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Abstract
Epidemiological studies show a significant inverse correlation 
between fish consumption and atherosclerotic disease. An im-
portant fraction of fish oil – polyunsaturated Omega-3 fatty acids, 
particularly eicosapentaenoic acid - appear to be the mediators 
of this action, which is the consequence of various metabolic 
effects, namely: hypolipidemic activity, decreasing the synthesis 
of triglycerides; 2) platelet antiaggregation, due to the synthesis 
of thromboxane A3 to the detriment of A2; 3) anti-inflammatory 
activity, due to a decrease in leukotriene B4 synthesis, a power- 

 
ful agent for quimiotaxis of neutrophils and monocytes, and an 
increase in leukotriene B5 synthesis; 4) antithrombotic action, 
reducing PAI-1 levels; and 5) improvement in tissue perfusion. The 
consumption of fish oil concentrates appears to be harmless, the 
only hypothetical exception being diabetes, since it can worsen 
glycemic control.
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The main Omega-3s are alpha-linolenic acid 
(C18:3, W-3), eicosapentaenoic acid (C20:5, W-3) 
and docosahexaenoic acid (C22:6, W-3) [C18 repre-
sents the existence of 10 carbon atoms on the mole-
cule, :3 means there are three double bonds and W-3 
indicates the location of the first double bond in the 
third carbon atom, from the methyl end of the fatty 
acid].  Like linoleic acid (C18:2, W-6), alpha-linolenic 
acid, which is found in some vegetable oils and green 
leafy vegetables, is an essential fatty acid.  Cold wa-
ter fatty fish, like mackerel, herring and salmon, are 
particularly rich in Omega-3, which is synthesized 
by phytoplankton and zooplankton.4 However, the 
ingestion of significant doses of these fatty acids from 
natural sources is hindered by the fact that boiling 
and processing of the foods destroy considerable 
quantities of the Omega- 3 present.5

Ingestion of fish or fish oil concentrates results in 
the incorporation of Omega-3 in the cell membranes, 
giving rise to multiple actions in various biochemical 
and cellular actions that can affect the development 
and progression of atherosclerotic disease and its main 
complication, thrombosis.6

Many of these effects are attributed to the eicosa-
pentaenoic acid,7 while docosahexaenoic acid, which 
accumulates in the phospholipids and can be slowly 
transformed into eicosapentaenoic acid, functions 
essentially as a store of the latter, although it is also 
metabolically active.7 The accumulation of Omega-3 
in the tissues, particularly the heart, kidneys, liver 
and adipose and muscle tissues, is associated with 
a reciprocal decrease in Omega 6, essentially from 

Introduction
Despite having an average life expectancy of only 
60 years, Eskimos have a mortality rate by ischemic 
heart disease (IHD) of just 3.5%. They have a lower 
incidence not only of myocardial infarction and dia-
betes, but also of thyrotoxicosis, bronchial asthma, 
multiple sclerosis and psoriasis.  Although their diet 
is rich in fats, and they present average total choles-
terol levels of around 228 mg/dl,1 analysis showed 
that much of the fat and calories were derived from 
the consumption of fatty fish and marine mammals, 
rich in Ω-3 fatty acids (Omega-3), of which Eskimos 
consume 5 to 10 g/day, which was considered largely 
responsible for the low incidence of IHD.  In Japan, 
where fish consumption per capita is 100 g/day, a low 
incidence of coronary disease is also observed, and the 
inverse relationship between IHD and fish consump-
tion appears to be dose-dependant. 2  However, other 
studies previously carried out are not unanimous,3 
therefore doubt remains as to the real role of fish in 
preventing IHD.
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arachidonic acid, but also from saturated fatty acids, 
like lauric and myristic acid, in the cell membranes.8 
It is likely that Omega and 3 and Omega 6 compete 
in their biological activities, therefore the relative 
proportion of each in the diet is a determining factor 
for their respective effects.

Despite the high number studies carried out, some 
confusion remains as to the effects of Omega-3 con-
centrates on lipid profile.2  The possible consensus 
is that in high doses, Omega-3 are essentially hypo-
triglyceridemiants, which may be due to a decrease 
in synthesis and hepatic secretion of VLDL, 9 secon-
dary to the stimulation of free fatty acid oxidation 
and mitochondrial metabolization,7 reducing fasting 
triglyceridaemia levels by 20% to 40% in normal and 
hyperlipidemic individuals.10  There appears to be no 
stimulation of the lipoprotein lipase.5

There may be a slight decrease in total cholesterol 
at the expense of VLDL cholesterol, while LDL cho-
lesterol may increase, particularly in types IIb and IV 
of the Fredrickson/WHO classification. C-HDL may 
increase by up to 5%-10%, although the results are 
inconsistent, probably reflecting their inverse relation 
with the triglycerides.  In relation to apoproteins, a 
slight increase in Apo AI may occur, alongside the 
increase in HDL-C, while the opposite effects on ILDL 
and IDL may balance the variation in apo B100.  It will 
have no significant effect on Lp(a)9. Omega-3 have 
the capacity to prevent induced hypertriglyceridemia 
induced by the carbohydrates11 and to reduce post-
prandial lipemia10.  Hyperchylomicronemia (type V) 
also appears to respond well to Omega-35.

