsible for the observed beneficial effects of
n-3 PUFAs in depressed patients. Therefore, we conducted a
randomized, double-blind, placebo-controlled trial to com-
pare the efficacy of EPA versus DHA as adjuvants to main-
tenance antidepressant medications for the treatment of
mild-to-moderate depression.
2. Experimental procedures

2.1. Participants

Participants were recruited from outpatients who were referred to
Bahman neuropsychiatry clinic in Yazd, Iran. Eligible participants
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required to have following conditions: a diagnose of mild-to-
moderate depression, verified with the structured clinical interview
according to Diagnostic and Statistical Manual of Mental Disorders,
4th Edition (DSM-IV) (American Psychiatric Association (APA), 1994);
ages between 18 and 75 years; a Beck Depression Inventory (BDI)
score between 10 and 28; a 17-item Hamilton Depression Rating
Scale (HDRS) score between 8 and 18; and ability to understand the
study and provide written informed consent. Exclusion criteria
included: any change in type or dose of antidepressant medications
during the study period or within the 4 weeks before enrollment;
taking fish oil or n-3 PUFA supplements in the preceding 6 months;
consuming more than 3 servings of fish per week; any diagnose of
mental disorders according to DSM-IV other than mild-to-moderate
depression; significant risk of suicide or homicide; current use of
anticoagulants, mood stabilizers or anticonvulsants; history of
cupping (a traditional Chinese medicine therapy) in the preceding
3 months; history of multiple adverse drug reactions or allergy to
marine foods or the study drugs; history of electroconvulsive
therapy; severe or uncontrolled medical illness including cardio-
vascular, hepatic, renal, respiratory, endocrine, neurologic, hema-
tologic or gastrointestinal disorders; alcohol or substance
dependence as defined by DSM-IV criteria; smoking; pregnancy,
breastfeeding, and in case of fertile women, not using acceptable
methods of contraception; development of serious adverse events
during the study period; and lack of adherence to the study
protocol.

The study protocol was approved by the ethics board of the
Shahid Sadoughi University of Medical Sciences, Yazd, Iran. After
being informed of the purpose, risks and benefits of the study, all
participants provided written informed consents at baseline. All
eligible subjects were living in the city of Yazd, Iran, and were
recruited from September 23, 2010 to December 21, 2010. The last
participant completed his final visit in March 15, 2011.
2.2. Study design

This study was a single-center, randomized, double-blind, placebo-
controlled, multi-arm, parallel-group trial. A total of 81 mild-to-
moderately depressed outpatients were assigned in a 1:1:1 fashion
to 3 groups, using simple randomization (Beller et al., 2002), to
receive either 2 oral soft gelatin capsules per day (1 g/d) of EPA or
DHA or placebo (pure coconut oil) as adjuvants to maintenance
antidepressant medications for 12 weeks. The allocation sequence
was generated by an independent statistician at the Shahid
Sadoughi University of Medical Sciences and was given to an
independent clinician who dispensed allocated treatments. All
participants were assessed and enrolled at the Bahman neuropsy-
chiatry clinic by trial clinicians who were blinded to treatment
allocation. The randomization sequence was concealed until the
last subject completed his final visit. The decision to choose the
daily dose of 1 g/d of EPA or DHA was based on previous dose-finding
studies (Mischoulon et al., 2008; Peet and Horrobin, 2002) in which
this particular dose has been associated with the most significant
improvement in depression severity and fewest side effects. Each of
the DHA and EPA capsules (purchased from Minami Nutrition,
Belgium) contained approximately 500 mg DHA or ethyl-eicosapen-
taenoate, respectively, along with small amounts of mixed toco-
pherols (4–11 mg) as antioxidant to increase product shelf life.
Placebo capsules were manufactured by Viva Pharmaceutical, Inc.,
Richmond, British Columbia, Canada. All capsules were similar in
look, and Subjects were asked to take them separately with food.
Before randomization, the capsules were placed in identical,
opaque, sealed containers by a person other than researchers and
were coded with the letters A, B, or C. Each participant was given
three containers, one for each month, and was asked to return
them at next visits. In addition to weekly follow-ups by phone,
subjects underwent detailed follow-up assessments at week 6 and
ntaenoic acid versus docosahexaenoic acid in mild-to-moderate
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Figure 1. Participant flow diagram throughout the study. DHA,
docosahexaenoic acid; EPA, eicosapentaenoic acid; modified-
ITT, modified intention-to-treat.
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12 of the study. Adherence to the study protocol and adverse events
were recorded at each visit. Compliance was defined as consump-
tion of Z90% of attributed capsules and was assessed by capsule
count. In order to assess the blinding of the study, at final visit, all
participants were asked to guess their treatment group. Subjects,
researchers, and clinicians were blinded to the allocated treat-
ments until the last participant completed his final visit.

An interviewer-administered general questionnaire was used to
collect some sociodemographic, lifestyle, and clinical information
of study participants at baseline. Additionally, at baseline and end
of the study, participant’s weight and height were measured and
their body mass index (BMI) was then calculated by dividing weight
by square of height (kg/m2). In order to assess potential changes in
dietary intake over the study period, three 24-h dietary recalls
were completed for each participant through interview, both at
baseline and end of the study. Nutritionist IV software (First
Databank, Hearst Corp, San Bruno, CA, USA) was then used to
compute dietary intakes of EPA (g/d), DHA (g/d), and energy (kj/d).
Anthropometric measurements and completing of dietary recalls for
all participants were performed by a trained nutritionist who was
unaware of patient’s allocated treatments.

