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Objective: The authors hypothesized that changes in brain
membrane composition resulting from omega-3 fatty acid

administration in patients with bipolar disorder would result in
greater membrane fluidity, as detected by reductions in T2 values.

Method: Women with bipolar disorder (N=12) received
omega-3 fatty acids for 4 weeks. A cohort of bipolar subjects
(N=9) and a group without bipolar disorder (N=12) did not re-
ceive omega-3 fatty acids. T2 values were acquired at baseline
and after 4 weeks.

Results: Bipolar subjects who received omega-3 fatty acids had
significant decreases in T2. There was a dose-dependent effect
when the bipolar omega-3 fatty acid group was subdivided into
high- and low-dose cohorts.

Conclusions: Omega-3 fatty acids lowered T2 values, consis-
tent with the hypothesis that the fluidity of cell membranes was
altered. Further studies are needed to clarify the significance of
alterations in brain physiology induced by omega-3 fatty acids,
as reflected in T2 values.

(Am J Psychiatry 2004; 161:1922–1924)

Omega-3 fatty acids have been proposed as an ad-
junctive treatment for bipolar disorder (1). Although the
mechanism of action is unknown, the effects of omega-3
fatty acids may be mediated by their incorporation into
brain cell membranes (2). Ehringer et al. (3) have demon-
strated an increase in membrane permeability in phos-
pholipid bilayers after administration of docosahexanoic
acid. Membrane fluidity is a critical modulator of several
cellular functions, including mitochondrial functioning,
signal transduction, surface receptor binding, and mem-
brane-protein interactions (4–7).

As neuronal membrane fluidity is increased by the pres-
ence of unsaturated fatty acids, water molecules readily
access the membrane surface by means of bound or ex-
changeable water protons. Increased accessibility can be
detected with changes in brain water proton transverse re-
laxation times (T2), which are highly sensitive to myelin
content and the corresponding differences in water envi-
ronments (8). In this study, we used magnetic resonance
imaging (MRI) assessments of T2 to investigate the effects
of omega-3 fatty acids in vivo. Based on the magnetic res-
onance spectroscopy observations of ethanol signal inten-
sity in human brains (9), we hypothesized that brain water
T2 values would decrease in bipolar subjects who receive
omega-3 fatty acids because of increased membrane
fluidity.

Method

Twenty-one women with a mean age of 34.0 years (SD=12.7)
who met DSM-IV criteria for bipolar I disorder were recruited

from the Psychopharmacology Research Laboratory of McLean
Hospital and the Harvard Bipolar Research Program of Massa-
chusetts General Hospital. Only women were included in the
study group to provide a more homogeneous population. The
comparison group (N=12) had a mean age of 28.3 years (SD=5.4)
and was recruited from advertisements and hospital staff. Sub-
jects diagnosed with any other axis I disorders, receiving drugs
that affect lipid metabolism, or taking warfarin were excluded
from the study. This protocol was approved by the institutional
review board of McLean Hospital, and each subject provided writ-
ten informed consent before participation.

All subjects received an MRI scan at baseline and at 4 weeks.
There were three cohorts in this study:

1. Bipolar subjects treated with omega-3 fatty acids (N=12)
2. Bipolar subjects not receiving omega-3 fatty acids (N=9)
3. Healthy comparison subjects (N=12)

After the baseline MRI, 12 bipolar subjects (mean age=39.5
years, SD=13.8) began treatment with omega-3 fatty acids for 4
weeks. Subjects who received omega-3 fatty acids received either
1) high doses of omega-3 fatty acids for a total of 5.0–5.2 g/day of
eicosapentaenoic acid, 3.0–3.4 g/day of docosahexanoic acid, and
1.7 g/day of other omega-3 fatty acids (N=6) or 2) low doses of
omega-3 fatty acids for a total of 1.3 g/day of eicosapentaenoic
acid and 0.7 g/day of docosahexanoic acid (N=6). Those receiving
omega-3 fatty acids were assigned to treatment arms in a blinded,
randomized, placebo-controlled fashion.

The 23-item Hamilton Depression Rating Scale and an 11-item
Young Mania Rating Scale (10) were administered and completed
by all subjects at baseline and at week 4.

Bipolar subjects were taking lithium (N=7), valproic acid (N=
10), other anticonvulsants (N=2), or no medications (N=2) before
their initial MRI scans. All subjects continued with the medica-
tions they had been receiving throughout the course of the study.

MRI scans were conducted by using a 1.5-T magnetic reso-
nance scanner (Signa, General Electric Medical Systems, Milwau-
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kee). T2 values through a single 5-mm axial plane at the level of
the bilateral basal ganglia were generated by using methods de-
scribed in a previously study (11). Pixels containing bone or CSF
had T2 values below 40 msec or above 100 msec, respectively, and
were not included in the analyses.

One-way analysis of variance (ANOVA) and Fisher’s post hoc
tests were used to assess T2 change differences between bipolar
patients receiving omega-3 fatty acids, bipolar patients not re-
ceiving omega-3 fatty acids, and healthy comparison groups. Age
and change from baseline on the Hamilton depression scale and
the Young Mania Rating Scale were compared among the three
study subgroups using one-way ANOVAs.

Results

After 4 weeks of treatment, the T2 medians for the bipo-
lar omega-3 fatty acid group had decreased significantly by
0.73 msec from baseline to week 4 (t=4.96, df=11, p<0.001).
The ANOVA for T2 percentage change from baseline re-
vealed a main effect among the bipolar omega-3 fatty acid,
bipolar no omega-3 fatty acid, and comparison groups (F=
7.74, df=2, 30, p<0.005). Post hoc analyses showed that the
percentage change in T2 median times was significantly
decreased in the bipolar omega-3 fatty acid group relative
to both the bipolar subjects who did not receive omega-3
fatty acids (p<0.05) and the comparison subjects (p<0.001)
(Table 1).

