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Clinical trials continue to produce conflicting results on the effectiveness of

fish oils for the primary and secondary prevention of coronary heart disease.

Despite many large, well-performed studies, questions still remain, made even

more complex by the addition of early revascularization and statins in our

coronary heart disease armamentarium. This is complicated by the reality that

fish oil production has a measureable impact on reducing fish populations,

which in turn has a negative impact on creating a sustainable product. We review

the current data for fish oil usage in the primary and secondary prevention of

coronary heart disease with an eye toward future studies, and the effects fish oil

production has on the environment and efforts that are currently under way to

mitigate these effects. (Am J Public Health. 2013;103:1568–1576. doi:10.2105/

AJPH.2012.300959)

For the past 70 years, clinicians have been
interested in the possible benefits of fish oils for
the prevention of coronary heart disease
(CHD). Historical cohort evidence suggests that
a diet high in fish oils, composed of x3 poly-
unsaturated fatty acids (x3-PUFAs), can pre-
vent CHD; however, the randomized placebo-
controlled trials have produced mixed results.1

In this review, we provide an overview of the
current data for fish oil’s efficacy in the primary
and secondary prevention of CHD with a dis-
cussion of the effects that production of fish oil
has on the environment.

FISH OIL STRUCTURE, BIOLOGY,
AND DOSING

Neither fish nor humans can produce ade-
quate amounts of x3-PUFAs; therefore, both
must ingest them from the environment. Fatty
acids are chains of 4 to 28 carbons ending in
a carboxylic acid. Fatty acids are saturated when
each carbon is attached to the maximum num-
ber of possible hydrogen atoms, whereas un-
saturated fatty acids contain at least 1 carbon---
carbon double bond. Polyunsaturated fatty
acids contain at least 2 double bonds, the prefix
x3 indicating that the first double bond is
located 3 bonds in from the initial methyl group.
There are 3 major x3-PUFAs: a-linolenic acid
(ALA), eicosapentaenoic acid (EPA), and doco-
sahexaenoic acid (DHA). Found in vegetable
sources including linseed oil, soybean oil, and
flaxseed oil, ALA can be desaturated to EPA and
further converted to DHA. However, the

conversion rate is poor, and in humans only 5%
of the ALA can be converted to DHA. Fish
primarily receive DHA and EPA by ingesting
marine algae2 and the amount of EPA and DHA
found in a particular fish varies depending on
the environment of the fish and the types of
algae consumed. Oily fish, including salmon,
herring, and mackerel, contain the highest levels
of combined DHA and EPA.3

The mechanisms of action of fish oils is
beyond the scope of this paper, but they have
been shown to have a broad range of biological
effects including decreasing platelet aggrega-
tion,4 stabilizing plaques and reducing ath-
erosclerosis,5 decreasing triglycerides,6 and
electrically stabilizing cardiac myocytes.7 Cur-
rently, it is unknown which of the primary
x3-PUFAs—DHA, EPA, or, to a lesser extent,
ALA—is most important for the prevention of
CHD, or what is the correct dosing and ratio
of these fatty acids to include in modern fish-oil
preparations. Given this uncertainty, there is
much heterogeneity in trial data with regard to
dosing and optimal ratios of x3-PUFAs in fish
oil supplements.

We focused on the trials that used EPA and
DHA as opposed to ALA, as there is more
evidence for the former compared with the
latter. Many trials use a “standard preparation”
of variable multiples of 1-gram capsules of fish
oil that each contains approximately 465 mil-
ligrams of EPA and 375 milligrams of DHA.
Although these capsules only contain about
840 milligrams combined EPA and DHA, they
are marketed as 1-gram capsules. In this article,

all doses are given in terms of actual EPA and
DHA content. Over-the-counter fish-oil prepa-
rations have highly variable quantities of EPA
and DHA, commonly 300 milligrams or 500
milligrams per capsule, and thus, on average,
contain much less EPA and DHA than
prescription-dose fish-oil capsules.

