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Omega-3 fatty acids, which are found abundantly in fish oil, exert pleiotropic cardiometabolic effects with a diverse range of actions. The
results of previous studies raised a lot of interest in the role of fish oil and omega-3 fatty acids in primary and secondary prevention of cardiovascular diseases. The present review will focus on the current clinical uses of omega-3 fatty acids and provide an update on their effects.
Since recently published trials in patients with coronary artery diseases or post-myocardial infarction did not show an effect of omega-3 fatty
acids on major cardiovascular endpoints, this review will examine the limitations of those data and suggest recommendations for the use of
omega-3 fatty acids.
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Introduction
In 1929, the essential fatty acids were discovered by the biochemists Evans and Burr.1 They showed that mammals do not possess
enzymes able to synthesize double bonds at the n-3 and n-6 positions of the carbon chain of a fatty acid. Therefore, humans must
obtain the essential fatty acids linoleic acid (C18:2n-6) and alpha
linolenic acid (ALA, C18:3n-3) from dietary sources. Alpha linolenic acid can be extended to eicosapentaenoic acid (EPA C20:5n-3)
and docosahexaenoic acid (DHA C22:6n-3) through elongation
and desaturation. Fish oil is a rich source of these omega-3 fatty
acids.
In 1937, the British physiologist Hugh Sinclair visited Evans and
became interested in the possibility that deficiencies in polyunsaturated fatty acids could cause coronary artery diseases (CAD). In
1944, he undertook his first visit to the Inuit and became convinced that their diet protects against atherosclerosis and
Western diseases.2 In a letter to the Lancet, he hypothesized in
1956 that omega-3 fatty acids may be responsible for the protective effect of their diet.3 This view was contrary to the dogma of
that time that all animal fats are harmful. In the 1970s, he joined
the Danish investigators Bang and Dyerberg4,5 during one of
their expeditions to Greenland. They found that the Inuit

consumed 400 g of seafood per day and their average intake
of omega-3 fatty acids was 14 g per day compared with 3 g per
day among Danes. An epidemiological study showed that the incidence of myocardial infarction (MI) was 10 times lower among the
Inuit compared with the Danes.6
The difference between the Inuit and the Danes in the intake of
omega-3 fatty acids was reflected in their fatty acid composition of
platelets. Differences were also observed in haemostatic factors,
bleeding time, serum triglycerides, and high-density lipoprotein
(HDL)—cholesterol levels. To show that these associations are
causal, Sinclair put himself in 1977 on an Inuit diet for 100 days.7
His bleeding time rose from 3–5 to 50 min and substantial
decreases were observed in blood platelets, erythrocytes, packed
cell volume, and haemoglobin. The triglyceride-rich very lowdensity lipoprotein (VLDL) fell and the HDL fraction increased
considerably. A substantial increase in the EPA concentration
and a marked decrease in the linoleic acid concentration of cholesteryl esters were noted. Sinclair concluded from this experiment
that it is necessary to have the right balance of omega-3 and
omega-6 fatty acids to prevent thrombotic disorders.
In 1985, Kromhout et al.8 showed in the Zutphen Study, a prospective cohort study in the Netherlands, that eating fish once or
twice per week was associated with a lower risk of fatal CAD
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Figure 1 Beneficial effects of omega-3 fatty acids. TG, triglycerides; RLP, remnant lipoproteins; RBC, red blood cells.

compared with men who did not eat fish. Four years later in 1989,
Burr et al.9 showed in the Diet and Reinfarction Trial (DART) that
cardiac patients who received an advice to add two fatty fish meals
per week to their diet reduced CAD mortality significantly, compared with those who did not get a fish advice. The results of
these studies raised a lot of interest in the role of fish oil and
omega-3 fatty acids in primary and secondary prevention of cardiovascular diseases (CVD). In this article, we summarize the mechanisms of the action of omega-3 fatty acids and the results of
cohort studies and clinical trials on omega-3 fatty acids and
CVD. Finally, we draw conclusions on whether omega-3 fatty
acids reduce the incidence of these diseases.

