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ABSTRACT

Objective: There is growing evidence that inflammation is an important
mediator of pathophysiology in bipolar disorder. The omega-3 (n-3) and
omega-6 (n-6) polyunsaturated fatty acid (PUFA) metabolic pathways
participate in several inflammatory processes and have been linked through
epidemiologic and clinical studies to bipolar disorder and its response to
treatment. We review the data on PUFAs as biomarkers in bipolar disorder
and n-3 PUFA used as treatment for bipolar disorder.

Data Sources: PubMed and CINAHL were searched for articles on PUFA and
bipolar disorder published in the English language through November 6,
2013, with an updated search conducted on August 20, 2015. Keywords
searched included omega 3 fatty acids and bipolar disorder, omega 3 fatty
acids and bipolar mania, omega 3 fatty acids and bipolar depression, omega

3 fatty acids and mania, omega 3 fatty acids and cyclothymia, omega 3 fatty
acids and hypomania, fatty acids and bipolar disorder, essential fatty acids and
bipolar disorder, polyunsaturated fatty acids and bipolar disorder, DHA and
bipolar disorder, and EPA and bipolar disorder.

Study Selection: Studies selected measured PUFAs as biomarkers or
introduced n-3 PUFA as treatment.

Results: We identified 17 relevant human clinical articles that either
compared PUFA levels between a bipolar disorder group and a control
group or used a PUFA intervention to treat depression or mania in bipolar
disorder. Human studies suggest low n-3 red blood cell PUFA concentrations
and correlations with clinical severity in studies of plasma concentrations

in symptomatic bipolar disorder. Results of published n-3 PUFA dietary
supplementation trials for bipolar disorder indicate efficacy in treatment

for mania or depression in 5 of 5 open-label trials, efficacy in treatment of
depression in 1 of 7 randomized controlled trials, and a signal for treatment
of depression in 1 meta-analysis.

Conclusions: Biomarker studies of PUFA and treatment studies of n-3 PUFA
in bipolar disorder show promise for indicating a way forward in the study
of PUFA in bipolar disorder. Investigation of the intake and metabolism of
the n-3 and n-6 PUFA when supplementation is provided in treatment trials
might offer clues for identification of when and how PUFA may be important
for treatment in bipolar disorder.
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B ipolar disorder is a chronic illness with episodic
exacerbations affecting 1%-4.4% of the
population, which causes significant disability and
has a complex, incompletely understood etiology.!
Bipolar I disorder is characterized by manic episodes
of elevated mood, energy, and cognition and, in 90%
of cases, major depressive episodes of depressed
mood, energy, and cognition. Bipolar IT disorder is
characterized by hypomanic episodes of less severity
than manic episodes and major depressive episodes
that often are longer and more difficult to treat than
bipolar I disorder.>~> Even with pharmacotherapy,
many patients with bipolar disorder continue to have
subsyndromal symptoms, which predict relapse and
lead to functional impairment.®!° Improvements
in acute and maintenance treatments are needed to
prevent relapses and reduce years of disability.

Effective pharmacotherapies for acute episodes
and prevention of relapse include medications
with differing suggested mechanisms of action and
include lithium salts, certain antiepileptic agents
(eg, valproic acid, carbamazepine, and lamotrigine),
and antipsychotics.!! One suggested common
mechanism of mood-stabilizing medications
derived from preclinical studies is down-regulation
of brain metabolism of arachidonic acid (AA, 20:4n-
6), a long-chain omega-6 (n-6) polyunsaturated
fatty acid (PUFA).!?"!* Arachidonic acid is found
in the diet together with its dietary-essential
shorter-chain n-6 PUFA precursor, linoleic acid
(18:2n-6). Alterations of turnover of lipids and
resultant alterations in cell-signaling pathways in
brain cell membranes have long been hypothesized
to be central to perturbations of neurotransmitter
systems in mood disorders and are affected by
mood-stabilizing and antidepressant medications
in rodent models (Figure 1).!>!>1¢ Additionally,
omega-3 (n-3) PUFA may have a number of
effects of interest in bipolar disorder, including
increasing cell-membrane fluidity,!” inhibiting
proinflammatory cytokines,'®2° and antagonizing
phosphoinositide-protein kinase C.2!??

