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Evolutionary Aspects of the Dietary
Omega-6/Omega-3 Fatty Acid Ratio:
Medical Implications

Artemis P. Simopoulos, M.D.

Lay summary Modern agriculture, in particular agribusiness and its
emphasis on production, changed animal feeds from grass to seeds and
favoured the production of vegetable oils rich in ω-6 fatty acids. This has led to
a pro-inflammatory diet characterized by an increased consumption of both
linoleic acid (ω-6) and arachidonic acid (ω-6) and a decreased consumption of
alpha-linoleic acid and its metabolites (ω-3). In the last 100–150 years, the
absolute and relative change of ω-6 and ω-3 fatty acids in the food supply of
Western societies led the Western diet to reach a ratio of 20:1 ω-6/ω-3. This
ratio is at odds with human evolutionary history, during which a balance (1:1)
existed between ω-6 and ω-3 fatty acids as ω-3 fatty acids were found in all
foods consumed: meat, eggs, fish, wild plants, nuts, and berries. While a
balance between the ω-6 and ω-3 fatty acids is consistent with human evo-
lution and normal human development, a number of studies suggest that an
imbalance lead to an increase in the risk of cardiovascular and other chronic
diseases, particularly in those genetically predisposed. Therefore, we recom-
mend that food labels distinguish between ω-6 and ω-3 fatty acids. In addition,
in order to balance the consumption of ω-6 and ω-3 fatty acids, we advocate a
decrease in the intake of vegetable oils high in ω-6 (corn oil, sunflower oil,
safflower oil, cottonseed oil, and soybean oil) and an increase in the intake of
oils both high in ω-3 fatty acids (flaxseed, perilla, chia, rapeseed, and walnuts)
and low in ω-6 fatty acids (olive oil, macadamia nut oil, and hazelnut oil).
Finally, we suggest people should eat more fish and less meat.
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9.1 Introduction

There are two classes of essential fatty acids (EFA), omega-6 (ω-6) and omega-3
(ω-3). The distinction between ω-6 and ω-3 fatty acids is based on the location of
the first double bond, counting from the methyl end of the fatty acid molecule
(Fig. 9.1). ω-6 and ω-3 fatty acids are essential because humans, like all mammals,
cannot synthesize them and must obtain them from the diet. ω-6 fatty acids are
represented by linoleic acid (LA) (18:2w6) and ω-3 fatty acids by alpha-linolenic
acid (ALA) (18:3w3). LA is plentiful in nature and is found in the seeds of most
plants except for coconut, cocoa, and palm. ALA, on the other hand, is found in the
chloroplasts of green leafy vegetables, and in the seeds of flax, rape, chia, perilla,
and walnuts. Both essential fatty acids are metabolized to longer-chain fatty acids of
20 and 22 carbon atoms. LA is metabolized to arachidonic acid (AA) (20:4w6),
while ALA is metabolized to eicosapentaenoic acid (EPA) (20:5w3) and docosa-
hexaenoic acid (DHA) (22:6w3). This is achieved by increasing the chain length
and the degree of unsaturation by adding extra double bonds to the carboxyl end of
the fatty acid molecule [1] (Fig. 9.2). AA is found predominantly in the phos-
pholipids of grain-fed animals, dairy, and eggs. EPA and DHA are found in the oils
of fish, particularly fatty fish.

In mammals, including humans, the cerebral cortex, retina, testis, and sperm are
particularly rich in DHA. DHA is one of the most abundant components of the
brain’s structural lipids. DHA, like EPA, can be derived only from direct ingestion
or by synthesis from dietary EPA or ALA: Humans and other mammals, except for
certain carnivores such as lions, can convert LA to AA and ALA to EPA and DHA,
although it is slow [2, 3]. There is competition between ω-6 and ω-3 fatty acids for
the desaturation enzymes. Both fatty acid desaturase 1 (D-5) and fatty acid

Fig. 9.1 Structural formulas for ω-3 (a-linoleic = ALA), ω-6 (linoleic = LA), and ω-9 (oleic) fatty
acids. The first number (before the colon) gives the number of carbon atoms in the molecule, and
the second gives the number of double bonds. ω-3, ω-6, and ω-9 indicate the position of the first
double bond in a given fatty acid molecule [1]
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desaturase 2 (D-6) prefer ωALA to ωLA [2, 4, 5]. However, a high LA intake, such
as that characterizing Western diets, interferes with the desaturation and elongation
of ALA [3–6]. Similarly, trans-fatty acids interfere with the desaturation and
elongation of both LA and ALA.

