
Abstract
In the 80's, retrospective studies showed an inverse
relation between fish consumption and ischemic heart
disease (IHD) mortality. In parallel, fish fats containing
the polyunsaturated fatty acid (PUFA) eicosapentaenoic
(EPA) were shown to impair platelet aggregation and
thromboxane formation. The results of the large
prospective trials, the Diet and Reinfarction Trial (DART)
and the Lyon Heart Study in the secondary prevention
of myocardial infarction, have further supported the
interrelationships between diet and dietary prevention
of IHD. In the DART Study, the cardioprotection by EPA
was paralleled by an increase plasma content of EPA. In
the Lyon, in addition to changes in the content  of EPA,
changes in other well known variables (i.e. leukocytes
and vitamin E), often abnormal in subjects prone to
arterial  thrombosis, have been found. The GISSI
Prevenzione Trial was a prospective, multicentric, open
labeled trial with a factorial design, in which 11,324
recent (<3 mo) survivors of a first myocardial infarction
were assigned to receive, in addition to the usual strat-
egy, a supplementation of n-3 PUFA, vitamin E, or the
combination of the two. Cardiovascular death (-30%),
coronary heart disease death (-35%), total death (-20%)
and sudden death (-45%) were all significantly reduced
by the n-3 PUFA supplementation. The reduced tenden-

cy to sudden death of survivors of myocardial infarction
on treatment with n-3 PUFA are in keeping with a series
of scanty but reliable clinical data as well as of experi-
mental studies. However, we believe that large-scale
prospective multicentric randomized trials aimed at pre-
venting sudden death in high-risk patients as well as at
testing the effects of n-3 PUFA in patients with intra-
coronary devices and sustained ventricular arrhyth-
mias, are a major direction to be followed to better
understand the n-3 PUFA and sudden death issue.

Introduction

In the early  '60s and '70s, dietary advice to prevent recur-
rence of myocardial ischemia was inconclusive [1-5]. This was
likely to be due to the small (~500) number of subjects exam-
ined. Moreover, in these studies, attempts to lower plasma cho-
lesterol levels in survivors of myocardial infarction (MI) were
based on diets low in fat or with high polyunsaturated/saturat-
ed ratios. In view of this, the intake of saturated fats was
decreased and that of unsaturated fats increased [1-5]. Thus,
the study design and the sample size may have been inade-
quate to address the issue.

In the 80's, three retrospective studies showed an inverse
relation between fish consumption and ischemic heart disease
(IHD) mortality [6-8]. In parallel, fish fats containing the
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polyunsaturated fatty acid eicosapentaenoic (EPA) were
shown to impair platelet aggregation and thromboxane forma-
tion, two major events in arterial thrombosis [9]. This was due
to the fact that EPA can replace arachidonic acid in platelet
membrane phospholipids, giving rise to prostaglandins and
thromboxanes of the 3 series, with a very limited pro-aggrega-
tory and vasocostrictive activity. The combined data have fos-
tered the search for further interrelationships between nutrition
and thrombogenic factors.

The results of the large prospective Diet and Reinfarction
(DART) Study in the secondary prevention of MI, [11] have
supported the possibility of a nutritional prevention of
ischemic heart disease.

The DART study

In this prospective, randomised, controlled trial with a fac-
torial design, 2,033 male survivors of MI aged < 70 yrs were
enlisted [11]. Primary endpoints of the study were total mor-
tality and ischemic heart disease events (i.e. ischemic deaths
plus non-fatal MI). After being adviced to stop smoking and/or
encouraged not to relapse, all subjects were randomly allocat-
ed to groups to receive (or not) advice on (each of) three
dietary factors (see below), randomization for each factor
being independent of the other two. Advice on fat consisted in
decreasing fat intake to 30% of total energy and increasing
polyunsaturated/saturated ratio to 1.0; advice on fish consisted
in instructing the subjects to eat at least two weekly portions
(200-400 g) of  fatty fish (mackarel, herring, kipper, salmon,
trout, sardine). Subjects who did not tolerate fish were instruct-
ed to ingest 0.5 g of Maxepa. Fiber advice consisted in increas-
ing cereal fibre intake to 18 g/d. All subjects were evaluated a
6 months and 2 years after entering the  trial. While no major
beneficial effect emerged with respect to fat or fibre advice,
relevant results were observed in survivors who were advised
to eat fish, all deaths and IHD deaths in the later group being
9.3% and 7.7% respectively, vs 12.8% and 11.4% in subjects
that did not receive fish advice (p<0.05 and 0.01 respectively,
log rank test). In keeping with the lowering of all deaths and
ischemic deaths, in a subgroup of subjects plasma where EPA
was measured, this fatty acid was 0.59% of total in subjects
that received a fish advice and 0.46% in plasma of those that
did not receive any fish advice (p<0.01). When life table sur-
vival curves were analyzed, the difference in favour of fish
advice was found to occur as early as in the first 3 months of
treatment, and to persist for up to two years. During this time
period, a 29% reduction of mortality was observed. Since no
major effects was observed on plasma levels of cholesterol or
its fractions during the study period, the data were thought to
support the ability of diets enriched in EPA to lower ischemic
complications of atherosclerosis. This possibility was further
explored [12].