Treatment trials using n-3 PUFA as dietary
supplements have had mixed results in bipolar
disorder. A review?® in 2008 indicated effective
treatment detected in 4 of 7 studies, and those
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B The literature on treatment of bipolar disorder with omega-3 fatty acids is
confusing and has not been reviewed in conjunction with studies that report
fatty acid levels or concentrations.

B Many patients ask about using omega-3 treatments for bipolar disorder, and
data support potential treatment for depression but not mania.

Figure 1. Impact of Psychotropic Medication on Metabolic Pathways of the

Polyunsaturated Fatty Acids
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that were effective used a combination of n-3 agents. A Cochrane review?!
conducted the same year reviewed 5 studies and concluded that the evidence
supported effective treatment for bipolar disorder depression but not mania.
We reviewed the evidence from human biomarker studies for altered PUFA
levels in bipolar disorder and results of treatment trials with n-3 PUFA
supplementation.

METHODS

We used PubMed and CINAHL to search the psychiatric literature for
human clinical and biomarker trials published in the English language through
November 6, 2013, with an updated search conducted on August 20, 2015. The
following words were searched: omega 3 fatty acids and bipolar disorder, omega
3 fatty acids and bipolar mania, omega 3 fatty acids and bipolar depression,
omega 3 fatty acids and mania, omega 3 fatty acids and cyclothymia, omega 3
fatty acids and hypomania, fatty acids and bipolar disorder, essential fatty acids
and bipolar disorder, polyunsaturated fatty acids and bipolar disorder, DHA

and bipolar disordersand EPA and bipolar
disorder.

We identified 17 relevant human clinical
articles that either compared PUFA levels
between a bipolar disorder group and a
control group or used a PUFA intervention
to treat depression or mania in bipolar
disorder. We included 7 biomarker trials,
1 meta-analysis of randomized controlled
trials (RCTs), 7 RCTs, 1 trial that was not
randomized, and 4 open-label studies.
We use a narrative rather than systematic
approach in this review.

RESULTS

Clinical and Epidemiologic Investigation
of PUFA in Bipolar Disorder

Clinical studies of blood AA and other
PUFA levels in bipolar disorder patients
report conflicting findings. Chiu et al*® found
lower levels of AA and docosahexaenoic acid
(DHA, 22:6n-3) in erythrocyte membranes
of subjects with manic bipolar disorder
(n=20) than in control subjects (n=20)
(Table 1).

However, no overall difference was
found in total n-3 or n-6 levels, in levels
of eicosapentaenoic acid (EPA, 20:5n-3)
or of its n-3 precursor of DHA, or in the
AA:EPA or the n-6:n-3 ratio.”> DHA and
AA membrane concentrations were not
correlated with current age, age at onset of
disease, or number of episodes or length
of illness, nor was a significant difference
seen between medicated (n=15) and
nonmedicated patients (n=5) or between
nonsmokers (n=13) and smokers (n=7).
All samples were taken after fasting.

Clayton et al*’ found lower fasting
red blood cell EPA and DHA levels in 15
adolescents with bipolar disorder when
they were compared to 15 healthy control
subjects; however, after adjustment was
made for lower dietary intake as measured
by a food frequency questionnaire, the
group difference was negated. Red blood
cell DHA was negatively correlated with
depression and aggression, and plasma
EPA was positively correlated with mania
and externalizing behaviors. There was
no correlation between AA, EPA, or DHA
and lithium or valproic acid medication.
Additionally, no n-3 level correlated with
smoking, alcohol use, or body mass index.