In addition, fatty acid desaturase 2 is the limiting enzyme and there is some
evidence that it decreases with age [2]. Premature infants [7], hypertensive indi-
viduals [8], and some diabetics [9] are limited in their ability to make EPA and
DHA from ALA. These findings are important and need to be considered when
making dietary recommendations.

Mammalian cells cannot convert ω-6 to ω-3 fatty acids because they lack the
converting enzyme, ω-3 desaturase. Ω-6 and ω-3 fatty acids are not interconvert-
ible, are metabolically and functionally distinct, and often have important opposing
physiological effects; therefore, their balance in the diet is important. When humans
ingest fish or fish oil, the EPA and DHA from the diet partially replace the ω-6 fatty
acids, especially AA, in the membranes of probably all cells, but especially in the
membranes of platelets, erythrocytes, neutrophils, monocytes, and liver cells (re-
viewed in Refs. [10, 11]). AA and EPA are two alternative parent compounds for
eicosanoid production (Fig. 9.3). Because of the increased amounts of ω-6 ω in the
Western diet, the eicosanoid metabolic products from AA, specifically pros-
taglandins, thromboxanes, leukotrienes, hydroxy fatty acids, and lipoxins, are

Fig. 9.2 Desaturation and elongation of ω-3 and ω-6 fatty acids by the enzymes fatty acid
desaturases FADS2 (D6) and FADS1 (D5) [10]
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formed in larger quantities than those derived from ω-3 fatty acids, specifically EPA
(Fig. 9.3) [10]. The eicosanoids from AA are biologically active in very small
quantities and, if they are formed in large amounts, they contribute to the formation
of thrombus and atheromas; to allergic and inflammatory disorders, particularly in
susceptible people; and to proliferation of cells [12] (Table 9.1). Thus, a diet rich in
ω-6 fatty acids shifts the physiological state to one that is proinflammatory, pro-
thrombotic, and proaggregatory, with increases in blood viscosity, vasospasm, and
vasoconstriction.

9.1.1 The Importance of the ω-6/ω-3 Fatty Acid Ratio:
And Evolutionary Aspects

A balance existed between ω-6 and ω-3 fatty acids during the long evolutionary
history of the genus Homo [13]. During evolution, ω-3 fatty acids were found in all
foods consumed: particularly meat, fish, wild plants, nuts, and berries [13–29].
Recent studies by Cordain et al. [30] on the composition of the meat of wild animals

Fig. 9.3 Oxidative metabolism of arachidonic acid (AA) and eicosapentaenoic acid by the
cyclooxygenase and 5-lipoxygenase pathways. 5-HPETE denotes the 5-hydroperoxyeicosatetranoic
acid, and 5-HPEPE denotes the 5-hydroxyeicosapentaenoic acid [10]
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confirm the original observations of Crawford [15] and Sinclair et al. [31].
However, rapid dietary changes over short periods of time as have occurred over
the past 100–150 years is a totally new phenomenon in human evolution (Fig. 9.4).
A balance between the ω-6 and ω-3 fatty acids is a physiological state that is less
inflammatory in terms of gene expression [32], prostaglandin and leukotriene
metabolism, and interleukin-1 (IL-1) production [10]. The current recommendation
to substitute vegetable oils (ω-6) for saturated fats leads to increases in IL-1,
prostaglandins, and thromboxanes of the 2 series from LA that are prothrombotic
and leukotrienes of the 3 series that are proinflammatory. It is not consistent with

Table 9.1 Effects of
ingestion of EPA and DHA
from fish or fish oil on
eicosanoids

Decreased production of prostaglandin E2 (PGE2) metabolites

A decrease in thromboxane A2, a potent platelet aggregator and
vasoconstrictor

A decrease in leukotriene B4 formation, an inducer of
inflammation, and a powerful inducer of leukocyte chemotaxis
and adherence

An increase in thromboxane A3, a week platelet aggregator and
weak vasoconstrictor

An increase in prostacyclin PGl3 leading to an overall increase
in total prostacyclin by increasing PGI3 without a decrease in
PGI2, and both PGI2 and PGI3 are active vasodilators and
inhibitors of platelet aggregation

An increase in leukotriene B5, a weak inducer of inflammation
and a weak chemotactic agent

Fig. 9.4 Hypothetical scheme of fat, fatty acid (ω6, ω3, trans, and total) intake (as percent of
calories from fat), and intake of vitamins E and C (mg/d). Data were extrapolated from
cross-sectional analyses of contemporary hunter-gatherer populations and from longitudinal
observations and their putative changes during the preceding 100 years [10]
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human evolution and may lead to maladaptation in those genetically predisposed
(Table 9.1; Figs. 9.2 and 9.3).

