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Understanding omega-3’s

Andrew P. DeFilippis, MD,* and Laurence S. Sperling, MD, FACC, FACP® Atlanta, GA

Omega-3 fatty acids are a subset of polyunsaturated fatty acids found in marine sources as eicosapentaenoic acid and
docosahexaenoic acid and in some leafy vegetables, nuts, and oils as a-linolenic acid (ALA). The metabolism of omega-3's
may explain the cardioprotective effects observed in epidemiologic and experimental studies. Although most data for
cardioprotective effects come from studies of marine sources, vegetable sources of omega-3 fatty acids (a-linolenic acid) may
have similar effects through in vivo conversion to eicosapentaenoic acid and docosahexaenoic acid. This document will

provide an overview of omega-3 fatty acids with a focus on specific sources, metabolism, safety issues, and their potential
indication for cardiovascular prevention. (Am Heart J 2006;151:564-70.)

Interest in omega-3 fatty acids has grown steadily
since the observation that Greenland’s Eskimos have a
low incidence of cardiovascular disease (CVD) in the
setting of a diet rich in fatty fish.' Importantly, both
epidemiologic and experimental data have provided
evidence for a beneficial effect of omega-3 fatty acids in
the prevention of CVD. In 2002, the American Heart
Association released a scientific statement endorsing
the use of omega-3 fatty acids in both primary and
secondary prevention.’

What are omega-3’s?

There are 3 types of naturally occurring fats classified
by the number of double bonds present in their fatty
acid side chains: saturated, monounsaturated, and
polyunsaturated (Figure 1). The food industry created a
fourth class, trans fats, by adding hydrogen ions to
polyunsaturated fats through a process called hydroge-
nation (Figure 1). Polyunsaturated fats can be further
classified into 2 groups based on the position of the
first double bond site: omega-3 fatty acids and omega-6
fatty acids (Figure 1). The most prominent omega-6
fatty acids in the human diet are arachidonic acid
(found in animal meat) and linoleic acid (found in
vegetable oils, seeds, and nuts), which can be con-
verted into arachidonic acid by a desaturase enzyme
(Figure 2). Major dietary sources of omega-3’s are fish
containing eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA) and nuts, seeds, and vegetable
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oils containing a-linolenic acid (ALA), which can be
converted to EPA and then DHA by the same desaturase
enzyme that converts linoleic acid to arachidonic acid
(Figure 2).

The conversion of ALA to EPA is of interest because
the cardioprotective effects of omega-3’s have been
most rigorously studied and closely associated with
EPA. This conversion may explain, in part or in
whole, ALA’s potential benefit. Isotope-labeled ALA
feeding trials have shown the conversion of ALA to
EPA to vary between 0.2% and 21% and that of ALA to
DHA to vary between 0% and 9%.> Most feeding
studies that measure interval changes in membrane
fatty acid composition show that ALA feeding will lead
to an increase in EPA but has a null effect or slight
decrease in DHA levels.> These studies, however, are
somewhat limited because the conversion of ALA to
EPA + DHA is likely influenced by multiple factors
including, sex, competitive inhibition of desaturase by
linoleic acid (Figure 2), negative feedback inhibition of
desaturase by EPA + DHA (Figure 2), and timing of
the sample collection.

Analysis of the Health Professional Follow-up Study
cohort found that ALA’s CVD protective properties were
inversely related to EPA + DHA intake. The authors
concluded that ALA’s cardioprotective properties were
contingent on conversion to EPA + DHA and that this
conversion was inhibited by EPA + DHA intake® (Figure 2).

Where are omega-3’s?