FISH OILS FOR THE PRIMARY
PREVENTION OF CORONARY
HEART DISEASE

The landmark proposition by Bang et al. that
Greenland Eskimos’ diet of whale, seal, and fish
was responsible for their lower rate of CHD
compared with age-matched Dane counter-
parts, despite the Greenland Eskimos having
a diet lower in fruits and vegetables and higher
in saturated fats and cholesterol,8,9 has set off
our modern-day trials of fish oil usage in the
human population for prevention of CHD. The
proposition that fish oil has a protective effect
against CHD has been confirmed by many
epidemiological cohort studies, including
a meta-analysis of more than 222 350 patients
from multiple countries, including England,
Finland, Denmark, the Netherlands, Italy,
China, and the United States10---22 when they
compared fish consumption in the highest to
lowest quartiles of cohort data (Figure 1).
However, some of the largest studies had no
significant test of trend or were statistically
significant only in certain high-risk populations.
It has also been shown that patients who eat
fish oil tend to have healthier lifestyles with
fewer cardiovascular disease (CVD) risk factors
in general, thus confounding their dietary pre-
ventive effect.23

In spite of these methodological issues, the
American Heart Association and American
College of Cardiology recommended in 2002
that patients without documented CHD “eat
a variety of (preferably oily) fish at least twice
a week,”24(p2755) which is equivalent to about
400 to 500 milligrams of EPA+DHA per day.
In those with documented CHD, they recom-
mend to “consume;1g of EPA+DHA per day,
preferably from oily fish.”24(p2755) The 2010
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Dietary Guidelines for Americans recently
published by the US Department of Agriculture
are in line with these statements, recommend-
ing consumption of “250 milligrams per day
[equivalent to ;8 ounces of fish per week] of
long-chain n-3 fatty acids [x3-PUFAs] . . . in
persons with and without CVD.”25(p413) How-
ever, the evidence cited in making this recom-
mendation is heavily weighted toward pro-
spective cohort trial data and secondary
prevention randomized placebo-controlled tri-
als. The 4 primary prevention randomized
trials reviewed in the guidelines consisted of
only 33 to 48 participants, making it difficult to
determine the effect fish oil consumption may
have on the population at large.

The only major randomized placebo-
controlled prospective trial on primary preven-
tion of CHD by fish oil consumption, the Japan
EPA Lipid Intervention Study (JELIS) trial26 is
at odds with the cohort and small, randomized
trials mentioned previously. In the JELIS trial,
14981 hyperlipidemic (cholesterol > 250mg/dL)
Japanese participants without evidence of CHD
were randomized to 1800 milligrams of highly
purified EPA plus statin versus statin alone.
At 4.6 years the primary prevention arm had

a nonsignificant 18% decrease in the combined
primary endpoint of any major coronary event
(hazard ratio [HR] = 0.82; 95% confidence
interval [CI] = 0.62, 1.06; P= .132), defined as
sudden cardiac death, fatal and nonfatal myo-
cardial infarction (MI), unstable angina pectoris,
angioplasty, stenting, or coronary artery bypass
grafting, with nonsignificant decreases in all
major CHD outcomes (Figure 2a). If these
numbers had been statistically significant, the
number needed to treat (NNT) to prevent 1
major coronary event would have been 321
participants. It has been suggested that the
potential reasons for nonsignificance were (1)
the low event rate in the study population over
5 years prevented the study from reaching
statistical significance, and (2) the trial was
performed in a Japanese population already
known to consume a large amount of
x3-PUFAs in general, thus dampening the
possible protective effects of adding additional
EPA to their diet.26 The approximate 3.5%
CHD event rate over 10 years in the primary
prevention arm would place the average par-
ticipant at low risk by the National Cholesterol
Education Program Adult Treatment Panel III
criteria, but undoubtedly many such people are

consuming fish oils, which at least in this study
had no effect on lowering moderately elevated
cholesterol levels or CHD events when com-
bined with a statin.

The many subanalyses of JELIS deserve
mention, given that JELIS is the only large
randomized placebo-controlled trial of
x3-PUFAs for the primary prevention of CHD.
In one subanalysis of primary care participants
in JELIS,27 it was shown that participants who
had triglycerides greater than 150 milligrams
per deciliter and high-density lipoprotein less
than 40 milligrams per deciliter (n = 957) and
consumed x3-PUFAs had a significant decrease
in major coronary events (HR= 0.47; 95%
CI = 0.23, 0.98; P= .043) compared with con-
trols (Figure 2b) suggesting a potential beneficial
effect of x3-PUFAs for primary prevention of
major coronary events in patients taking a statin
who have hypertriglyceridemia and low high-
density lipoprotein. This preventive effect was
similar to the preventive benefits of fenofibrate
160 milligrams versus placebo when added to
statins in the Action to Control Cardiovascular
Risk in Diabetes-Lipids trial in diabetic partici-
pants. There was a decrease in the primary
endpoint of nonfatal MI, stroke, or

Note. RR = relative risk. Squares indicate adjusted RR in each study. Size of the square is proportional to the percentage weight of each study in the meta-analysis; horizontal line represents 95%

confidence interval. Studies are ordered by year of publication. The shaded diamond indicates meta-analysis data demonstrating that the risk of cardiac heart disease mortality (e.g., death from

arrhythmia, myocardial infarction) in a group of patients that eat fish once a week is 15% less (0.85; 95% confidence interval [CI] = 0.76, 0.96) than in a group of patients who eat fish less than

once a month. The unshaded diamond indicates pooled RR and 95% CI.