Prior to the agricultural revolution, humans ate a wide variety of wild plants,
whereas today about 17 % of plant species provide 90 % of the world’s food
supply, with the greatest percentage contributed by cereal grains [33]. Agribusiness
and modern agriculture contributed to the decrease in ω-3 fatty acids in animal
carcasses. Wild animals and birds who feed on wild plants are very lean, with a
carcass fat content of only 3.9 % [34], and contain about five times more
polyunsaturated fatty acids (PUFAs) per gram than those found in domestic live-
stock [15, 16]. Most importantly, 4 % of the fat of wild animals contains EPA.
Domestic beef contains very small or undetectable amounts of ALA because cattle
are fed grains rich in ω-6 fatty acids and poor in ω-3 fatty acids [17], whereas deer
that forage on ferns and mosses contain more ω-3 fatty acids in their meat.

Although diets differed in the various geographic areas [35], a number of
investigators including Crawford [15], Cordain et al. [30], Eaton et al. [36], and
Kupiers et al. [37] have shown that during the Paleolithic period, the diets of
humans included equal amounts of ω-6 and ω-3 fatty acids from both plants
(LA + ALA) and from the fat of animals in the wild and fish (AA + EPA + DHA).
Recent studies by Kuipers et al. [37] estimated macronutrient and fatty acid intakes
from an East African Paleolithic diet in order to reconstruct multiple Paleolithic
diets and thus estimated the ranges of nutrient intakes on which humans evolved.
They found (range of medians in energy %) intakes of moderate-to-high protein
(25–29), moderate-to-high fat (30–39), and moderate carbohydrates (39–40). Just as
others have concluded previously, Kuipers et al. [37] stated “compared with
Western diets, Paleolithic diets contained consistently high-protein and long-chain
PUFA and lower LA.” Guil-Guerrero et al. [38] determined the fat composition of
frozen mammoths (from 41,000 to 34,000 years BP), Bisons from Early Holocene
(8200–9300 years BP) and horses from Middle Holocene (4600–4400 years BP),
often consumed by Paleolithic/Neolithic hunters-gatherers, and concluded. It
“contained suitable amounts of ω-3 and ω-6 fatty acids, possibly in quantities
sufficient to meet today’s dietary requirements for good health.” The elucidation of
sources of ω-3 fatty acids available for the humans who lived in the Paleolithic and
Neolithic is highly relevant to ascertain the availability of nutrients at that time and
to draw conclusions about healthy dietary habits for present-day humans. As in
previous studies, the amount of ALA was higher than LA in the fat of the frozen
specimens [39, 40] (Tables 9.2 and 9.3).

Modern agriculture, by changing animal feeds as a result of its emphasis on
production, has decreased the ω-3 fatty acid content in many foods: green leafy
vegetables, animal meats, eggs, and even fish [18–21]. Foods from edible wild
plants contain a good balance of ω-6 and ω-3 fatty acids. Purslane, a wild plant, in
comparison with spinach, red leaf lettuce, buttercrunch lettuce, and mustard greens,
has eight times more ALA than the cultivated plants [25]. Modern aquaculture
produces fish that contain less ω-3 fatty acids than do fish grown naturally in the
ocean, rivers, and lakes [20]. The fatty acid composition of egg yolk from
free-ranging chicken has an ω-6:ω-3 ratio of 1.3, whereas the US Department of
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Agriculture (USDA) egg has a ratio of 19.9 [21]. By enriching the chicken feed
with fishmeal or flaxseed, the ratio of ω-6:ω-3 decreased to 6.6 and 1.6,
respectively.

