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Despite the high fat content of their tra-
ditional diet, Eskimo populations in Green-
land and elsewhere were found to have
much lower cardiovascular mortality than
predicted1-3. The protective component of
the Eskimo diet was considered to be the
long-chain n-3 polyunsaturated fatty acids
(PUFAs) consumed in very high amounts
due to the regular intake of seal meat and
whale blubber. These long-chain n-3 PUFAs
include eicosapentaenoic acid (EPA), do-
cosapentaenoic acid, and docosahexaenoic
acid (DHA). Oily fish such as tuna, herring,
salmon and mackeral also contain signifi-
cant amounts of long-chain n-3 PUFAs.
The Japanese exhibit low cardiovascular
mortality4 and the traditional Japanese diet
is rich in seafood including oily fish. Epi-
demiological studies indicate that con-
sumption of fish or of long-chain n-3 PUFAs
reduces the risk of cardiovascular mortality
in North American and European popula-
tions5-11 and also in the Chinese12. Several
recent studies have confirmed the cardio-
protective effects of the long-chain n-3
PUFAs13-17.

N-3 PUFAs could protect against the
pathological processes leading to cardio-
vascular disease (i.e. atherosclerosis) or
against the processes that ultimately cause
death (e.g. myocardial infarction, stroke) or
against both. Long-chain n-3 PUFAs
favourably affect several risk factors for de-
velopment of atherosclerosis, suggesting
that they might slow its progression. For
example, long-chain n-3 PUFAs lower fast-
ing and post-prandial plasma triacylglyc-
erol concentrations18,19, both of which are
now recognised to increase the risk of car-
diovascular disease. Long-chain n-3 PUFAs
also lower blood pressure in both nor-

motensive and hypertensive individuals, as
confirmed in a recent meta-analysis20. Fish
oil contains significant amounts of EPA
and DHA, and including fish oil in the diet
of various types of animal has been demon-
strated to decrease atherosclerosis. This
might be due to:
- lipid lowering, so making less lipid avail-
able for deposition in atherosclerotic
plaques;
- decreased production of growth factors
involved in atherosclerosis;
- decreased inflammation, so impeding de-
velopment of plaques, which involves an
inflammatory component21;
- a combination of these mechanisms. 

Epidemiologic studies indicate a strong
protective effect of n-3 PUFAs towards fatal
myocardial infarction8,9, particularly to-
wards sudden death10,14,15. Several studies
also report protection against non-fatal my-
ocardial infarction8,11,13,15. These findings
suggest that n-3 PUFAs lower risk of acute
coronary events. Placebo-controlled, sec-
ondary prevention studies providing long-
chain n-3 PUFAs (as fish oil) to patients
post-myocardial infarction have shown sig-
nificant reduction in mortality22, in cardio-
vascular events, non-fatal myocardial in-
farction and cardiac death23, and in fatal car-
diovascular events, especially sudden
death24. In the GISSI-Prevenzione study the
protective effects of n-3 PUFAs occurred in
the absence of lipid lowering. A recent pub-
lication reports that the reduction in risk of
sudden death at 2 years in those patients
consuming fish oil was already apparent at
4 months and the reductions in risk of car-
diovascular mortality and coronary heart
disease mortality were apparent within 6 to
8 months of initiating fish oil treatment25.
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Two mechanisms are considered to contribute to
the strong protective effect of long-chain n-3 PUFAs
towards acute events, especially those that are fatal.
These are antithrombotic effects26 and antiarrhythmic
effects27. However, a recent study28 suggests that anti-
inflammatory actions29-31 may provide a further, nov-
el, mechanism for the cardioprotective effects of n-3
PUFAs. The rupture of an atherosclerotic plaque,
which is the acute event that exposes the plaque con-
tents to the highly pro-thrombotic environment of the
vessel lumen, is, essentially, an inflammatory
event32,33. The characteristics of an atherosclerotic
plaque that make it vulnerable to rupture include a
thin fibrous cap and increased numbers of inflamma-
tory cells such as macrophages34-36. N-3 PUFAs might
act to stabilise atherosclerotic plaques by decreasing
infiltration of inflammatory and immune cells (e.g.
monocyte/macrophages and lymphocytes) into the
plaques and/or by decreasing the activity of those
cells once in the plaque. Thies et al.28 addressed
whether n-3 PUFAs influence atherosclerotic plaque
stability. 

