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The Use of Omega-3 Fatty Acids in
Mental Illness

Jessica L. Gören, PharmD, BCPP1,2,3 and Ashley T. Tewksbury, BS4

Abstract
Purpose: This article will summarize the current evidence on the effects of omega-3 fatty acids on prevention and treatment of
mental illness. Background: Omega-3 fatty acids are involved in many physiologic processes. Since they cannot be made de novo
in the body, they are considered essential nutrients. As the Western diet evolved, dietary intake of fatty acids has shifted to
increased omega-6 fatty acids and decreased omega-3 fatty acids intake. These changes have been correlated with numerous dif-
ferences in prevalence and course of mental illnesses. Methods: A MEDLINE search from 1966 to December 2010 was completed
to identify studies comparing changes in symptoms, functioning, other outcomes, and/or side effects in patients treated with
omega-3 fatty acids for mental illness. The studies were reviewed and reported by specific psychiatric disorder studied.
Conclusions: Omega-3 fatty acids play a role in many biologic functions. Epidemiologic data implicate omega-3 fatty acid deficiencies
in many mental illnesses. Data are most robust for omega-3 fatty acids’ role in affective disorders. However, data are conflicting,
negative, or absent for most mental illnesses.

Keywords
omega-3, fatty acids, omega-6, mental illness, polyunsaturated

Introduction

Fatty acids can be divided into 2 categories, based on chemical

properties (1) saturated fatty acids, which are usually solid at

room temperature and (2) unsaturated fatty acids, which are

liquid at room temperature. Carbon atoms in saturated fats are

bound to 4 other atoms and cannot bind with other atoms.

Unsaturated fatty acids can bind with other atoms due to double

bonds linking at least 1 pair of carbon.

Based on the number of double bonds present, unsaturated

fatty acids are either monounsaturated (contains 1 double bond)

or polyunsaturated (containing >1 double bond). Plant oils such

as olive and canola oils are made up of monounsaturated fatty

acids. Vegetable-, nut-, and seed-based oils such as corn, sun-

flower, walnut, and flax seed oils consist of polyunsaturated

fatty acids (PUFAs). Polyunsaturated fats are further defined

by the location of the first double bond. Omega-6 fatty acids’

double bonds begin at the sixth carbon atom, while omega-3

fatty acids’ double bonds begin with the third carbon atom.

Examples of omega-6 fatty acids are the short chain linoleic

acid (LA) and the longer chain gamma linoleic (GLA) and

arachidonic (AA) acids. Omega-3 fatty acids include alpha-

linolenic acid (ALA), a short chain omega-3 fatty acid, and

long chain omega-3 fatty acids eicosapentaenoic (EPA), doco-

sapentaenoic acid (DPA), and docosahexaenoic (DHA).

The human body cannot make the short chain ALA and LA

fatty acids, and so they are considered essential nutrients. The

long chain omega-6 (GLA and AA) and omega-3 fatty acids

(EPA, DPA, and DHA) can be formed in the body from LA and

ALA. However, only 10% to 15% of ALA can be converted

into EPA, DPA, or DHA in vivo.1 Therefore, the majority of

long-chain fatty acids are derived from dietary sources.1-4,7-9

When a person is deficient in omega-3 fatty acids, there is

increased incorporation of omega-6 fatty acids in cell mem-

branes leading to stiffer, less flexible cell membranes.1-3,7-10

Thus, the ratio of omega-6 fatty acids to omega-3 fatty acids

is essential for normal neuronal functioning.

PUFAs are precursors of eicosanoids, a group of bioactive

mediators involved in inflammation, immunity, and coagula-

tion (Figure 1).2 Series 1 prostaglandins and thromboxanes and

series 4 leukotrienes are derived from AA. AA-derived eicosa-

noids respond to stress or injury producing an array of effects

on clotting, muscle contractility, and cellular influx/efflux of

substances such as calcium. These effects are modulated by the

EPA-derived series 3 prostaglandins and thromboxanes and

series 5 leukotrienes. EPA-derived eicosanoids have less potent

effects or prevent the effects of AA-derived eicosanoids. Thus,
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adequate production of EPA-derived eicosanoids is necessary

for proper functioning of AA-derived eicosanoids.1-7

DHA is converted into the docosanoids, a group of bioactive

molecules possessing anti-inflammatory and neuroprotective

properties. Resolvins, one type of docosanoids, are important

in counteracting proinflammatory responses to omega-6 fatty

acids.4-7 Consequently this cytoprotective function is also

heavily dependent on the omega-6 to omega-3 ratio.1,3

DHA is an integral component of neuronal development and

maturation.1,2,8 Consequently, DHA is an important fatty acid

for learning and neuronal growth and development during the

fetal and infant stages.3 Maternal DHA deficiency during preg-

nancy and lactation may lead to lower cognitive performance

later in childhood.

Neuronal membrane fluidity is dependent on the type of

fatty acid incorporated into the cell membrane. DHA and EPA

are incorporated into neuronal cell membranes and allow the

membrane to be fluid or ‘‘flexible.’’ Such membrane fluidity

is necessary for proper functioning of lipid messengers which

signal cascades leading to changes in neuronal flexibility and

function. This is important in psychiatric illnesses because ser-

otonin and catecholamine receptors, ion channels, transporters,

and G-coupled proteins are dependent on fluid or flexible cell

membranes.

Omega-3 fatty acids are also involved in many physiologic

processes outside the central nervous system. EPA and DHA

enhance nitric oxide production, which may be responsible for

improved endothelial function and arterial compliance.11,12

Alterations in the metabolism of adhesion molecules by DHA

and EPA may inhibit new arterial plaque development.13,14

Inhibition of voltage-gated sodium channels may account for

reductions in arrhythmias with omega-3 fatty acid supplemen-

tation.15 While omega-3 fatty acids influence platelet aggrega-

tion, recent studies have failed to find a correlation between

omega-3 fatty acids and coagulation factors.16 Although earlier

studies have reported omega-3 fatty acids affect platelet aggre-

gation through reductions in thromboxane, a proaggregatory

eicosanoid and inhibition of cyclooxygenase enzymes associ-

ated with thrombosis.17 However, the US Food and Drug

Administration (FDA) has designated omega-3 fatty acids as

‘‘generally recognized as safe’’ when taken at normal doses.18

Taken together, omega-3 fatty acid appears to be safe and ben-

eficial in cardiac disease.18

The source of omega-3 fatty acids is important. Epidemiolo-

gic data indicate both plant- (ALA) and marine (DHA and

EPA)-derived omega-3 fatty acids are important for physiolo-

gic processes.19 However, the preponderance of data indicate

fish-derived omega-3 fatty acids are preferable to plant-

derived omega-3 fatty acids. This is reflected in the American

Psychiatric Association’s recommendations that (1) all adults

eat a variety of fish (preferably oily fish) 2 or more times

weekly; (2) patients with mood, impulse-control, and psychotic

disorders consume 1 g of EPA þ DHA daily; and (3) a supple-

ment may be useful in patients with mood disorders.19

Since omega-3 fatty acids are essential nutrients, changes in

diet can have profound effects on omega-3 fatty acid concen-

trations. The ratio of omega-6 to omega-3 fatty acid intake has

shifted dramatically in the Western diet over several decades.