2.3. Outcome measures

In this study, depression severity was assessed by BDI and 17-item
HDRS that both have established validity and reliability (Beck et al.,
1961; Hamilton, 1960). However, we used BDI only as a screening
tool at baseline because it is recommended as an acceptable
screening instrument for trial inclusion. 17-Item HDRS on the other
hand is considered the most reliable instrument to assess changes in
depression severity during randomized controlled trials (Vieweg
et al., 2011). Depression severity according to HDRS score is as
follows: 8–13 mild depression, 14–18 moderate depression, 19–22
severe depression, and Z23 very severe depression. HDRS was
completed at baseline, week 6, and week 12 of the study. Our
primary outcome measure was the HDRS total score at study
endpoint. Additional analyses were done on response to treatment
(defined as a Z50% decrease from the baseline HDRS score) and
remission (defined as a final HDRS score of r7).

2.4. Statistical analysis

The sample size was computed on the basis of the primary outcome
measure (HDRS total score). Using the standard deviations obtained
from previous studies (Frangou et al., 2006; Mischoulon et al.,
2008), a minimum of 21 participants per group would be required to
detect a minimum difference of 6 points in mean HDRS score
between groups with a power of 80% and a type I error of 5%. To
allow for drop-out rate of 30%, it was finally decided that 27
participants per group would be recruited.

All analyses were performed on the modified intention-to-treat
(ITT) population, which comprised of all randomized patients with
at least one post-randomization assessment, using the SPSS statis-
tical software, version 16.0 (SPSS Inc., Chicago, IL, USA). Chi square
test or Fisher’s exact test were used to compare categorical
variables between groups, as appropriate. In case of continuous
variables, Kolmogrov–Smirnov test was initially used to assess the
normality assumption and one-way analysis of variance (ANOVA) or
Kruskal–Wallis test were then used for comparison between groups,
where appropriate. We additionally used paired t-test or Wilcoxon’s
signed-rank test for comparison of continuous variables between
baseline and week 12 of the study within each group, as appro-
priate. HDRS total scores at study end-point and 12-week changes in
HDRS total score were compared between the 3 treatment groups
using an analysis of covariance (ANCOVA) model with treatment
(EPA or DHA or placebo) as main effect and type of antidepressant
medications and baseline HDRS score as covariates. Pair-wise
Please cite this article as: Mozaffari-Khosravi, H., et al., Eicosape
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differences between groups were then examined by performing a
Bonferroni post-hoc test to adequately adjust for multiple compar-
isons. A p value of o0.05 was considered statistically significant.
3. Results

3.1. Participant flow and baseline characteristics

Figure 1 shows the participant flow throughout the study.
A total of 115 patients were assessed for eligibility.
Of these, 24 did not meet inclusion criteria, and 10 refused
to participate. The remaining 81 patients were randomly
assigned and allocated to 3 equal treatment groups. Of
these patients, 19 (23.5%) discontinued intervention prior to
week 2 (EPA: n=6, DHA: n=7, placebo: n=6), such that no
post-randomization HDRS scores were available for them,
resulting in a population of 62 subjects (61.3% female; mean
age 35.171.2 years) eligible for modified-ITT analysis. The
reasons for these dropouts were as follow: adverse events
including gastrointestinal disturbances and headache (EPA:
n=2, DHA: n=3, placebo: n=4), change in dose of anti-
depressant medications (in each group: n=1), and patient
decision (EPA: n=3, DHA: n=3, placebo: n=1). There was no
significant difference in drop-out rate between groups.
Finally, 62 (76.5%) patients (EPA: n=21, DHA: n=20, pla-
cebo: n=21) completed the 12-week intervention.

Table 1 shows baseline sociodemographic, lifestyle, and
clinical characteristics of the study participants. Partici-
pant’s baseline characteristics were similar in all groups.
Furthermore, there were no significant differences in any
baseline variables between modified-ITT population and
those who discontinued intervention prematurely.

A summary of anthropometric and dietary intake data at
baseline and study endpoint is shown in Table 2. There were
no significant differences in BMI or dietary intakes of energy,
ntaenoic acid versus docosahexaenoic acid in mild-to-moderate
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Table 1 Baseline sociodemographic, lifestyle, and clinical characteristics (modified intention-to-treat population, n=62)a.

EPA (n=21) DHA (n=20) Placebo (n=21)

Age (years) 37.5712.4 34.0713.1 33.879.9
Female 13 (61.9) 12 (60.0) 13 (61.9)
Married 16 (76.2) 14 (70.0) 13 (61.9)
Education 412 years 8 (38.1) 6 (30.0) 6 (28.6)
Employed 8 (38.1) 7 (35.0) 5 (23.8)
Nutritional supplements intakeb 15 (71.4) 10 (50.0) 14 (66.7)
Sunlight exposure 6 (28.6) 6 (30.0) 5 (23.8)
Duration of antidepressant treatment before enrollment (months) 4.070.9 3.770.8 3.970.8
Type of antidepressants
Tricyclics/Bupropion/MAOIs 2 (9.5) 3 (15.0) 7 (33.3)
SSRIs 8 (38.1) 11 (55.0) 7 (33.3)
Combination of 2 types of antidepressants 11 (52.4) 6 (30.0) 7 (33.3)

BDI score 13.873.7 14.573.9 15.774.8
HDRS score 15.972.0 15.772.4 15.572.3

BDI, Beck Depression Inventory; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; HDRS, Hamilton Depression Rating Scale;
MAOIs, monoamine oxidase inhibitors; SSRIs, selective serotonin reuptake inhibitors.

aValues are mean7standard deviation or n (%).
bNutritional supplements included vitamins and/or minerals.