Mechanisms of action of omega-3
fatty acids
The cardiometabolic effects of omega-3 fatty acids continue to be
extensively investigated and remain an active area of research.
Omega-3 fatty acids can ultimately increase arrhythmic thresholds,
reduce blood pressure, improve arterial and endothelial function,
reduce platelet aggregation, and favourably affect autonomic tone
(Figure 1). In this section, we briefly review recent studies that
extend our knowledge on the cardioprotective effects of
omega-3 fatty acids.10

Anti-inflammatory effects
Recently, the anti-inflammatory effects of omega-3 fatty acids have
attracted much attention. Omega-3 fatty acids reduce the content
of arachidonic acid (AA) in membrane phospholipids in platelets,
endothelial cells, and inflammatory cells with a resultant reduced
production of AA-derived pro-inflammatory mediators, including

prostaglandin (PG)-E2, thromboxane (TX)-B2, leucotriene
(LT)-B4, hydroxyeicosatetraenoic acid (5-HETE), and LT-E4. Importantly, EPA also acts as a substrate for cyclo-oxygenase and lipoxygenase enzymes, which could increase a different family of
eicosanoids—the three-series PGs and TXs.11 In addition to
these anti-inflammatory effects, omega-3 fatty acids have a
number of other effects that may occur either downstream of
altered eicosanoid production or independent of this activity.12
For example, the effects of omega-3 fatty acids on inflammatory
cytokine expression could be at least in part through modulating
intra-cellular signalling pathways that inactivates transcriptional
factors.12 Recent studies demonstrated that omega-3 fatty acids
could down-regulate the activity of the nuclear factor (NF)-kB,12
which plays a key role in the regulation of gene expression in
inflammatory responses and has been implicated in the pathogenesis of CVD.13 The inhibition of NF-kB activation can be mediated
by the mechanism that is related to the activation of peroxisome
proliferator-activated receptor (PPAR) or the inhibition of toll-like
receptors.13
Rho-kinase is a downstream effector of the small GTPase Rho
and mediates diverse cellular functions, such as smooth muscle
cell contraction, cell migration, and proliferation.14 Rho-kinase
also up-regulates pro-inflammatory molecules and down-regulates
endothelial nitric oxide (NO) synthase (eNOS).15,16 It has been
recently demonstrated that long-term treatment with EPA significantly inhibits Rho-kinase activation in the myocardium subjected
to ischaemia–reperfusion in vivo (Figure 2).17
In addition, supplementation with EPA and DHA could exert a
protective effect on the heart through improvement in mitochondrial function and the efficiency of ATP generation.18 This effect
may be due to changes in mitochondrial membrane phospholipids
composition and improved efficiency of ATP generation.18
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Figure 2 Long-term eicosapentaenoic acid treatment inhibits myocardial Rho-kinase activation induced by ischaemia/reperfusion. Male pigs
were treated with either a control chow or eicosapentaenoic acid (600 mg/kg/day) for 3 weeks and were subjected to myocardial ischaemia by
90 min occlusion of the left circumflex coronary artery and subsequent 60 min reperfusion. The eicosapentaenoic acid group had increased
eicosapentaenoic acid level in red blood cells (eicosapentaenoic acid 4.30 + 0.63 mol%). The eicosapentaenoic acid treatment significantly
ameliorated myocardial ischaemia/reperfusion injury and significantly inhibited myocardial Rho-kinase activity, assessed by the extent of myosinbinding subunit (MBS) phosphorylation. Top panel (A) shows representative western blots of myocardial expression of phosphorylated (p)- and
total (t)-MBS. Bottom panel (B) shows quantitative results of the ratio of p-MBS to t-MBS, indicating Rho-kinase activity. Results are expressed
as mean + SD. (Reproduced from Gao et al.17 with permission.)