Omega-3 Fatty Acids         Omega-6 Fatty acids

alpha-linolenic acid         linoleic acid 

stearidonic acid         gamma-linolenic acid (GLA) 

eicosatetraenoic acid    1- series prostaglandins  dihomo-gamma-linolenic acid – DHGLA 

      & thromboxanes 

eicosapentaenoic acid (EPA)   3-series prostaglindins  arachidonic acid (AA) 

      & thromboxanes,  

series-5 leukotrienes   2-series prostaglandins & thromboxanes, 

4-series leukotrienes 
docosapentaenoic acid (DPA) 

docosanoids

Figure 1. Polyunsaturated fatty acids.
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Currently in many Western countries the omega-6 to omega-3

intake ratio is 10:1, while a ratio of 1:1 may be more appropri-

ate.16 Given omega-3 fatty acids’ beneficial effects on multiple

neuronal and cardiovascular targets, it is not surprising that

dietary changes are implicated in both psychiatric and cardio-

vascular disorders.

Methods

In order to determine whether omega fatty acids are a reason-

able treatment option for psychiatric disorder, we conducted

a systematic review of the medical literature. In January

2011, we conducted a MEDLINE search from 1966 to Decem-

ber 2010 to identify studies of omega-3 fatty acids as treatment

or prevention of psychiatric illnesses. The following search

terms were used: omega-3 fatty acid, eicosapentaenoic (EPA),

docosahexaenoic (DHA), mental illness, psychiatry, affective

and mood disorders, psychosis, schizophrenia, anxiety, sub-

stance abuse, attention-deficit hyperactivity disorder (ADHD),

autism, Asperger’s, bipolar disorder, depression, perinatal and

postpartum depression, and personality disorder. The reference

section of these articles and previous reviews were searched for

articles not identified in the original search. Articles were

restricted to the English language. Data on study design, PUFA

treatment, and side effects were abstracted and reported.

We examined studies within strata reflecting the rigor of

their study design: randomized controlled trials (RCTs), non-

randomized controlled studies, and noncontrolled observa-

tional studies. Because of the robust number of studies with

one of these designs, we excluded case reports and series with-

out statistical analyses. Major limitations of each study are

noted in the evidence tables; these include small sample sizes

in some studies, limited matching characteristics, and short

periods before follow-up assessment. Unless otherwise noted,

all comparisons reported were statistically significant.

Unipolar Depression

Most epidemiologic data support the link between fish con-

sumption and a lowered risk of depression.20-28 Consumption

of seafood at least twice a week may be associated with a lower

risk of depression and suicidal ideation.23,24 Severity of depres-

sive symptoms has been linked to the omega-6 to omega-3

ratio.25,26 Many studies suggest a link between depression and

reduced omega-3 fatty acid concentrations in plasma, serum

phospholipids, and red blood cells.21-28 The one large trial that

failed to replicate these findings may have been confounded by

the high average daily intake of omega-3 fatty acids across the

population.29 Studies report mixed outcomes for the interaction

of gender and omega-3 fatty acid concentrations on depression.

One study reported increased fish intake was associated with

less depression in women but not men,20 while another study

found depression was inversely related to omega-3 intake in

boys aged 12 to 15 years.28

Antidepressant response has been postulated to be associ-

ated with omega-3 fatty acid concentrations, although results

from clinical trials have been mixed (Table 1).30-45 Of the 7

augmentation studies in adults, 4 found no benefit with the

addition of omega-3 fatty acids.30,31,32,35 However, 2 of these

studies were in patients with comorbid diabetes or coronary

heart disease and may not be applicable for depressed patients

without these comorbidities.30,31 The 2 positive placebo-

controlled studies reported a 7.2- to 10.8-point improvement

on the Hamilton Depression Rating scale (HAMD) compared

with placebo.33,36 The 1-dose finding trial reported significant

benefit only in the low-dose (1 g) group.34

Of the 8 double-blind trials of omega-3 fatty acids as mono-

therapy for depression, 6 were placebo controlled.39-41,43-45

One randomized, double-blind trial compared omega-3 fatty

acids, fluoxetine and the combination.38 The remaining rando-

mized trial was a dose finding trial and did not include a pla-

cebo group.

Five of the trials, including the largest study, reported no

benefit of omega-3 fatty acids in depression.39-41,43,45 How-

ever, one of the negative trials studied ‘‘mental well-being’’

in those �65 years and another studied psychological dis-

tress.39,45 Both may not adequately address the use of omega-

3 fatty acids in patients with major depression. The remaining

trials differed significantly in terms of specific omega-3 fatty

acids and dose studied, making generalization problematic.

One trial included fluoxetine as an active comparator.38 The

authors reported 1 g of EPA and 20 mg fluoxetine had similar

effects, while the combination was superior to either alone.

The final controlled study of omega-3 fatty acids was a dose

finding study of DHA in adults with depression.42 Doses

included were 1, 2, and 4 g daily. All 3 doses were beneficial

but the most improvement was seen on the 1-g dose, suggesting

there may be a ceiling effect of DHA supplementation.

The only RCT in children was omega-3 fatty acid augmen-

tation of ongoing antidepressant treatment.37 The population

was predominately male. The study found significant benefit

on all outcome measures. The authors point out that the study

had an unexpectedly low placebo response rate which may

have affected the results.

The role of omega-3 fatty acids in unipolar depression is

promising. Epidemiologic data support the theory that

omega-3 fatty acid deficiency is associated with increased rates

of depression. However, clinical trials report varied outcomes.

This may be due to the heterogeneity of trials reported in the

literature. Studies differed in which omega-3 fatty acid or

combinations of fatty acids were used. Augmentation trials

typically enrolled patients regardless of their baseline antide-

pressant. Doses studied varied widely, with total daily doses

up to 9.6 g. A wide variety of depressive disorders were studied

including major depressive disorder, less severe forms of

depression, and depression with comorbid medical illnesses.

Although most studies were in adult patients, age groups stud-

ied ranged from pediatric to geriatric populations. In addition,

trials reported on outcomes of omega-3 fatty acid monother-

apy, omega-3 fatty acid augmentation of specific antidepres-

sant, and combinations of any pre-study antidepressant and

omega-3 fatty acids. While doses ranged widely, all studies

Gören and Tewksbury 3
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reported the use of EPA, DHA, or their combination, so

fish-derived omega-3 fatty acids would seem to be preferable

to plant-derived ALA.

While it is difficult to draw any firm conclusions about

omega-3 fatty acids in unipolar depression, given the safety,

cardioprotective effects, and suggestion that there may be some

benefits with omega-3 fatty acid augmentation or monotherapy

in depression, it seems reasonable to consider omega-3 fatty

acids as a treatment option for patients with depression. They

have a potential role as antidepressant augmentation or mono-

therapy for adults in whom antidepressants are not acceptable.