9.1.2 Genetic Adaptation of Fatty Acid Metabolism

There are important genetic variables in fatty acid biosynthesis involving fatty acid
desaturase 1 (FADS1) and fatty acid desaturase 2 (FADS2), which encode
rate-limiting enzymes for fatty acid metabolism (Fig. 9.2). Ameur et al. [41]

Table 9.2 Estimated ω-3 and
ω-6 fat acid intake in the Late
Paleolithic period

Plants

LA 4.28

ALA 11.40

Animals

LA 4.56

ALA 1.21

Total

LA 8.84

ALA 12.60

Animals

AA (ω6) 1.81

EPA (ω3) 0.39

DTA (ω6) 0.12

DPA (ω3) 0.42

DHA (ω3) 0.27

Ratios of ω6/ω3

LA/ALA 0.70

AA + DTA/EPA + DPA + DHA 1.79

Total ω6/ω3 0.79

Data from Eaton et al. [39]: assuming an energy intake of 35:65
of animal: plant sources

Table 9.3 Ω-6 Ω-3 ratios in
different populations

Population ω-6/ω-3

Paleolithic 0.79

Greece prior to 1960 1.00–2.00

Current Japan 4.00

Current India, rural 5–6.1

Current UK and northern Europe 15.00

Current USA 16.74

Current India, urban 38–50

Adapted from Ref. [10]
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performed genome-wide genotyping (n = 5, 652 individuals) of the FADS region in
five European population cohorts and analyzed available genomic data from human
populations, archaic hominins, and more distant primates. Their results show that
present-day humans have two common FADS haplotypes A and D that differ
dramatically in their ability to generate LC-PUFAs. The most common haplotype,
denoted haplotype D, was associated with high lipid levels (P = 1 × 10−65), whereas
the less common haplotype (haplotype A) was associated with low levels
(P = 1 × 10−52). The haplotype D associated with the enhanced ability to produce
AA and DHA from their precursors LA and ALA, respectively, is specific to
humans and has appeared after the split of the common ancestor of humans and
Neanderthals. This haplotype shows evidence of a positive selection in African
populations in which it is presently almost fixed and it is less frequent outside of
Africa. Haplotype D provides a more efficient synthesis of LC-PUFAs, and in
today’s high LA ω-6 dietary intake from vegetable oils, it leads to increased syn-
thesis of AA from LA. Thus, it represents a risk factor for coronary heart disease
(CHD), cancer, obesity, diabetes, and the metabolic syndrome, thus adding further
to health disparities in populations of African origin living in the West, in addition
to lower socioeconomic status.

As estimated from the human genome diversity panel (HGDP-CEPH) [42], the
geographic distributions of haplotypes A and D differ dramatically among conti-
nents. In African populations, HGDP populations haplotype A is essentially absent
(has a frequency of 1 %), whereas in Europe, West, South and East Asia, and
Oceania, it occurs at a frequency of 25–50 %. Among the 126 Native Americans
included in HGDP, haplotype A occurs at a frequency of 97 %. Among individuals
of African ancestry, 49 % carry mixed FADS haplotypes with a higher resemblance
to haplotype D than to haplotype A, consistent with a decay of haplotype D by
recombination in African populations.

It has been proposed that a shift in diet, characterized by access to food sources
that are rich in essential LC-PUFAs, was initiated about 2 million years ago [43].
This change in the availability of LC-PUFAs might have been important for
maintaining the proportionally large hominoid brain relative to body size. Humans
use a very large portion of dietary fats, predominantly AA and DHA to feed the
brain [43]. Consequently, human’s ability to more efficiently synthesize LC-PUFAs
from their precursors might have played an important role in their ability to survive
in periods where AA and DHA rich diets were not available. Therefore, haplotype
D is likely to have been advantageous to humans living in environments with
limited access to these fatty acids, and this could explain the positive selection for
haplotype D in African populations. However, as the present Western diet is high in
LA due to the elevated intake of vegetable oils high in ω-6 fatty acids, the
advantage of having faster biosynthesis of LC-PUFAs for carriers of haplotype D
has turned into a disadvantage: High intake of LA leads to an increased production
of AA and thereby increases the synthesis of AA-derived pro-inflammatory eico-
sanoids, which are associated with the increased risk of atherosclerotic vascular
disease [44].
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9.1.3 Research Findings

9.1.3.1 The Diet of Crete and Its Relation to Cardiovascular Disease
and Cancer

Over the past 15 years, a number of animal experiments, epidemiological investi-
gations, and double-blind controlled clinical trials have confirmed the
hypotriglyceridemic, anti-inflammatory, and antithrombotic aspects of ω-3 fatty
acids [45–50] as well as the essentiality of ω-3 fatty acids, particularly DHA, for the
development of retina and brain in the premature infant. It therefore became
important to investigate the ω-3 fatty acid composition of diets that have been
shown to be associated with a decreased rate of cardiovascular disease and cancer.
Such an opportunity then arose with the diet of Crete [51].