Source. He et al.10

FIGURE 1—Pooled estimates of coronary heart disease mortality rates for fish consumption once per week vs less than once per month.
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cardiovascular death only in those with triglyc-
erides greater than or equal to 204 milligrams
per deciliter and high-density lipoprotein cho-
lesterol less than or equal to 34 milligrams per
deciliter, suggesting that the primary preventive
effects of fish oils added to statins may only be
seen in severely dyslipidemic participants.29

In another subanalysis28 of the entire cohort
of JELIS participants, including participants
both with and without CHD at baseline, those
patients who had impaired glucose metabolism,
defined as fasting glucose 110 milligrams per
deciliter or higher, physician-diagnosed diabe-
tes, or those on diabetic medications had
significantly reduced major coronary events
compared with their non---impaired glucose
metabolism counterparts (HR = 0.78; 95%
CI = 0.60, 0.998; P = .048; Figure 2c). This
finding was further explored in the recently
published Outcome Reduction With Initial
Glargine Intervention (ORIGIN) trial.30 In the
ORIGIN trial, 12 536 patients at high risk for
cardiovascular events, defined as presence of
impaired glucose tolerance, impaired glucose
metabolism, diabetes, or history of MI, stroke,
or revascularization were randomized to 840
milligrams EPA+DHA versus placebo. At 6.2
years there was no significant difference be-
tween the groups in either the primary out-
come of death from any cardiovascular cause
(HR = 0.98; 95% CI = 0.87, 1.10; P= .72) or
any of the secondary outcomes of MI, stroke,
death from cardiovascular cause, death from
any cause, or death from arrhythmia. Given
that the ORIGIN trial, like the impaired glucose
metabolism patient subanalysis of JELIS, in-
cludes both primary and secondary prevention
patients, it is difficult to definitively conclude
that high-risk patients in a purely primary
prevention population stand to benefit from
fish oil intake. However, the fact that it iden-
tifies and does not find a benefit for patients
deemed at highest risk for CVD strongly
suggests that with modern therapies, there is
likely little evidence for the use of fish oil in
purely primary prevention populations.

Given these variable findings, 3 large pri-
mary prevention, double-blinded, placebo-
controlled randomized trials have been funded
and are ongoing. The Rischio and Prevenzione
(Risk and Prevention [R&P]) trial started in
2004 is randomizing 12 513 patients at high
risk for CVD but without evidence of MI to 840

Note. IGM = impaired glucose metabolism; NG = normoglycemia. Hazard ratios were (a) 0.82 (95% confidence interval [CI] =

0.63, 1.06; P = .132), (b) 0.47 (95% CI = 0.23, 0.98; P = .043), and (c) 0.78 (95% CI = 0.60, 0.998; P = .048) for IGM and

0.82 (95% CI = 0.66, 1.01; P = .062) for NG.

Source. Yokoyama et al.26-28

FIGURE 2—Effects of eicosapentaenoic acid treatment on the incidence of major coronary

events for (a) the primary prevention total population, (b) the primary prevention high

triglyceride and low high-density lipoprotein subgroup, and (c) the primary and secondary

prevention impaired glucose metabolism subgroups: the Japan EPA Intervention Lipid Study.
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milligrams EPA+DHA versus placebo
(NTC00317707). A Study of Cardiovascular
Events iN Diabetes (ASCEND) trial, started in
2005 and run by the University of Oxford, is
a 2-way stratified trial of 10 000 diabetic
participants aged 40 years or older without
vascular disease randomized to both or either
840 milligrams EPA+DHA and 100 milli-
grams aspirin versus placebo (NCT00135226).
The Vitamin D and �-3 (VITAL) trial, started
in 2010 and run by Brigham and Women’s
Hospital, is another 2-way stratified trial of
20 000 older participants (men older than
60 years, women older than 65 years)
randomized to either or both 840 milli-
grams EPA+DHA and vitamin D3 2000
international units versus placebo
(NCT01653678). All of these trials will
examine primary prevention of CVD and
the third also includes primary prevention
of cancer.