Given the disparity of data, it is difficult to recommend

specific doses or combinations of fatty acids. It has been sug-

gested that EPA may be the effective component in depression

treatment.46 But, animal models suggest that DHA-deficient

diets are associated with abnormal dopaminergic and seroto-

nergic function.47 Clinical trial data suggest that higher doses

may not confer additional benefits and a daily total of omega-3

fatty acids (EPA/DHA) of 1 to 2 g is reasonable in unipolar

depressive illnesses. While the one trial of omega-3 fatty acids

in children was positive, it is premature to recommend its use

as a therapeutic option in pediatric depression. However, since

omega-3 fatty acids have been proven safe in many other

pediatric conditions, it is unlikely their use in pediatric popu-

lations would be harmful.

Perinatal Depression

Normal neurodevelopment in utero is dependent on adequate

supply of DHA.1,2,8 Hibbeln and Davis suggest that during

pregnancy, as DHA is transferred to the fetus, women with

low-DHA intake will become depleted and more vulnerable

to depression.48 This is supported by epidemiologic data indi-

cating higher intake of fish during pregnancy is associated with

decreased risk of postpartum depression.49,50 Countries with

low fish intake have a 50-fold increased risk of postpartum

depression compared with countries with high seafood

intake.49 Single women with low seafood intake who smoke

may be more likely to have depressive symptoms during preg-

nancy.51 Still other studies report lower concentrations of DHA

in women who develop postpartum depression than those who

do not.50 Some studies have failed to find an association of

omega-3 fatty acid intake and perinatal depression. One study

of 80 women was probably underpowered to find a relation-

ship, while another study had relatively high-baseline rates of

seafood consumption.51,52 The largest study, a prospective

cohort study of 54 202 Danish women, did not support the

inverse relationship of fish or omega-3 fatty acid intake and

postpartum depression.53

Potential risk of low DHA intake extends beyond mothers to

their offspring. Lower verbal intelligence quotient (IQ),

increased risk of fine motor deficits, and behavioral problems

have been reported in children born to women with low seafood

intake during pregnancy.54,55 Hibbeln and Davis calculated

900 mg/d per 2000 calories from seafood is likely sufficient

to provide optimal neurodevelopment in the offspring and

decrease the risk of postpartum depression.48 They also report

that there is no evidence indicating an upper limit of intake for

omega-3 fatty acids as there are no data indicating an excess of

omega-3 fatty acids contribute to neurodevelopment or psy-

chiatric risks.

Interventional trials of omega-3 fatty acid supplementation

during pregnancy have reported mixed outcomes (Table 2).56-62

Six randomized studies were placebo controlled and 1 was a

randomized dose ranging study.

Freeman et al reported significant benefit of omega-3 fatty

acid supplementation in women randomized to 1 of 3 doses

of EPA and DHA.57 However, the study lacked a placebo group

and was not confirmed in more rigorous trials. Llorente and

colleagues found 16 weeks of 200 mg was not associated with

changes in rates of postpartum depression.59 However, the

study had a low baseline level of depression in both groups and

of those with depressive symptoms at baseline, the majority

reported only mild symptoms. Four other RCTs also failed to

find the benefits of omega-3 fatty acid supplementation on

depressive symptoms,56,58,60,61 while 1 small trial reported

benefit with DHA supplementation.62

The largest randomized, double-blind, placebo-controlled

trial found supplementation with 900 mg/d of omega-3 fatty

acids did not prevent postpartum depression in 2399 women.60

During the trial, women were supplemented with omega-3 fatty

acids during the second half of pregnancy. Adherence was con-

firmed by increased concentrations of DHA in the cord blood

of women in the active treatment arm compared with controls

(7.2% vs 6.09%; P < .001). The results may have been con-

founded by an unusually low rate of maternal depression in the

control group. The authors did report a nonsignificant trend

toward decreased depression in women who had been previous

medically diagnosed with depression.

While the role of omega-3 fatty acids in perinatal depres-

sion is supported by epidemiologic data, this has not been

born out in interventional trials. The largest study of

omega-3 fatty acid supplementation in pregnancy failed to

find an effect of omega-3 fatty acids in perinatal depression.

This study utilized a dose consistent with the 900 mg/d per

2000 calories suggested by researchers as likely to meet the

nutritional requirements for 97.5% of pregnant women.48

These findings are in direct contrast to some groups recom-

mending routine omega-3 fatty acid supplementation for

pregnant women. However, it is important to remember the

risk to the fetus and some data indicate poor cognitive out-

comes in children born to women with low omega-3 fatty

acid intake. Overall, while the benefit of omega-3 fatty acids

in perinatal depression, primarily DHA, is not supported by

controlled trials, it is likely that normal neurocognitive devel-

opment is dependent upon adequate maternal DHA concen-

trations. Given the safety of omega-3 fatty acids, effects in

fetal development and general medical benefits such as

improved cardiovascular health, DHA supplementation dur-

ing pregnancy is reasonable. While there are no clear guide-

lines as to dose, Hibbeln and Davis’ work support the use of

900 mg/d per 2000 calories of DHA during pregnancy.48
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Bipolar Disorder

Abnormalities in the omega-6 fatty acid, AA, are thought to

play a role in the pathogenesis of bipolar disorder.63,64 This has

been demonstrated in several studies finding products of AA

are increased in the blood, saliva, and cerebrospinal fluid of

patients with bipolar disorder.63 While omega-3 and omega-6

fatty acids both increase the proinflammatory eicosanoids,

those derived from omega-6 fatty acids result in more inflam-

mation than those derived from omega-3 fatty acids. So, in peo-

ple with high omega-6:omega-3 fatty acid ratios, one would

expect increased inflammation and possibly increased neuronal

cell death.63,64 Ideally, a shift in dietary intake to increased

omega-3 fatty acids would decrease inflammation associated

with omega-6 fatty acids.

This is supported by commonly used treatments for bipolar

disorder which have a similar effect as omega-6 and omega-3

fatty acids (eg, lithium, carbamazepine, and valproate). In ani-

mal models it has been found that these medications decrease

the turnover of the omega-6 fatty acid, AA, and may improve

symptoms of bipolar disorder through secondary decreases in

proinflammatory by-products of AA.63,64

Epidemiologic studies also support the link of omega-

6:omega-3 fatty acid ratios in bipolar disorder. In one cross-

national study, seafood consumption was inversely related to

rates of bipolar I, bipolar II, and bipolar spectrum disorders.65

The relationship seemed strongest with bipolar II disorder. The

authors reported a minimum consumption of 50 pounds of fish

per year, which they estimate is equal to 3 g of EPA/DHA

daily, was associated with decreased rates of bipolar disorders.