The population of Crete was one of the populations participating in the Seven
Countries Study [52]. The others were the populations of the former Yugoslavia,
Italy, the Netherlands (Zutphen), Finland, USA, and Japan. The results of the Seven
Countries Study are interesting because they show that the population of Crete had
the lowest rate of cardiovascular disease and cancer, followed by the population of
Japan. The investigators concluded that the reason must be the high olive oil intake
and the low saturated fat intake of the “Mediterranean diet.” The fact that Crete had
a high-fat diet, 37 % of energy from fat, and Japan had a low-fat diet, 11 % of
energy from fat, was not very much discussed nor were any other fatty acids
considered, despite the fact that the people of Crete ate 10 times more fish than the
US population. Furthermore, the people of Crete ate plenty of vegetables, fruits,
nuts, and legumes, all rich sources of folate, calcium, vitamins, and minerals. In
addition, since the meat came from animals that grazed, rather than being grain-fed,
it contained ω-3 PUFAs as did their milk and milk products, such as cheese. The
population of Crete ate snails about three times per week throughout the year.
Renaud has shown that the snails of Crete and Greece contain more ω-3 fatty acids
and less ω-6 fatty acids than the snails of France (personal communication). Figs
are the most popular fruit eaten throughout the year. Both fresh and dried figs
contain equal amounts of LA + ALA and are rich in vitamins and minerals,
especially calcium.

The traditional Greek diet, including the diet of Crete, includes wild plants. Wild
plants are rich sources of ω-3 fatty acids and antioxidants [19, 22, 25]. A commonly
eaten plant is purslane. Purslane is rich in ALA (400 mg/100 g) as well as in
vitamin E (12 mg/100 g) [25]. In Crete and Greece, purslane is eaten fresh in salads,
soups, and omelets, or cooked with poultry, and during the winter months, the dried
purslane is used in soups, vegetable pies, and as a tea for sore throats and earaches.
It is highly recommended for pregnant and lactating women and for patients with
diabetes. The purslane study was just the beginning in our involvement in a series
of studies that investigated the ω-3 fatty acids in the Greek diet under conditions
similar to those prior to 1960 [19, 21, 22, 25]. In the Greek countryside, chickens
wander in the farm, eat grass, purslane, insects, worms, and dried figs, all good
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sources [19, 21, 22, 25] of ω-3 fatty acids. As mentioned earlier, their eggs have a
ratio of ω-6/ω-3 fatty acids of 1.3, whereas the USDA egg has a ratio of 19.4.

Similarly, Greek cheeses contain ω-3 fatty acids, whereas American cheeses do
not. Noodles made with milk and eggs in Greece also contain ω-3 fatty acids.
A pattern thus began to unfold. The diet of Greece, including Crete prior to 1960,
contained ω-3 fatty acids in every meal—breakfast, lunch, dinner, and snacks. Figs
stuffed with walnuts are a favorite snack. Both figs and walnuts contain ω-3 fatty
acids. Contrast this snack with a chocolate chip cookie, which contains trans-fatty
acids and ω-6 fatty acids from the partially hydrogenated oils used in preparation
[28]. While these studies were carried out between 1984 and 1986, further analyses
of blood specimens from the Seven Countries Study [52] were published in 1993 by
Sandker et al. [53], indicating that the serum cholesteryl esters of the population in
Crete had threefold the amount of ALA as compared to the population of Zutphen
in the Netherlands. Similar data indicated that the Japanese population also had
higher concentrations of ω-3 fatty acids than that of the Netherlands. Here was the
missing link. It was the higher concentrations of ω-3 fatty acids and the lower
concentration of ω-6 fatty acids leading to a balanced ω-6/ω-3 that added protection
for cardiovascular disease. This is in addition to the olive oil, wine, fruits, and
vegetables of the diet of Crete, which is superior to other Mediterranean diets due to
a balanced ω-6 and ω-3 fatty acid intake and high antioxidants (Table 9.3).
Participants from the two countries (Crete and Japan) with the lowest CHD in the
Seven Countries Study had a higher intake of fish and ALA. The Japanese obtained
ALA from perilla oil and soybean oil and the population of Crete from purslane,
other wild plants, walnuts, and figs. Additional studies showed that the population
of Crete not only had higher serum cholesteryl ester levels of ALA but also lower
LA (18:2w-6) [53].