Table 2 Summary of anthropometric and dietary intake data at baseline and study endpoint (modified intention-to-treat
population, n=62)a.

EPA (n=21) DHA (n=20) Placebo (n=21) P valueb

BMI (kg/m2) Baseline 25.175.5 24.373.7 26.073.6
Week 12 25.275.4 24.674.0 25.873.6 0.68
P valuec 0.28 0.15 0.47

Energy (kj/d) Baseline 906874200 849672193 789972137
Week 12 936474538 851272093 767072141 0.23
P valuec 0.82 0.98 0.77

EPA (g/d) Baseline 0.0370.05 0.0470.10 0.0470.07
Week 12 0.0470.07 0.0470.10 0.0470.08 0.59
P valuec 0.83 0.48 0.77

DHA (g/d) Baseline 0.0870.13 0.1170.27 0.0770.09
Week 12 0.0770.10 0.1070.27 0.0670.09 0.74
P valuec 0.70 0.78 0.26

BMI, body mass index; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid.
aValues are mean7standard deviation.
bObtained by one-way analysis of variance or Kruskal–Wallis test for between group comparisons.
cObtained by paired t-test or Wilcoxon’s signed-rank test for within group comparisons.
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EPA, and DHA between groups at baseline or at end of the
study. In addition, no significant differences were observed
in any of above mentioned variables between baseline and
end of the study within each group.
3.2. Depressive outcomes

Depressive outcomes of modified-ITT population are shown in
Table 3. Although there was no significant difference between
groups in mean HDRS total score at baseline, we observed
significant differences at study endpoint (po0.001). As shown
Please cite this article as: Mozaffari-Khosravi, H., et al., Eicosape
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in Table 3 and Figure 2, patients receiving EPA showed a
significantly lower mean HDRS total score at study endpoint
compared with those who received DHA (po0.001) or placebo
(p=0.002). Additionally, we found significant differences
between groups in terms of 12-week changes in HDRS score
(po0.001). Pair-wise comparisons revealed that patients in
the EPA group had a significantly greater reduction in HDRS
score after 12 weeks of the study compared to patients in the
DHA or placebo groups (both p=0.001). However, no significant
differences were observed in terms of final HDRS score or
12-week changes in HDRS score between DHA and placebo
groups. Response to treatment was only observed in 6 (28.6%)
ntaenoic acid versus docosahexaenoic acid in mild-to-moderate
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Figure 2. HDRS total scores over time in the modified inten-
tion-to-treat population (adjusted on type of antidepressant
medication and baseline HDRS score). DHA, docosahexaenoic
acid; EPA, eicosapentaenoic acid; HDRS, Hamilton Depression
Rating Scale. �po0.001.

Table 3 Depressive outcomes of modified intention-to-treat population (n=62)a.

EPA
(n=21)

DHA
(n=20)

Placebo
(n=21)

P
valueb

Unadjusted pairwise between group differencec

EPA-DHA P value EPA–Placebo P value DHA–Placebo P value

Unadjusted final
HDRS score

10.3
(0.7)

13.7
(0.6)

13.7
(0.6)

o0.001 �3.4 (0.9)
[�5.6; �1.2]

0.001 �3.4 (0.9)
[�5.6; �1.2]

0.001 0.0 (0.9)
[�2.2; 2.2]

1.000

Unadjusted
12-week change
in HDRS score

�5.6
(0.8)

�2.0
(0.4)

�1.9
(0.5)

o0.001 �3.6 (0.9)
[�5.8; �1.5]

o0.001 �3.8 (0.9)
[�5.9; �1.6]

o0.001 �0.1 (0.9)
[�2.3; 2.0]

1.000

Adjusted pairwise between group differencec

EPA–DHA P value EPA–Placebo P value DHA–Placebo P value

Adjusted final
HDRS score

10.5
(0.6)

13.8
(0.6)

13.6
(0.7)

o0.001 �3.3 (0.8)
[�5.3; �1.3]

o0.001 �3.1 (0.9)
[�5.2; �1.0]

0.002 0.2 (0.9)
[�2.0; 2.4]

1.000

Adjusted 12-
week change in
HDRS score

�5.1
(0.5)

�2.1
(0.6)

�2.0
(0.6)

o0.001 �3.1 (0.8)
[�5.0; �1.2]

0.001 �3.2 (0.8)
[�5.2; �1.2]

0.001 �0.1 (0.9)
[�2.2; 2.0]

1.000

DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; HDRS, Hamilton Depression Rating Scale.
aValues are mean (standard error) and [95% confidence intervals].
bObtained by one-way analysis of variance for unadjusted values and by analysis of covariance for adjusted values (covariates

included: type of antidepressant medications and baseline HDRS score).
cAll p values for pairwise between group differences were obtained by Bonferroni post-hoc test.
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patients in the EPA group at study endpoint. Of these, 5
(23.8%) achieved remission. No one in any of DHA or placebo
groups responded to treatment or experienced remission.