McNamara et al®® found no difference
in erythrocyte membrane EPA or AA levels
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Table 1. Trials Measuring Polyunsaturated Fatty Acid Concentrations

Bipolar Disorder Versus Healthy Control

Difference Correlation
Difference  Difference Difference  inann-6:n-3  With Clinical
Study RBC/Plasma  Medication Group and Mood State in AA in DHA in EPA Ratio Variables
Chiu et al, 2003% RBC Yes (n=15), Manic, n=20 ! ! ) ) S
No (n=5) Healthy control, n=20
Sublette et al, 200726 Plasma No Manic, n=10 S S S S 0
Healthy control, n=10
Clayton et al, 2008%” RBC Yes Bipolar disorder, n=15 NA S S S 0
Healthy control, n=15
McNamara et al, 201028 RBC No Bipolar disorder, n=20 Q ! Q 1 )
MDD, n=20
Healthy control=20
Evans et al, 2012%° Plasma Yes Bipolar disorder, n=40 S S S NA 0
Healthy control, n=18
Pomponi et al, 20133° Plasma Yes Depressed, n=21 1 ! 1 NA S
Manic,n=9
Euthymic,n=12
Healthy control, n=57
Saunders et al, 20153 Plasma Yes Bipolar disorder mixed and Q Q ())* Q 0

depressed, n=27

Healthy control, n=31

*P=.002, not significant after correction for multiple testing.

Abbreviations: AA=arachidonic acid, DHA =docosahexaenoic acid, EPA = eicosapentaenoic acid, MDD =major depressive disorder, NA=not applicable,

n-3=omega-3, n-6=omega-6, RBC=red blood cell.

Symbols: T =increase in bipolar disorder vs healthy control, | =decrease in bipolar disorder vs healthy control, ©=no difference in bipolar disorder and health

control, 0=no difference.

and no association with symptom severity in unmedicated
bipolar disorder patients with manic and depressive
symptoms (n=20) compared to healthy controls (n=20)
(Table 1). They did reportlower DHA and EPA + DHA levels
and higher AA:DHA, AA:EPA + DHA, and n-6:n-3 ratios in
patients than in controls.

Similarly, Sublette et al*® found no group difference
between unmedicated manic patients (n=10) and healthy
controls (n=10) in fasting plasma unesterified or esterified
concentrations of AA, AA metabolites, DHA, or EPA (Table
1). Severity of manic symptoms correlated with the ratio of
unesterified AA to EPA, and lower unesterified AA levels
correlated with more severe manic symptoms.

Evans et al?’ found that nonfasting plasma concentrations
of linoleic acid, y-linolenic acid, dihomo-y-linolenic acid,
AA, a-linolenic acid (18:3n-3), EPA, and DHA did not differ
between 40 bipolar disorder subjects and 18 healthy controls
in a study investigating these 7 PUFAs and 2 enzymes (fatty
acid desaturase 1 and 2) in the n-3 and n-6 pathways. This
study showed a negative correlation between linoleic acid and
depression severity, a positive correlation between y-linolenic
acid and depression severity, and a positive correlation
between depression severity and fatty acid desaturase 2,
which metabolizes linoleic acid and a-linolenic acid.

Pomponi et al*® studied fasting plasma concentrations of
15 fatty acids in bipolar disorder and healthy control subjects
enrolled in a study of Mediterranean diet. Approximately 30%
of subjects studied were in euthymic phase, approximately
50% in depressive phase, and approximately 15% in manic
or hypomanic phase. The majority were receiving mood-
stabilizing medication at the time of the study. Results
from this study showed elevated levels of linoleic acid, AA,

a-linolenic acid, and EPA in the bipolar disorder group, but
lower levels of DHA in the bipolar disorder group when
compared to healthy controls. Subgroup analysis indicated
no effect from smoking or disease phase.

In the Saunders et al trial,*! plasma concentrations of n-3
and n-6 including linoleic acid, AA, a-linolenic acid, EPA,
and DHA were measured in 27 bipolar disorder subjects
in episode and 31 healthy controls. No difference was
found in AA or DHA, and a lower level of EPA in bipolar
disorder was suggested but not statistically significant when
multiple testing was accounted for. A positive correlation
was demonstrated between the unesterified:esterified ratio
of EPA and mania and suicidality, and panic attacks and
suicidality correlated negatively with EPA.

In summary, results to date demonstrate mixed findings
regarding peripheral markers of the AA cascade and of n-3
PUFAs in bipolar disorder.