Eicosapentaenoic acid, which has the same 
number of carbon acids as arachidonic acid, is in-
corporated into the platelet membrane, where it is 
transformed into thromboxane A3 (structural analog 
to thromboxane A2), and in the endothelial cells, 
into prostaglandin 13 (analog to prostacyclin); while 
the first has no platelet and vasoconstrictor agonist 
activity, the second has powerful vasodilation and 
prostacyclin platelet antagonist properties,12,13.14 re-
ducing platelet aggregation and prolonging bleeding 
time by 20 to 40%.

Leukotrienes, produced from arachidonic acid, 
contribute to the acute inflammatory response du-
ring myocardial infarction.2 The incorporation of 
eicosapentaenoic acid in the phospholipids of the 
membrane of the neutrophils and monocytes leads to 
a decrease in synthesis of leukotriene B4, a powerful 

chemotactic agent of neutrophils and monocytes, and 
a increase in synthesis of leukotriene B5, which is bio-
logically less active than the former, reducing the in-
flammatory response.  By decreasing the chemotactic 
activity of the circulating monocytes,15 Omega-3 may, 
eventually, inhibit the accumulation of macrophages 
in the intimal layer, interfering with the pathogenic 
mechanisms of atherosclerosis.

Besides the effects described above, Omega-3 may 
also inhibit the production, by the endothelial cells, 
of PDGF (platelet-derived growth factor), 16 a growth 
factor that plays an important role in smooth muscle 
cell and fibroblast hyperplasia in the atheromatous 
plates, stimulating the production of EDRF (endo-
thelium-derived relaxing factor) by the damaged 
endothelium,17,18,19 decreasing PAI-1 (plasminogen 
activator inhibitor-1) concentrations,20 improving 
fibrinolytic activity, decreasing fibrinogen levels, 21, 22  
recently considered by the European Atherosclerosis 
Society as a risk factor for IHD23 - reducing the vasos-
pastic response to catecholamines, arachidonic acid, 
vasopressin and angiotensin II, 24-25 increasing the 
red blood cell deformability, reducing blood viscosi-
ty,26 and lowering blood pressure,25,27,28 an effect that 
may be partially independent of the endothelium.25 
However, there is some debate as to these effects, as 
contradictory results have been obtained, and there 
have been studies which, notably, have found no 
alteration in values for fibrinogen, PAI-1, plasma 
viscosity9 and blood pressure. 29  Differences in fatty 
acid and cholesterol composition of the fish oil su-
pplements used in the various studies, dosage, and 
length of administration time may have influenced 
the results obtained.8,30

It is clear that faced with this wide spectrum of 
action, fish oils may have significant antiatherogenic 
action, which may be more due to the non-lipid effects 
than to the alterations in lipid profile. A recent ultra-
sound study in Eskimos demonstrated that the low 
incidence of ischemic heart disease in this population 
apparently cannot be attributed to less severed athe-
rosclerotic disease, and in many of the studies that 
demonstrate a beneficial effect of fish oils on IHD, 
no significant changes were observed in cholesterol 
levels.  Considering that there are local thrombi in 
more than 90% of patients with acute myocardial 
infarction, it is evident that the effects of Omega-3 
on eicosanoid production may be more significant 
than the alterations in lipid profile4. Also, in the Lyon 
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Diet Heart Study, in which the institution of a typical 
Mediterranean diet, rich in alpha-linolenic acid, led 
to a 60% reduction in overall mortality, at the end of 
27 month follow-up period, the rapid protector effect 
and the similarity of the lipid profile between the ex-
perimental group and the control group suggest that 
this protector effect may be the result of alterations 
in thrombogenesis and arrhythmogenesis.31