FISH OILS FOR THE SECONDARY
PREVENTION OF CORONARY
HEART DISEASE

Secondary prevention has been the major
focus of most large prospective trials on fish
oil (Tables 1 and 2). The first major trial to

examine the effects of fish oil intake on CHD
prevention was the Diet and Reinfarction
(DART) trial,31 which randomized 2033
post-MI participants to receive dietary advice on
fish-oil consumption versus no dietary advice.
Participants advised to increase fish-oil con-
sumption to 2500 milligrams EPA weekly had
a significantly decreased mortality reduction at
2 years of 29% (HR= 0.71; CI = 0.54, 0.93;
P< .05); this was especially pronounced in the
group that consumed fish-oil capsules as their
form of fish-oil intake. Several years later,
a follow-up study, DART-235 randomized 3114
men with angina to dietary fish or capsular fish
oil intake versus nonspecific dietary advice
and showed that the fish-oil intake group had an
increased risk of cardiac mortality (HR=1.26;
95% CI =1.00, 1.58; P= .047). This study has
been criticized for its poor execution (there were
very few baseline characteristics and compli-
ance was only checked in 2% of the study
population),39 but the difference in study out-
comes seen within the same population exem-
plifies the confusion surrounding fish oil.

The initial conclusions reached by DART
were first tested by Singh32 in 1997 in a small
trial of 240 post-MI participants randomized to
1200 milligrams EPA+DHA versus placebo.
Treated participants had nonsignificant

differences in individual cardiac endpoints but
a significant reduction in aggregate cardiovas-
cular outcomes, defined as sudden cardiac
death, cardiac death, and nonfatal reinfarction
(relative risk [RR] = 0.70; 95% CI = 0.29,
0.90; P< .05). These results were confirmed in
the largest secondary prevention trial, the
Gruppo Italiano per lo Studio della Sopravvi-
venza nell’Infarto Miocardico (Italian Group for
the Study of Myocardial Infarction Survival
[GISSI-Prevenzione]) trial,33 which random-
ized 11 323 post-MI participants to 840 milli-
grams EPA+DHA versus usual care with
a combined primary endpoint of death, non-
fatal MI, and stroke. At 3.5 years, the treatment
arm had a nonsignificant 10% decrease in the
combined endpoint with a statistically signifi-
cant 14% reduction in total mortality (HR =
0.86; 95% CI = 0.76, 0.98; P< .05; NNT =
78; Figure 3a).

Multiple subanalyses40 have shown that
this decreased cardiovascular and total mor-
tality was largely secondary to a 45% de-
crease in sudden cardiac death, and that this
effect was most pronounced and had the
largest impact within 4 months of the MI.
Almost all of the mortality benefit occurred
within the first year after the MI (Figure 3b).
This outcome led many observers to conclude

TABLE 1—Summary of Major Randomized Placebo-Controlled Secondary Prevention Trials Examining the Effect of Fish or x3-PUFA
Intake on Various Cardiovascular Endpoints

Study and Outcomes Patient Population x3-PUFA Intake Control

DART31 2033 nondiabetic male participants < 70 y randomized

at a mean of 41d after MI

Fatty fish intake of 2 portions/wk

(350 mg EPA+DHA/d)

No dietary advice

Singh32 240 participants randomized within 24 h after MI 1200 mg EPA+DHA Non-oil placebo

GISSI-Prevenzione33 11 324 participants randomized at a mean of 16 d after

MI (all within 3 mo) to x3-PUFA, x3-PUFA + vitamin E,

vitamin E, or none

840 mg EPA+DHA Usual care (statins not standard

of care at time of trial)

Nilsen34 300 participants randomized 4–8 d post-MI 3360 mg EPA+DHA Corn oil

DART-235 3114 male participants with clinical angina < 70 y Fatty fish intake of 2/wk (350 mg

EPA+DHA/d), fruit intake, or fish

intake + fruit intake

Nonspecific dietary advice

JELIS26 3664 participants with known CHD £ 75 y 1800 mg EPA None

GISSI-HF36 6975 participants with NYHA Class II–IV CHF 840 mg EPA+DHA Non-oil placebo