Treatment Trials of PUFA Supplementation
in Bipolar Disorder

Open-label trials. Some open-label treatment trials of
n-3 PUFA supplementation in bipolar disorder have been
suggestive of treatment effects (Table 2). Hirashima et al'” in
2004 reported no significant change in depression symptoms
(P=.88) or manic symptoms (P=.35) from baseline to week
4 in women treated with high-dose (5-5.2 g/d of EPA +3-3.4
g/d of DHA + 1.7 g/d of other fatty acids; n=6) or low-dose
(1.3 g/dEPA +0.7 g/d DHA; n=6) n-3 PUFA compared
to placebo (n=12), but although a significant increase in
membrane fluidity was detected by T2 median times on
magnetic resonance spectroscopy, relative to the comparison
group, no difference was found between the 2 dosing groups.
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Table 2. Nonrandomized and Open-Label Studies of PUFA Supplementation in Bipolar Disorder

No.
Study Design Dose Duration  of Patients Outcomes Results
Hirashima etal, Nonrandomized 5-5.2 g/d EPA and 4wk 24 (women)  YMRS Significant decrease in T2 values
20047 open label 3-3.4 g/d DHA and HDRS No significant decrease in YMRS or
1.7 g/d of other fatty MRIT2 values in HDRS
acids, or 1.3 g/d EPA
and 0.7 g/d DHA
Osher et al, Open label 2g/d EPA 6mo 12 HDRS 7 Patients achieved a 50% or greater
200533 reduction in HDRS within 1 mo
Sagduyu etal, Add-on 1-2 g/d omega-3 fatty 37 Frequency of irritability Significant decrease in frequency and
20053 open label acids Likert scale severity of irritability
Irritability component
of YMRS
Wozniak etal,  Open label 1,290-4,300 mg 8 wk 20 (pediatric) YMRS Statistically significant reduction in
2007%° combined EPA and CDRS YMRS scores
DHA BPRS RBC membrane levels of EPA and
CGlHl DHA increased in treated subjects
RBC membrane levels Significant reduction in CDRS and
of EPA and DHA overall BPRS
40% Patients were rated as much or
very much improved on CGI-|
Claytonetal,  Open label 360 mg/d EPA and 6wk 18 (pediatric) YMRS Significant decrease in YMRS scores
2009% 1,560 mg/d DHA HDRS Significant decrease in HDRS
C-GAS Significant improvement of C-GAS
CBCL-PR Significant improvement of CBCL-PR
RBC percentage of EPA Significant increase in the RBC
and DHA membrane percentage of EPA and

DHA

Abbreviations: BPRS = Brief Psychiatric Rating Scale, CBCL-PR=Child Behavior Checklist-Parent Report, CDRS = Child Depression Rating Scale, C-GAS =Global
Assessment Scale for Children, CGI-1=Clinical Global Impressions-Improvement scale, DHA = docosahexaenoic acid, EPA = eicosapentaenoic acid,
HDRS =Hamilton Depression Rating Scale, MRI=magnetic resonance imaging, PUFA = polyunsaturated fatty acid, RBC=red blood cell, YMRS =Young Mania

Rating Scale.

Osher et al*® reported on bipolar I disorder outpatients
(n=12) with depressive symptoms who were treated open
label with 2 g/d of EPA for 6 months; 58% achieved a 50% or
greater reduction in the Hamilton Depression Rating Scale
score within 1 month, and no patient developed hypomanic
or manic symptoms during the trial.

Sagduyu et al**, in an open-label add-on study of the
effect of n-3 PUFAs (mean £ SD dose=2,878+2,012 mg) in
patients with bipolar disorder (n=37), showed a significant
decrease in percentage of irritable days (P<.001) and a
significant decrease in severity of irritability (P<.001).

Wozniak et al* reported on a prospective open-label
trial of n-3 PUFA monotherapy (mean+SD dose at end
point=2,602+ 1,014 mg/d, range, 3-10 capsules of 375-mg
of EPA and 55-mg of DHA) in the treatment of pediatric
patients with bipolar I (n=13) or II (n=5) disorder or
bipolar disorder not otherwise specified (NOS) (n=2). All
subjects were in a manic state upon entry. Taking mood
stabilizers, anticonvulsants, antidepressants, or neuroleptic
pharmacotherapies was not allowed during the study, but
a psychostimulant was permitted if the treating clinician
judged it necessary for the patient. Over the 8-week
study, subjects showed statistically significant but modest
reduction in mania scores (P=.001) and depression scores
(Child Depression Rating Scale) (P=.002) and a significant
reduction in overall Brief Psychiatric Rating Scale scores
(P=.002) from baseline to end point.*> Also, 40% of patients
were rated as much or very much improved at study end
point on the Clinical Global Impressions Improvement scale.