3.3. Compliance, blinding, and adverse events

Data on compliance, blinding, and reported adverse events
are presented in Table 4. Capsule count showed a compli-
ance of more than 90% in all groups. Only 16 (25.8%)
Please cite this article as: Mozaffari-Khosravi, H., et al., Eicosape
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patients guessed right about their treatment group. A total
of 17 (27.4%) patients reported mild and self-limited
adverse events. No significant differences were observed
in terms of compliance, blinding, and reported adverse
events between groups.
4. Discussion

To our knowledge, this is the first study to compare the
efficacy of EPA versus DHA as adjunctive treatments in
depression. The findings showed greater efficacy of 1 g/d
EPA compared to 1 g/d DHA or placebo as an adjuvant to
antidepressant medications for the treatment of mild-to-
moderate depression during 12 weeks.

Overall, allocated treatments were well tolerated by
participants as indicated by the reported adverse events
and moderately low drop-out rate. Only 23.5% of partici-
pants discontinued the 12-week intervention. This is com-
parable to the withdrawal rates of about 30% in 6-week
trials of antidepressant medications (Barbui et al., 2000).
Approximately, a half of drop-outs in this study were
attributed to adverse events, which is surprising, given
the good tolerability of medium-chain triglycerides (MCTs),
the major type of fat in coconut oil, and n-3 PUFAs.
However, it is noteworthy that in the previous studies some
mild and self-limited side effects have been attributed to
the use of n-3 PUFAs (e.g. increased risk of bleeding,
nausea, diarrhea, constipation, headache, and dizziness)
(Carney et al., 2009; Lucas et al., 2009; Mischoulon et al.,
2008) or MCTs (e.g. diarrhea, bloating, reflux, stomachache,
and dizziness) (Tajalizadekhoob et al., 2011; Bot et al.,
2010). Furthermore, as an adjunctive trial, we cannot
entirely rule out the potential contribution of medication-
related side effects to these drop-outs.
ntaenoic acid versus docosahexaenoic acid in mild-to-moderate
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Table 4 Data on compliance, blinding, and reported adverse events (modified intention-to-treat population, n=62).

EPA (n=21) DHA (n=20) Placebo (n=21) P valuea

n (%) n (%) n (%)
Compliance 1.00
Patients who had taken Z90% of attributed capsules 20 (95.2) 19 (95.0) 19 (90.5)

Blinding 0.94
Patients who guessed right about their treatment group 5 (23.8) 5 (25.0) 6 (28.6)

All reported adverse events combined 6 (28.6) 6 (30.0) 5 (23.8) 0.90
Gastrointestinal disturbance 4 (19.0) 5 (25.0) 3 (14.3) 0.67
Headache 3 (14.3) 1 (5.0) 2 (9.5) 0.86
Dizziness 1 (4.8) 2 (10.0) 1 (4.8) 0.68

DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid.
aObtained by Chi square test or Fisher’s exact test.
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In the present study, all the modified-ITT population also
completed the 12-week intervention. Although similar findings
have been reported in some trials of n-3 PUFAs in depression
(Rondanelli et al., 2010; Bot et al., 2010), this is an unusual
finding compared to the whole literature. Since, as shown in
Figure 2, a reduction in mean HDRS total scores was observed
within all study groups over time, a potential explanation for
this completer rate could be the presence of an encouraging
feeling of treatment-related improvement in depressive symp-
toms among modified-ITT population of our study.

In line with previous trials of n-3 PUFAs in mild-to-
moderate depression (Frangou et al., 2006; Rogers et al.,
2008; Tajalizadekhoob et al., 2011), a large proportion of
participants in our study were female. However, the rando-
mization resulted in an appropriate distribution of baseline
key variables between the study groups including gender,
type of antidepressant medications, and HDRS total score.
Therefore, our results could not be influenced by inap-
propriate distribution of baseline variables between the
study groups. Furthermore, our findings could not be
affected by inadequacy of blinding because 74.2% of
patients could not guess right about their treatment group.
The present study was conducted during fall and winter.
Therefore, the significant improvement of depressive symp-
toms in the EPA group, could not be attributed to seasonal-
related changes in mood because the major characteristic
of these changes is the incidence of depressive episodes in
fall/winter with remissions in spring/summer (Lam and
Levitan, 2000; Sohn and Lam, 2005).

An interesting finding of this research was the low
response and remission rates among study participants. This
may be explained in part by a floor effect because our entry
HDRS scores were lower than in most studies (i.e. the lower
the entry HDRS scores, the less likely treatment will result
in a significant reduction of these scores).

Overall, the results of this study are in line with existing
evidence of greater efficacy of n-3 PUFAs as an adjunctive
therapy compared to monotherapy in depression (Martins,
2009). However, we cannot generalize these results to
patients who simultaneously start receiving the antidepres-
sant medications and n-3 PUFAs because the previous
consumption of these drugs by participants of our study
may have sensitized their brain to the beneficial effects of
n-3 PUFAs.
Please cite this article as: Mozaffari-Khosravi, H., et al., Eicosape
depression: A randomized,.... European Neuropsychopharmacology (2
Thus far, only 2 randomized controlled trials have exam-
ined the efficacy of n-3 PUFAs in unipolar mild-to-moderate
depression. In the first study, Rogers et al. (2008) failed to
show any beneficial effect of 1.5 g/d of n-3 PUFAs (contain-
ing 630 mg EPA and 850 mg DHA) on mild-to-moderately
depressed individuals. In contrast, findings from the second
study conducted by Tajalizadekhoob et al. (2011) were in
line with present study and showed the efficacy of 6 months
supplementation with 1 g/d of n-3 PUFAs (containing 180 mg
EPA and 120 mg DHA) in mild-to-moderate depression among
Iranian outpatients. According to our results with respect to
greater efficacy of EPA compared to DHA in depressed
mood, we believe that the use of a higher DHA/EPA ratio
can be the potential explanation why Rogers et al. (2008)
could not show the efficacy of n-3 PUFAs for the treatment
of mild-to-moderate depression.