Dietary intake of omega-3 and omega-6 fatty acids
varies within and between different populations.
NHANES III, the largest database of nutrient consump-
tion of Americans, reports a median intake of EPA + DHA
of 0 and <1 g/d of ALA.” The ratio of omega-6 to omega-3
intake is estimated to be 20 to 1 in a modern Western
diet, compared with that of our Paleolithic ancestors
who ate a diet much richer in omega-3’s (estimated
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omega-3/omega-6 ratio of 1-2:1) (Figure 3).(”7 This
dramatic dietary shift is thought to be related to an
absolute reduction in fish consumption as well as a
proportionate increased consumption of domestically
raised fish. Meat and fish presently contain less omega-3
and more omega-6 fatty acids than in the past, secondary
to use of commercial feeds high in omega-6 and low in
omega-3 content.®” Even cultivated vegetables are poor
in omega-3 when compared with wild plants.”

The metabolism of omega-3’s

A dietary shift toward less omega-3’s and more
omega-6’s may significantly impact one’s health be-
cause of their different metabolic pathways. Eicosa-
noids are a class of bioactive molecules derived from

Historical schematic of relative percentages of fat and intake of
different fatty acids in human beings. Reproduced with permission by
the American Journal of Clinical Nutrition. © Am J Clin Nutr.
American Society for Clinical Nutrition.

omega-3’s and omega-6’s that include leukotrienes,
prostaglandins, and thromboxanes (Figure 2). Eicosa-
noids derived from omega-6’s are generally proinflam-
matory and proaggretory, whereas those derived from
omega-3’s are predominantly anti-inflammatory and
inhibit platelet aggregation.(’ This fundamental differ-
ence may account for the cardioprotective effects of
omega-3’s.

Inflammation is a central component in atheroma
formation and plaque rupture,'' and studies have linked
systemic markers of inflammation to CVD risk.'* A cross-
sectional study of 727 women in the Nurses Health
Study I found dietary intake of omega-3’s to be inversely
related to inflammatory markers C-reactive protein, IL-6,
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E-selectin, soluble intercellular cell adhesion molecule 1,
and soluble vascular cell adhesion molecule 1.'® This
relationship was consistent for ALA, EPA, and DHA
independently and in aggregate.'®> An inverse relation-
ship between EPA + DHA intake and soluble tumor
necrosis factor receptors was demonstrated in a cohort
of 405 healthy men in the Health Professionals Follow-
up Study and 454 healthy women in the Nurses’ Health
Study I1.'* Levels of tumor necrosis factor receptors
were lowest in subjects with a high ratio of EPA + DHA
to omega-6 intake and highest in subjects with a low
ratio of EPA + DHA to omega-6. In this study, ALA intake
did not influence the levels of any of the inflammatory
markers measured.

In addition to markers of vascular inflammation,
omega-3’s may beneficially influence other factors
related to CVD risk: ventricular arrhythmias, thrombo-
sis, triglycerides, apolipoprotein B, high-density lipo-
protein, adhesion molecule expression in plaque,
platelet-derived growth factor, nitric oxide-induced
endothelial relaxation, and blood pressure.z’(”ls'17 In
general, these studies have been performed largely
with EPA + DHA; few studies examine the impact of
ALA on these intermediate markers of CVD. Impor-
tantly, vascular inflaimmation may be the common
pathologic mechanism in which omega-3’s impact all of
these factors.

Epidemiologic data

Several important observational studies have con-
cluded that omega-3 consumption is inversely related
to CVD, especially cardiac death.'®? In a study of
22071 male American physicians, those who consumed
fish once a week had a 52% reduction of sudden cardiac
death compared with those who ate fish less than once a
month (P = .04).?° There was no additional protective
effect for men eating fish in amounts greater than once a
week. Although a reduction in sudden cardiac death and
total mortality was observed, there was no relationship
between omega-3 consumption and myocardial infarc-
tion, nonsudden cardiac death, or CVD mortality. The
Nurses Health Study of 84688 women showed an
inverse relationship between consumption of EPA +
DHA and both fatal and nonfatal CVD events, whereas
ALA intake was only significantly related to a reduction
in fatal CVD events.?! In the MRFIT trial of 12866 men,
dietary intake of both EPA + DHA and ALA was inversely
related to coronary heart disease, all CVD events, and
all-cause mortality.