Inhibition of platelet aggregation
Omega-3 fatty acids decrease the risk of thrombosis by inhibiting
platelet aggregation. Importantly, omega-3 fatty acids inhibit platelet TXA2 synthesis and acts as antagonists of the pro-aggregatory
TXA2/PG H2 receptor in human platelets in vitro.19 Supplementing
a diet with omega-3 fatty acids down-regulate mRNA expression
of platelet-derived growth factor-A and -B in mononuclear blood
cells in humans.20

Triglyceride-lowering effects
Omega-3 fatty acids play an important role to regulate genes that
are critical for controlling lipid homeostasis. Omega-3 fatty acids
decrease VLDL assembly and secretion, resulting in diminished
triacylglycerol production, through a decreased activity of sterol
receptor element-binding protein-1c, which is the key switch in
controlling lipogenesis.21 In addition, omega-3 fatty acids could
promote b-oxidation simultaneously in mitochondria and/or peroxisomes, possibly through the activation of peroxisome
PPAR-a, leading to the reduction of fatty acids substrate for triglyceride synthesis.21,22 The remnant lipoprotein (RLP), produced
from the triacylglycerol-rich chylomicrons and VLDL, exerts
potent pro-atherogenic effects and is thus regarded as an important risk factor of CVD.22,23 The involvement of RLP has been

suggested in the pathogenesis of sudden cardiac death22 and restenosis after coronary angioplasty.23 Although omega-3 fatty acids
do not have a major effect on fasting total cholesterol and LDL
cholesterol levels, EPA effectively reduces RLP in hyperlipidaemic
patients.24

Improvement of endothelial function
Long-term treatment with fish oils augments endotheliumdependent relaxation of normal porcine coronary arteries,25 for
which EPA, a major omega-3 fatty acids of fish oils, is responsible
for the augmentation.26 This augmenting effect of EPA was also
noted in porcine coronary microvessels.27 Long-term treatment
with fish oils improves endothelium-dependent relaxation of
hypercholesterolaemic and atherosclerotic porcine coronary
arteries28 and femoral veins.29 Eicosapentaenoic acid augments
endothelium-dependent relaxation by NO as well as that by
endothelium-derived hyperpolarizing factor.30 Docosahexaenoic
acid alters caveolae microenvironment not only by modifying
membrane lipid composition, but also by changing distribution of
major structural proteins, eventually increasing eNOS activity in
human umbilical vein endothelial cells.31 Nitric oxide also inhibits
platelet aggregation and adhesion, leucocytes adhesion, and
smooth muscle cell proliferation. In addition, in endothelial cells,
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co-incubation with DHA following challenge with interleukin
(IL)-1, IL-4, tumour necrosis-a, or lipopolysaccharide decreases
expression of vascular cell adhesion molecule-1, intercellular
adhesion molecule-1 and E-selectin, and secretion of IL-6 and
IL-8.32

Plaque stabilization
As mentioned above, through their anti-inflammatory effects,
omega-3 fatty acids could not only prevent the plaque development but also contribute to the plaque stabilization.33 The randomized clinical trial demonstrated that omega-3 fatty acids
supplementation substantially increases tissue levels of EPA and
DHA and decreases macrophage infiltration and thickened
fibrous cap in human carotid arteries.34 Exacerbated release of
matrix metalloproteinase (MMP) by the activated endothelium
and macrophages plays a pathological role in plaque progression
and instabilization.35 Eicosapentaenoic acid significantly suppresses
the development of atherosclerotic lesions in ApoE2/2 and
LDL-receptor2/2 mice with reduced production of MMPs by
macrophages in a PPARa-dependent manner.36

