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Omega-3 fatty acids are the most widely used nonvitamin supple-
ment in the United States by both adults and children.! We presently
lack data from adequately powered controlled trials to say defini-
tively whether omega-3 (n-3) fatty acids are efficacious as mono-
therapy in the treatment of major depressive disorder (MDD). Data
are inconclusive regarding their efficacy as adjunctive therapy in
MDD; however, a growing literature supports a role for omega-3
fatty acids in depression and neuropsychiatric dysfunction. Basic,
translational, and clinical research efforts are moving forward to
elucidate the role that this important nutritional component plays
in mental illness and health.

Convincing epidemiologic data associates diets high in omega-3
fatty acids with a lower risk of major depression, perinatal depres-
sion, and bipolar disorder.>™* The assessment of a dietary com-
ponent for a specific indication is difficult, however, and the
background diet of individual subjects receiving omega-3 fatty acid
supplementation is likely to affect or even drive the overall results.
Another area of concern is the enzymatic competition between
the metabolic pathways of omega-3 fatty acids and omega-6 (n-6)
fatty acids. Omega-3 fatty acids are relatively underrepresented in
the Western diet, while the contribution of omega-6 fatty acids has
grown enormously, with an emphasis on soy and corn in food pro-
duction.’ Factory farming of domesticated animals (including fish)
has led to changes in the animals’ diets, creating products lower in
omega-3 fatty acids than have been produced in the past. Foods
high in saturated fats and omega-6 fatty acids comprise a large part
of dietary fat intake in the Western diet and are associated with
proinflammation.® Therefore, the optimal amount of omega-3 fatty
acids is a complicated target, subject to the influences of dietary
national trends and individual dietary patterns.

Most randomized controlled trials have been small and of rela-
tively short duration and have yielded inconsistent findings.”~*
Most studies have used omega-3 fatty acids as adjunctive treat-
ment to antidepressants or mood stabilizers, and the doses and
composition of the omega-3 supplements have varied widely.
There have been at least 5 double-blind, placebo-controlled
trials'*-!> of omega-3 fatty acids as monotherapy for MDD. Two
of those studies, 1 in pregnant women'® and 1 in children,!! have
demonstrated benefit over placebo and have used combinations
of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA).
Four studies'?"!® in various populations with MDD used DHA,
EPA, or the combination in the treatment of adult MDD without
significant benefit over placebo. In at least 7 double-blind, placebo-
controlled trials’~*16-13 of adjunctive omega-3 fatty acids for MDD,
mixed results have been observed, and studies have used a wide
range of doses (between 1 and 9 g/d). Studies that have demon-
strated efficacy of omega-3 fatty acids over placebo’~® have gener-
ally included relatively high ratios of EPA to DHA. There appears
to be no greater benefit of using doses in the higher end of the
range, with a number of positive published studies using 1-2 g of
products with high EPA-to-DHA ratios.””’

Overall, studies using higher EPA:DHA ratios’™ have been
more promising in depressive disorders, including MDD and
bipolar depression. Paradoxically, DHA is the main omega-3 fatty
acid in the brain and has been the focus of many preclinical stud-
ies of omega-3 fatty acids. DHA and EPA monotherapy for mood
disorders has unfortunately been understudied in human clinical
trials.
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It is difficult to know whether the typical treatment trial duration
for acute depression or other psychiatric disorders is adequately
informative in the determination of the role of a dietary component
such as omega-3 fatty acids. Long-term consequences of dietary
treatments and implications for the trajectories of diseases are likely
for an individual and for the population. A number of studies!®?°
have demonstrated transgenerational effects of dietary composi-
tion, particularly fat content. For example, Massiera et al'® dem-
onstrated in an animal model that future generations are impacted
from in utero exposure to maternal diet. Both obesity and meta-
bolic syndrome effects occur in the adult animals and their offspring
after in utero exposure to high omega-6 fatty acid maternal diets.
This can be temporarily reversed with low-fat diets in the progeny,
but there appears to be programming for increased risk of obesity
and metabolic dysregulation for generations, making high omega-6
fatty acid diets more deleterious for future generations. Similarly,
Bilbo and Tsang® found that rat pups that had been exposed in
utero to maternal diets high in saturated fat resulted in adult pro-
gramming for immune response dysregulation affecting neuro-
cognitive function. Rats exposed in utero to maternal diets high in
saturated fats or transfats were demonstrated to display increased
proinflammatory responses in periphery and hippocampus, and
have higher levels of anxiety and spatial learning deficits com-
pared to rats that had been exposed to low-fat diets in utero. These
effects were seen in adult rats that were all fed a low-fat diet since
weaning. To quote the investigators, “It is clear that the mater-
nal high-fat diet has a profound influence on the innate immune
response of the offspring ... and that this has enduring conse-
quences for cognition and affect”2°®°2!'4) The implications of these
findings for humans remain unclear.

