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Objective: The authors sought to deter-
mine if greater seafood consumption, a
measure of omega-3 fatty acid intake, is
associated with lower prevalence rates of
bipolar disorder in community samples.

Method: Lifetime prevalence rates in
various countries for bipolar I disorder, bi-
polar Il disorder, bipolar spectrum disor-
der, and schizophrenia were identified
from population-based epidemiological
studies that used similar methods. These
epidemiological studies used structured
diagnostic interviews with similar diag-
nostic criteria and were population based
with large sample sizes. Simple linear and
nonlinear regression analyses were used
to compare these prevalence data to dif-
ferences in apparent seafood consump-
tion, an economic measure of disappear-
ance of seafood from the economy.

Results: Simple exponential decay re-
gressions showed that greater seafood
consumption predicted lower lifetime
prevalence rates of bipolar | disorder, bi-
polar Il disorder, and bipolar spectrum
disorder. Bipolar Il disorder and bipolar
spectrum disorder had an apparent vul-
nerability threshold below 50 Ib of sea-
food/person/year. The absence of a cor-
relation between lifetime prevalence
rates of schizophrenia and seafood con-
sumption suggests a specificity to affec-
tive disorders.

Conclusions: These data describe a ro-
bust correlational relationship between
greater seafood consumption and lower
prevalence rates of bipolar disorders.
These data provide a cross-national con-
text for understanding ongoing clinical in-
tervention trials of omega-3 fatty acids in
bipolar disorders.

(Am J Psychiatry 2003; 160:2222-2227)

With the exception of periods of extreme famine, lit-

tle is known about how the insufficient intake of nutrients
that affect neuronal functioning impact the lifetime prev-
alence rates of psychiatric disorders (1-3). Prior studies
that have compared ecological and cross-national differ-
ences in dietary fat (4) and seafood intake (5) with preva-
lence rates of cardiovascular disease have stimulated re-
search that led to the dietary recommendations of the
American Heart Association for the prevention of cardio-
vascular diseases (6). In a similar way, the identification of
nutritional factors that correlate with prevalence rates of
psychiatric disorders might also provide new strategies
for treatment and prevention. Omega-3 essential fatty ac-
ids, specifically docosahexaenoic acid (DHA) and eicosa-
pentaenoic acid (EPA), are important candidates in the
study of nutritional insufficiencies that may increase the
risk of suffering psychiatric disorders. DHA in particular
is selectively concentrated in synaptic membranes, com-
prising 20% of the phospholipid fatty acids, but this and
other omega-3 fatty acids cannot be made de novo (7).
Adequate dietary intakes of DHA are also clearly impor-
tant for optimal neuronal development and function dur-
ing infancy (8, 9). In an in vivo study, addition of DHA and
arachidonic acid to infant formulas for 18 days nearly
doubled concentrations of serotonin in the frontal cortex
of infant piglets (10). Optimal synaptic membrane con-
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centrations of DHA appear to be necessary to several
mechanisms implicated in the pathophysiology of bipo-
lar disorders, including phosphoinositol turnover (11, 12).
Seafood and fish are rich dietary sources of both EPA and
DHA.

Several studies support the hypothesis (13) that lower
dietary intakes of seafood are related to higher prevalence
rates of affective disorders. Hibbeln (14) found that
greater seafood consumption was related to lower life-
time prevalence rates of major depression across nine
countries (r=—0.84, p<0.005). Frequent fish consumption,
twice a week or more, was an independent factor for a re-
duced risk for depressive symptoms (odds ratio=0.63) and
suicidal thinking (odds ratio=0.57) in a restricted geo-
graphical region within a single country (15). Consistent
with these findings, several authors have also reported
lower plasma concentrations of EPA or DHA among de-
pressed subjects compared with healthy subjects (16, 17).
One placebo-controlled study of patients with bipolar
disorder treated with omega-3 supplements reported a
marked reduction in the number of severe affective epi-
sodes and a reduction in depressive symptoms over 4
months of treatment (18). On the basis of these findings,
we postulated that lower lifetime prevalence rates of bi-
polar disorders would occur in countries with greater
rates of seafood consumption. We tested this hypothesis
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by examining the epidemiological data on lifetime preva-
lence rates for bipolar disorders, using schizophrenia as a
control condition, in various countries with differing
rates of seafood consumption.

