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Abstract

Several lines of evidence suggest that o-3 fatty acids may be important in the pathophysiology, treatment or prevention of bipolar

disorder (BD). Electronic and manual searches were conducted in order to review the literature relevant to the etiology and

treatment of BDs with o-3 fatty acids. We also present data from a randomized, double-blind, placebo-controlled pilot study

conducted at three sites (N ¼ 10) comparing an o-3 fatty acid (docosahexaenoic acid, DHA) versus placebo, added to psychosocial

treatment for women with BD who chose to discontinue standard pharmacologic treatment while attempting to conceive. While

some epidemiologic and preclinical data support the role of o-3 fatty acids in BD, clinical trials to date have yielded conflicting

results. In our pilot study of 10 Caucasian women taking DHA while attempting to conceive (BP1 ¼ 9, BPII ¼ 1), age 27–42 years,

DHA was well tolerated and suggests that a larger study would be feasible. The elucidation of the potential role of o-3 fatty acids as

a treatment for BD requires further study. The current data are not sufficient to support a recommendation of monotherapy

treatment as a substitute for standard pharmacologic treatments. However, judicious monotherapy in selected clinical situations, or

adjunctive use, may be warranted pending further data from adequately powered controlled clinical trials. Our pilot trial of DHA in

women who plan to stop conventional psychotropics in order to conceive suggests that such trials are feasible.

r 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Patients with bipolar I disorder (BDI) and bipolar II
disorder (BDII) comprise 3.9% of the adult population
in the United States [1] and an estimated 30% of the
e front matter r 2006 Elsevier Ltd. All rights reserved.
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population served by departments of Mental Health and
Mental Retardation [2]. BDI is characterized by the
occurrence of one or more manic episodes interspersed
with episodes of depression. Symptoms of mania include
a reduced need for sleep, distractibility, increased
activity, psychomotor agitation, and high-risk behavior.
Hypomania is similar to mania, but with less severe
symptoms. BDII is a form of bipolar disorder (BD) that
includes recurrent moderate to severe major depressive
episodes as well as hypomanic episodes [3]. BDs are
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life-long, have an early age of onset, and take a
tremendous toll on individuals, families, society, and
health care systems [4].

Despite recent advances in the development of safer,
more effective, and better-tolerated psychotropic med-
ications and advances in psychotherapeutic interven-
tions, patients with BD often experience inadequate or
partial response to treatment, loss of effectiveness from
previously beneficial treatments, or intolerable adverse
effects. The need for new interventions and the high
patient acceptability of natural treatments combine to
make o-3 fatty acids (n3FA) an appealing alternative
for many patients and clinicians. As described elsewhere
in this issue, o-3 fatty acids are well tolerated, have
nonpsychiatric health benefits, and are not teratogenic.
In this article, we discuss the rationale for the use of o-3
fatty acids in BD, including a review of controlled
studies to date assessing the efficacy of o-3 fatty acids as
a potential treatment in BD. We then present pilot data
of a randomized intervention of o-3 fatty acids in
women with BD who were planning to discontinue
traditional psychotropic agents in anticipation of
pregnancy, and conclude with both clinical and research
recommendations.

1.1. Rationale for the use of o-3 fatty acids in BD

The hypothesis regarding the use of o-3 fatty acids as
a potential treatment for BD originated from similarities
between the actions of common mood stabilizers
(lithium and valproate (VPA) ) and eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) on
modulating signal transduction pathways [5–8].
Lithium, VPA, and o-3 fatty acids (both EPA and
DHA) exert inhibitory actions at various sites in the
second-messenger cascade, which may account for the
mood-stabilizing effects of these medications. In parti-
cular, all four compounds affect protein kinase C (PKC)
activity [9–19]. PKC is a calcium-activated, phospholi-
pid-dependent enzyme that is abundant in the brain, and
plays important roles in pre- and post-synaptic regula-
tion of synaptic transmission through effects on
neurotransmitter release, receptors and ion channels,
neuronal excitability, and gene expression. Given the
similarities in mechanisms of action between o-3 fatty
acids and standard mood stabilizers (lithium and VPA),
the o-3 fatty acids may provide an alternative to
standard pharmacologic treatment for BD.

