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Nutrition, atherosclerosis and coronary heart disease

S Renaud, M de Lorgeril
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Summary — The main health hazard of atherosclerosis is coronary heart disease (CHD). Its relation
to nutrition (chiefly saturated fat) was shown through the Seven Countries Study and confirmed by
between country comparisons. Nevertheless, cholesterol, the accepted intermediate link in blood, can
no longer be used to explain differences between countries. In addition, when previous trials to
decrease CHD by diet were efficient, rapid protection was observed (within a year), an effect not
attributed to atherosclerosis but to thrombosis, which is responsible for myocardial infarction. Throm-
bogenesis is directly increased by saturated fat, but decreased only by n-3 fatty acids and aicohol through
decreasing platelet reactivity. A Mediterranean diet with more cereals, vegetables, fruit, less satu-
rated fats and more n—3 fatty acids has recently been shown to afford a rapid and exceptional protection
from recurrences and death in coronary patients. The relationship between nutrition and CHD is thus
as close as suggested, but more complex, because of additional nutrients, such as alcohol and natu-
ral antioxidants, and an appropriate balance between fatty acids.
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Résumé — Nutrition, athérosclérose et maladie coronarienne. La principale complication de
l'athérosclérose est la maladie des coronaires. Sa relation avec la nutrition, principalement la consom-
mation de graisses riches en acides gras saturés, a été montrée dans I'étude dite des Sept-Pays et confir-
mée par les études de comparaison entre pays. Néammoins, le cholestérol sérique, considéré comme
le lien intermédiaire entre les acides gras saturés de I'alimentation et les lésions d'athérosciérose,
n'explique plus les différences observées entre pays ou régions. De plus, les essais antérieurs de
modification du régime pour abaisser la maladie coronarienne, lorsqu'ils ont été efficaces, ont pro-
tégé rapidement (en moins d'un an) un effet que I'on ne peut attribuer & une protection contre l'athé-
rosclérose, mais plutét contre la thrombose, responsable de linfarctus du myocarde. La thromboge-
nése est directement augmentée par la consommation de graisses saturées et abaissée par celle
des acides gras polyinsaturés en n-3 et de l'alcool, par diminution de la réactivité plaquettaire. Nous
venons de montrer qu'un régime de type méditérranéen avec davantage de céréales, légumes, fruits,
moins d'acides gras saturés, davantage d'acides gras n—-3, protégeait d'une fagon rapide (2 a 3 mois)
et exceptionnelle contre les récidives et le déces, chez des patients coronariens. En conclusion, la rela-
tion entre nutrition et maladie coronarienne est aussi étroite que le suggérent les études d'observation,
mais elle est plus complexe que prévu, impliquant en particulier 'alcool, les antioxydants naturels et un
équilibre des différents acides gras.
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INTRODUCTION

Atherosclerosis is associated with, or
accountable, for chronic events such as sta-
ble angina pectoris, intermittent claudica-
tion, and acute events such as stroke and
myocardial infarction. In industrialized coun-
tries it is responsible for 30—60% of total
mortality, ie the main cause of death, mostly
through coronary artery occlusions or coro-
nary heart disease (CHD).

A number of risk factors have been dis-
covered to be related to these events, such
as smoking, hypertension, diabetes and
others (The Pooling Project, 1978;
Ducimétiere et al, 1980), but none of these
seem to be as important as the nutritional
factors because in principle they can easily
lead to prevention by dietary changes. The
additional interest of the nutritional factors is
that in the absence of their noxious effects,
especially saturated fats, the other risk fac-
tors such as smoking, hypertension or even
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high cholesterol, do not predispose
much(Mediterranean countries) or at all
(Japan) (Keys, 1970; Renaud and de Lorg-
eril, 1993) to CHD.

SATURATED FATS AND CHD

In the Seven Countries Study after 5, 10 or
15 years of follow up (Keys, 1970; Keys et
al, 1984), the only nutritional factor closely
related to the incidence or the mortality from
CHD was the consumption of saturated fat,
as shown in figure 1.

Since a similar association was found
between the level of serum cholesterol and
the mortality rate from CHD (fig 2), it was
proposed that the main effect of saturated fat
to predispose a patient to CHD was an
increase in cholesterol levels. Other stud-
ies have demonstrated that saturated fat is
the chief factor increasing cholesterol (the
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Fig 1. The Seven Countries Study. Relationship between the CHD mortality after 15 years follow-up
and the intake of saturated fats at entry (adapted from Keys et al, 1994).
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Fig 2. The Seven Countries Study. Relationship between CHD mortality after 15 years and the
level of serum cholesterol at entry (adapted from Keys, 1970, and Keys ef al, 1984).

equations of Keys and Hegsted) (Hegsted et
al, 1993).