In the Honolulu Heart Program study of 8006 men, low
fish intake was defined as consumption of fish less than
twice a week and high fish intake as that >2 times a
week.?® There was no difference in the incidence of
coronary heart disease between the cohorts, but this lack
of association may have been secondary to a threshold
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effect. Maximal reduction of sudden cardiac death in the
Physicians Health Study was seen at a fish intake of once
a week. A threshold effect may also explain the lack of
association between fish consumption and coronary
heart disease in the Health Professionals Follow-up
Study,24 Although a 4-fold difference in fish consumption
existed between the highest and lowest quintile of
participants in this study, the mean fish intake in the
lowest quintile was still 1.2 servings/wk.

In addition to dietary intake studies, omega-3 fatty acid
whole blood*” and platelet phospholipid content'® have
been shown to be inversely related to CVD death.

Prospective randomized trials

The impact of omega-3’s on cardiovascular end points
has been evaluated in 4 well-designed secondary
prevention trials. These trials evaluated omega-3’s either
as part of a comprehensive diet plan or as a capsule
supplement, and although these trials differed in many
respects, their findings were consistent and compel-
ling—omega-3’s are effective for secondary prevention
of cardiovascular events.

The DART?® randomized 2033 post-myocardial in-
farction Welsh men to one of the following groups:

(1) sensible eating (placebo); (2) low fat with an
increased polyunsaturated-to-saturated ratio; (3) fatty
fish consumption twice a week or 1.5 g fish oil
capsules/d; (4) increased dietary fiber; or (5) a combi-
nation of the above. At 2 years, there was a 4-fold
increase in EPA intake in the fish advice group (22%
were taking fish oil capsules instead of eating fish).

All-cause mortality and ischemic heart disease events
were not reduced in the high-fiber and low-fat groups.
The group advised to consume fatty fish twice a week
or take fish oil capsules had a 29% (3.5% absolute risk,
P < .05) reduction in all-cause mortality attributable to a
reduction in ischemic deaths, whereas nonfatal ische-
mic heart disease events were not reduced. A survey of
47% of DART participants still living 10 years after the
trial’s conclusion showed no long-term survival benefit
in any of the intervention groups.?” This lack of
sustained benefit may be caused by the substantial
reduction in the difference in fish and fish oil intake
between the intervention and placebo groups observed
during the trial.>’

The Indian Experiment of Infarct Survival 4 trial*®
randomized 360 patients with acute coronary syndrome
to 1 of 3 interventions: (1) placebo; (2) fish oil capsules
(1.8 g/d EPA + DHA); and (3) 20 g/d of mustard oil
(2.9 g/d of ALA). After 1 year, total cardiac events (sudden
cardiac death, nonfatal reinfarction, cardiac death) were
reduced from 34.7% in the placebo group to 28% in the
mustard oil group (P < .01) and to 24.5% in the fish oil
group (P < .01). Statistically significant reductions were
seen in patients in both the fish oil and the mustard oil



American Heart Journal
Volume 151, Number 3

groups for nonfatal infarctions, angina, arrhythmias, heart
failure, and left ventricular hypertrophy. Only patients in
the fish oil group had a statistically significant reduction in
all cardiac deaths when compared with those in the
placebo group.

The Lyon Heart Study®” compared a Mediterranean
ALA-rich diet with a prudent diet in 608 post-myocardial
infarction patients. After an average follow-up of
27 months, the Mediterranean ALA-rich diet group
achieved a 70% reduction in all deaths (P = .02), 76%
reduction in cardiac death (P = .02), and a 73% reduction
in the primary end point of cardiac death and nonfatal
myocardial infarction (P = .001) after multivariant
adjustment. A follow-up assessment at 46 months
revealed continued good compliance with the Mediter-
ranean ALA-rich diet and similar reductions in total
mortality and cardiovascular events.>” Because subjects
in the Mediterranean diet group made multiple dietary
changes, it is not possible to determine if ALA was
specifically responsible for the positive results; none-
theless, it is clear from this study that ALA can be part of a
cardioprotective Mediterranean diet.