Regarding the controversy over whether EPA or DHA or
both are responsible for the reported therapeutic effects of
n-3 PUFAs supplementation in depression, the results of a
recent meta-analysis of randomized controlled trials by
Martins (2009) provide evidence that EPA may be more
efficacious than DHA in the treatment of depression.
According to this meta-analysis, significant reduction in
symptoms of depression were observed in 8 trials using pure
ethyl-EPA and in 13 trials using supplements containing
more than 50% EPA, while no such reduction were observed
in 3 trials using pure DHA or in 4 trials using supplements
containing more than 50% DHA. Moreover, the results of
meta-analysis of the effects of EPA in clinical trials in
depression by Sublette et al. (2011) were also in line with
our findings, showing the efficacy of Supplements containing
EPAZ60% of total EPA+DHA versus supplements with
EPAo60% of total EPA+DHA in the treatment of primary
depression.

Although we cannot entirely rule out the possibility of
modulation of background drug pharmacokinetics by EPA in
the present study but there are some reasons regarding why
EPA may be more effective than DHA in the treatment of
depression. There is growing evidence from experimental
studies that DHA supplementation may have some damaging
effects on the nervous system (Leonardi et al., 2007, 2005;
Yang et al., 2007), while EPA supplementation on the other
hand has been reported to have neuroprotective effects
(Lonergan et al., 2004; Lynch et al., 2007; Minogue et al.,
ntaenoic acid versus docosahexaenoic acid in mild-to-moderate
012), http://dx.doi.org/10.1016/j.euroneuro.2012.08.003
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2007). Additionally, with respect to the inflammatory
hypothesis of depression, various studies have reported
elevated production of pro-inflammatory eicosanoids from
arachidonic acid by the cyclooxygenase system (Ohishi
et al., 1988; Piccirillo et al., 1994), and it is noteworthy
that EPA but not DHA is an important substrate for cycloox-
ygenase and can compete with arachidonic acid at this point
(Simopoulos, 2002). Furthermore, incorporation of EPA but
not DHA into cell membranes inhibits the action of phos-
pholipase A2 and therefore decreases the production of
second messenger molecules such as arachidonic acid
(Finnen and Lovell, 1991). These effects may play important
roles in psychophysiology of depression.

The present study had several strengths including the
moderately low drop-out rate, successful blinding, captur-
ing data on dietary intake of relevant n-3 PUFAs, and its
double-blind, placebo-controlled design. In addition, the
12-week duration of intervention in this study was in line
with previous trials in depression (Bot et al., 2010; da Silva
et al., 2008; Frangou et al., 2006; Mischoulon et al., 2008;
Peet and Horrobin, 2002; Rogers et al., 2008; Silvers et al.,
2005) and enabled us to detect relatively long-term effects
of n-3 PUFAs on the treatment of depression. Moreover, this
study included mild-to-moderately depressed outpatients
and its results are therefore more relevant to general
population compared to findings of previous studies that
included individuals with more severe depressive symptoms
from clinical settings. The use of low doses of n-3 PUFAs that
are easily achievable through increased intake of oily fishes
or through the use of widely available n-3 PUFAs supple-
ments was another strength of this research.

Several limitations are also inherent in our study. Firstly,
a large proportion of participants in this trial were female
so it is not possible to draw conclusions about males.
Furthermore, because our study was based on a convenient
sample, the possibility of voluntary bias cannot be entirely
ruled out. The main limitation of present study was the lack
of evaluating plasma fatty acid profile in order to evaluate
participant’s adherence to treatments. However, this pro-
blem was limited, to some extent, by repeated follow-up
visits and a capsule count that showed a compliance rate of
over 90% in all of the study groups.

In summary, findings from this study suggest that EPA may
be more efficacious than DHA or placebo as an adjuvant to
antidepressant medications for the treatment of mild-to-
moderate depression. However, larger, randomized con-
trolled trials of sufficient methodological quality and dura-
tion, are needed to further confirm these findings.

Trial registration

This trial was registered at http://www.irct.ir as
IRCT201010054873N1.

Role of the funding source

Shahid Sadoughi University of Medical Sciences, Yazd, Iran,
funded the present study but had no further role in study
design; in the collection, analysis and interpretation of
data; in the writing of the report; and in the decision to
submit the paper for publication.
Please cite this article as: Mozaffari-Khosravi, H., et al., Eicosape
depression: A randomized,.... European Neuropsychopharmacology (20
Contributors

H. Mozaffari-Khosravi, S-E. Shariati-Bafghi, and M. Yassini-Ardakani
designed the study, wrote the protocol, and managed the literature
searches, acquisition of data, and analyses. M. Karamati undertook
the statistical analysis. S-E. Shariati-Bafghi and M. Karamati wrote
the first draft of the manuscript and H. Mozaffari-Khosravi revised it
critically for important intellectual content. All authors contributed
to and have approved the final manuscript.

Conflict of interest

H. Mozaffari-Khosravi received research funding and is the vice-
chancellor for research in the Shahid Sadoughi University of Medical
Sciences, Yazd, Iran. M. Yassini-Ardakani is the president of Bahman
neuropsychiatry clinic in Yazd, Iran. S-E. Shariati-Bafghi and M.
Karamati declare that they have no conflicts of interest.