The relationship between saturated fats
and CHD has also been observed by simply
comparing the mortality rate from CHD in
industrialized countries, as evaluated by the
World Health Organization WHO (1989), and
the food consumption statistics reported by
the Organization for Economic Co-opera-
tion and Development (OECD) (1991) or the
Food and Agriculture Organization (FAO)
balance sheets. Most or all of the saturated
fat that is consistently significantly related
to the mortality rate from CHD is dairy fat,
as shown by Turpeinen (1979). The main
reason seems to be, as shown in figure 3,
that dairy fat is the most common fat in sat-
urated fatty acids. Nevertheless, when we
try to differentiate between the various dairy
products, it can be observed that the main
foodstuff positively associated with CHD

mortality is the milk fat (fig 4) but not cheese
(fig 5). It can be speculated that such data
are not the results of real epidemiological
studies and consequently are not reliable.
Nevertheless, when we try to determine the
relationship between milk and cheese con-
sumption and mortality from CHD in the
Seven Countries Study, a significant posi-
tive association is only found with milk (fig
6) (r=0.73, p < 0.01) but not with cheese
(fig 7). Thus it seems that cheese could not
be as noxious as milk despite the fact that
both have a similar general composition in
fatty acids, protein and calcium. Further stud-
ies are thus required to determine whether
the relationships observed in epidemiologi-
cal studies can be documented by more pre-
cise experimental investigation. For the time
being these observations can be considered
as part of the numerous paradoxes found in
the relationships between nutrition and CHD



602 S Renaud, M de Lorgeril

Il Sat =18:2 [ 183 Mono

Rapeseed oil

Sunflower oil
Corn oil

Olive oil
Soyabean oil
Soft margarines
Peanut oil

Duck fat
Chicken fat
Lard (Pork fat)
Beef fat

Cacao butter (chocolate)
Butter (Cream)
Rapeseed margarine

- T 1
(o} 10 50 100%
Fig 3. Fatty-acid composition of common fats and oils used in human nutrition. The rapeseed margarine

shown above is the experimental margarine, which has been used in our intervention trial. Except for
the higher level of 18:3(n — 3), its composition is somewhat similar to that of olive oil.
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Fig 4. Relationship between the mortality rate-from CHD'in‘'ian (adapted from WHO, 1989) and the
intake of milk in the 21 most industrialized countries from the OECD (1991) (mean 1983-1988).
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Fig 5. Relationship between the human mortality rate from CHD as in figure 3 and the intake of cheese
in the 21 most industrialized countries from the OECD (1991) (mean 1983-1988).

which indicate that so far we have only a
superficial view of the mechanisms involved.

Finally, recent data from the Monica pro-
ject indicate that neither serum cholesterol
nor tobacco smoking could explain the dif-
ferences in the mortality rate from CHD in
37 Monica centers while the plasma levels of
natural antioxidants, especially vitamin E,
can explain at least part of the difference
(Gey et al, 1991). This, of course, does not
mean that cholesterol has nothing to do with
CHD but rather that other factors could be at
least as important as serum cholesterol or
even lipoproteins for CHD mortality.

CHD PREVENTION TRIALS
BY HYPERCHOLESTEROLEMIC DIETS

The causal relationship between an obser-
vation such as CHD and the intake of satu-

rated fat or the level of serum cholesterol
can only be established by randomized inter-
vention trials. If the trial is performed on
patients after a myocardial infarction, it is a
secondary prevention. The advantage of
this secondary prevention is that in principle
it requires a smaller number of subjects to
be significant since the main endpoints,
myocardial infarction and death, are ele-
vated in the subsequent years (10% per
year a few years ago, now in the range of
6% per year). There are 3 main trials of this
type that have been performed (Morris et
al, 1968; Leren, 1970; Woodhill et al, 1978).
These were similar in several aspects since
they all had 200 patients per group, a 5 year
follow up and an experimental group
extremely rich in polyunsaturated fat, in such
a way the P/S (polyunsaturated/saturated)
ratio rose from 1.6 to more than 2.0. As a
result serum cholesterol was decreased by
approximately 15%. The only trial that
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Fig 6. The Seven Countries Study. Relationship between CHD mortality as in figure 1 and the

intake of milk as reported by Kromhout et af (1989).

obtained significant results was the first
organized (Leren, 1970) with a decrease of
23% of coronary events (p < 0.05) and a
decrease in total mortality of 25% which
was non-significant. In the MRC trial (Morris
et al, 1968), the decrease in coronary events
was only 15% (non-significant). In the last
trial (Woodhill et a/, 1978), the control group
had changed their diet spontaneously hav-
ing a P/S ratio of 0.8 during the trial instead
of 0.2-0.3 as in the other trials. As a result,
total death was increased by 50% in the
experimental group suggesting (Renaud
and de Lorgeril, 1989) that a P/S ratio of
0.8 was probably much healthier than a P/S
ratio of 1.6 or more.

