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Editorial

The Omega-6/0mega-3 fatty acid

ratio in neurodevelopment

H avaloyia Quéya-6/Quéya-3 Aimapwv o{éwv
otnv avamuén tou veupiKoU cUCTNLATOS

A.P. Simopoulos
M.D.The Center for Genetics, Nutrition and Health

Studies on the evolutionary aspects of diet indicate that
major changes have taken place in our diet, particularly
in the type and amount of essential fatty acids (EFA) and
in the antioxidant content of foods."? An absolute and
relative change of omega-6 and omega-3 fatty acids in
the food supply of Western societies has occurred over
the last 150 years. A balance existed between omega-6
and omega-3 fatty acids for millions of years during the
long evolutionary history of the genus Homo, and genetic
changes occurred partly in response to these dietary influ-
ences. During eons of evolution, omega-3 fatty acids were
presentin all foods consumed: meat, wild plants, eggs, fish,
nuts, and berries.>* However, rapid dietary changes over
short periods of time as they have occurred over the past
100-150 years, is a totally new phenomenon in human
evolution. These dietary changes are the result of agribusi-
ness and modern agriculture that led to animal feeds con-
sisting primarily of grains, instead of the animals grazing,
and to the production of vegetable oils from seeds such as
corn, sunflower, safflower, cottonseed, and soybean that
are high in omega-6 fatty acids and poor in omega-3s.

Today, industrialized societies are characterized by (1)
an increase in energy intake and decrease in energy ex-
penditure; (2) an increase in saturated fat, omega-6 fatty
acids and trans fatty acids, and a decrease in omega-3
fatty acid intake; (3) a decrease in complex carbohydrates
and fiber; (4) an increase in cereal grains and a decrease

1= Address for correspondence: in fruits and vegetables; and (5) a decrease in protein,
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omega-6 and omega-3 fatty acids, thus further decreas-
ing the amount of arachidonic acid, eicosapentaenoic
acid, and docosahexaenoic acid availability for human
metabolism.

Phone: (202) 462-5062
Fax: (202) 462-5241
E-mail: cgnh@bellatlantic.net



72

Whereas major changes have taken place in our diet
over the past 10,000 years since the beginning of the
agricultural revolution, our genes have not changed. The
spontaneous mutation rate for nuclear DNA is estimated
at 0.5% per million years. Therefore, over the past 10,000
years, there has been time for very little change in our
genes, perhaps 0.005%. In fact, our genes today are very
similar to the genes of our ancestors during the Paleolithic
period 40,000 years ago, at which time our genetic pro-
file was established. Humans today live in a nutritional
environment that differs from that for which our genetic
constitution was selected. It is the interaction of genes
with various environmental factors that determines the
phenotype throughout development. Nutrition is an en-
vironmental factor of major importance.

Studies in rodents, chickens, primates, and visual and
cognitive trials in human infants have shown that both AA
and DHA are essential for brain development and function.
AA and DHA have been shown to be independent deter-
minants of brain growth and evolution.® Moreover, the
competition that exists between omega- 6 and omega-3
fatty acids applies to their balance being critical for brain
development and structural integrity. DHA is essential
for vision, brain neurons, and cell signaling. While DHA is
clearly concentrated in the signaling systems of the brain,
EPA is more likely to be involved in vascular blood flow and
eicosanoid production where it can down-regulate the AA
metabolites to maintain homeostasis.

The brain contains little parent EFA (LA and ALA) and
typically has AA, docosatetraenoic acid, and DHA as the
principal long-chain fatty acids. Although the size of the
brain differs between mammalian species, the profile of
AA and DHA does not vary suggesting a high degree of
evolutionary conservation of the neural lipid profile. DHA
is rapidly and selectively incorporated in the (sn)-2 position
of neural phospholipid membranes, and is concentrated
in the photoreceptor and selectively at synaptic signaling
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sites. It is the most unsaturated of the cell membrane fatty
acidsin the brain.The proportions of omega-6 and omega-
3 in the diet are a determinant of biochemical efficiency,
which isimportant in providing the optimal conditions for
neurodevelopment. Therefore, approaching the ideal ratio
of 2:1 or 1:1 could be of relevance to both neurodevel-
opment and the prevention of early neurodegeneration.®
Because the enzymes involved in the metabolism of the LA
and ALA are shared, there is competition between them
and the omega-6 and omega-3 fatty acids also regulate
each other. The balance between LA and ALA and their
polyunsaturated fatty acid (PUFA) metabolites in the diet
is vital. In humans, the brain is the most outstanding organ
in biological development: it follows that the priority is
brain growth and development, and in the brain, the bal-
ance between omega-6 and omega-3 PUFA metabolites is
close to 1:1. This ratio (between 2:1 and 1:1) should be the
target for human nutrition. In Western diets, the omega-
6/omega-3 ratio has increased to between 10:1 and 20:1.
This high omega-6 proportion is largely made up by LA,
is far from optimal, and is highly inappropriate for normal
growth and development and increases the risk of obesi-
ty.” A most recent meta-analysis indicates that LA increases
the risk for coronary heart disease (CHD).2® Furthermore
a high omega-6:omega-3 fatty acid ratio increases the
expression of genes that lead to inflammation which is
at the base of CHD, Obesity, Diabetes, Cancer and other
chronic diseases.”"

Diets must be balanced in the omega-6 and omega-3
fatty acids to be consistent with the evolutionary under-
standing of the human diet. This balance can best be ac-
complished by decreasing the intake of oils rich in omega-
6 fatty acids (corn oil, sunflower, safflower, cottonseed, and
soybean) and increasing the intake of oils rich in omega-3s
(canola, flaxseed, perilla, and chia) and olive oil which is
particularly low in omega-6 fatty acids.
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