Acknowledgements

Authors would like to thank the participants for their patience and
enthusiastic collaboration. We are grateful to the staff of Bahman
neuropsychiatry clinic in Yazd, Iran, for their kind cooperation.

References

American Psychiatric Association (APA), 1994. Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV), 4th ed. APA,
Washington, DC.

Andrade, L., Caraveo-Anduaga, J.J., Berglund, P., Bijl, R.V.,
De Graaf, R., Vollebergh, W., Dragomirecka, E., Kohn, R.,
Keller, M., Kessler, R.C., Kawakami, N., Kilic, C., Offord, D.,
Ustun, T.B., Wittchen, H.U., 2003. The epidemiology of major
depressive episodes: results from the International Consortium
of Psychiatric Epidemiology (ICPE) surveys. Int. J. Methods
Psychiatr. Res. 12, 3–21.

Barbui, C., Hotopf, M., Freemantle, N., Boynton, J., Churchill, R.,
Eccles, M.P., Geddes, J.R., Hardy, R., Lewis, G., Mason, J.M.
Treatment discontinuation with selective serotonin reuptake
inhibitors (SSRIs) versus tricyclic antidepressants (TCAs). The
Cochrane Database of Systematic Reviews 2000, (4). Art. no.:
CD002791. http://dx.doi.org/10.1002/14651858.CD002791.

Bech, P., Cialdella, P., Haugh, M.C., Birkett, M.A., Hours, A.,
Boissel, J.P., Tollefson, G.D., 2000. Meta-analysis of randomised
controlled trials of fluoxetine v. placebo and tricyclic antide-
pressants in the short-term treatment of major depression. Br.
J. Psychiatry 176, 421–428.

Beck, A.T., Ward, C.H., Mendelson, M., Mock, J., Erbaugh, J., 1961.
An inventory for measuring depression. Arch. Gen. Psychiatry 4,
561–571.

Beller, E.M., Gebski, V., Keech, A.C., 2002. Randomisation in
clinical trials. Med. J. Aust. 177, 565–567.

Bot, M., Pouwer, F., Assies, J., Jansen, E.H., Diamant, M.,
Snoek, F.J., Beekman, A.T., de Jonge, P., 2010. Eicosapentae-
noic acid as an add-on to antidepressant medication for co-
morbid major depression in patients with diabetes mellitus: a
randomized, double-blind placebo-controlled study. J. Affect.
Disord. 126, 282–286.

Carney, R.M., Freedland, K.E., Rubin, E.H., Rich, M.W., Steinmeyer,
B.C., Harris, W.S., 2009. Omega-3 augmentation of sertraline in
treatment of depression in patients with coronary heart disease:
a randomized controlled trial. JAMA 302, 1651–1657.

Chiu, C.C., Su, K.P., Cheng, T.C., Liu, H.C., Chang, C.J., Dewey,
M.E., Stewart, R., Huang, S.Y., 2008. The effects of omega-3
fatty acids monotherapy in Alzheimer’s disease and mild
ntaenoic acid versus docosahexaenoic acid in mild-to-moderate
12), http://dx.doi.org/10.1016/j.euroneuro.2012.08.003

dx.doi.org/10.1016/j.euroneuro.2012.08.003
dx.doi.org/10.1016/j.euroneuro.2012.08.003
dx.doi.org/10.1016/j.euroneuro.2012.08.003


H. Mozaffari-Khosravi et al.8
cognitive impairment: a preliminary randomized double-blind
placebo-controlled study. Prog. Neuropsychopharmacol. Biol.
Psychiatry 32, 1538–1544.

Cuijpers, P., Smit, F., 2002. Excess mortality in depression: a meta-
analysis of community studies. J. Affect. Disord. 72, 227–236.

Cuijpers, P., Smit, F., 2004. Subthreshold depression as a risk
indicator for major depressive disorder: a systematic review of
prospective studies. Acta. Psychiatr. Scand. 109, 325–331.

da Silva, T.M., Munhoz, R.P., Alvarez, C., Naliwaiko, K., Kiss, A.,
Andreatini, R., Ferraz, A.C., 2008. Depression in Parkinson’s
disease: a double-blind, randomized, placebo-controlled pilot
study of omega-3 fatty-acid supplementation. J. Affect. Disord.
111, 351–359.

Fagiolini, A., Kupfer, D.J., 2003. Is treatment-resistant depression a
unique subtype of depression? Biol. Psychiatry 53, 640–648.

Finnen, M.J., Lovell, C.R., 1991. Purification and characterisation
of phospholipase A2 from human epidermis. Biochem. Soc.
Trans. 19, 91 S.

Frangou, S., Lewis, M., McCrone, P., 2006. Efficacy of ethyl-
eicosapentaenoic acid in bipolar depression: randomised
double-blind placebo-controlled study. Br. J. Psychiatry 188,
46–50.

Grenyer, B.F., Crowe, T., Meyer, B., Owen, A.J., Grigonis-Deane,
E.M., Caputi, P., Howe, P.R., 2007. Fish oil supplementation in
the treatment of major depression: a randomised double-blind
placebo-controlled trial. Prog. Neuropsychopharmacol. Biol.
Psychiatry 31, 1393–1396.

Hamilton, M., 1960. A rating scale for depression. J. Neurol.
Neurosurg. Psychiatry 23, 56–62.

Hibbeln, J.R., 1998. Fish consumption and major depression. Lancet
351, 1213.

Hibbeln, J.R., Salem Jr., N., 1995. Dietary polyunsaturated fatty
acids and depression: when cholesterol does not satisfy. Am. J.
Clin. Nutr. 62, 1–9.