Some studies have reported lower concentrations of omega-3

fatty acids in patients being treated for bipolar disorder,

although other studies have not replicated these findings.66-68

Clayton et al found no differences in omega-3 fatty acid con-

centrations in pediatric bipolar disorder when controlling for

the intake of omega-3 fatty acids.69 Rather, the authors suggest

that the high cost of fresh fish and low socioeconomic status

often associated with bipolar disorder may account for the

lower concentrations of omega-3 fatty.

Omega-3 fatty acid concentrations have been correlated with

symptom severity in bipolar disorder. Clayton reported that in

pediatric bipolar disorder, DHA concentrations were associated

with depression severity; while EPA concentrations were more

closely associated with manic symptoms.70 These results were

replicated in a study of adults with bipolar disorder that reported

omega-3 fatty acid concentrations and omega-6:omega-3 ratio

were associated with severity of manic symptoms.71

Three open-label trials have found adjunctive omega-3 fatty

acid supplementation to be effective in bipolar disorder (Table

3).72-80 The two studies in pediatric patients with bipolar disorder

both reported improvement in manic symptoms, one of which

reported improvements in depression when omega-3 fatty acids

were added to ongoing treatment.70,79 The one open-label adult

trial reported significant improvement in depressive symptoms

when omega-3 fatty acids were added to ongoing treatment.75

Results from more rigorous studies have been mixed (Table 3).

Three RCTs reported no benefit, while 2 reported improvements

with omega-3 fatty acid augmentation in adults with bipolar dis-

order.72-74,76,77 Two negative trials studied omega-3 fatty acid

supplementation in subpopulations (acute mania, women discon-

tinuing mood stabilizers prior to becoming pregnant), making it

difficult to generalize the findings.72,76 Both positive trials

reported significant improvement in depressive symptoms but

no benefit for mania, suggesting omega-3 fatty acids may play

a limited role in adult bipolar disorder.73,77

The one randomized controlled trial on pediatric bipolar

disorder reported no benefit with ALA supplementation. How-

ever, overall illness and manic symptoms improved in patients

with significant increases in EPA concentrations.78

Given the disparity in methods, populations studied, and

outcomes, it is difficult to draw any firm conclusions about the

relationship of omega-6:omega-3 fatty acids and bipolar disor-

der. While epidemiologic data indicate that there is a relation-

ship, other studies controlling for omega-3 fatty acid intake do

not find a similar association. In positive studies, data indicate

either 2 to 4 g daily intake of EPA alone or in combination with

DHA are beneficial in adults in the depressive phase of the

illness.

Schizophrenia

Alterations in neuronal membranes and fatty acid metabolism

have been implicated in the pathogenesis of schizophrenia.80,81

Omega-3 fatty acids are known to effect membrane fluidity,

dopaminergic and serotonergic systems, and modulate AA

release, all of which are proposed to be altered in patients with

schizophrenia. In addition, through modulation of glutathione,

omega-3 fatty acids are also thought to be involved in neuronal

protection from excitotoxic and oxidative stress.82-85

Such theorized deficiencies have been supported by clinical

data. Deficiencies in AA, an omega-6 fatty acid, and the

omega-3 fatty acids such as EPA and DHA have been reported

in drug-naive and medicated patients with schizophrenia when

compared with matched controls and patients with bipolar dis-

order.86-88 Patients with schizophrenia and tardive dyskinesia

have also been shown to have decreased concentrations of ery-

throcyte omega-6 fatty acids.89

These findings are supported by studies which report that

lowered dietary intake of fatty acids is associated with psycho-

tic symptoms and the course of schizophrenia.90,91 One study

of 33 000 women with a low intake of omega-3 fatty acids were

found to have an increased risk of psychotic symptoms.92

Another study reported significant deficiencies in a woman’s

diet during pregnancy may increase the risk of schizophrenia

in her children.93 Omega-3 fatty acid supplementation may pre-

vent or delay the onset of schizophrenia (Table 4).94,95 In

patients at high risk of psychosis, Amminger and colleagues

reported 4.9% of EPA/DHA-treated patients and 27.5% of

placebo-treated patients developed psychotic symptoms dur-

ing 40 weeks.94 Peet reported 57% and 100% of EPA- and
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placebo-treated patients required an antipsychotic at the end of

12 weeks.95

Six studies have been reported assessing the role of adj-

unctive omega-3 fatty acids for the treatment of psychosis

(Table 4).96-101 One open-label study reported significant

improvements in general psychopathology with omega-3 fatty

acid supplementation.96 Of the 5 RCTs, 2 were negative,97,99 2

were positive,98,100 and 1 found benefits only when omega-3

fatty acids were added to clozapine.101 Post hoc analyses of one

of the negative studies did report omega-3 supplementation

was beneficial in nonaffective psychosis and associated with

a 20% decrease in total antipsychotic dose.97 Other studies

report differential effects by concomitant antipsychotics with

one reporting benefit only in patients treated with clozapine

and another reporting increased benefits in augmentation of

conventional antipsychotics.98,101 The one study of both EPA

and DHA found EPA significantly better than DHA.100

The role of omega-3 and omega-6 fatty acid supplementa-

tion on side effects in patients with schizophrenia has been

assessed in 3 RCTs.102-104 These trials found no difference in

side effects, extrapyramidal side effects, and tardive dyskinesia

with active treatment and placebo. However, all of these trials

were small and of short duration. Emsley et al did find

increased bleeding time, body mass index, and decreased

high-density lipoprotein (HDL) concentrations in patients pre-

and post-EPA supplementation.103

Studies assessing prevention of psychosis with omega-3

fatty acid supplementation are promising. Although far from

conclusive, data suggest omega-3 fatty acids are more benefi-

cial for nonaffective psychoses. Studies of omega-3 fatty acid

treatment of schizophrenia are mixed. Data suggest EPA is

more effective than DHA monotherapy. Given the cardiovas-

cular benefits and limited side effects of omega-3 fatty acids

when compared to antipsychotics, supplementation with EPA

or EPA/DHA combination in 1 to 2 g daily is reasonable for the

prevention and adjunctive treatment of psychosis. However,

caution should be used in patients at risk of bleeding.