Method

Data on the prevalence rates of bipolar disorders and schizo-
phrenia were obtained from published epidemiological studies.
We used the Cross-National Collaborative Group epidemiological
study of 10 countries (19, 20) and located other studies using
MEDLINE and PsychInfo internet databases. Criteria for includ-
ing studies in this analysis were 1) community samples with a
clearly defined sample population, 2) a large sample size, 3) an
age range between 18 and 64 years, and 4) appropriate sampling
methods and use of structured diagnostic instruments. Thus, all
studies had designs comparable in quality to the Epidemiologic
Catchment Area study.

The Cross-National Collaborative Group included rates of bi-
polar I disorder for six countries: the United States, Canada, Pu-
erto Rico, Taiwan, Korea, and New Zealand (20). Data from stud-
ies that met inclusion criteria were also available for Germany
(21), Italy (22), Israel (23), Iceland (24), and Switzerland (25, 26).
All studies used the National Institute of Mental Health Diagnos-
tic Interview Schedule (DIS), version I1I (27), with the exception of
Switzerland and Israel, which used the SPIKE (28) and Schedule
for Affective Disorders and Schizophrenia (29), respectively. Bipo-
lar II disorder rates were not available for Italy, Switzerland, Israel,
or Iceland. A study of prevalence rates for bipolar II disorder in
Hungary met inclusion criteria for our analysis (30). A Norway
study (31) reported lifetime prevalence rates for all bipolar disor-
ders, met inclusion criteria, and used the DIS but did not report
diagnostic subcategories. The data from Norway were compared
with other countries by summing the prevalence data for each
subdiagnosis and defined as all bipolar disorders. Lifetime preva-
lence rates of schizophrenia, the control condition, were ob-
tained from the Cross-National Collaborative Study for the
United States, Germany, Canada, Puerto Rico, Taiwan, Korea, and
New Zealand. Data from Spain (32), Israel (23), Iceland (24), Aus-
tralia (24), United Kingdom (33), Greece (34), and Hong Kong (35)
were also added to the analysis of lifetime prevalence rates of
schizophrenia. All lifetime prevalence rates are in cases per
100,000 population.

Data describing national seafood consumption was obtained
from a single source document compiled by the National Marine
Fisheries Service and the Food and Agriculture Organization of
the World Health Organization (36). The rates of seafood con-
sumption appeared fairly consistent across the decade when the
psychiatric prevalence studies were conducted (35). Apparent
seafood consumption (Ib/person/year) is a measure of disap-
pearance of seafood from the economy per year and is calculated
as total catch plus imports minus exports.

The lifetime prevalence rates (number per 100,000) of bipolar
disorders and schizophrenia obtained from the Cross-National
Collaborative Group were standardized at each site, and a design
weight was calculated for each subject, stratified for age and sex.
Prevalence rates weighted in this manner provided estimates as if
each site had the same age and sex distribution. The standardiza-
tion was done according to previously described methods (37). A
few sites that were not part of the Cross-National group analysis
(Germany, Hungary, Switzerland, Spain, Israel, and Iceland) could
not be weighted for age and gender distribution because primary
data were not available. Socioeconomic status and educational
level were not considered in this analysis, since these variables
are more difficult to define and compare in cross-national analy-
ses. Only the 18-64-year-old age group from the Cross-National
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Collaborative Group was included in this analysis. The female-to-
male ratio was approximately equal at all sites, with men having
slightly higher rates than women in Canada, Puerto Rico, Korea,
and New Zealand. The mean age at onset ranged from 18 years in
the United States to 27 years in Puerto Rico. Age ranges for the ad-
ditional samples were as follows: Hungary=18-64, Spain=17-65,
Switzerland=19-34, Germany=18-54, Italy=18 and older, Israel=
24-33, and Iceland=55-58 (birth cohort).