Anti-arrhythmic effects
The omega-3 fatty acids are incorporated into cell membranes and
affect the ion-channel function of myocytes. There are several
mechanisms by which omega-3 fatty acids could exert antiarrhythmic effects. Omega-3 fatty acids inhibit voltage-gated Na
channels, prolonging relative refractory period and increased
voltage that are required for membrane depolarization.37
Omega-3 fatty acids also exhibit a modulatory action on L-type
calcium Ca channels, resulting in lowered cytosolic free Ca and
Ca influx rate and in preventing cytosolic Ca overload during
ischaemic insult.38 Long-term treatment with EPA reduces
ischaemia-induced ventricular fibrillation in pigs in vivo, for which
attenuation of shortening of monophasic action potential duration
through suppression of cardiac KATP channels may be involved.39
Anti-arrhythmic effect of omega-3 fatty acids may be mediated in
part by their effects on autonomic control, especially by an
increased vagal tone.40 Through these mechanisms, omega-3
fatty acids may prevent ventricular tachyarrhythmias and hence
decrease sudden cardiac death.41

Fish, omega-3 fatty acids, and
coronary artery disease in cohort
studies
Based on the ecological studies among the Inuit and those comparing farmers and fishermen in Japan, Kromhout et al.8 hypothesized
that a low level of fish consumption may reduce CAD mortality.
They investigated this association in 852 middle-aged men free
from CAD who were followed for 20 years. The average fish consumption in these men was 20 g per day, including those who did
not eat fish (20%). About two-thirds of the fish was lean (e.g. cod
and plaice) and one-third consisted of fatty fish (e.g. herring and
mackerel). An inverse dose– response relationship was observed
and CAD mortality was .50% lower among those who consumed
at least 30 g of fish per day. Kromhout42 deduced from the studies

Figure 3 The association between seafood consumption and
fatal coronary heart disease. (Reproduced from Kromhout42
with permission.)

among the Inuit, Japanese fishermen and farmers, and the Zutphen
men that two different mechanisms could be responsible for the
association between fish consumption and CAD. He hypothesized
an acute effect on fatal CAD in cultures with a low level of fish
consumption and a chronic effect in cultures with a high level of
fish consumption (Figure 3).
Since 1985, results of many prospective cohort studies on fish
consumption and CAD have been published, with several studies
showing a protective effect although others did not. The first quantitative review was published in 1999 by Marckmann and Gronbaek43 and included 11 studies with 116 764 individuals. Four
studies were judged to be of high quality, of which the two were
performed in populations at high risk and the two in populations
at low risk. In the high-risk populations, a protective association
was found but not in the low-risk populations. The authors drew
the conclusion that only in high-risk populations, a fish consumption of 40 –60 g per day is associated with a markedly lower
CAD mortality.
In 2004, two meta-analyses were published on fish consumption
and fatal CAD.44,45 The study of Whelton et al.44 included both
prospective cohort studies and case –control studies and the
study by He et al.45 only cohort studies. Case –control studies
are more prone to selection and information bias and it is particularly difficult to obtain accurate data on fish consumption in
patients before the occurrence of a CAD event. Therefore, only
the results of the cohort studies are summarized here. The
meta-analyses by Whelton et al.44 and He et al.45 were based on
14 and 13 cohort studies, respectively. Both had approximately
220 000 participants who were followed for 12 years.
Whelton et al.44 found a 17% lower incidence of fatal CAD
(RR ¼ 0.83, 95% CI 0.75–0.92) among those who consumed fish
less than twice a week compared with those who ate little or no
fish. A similar result was found by He et al.45 for fish consumed
once a week (RR ¼ 0.85, 95% CI 0.76–0.96). He et al. observed
a dose–response relationship between fish consumption and
CAD death and individuals who consumed fish five or more
times per week had a 38% lower risk of fatal CAD (RR ¼ 0.62,
95% CI 0.46– 0.82). These associations were confirmed in
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cohort studies in which, besides fish consumption, information
about the intake of the omega-3 fatty acids EPA and DHA was
also obtained.46 – 49
There is less evidence for a relationship between fish consumption and non-fatal MI. Based on the results of their
meta-analysis, He et al.45 concluded that the evidence for an
inverse association between fish consumption and non-fatal MI
was weak, even though there was a significant association for
those eating fish five times per week or more. This conclusion
was confirmed by De Goede et al.,49 who found that consuming
fish less than once per month up to once per week was not
associated with non-fatal MI in a population-based study in the
Netherlands. However, a Japanese cohort study showed that a
high level of fish consumption may be protective against nonfatal CAD. In the Japan Public Health Center-based Study, the
relative risk (RR) of non-fatal MI was 0.43 (95% CI 0.23 – 0.81)
in participants with a median fish consumption of 180 g per
day compared with participants with a daily consumption of
23 g per day.48 These results support the outcome of the
meta-analysis of He et al.45 that only a high level of fish consumption may reduce the risk of non-fatal MI.