The GISSI-Prevenzione trial,>' an open-label design
trial, randomized 11324 post-myocardial infarction
patients to 1 of 4 groups: (1) 1 g/d of fish oil
supplement; (2) 300 mg/d of vitamin E supplement;
(3) both; or (4) neither in addition to intensive post-
myocardial infarction care and good adherence to a
Mediterranean diet with >70% of the participants eating
fish at least once a week. This care did not differ
between the intervention and control groups and data
were collected on 99.9% of participants during the
3.5 years of intervention. The fish oil supplement group
had a 15% reduction in the combined end point of death,
nonfatal myocardial infarction, and nonfatal stroke
(P = .023) when compared with the control group (no
supplement). Analysis of individual end points showed a
20% reduction in death (P < .05), 30% reduction in
cardiovascular deaths (P = .02), and a 45% reduction in
sudden death (P = .01). There was no reduction in
nonfatal cardiovascular events in the fish oil group.
Vitamin E did not impact CVD outcomes in the presence
or absence of fish oil.

All 4 trials report a reduction in secondary cardiac
events with either 1.0 to 1.8 g/d of fish oil capsules/1
serving of fish per day (DART, the Indian Experiment of
Infarct Survival 4 trial, GISSI) or ALA supplementation
(Indian Experiment of Infarct Survival 4 trial, Lyon Heart
Study). Results are similar with fish/fish oil supple-
mented as part of a comprehensive dietary intervention
and as a single intervention (DART), fish oil capsules
alone (GISSI), and ALA as a single intervention (Indian
Experiment of Infarct Survival 4 trial) or as part of a
comprehensive diet plan (Lyon). Of the 4 trials, GISSI
provides the most convincing data because of its large
size (11324), randomized intervention with a controlled
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dose (1 g/d) of fish oil, and 99.9% follow up rate,
although it can be criticized for its open-label design.

Clinical use

In addition to being useful in the secondary preven-
tion of CVD events, a prescription formulation of omega-
3 fatty acids, Omacor, has gained Food and Drug
Administration (FDA) approval as an adjunct to diet to
reduce very high (>500 mg/dL) triglycerides in adults.
Two studies of 4 g/d of Omacor demonstrated a 50%
reduction in triglycerides and a 44.5% increase in low-
density lipoprotein (LDL) cholesterol in 84 adults with
primary hypertriglyceridemia.>* A review of 10 trials
in 606 subjects with primary hypertriglyceridemia
(triglycerides >150 mg/dL and/or total cholesterol
>200 mg/dL) supplemented with 3.4 to 4 g/d of fish oil
for 4 to 16 weeks was notable for a 16% to 45%
reduction in triglycerides in all but one study.*® Total
cholesterol decreased 0% to 9.3%, high-density lipopro-
tein increased 0% to 13%, and changes in LDL ranged
from —11.3% to +32%. Although fish oil may increase
total LDL (at doses >1 g/d), the resultant LDL population
may have an increased particle size that is potentially
less atherogenic than small, dense LDL.>* In normotri-
glyceridemic diabetics, fish oil supplementation mod-
estly lowers triglycerides without any clinically
significant effect on glycemic control. In hypertrigly-
ceridemic diabetics, fish oil supplementation reduces
triglycerides; however, it may increase LDL.>® In three
small studies (n = 41, n = 48, n = 55), fish oil
supplementation has been used as a safe adjunct to
statin therapy to further reduce triglycerides, while
maintaining a reduction in LDL.>*"® The impact of ALA
on triglycerides remains uncertain given that a single
study of 30 adults supplemented with 4.5 g/d of ALA
demonstrated no significant change in a baseline
triglyceride level of 147 mg/dL.>’

Fish oil supplementation at 1 to 2 g/d titratable to 4 g/d
in single or divided doses can be considered for patients
with modest hypertriglyceridemia (200-499 mg/dL)
who do not have a reversible secondary cause of
hypertriglyceridemia and have failed dietary interven-
tion. Periodic monitoring of LDL and triglycerides levels
is prudent until a safe, steady, therapeutic dose is
achieved. Treatment recommendations for severe
hypertriglyceridemia (>500 mg/dL) are beyond the
scope of this article.