Various studies on pigs, dogs and monkeys appear 
to confirm the protector role of fish oils.2 Studies on 
experimental coronary occlusion demonstrate smaller 
infarctions, less arrhythmias and less sudden deaths 
in animals treated with Omega-3.32,33 However, the re-
sults for rabbits, rats and quails are not in agreement.2 
In humans, in restenosis after coronary angioplasty, 
apparent disagreements were also seen, perhaps due 
to the different doses of Omega-3 used. Dehmer et 
al, 1988, obtained a significant reduction in the per-
centage of patients with restenosis, ranging from 46% 
(placebo group) to 19% (group that received 3.2 g/
day of Omega-3), while Grigg et al, 1989, did not find 
any significant differences with 1.8 g/day of Omega-3 
vs placebo.  However, a recent meta-analysis supports 
the hypothesis that Omega-3 effectively reduces the 
restenosis rate after coronary angioplasty, in an effect 
that appears to be dose-dependant, and the authors 
defend the use of a daily dose of 4 to 5 grams.36 In 
a major secondary prevention trial with various 
dietetic combinations (DART trial), in patients with 
myocardial infarction, a decrease in overall mortality 
was found in 29% in the group advised to increase 
their fish consumption (corresponding to around 300 
g of fatty fish per week, around 2.5 g of Omega-3).37 
Necropsy studies show an inverse correlation between 
the content of the adipose tissue in docosahexaenoic 
acid and the extension of the coronary atherosclero-
sis.38  Total mortality, mortality by IHD and mortality 
by cardiovascular disease are inversely correlated with 
fish consumption in men (n=650) who took part in 
the MRFIT trial after 10.5 years of follow up.39 During 
the twenty years of follow-up of the Zutphen popu-
lation, which took part in the seven countries study, 
coronary mortality was reduced by more than 50% 
in the individuals who consumed 30 g of fish a day.40  
Omega-3 provides gives results in the prevention or 
delay of progression off microvascular complications 
of diabetes.41,42

In the majority of studies carried out with fish 
oils supplements, the doses administered varied be-

tween 2 and 7 g/day.  Some of the biochemical and 
cellular effects of Omega-3 are dose-dependant, and 
the optimum daily dose is not yet known.43  Fish 
oil concentrates should not contain excess A and D 
vitamins, in order to prevent hypervitaminosis.  For 
example, despite being a source of Omega-3 that is 
easily available, the doses of cod liver oil needed to 
ensure the beneficial biological effects of these fatty 
acids involve a risk of vitamin intoxication.5 They 
should also have a high concentration of Omega-3, 
avoiding an excess of other fatty acids and cholesterol, 
and must be enriched with antioxidants, due to their 
sensitivity to oxidation43 and they may eventually 
increase the oxidative lability of the LDL.44

Without doubt, the majority of epidemiological 
studies and experiments carried out suggest that the 
ingestion of fish, because it generally replaces the 
consumption of foods rich in saturated fats, provi-
des protection against IHD, as seen with the rapid 
and substantial decrease in incidence of mortality by 
myocardial infarction in Norway during the II World 
War, when meat was abruptly replaced with fish in the 
diet.3 But further prospective clinical trials are needed, 
to establish definitively the role of fish oil concentrates 
in the primary and secondary prevention of IHD.

Consumption of fish oil concentrates appears to 
be practically harmless, the secondary effects being 
limited to a decrease of 5 to 10% in the number of 
platelets, which may even be beneficial, and is only 
rarely clinically significant,45 and occasional slight 
gastrointestinal intolerance, with meteorism and 
diarrhea.29  Its use in diabetes is not established, as it 
can worsen glycemic controle,46 an effect which may 
be dose-dependant and which becomes apparent for 
doses higher than 7g/day.42

The main concern today in relation to the con-
sumption of fish is the possibility of its contamination 
by heavy metals and organic toxins.  For example, fish 
caught in contaminated waters may be a major source 
of human contamination with dioxins,47 the most 
powerful toxin known to man, which is produced by 
garbage incineration centers and paper and herbicide 
manufacturers.  A diet that includes a higher quantity 
of vegetables and seeds, such as purslane, linseed, 
rapeseed, soya and nuts, rich in alpha-linolenic acid, 
which may be lengthened and desaturated in eicosa-
pentaenoic and docosahexaenoic acid, may provide 
a sufficient dietetic Omega-3 supplement. 48

Considering the positive metabolic effects of 
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introducing fish to the diet,49 could the therapeutic 
doses of fish oils, which are already sold in Portugal as 
dietetic supplements, in low doses, have measurable 
consequences in a population that consumes signi-
ficant amounts of fish and vegetable products, like 
the Portuguese population?  This is the question we 
will seek to answer in a double blind trial in patients 
with mixed hypertriglyceridemia or dyslipidemias, in 
which our service is involved.    
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