Fish, omega-3 fatty acids, and
sudden death in observational
studies
The hypothesis that fish consumption may be protective against
sudden cardiac death is derived from the DART trial. This secondary prevention trial showed a significant 33% reduction in CAD
mortality in cardiac patients who consumed at least two portions
of fatty fish per week and were followed for 2 years. The authors
suggested that the protective effect of fatty fish may be due to preventing ventricular fibrillation during acute ischaemia. This hypothesis was tested in two population-based case– control studies.50,51
Siscovick et al.50 identified 334 patients with primary cardiac
arrest and 493 population-based controls. An average intake of
185 mg per day of EPA–DHA corresponding to eating fatty fish
once a week was associated with a 50% lower risk of primary
cardiac arrest (OR ¼ 0.5, 95% CI 0.4 –0.8). An even stronger
association was observed for the corresponding quartile of red
blood cell membrane omega-3 fatty acids (OR ¼ 0.3, 95% CI
0.2 –0.6). Similarly, a strong inverse relation was found between
baseline blood levels of long-chain omega-3 fatty acids and
sudden death in the Physicians’ Health Study.51 The RR value was
90% lower in those in the highest compared with the lowest quartile
of omega-3 fatty acids (RR ¼ 0.10, 95% CI 0.02–0.48).
The evidence from prospective cohort studies on fish, omega-3
fatty acids, and sudden cardiac death is less convincing than that
from population-based case –control studies.52 – 54 Albert et al.53
showed, using again data from the Physicians’ Health Study, that
men who consumed one fish meal per week had a 52% lower
risk of sudden cardiac death (RR ¼ 0.48, 95% CI 0.24–0.96) compared with those who consumed fish less than once a month.
A significant inverse dose–response relationship with sudden
cardiac death was not observed for the intake of omega-3 fatty
acids, although the data suggested that an intake of 200 mg
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omega-3 fatty acids per day compared with 10 mg per day was
associated with a lower risk of sudden cardiac death.
In contrast to these findings, sudden cardiac death was not significantly inversely associated with fish consumption in the
Western Electric Study.52 In this study, information on causes of
death was obtained only from death certificates. Sudden cardiac
death was defined as death occurring no more than 12 h after
the onset of the terminal acute illness. In the Physicians’ Health
Study, detailed information was available from next of kin,
medical records, and autopsy reports; and sudden death was
defined as death within 1 h of the onset of symptoms. This definition of sudden cardiac death is superior to the one used in the
Western Electric Study.
The association between long-term fish consumption, omega-3
fatty acids, and sudden cardiac death was also investigated in the
Zutphen Study.54 Long-term fatty fish consumption was inversely
associated with sudden coronary death, and men who consumed
fatty fish had a 54% lower risk (RR ¼ 0.46, 95% CI 0.27–0.78)
than those who did not eat fatty fish. Lean fish consumption was
not associated with sudden coronary death. The intake of
omega-3 fatty acids was also inversely related to sudden coronary
death but this association was not statistically significant.
In summary, the results of the population-based case –control
and prospective cohort studies suggest a protective effect of fish
consumption on cardiac arrest and sudden death. The two
case –control studies showed the strongest effect for the
omega-3 fatty acids measured in blood.