Attention-Deficit Hyperactivity Disorder

In the brain, the principle fatty acid is DHA which increases in

the frontal cortex during childhood and adolescence.105 This

deposition of DHA is associated with neurocognitive matura-

tion.105,106 Disruption in the DHA accumulation in the matur-

ing brain can lead to cognitive and physical problems.105,106 It

has been postulated that altered fatty acid concentrations are

associated with symptoms of attention-deficit hyperactivity

disorder (ADHD).107 Most, but not all studies, report lower

concentrations of omega-6 fatty acids, DHA and EPA, and

higher omega-6:omega-3 fatty acid ratio in children with

ADHD.107 In addition, low concentrations of omega-3 fatty

acids have been observed in the plasma phospholipids and ery-

throcytes of subjects with ADHD.108 In children, studies indi-

cate alterations of omega-3 fatty acids are related to cognitive

problems of ADHD, while changes in omega-6 fatty acids are

associated with physical deficits.109,110 This is supported by

one functional magnetic resonance imaging study reporting

DHA supplementation increased prefrontal cortex activation

during sustained attention in healthy boys.105 Symptom sever-

ity may be related to omega-3 plasma concentrations in chil-

dren.110 Although, one study in adults failed to find an

association of omega-3 fatty acid concentrations in adults with

ADHD.111

All placebo-controlled studies are in pediatric ADHD

(Table 5).112-125 Few report significant improvements in pri-

mary outcome measures with active treatment. Half of the trials

failed to find a significant benefit with omega-3 supplementa-

tion, while others found benefits in subpopulations, mildly ill

children, or for limited symptoms only.112,116,117,120,121,123,125

There were no differences between groups in trials that distin-

guished between inattentive and hyperactive types. Several of

the trials were for disorders related to ADHD. Many studies

were limited by small sample size, making interpretation of

negative findings difficult. Of the studies with positive find-

ings, most reported benefit for inattention only.114,121,122

Current evidence does not support a role of omega-3 fatty

acids in the treatment of ADHD. However, many studies were

limited by small sample size or populations without a clear

diagnosis of ADHD. Though, generally well tolerated, routine

recommendation of omega-3 fatty acids for the treatment of

pediatric ADHD is premature. Given the lack of studies in

adults, omega-3 fatty acids should not be recommended for the

treatment of adult ADHD.

Autism Spectrum Disorders

The term autism spectrum disorder (ASD) encompasses a

range of neurodevelopmental disorders, all of which involve

impairment in social interaction, struggles with verbal and non-

verbal communication, and stereotyped, repetitive behavioral

patterns.126 Classical ASD, or autistic disorder, is diagnosed

when these symptoms manifest in their most severe form. Cur-

rently, Asperger’s disorder has distinct Diagnostic and Statisti-

cal Manual of Mental Disorders (Fourth Edition [DSM-IV])

criteria, with the most notable difference being the absence

of a delay in communicative abilities.127 Individuals with ASD

characteristics who do not identify with either of 2 subcate-

gories are typically given a diagnosis of pervasive developmen-

tal disorder, not otherwise specified (PDD-NOS).128 Although

the average age of diagnosis is 3 years, marked behavioral dis-

parities have been observed in children younger than 12

months.129,130

The proposed etiologies of ASDs cover a broad range,

including abnormalities in metabolism, inflammatory markers,

genetics, neurotransmitter systems, and oxidative stress.131-133

For instance, it has been suggested that inflammation and apop-

tosis play a significant role in autism,133,134 while omega-3

fatty acids have been shown to prevent neuronal apopto-

sis135,136 and influence neuroinflammation.136 Functional poly-

morphisms in serotonin (5-HT) and dopamine (DA)

transporters have been noted in autism,137 while omega-3 fatty

acids have been shown to affect 5-HT and DA neurotransmitter
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systems.137,138 Fatty acids have wide implications in brain

development and subsequent behavior, including the ability

to respond to external stimuli, while abnormal responses to

environmental stimulation are characteristic of autism.139,140

In addition, low concentrations of omega-3 fatty acids have

been observed in the plasma phospholipids and erythrocytes

of subjects with ADHD,108 a neurodevelopmental disorder

with clinical presentation and genetic biomarkers comparable

to that of autism.141-143

Children with autism have been shown to have 20% lower

omega-3 fatty acid plasma concentrations compared with men-

tally retarded controls.144 The same trial reported no significant

difference in the omega-6 fatty acid concentrations, which

resulted in a significant increase in the omega-6:omega-3 ratio

in the group with autism. Sliwinski et al analyzed plasma sam-

ples from high-functioning adolescent males and a healthy con-

trol group.145 They discovered a statistically significant

increase in plasma DHA, total omega-3 fatty acids, and the

omega-6/omega-3 ratio in the autistic subjects. Wiest et al

reported differences in omega-3 fatty acid concentrations were

not significant when accounting for dietary intake.144

Risperidone, a common drug therapy in ASD, may influence

fatty acid profiles as well. Studies have demonstrated that

chronic therapy with risperidone normalizes inflammatory bio-

markers, significantly affects ALA-DHA biosynthesis, and

increases omega-3 composition of peripheral and central mem-

branes in rats with omega-3 fatty acid deficiency.146,147 Risper-

idone also appears to have a wider range of symptom

improvement, including aggressiveness, hyperactivity, irrit-

ability, stereotypy, social withdrawal, and lack of interests, as

compared to omega-3 fatty acids which only specifically

improve hyperactivity.148

Two trials analyzed fatty acid compositions of red blood

cells rather than plasma concentrations. Bell et al had positive

findings, demonstrating that subjects with autism had signifi-

cantly elevated concentrations of EPA and DHA and signifi-

cantly reduced concentrations of AA.149 They observed

significantly higher percentages of omega-6 fatty acids and

total saturates in the red blood cell membranes of subjects with

regressive autism in particular, when compared to controls. Bu

et al also encountered notable differences in omega-6 fatty acid

profiles between children with clinical regression autism and

those with early onset autism.150 These findings indicate a

potential differential etiology between classical, typical onset,

autism and regressive autism, which develop after initial child

development.

A collection of open-label pilot studies came to disparate

conclusions. Johnson et al did not observe any clinical gains

in autistic children given omega-3 supplements.151 Politi et al

did not observe any statistically significant improvements in

autistic adults after omega-3 treatment, utilizing the Rossago

Behavioral Checklist.152 However, the problematic behaviors

addressed by this instrument are only a portion of autism’s

symptomatic picture. In contrast, Meiri et al observed a statis-

tically significant improvement in subjects treated with omega-

3 fatty acids.153 Meguid et al also observed positive results in

autistic children administered with a preparation of both

omega-3 and omega-6 fatty acids.154 Beneficial effects of

omega-3 supplementation in children were also demonstrated

in an open-label trial by Patrick and Salik, who specifically

looked at language and learning skills.155

RCTs investigating the effects of omega-3 fatty acid treat-

ment in autism are limited (Table 6).151-157 One RCT reported

no significant difference between autistic subjects treated with

omega-3 fatty acids as compared to placebo.156 However, there

were nonsignificant reductions in hyperactivity and stereotypy

subscales. Another randomized control trial noted improve-

ments, including nonsignificant decreases in hyperactivity,

with omega-3 treatment.158 This trial was unique in that it ana-

lyzed cytokines as a biomarker of anti-inflammation effects of

omega-3 treatment. Surprisingly, there was a statistically sig-

nificant increase in the tumor necrosis factor-a (TNF-a) plasma

concentrations in the treatment group as compared to placebo.

One cytokine, interleukin 2 (IL-2), demonstrated a negative

correlation with hyperactivity.