Safety

The US Department of Health and Human Services
Agency for Healthcare Research and Quality identified
148 omega-3 fatty acid studies that reported on adverse
events in >20000 subjects,S In summary, gastrointesti-
nal complaints were reported in 6.6% of the subjects
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Table 1. Mercury level in 5 popular fish oil supplements

Supplement brand name Mercury level (pg/L)

(@' 10
Kirkland <é
Nordic Ultimate <6
Omega Brite 12
Sundown <6

Data from Foran et al.#4

Table Il. Omega-3 fatty acid content of select food

Food item EPA DHA ALA
Fish
Caffish Trace 0.2 0.1
Cod Trace 0.1 Trace
Mackerel 0.9 14 0.2
Salmon
Farmed 0.6 1.3 Trace
wild 0.3 1.1 0.3
Canned 0.9 0.8 Trace
Salmon, Chinook 1.0 0.9 Trace
Swordfish 0.1 0.5 0.2
Tuna, Bluefin 0.3 0.9 -
Tuna, Light
Canned in oil Trace 0.1 Trace
Canned in water Trace 0.2 Trace
Tuna, White
Canned in oil Trace 0.2 0.2
Canned in water 0.2 0.6 Trace
Shellfish
Lobster - - -
Mussels 0.2 0.3 Trace
Shrimp 0.3 0.2 Trace
Nuts and seeds
Butternuts - - 8.7
Flaxseed - - 18.1
Walnuts - - 9.1
Plant oils
Canola - - 9.3
Flaxseed - - 53.3

Measurements are expressed in grams per 100 grams (3.5 oz) of food item.
Trace = <0.1; (-) = 0 or no data.

Adapted from the US Department of Health and Human Services.®

taking omega-3’s versus 4.3% in the placebo groups. An
increased incidence of bleeding was not observed, and
only 1 of the 148 studies reviewed reported such an
association in patients randomized to 6 g/d of omega-3.
There are no reported deaths or life-threatening illness
as a consequence of omega-3 consumption, and 77 of
the studies reported no adverse events at all. The
agency concluded that adverse events related to
consumption of fish oil or ALA supplements appear
to be minor. In addition, the FDA has ruled that up
to 3 g/d of EPA + DHA is safe, ¥ although most
data are limited to <6 months. Importantly, caution
should be exercised when applying safety data
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Table 1ll. Summary of American Heart Association
recommendations for omega-3 fatty acid intake

Population Recommendation

Eat a variety of (preferably fatty) fish af least
twice a week. Include food and oils rich in ALA
in your diet.

Consume approximately 1 g of EPA + DHA

(3 g of fish oil) everyday,

preferably from fatty fish. EPA + DHA (fish oil)
supplements could be

considered in consultation with a physician.

Patients without
documented CHD

Patients with
documented CHD

Data from Kris-Etherton et al.?

generated in a clinical research setting to patients in the
general population.

Concerns have been raised regarding potential mer-
cury exposure from fish and fish oil consumption.
However, there have been no cases of mercury poison-
ing related to fish consumption reported in the United
States over the last 35 years. Subclinical neural damage
from chronic exposure to low levels of mercury found in
fish is controversial.*! One observational study reported
subtle neuropsychological changes in children who
had been exposed to high levels of mercury through
frequent maternal consumption of whales (1.6 pg
methyl-mercury/g) during pregnancy./‘l’/12 A similar
study found no adverse effects in children whose
mothers consumed an average of 12 servings of fish
per week that contained average levels of methyl
mercury (0.3 ug/g).“’42