In the study of Thies et al.28 patients destined to un-
dergo carotid endarterectomy were randomised to con-
sume 6 g placebo, sunflower oil or fish oil per day un-
til surgery. The placebo was an 80:20 mix of palm and
soybean oils, which has a similar fatty acid composi-
tion to the average UK diet. Patients in the fish oil
group consumed an extra 1.4 g EPA plus DHA per day,
fairly similar to the amounts used in the various sec-
ondary prevention trials in post-myocardial infarction
patients. Exclusions and dropout accounted for about
15% of enrolled patients, so that data for 57, 52 and 53
patients were available in the placebo, sunflower oil
and fish oil groups, respectively. Duration of treatment
was 7 to 189 days with a median of 42 days, and did
not differ between the three groups. As expected, fish
oil decreased mean fasting plasma triacylglycerol con-
centration (by approximately 30%) and increased in
the proportion of EPA and DHA in plasma low-densi-
ty lipoprotein lipid fractions. The proportions of EPA
and DHA were higher in carotid plaque lipids in the
fish oil group than in either of the other two groups.
Thus, even when provided at a modest dose and for a
relatively short duration, long-chain n-3 PUFAs are
able to enter advanced atherosclerotic plaques. These
findings suggest that atherosclerotic plaques are fairly
dynamic with some degree of lipid turnover, even at an
advanced stage of atherosclerosis. The observed high-
er content of EPA and DHA in atherosclerotic plaques
from patients consuming fish oil has been reported
previously by Rapp et al.37. However, the study of
Rapp et al.37 provided a very high dose of fish oil (48
to 64 g/day providing 16 to 21 g EPA plus DHA per
day), was not placebo-controlled or blinded, investi-
gated a heterogeneous group of atherosclerotic
plaques (carotid, femoral, aortic, iliac) removed from

11 patients, and provided no structural details of the
plaques. In contrast, Thies et al.28 used a modest dose
of fish oil in a placebo-controlled, double-blind, ran-
domised trial, studied one type of plaque removed
from a large number of patients and provided some de-
tail about plaque structure. The morphology of plaque
sections was characterised according to the American
Heart Association (AHA) classification34. Almost all
(approximately 90%) plaques were of the AHA type
IV (well-formed necrotic core with an overlaying thick
fibrous cap) or type V (thin fibrous cap infiltrated by
macrophages and lymphocytes) classification. Thus,
type IV plaques appear to be more stable than type V
plaques. Plaques from patients treated with fish oil
were more likely to be type IV than those from the oth-
er two groups (odds ratio 1.19 vs placebo and 1.16 vs
sunflower oil). Conversely, plaques from patients
treated with fish oil were less likely to be type V than
those from the other two groups (odds ratio 0.52 vs
placebo and 0.49 vs sunflower oil). Thus, there were
more plaques with a well formed fibrous cap, rather
than a thin inflamed cap, in the fish oil group than in
either of the other groups. The EPA and DHA contents
of type IV plaques were higher than those of type V
plaques, which, in turn, were higher than those of type
VI plaques, further suggesting that n-3 PUFAs are as-
sociated with plaque stability. Infiltration by macro-
phages was investigated using immunohistochemistry.
It was found that plaques from patients given fish oil
were less heavily infiltrated with macrophages than
those in the other two groups. Plaques with a higher
content of EPA and DHA showed lower macrophage
infiltration28.

While the rapid effects of fish oil on plaque mor-
phology and macrophage infiltration observed by Thies
et al.28 may be surprising, they are consistent with the
time course of the reported effects of n-3 PUFAs on
mortality in secondary prevention studies. In the DART
study, the survival curves of the control and n-3 PUFA
groups began to diverge after about 60 days, although it
is not clear when the groups became significantly dif-
ferent22. In the GISSI study, the survival curve for pa-
tients receiving fish oil diverged from that of the con-
trols also after about 60 days and statistically signifi-
cant differences in total mortality and sudden death
were apparent by 3 and 4 months, respectively25. These
studies support the idea that atherosclerotic plaques are
dynamic and responsive to dietary modification, which
may impact on plaque stability, as suggested by the re-
sults of Thies et al.28. Since it is the vulnerability of the
plaque to rupture rather than the degree of atheroscle-
rosis that is the primary determinant of thrombosis-me-
diated acute cardiovascular events36, it is likely that the
findings of Thies et al.28 are clinically relevant. Fur-
thermore, they may explain the significant protective
effects of n-3 PUFAs towards both fatal and non-fatal
cardiovascular events.
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