OMEGA37 3851 participants randomized 3–14 d post-MI 840 mg EPA+DHA Olive oil

a-OMEGA38 4837 participants 60–80 y with MI within 10 y 400 mg EPA+DHA Unsupplemented margarine

Note. CHD = coronary heart disease; CHF = congestive heart failure; DART = Diet and Reinfarction Trial; DHA = docosahexaenoic acid; EPA = eicosapentaenoic acid; GISSI-HF = Gruppo Italiano per lo
Studio della Sopravvivenza nell’Infarto Miocardico (Italian Group for the Study of Myocardial Infarction Survival) trial; HF = heart failure; JELIS = Japan EPA Intervention Lipid Study; MI = myocardial
infarction; NYHA = New York Heart Association; x3-PUFA =x3 polyunsaturated fatty acid.
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that the cardiovascular beneficial effects of
fish oil after MI are not caused by the hypo-
lipidemic effects per se, but rather by the
antiarrhythmic effects.

The antiarrhythmic effects of fish oils are
likely secondary to alteration of transmem-
brane ionic channels induced by the x3-PUFAs
themselves. It has been shown that myocytes

bathed in EPA have decreased resting mem-
brane potential, delayed firing after repetitive
electrical stimuli, and decreased spontaneous
firing, all of which may reduce arrhythmias
induced by an ischemic state.7 Clinical trials
exploring this antiarrhythmic effect are beyond
the scope of this review, but, in short, 3 large
trials41-43 of participants with implantable
cardiac defibrillators randomized to fish oil
versus placebo with a primary endpoint of rate
of fatal arrhythmias have shown mixed results
confirmed by a meta-analysis demonstrating
significant heterogeneity in the studies.44 Sim-
ilarly, 3 trials involving fish oil for the pre-
vention of adverse outcomes of atrial fibrilla-
tion also exhibit mixed results.45-47 Most
recently in late 2010, a study of 663 partici-
pants with paroxysmal or persistent atrial
fibrillation in normal sinus rhythm randomized
to 3360 milligrams EPA+DHA versus placebo
demonstrated no reduction in recurrence of
atrial fibrillation (HR =1.22; 95% CI = 0.98,
1.52; P= .08).48

Other subanalyses of GISSI-Prevenzione49

have demonstrated that participants with an
ejection fraction less than or equal to 50% had
much higher rates of mortality and sudden
cardiac death than participants with an ejection
fraction greater than 50% (12.3% vs 6.0%;
3.4% vs 1.4%). In the participants with lower
ejection fractions, fish oils provided no differ-
ential mortality benefit but did tend to prefer-
entially reduce sudden cardiac death compared
with those with higher ejection fractions (RR =
0.42 vs 0.89; P= .07). This has been further
studied in the GISSI-Heart Failure (HF) study36

(not to be confused with the GISSI-Prevenzione
study), which randomized 6975 participants
with class II---IV heart failure (irrespective of
etiology) to 840 milligrams EPA+DHA, rosu-
vastatin 10 milligrams, both, or double placebo
for 3.9 years. Secondary outcomes showed
a small but significant decrease in all-cause
mortality from 29% to 27% (HR = 0.91; 95%
CI = 0.833, 0.998; P= .041; NNT = 56) in the
fish oil---treated group. Interestingly, the
GISSI-HF trial was not able to replicate the
initial GISSI---Prevenzione fish oil effect of re-
ducing sudden cardiac death, which was
thought to be its main mechanism of mortality
prevention. It is now thought that fish oil’s
benefits on the failing heart are secondary to its
ability to inhibit cardiac remodeling,50,51which

TABLE 2—Results From Major Randomized Placebo-Controlled Secondary Prevention Trials

Examining the Effect of Fish or x3-PUFA Intake on Various Cardiovascular Endpoints

Results (All Adjusted)

Study and Outcomes RR (95% CI) P

DART31

Total mortality 0.71 (0.54, 0.93) <.05

CHD mortality 0.67 (NA) <.01

Nonfatal MI 1.48 (NA) >.05

CHD deaths + nonfatal MI 0.84 (0.66, 1.07) >.05

Singh32

Cardiac mortality 0.52 (0.22, 1.21)

Sudden death 0.24 (0.03, 2.0)

Nonfatal MI 0.51 (0.23, 1.28)

All cardiac events 0.70 (0.29, 0.90)