Additionally, a Cross-National Collaborative Group
epidemiological study of 10 countries revealed a strong
inverse relationship between seafood consumption, a
measure of long-chain o-3 fatty acids intake, and
lifetime prevalence rates of BD [20]. These findings are
consistent with previous cross-national studies that
revealed a protective link between increased fish con-
sumption and depression [21–27] and suggest that
insufficient dietary intake of o-3 fatty acids may
increase the risk of affective disorders in susceptible
individuals.

Evidence for the role of o-3 fatty acids in BD has also
come from two small studies comparing DHA concen-
trations in bipolar patients or their relatives and healthy
controls. In one study, manic patients (n ¼ 20) com-
pared to healthy controls (n ¼ 20) had significantly
reduced levels of DHA, a key o-3 fatty acids thought to
have mood-stabilizing effects [28]. In another parallel-
group design study, healthy subjects with at least one
first-degree relative with BD were found to have lower
blood concentrations of high-density lipoprotein cho-
lesterol and a tendency towards lower o-3 fatty acids in
phospholipids [29].

Postmortem examinations have shown significantly
lower DHA concentrations in the prefrontal cortex
(Brodmann area 10) of bipolar patients (n ¼ 27) relative
to healthy controls (n ¼ 32) [30]. Mahadik et al. [31]
found that DHA levels as well as total o-3 fatty acid
contents were significantly lower in membranes derived
from skin fibroblasts from persons with schizophrenia
(n ¼ 12) than those with BD (n ¼ 6) and healthy
controls (n ¼ 8). There was no difference between the
DHA levels of the individuals with BD and the healthy
controls. In another study, Ranjekar et al. [32] found
significantly lower levels of a-linolenic acid and EPA in
the red blood cells of patients with BD when compared
to age-matched control subjects.

1.2. Controlled clinical studies in BD

In the first controlled clinical trial of o-3 fatty acids in
BD, Stoll et al. [6] randomly assigned 44 subjects
to adjunctive treatment with 9.6 g/day of o-3 fatty
acids (6.2 g/day of EPA and 3.4 g/day of DHA) or
placebo (identical capsules of olive oil ethyl esters)
for 4 months. Subjects receiving standard pharma-
cologic treatment for BD at study entry continued to
receive those medications at constant dosages through-
out the trial. The main outcome measure was the
duration of time to exit double-blind treatment due to
the emergence of bipolar symptoms severe enough to
warrant change in treatment. Because of a presumed
delay in the onset of action of o-3 fatty acids, study
authors determined a priori that only those who
remained in treatment for a period of one month
would be considered evaluable, resulting in a final
cohort of 30.

The o-3 fatty acid treatment group showed a
significantly longer period of remission than the placebo
group. Additionally, the o-3 fatty acid group also
demonstrated significantly greater improvements on
standardized assessments including the clinical global
impression (CGI), global assessment of functioning
(GAF), and Hamilton rating scale for depression
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(HAM-D) at the 4-month outcome point. Interestingly,
although small groups, the four subjects taking mono-
therapy o-3 fatty acids remained in remission for
significantly longer than the four subjects taking placebo
monotherapy. The patients tolerated the intervention
well, and complaints of side effects were resolved with
reductions in dose (n ¼ 3). No hospitalizations or
emergent suicidal ideation or suicidal behavior were
observed.

In a recent, 12-week, double-blind, placebo-controlled
trial, Frangou et al. [33] compared two different doses of
EPA, 1 g (N ¼ 24) and 2 g (N ¼ 25) to placebo (N ¼ 26)
as adjunctive treatment for bipolar depression. There
were no significant differences between the EPA groups,
but both EPA groups had significant improvements
compared to the placebo group.