As a conclusion, it has been speculated
that after a first myocardial infarction it is

too late to expect a beneficial effect of a
diet, once the myocardium is already dam-
aged and atherosclerotic lesions extremely
severe. It was suggested that it will be only
in primary prevention, ie in healthy subjects,
that the beneficial effect of a diet could be
observed. Several such trials have been
performed, with variable success. The most
recent, the Minnesota coronary survey on
approximately 9 000 subjects in mental hos-
pitals (Frantz et al, 1989), used diets that
were comparable to those used in the sec-
ondary prevention trials mentioned above. In
the controls, 18.3% of the calories came
from saturated fat with a P/S ratio of 0.3. In
the experimental group, 9.3% of the calo-
ries came from saturated fats and the P/S
ratio was 1.6. Cholesterol was decreased
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Fig 7. The Seven Countries Study. Relationship between CHD mortality as in figure 1 and the intake

of cheese (Kromhout et al, 1989).

by approximately 15% but after a follow up
of 4.5 years (mean), coronary events and
total mortality were increased by 8% in the
experimental group. Despite this total fail-
ure, we do not conclude that nutrition has
nothing to do with CHD but rather that the
non-natural diets proposed, even through
they are efficient at decreasing cholesterol,
had other noxious effects, especially on the
blood platelets (Renaud and de Lorgeril,
1989; Renaud 1990). An elevated level of
linoleic acid has been also demonstrated to
increase peroxidation of LDL (low density
lipoproteins), apparently the only truly
atherogenic LDL (Abbey et al, 1993; Reaven
et al, 1993) related to the level of coronary
artery disease (Hodgson et al, 1993).

DIETARY PREVENTION TRIALS
AND THROMBOGENESIS

Myocardial infarction is caused by coronary
thrombosis. Platelet reactivity plays an
essential role since a drug such as aspirin,
that does not decrease cholesterol but
markedly lowers platelet reactivity, reduces
coronary events by approximately 50%
(Fuster et al, 1989). In addition to their effect
on atherosclerosis, saturated fats increase
platelet reactivity directly (Renaud et al,
1986). In contrast to cholesterol, linoleic
acid increases platelet reactivity while we
found that n—3 fatty acids (mostly 18:3 (n—3))
decrease it efficiently. Thus if a diet is suc-
cessful in preventing CHD rapidly (within a
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year), it could act on thrombogenesis, while
the effect through cholesterol and
atherosclerosis per se could be expected to
require 3—4 years as in trials with hypolipi-
demic drugs {Lipid Research Clinics, 1984).
As a matter of fact, the only diet interven-
tion that has been really successful (Hjer-
mann et al, 1981) had a P/S ratio of just 0.7
(Renaud and de Lorgeril, 1989), lowered
cholesterol by only 10% but reduced coro-
nary events and death by a similar 50% after
1 or 7 years.

THE MEDITERRANEAN DIET
AND PREVENTION OF CHD

The Mediterranean diet is known to be asso-
ciated with a low mortality rate from CHD
from all causes, especially the Crete diet
(Keys, 1970; Keys et al, 1984). After 10
years follow-up in the Seven Countries
Study, the mortality from CHD in Crete was
9/10 000, while it was 420/10 000 in Zut-
phen (The Netherlands) and 574/10 000 in
the USA. Total mortality was 514/10 000 in
Crete but 1 153/10 000 in the USA. Thus,
instead of innovating further by giving
patients diets that are not extensively used
by any population in the world (ei, the high
linoleic acid diet), in 1988 we began a sec-
ondary prevention trial on 600 patients after
a first myocardial infarction. In this trial, we
tried to duplicate the Crete diet in the experi-
mental group compared to a control group
receiving the diet prescribed by cardiologists
(prudent high polyunsaturated diet). The
experimental diet comprised more cereals,
vegetables and fruit, less meat and more
fish. Butter and cream were replaced by a
rapeseed-oil-based margarine designed for
this study, with a fatty-acid composition sim-
ilar to that of olive oil (fig 3). Olive and rape-
seed oil were recommended for salads and
other preparations. After a mean follow-up of
27 months, there was, in the experimental
group (de Lorgeril et al, 1993; de Lorgeril

et al, 1994), a striking highly significant
reduction of all cardiovascular events as
well as cardiac and total death. The most
surprising results were that the protective
effect was already obvious after 2—-3 months
of diet feeding and that serum lipids (choles-
terol, LDL, HDL) were identical in the 2
groups.

In conclusion, as emphasized elsewhere
(Renaud and de Lorgenil, 1994), the
Mediterranean-type diet, even when
adapted to a Western population, protects
from CHD much more efficiently that the
usually prescribed prudent diet, enriched
only in linoleic acid. The factors that may
play a role in the protection observed could
be: a low intake of saturated fats (8% of
calories as in Crete); a high level of oleic
acid; an adequate ratio (1/5) of 18:3
(n-3)/18:2(n-6); an increased level of nat-
ural antioxidants (vitamin C, polyphenois,
partly from red wine) sparing the level of
vitamin E; and a moderate intake of meat
and wine (Renaud and de Lorgeril, 1994).

Thus, nutrition still seems to be the main
environmental factor related to CHD, but in
a much more complex way than formerly
suspected.
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