GISSI-Prevenzione33

Total mortality 0.86 (0.76, 0.98); 0.80 (0.67, 0.94)a

CVD mortality 0.83 (0.71, 0.97); 0.70 (0.56, 0.87)a

Cardiac mortality 0.78 (0.65, 0.92); 0.65 (0.51, 0.82)a

CHD mortality 0.80 (0.67, 0.96); 0.65 (0.51, 0.84)a

Sudden cardiac death 0.74 (0.58, 0.93); 0.55 (0.40, 0.76)a

Stroke 1.21 (0.91, 1.63); 1.30 (0.87, 1.96)a

Nonfatal CV event 0.98 (0.83, 1.15); 0.96 (0.76, 1.21)a

CHD deaths + nonfatal MI 0.87 (0.76, 0.99); 0.75 (0.62, 0.90)a

Nilsen34

Total mortality 1.02 (0.44, 2.36)

Cardiac mortality 1.02 (0.38, 2.71)

Nonfatal CV event 1.30 (0.81, 2.08)

DART-235

Total mortality 1.15 (0.96, 1.36)b .13

Cardiac mortality 1.26 (1.00, 1.58)b .047

Sudden death 1.54 (1.06, 2.23)b .025

JELIS26

CHD mortality 0.87 (0.46, 1.64) .67

Sudden cardiac death 1.02 (0.47, 2.19) .97

Nonfatal MI 0.70 (0.42, 1.14) .15

CHD death + nonfatal MI 0.75 (0.47, 1.19) .22

Major coronary event 0.81 (0.66, 1.00) .048

GISSI-HF36

Total mortality 0.91 (0.83, 0.998) .041

CVD mortality 0.90 (0.81, 0.99) .045

Sudden cardiac death 0.93 (0.79, 1.08) .333

Stroke 1.16 (0.89, 1.51) .271

CHF admission 0.94 (0.86, 1.02) .147

CHD deaths + nonfatal MI 0.82 (0.63, 1.06) .121

Continued
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has also just been demonstrated clinically52

and may soon prove to be an effective therapy
for patients with congestive heart failure.

Although much important information has
been gained from GISSI-Prevenzione, much has
changed in modern post-MI care since the
original publication. Early revascularization and

statins have become more commonplace and
the apparent benefit of fish oil for the secondary
prevention of CHD has become less clear. In
2001, Nilsen et al. were the first to demonstrate
this lack of efficacy for fish oils for modern
post-MI patients when they randomized 300
recently post-MI participants to high-dose fish oil

supplementation consisting of 3360 milligrams
EPA+DHA for 1.5 years with a primary end-
point of lipid profile and all cardiac events
(defined as cardiac death, resuscitation, recur-
rent MI, and unstable angina).34 Despite an
improved lipid profile, there was no difference
in mortality or cardiac events.

In the JELIS trial27 mentioned previously,
a secondary prevention arm comprising 3664
participants with hyperlipidemia (total choles-
terol > 250 mg/dL) and known CHD (but not
specifically with a recent MI) were randomized
to 1800milligrams EPA plus statin versus statin
alone with a primary endpoint of any major
coronary event. These secondary prevention
participants had a significant 19% decrease in
major coronary events (RR = 0.81; 95% CI =
0.66, 1.00; P= .048; NNT=50) becoming
apparent at 3 years in this 4.6-year trial, but no
significant changes in any individual cardiac
endpoints, including sudden cardiac death.

More recently, in 2009, the results of the
German OMEGA trial became known. In the
OMEGA trial,53,54,37 3851 recently post-MI
participants were randomized to 840 milli-
grams EPA+DHA versus placebo for 12
months with a primary outcome of sudden
cardiac death. Not only was there no significant
difference between the 2 groups (RR = 0.98;
P= .84), but in the secondary outcomes mea-
sured including all major mortality and car-
diovascular endpoints, there were also no

TABLE 2—Continued

Results (All Adjusted)

Study and Outcomes RR (95% CI) P

OMEGA37

Total mortality 1.24 (NA) .18

Cardiac mortality 1.29 (NA) .16

CHD event 1.09 (NA) .63

Stroke 2.00 (NA) .07

Sudden cardiac death 0.98 (NA) .84

Total mortality + CHD event + stroke 1.18 (NA) .1

a-OMEGA38

Total mortality 1.01 (0.82, 1.24) .92

CVD mortality 0.98 (0.72, 1.33) .89

CHD mortality 0.95 (0.68, 1.32) .75

Sudden cardiac death 0.90 (0.65, 1.26) .55

CHD deaths + nonfatal MI 1.01 (0.87, 1.17) .93

Note. CHD = coronary heart disease; CHF = congestive heart failure; CI = confidence interval; CV = cardiovascular; CVD =
cardiovascular disease; DART = Diet and Reinfarction Trial; GISSI = Gruppo Italiano per lo Studio della Sopravvivenza
nell’Infarto Miocardico (Italian Group for the Study of Myocardial Infarction Survival) trial; HF = heart failure; JELIS = Japan
EPA Intervention Lipid Study; MI = myocardial infarction; NA = not available; x3-PUFA =x3 polyunsaturated fatty acid; RR =
relative risk.
a2-way analysis; 4-way analysis.
b2-way analysis of results for fish-intake groups.