Fish oils and cardiovascular
diseases in randomized trials
Several trials tested the hypothesis that omega-3 fatty acids reduce
fatal CAD and sudden death. The first meta-analysis of these trials
was published in 2002,55 followed by others.56 – 59 However,
several meta-analyses included not only trials in which the effect
of omega-3 fatty acids in fish oils was investigated but also trials
in which a fish advice or margarines enriched with ALA were
given.55,56,58 One meta-analysis on fish oils included besides
patients with MI, CAD, and heart failure also patients with peripheral vascular diseases, hypercholesterolaemia, and implanted cardioverter defibrillators (ICDs).58 Only the meta-analysis by León
et al.57 evaluated the effect of EPA –DHA in a homogeneous
group of patients with CAD or had had an MI. They used fatal
CAD, sudden cardiac death, and severe arrhythmias as endpoints.
In three trials, patients with an ICD were included. In these trials,
fish oil capsules containing an additional amount of 0.9– 2.8 g
omega-3 fatty acids per day reduced the risk of severe arrhythmias
by 10% (OR ¼ 0.90, 95% CI 0.55–1.46).57 A similar result was
found in a meta-analysis by Brouwer et al.60 based on the same
studies. Eight trials using fish oil capsules containing 0.9 –2.8 g of
EPA–DHA showed a significant 20% reduction of cardiac death
(OR ¼ 0.80, 95% CI 0.69 –0.93).57 In four trials, an additional
amount of 0.9 –2.4 g of EPA –DHA per day reduced the incidence
of sudden cardiac death by 26% (OR ¼ 0.74, 95% CI 0.59– 0.92).57
The results for fatal CAD and sudden death were dominated by
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Table 1

Effects of fish oil on cardiovascular diseases in trials with patients with heart disease
GISSI-P 1999
(41)

JELIS 2007
(64)

GISSI-HF 2008
(65)

Alpha Omega 2010
(61)

OMEGA 2010
(62)

SU.FOL.OM3 2010
(63)

...............................................................................................................................................................................
Number

11 324

3664

7046

4837

3851

2501

Patients

Post-MI

CAD

HF

Post-MI

Post-MI

CAD

Post-event
Design

,3 months
Open label

Open label

Double-blind

,10 years
Double-blind

3 –14 days
Double-blind

,12 months
Double-blind

Inclusion period

1993–95

1996–99

2002– 05

2002–06

2003–07

2003–07

Follow-up (months)
Person-years

42
38 505

55

47

41
15 531

12

56
10 656

Dose EPA (mg)

289

1800

394

226

460

400

Dose DHA (mg)

577

0

472

150

380

200

Medication use (%)
Antiplatelets

88

98

95

94

...............................................................................................................................................................................
87

Antihypertensives

90

Beta-blockers
ACE-I/ARBs

41
41

Statins

29

97

1115

355

65
94

69
56

94
91

68
66

23

85

94

87

331

...............................................................................................................................................................................
Number of events
MCE

4359

671

639

1447

162

479
286

39
26

a

236
632

138
57

57

MCE

0.80*

0.81*

1.21

Fatal CVD
Fatal CAD

0.70*
0.65*

Sudden death

0.55*

Fatal CVD
Fatal CAD
Sudden death

157a

...............................................................................................................................................................................
Relative risk
0.92*

1.01

0.87

0.90*
0.82a

0.98
0.95

1.02

0.93

0.90

a

1.08a
0.95

MI, myocardial infarction; CAD, coronary artery diseases; HF, heart failure; MCE, major cardiovascular event; CVD, cardiovascular diseases.
a
Fatal and non-fatal events.
*P , 0.05.