Jazayeri, S., Tehrani-Doost, M., Keshavarz, S.A., Hosseini, M.,
Djazayery, A., Amini, H., Jalali, M., Peet, M., 2008. Comparison
of therapeutic effects of omega-3 fatty acid eicosapentaenoic
acid and fluoxetine, separately and in combination, in major
depressive disorder. Aust. N. Z. J. Psychiatry 42, 192–198.

Judd, L.L., Schettler, P.J., Akiskal, H.S., 2002. The prevalence,
clinical relevance, and public health significance of subthreshold
depressions. Psychiatr. Clin. North Am. 25, 685–698.

Kessler, R.C., Berglund, P., Demler, O., Jin, R., Koretz, D.,
Merikangas, K.R., Rush, A.J., Walters, E.E., Wang, P.S., 2003.
The epidemiology of major depressive disorder: results from the
National Comorbidity Survey Replication (NCS-R). JAMA 289,
3095–3105.

Lam, R.W., Levitan, R.D., 2000. Pathophysiology of seasonal
affective disorder: a review. J. Psychiatry Neurosci. 25, 469–480.

Leonardi, F., Attorri, L., Benedetto, R.D., Biase, A.D., Sanchez, M.,
Tregno, F.P., Nardini, M., Salvati, S., 2007. Docosahexaenoic acid
supplementation induces dose and time dependent oxidative
changes in C6 glioma cells. Free Radic. Res. 41, 748–756.

Leonardi, F., Attorri, L., Di Benedetto, R., Di Biase, A., Sanchez, M.,
Nardini, M., Salvati, S., 2005. Effect of arachidonic, eicosapen-
taenoic and docosahexaenoic acids on the oxidative status of C6
glioma cells. Free Radic. Res. 39, 865–874.

Lonergan, P.E., Martin, D.S., Horrobin, D.F., Lynch, M.A., 2004.
Neuroprotective actions of eicosapentaenoic acid on
lipopolysaccharide-induced dysfunction in rat hippocampus. J.
Neurochem. 91, 20–29.

Lucas, M., Asselin, G., Merette, C., Poulin, M.J., Dodin, S., 2009.
Ethyl-eicosapentaenoic acid for the treatment of psychological
distress and depressive symptoms in middle-aged women: a
double-blind, placebo-controlled, randomized clinical trial. Am.
J. Clin. Nutr. 89, 641–651.

Lynch, A.M., Loane, D.J., Minogue, A.M., Clarke, R.M., Kilroy, D.,
Nally, R.E., Roche, O.J., O’Connell, F., Lynch, M.A., 2007.
Please cite this article as: Mozaffari-Khosravi, H., et al., Eicosape
depression: A randomized,.... European Neuropsychopharmacology (2
Eicosapentaenoic acid confers neuroprotection in the amyloid-
beta challenged aged hippocampus. Neurobiol. Aging 28,
845–855.

Marangell, L.B., Martinez, J.M., Zboyan, H.A., Kertz, B., Kim,
H.F., Puryear, L.J., 2003. A double-blind, placebo-controlled
study of the omega-3 fatty acid docosahexaenoic acid in
the treatment of major depression. Am. J. Psychiatry 160,
996–998.

Martins, J.G., 2009. EPA but not DHA appears to be responsible for
the efficacy of omega-3 long chain polyunsaturated fatty acid
supplementation in depression: evidence from a meta-analysis
of randomized controlled trials. J. Am. Coll. Nutr. 28, 525–542.

Minogue, A.M., Lynch, A.M., Loane, D.J., Herron, C.E., Lynch, M.A.,
2007. Modulation of amyloid-beta-induced and age-associated
changes in rat hippocampus by eicosapentaenoic acid. J.
Neurochem. 103, 914–926.

Mischoulon, D., Best-Popescu, C., Laposata, M., Merens, W.,
Murakami, J.L., Wu, S.L., Papakostas, G.I., Dording, C.M.,
Sonawalla, S.B., Nierenberg, A.A., Alpert, J.E., Fava, M.,
2008. A double-blind dose-finding pilot study of docosahexae-
noic acid (DHA) for major depressive disorder. Eur. Neuropsy-
chopharmacol. 18, 639–645.

Mischoulon, D., Papakostas, G.I., Dording, C.M., Farabaugh, A.H.,
Sonawalla, S.B., Agoston, A.M., Smith, J., Beaumont, E.C.,
Dahan, L.E., Alpert, J.E., Nierenberg, A.A., Fava, M., 2009. A
double-blind, randomized controlled trial of ethyl-
eicosapentaenoate for major depressive disorder. J. Clin. Psy-
chiatry 70, 1636–1644.

Nemets, B., Stahl, Z., Belmaker, R.H., 2002. Addition of omega-3
fatty acid to maintenance medication treatment for recurrent
unipolar depressive disorder. Am. J. Psychiatry 159, 477–479.

Ohishi, K., Ueno, R., Nishino, S., Sakai, T., Hayaishi, O., 1988.
Increased level of salivary prostaglandins in patients with major
depression. Biol. Psychiatry 23, 326–334.

Peet, M., Horrobin, D.F., 2002. A dose-ranging study of the effects
of ethyl-eicosapentaenoate in patients with ongoing depression
despite apparently adequate treatment with standard drugs.
Arch. Gen. Psychiatry 59, 913–919.

Piccirillo, G., Fimognari, F.L., Infantino, V., Monteleone, G.,
Fimognari, G.B., Falletti, D., Marigliano, V., 1994. High plasma
concentrations of cortisol and thromboxane B2 in patients with
depression. Am. J. Med. Sci. 307, 228–232.