Additional data from two recent, small, open-label
trials suggest that adjunctive o-3 fatty acids may reduce
symptoms of bipolar depression [34] and irritability
associated with BD [35]. Hirashima et al. [36] examined
the effect of o-3 fatty acid administration on brain
physiology and found greater cell membrane fluidity as
detected by lowered T(2) values in bipolar patients after
4 weeks of o-3 fatty acids.

Results from other controlled trials conducted in a
multi-site network were less encouraging [37]. Both
studies were 4-month controlled trials in which partici-
pants were randomized to blinded treatment with
6 g/day of EPA or placebo, and then offered open
treatment with EPA for an additional 8 months. One
study examined the safety and efficacy of EPA in
participants with acute bipolar depression (n ¼ 59),
while the other study evaluated the treatment in
participants with rapid cycling bipolar depression
(n ¼ 62). While EPA was well tolerated in both studies,
neither study found a significant difference in outcomes
between EPA and placebo.

However, it is worth considering the possibility that
an intervention could be more effective for prophylaxis
(preventing episodes) than for relieving acute episodes,
or more effective in nonrapid cycling patients than in
rapid cycling patients. Thus, in spite of the less
encouraging findings of these studies, it appears that
additional studies are needed to assess the utility of o-3
fatty acids in BD.

A unique consideration in the treatment of BD is the
possibility that a treatment might help with one phase of
the illness, such as depression, but simultaneously
exacerbate the other phase, e.g. precipitate mania.
While no patients have been reported to develop
hypomania or mania during the course of controlled
clinical trials with o-3 fatty acids, there is one published
case report describing the onset of hypomania in
a 35-year old woman with a previous history of
major depressive disorder associated with o-3 fatty
acids [38].
1.3. BD and pregnancy

One of the most difficult problems for women with
BD is the lack of effective nonteratogenic treatments,
especially given the high recurrence rate associated with
medication discontinuation [39–41]. First trimester
exposure to established mood stabilizers (lithium,
VPA, and carbamazepine) is associated with an in-
creased risk of fetal malformations [42–44]. Given this
risk, many women with BD choose to discontinue these
and all other medications during pregnancy and while
trying to conceive. Viguera et al. [45] reported recur-
rence rates following lithium discontinuation in a cohort
of 101 pregnant and nonpregnant women. Over the
64-week period following lithium discontinuation,
recurrences occurred in 85.7% of the pregnant/post-
partum women and 67.8% of the nonpregnant women.
The recurrence rate with a gradual taper (15–30 days)
was less, but still 37.1%. Because of this, there has been
great interest in exploring the utility of o-3 fatty acids
for women planning pregnancy, pregnant, or lactating.
Unlike traditional treatments, addition of o-3 fatty
acids may benefit both mother and fetus, as adequate
intake of o-3 fatty acids is necessary for optimal fetal
and infant brain and nervous system development, and
DHA is selectively transferred to the developing fetus
during pregnancy [46–53]. Stores of EPA are progres-
sively depleted during pregnancy [54]. Hibbeln and
others [55] have hypothesized that this may predispose
women to affective episodes. Additionally, research
suggests that pregnant women only achieve 20–60% of
recommended o-3 fatty acid intake [56]. o-3 fatty acids
(DHA+EPA) have been administered to pregnant
women with various other disorders, without adverse
effects [57–59]. The US Food and Drug Administration
approved the addition of DHA to infant formula in
2001.
1.4. A pilot study of o-3 fatty acids in women with BD

who are planning pregnancy

The following reports findings from a 1 year, parallel
group, multi-site, randomized, placebo-controlled pilot
study of an o-3 fatty acid (DHA) versus placebo, added
to psychosocial treatment, for women with BD who
chose to discontinue all conventional psychotropic
medications while attempting to conceive. This pilot
study was conducted as an ancillary study in selected
sites (n ¼ 3) participating in the Systematic Enhance-
ment Program for BD (STEP-BD). STEP-BD proce-
dures and assessments were continued for those women
who opted into this arm of treatment (see [60] for
complete methodology of the STEP trial). The study
was approved by the Institutional Human Subject
Review Board of each site and all patients gave verbal
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and written informed consent before enrollment in the
study.
Table 1