Note. x3-PUFA =x3 polyunsaturated fatty acid; CI = confidence interval; HR = hazard ratio.
Source. Marchioli et al.40

FIGURE 3—Total mortality and sudden death at 1 year: Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto Miocardico (Italian Group for

the Study of Myocardial Infarction Survival–Prevenzione trial).
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significant differences observed with a trend
toward increased risks in the fish oil---treated
group. Most recently, in 2010, the Dutch
a-OMEGA trial (not to be confused with the
OMEGA trial)38 showed that in 4837 partici-
pants with known CHD randomized to either
400 milligrams EPA+DHA versus placebo for
3.3 years with a primary endpoint of fatal and
nonfatal cardiovascular events there was
a nonsignificant increase of events in the fish
oil---treated group.

The JELIS, OMEGA, and a-OMEGA partici-
pants were aggressively treated with all modern
post-MI therapies including aspirin, b-blockers,
clopidogrel, angiotensin-converting enzyme in-
hibitors, statins, and early revascularization,
which were not all in complete usage at the time
of GISSI---Prevenzione. Because early revascu-
larization and statins decrease ischemic time and
fatal arrhythmias,55 these studies suggest that
any mortality and sudden cardiac death de-
creases seen in GISSI---Prevenzione caused by
fatal arrhythmias that were previously inhibited
by fish oil are now negated by early revascular-
ization and statins in modern post-MI care. This
is demonstrated in the data by comparing the
3-year CVD rate of GISSI---Prevenzione versus
a-OMEGA (5.6% vs 3.3%), suggestive of the
benefit of modern post-MI care. Given that the
effect of fish oil on prevention of sudden cardiac
death was seen within 4 months of the MI in
GISSI---Prevenzione, presumably the JELIS,
OMEGA, and a-OMEGA trials would have been
able to detect this difference in trial lengths of
4.6, 1, and 3.3 years, respectively. Unexplained
by this data, however, is why the JELIS partici-
pants that only had a history of CHD but not
a recent MI received a benefit from fish oil.
Three explanations are likely: (1) the higher EPA
dose of 1800milligrams in JELIS compared with
the lower doses of 400 milligrams and 840
milligrams EPA+DHA in the a-OMEGA and
OMEGA trials may have been a factor, (2) the
longer study time in JELIS may have made
clinically relevant endpoints easier to attain, and
(3) the benefits that OMEGA participants re-
ceived from immediate modern post-MI care
may have negated any benefits that would have
been received from fish oil for chronic CHD,
thus making it difficult to show a beneficial effect
in recently post-MI participants.

In summary, these new studies suggest that
the use of fish oils for the prevention of CHD in

post-MI patients who have benefited from
revascularization and modern post-MI care is
ineffective. However, for secondary prevention
of CHD in patients with a history of chronic
CHD, not in the setting of a recent MI, fish oil
may be effective but at much higher doses than
currently recommended.

FISH OILS AND THE ENVIRONMENT

At the same time that interest in the beneficial
health effects of fish oil has been increasing
within the scientific community and the general
public, concern has grown over the status of
the world’s fish populations. In the 1950s, as
fishing techniques became more sophisticated,
worldwide fish catches began increasing rapidly.
However, global catches leveled off in the
1990s and appear to have been on the decline
since 1995.56,57 These trends are not caused by
decreased fishing efforts per se, but rather by
a startling reduction in global fish populations.