those of the GISSI-Prevenzione trial41 that contributed .85% to
both endpoints.57
In 2010, the results of the Alpha Omega, OMEGA, and
SU.FOL.OM3 trials were published.61 – 63 The results of these
trials and those of the large trials published before 2010—the
GISSI-Prevenzione trial, the secondary prevention component of
the JELIS trial, and the GISSI Heart Failure trial—will be discussed
in detail64,65 (Table 1). The GISSI-HF published in 200865 and the
three trials published in 201061 – 63 were not included in the
meta-analysis of León et al.57
The number of patients included in these trials ranged from
2501 to 11 324 with 15–26% females. Three trials included
post-MI patients,41,61,62 two trials CAD patients,63,64 and one
trial heart failure patients.65 The average age of the patients
varied between 59 and 69 years. Two trials recruited patients in
the 1990s and used an open-label design.41,64 The remaining
trials were initiated between 2002 and 2007 and were doubleblind.61 – 63,65 The OMEGA trial had a 12-month follow-up and in
the other trials the average follow-up period varied between 41
and 56 months. In four trials, the patients received fish oil capsules

containing 600–900 mg of EPA– DHA per day and in the JELIS trial
1800 mg of EPA per day. In the Alpha Omega Trial, margarine
spreads provided an average additional intake of EPA–DHA of
400 mg per day.61
The most important commonly used endpoints in these trials
were major cardiovascular events, fatal CVD, fatal CAD, and
sudden death. The strongest effects were observed in the GISSI-P
trial for patients surviving a recent MI. In this trial, an additional
amount of EPA–DHA of 900 mg per day reduced significantly
fatal CVD by 30%, fatal CAD by 35%, and sudden death by
45%.41 In the GISSI-HF trial, in which heart failure patients were
included, fatal CVD was significantly reduced by 10%, sudden
death non-significantly by 7%, and first hospital admissions for ventricular arrhythmias significantly by 28%.65 The JELIS trial showed
that an additional intake of 1800 mg of EPA per day reduced only
major coronary events (fatal and non-fatal CAD, unstable angina,
percutaneous coronary intervention, and coronary artery bypass
grafting).64 The three trials published in 2010 included either
post-MI or CAD patients.61 – 63 Additional amounts of EPA–DHA
varying from 400–800 mg/day did not reduce cardiovascular events.
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Figure 4 Effect of eicosapentaenoic acid –docosahexaenoic acid on cardiovascular diseases in the Alpha Omega Trial (AOT) and the
GISSI-Prevenzione trial (GISSI-P). CVD, cardiovascular diseases; CAD, coronary artery diseases.

The strongest reductions in cardiovascular endpoints were
obtained in the oldest trials. An explanation could be differences
in study design. The GISSI-P and the JELIS trial used an open
label design.41,64 This may have confounded the results of these
trials, because placebo capsules were lacking. Another explanation
could be that the patients in the more recent trials were very well
treated not only by antithrombotics but also by antihypertensives
and statins. Compared with the recent trials, the treatment level
with statins was low in the GISSI-P trial (29%).41 This could be
the reason for the high risk of fatal CAD and sudden death in
the GISSI-P trial compared with the Alpha Omega Trial. The absolute risk for fatal CAD in the control group was 15.8/1000 personyears in the GISSI-P and 8.9/1000 person-years in the Alpha
Omega Trial. For sudden death, the rates were 10.4/1000 personyears in the GISSI-P and 3.7/1000 person-years in the Alpha
Omega Trial. A likely explanation is that these differences in absolute risk between the trials were responsible for the absence of an
effect of EPA –DHA on fatal CAD and sudden death in the recent
trials.
Those differences in absolute risk of fatal CAD and sudden
death could play an important role in explaining the different
results in the GISSI-P and the Alpha Omega Trial. This is supported
by the results of the subgroup analysis of patients in the Alpha
Omega Trial who also had diabetes.61 The absolute risk of fatal
CAD in the control group of diabetes patients in the Alpha
Omega Trial was 17.1/1000 person-years. This is in the same
order of magnitude as the absolute risk in the control group of
the GISSI-P trial.41 In the diabetes patients who received an
additional amount of 400 mg of EPA–DHA per day, a significant
reduction in fatal CAD was obtained comparable with the
GISSI-P trial (Figure 4). Similar results were found in the Alpha

Omega Trial for sudden death and ventricular arrhythmia-related
events, although these effects were not statistically significant.