Demographic and clinical characteristics of pilot sample

o-3 (n ¼ 6) Placebo (n ¼ 4)

Age 37.8373.66 years 30.7573.5 years

Diagnosis Bipolar I

disorder ¼ 5

Bipolar I

disorder ¼ 4

Bipolar II

disorder ¼ 1

Length of illness 14.6776.5 years 14.7576.55 years

Time since last

mood episode

18.5713.28 months 8.076.06 months

Lifetime number of manic episodes

1 2 (33.3%) 1 (25%)

2 2 (33.3%) —
1.5. Pilot study methods

Participants were randomized to DHA (2000mg/day)
or matching placebo, supplied by Martek Biosciences
(Columbia, MD). Additionally, all patients were invited
to participate in a collaborative care program for
pregnancy (CCP-P). This structured psychosocial pro-
gram included six sessions with a trained therapist over
a 10-week period of time, with a focus on psychoeduca-
tion, identification of risk factors, strategies to prevent
relapse, and other self-help strategies to maintain
wellness. If needed, additional sessions were allowed to
complete the workbook. Women were encouraged to
have their partner or another member of their support
network participate in CCP-P sessions as well.

All participants had a clinical status of ‘‘recovered’’,
i.e., no more than two moderate mood symptoms, for 6
months before study entry. The mean duration of the
time since the last mood episode was 13.2273.74
months. Participants began double-blind randomized
treatment and CCP-P in addition to their baseline
medications. Starting at week six, baseline medications
were tapered by 25% per week. Women were encour-
aged not to stop contraception or attempt to become
pregnant before week 14 (4 weeks after stopping
standard medications). Clinically significant mood
worsening that mandating protocol discontinuation
was defined a priori as the rate of ‘‘roughening’’
(emergence of 3 or more moderate symptoms that do
not meet criteria for a full episode). For ethical reasons,
we did not want to allow any patient to experience a
recurrence (full episode). Participants were followed
for up to 1 year of double-blind follow-up. Other
outcomes of interest included the longer-term outcome
of these interventions, including the ability of these
women to safely conceive or transition back to standard
treatments.
3–4 — 1 (25%)

5–9 1 (16.7%) —

10–20 1 (16.7%) —

20–50 — 1 (25%)

450 — 1 (25%)

Lifetime number of depressive episodes

0 1 (16.7%) —

1 — —

2 1 (16.7%) —

3–4 2 (33.3%) 1 (33.3%)

5–9 1 (16.7%) —

10–20 — 1 (33.3%)

20–50 1 (16.7%) 1 (33.3%)

1 ¼ missing

Number of previous

pregnancies

0.6771.15 1.071.41

Number of children 0.3370.58 0.2570.50
2. Results

Ten eligible women from three STEP sites (Baylor
College of Medicine, Stanford University School of
Medicine, and Case Western Reserve) participated in
this trial. Of these women, four were randomized to
placebo, and six to active treatment. The women ranged
in age from 27 to 42 years, with a mean age of 35.00
years. All were Caucasian, and the majority (90%) were
diagnosed with BDI (one woman was diagnosed with
BDII). They reported an average duration of illness of
14.7 years, ranging from 2 to 23 years. None had
previously undergone treatments for infertility. Basic
demographic and clinical information, by group, is
included in Table 1.