In summary, 4 of the 7 clinical trials demonstrated statisti-

cally significant changes. The lack of positive findings in the

remaining trials is inadequate to fully discredit omega-3 fatty

acids’ potential benefit in improving symptoms of autism. Non-

significant conclusions could be attributed to insufficient

omega-3 dosing or improper EPA/DHA ratios. In addition,

variability in results could be attributed to the presence or

absence of vitamin E, which some trials included in their treat-

ment arm to avoid lipid peroxidation. It is plausible that the

treatment durations were too brief to allow substantial

improvements to take place. However, Meiri et al declared that

most of the improvements they observed occurred within the

first 6 weeks, although raw data for this were not reported.153

Several drug classes are typically used to manage some

behavioral manifestations of autism, including antipsychotics,

psychostimulants, antiepileptics, and antidepressants. Unfortu-

nately, the side effects of these medications are often a limiting

factor.158 More trials are warranted, particularly in adult popu-

lations, before an unequivocal conclusion can be made regard-

ing omega-3’s role in therapy. However, as omega-3 fatty acids

are fairly innocuous, inexpensive, and readily available, a trial

of omega-3 fatty acids in autistic children may be appropriate.

Combinations of EPA and DHA showed the greatest benefit.

Unfortunately, there is insufficient evidence to define a single

most-effective dose or ratio. Children tolerated doses as high as

840 mg EPA and 700 mg DHA. However, trials administering

doses as low as 52 mg EPA and 90 mg DHA yielded positive

results. These particular trials also administered vitamin E

(5 or 10 mg/d), which suggests a dose-sparing effect.155,156

There is evidence for EPA/DHA ratios between 1.5:1 and

2:1, although this is from only 2 trials.154,156 Those considering

a trial treatment with omega-3 fatty acids should consult a

health care practitioner prior to initiating therapy, as the FDA

has not approved the use of fish oil supplements in children

(<18 years). Omega-3 fatty acids’ inhibition of platelet aggre-

gation warrants precaution in those at an increased risk of

bleeding or being treated with anticoagulants.157
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Anxiety Disorders

There are limited studies of omega-3 fatty acid supplementa-

tion in anxiety disorders. Many of the studies address only a

select population. In terms of active treatment, a study of 126

university students with significant test anxiety reported 3

weeks of omega-3/omega-6 supplementation was associated

with improved appetite, mood, organization, and concentration

compared with placebo.159 The authors also reported a signif-

icant decrease in salivary cortisol with active treatment. This

finding should be interpreted with caution since the placebo-

treated students had nonsignificant decreases in salivary corti-

sol as well.

Compared with placebo, anger and anxiety have also been

reported to decrease with omega-3 fatty acid supplementation

in men with substance abuse.160 Researchers found 3 months

of EPA/DHA supplementation decreased the anxiety scores

in patients with substance abuse compared with placebo. The

differences in anxiety symptoms remained significant for 3

months following the discontinuation of the supplements.

Studies of omega-3 fatty acids in obsessive compulsive dis-

order are limited. Fux and colleagues reported EPA supple-

mentation was ineffective for the treatment of obsessive

compulsive disorder.161

Results regarding omega-3 fatty acid supplementation in

posttraumatic stress disorder (PTSD) are conflicting. One study

was terminated early when 2 g daily intake of EPA was found

to worsen symptoms in 5 of 6 patients.162 However, Matsuoka

et al reported open-label treatment with omega-3 fatty acids

could decrease the risk of subsequent PTSD in patients with

accidental injuries.163

Data are too limited to assess the efficacy of omega-3 fatty

acids in the treatment of anxiety disorders. While they may be

beneficial in those with comorbid mood and anxiety disorders,

omega-3 fatty acids should not be routinely used for patients

with PTSD.

Other Disorders

Omega-3 fatty acids have been explored in a limited fashion in

many disorders including substance abuse and borderline per-

sonality disorder. However, there are insufficient data to draw

any conclusions about the effectiveness of omega-3 fatty acids

in these disorders. Omega-3 fatty acids have been studied

extensively in cognition, cognitive decline, dementia, Alzhei-

mer’s disease, and cognitive symptoms associated with other

disorders. This is beyond the scope of this review.

Safety of Omega-3 Fatty Acids

Clinical trials demonstrate the risk of serious adverse events

with omega-3 fatty acids are comparable with placebo. The

most common side effects reported were gastrointestinal (diar-

rhea and belching). The FDA has recognized intakes up to 3 g/d

of omega-3 fatty acids are safe.19 The FDA has also recognized

and approved qualified health claims for EPA and DHA.19 One

study did report an increase in bleeding time after EPA

supplementation, but this increase did not result in clinical side

effects.90 However, other studies report no changes in bleeding

time.75 In one large study of pregnant women there was no

increase in the rate of bleeding with omega-3 fatty acid supple-

mentation.60 In fact, the study found decreased rates of preterm

labor with omega-3 fatty acid supplementation.

While fish may be contaminated with heavy metals, omega-

3 fatty acid supplements usually contain very limited quantities

of organochloride contaminants and no methylmercury.168

However, significant levels of contaminants have been

reported with some supplements.163,164 While omega-3 fatty

acid purification processes substantially decrease the risk of

environmental contamination, krill oil can be used as an alter-

nate source of marine-derived fish oils for those who remain

concerned.165 For those wishing to increase omega-3 fatty acid

intake through fish consumption, the FDA recommends avoid-

ing fish high in methylmercury such as shark, swordfish, king

mackerel, or tilefish.166 Instead consider recommending fish

low in methylmercury content such as shrimp, canned light

tuna, salmon, pollock, and catfish.166

Conclusions

Omega-3 fatty acids have been studied in numerous disease

states. They have cardioprotective effects and are relatively

safe and inexpensive. In general, omega-3 fatty acids were well

tolerated by many groups including pediatric and geriatric

populations. While safe when taken in usual daily doses, cau-

tion should be used with large doses in patients at risk of bleed-

ing abnormalities. Beyond that caution, side effects of fatty

acids appear to be mild and primarily involve the gastrointest-

inal tract (ie, nausea, diarrhea, and belching).

The bulk of the data support omega-3 fatty acids’ role in the

treatment of mood disorders. While data are promising for psy-

chiatric illness beyond affective disorders, it is premature to

routinely recommend omega-3 fatty acids as the primary treat-

ment for most other psychiatric disorders. However, given the

favorable side effect profile and cardiovascular benefits of

omega-3 fatty acids, they would appear to be safe for most

populations.
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Gören and Tewksbury 15

 at UNIV OF RHODE ISLAND LIBRARY on September 26, 2011jpp.sagepub.comDownloaded from 

http://jpp.sagepub.com/


3. Heinrichs SC. Dietary omega-3 fatty acid supplementation for opti-

mizing neuronal structure. Mol Nutr Food Res. 2010;54:447-456.

4. Marcheselli VL, Hong S, Lukiw WJ, et al. Novel docosanoids

inhibit brain ischemia-reperfusion-mediated leukocyte infiltration

and pro-inflammatory gene expression. J Biol Chem. 2003;278(44):

43807-43817.

5. Serhan CN, Hong S, Gronert K, et al. Resolvins: a family of

bioactive products of omega-3 fatty acid transformation circuits

initiated by aspirin treatment that counter proinflammation sig-

nals. J Exp Med. 2002;196(8):1025-1037.