In the primary analysis, a linear univariate correlation com-
pared the lifetime prevalence rates of bipolar I disorder, bipolar I
disorder, bipolar spectrum disorder, and schizophrenia to the
rates of apparent seafood consumption across countries. Pear-
son’s product-moment correlations were used to compare yearly
seafood consumption and lifetime prevalence rates with simple
linear and nonlinear models (Statview, SAS Institute, Cary, N.C.).
Progressive empirical modeling estimated the best curve fitting
for the nonlinear regression models (Sigma Plot, SPSS Science,
Chicago, IL).

Results

As seen in Figure 1, the lifetime prevalence rate for bipo-
lar spectrum disorder varied across 12 countries from 0.2
in Iceland to 6.5 in Germany. Rates for the intermediate
countries, in order of increasing prevalence, were as fol-
lows: Taiwan=0.4, Korea=0.5, Puerto Rico=0.9, Canada=
1.1, New Zealand=2.4, Israel=2.6, the United States=3.0, It-
aly=3.4, Switzerland=>5.1, and Hungary=5.5. The lifetime
prevalence rate for bipolar I disorder varied across 11
countries from 0.3 in Taiwan to 2.6 in Israel. Rates for the
intermediate countries, in order of increasing prevalence,
were as follows: Iceland=0.4, Korea=0.4, Canada=0.6,
Puerto Rico=0.6, United States=0.9, Switzerland=1.3, Ger-
many=1.4, New Zealand=1.5, and Italy=1.7. The lifetime
prevalence rate for bipolar II disorder varied across eight
countries from 0.1 in Taiwan to 2.0 in Hungary. Rates for
the intermediate countries, in order of increasing pre-
valence, were as follows: Puerto Rico=0.2, Korea=0.2,
Germany=0.4, United States=0.5, Canada=0.5, and New
Zealand=1.0. For schizophrenia, the lifetime prevalence
rate varied across 14 countries as follows: Hong Kong=0.1,
Greece=0.2, Korea=0.3, Taiwan=0.3, Iceland=0.3, New
Zealand=0.3, United Kingdom=0.4, Australia=0.5, Ger-
many=0.6, Canada=0.6, Israel=0.7, United States=1.3,
Puerto Rico=1.6, and Spain=1.7.

In simple linear regression models, higher national sea-
food consumption predicted lower prevalence rates of bi-
polar spectrum disorder (r=-0.67, df=10, p=0.02), bipolar I
disorder (r=-0.52, df=9, p=0.09), and bipolar II disorder (r=
-0.70, df=6, p=0.04). An examination of the residual plots
of these findings suggested that nonlinear regressions
would better describe the relationship between seafood
consumption and rates of bipolar disorders. According to
logarithmic regression models, greater seafood consump-
tion predicted lower prevalence rates of bipolar I disorder
(r=-0.60; r’=0.36, p<0.02), bipolar II disorder (r=—0.87; r’=
0.76, p<0.0009), and bipolar spectrum disorder (r=-0.80;
r?=0.64, p<0.0003). The best curve fitting came from a sim-
ple exponential decay regression (y=a x exp%); greater
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FIGURE 1. Cross-National Comparison of the Relationship Between Seafood Consumption and Lifetime Prevalence Rates

of Bipolar Disorders and Schizophrenia?