The women tolerated the trial well with no serious
adverse events reported over the course of participation,
and no discontinuations due to intolerability. The
women participated in the CCP-P sessions, with an
average of five sessions for the active group, and 6.5 in
the placebo group. Two of the women in the active
group completed the 52-week trial (33.3%), and of those
with premature discontinuation, three were due to
emerging or worsening mood symptoms (50%) and
one due to noncompliance. Of the three women with
emerging symptoms, one was experiencing predomi-
nantly anxiety and two were experiencing emerging
hypomania. Three of those receiving placebo completed
the 52 weeks (75%) with one (25%) discontinuing due to
increasing irritability. Given the small numbers, it is not
surprising that a log-rank test of survival time in the
study showed no significant difference between patients
receiving placebo versus active treatment (P ¼ 0:83).
Three women conceived and ultimately delivered
healthy babies (one in the DHA group, two in the
placebo group).
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2.1. Pilot study discussion

This small pilot study is the first to provide an
intervention to women with BD who plan to discontinue
all psychotropic treatments while trying to conceive. It
demonstrates both the feasibility and the challenges in
conducting such work, either in research or clinical
settings (Table 2). Because of ethical aspects, recruit-
ment was limited to women who were forthcoming
about their reproductive plans with their providers, and
who were committed to taking advantage of other
supports, including the psychoeducation provided as
part of the intervention. Randomizing 10 appropriate
women willing to accept potential placebo treatment
during a very tenuous time was a notable accomplish-
ment.

This small pilot study suggests that it is feasible to
conduct a larger study of the use of o-3 fatty acids in
women with BD who choose to discontinue all conven-
tional psychotropic medications while attempting to
conceive. Specifically, a gradual medication taper
combined with a brief psychoeducational psychotherapy
intervention and careful follow-up may prevent severe
decompensation as none of the women in the study had
a marked exacerbation of symptoms or required
hospitalization. Unfortunately, the small size of the
pilot study precludes comment on the possible efficacy
of DHA as a preventive agent. However, several aspects
of the study inform future studies. DHA was well
tolerated, and participants were enthusiastic about the
possibilities of mood stabilizing benefits in addition to
health benefits to mother and fetus. One recruitment
challenge was the fact that many patients objected to the
possibility of being randomized to placebo. Although
this is a common issue to placebo-controlled trials, it
appeared to be a greater problem in this study because
o-3 fatty acids are readily available in health food
Table 2

Outcomes of pilot study of o-3 for women planning pregnancy

o-3 (n ¼ 6) Placebo

(n ¼ 4)

Average number of CCP-P sessions 5.0 (1.55) 6.5 (1.0)

Number completed 52-week

protocol

2 (33.3%) 3 (75%)

Reasons for discontinuation

Emerging/worsening symptoms 1 (16.7%) —

Noncompliance with protocol 2 (33.3%) —

Other 1 (16.7%) 1 (25%)

Number of pregnancies while in

trial

1 (16.7%) 2 (50%)

Average days in trial

261.67769.02 days

307.25763.45 days

Number of adverse events 0 0

Number of serious adverse events 0 0
stores. In addition, the delay of 14 weeks from the start
of the study to the time when patients were allowed to
attempt conception was difficult for many patients.
While this allowed for a slow taper of baseline
medication, in many cases the potential participants
had already delayed attempting to conceive and
expressed a sense of urgency.
3. Conclusions

The pilot work suggests that it is feasible to conduct
an adequately powered trial of the use of o-3 fatty acids
in women with BD who choose to discontinue all
conventional psychotropic medications while attempting
to conceive. Overall, the elucidation of the potential role
of o-3 fatty acids as a treatment for BD as well as
pregnancy in patients with BD requires further study.
The current data are not sufficient to support a
recommendation of monotherapy treatment as a sub-
stitute for standard pharmacologic treatments. How-
ever, judicious monotherapy use in select clinical
situations, or adjunctive use, may be warranted pending
further data from controlled clinical trials. Future
studies will need to address the relative roles of DHA
and EPA as well as dose-response studies.
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