The Lyon Heart study

This was a prospective, randomized single-blinded multi-
centric trial whose primary endpoints were death and non-fatal
infarction [12]. Of the 605 survivors enlisted, 303 adopted a
prudential diet and 302 adopted a Mediterranean-type of diet,
with more bread, vegetables, fish, fresh fruit and olive oil (or
margarine enriched in alpha-linolenic acid for subjects who
did not like olive oil). Primary end-points were cardiovascular
(CV) death and non-fatal acute MI. The subjects were evaluat-
ed every year for 5 years, starting 6 months after the ischemic
event. At the 4-year follow-up, there were 19 CV deaths in the
control group (1.3%) and 6 in the experimental one (0.41%,
p<0.01). All primary end-points were 44 (4.07%) in the con-
trol group and 14 (1.245) in the experimental group, p<0.0001.
While no major effect was found on non-fatal myocardial
infarctions and non-cardiovascular mortality, the overall mor-
tality was 24 in the control group (1.74%) and 14 in the exper-
imental group (0.95%, p=0.03).

Similar to the DART study, the beneficial effect of this diet
occurred early after randomization and was not associated
with changes in plasma cholesterol or HDL-cholesterol levels.
After correction for other factors, a surprisingly high (76%)
reduction in the risk of cardiac death was found during the
observation period. The protective effect of the experimental
diet was associated with enhanced plasma levels of EPA (0.7%
vs 1%, p<0.005) and of its parent fatty acid, alpha-linolenic
acid (0.3% vs 0.6%, p<0.001). In keeping with this, arachi-
donic acid (the parent fatty acid of prostaglandins and throm-
boxanes of the 2 series, with potent pro-aggregating and vaso-
costrictive effects), was significantly reduced in subjects who
had received the experimental diet. However, other variables
were affected by the Mediterranean-type of diet (experimental)
as well. The potent antioxidant vitamines E and C, were 
significantly increased while granulocyte counts (a predispos-
ing condition to myocardial re-infarction) [13, 14] were low-
ered (p always <0.005).

GISSI Prevenzione Trial

Vis-à-vis the clinical effectiveness of this strategy, some
open issues were envisaged:1) The higher protection found in
the Lyon Heart Study, as compared to the DART Study, could
be either the result of the smaller sample size or the conse-
quence of the combination of n-3 PUFA with a Mediterranean-
type of diet in the Lyon Study; 2) In spite of the effectiveness,
the amount of fish consumed by the patients in the DART and
in the Lyon Study varied dramatically. This argued for a
nutriceutical able to provide comparable amounts of n-3
PUFA; 3) Some data supported the notion that the effect of n-
3 PUFA was related to their ability to lower the byosintesis of
prostaglandins of the 2 series (with marked pro-aggregatory
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and vasocostrictive activities). Aspirin is able to achieve a
stronger inhibition of the prostaglandins of the 2 series. In
view of this, and in view of the fact that from the 80’s aspirin
was routinely used in post-MI patients, the need for alternative
mechanisms of action of n-3 PUFA were mandatory. In reality
(table) data supporting the latter formulation were already
available in the literature. These concepts were the background
for the design of the GISSI prevenzione Trial.

This is a prospective, multicentric, open labeled trial with a
factorial design, in which 11,324 recent (<3 mo) survivors of a
first MI aged 50-80 years, were randomly assigned to receive,
in addition to the usual GISSI strategy (aspirin, beta-blockers,
nitrate, ACE-I, statins), a supplementation of n-3 PUFA (1 g/d
corresponding to 850 mg of a mixture of EPA+ docosa-
hexaenoic acid [DHA] in a 1:1.4 ratio), vitamin E (300 mg/d),
or the combination of n-3 PUFA + Vitamin E [15]. The clini-
cal assessment and food questionnaires were obtained at 6
months [6, 12, 18, 30] and 42. Primary end-points were all
cause death, CV death, non-fatal MI and stroke. While the
treatment with vitamin E was not effective as to event-free sur-
vival (293/2828 in controls vs 252/2830, p=0.07), the treat-
ment with n-3 PUFA significantly reduced the risk of cardio-
vascular disease (293/2828 vs 236/2836, 10.4% two-way
analysis, 15% four-way analysis, p=0.009). The effect of the
combination of PUFA+ vitamin E (293/2828 vs 236/2830,
p=0.01) was comparable to the n-3 PUFA supplementation
alone. When the data were stratified as to individual end-
points, cardiovascular death (-30%), coronary heart disease
death (-35%), total death (-20%) and sudden death (-45%)
were all significantly reduced by the n-3 PUFA supplementa-
tion. The 45% reduction in sudden death was not associated
with changes in the use of drugs (e.g. antiplatelet agents, beta-
blockers, ACE-I or cholesterol-lowering agents) that may play
a role in lowering the number of complex arrhythmias, thus the
underlying mechanism remains elusive.