6. Hong S, Gronert K, Devchand PR, et al. Novel docosatrienes and

17S-resolvins generated from docosahexaenoic acid in murine

brain, human blood, and glial cells. Autacoids in anti-

inflammation. J Biol Chem. 2003;278(17):14677-14687.

7. Cade J, Thomas E, Vail A. Case-control study of breast cancer in

south east England: nutritional factors. J Epidemiol Comm

Health. 1998;52(2):105-110.

8. Lauritzen L, Hansen HS, Jorgensen MH, et al. The essentiality of

long chain n-3 fatty acids in relation to development and function

of the brain and retina. Prog Lipid Res. 2001;40(12):1-94.

9. Niu SL, Mitchell DC, Lim SY, et al. Reduced G protein-coupled

signaling efficiency in retinal rod outer segments in response to

n-3 fatty acid deficiency. J Biol Chem. 2004;279(30):31098-31104.

10. Hirashima F, Parow AM, Stoll AL, et al. Omega-3 fatty acid treat-

ment and T2 whole brain relaxation times in bipolar disorder. Am

J Psychiatry. 2004;161:1922-1924.

11. McVeigh GE, Brennan, Cohn JN, et al. N-3 fatty acids and urinary

excretion of nitric oxide metabolites in humans. Am J Clin Nutr.

1997;65:459-464.

12. Chin JP, Dart AM. How do fish oils affect vascular function? Clin

Exp Pharmacol Physiol. 1995;22:71-81.

13. TEritslad J, Arnesen H, Gronseth K, et al. Effect of dietary sup-

plementation with n-3 fatty acids on coronary artery bypass graft

patency. Am J Cardiol. 1996;77:31-36.

14. Abe Y, El-Masri B, Kimball KT, et al. Soluble cell adhesion

molecules in hypertriglyceridemia and potential significance on

monocyte adhesion. Arteroiscler Thromb Vasc Biol. 1998;18:

723-731.

15. Kang JX, Leaf A. Antiarrythmic effects of polyunsaturated fatty

acids: recent studies. Circulation. 1996;94:1774-1780.

16. Kris-Etherton PM, Harris WS, Appel LJ, for the nutrition commit-

tee. AHA scientific statement on fish consumption, fish oil,

omega-3 fatty acids, and cardiovascular disease. Circulation.

2002;106:2747-2757.

17. Holub DJ, Holub BJ. Omega-3 fatty acids from fish oils and

cardiovascular disease. Mol Cell Biochem. 2004;263:217-225.

18. Office of Nutritional Products, Labeling, and Dietary Supple-

ments, Center for Food Safety and Applied Nutrition, US Food

and Drug Administration. Letter responding to a request to

reconsider the qualified health claim for a dietary supplement

health clain for omega-3 fatty acids and coronary heart disease.

http://www.fda.gov/SiteIndex/ucm072932.htm. Accessed June 21,

2011.

19. Freeman MP, Hibbeln JR, Wisner KL, et al. Omega-3 fatty acids:

evidence basis for treatment and future research in psychiatry.

J Clin Psychiatry. 2006;67:1954-1967.

20. Timonen M, Horrobin D, Jokelainen J, et al. Fish consumption

and depression: the northern Finland 1996 birth cohort. J Affect

Disord. 2004;82:447-452.

21. Lin PY, Huang SY, Su KP. A meta-analytic review of polyunsa-

turated fatty acid compositions in patients with depression. Biol

Psychiatry. 2010;68:140-147.

22. Tiemeier H, van Tuijil HR, Kiliaan AJ, et al. Plasma fatty acid

composition and depression are associated in the elderly: the

Rotterdam study. Am J Clin Nutr. 2003;78:40-46.

23. Sublette ME, Segal-Isaacson CJ, Cooper TB, et al. Omega-3 poly-

unsaturated essential fatty acid status as a predictor of future

suicide risk. Am J Psychiatry. 2006;163(6):1100-1102.

24. Tanskanen A, Hibbeln JR, Tuomilehto J, et al. Fish consumption

and depressive symptoms in the general population in Finland.

Psychiatr Serv. 2001;52:529-531.

25. Maes M, Smith R, Christophe A, et al. Fatty acid composition in

major depression: decreased omega-3 fractions in cholesteryl

esters and increased C20:4 omega-6/C20:5 omega-3 ration in

cholesteryl esters and phospholipids. J Affect Disord. 1996;

38:35-46.

26. Adams PB, Lawson S, Sanigorski A, et al. Arachidonic acid to

eisocapentaenoic acid correlates positively with clinical symp-

toms of depression. Lipids. 1996;(suppl):S157-S161.

27. Peet M, Murphy B, Shay J, et al. Depletion of omega-3 fatty acid

levels in red blood cell membranes of depressive patients. Biol

Psychiatry. 1998;43:315-319.

28. Murakami K, Miyake Y, Sasaki S, et al. Fish and n-3 polyunsatu-

rated fatty acid intake and depressive symptoms: Ryukyus child

health study. Pediatrics. 2010;126(3):e623-e630.

29. Hakkarainen R, Partonen T, Haukka J, et al. Is low dietary intake

of omega-3 fatty acids associated with depression? Am J Psychia-

try. 2004;161:567-569.

30. Bot A, Pouwer F, Assies J, et al. Eicosapentaenoic acid as an add

on to antidepressant medication for comorbid major depression in

patients with diabetes mellitus: a randomized, double blind, pla-

cebo controlled study. J Affect Disord. 2010;126:282-286.

31. Carney RM, Freedland KE, Rubin EH, et al. Omega-3 augmenta-

tion of sertraline in treatment of depression in patients with coron-

ary heart disease: a randomized controlled trial. JAMA.

2009;302(15):1651-1657.

32. Grenyer BF, Crowe T, Owen AJ, et al. Fish oil supplementation in

the treatment of major depression: a randomized double blind pla-

cebo controlled trial. Prog Neuropsychopharmacol Biol Psychia-

try. 2007;31(7):1393-1396.

33. Nemets B, Stahl Z, Belmaker RH. Addition of omega-3 fatty acid

to maintenance medication treatment for recurrent unipolar

depression. Am J Psychiatry. 2002;159(3):477-479.

34. Peet M, Horrobin DF. 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. 2002;59(10):913-919.

35. Silvers KM, Woolley CC, Hamilton FC, et al. Randomized double

blind placebo controlled trial of fish oil in the treatment of depression.

Prostaglandins Leukot Essent Fatty Acids. 2005;72(3):211-218.

36. Su KP, Huang SY, Chiu CC, et al. Omega-3 fatty acids in

major depressive disorder: a preliminary double blind, placebo

16 Journal of Pharmacy Practice 000(00)

 at UNIV OF RHODE ISLAND LIBRARY on September 26, 2011jpp.sagepub.comDownloaded from 

http://jpp.sagepub.com/


controlled trial. Eur Neuropsychopharmacol. 2003;13(4):

267-271.