In 2005, it was estimated that 25% of the
world’s fish stocks were underexploited or
moderately exploited, 50% were fully exploited
and close to the maximum sustainable limits,
and 25% were overexploited or completely
depleted.58 These troubling trends are caused
both by overfishing and by degradation of
marine habitats.56 Aquaculture (fish farming)
has been unable to make up for the decreasing
availability of wild fish stock. In fact, because
most fish farms raise carnivorous fish fed on
diets of smaller fish in a ratio of 3-to-1 fish-fed to
fish-produced, fish farming likely exacerbates
the problem.59 It has been estimated that if the
amounts of low-dose EPA+DHA suggested by
various government organizations are followed,
the world fish population may eventually col-
lapse by midcentury.60---63

These predictions may worsen now that the
newest clinical trials have not shown a benefit
for low-dose fish oil supplementation in either
primary or secondary prevention. The approx-
imately 6-fold higher doses of 1800 milligrams
EPA per day required by JELIS for the second-
ary prevention of CHD will likely be an enor-
mous burden on the world’s fish population.
Complex equations with multiple variables are
needed to estimate this burden. As a simplistic
illustration of the effect on fish populations,
assuming that 1800 milligrams of combined
EPA+DHA per day is equivalent in efficacy to

the 1800 milligrams EPA per day it required in
JELIS to prevent 1 major coronary event, it
would take, at a minimum, 50 patients eating 3
ounces (85 g) of farmed salmon per day (farmed
salmon fed with marine feed being the highest
EPA+DHA-containing fish)25,64,65 for 4.6
years, which, at an average weight of 4 kilo-
grams per farmed salmon,66 would be equal to
roughly 1750 fish. Patients could also choose to
consume the equivalent amount of fish oil—
which requires the same amount of fish to
create, if not more given the current EPA+DHA
content of fish used in modern fish oil prepara-
tions.67 Given that each kilogram of farmed
fish requires harvesting 2.5 to 5 kilograms of
raw fish feed,59,60 the numbers become quite
staggering. Fish intake that is not of high EPA
content, such as halibut, cod, and haddock, can
bring the amount of fish required to prevent 1
coronary event to greater than 20 000.

Even larger numbers are reached when one
considers fish oil for the unproven primary
prevention of CHD, which, if it had been
statistically significant in JELIS, would have
required a NNT of 321 as opposed to the NNT
of 50 for secondary prevention. This scenario
conservatively represents ingestion of more
than 10 000 fish of high EPA content to pre-
vent 1 event in a primary prevention popula-
tion, and reaches more than 100 000 fish
when eating fish of low EPA content. The
planet’s fish population is unlikely to survive
this kind of consumption and will deprive
many parts of the world an important source of
protein, as well as a source of dietary pleasure.

Harvesting marine algae for EPA and DHA
and yeast for EPA alone have been suggested
as a potential solution to overfishing and as
a sustainable alternative to fish farming. Al-
though marine algae contain a relatively low
level of total lipids, their levels of EPA and
DHA are higher than those in terrestrial
plants.68 The feasibility of cultivating marine
algae and yeast on a large scale is currently
being explored and may prove to be a viable,
environmentally sound, mercury-free, option
for x3-PUFA production.

CONCLUSIONS

Although there is moderate evidence that
high-dose fish oils given for many years can
benefit populations having previously
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experienced an ischemic coronary event,
newer trials are demonstrating a marked lack
of benefit for patients given low-dose fish oil or
in those who have received immediate modern
post-MI care. This is in stark contrast to the
results of previous trials on fish oil and is likely
secondary to the beneficial effects of statins and
early revascularization for post-MI patients.

In addition, the evidence for fish oil as
a primary prevention treatment against CHD is
currently unconvincing. Although the JELIS
data are suggestive that there may be a role for
high-dose fish oil in primary prevention for
those with severe dyslipidemia, the ORIGIN
trial strongly suggests that those at highest risk
do not receive any benefit when taking modern
therapies. The R&P, ASCEND, and VITAL
trials exploring these discrepancies are still
under way and this question will remain
unanswered at least until the results of those
trials are known.

Because our current dietary guidelines from
the American Heart Association and American
College of Cardiology were written in 2002,
before the routine usage of statins and early
revascularization in clinical trials using fish oil, it
is prudent to re-examine our dietary and med-
ical guidelines. Newer trials, including the
a-OMEGA, OMEGA, ORIGIN, and JELIS trials,
are yielding important data that question the
benefits of fish oil, irrespective of dose, for the
primary prevention of CHD, as well as
standard-dose fish oil for the secondary pre-
vention of CHD in patients who have benefited
from modern post-MI care. Given these new
data, combined with the harmful environmental
impacts of fish oil production on the world’s fish
population, clinicians should not recommend
fish oil intake or fish consumption solely for the
primary or secondary prevention of CHD until
the results of current trials are known. j
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