Rogers, P.J., Appleton, K.M., Kessler, D., Peters, T.J., Gunnell, D.,
Hayward, R.C., Heatherley, S.V., Christian, L.M., McNaughton,
S.A., Ness, A.R., 2008. No effect of n-3 long-chain polyunsatu-
rated fatty acid (EPA and DHA) supplementation on depressed
mood and cognitive function: a randomised controlled trial. Br.
J. Nutr. 99, 421–431.

Rondanelli, M., Giacosa, A., Opizzi, A., Pelucchi, C., La Vecchia, C.,
Montorfano, G., Negroni, M., Berra, B., Politi, P., Rizzo, A.M.,
2010. Effect of omega-3 fatty acids supplementation on depressive
symptoms and on health-related quality of life in the treatment of
elderly women with depression: a double-blind, placebo-con-
trolled, randomized clinical trial. J. Am. Coll. Nutr. 29, 55–64.

Rugulies, R., 2002. Depression as a predictor for coronary heart
disease. a review and meta-analysis. Am. J. Prev. Med. 23,
51–61.

Sadeghirad, B., Haghdoost, A.A., Amin-Esmaeili, M., Ananloo, E.S.,
Ghaeli, P., Rahimi-Movaghar, A., Talebian, E., Pourkhandani, A.,
Noorbala, A.A., Barooti, E., 2010. Epidemiology of major
depressive disorder in iran: a systematic review and meta-
analysis. Int. J. Prev. Med. 1, 81–91.

Silvers, K.M., Woolley, C.C., Hamilton, F.C., Watts, P.M., Watson,
R.A., 2005. Randomised double-blind placebo-controlled trial of
fish oil in the treatment of depression. Prostaglandins Leukot.
Essent. Fatty Acids 72, 211–218.

Simopoulos, A.P., 2002. Omega-3 fatty acids in inflammation and
autoimmune diseases. J. Am. Coll. Nutr. 21, 495–505.
ntaenoic acid versus docosahexaenoic acid in mild-to-moderate
012), http://dx.doi.org/10.1016/j.euroneuro.2012.08.003

dx.doi.org/10.1016/j.euroneuro.2012.08.003
dx.doi.org/10.1016/j.euroneuro.2012.08.003
dx.doi.org/10.1016/j.euroneuro.2012.08.003


Eicosapentaenoic acid versus docosahexaenoic acid in mild-to-moderate depression 9
Sohn, C.H., Lam, R.W., 2005. Update on the biology of seasonal
affective disorder. CNS Spectr. 10, 635–646 (quiz 631–614).

Sontrop, J., Campbell, M.K., 2006. Omega-3 polyunsaturated fatty
acids and depression: a review of the evidence and a methodo-
logical critique. Prev. Med. 42, 4–13.

Su, K.P., Huang, S.Y., Chiu, C.C., Shen, W.W., 2003. Omega-3 fatty
acids in major depressive disorder. A preliminary double-blind,
placebo-controlled trial. Eur. Neuropsychopharmacol. 13, 267–271.

Sublette, M.E., Ellis, S.P., Geant, A.L., Mann, J.J., 2011. Meta-
analysis of the effects of eicosapentaenoic acid (EPA) in clinical
trials in depression. J. Clin. Psychiatry 72, 1577–1584.

Tajalizadekhoob, Y., Sharifi, F., Fakhrzadeh, H., Mirarefin, M.,
Ghaderpanahi, M., Badamchizade, Z., Azimipour, S., 2011.
Please cite this article as: Mozaffari-Khosravi, H., et al., Eicosape
depression: A randomized,.... European Neuropsychopharmacology (20
The effect of low-dose omega 3 fatty acids on the treatment
of mild to moderate depression in the elderly: a double-blind,
randomized, placebo-controlled study. Eur. Arch. Psychiatry
Clin. Neurosci. 261, 539–549.

Vieweg, W.V., Hasnain, M., Lesnefsky, E.J., Pandurangi, A.K., 2011.
Review of major measuring instruments in comorbid depression
and coronary heart disease. Prog. Neuropsychopharmacol. Biol.
Psychiatry 35, 905–912.

Yang, D.Y., Pan, H.C., Yen, Y.J., Wang, C.C., Chuang, Y.H., Chen,
S.Y., Lin, S.Y., Liao, S.L., Raung, S.L., Wu, C.W., Chou, M.C.,
Chiang, A.N., Chen, C.J., 2007. Detrimental effects of post-
treatment with fatty acids on brain injury in ischemic rats.
Neurotoxicology 28, 1220–1229.
ntaenoic acid versus docosahexaenoic acid in mild-to-moderate
12), http://dx.doi.org/10.1016/j.euroneuro.2012.08.003

dx.doi.org/10.1016/j.euroneuro.2012.08.003
dx.doi.org/10.1016/j.euroneuro.2012.08.003
dx.doi.org/10.1016/j.euroneuro.2012.08.003

	Eicosapentaenoic acid versus docosahexaenoic acid in mild-to-moderate depression: A randomized, double-blind,...
	Introduction
	Experimental procedures
	Participants
	Study design
	Outcome measures
	Statistical analysis

	Results
	Participant flow and baseline characteristics
	Depressive outcomes
	Compliance, blinding, and adverse events

	Discussion
	Trial registration
	Role of the funding source
	Contributors
	Conflict of interest
	Acknowledgements
	References