Clayton et al*® described an open-label study in 18
youth with bipolar I (n=7) and II (n=6) disorder and
bipolar disorder NOS (n=5) who received a total of 360
mg EPA and 1,560 mg of DHA per day for 6 weeks. They
found significant decreases in mania scores (P=.004) and
depression scores (P=.002) and significant improvements
of global functioning (P=.001) and parent report of total
internalizing and externalizing behaviors (P=.01).

Randomized, double-blind, placebo-controlled trials.
While results from open trials have been promising, results
from randomized, double-blind, placebo-controlled trials of
n-3 PUFA supplementation have been more varied (Table 3).

In a 4-month, double-blind, placebo-controlled parallel
group trial by Stoll et al,?” 44 outpatients with bipolar I or IT
disorder were randomized to receive either n-3 PUFA (EPA
6.2 g and DHA 3.4 g/d) as ethyl esters or olive oil placebo,
in addition to their ongoing usual treatment. Participants
in the n-3 group showed a significantly longer period of
remission than those in the placebo group, and significant
improvement of active treatment over placebo in global
improvement, functional improvement, and depression,
but not mania. This study was stopped early due to early
separation of the groups on the main outcome, which
was remission, and to lack of further availability of the
compound. Subsequent studies summarized below did not
replicate this effect, but none used the same high dose (9.6
g/d) or design.

Chiu et al*® reported no superiority of n-3 (EPA 440
mg and DHA 240 mg) as ethyl esters as compared to olive
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Table 3. Randomized Controlled Trials of PUFA Supplementation in Bipolar Disorder

Duration,  No. of

Study Design Dose wk Patients  Outcomes Results

Stoll et al, 19997 RCT EPA 6.2 and DHA 3.4 g/d vs placebo 44 HDRS Significant reduction in HDRS scores in
DB, PC caps YMRS omega-3 group, but not YMRS scores

Chiu et al, 200538 RCT EPA 440 mg and DHA 240 mg/d vs 15 YMRS Reduced scores in both groups, but no
DB, PC olive oil placebo caps significant difference between groups

Keck et al, 2006 RCT EPA 6 g/d vs placebo caps 121 IDS-C No significant difference between groups
DB, PC YMRS in any outcome

Frangou et al, 2006*C  RCT EPA 1 or 2 g/d vs placebo caps 75 HDRS Significant reduction in both EPA groups as
DB, PC YMRS compared to placebo in HDRS scores, but

not on YMRS scores

Frangou et al, 20074"  RCT EPA 2 g/d vs liquid paraffin 14 HDRS No significant difference between groups
DB, PC

Gracious et al, 2010*2  RCT Flaxseed oil (ALA) 6.6 g/d vs placebo 51 CDRS-R No significant difference between groups
DB, PC YMRS

Murphy etal, 20124 RCT EPA 3 g/d+cytidine 2 g/d vs EPA 3 45 MADRS No significant difference between groups
DB, PC g/d +placebo vs placebo + placebo YMRS

Abbreviations: ALA =a-linolenic acid, CDRS-R=Child Depression Rating Scale-Revised, DB =double-blind, DHA = docosahexaenoic acid,
EPA = eicosapentaenoic acid, HDRS =Hamilton Depression Rating Scale, IDS-C=Inventory of Depressive Symptomatology, MADRS = Montgomery-Asberg
Depression Rating Scale, PC=placebo-controlled, PUFA = polyunsaturated fatty acid, RCT=randomized controlled trial, YMRS =Young Mania Rating Scale.

oil placebo augmentation of 20 mg/kg/d of valproate in
treating acute mania in a double-blind, placebo-controlled,
randomized study. Newly hospitalized patients in the acute
manic phase of DSM-IV bipolar disorder (N = 15) were given
a fixed dose of valproate 20 mg/kg/d and were randomized
into treatment groups receiving n-3 or olive oil placebo.
Both groups improved significantly on the Young Mania
Rating Scale, but there was no between-group difference in
improvement or time to improvement.