A dose-dependent main effect was observed when the
bipolar omega-3 fatty acid group was subdivided into
high-dose (8.4–9.9 g, N=6) and low-dose (2.0 g, N=6) (F=
5.11, df=3, 29, p<0.006) subgroups. Post hoc tests showed
that the omega-3 fatty acid high-dose group had a larger
percentage change that was less than significant in T2 me-
dian times when compared with the bipolar no omega-3
fatty acid group (p=0.05). Both the omega-3 fatty acid
high-dose (p<0.002) and omega-3 fatty acid low-dose
(p<0.008) groups displayed significant decreases in per-
centage change in T2 median times relative to the compar-
ison group.

There was a significant age difference among the groups
(F=6.07, df=2, 30, p<0.01), with the bipolar omega-3 fatty
acid group being significantly older than both the bipolar
no omega-3 fatty acid group and the comparison group. A
regression plot of age versus baseline T2 values indicated
that there was a correlation between age and T2 values (R=
0.42, p<0.02). Statistical analyses of T2 percentage change
from baseline were repeated, with adjustment for age. The
results remained unchanged.

There were no significant changes in Hamilton depres-
sion scale scores (F=0.13, df=2, 30, p=0.88) or Young Mania
Rating Scale scores (F=1.09, df=2, 30, p=0.35) in the three
groups from baseline to week 4. However, there was a
modest but nonsignificant correlation between omega-3
fatty acid-induced reductions in T2 and Hamilton depres-
sion scale scores for the high-dose fish oil cohort (R=0.58,
p=0.23).

Discussion

Brain water spin-spin relaxation time, or T2, is sensitive
to the surrounding tissue environment. The magnetic di-
pole moments of individual protons are dephased by in-
teractions with nearby macromolecules. Since T2 is a mea-
sure of the rate of dephasing, the packing of the lipid
molecules and lateral mobility of the membrane should
affect these values. Based on these assumptions, we be-
lieve that the decrease in T2 values observed for the bipo-
lar subjects who received omega-3 fatty acids is consistent
with an increase in membrane fluidity. The dose-depen-
dent effect observed in the bipolar omega-3 group pro-
vides additional evidence that an increased intake of es-
sential fatty acids into the diet, and the subsequent
incorporation of fatty acids into the lipid membrane, is as-
sociated with an increased change in T2 values.

Prior studies have indicated that other factors may also
affect T2 values. In particular, Anderson et al. (12) exam-
ined putamen and cerebellar vermis regions and demon-

TABLE 1. Clinical Characteristics of Patients With Bipolar Disorder Receiving or Not Receiving Omega-3 Fatty Acids and
Healthy Comparison Subjects at Baseline and at 4 Weeks

Value

Patients With Bipolar Disorder

Receiving Omega-3 
Fatty Acids (N=12)

Not Receiving Omega-3
Fatty Acids (N=9)

Comparison Subjects
(N=12) One-Way ANOVAa Fisher’s Post Hoc Test

Mean SD Mean SD Mean SD F p pb pc

Age (years) 39.5 13.8 26.7 6.2 28.3 5.4 6.07 ≤0.01 0.005 0.007
T2 median time

Baselined 78.1 1.3 78.8 1.5 78.5 1.0 2.22 0.13 — —
Week 4d 77.4 1.5 78.7 2.1 78.9 0.8 2.89 <0.08 — —
Change (%) –1.0 0.7 –0.2 1.2 0.4 0.7 7.74 0.002 <0.005 <0.001

Change in Hamilton 
Depression Rating 
Scale score 0.0 9.3 –1.2 5.6 0.1 1.7 0.13 0.88

Change in Young Mania 
Rating Scale score –2.9 7.7 –3.4 5.4 –0.3 1.3 1.09 0.35

a One-way ANOVA was used to calculate F statistics (df=2, 30) and p values comparing bipolar with omega-3 group, bipolar with no omega-3
group, and comparison subjects.

b Comparison of bipolar subjects with versus those without omega-3 fatty acids.
c Comparison of bipolar subjects receiving omega-3 fatty acids with comparison subjects.
d Adjusted for age.
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strated that T2 values acquired by using an identical acqui-
sition method are inversely related to cerebral blood
volume levels. Additional research using perfusion imag-
ing methods may aid in clarifying the factors responsible
for T2 change.

The increase in T2 seen in the comparison subjects was
possibly due to decreased cerebral blood flow (CBF) with
repeated study. Gur and colleagues (13) have shown that
after a “low-anxiety” stimulus, subjects experienced de-
creases in CBF, while subjects undergoing a “high-anxiety”
stimulus experienced a linear increase in CBF correlated
with anxiety. Assuming that subjects undergo habituation
to the MRI scanner after the initial scan, the changes in
CBF may influence T2 values. If this phenomenon occurs
in bipolar subjects, T2 would be expected to increase at the
4-week scan, rather than decrease, as the subjects became
more accustomed to the scanner.

This study has several limitations. We did not detect sig-
nificant changes in mood states in the bipolar subjects af-
ter omega-3 fatty acid administration. However, the small
sizes of the bipolar groups and the relative brevity of the
study may have made it difficult to detect changes in vari-
able factors such as mood. Although the biological effects
of omega-3 fatty acids were detectable within 4 weeks of
treatment, the effects on mood state may require a longer
time interval. Matching the groups by age would also have
improved the study.

In summary, a decrease in T2 values was detected in bi-
polar subjects who received omega-3 fatty acid treatment,
consistent with a treatment-induced increase in mem-
brane fluidity. Future studies should be conducted with
control for factors that may influence T2 values, such as
changes in CBF or variations in mood or anxiety states.
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