Emerging issues on the effects of
fish oils/omega-3 fatty acids
Results of observational prospective cohort studies and randomized trials in subjects with or without CVD published before
2000 demonstrated that diets with higher amounts of omega-3
fatty acids or supplements with omega-3 fatty acids reduced cardiovascular mortality. These results formed the basis for recommendations, including the American Heart Association Guidelines, that
patients with documented CAD should be advised to take
900–1000 mg of omega-3 fatty acids (EPA –DHA combined) per
day.66 However, this recommendation was challenged in a
review and meta-analysis published by Hooper et al.56 in 2006.
They concluded that there was no clear benefit of additional
amount of omega-3 fatty acids on cardiovascular events. In
addition, the three recently published double-blind trials—the
Alpha Omega, the OMEGA, and the SU.FOL.OM3—did not
show an effect of an additional amount of EPA –DHA on major
cardiovascular endpoints.61 – 63 These negative results with
omega-3 fatty acids supplementation were disappointing but
were obtained in the current practice where other optimal conventional drug therapy was performed. It should be pointed out,
however, that the OMEGA and the SU.FOL.OM3 trial were also
underpowered.62,63
In addition, there is some evidence for possible pro-arrhythmic
effects of omega-3 fatty acids in certain subgroups with CVD. In
the three randomized controlled trials of patients with an
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implantable cardioverter defibrillator (ICD) and a history of ventricular tachyarrhythmias, fish oil of omega-3 fatty acids did not show
a significant benefit on the risk of appropriate ICD shocks.57,60 In a
trial of patients with stable angina pectoris without previous MI, a
detrimental effect of omega-3 fatty acids on sudden death was
observed.67 Thus, further studies are needed to determine which
patient population may or may not benefit from omega-3 fatty
acids supplementation. Evidence is also insufficient regarding the
optimal dose, source (oily fish or fish-oil supplements), and formulation of EPA and/or DHA in order to reduce cardiovascular
events.68
Recently, a potential new indication of omega-3 fatty acids has
been demonstrated, that is heart failure.36 In the GISSI-HF trial,65
a placebo-controlled trial of approximately 7000 patients with
class II to IV heart failure, the patients were randomized to 1 g
of omega-3 fatty acids (containing 850 –882 mg of EPA plus
DHA), rosuvastatin (10 mg), both of them, or dual placebo. This
study was performed in addition to well-established current therapies, and the results showed a significant benefit of omega-3 fatty
acids.65 However, the optimal dose of omega-3 fatty acids remains
to be determined depending on different stages and/or aetiology of
heart failure and underlying mechanisms.68 Growing evidence
demonstrates anti-inflammatory effects of omega-3 fatty acids,
including reduced circulating levels of inflammatory cytokines and
AA-derived eicosanoids, and elevated plasma adiponectin.18 In
animal studies, fish oil favourably alters cardiac mitochondrial function.18 All of these effects may work together to prevent the development and progression of heart failure.
Several issues remain to be elucidated. First, no evidence has
been found for the optimal dosage, ratios of DHA to EPA, and
ratios of omega-3 to omega-6. Second, whether dietary intake or
therapeutic supplements are the best source of omega-3 fatty
acids is yet to be determined. These issues remain to be clarified
in future studies.

Conclusions
Omega-3 fatty acids exert pleiotropic, cardiometabolic effects with
a diverse range of actions, most of which are beneficial for the cardiovascular system. Supplementation up to 1 g of omega-3 fatty
acids per day is well tolerated except dysgeusia and does not
increase the risk of bleeding. Recently published trials in patients
with CAD or after MI did not show an effect of omega-3 fatty
acids on major cardiovascular endpoints, probably due to state
of the art drug treatment. However, as suggested by the current
guidelines, the potential value of omega-3 fatty acids supplementation in patients with CAD or after MI and possibly in those
with heart failure remains to be encouraged.
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