In a double-blind, randomized, placebo-controlled
augmentation trial of 4 months” duration by Keck et al,*
116 patients with bipolar I or II disorder or bipolar disorder
NOS were given n-3 PUFA (EPA 6 g/d) as ethyl esters or
placebo as adjunctive treatment to mood stabilizers for
bipolar depression and rapid cycling bipolar disorder.
Results showed no significant change in depressive (P=.82)
or manic symptoms (P=.32) or in manic switches (P=.43).

Frangou et al* reported that outpatients (n="75) with
bipolar I or II disorder with mild depression, in a 12-week,
double-blind, randomized, placebo-controlled trial of
ethyl EPA 1 g/d or 2 g/d as adjunctive treatment, showed
a significant benefit with active treatment over control for
depressive symptoms (P=.03) and global improvement
(P=.04) scores. Frangou et al*! followed up with another
moderator study showing that 12 weeks of randomized,
double-blind treatment with ethyl EPA or placebo added
to lithium was associated with increased N-acetylaspartate
(NAA) levels in the brain, as indicated by magnetic resonance
spectroscopy, in moderately depressed women with bipolar
I disorder (n=14), but there was no difference in change
in depression symptoms between EPA and placebo groups.

Murphy et al** did not detect a treatment effect in a
16-week, double-blind, placebo-controlled add-on trial
comparing adjunctive n-3 PUFA (EPA 3.36 g plus DHA
2.24 g from fish oil per day) with and without an enhancer,
cytidine, in 45 outpatients with a diagnosis of bipolar I
disorder.

In a pediatric population studied by Gracious et al,*? a
16-week randomized, double-blind, placebo-controlled trial
in symptomatic youth aged 6-17 years with bipolar I or II
disorder, given supplementation with flax oil containing
a-linolenic acid, showed no benefit.

A meta-analysis of English-language RCTs of n-3
supplementation for treatment of bipolar disorder
conducted for longer than 4 weeks was conducted by Sarris
et al.** The study included all of the RCTs mentioned
above except Murphy et al.** This study concluded that
n-3 supplementation for bipolar disorder depression was
effective, with a pooled standard difference in means of
0.338 (95% CI, 0.035 to 0.641), but not for bipolar disorder
mania, with a pooled standard difference in means of 0.198
(95% CI, —0.037 to 0.433). Five of 6 of the studies were rated
high quality, and minor heterogeneity was found between
bipolar disorder depression studies (I =30%, P=.213) and
substantial homogeneity in bipolar disorder mania studies
(I*=0%, P=.98).

DISCUSSION

Here, we have reviewed trials measuring plasma and red
blood cell fatty acid concentrations in patients with bipolar
disorder and the clinical trials testing use of n-3 PUFA diets
for treatment.

Over 90% of PUFAs in the mammalian brain are
composed of the long-chain PUFAs AA and DHA.*°
Arachidonic acid and DHA can be derived from the diet or
can be synthesized in the liver from their respective shorter-
chain PUFAs, linoleic acid and a-linolenic acid, which are
nutritionally essential. Arachidonic acid, DHA, and their
metabolites function as intracellular second messengers and
as modulators of neuroinflammation, neurotransmission,
gene transcription, and other important brain process.'

In the reviewed studies investigating the relations between
peripheral markers of PUFA and bipolar disorder, DHA was
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found to be lowerin both'the Chiu et al>> and McNamara et
al’? studies, which measured concentration in erythrocyte
membranes of symptomatic bipolar disorder compared with
healthy controls. In contrast, the plasma concentrations of
any n-3 or n-6 PUFA differed between groups in only 1 of
4 studies; however, plasma concentrations were correlated
with symptom severity in 3 of the 4 studies. An explanation
for the differing results may lie in the measurement methods,
as some studies measured concentrations in erythrocyte
membrane and some measured plasma concentrations
as well as concurrent drugs taken. Circulating plasma
concentrations are more reflective of current dietary
PUFA intake status, and somewhat reflect the synthesis
patterns from liver. Circulating plasma unesterified PUFA
is available to cross the blood-brain barrier, while red blood
cell membrane concentrations are reflective of the steady
state, and perhaps reflective of the membrane concentration
in the brain, though that has yet to be determined.*64’ It
is because of these differing methods of measurement that
are not biologically equivalent that we are unable to use
meta-analytic techniques to combine the data to clarify the
findings.