Bipolar | Disorder

3
@ Israel
2
‘Italy
New Zealand
Switzerland
1 .
United
States o
Canada. )
Puerto Rico Korea Iceland
g [
wn Taiwan
v
& O
T} 0 50 100 150 200 250
g Seafood Consumption (Ib/person/year)
©
>
:_d Bipolar Spectrum Disorder
v 7
g ([ Germany
L
g 6

@ Hungary
5 | @ \ Switzerland

@ 'taly
United States
Israel

5> New Zealand

Canada
o

Puerto Rico
Iceland

Taiwan Korea

0 50 100 150 200 250
Seafood Consumption (Ib/person/year)

Bipolar Il Disorder

3

2 @ Hungary

1 @ New Zealand

United States\aa c3nada
= Germany o
S .
> Puerto RIC.O @ Korea
9 0 Taiwan
IS
% 0 50 100 150 200 250
§ Seafood Consumption (Ib/person/year)
©
>
ni_'f Schizophrenia
v 2
£
=
b
- @ Spain
‘Puerto Rico

@ United States

Germaw

United @A ustralia

Kingdom
New @® @corea ()
Zealand @ Taiwan Iceland
Greece o Hong Kong
0
0 50 100 150 200 250

Seafood Consumption (Ib/person/year)

@ Psychopathology data obtained from population-based epidemiological studies that used structured diagnostic interviews and similar crite-
ria for bipolar | disorder (N=11 countries), bipolar Il disorder (N=8), bipolar spectrum disorder (N=12), and schizophrenia (N=14). A simple
exponential decay equation (y=a x exp™) best described the relationship differences for bipolar I disorder (r=—0.63; r?=0.40, p<0.04), bipolar
Il disorder (r=—0.89; r?=0.78, p<0.004), and bipolar spectrum disorder (r=—0.85; r=0.72, p<0.0004). Exclusion of data from Iceland did not
significantly alter the results for bipolar I disorder (r=—0.59; r?=0.36, p<0.07) or bipolar spectrum disorder (r=—0.83; r?=0.68, p<0.002) and

improved the results for bipolar Il disorder (r=-0.91; r2=0.82, p<0.002).

seafood consumption predicted lower rates of bipolar I dis-
order (r=-0.63; r=0.40, p<0.04), bipolar II disorder (r=—0.89;
r?=0.78, p<0.004), and bipolar spectrum disorder (r=-0.85;
1?=0.72, p<0.0004). When defined as all bipolar disorders
(i.e., all diagnostic subcategories summed), linear regres-
sion results (r=-0.74; r>=-0.54, p<0.0001) and exponential
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decay regression results (r=—0.85; r?=0.72, p<0.0001) re-
mained significant. Exclusion of Iceland improved the
strength of the relationship, per exponential decay regres-
sion, between seafood consumption and lifetime preva-
lence rate of bipolar II disorder (r=—0.91; r>=0.82, p<0.002)
and did not significantly alter the results for bipolar I dis-
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order (r=-0.59; r>=0.36, p<0.07) and bipolar spectrum dis-
order (r=-0.83; r>=0.68, p<0.002). There were no correla-
tional relationships between lifetime prevalence rates of
schizophrenia compared with any of the bipolar disorders
across countries. Seafood consumption did not predict
prevalence rates of schizophrenia in either linear or non-
linear models.

Discussion

These data indicate that greater rates of seafood con-
sumption are associated with lower lifetime prevalence
rates of bipolar I disorder, bipolar II disorder, and bipolar
spectrum disorder. These findings do not demonstrate a
causal relationship, but they are consistent with the hy-
pothesis that an insufficient dietary intake of omega-3 es-
sential fatty acids increases the risk of affective disorders
(13). These findings are also consistent with the results of
adouble-blind, placebo-controlled trial that reported a re-
duction in the number of severe affective episodes and a
reduction in depression scores in bipolar patients receiv-
ing 9.6 g/day of EPA and DHA (18). Bipolar II disorder is
recognized to have prominent depressive symptoms (26).
The strongest correlation was found between bipolar II
disorder and seafood and fish consumption, which is con-
sistent with the observation that omega-3 fatty acids are
more effective in reducing depressive symptoms than
manic symptoms (38). These results are also consistent
with a prior cross-national study reporting a protective as-
sociation between seafood consumption and major de-
pression (14), with a study of fish intake and depressive
symptoms in Finland (15), and with studies reporting
lower tissue compositions of EPA and DHA among pa-
tients with major depression (16, 17). Given the direct tis-
sue compositional data on seafood consumption and in-
terventional treatment response of bipolar patients to
omega-3 fatty acids (18), it seems likely that the biologi-
cally active components in seafood are EPA and DHA.
However, other components in seafood cannot be ruled
out. The biological plausibility of these findings is under-
scored by the observation that nearly every mechanism
that has been implicated in pathophysiology of bipolar af-
fective disorder (39) is affected by the tissue composition
of essential fatty acids (12, 40).