37. Nemets H, Nemets B, Apter A, et al. Omega-3 treatment of child-

hood depression: a controlled double blind pilot study. Am J Psy-

chiatry. 2006;163(6):1098-1100.

38. Jazayeri S, Tehrani-Doost M, Keshavarz SA, et al. 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. 2008;42(3):192-198.

39. Lucas M, Asselin G, Merette C, et al. Ethyl-eicosapentaenoic acid

for the treatment of psychological distress and depressive symp-

toms in middle-aged women: a double blind placebo controlled

randomized trial. Am J Clin Nutr. 2009;89(2):641-651.

40. Marangell LB, Martinez JM, Zboyan HA, et al. A double blind

placebo controlled study o f the omega-3 fatty acid docosahexae-

noic acid in the treatment o f major depression. Am J Psychiatry.

2003;160:996-998.

41. Mischoulon D, Papakostas GI, Dording CM, et al. A double blind

randomized controlled trial of ethyl-eicosapentaenoate for major

depression. J Clin Psychiatry. 2009;70(12):1363-1644.

42. Mischoulon D, Best-Popescu C, Laposata M, et al. A double blind

dose finding pilot study of docosahexaenoic acid (DHA) for major

depressive disorder. Eur Neuropsychopharmacol. 2008;18(9):

639-645.

43. Rogers PJ, Appleton KM, Kessler D, et al. No effect of n-3 long

chain polyunsaturated fatty acid (EPA and DHA) supplementa-

tion on depressed mood and cognitive function: a randomized

controlled trial. Br J Nutr. 2008;99:421-431.

44. Rondanelli M, Giacosa A, Opizzi A, et al. Effects of omega-3

fatty acids supplementation on depressive symptoms and on

health related quality of life in treatment of elderly women with

depression: a double blind placebo controlled randomized trial.

J Am Coll Nutr. 2010;29(1):55-64.

45. van de Rest O, Geleijnse JM, Kok FJ, et al. Effect of fish oil sup-

plementation on mental well being in older subjects: a rando-

mized double blind placebo controlled trial. Am J Clin Nutr.

2008;88:706-713.

46. Martin JG. EPA but not DHA appears responsible to for the effi-

cacy of omega-3 long chain polyunsaturated fatty acid supplemen-

tation in depression: evidence from a meta analysis of randomized

controlled trials. J Am Coll Nutr. 2009;28(5):525-542.

47. Innis SM. Perinatal biochemistry and physiology of long chain

polyunsaturated fats. Pediatrics. 2003;143(4 suppl):S1-S8.

48. Hibbeln JR, Davis JM. Considerations regarding neuropsychiatric

nutritional requirements for intakes of omega-3 highly unsatu-

rated fatty acids. Prostaglandins Leukot Essent Fatty Acids.

2009;81:179-186.

49. Hibbeln JR. Seafood consumption, the DHA content of mothers’

milk and prevalence rates of postpartum depression. J Affect Dis-

ord. 2002;69:15-29.

50. Sontrop J, Campbell MK. Omega-3 polyunsaturated fatty acids

and depression: a review of the evidence and methodological cri-

tique. Prev Med. 2006;42:4-13.

51. Brown JC, Scott KM, Silvers KM. Fish consumption and omega-3

status after birth are not associated with post natal depression.

J Affect Disord. 2006;90(2-3):1310139.

52. Miyake Y, Sasaki S, Yokoyama T, et al. Risk of postpartum

depression in relation to dietary fish intake and fat intake in Japan:

the Osaka maternal and child health study. Psychol Med.

2006;36(12):1727-1735.

53. Strom M, Mortensen EL, Halldorsson TI, et al. Fish and long

chain n-3 polyunsaturated fatty acid intakes during pregnancy and

risk of postpartum depression: a prospective study based on a

large national birth cohort. Am J Clin Nutr. 2009;90:149-155.

54. Hibbeln JR, Davis JM, Steer C, et al. Maternal seafood consump-

tion in pregnancy and neurodevelopmental outcomes in childhood

(ALSPAC study): an observational cohort study. Lancet. 2007;

369:578-585.

55. Otto SJ, de Groot RH, Hornstra G. Increased postpartum

depressive symptoms is associated with slower normalization

after pregnancy of the functional docosahexaenoic acid status.

Prstaglandins Leukot Essent Fatty Acids. 2003;69:237-243.

56. Doornbos B, van Goor SA, Dijick-Brouwer DAJ, et al. Supple-

mentation of a low dose of DHA or DHA þ AA does not prevent

peripartum depressive symptoms in a small population based

sample. Prog Neuropsychopharmacol. 2009;33:49-52.

57. Freeman MP, Hibbeln JR, Wisner KL, et al. Randomized dose

ranging pilot trial of omega-3 fatty acids for postpartum depres-

sion. Acta Psychiatry Scand. 2006;113(1):31-35.

58. Freeman MP, Davis M, Sinha P, et al. Omega-3 fatty acids and

supportive psychotherapy for perinatal depression: a randomized

placebo controlled study. J Affect Disord. 2008;110(1-2):

142-148.

59. Llorente AM, Jensen CL, Voigy RG, et al. Effect of maternal doco-

sahexaenoic acid supplementation on postpartum depression and

information processing. Am J Obstet Gynecol. 2003;188(5):1348-

1353.

60. Makrides M, Gibsom RA, McPhee AJ, et al, and DOMInO Inves-

tigative Team. Effect of DHA supplementation during pregnancy

on maternal depression and neurodevelopment of young children.

JAMA. 2010;304(15):1675-1683.

61. Rees AM, Austin MO, Parker GB. Omega-3 fatty acids as a treat-

ment for perinatal depression: randomized double blind placebo

controlled trial. Aust Z J Psychiatry. 2008;42(3):199-205.

62. Su.

63. Rao JS, Rapoport SI. Mood-stabilizers target the brain arachido-

nic acid cascade. Curr Mol Pharmacol. 2009;2(2):207-214.

64. Chen CT, Green JT, Orr SK, et al. Regulation of brain polyunsa-

turated fatty acid uptake and turnover. Prostaglandins Leukotr

Essent Fatty Acids. 2008;79:85-91.

65. Naoghiul S, Hibbeln JR. Cross-national comparisons of seafood

consumption and rates of bipolar disorder. Am J Psychiatry.

2003;160(12):2222-2227.

66. Chiu CC, Huang SY, Su KP, et al. Polyunsaturated fatty acid def-

icits in patients with bipolar mania. Eur Neuropsychopharmacol.

2003;13:99-103.

67. Ranjekar PK, Hinge A, Hedge MV, et al. Decreased antioxidant

enzymes and membrane essential polyunsaturated fatty acids in

schizophrenic and bipolar mood disorder patients. Psychiatr Res.

2003;121:109-122.

68. Igarashi M, Ma K, Gao F, et al. Brain lipid concentrations in bipo-

lar disorder. J Psychiatr Res. 2010;43(3):177-186.
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