The immune system is only one mechanistic avenue being
explored for neuropsychiatric effects of omega-3 fatty acids,
and its complexity poses challenges. Illustrating its complexity,
Raison et al?! recently described the role of improved sanitation and
the depletion of human-“friendly” microbes, which are posited as
important in assisting humans in mounting appropriate immune
responses. With the depletion of these microbes, it is postulated that
the immune system is vulnerable to develop increasingly patho-
logical responses to immune challenges, as well as autoimmune
disorders. This sophisticated perspective demonstrates that there
may be a balance point for optimal immunologic function that is
impacted by omega-3 fatty acids, which is clinically logical consid-
ering the risks of dysregulation of inflammation and could possibly
account for a window of optimal dosing of omega-3 fatty acids
in which higher doses are not necessarily more efficacious.?>~2*
A heightened pathological immune response in the context of a
high n-6:n-3 ratio could potentially exacerbate acute and chronic
diseases in which inflammation is involved. The use of factory
farms, ie, Concentrated Animal Feeding Operations (CAFO), is
hypothesized to contribute to lower nutritional quality and to an
increased risk of spread of animal to human disease transmission.?
Therefore, while the impact of dietary factors at the individual
level is of great importance, implications for public health on a
population-based level are serious and timely.

Another mechanistic avenue of omega-3 fatty acids involves
modulation of cell membrane structure and cell signaling, which
Rasenick?® has demonstrated with omega-3 fatty acids and antide-
pressants. Dr Kang’s group found a creative method to study brain
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levels of omega-3 fatty acids without confounding from dietary
intake: they developed a transgenic mouse that converts n-6 fatty
acids into n-3 fatty acids, increasing the amount of DHA in the
brain,?” which is associated with increased neurogenesis in the hip-
pocampus and better performance on tests of learning and memory.
The clinical implications of findings such as these are exciting, and
their potential for human health not yet realized.

Finally, genetic polymorphisms that confer greater risk of devel-
oping a depressive episode when treated with proinflammatory
cytokines have only recently begun to be investigated. Pariante?®
examined the inflammatory processes that occur during the course
of treatment with a-interferon, known to be associated with a high
risk of depression. Genotypes associated with higher levels of EPA
and DHA in response to immune activity were identified. Genetic
polymorphisms that influence the rate of omega-3 fatty acid
metabolism, like FADS1 and FADS2 genes that code for desaturases
involved in omega-3 and omega-6 fatty acid metabolism,” are com-
mon. Specific haplotypes are associated with greater inflammation
and risk of cardiovascular disease'® and are likely to contribute to
interindividual differences in response to omega-3 fatty acid treat-
ment. Whether these genes are associated with a risk of depression
and whether they can be used to predict an antidepressant treat-
ment response to omega-3 fatty acids remains to be seen.

It is clear that far more rigorous research is needed. Some of the
important questions remaining to be answered include:

1. Are omega-3 fatty acids efficacious antidepressants
as monotherapy?

2. What is the optimal dose for depression and other
neuropsychiatric conditions? Is there an optimal ratio
of EPA:DHA? What constitutes an optimal treatment
course?

3. What are the long-term effects of omega-3
supplementation in chronic and recurrent disorders?

4. Can we identify subpopulations of patients who would be
particularly responsive to treatment with omega-3 fatty
acids?

5. What is the role of omega-3 fatty acids in the prevention
of depression and other neuropsychiatric disorders?

6. Does dose or EPA:DHA ratio need to be tailored to
individuals based on dietary habits and genetic
polymorphisms of omega-3 metabolism?

In conclusion, nutritional components have long been consid-
ered to be important in psychiatric disorders. Only a small number
of specific nutritional interventions have been studied adequately.
Further research is required to delineate the role of omega-3 fatty
acids in acute treatment and prevention in psychiatry. Animal
models, in which investigators can control for the many variables
associated with human dietary intake, are particularly beneficial,
and findings may help guide future human studies. Biomarkers
and genetics are likely to play a role in the successful identification
of individuals who may benefit from omega-3 fatty acid supple-
mentation. Considering the established health benefits of omega-3
fatty acids in cardiovascular disease and other fields of medicine,
increased dietary intake and supplementation is a low-risk strategy
in addition to standard care in psychiatric disorders.
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