One confounding factor unable to be accounted for in
5 of 7 of these studies of PUFA concentrations, measured
by either red blood cell membrane concentration or plasma
concentration, may be the role of background dietary intake
of PUFAs. Dietary PUFA composition can influence blood
and brain PUFA concentrations. One study, Pomponi et
al,*” included only subjects (bipolar disorder and healthy
control) who were enrolled in a study of Mediterranean diet.
Clayton et al?” measured self-reported dietary intake and
accounted for that in the group comparison. Epidemiologic
studies reported that high consumption of n-3 PUFA-rich
seafood was associated with significantly lower rates of
bipolar disorder.*3#° Because the PUFA precursors linoleic
acid and a-linolenic acid are derived entirely from the diet
and are nutritionally essential, it is important that clinical
studies of PUFA levels or PUFA supplementation record
diets in patients and controls. The divergent findings
suggest a need for careful attention to dietary fatty acid
intake and for systematic assessment of peripheral markers
and perhaps cerebrospinal fluid markers in certain cases.
This inquiry might identify the specific bioactive lipid
mediators and signaling pathways (Figure 1) involved in the
pathophysiology of bipolar disorder, allowing for the design
of targeted dietary and medication strategies. Additional
limitations in these studies are relatively small sample
sizes, differing mood states of bipolar disorder participants
at the time of biological sampling, and concurrent use of
psychiatric medications that alter PUFA metabolism.!?

Many factors may contribute to the varied results in
human clinical trials of PUFA as treatment for bipolar
disorder. While subjects in open-label studies improved
almost uniformly, the randomized controlled trials revealed
that, often, treatments did not separate from placebo in
response of manic symptoms. In 2 of 7 trials, 1 involving
only EPA and 1 with EPA and DHA, treatment did separate

trom placebo for depressive symptoms. Interpretation of the
literature and of the varied responses seen in randomized
controlled trials is confounded by factors including
heterogeneity of diagnosis, design of trials, compliance
to study drug, composition and dose of supplements, and
concurrent pharmacotherapy.’®->> However, the meta-
analysis by Sarris et al** indicates that pooled results with
different n-3 augmentation strategies show a signal for
treatment of bipolar disorder depression. Although the
analysis by Sarris et al** indicated that publication bias is
unlikely, there may be unpublished trials with unfavorable
results.

In addition to the methodological differences and
complex diagnostic problems in psychiatry, we also must
understand the biological underpinnings of the intervention
in a physiological, biochemical, and molecular context.
In this article, we review both biomarker studies and
intervention studies. While a limitation of this review is the
narrative rather than systematic approach, this allowed a
more inclusive discussion of both types of studies to bring
the discussions together. While measurement and dietary
factors may be confounding factors, biomarker studies have
shown differences in PUFAs compared to controls and
correlation with bipolar disorder disease severity, and RCTs
have had mixed results. It is possible that in intervention
studies, a subset of participants had deficits in n-3 PUFA
concentrations and responded to supplementation while
others did not. Additionally, in several biomarker studies,
DHA levels were low. If reduced conversion to a-linolenic
acid and EPA to DHA is a factor, perhaps the metabolism
of EPA supplement to DHA is altered as well. In the open-
label study by Wozniak et al,** plasma and red blood cell
levels were measured, and both DHA and EPA increased
with a combined treatment. Further studies investigating the
plasma and red blood cell membrane levels before and after
treatment may be useful.

In conclusion, biomarker studies of PUFA and treatment
studies of n-3 PUFA in bipolar disorder show promise for
indicating a way forward in the study of PUFA in bipolar
disorder. Investigation of the intake and metabolism of the
n-3 and n-6 PUFAs when supplementation is provided in
treatment trials might offer clues for identification of when
and how PUFA may be important for treatment in bipolar
disorder.
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