There was no significant relationship between preva-
lence rates of schizophrenia and seafood consumption
across countries. This result is consistent with a previous
report of no cross-national association between seafood
fatintake and either prevalence rates or outcome measures
of schizophrenia (41). Recent treatment studies have, how-
ever, reported efficacy for EPA in both psychotic and de-
pressive symptoms among severely ill schizophrenic pa-
tients early in their course of illness (42). In contrast,
Fenton et al. (43) found no efficacy among chronically ill
schizophrenia patients already being treated with optimal
pharmacological therapies. Together, these data suggest
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that affective disorders may be more selectively responsive
to omega-3 fatty acid status than schizophrenia.

Because bipolar disorders have a low prevalence, a vari-
ety of risk factors could not be examined. A small number
of studies did not adjust for potential differences in age
and gender distributions. In this study, we did not control
for low socioeconomic status, rural/urban ratios, marital
status, alcoholism, or smoking, and we did not have
assessments of family history; all are all well known risk
factors that predict the onset of bipolar disorders. An ad-
ditional concern is that variability in the definition and di-
agnosis of bipolar spectrum disorder and prevalence data
across countries may vary by diagnostic instrument. A fur-
ther limitation of this study was that it could not deter-
mine if low seafood consumption increased lifetime risk
for bipolar disorders because of effects solely in adulthood
or as a result of nutritional insufficiency in early neurolog-
ical development or both. Recent studies of gestational
famine have identified that nutrient deficiencies during
the second and third trimester specifically increase the
risk of the development of affective disorders for the child
(3). Neurodevelopmental impairment has been identified
as a risk factor for later affective disorder (44).

Nonlinear regressions best described the relationships
between apparent seafood intake and lifetime prevalence
rates of bipolar disorders. One factor contributing to this
nonlinear ecological relationship may be the nonlinear
relationship between the dietary intake of essential fatty
acids and the resulting tissue concentrations (45). A sec-
ond possibility may be a threshold for biological vulnera-
bility. Bipolar spectrum disorder showed the most clearly
defined relationship with seafood consumption rates,
with a threshold for increased bipolar vulnerability below
the seafood consumption rate of approximately 50 1b per
person per year (approximately 1-1.5 lb per person per
week). We note that this rate of apparent seafood con-
sumption represents total disappearance of seafood and
fish products from the economy and not direct dietary in-
take. The level of 50 1b per person per year is at most ap-
proximately 300 g of seafood per person per day. Assum-
ing that 100 grams of seafood contains 1 g of EPA plus
DHA (U.S. Department of Agriculture food tables), this
level corresponds to a maximum consumption of 3 g of
EPA plus DHA per person per day. The U.S. Food and
Drug Administration (FDA) states that 3 g of EPA plus
DHA per day is generally recognized as safe (see FDA
Code of Federal Regulations documents 21 CFR 172.860
and 21 CFR 184.1472 at http://www.fda.gov). We note that
the most precipitous rise in prevalence rates for the bipo-
lar disorders generally occurs in countries having a sea-
food consumption of less than 50 Ib per person, which is
well within the levels of consumption of EPA and DHA
recognized by the FDA as safe.
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