Although the risk posed by mercury exposure through
fish consumption is speculative, the FDA recommends
limiting consumption of fish that are high in mercury
(>1 ppm or approximately 1 pg/g) to one serving (7 0z)
per week.*® Because the fetal brain is more susceptible
than the adult brain to mercury-induced damage, the
FDA and the Environmental Protection Agency recom-
mend that pregnant women, nursing mothers, and
young children avoid eating fish with high mercury
content. The FDA maintains a web page (http://www.
cfsan.fda.gov) that currently lists shark, swordfish,
king mackerel, and tilefish as having a high mercury
content. With the exception of Omacor, available by
prescription, the FDA does not regulate fish oil supple-
ments, and, at the time of this review, we were able to
identify only one peer-reviewed English language study
that had evaluated fish oil supplements for mercury
content. This study examined 5 popular fish oil supple-
ments: 3 were found to have undetectable levels of
mercury (<6 ug/L) and 2 had levels between 10 and
12 pg/L of mercury by cold vapor atomic absorption
spectroscopy (Table D.* This level of mercury is
considered negligible.


http://www.cfsan.fda.gov
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Several cohort and case-control studies evaluating the
relationship between omega-3’s and prostate cancer
have been conducted with varying results. A meta-
analysis combining the results of 4 cohort and 5 case-
control studies concluded that high intake of ALA is
associated with an increased risk of prostate cancer
(relative risk 1.70, 95% CI 1.12—2.58)./‘S The authors note
that the studies were quite heterogeneous, with only 1
of the 4 prospective cohort trials and 3 of the 5 case-
control studies showing a statistically significant positive
association to prostate cancer. To date, null and inverse
associations between EPA + DHA and prostate cancer
have been reported.“’46

Conclusion

Omega-3’s are a unique group of polyunsaturated fats
that can be found most abundantly in fatty fish, flaxseed,
walnuts, soy, and canola oil (Table II). The metabolism
of omega-3’s from fish (EPA + DHA) and vegetables
(ALA) results in the production of the same eicosanoids
(thromboxane, leukotrienes, prostaglandins); however,
it is unclear as to what extent ALA is metabolized into
these eicosanoids and if this metabolism is directly
related to its effect on CVD. It does seem clear from the
4 prospective randomized trials outlined above that
both fish and plant sources of omega-3’s can favorably
impact cardiovascular health. The impact of omega-3’s is
most consistently related to the use of fish oil. Although
data on reduction in cardiovascular events with plant
sources of omega-3’s (ALA) exist, the number of subjects
studied in the Indian Experiment of Infarct Survival
4 was small and ALA supplementation was part of
multiple dietary interventions in the Lyon Heart Study.
Clearly, a prospective randomized controlled trial,
similar to GISSI, with ALA would be very valuable.
Strong cohort trial data exist for the primary prevention
of cardiovascular events with omega-3’s (EPA, DHA,
ALA), but no prospective randomized controlled trial
has adequately evaluated the effect of omega-3 fatty
acids on the primary prevention of CVD. To date, no
serious adverse effects of omega-3’s have been identified
despite trial data on 20000 subjects. Potential harm
from mercury exposure can be avoided with prudent
fish and fish oil supplement selection. Data on the
association between ALA and prostate cancer are
inconsistent and limited to case-control and cohort
trials. Given this concern, if omega-3 supplementation is
going to be implemented in men, fish oil may be a more
prudent choice than ALA.

It is recommended that patients with known CVD
consume one serving (200-400 g) of fatty fish (Table II)
or 1 g/d of fish oil supplement and maintain a healthy
diet that is rich in ALA (Table ID. Patients with a CVD
risk equivalent (diabetes, peripheral vascular disease,
etc) should consider consumption of a single serving of
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fatty fish or 1 g/d of fish oil supplement and eat a healthy
diet rich in ALA. Fish oil supplements may be particu-
larly helpful in patients with known CVD or CVD risk
equivalents and hypertriglyceridemia. For patients
without known CVD, a single serving of fatty fish
approximately once or twice a week and a diet rich in
ALA should be encouraged. It is prudent to avoid fish
that contain high levels of mercury as defined by the
FDA. These recommendations are in agreement with
the American Heart Association’s scientific statement
(Table III).
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