n-3 PUFA and prevention of sudden death

The data obtained from the GISSI Prevenzione study have
fostered the search for mechanisms explaining the reduced
tendency to sudden death of survivors of a MI on treatment
with n-3 PUFA. From an epidemiological point of view, in 79
patients with complex arrhythmias, PUFA administration
reduced the number of premature ventricular beats [16]; in 52
survivors of acute MI with left ventricular dysfunction, an at
least once a week fish consumption was associated with
marked effects on heart rate variability; [17] and, in the
Physicians’ Health study, there was a strong inverse correlation
between fish consumption and sudden death as well as total
mortality [18, 19]. More recently, in the Nurses Health Study
(NHS), the authors observed a 30% reduction in the risk of
major coronary events in women treated with n-3 supplemen-

tation. This reduction increased when the authors considered
only fatal events (coronary deaths) [10].

An antiarrhytmic/antifibrillatory effect of EPA is docu-
mented [20, 21]. Several Authors have reported a variety of
potential mechanisms of n-3 PUFA (table) that may be rele-
vant to their antithrombotic potential. In 14 healthy volunteers,
a one-mo supplementation of a preparation of EPA and DHA
superimposable to that employed in the GISSI Prevenzione
study, caused, in parallel with increases in the plasma and
platelet content of EPA and DHA, an impaired aggregation of
platelets in response to collagen or ADP, that correlated
(p=0.036 and 0.068 respectively) to changes in the intracellu-
lar pH (pHi) of the Na+/H+ reverse transport [22]. In addition
to platelet function, the latter mechanism is important as to
lymphocyte function and blood pressure control [23, 24] The
impaired aggregation was independent of thromboxane
biosynthesis, in that study.

An additional explanation to elucidate the reduction of sud-
den death in the GISSI Prevenzione Study involves the fact
that > 80% of individuals were simultaneously receiving
aspirin and of n-3 PUFA. Since aspirin impairs thromboxane
formation, a major mechanism of platelet activation and n-3
PUFA impair ADP-induced aggregation, another important
mechanism of platelet activation, sudden death prevention may
well be the result of a more intensive anti-platelet treatment.
Studies in other settings (CABG, coronary stenting etc) where
the combination of antiplatelet agents greatly reduced coro-
nary deaths support this formulation.

Perspectives

Antiarrhythmic effects in dogs and rats; the scanty but
favourable data on the antiarrhytmic effects in humans; the
total plus sudden death reduction in randomized trials on
PUFA in post MI individuals and, finally, the indirect correla-
tion between fish consumption and sudden death in total mor-
tality reduction, suggest that the antiarrythmic/antifibrillatory
hypotesis is a major direction to understand the interrelation-
ships between n-3 PUFA and sudden death prevention. In this
respect we believe that large-scale prospective multicentric
randomized trials aimed at preventing sudden death in high-
risk patients (CHF, post-AMI, with LV disfunction) as well as
at testng the effects of n-3 PUFA in patients with intra-coro-
nary devices and sustained ventricular arrhythmias, are urgent-
ly needed.

From polygenic disorders, we have learned that by lower-
ing the threshold and becoming a susceptibility gene, a poly-
morphism can lead to a given effect if it is present in the appro-
priate milieu [25]. This implies that, within the study popula-
tions, a careful definition of the genetic backgroung of the
sample, of intermediate phenotypes; of the hormonal status, of
drug treatment and of the stage(s) in atherothrombosis is
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important for a reliable search for the antiarrhythmic/antifib-
rillatory effect of n-3 PUFA and, more in general, for a better
understanding of the n-3 PUFA and sudden death issue.
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TABLE
N-3 Fatty acids and CHD potential antithrombotic mechanisms

Variable Effect Author (year)

Plasma triglycerides ↓ Sanders (1985)
VLDL- cholesterol ↓ Nestel (1984)
LDL- cholesterol ↓ Subbaiah (1989)

HDL- cholesterol ↑ Sanders (1986)

Membrane fluidity ↑ Torano (1983)
Monocyte adhesion (EC) ↓ Kim (1990)
IL-1 and TNF-cc (mono) ↓ Enders (1989)
PDGF (EC) ↓ Fox (1989)
PDGF (pts) ↓ Smith (1989)
Plasma fibrinogen ↓ Schmidt (1990)

PG and TX synthesis ↓ Godnight (1990)
Vascular PGI2 ↑ De Caterina (1990)
LTB4 (neutr) ↓ Lee (1985)
LTB4(mono) ↓ Lokesh(1988)
EDGF release (arteries) ↑ Shinokawa (1989)

↑: enhance  ↓: lower