Renaud had been working with ALA and shown that it decreases platelet
aggregation [54]. Everything seems now to fall into place in terms of defining the
characteristics of the diet of the population of Crete. Their diet was very similar to
the Paleolithic diets in composition. It was low in saturated fat, balanced in the
essential fatty acids (ω-6 and ω-3) [40] (Table 9.3), very low in trans-fatty acids,
and high in vitamins E and C. This diet formed the basis of the diet used by Renaud
and de Lorgeril in their now famous Lyon Study [51, 54–56]. The Lyon study is a
prospective randomized single-blinded secondary prevention trial that compared the
effects of a modified Crete diet enriched with ALA to those of a Step I American
Heart Association Diet. A total of 605 patients were divided into two groups, 302 in
the experimental group were fed the modified diet of Crete, including 2 g of ALA
per day, and 303 in the control group followed the Step I American Heart
Association diet. Two months after randomization, plasma levels of vitamins C and
E (P < 0.5) and ω-3 fatty acids (P < 0.001) were higher in experimental subjects
while those of ω-6 fatty acids were lower (P < 0.001). The ratio of ω-6/ω-3 fatty
acids was 4/1. After a mean follow-up of 27 months, there were 16 cardiac deaths in
the control group and three in the experimental group, and 17 non-fatal myocardial
infarctions in the control group and five in the experimental group. The combined
risk ratio for these two main end points was 0.27 (95 % CI 0.12–0.59, P = 0.001)
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after adjustment for prognostic variables. Overall, mortality was 20 in the control
group, eight in the experimental group, and an adjusted risk ratio of 0.30 (95 % CI
0.11–0.82, P = 0.02).

This study showed a decrease in death rate by 70 % in the experimental group
and clearly showed that a modified Crete diet low in butter and meats, such as deli
products but high in fish and fruits and vegetables, and enriched with ALA, is more
efficient than that of the American Heart Association or similar prudent diets in the
secondary prevention of coronary events and death. The same subjects were fol-
lowed for 5 years. At 4 years of follow-up, de Lorgeril et al. [57] reported that the
reduction of risk in the experimental subjects compared with control subjects was
56 % for total deaths, and 61 % for cancers, indicating that a modified diet of Crete
is associated with lower risk for CHD and cancer.

The diet of Crete or the traditional diet of Greece resembles hunter-gatherers’
diets in terms of antioxidants, saturated fat, and monounsaturated fat and in the ω-6/
ω-3 ratio. The Lyon Heart Study and subsequently the Singh et al. study [58]
support the importance of having a diet consistent with human evolution. Western
diets today deviate from Paleolithic diets and are associated with high rates of
cardiovascular disease, diabetes, obesity, and cancer. In as much as the health of the
individual and the population in general is the result of the interaction between the
genetic profile and the environment, nutrition is one of the most important envi-
ronmental factors [59].

9.1.3.2 Other Beneficial Effects of ω-3 Fatty Acids

In addition to the studies of CHD and Cancer, a number of clinical intervention
studies have shown that the high ω-6/ω-3 ratio in Western diets has increased the
risk of many of the chronic “diseases of civilization” as a result of a “mismatch”
between our genes and the environment. Clinical intervention studies in patients
with asthma [60], osteoporosis [61, 62], mental health and major depression [63],
bipolar disorder [64, 65], and mood [66] have shown improvements upon treatment
with EPA + DHA. A number of studies show that LA increases low-density
lipoprotein oxidation and the severity of coronary atherosclerosis and inhibits EPA
incorporation from dietary fish oil supplements in human subjects, whereas
decreasing LA in the diet while maintaining constant ALA increases EPA in plasma
phospholipids in healthy men. A lower ω-6/ω-3 ratio as part of a Mediterranean diet
decreases vascular endothelial growth factor. As the ω-6/ω-3 ratio decreases, so
does the platelet aggregation. The higher the ratio of ω-6/ω-3 fatty acids in platelet
phospholipids, the higher the death rate from cardiovascular disease. A high plasma
ω-6/ω-3 ratio increases inflammatory markers, thus increasing the risk of chronic
diseases. EPA and DHA attenuate the rate of shortening of telomere length sug-
gesting a decrease in the rate of the aging process [67], whereas LA intake is
associated with shorter telomere length [68].
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9.1.4 Implications for Policy and Practice

Studies on the evolutionary aspects of diet suggest that during evolution, ω-3 fatty
acids were present in practically all foods that humans ate and in equal or higher
amounts than the ω-6 fatty acids. Western diets are characterized by high ω-6 and
low ω-3 fatty acid intake, whereas during most of the human evolutionary history,
there was a balance between ω-6 and ω-3 fatty acids. Today, human beings live in a
nutritional environment that differs from that for which their genetic constitution
was selected. The balance of ω-6/ω-3 fatty acids is an important determinant in
maintaining homeostasis, normal development, and mental health throughout the
life cycle. Excessive amounts of ω-6 PUFA and a very high ω-6/ω-3 ratio, as is
found in today’s western diets, promote the pathogenesis of many diseases,
including cardiovascular disease, cancer, and inflammatory and autoimmune dis-
eases, and interfere with normal brain development.

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

The ratio of ω-6 and ω-3 fatty acids in the brain is between 1:1 and 2:1, which is
in agreement with the data from the evolutionary aspects of diet, genetics, and the
studies with the fat-1 transgenic animal model [69, 70]. Therefore, a ratio of 1:1 to
2:1 ω-6 to ω-3 fatty acids should be the target ratio for health [10, 71]. Because
chronic diseases are multigenic and multifactorial, it is quite possible that the
therapeutic dose of the ω-3 fatty acids will vary between individuals: It will depend
on the degree of severity of diseases, which in turn results from the genetic pre-
dispositions, and notably the endogenous metabolism of LA and ALA.

In the Lyon Heart Study, a ratio of 4:1 LA:ALA decreased total mortality by
70 % in patients with one episode of myocardial infarction. Whether an ω-6/ω-3
ratio of 3:1 to 4:1 could prevent the pathogenesis of many diseases induced by
today’s Western diets, a target of 1:1 to 2:1 appears to be consistent with studies on
evolutionary aspects of diet, neurodevelopment, and genetics. The ω-6/ω-3 fatty
acid ratio in red cell membrane phospholipids could be used as a biomarker for
dietary intake and endogenous metabolism, thus providing a more accurate nutri-
tional status for dietary recommendations.

It is essential that food labels distinguish between ω-3 and ω-6 fatty acids instead
of the current label that distinguishes only saturated fatty acids (SFAs), monoun-
saturated fatty acids (MONOs), and polyunsaturated fatty acids (PUFAs).
Regulatory agencies should follow the scientific advances in forming dietary reg-
ulations and recommendations.
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Clinical intervention studies should include complete fatty acid information of
the background diet as well as fatty acid levels in red cell membrane phospholipids.
Discrepancies in the results of clinical studies are often due to inadequate data on
fatty acid levels before, during, and at the completion of the studies.

Glossary

Essential fatty acids
(EFA)

Fatty acids that human and other animals must ingest
because the body requires them for good health but
cannot synthesize them

Polyunsaturated fatty
acids (PUFAs)

Fatty acids that contain more than one double bond in
their backbone

Linoleic acid (LA) An EFA ω-6 fatty acid found in corn, sunflower, cot-
tonseed, safflower, soybean, and other vegetable oils

Alpha-linolenic acid
(ALA)

An EFA ω-3 fatty acid found in nuts, rapeseed, flax-
seed, perilla, canola, and chia oils

Arachidonic acid (AA) A PUFA ω-6 fatty acid

Eicosapentaenoic acid
(EPA)

A PUFA ω-3 fatty acid

Docosahexaeboic acid
(DHA)

A PUFA ω-3 fatty acid that is a primary structural
component of the human brain, cerebral cortex, skin,
sperm, testicles, and retina

Fatty acid desaturase 1
(FADS1)

An enzyme that in humans is encoded by the FADS1
gene

Fatty acid desaturase 2
(FADS2)

An enzyme that in humans is encoded by the FADS2
gene

Haplotype The group of genes that a progeny inherits from one
parent
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