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The Significance of Elevated Plasma Lipids
in Relation to the Prevention of Ischaemic
Heart Disease*
M. F. OLIVER, M.D., F.R.C.P. Ed. 1

In this report an attempt is made to assess the value of reducing elevated plasma lipids
in the treatment and prevention of ischaemic heart disease. The main relationships between
lipids and atheroma formation and between lipids and intravascular thrombosis are outlined,
although no general review is undertaken. While there is probably a causal relationship
between hypercholesterolaemia and the early development of atheroma, the nature of the
association between elevated plasma lipids and ischaemic heart disease is uncertain. Epidemiological studies have indicated that certain environmental factors can be positively
correlated with ischaemic heart disease and one of these is the intake of' saturated fat.
Although there is no entirely satisfactory method for reducing elevated plasma lipids over
an indefinite period, a strict diet substituting unsaturated for saturated fats is the best at
present available.
Certain long-term dietary and hormonal studies of the benefit of reducing elevated
plasma lipids in patients with ischaemic heart disease are reviewed. Provisionally, it is
cdncluded that continued reduction of plasma lipids does not improve prognosis once
myocardial infarction has occurred. Thus, the next step is a study of the value of reducing
elevated plasma lipids in otherwise apparently healthy men. Some of the problems involved
in the establishment of such a study are discussed.
The main purpose of this report is to consider the
significance of elevation of the plasma lipids in
terms of the prevention of ischaemic heart disease.
No attempt will be made to review the relationship
of lipids to atherosclerosis and to ischaemic heart
disease, particularly since several comprehensive
general reviews have recently been published.2 Care
has been taken to give perspective to the results of
the many investigations undertaken during the last
ten years and it is thought that the opinions given
represent those of the majority, yet it should be
realized that this report is necessarily only one
man s view.
* From the Department of Cardiology, Royal Infirmary,
Edinburgh, Scotland. Paper submitted to the WHO Expert
Committee on Hypertension and Ischaemic Heart Disease,
October 1961.
1 Senior Lecturer in Medicine, University of Edinburgh;
and Consultant Physician, Royal Infirmary, Edinburgh,
Scotland.
2 See, for instance, Brit. med. Bull. (1958), Page (1958,
1959), Hilditch & Jasperson (1959), Pincus (1959), Katz et
al. (1959), Lansing (1959), Oliver (1960), Olsen (1960) and
Sinclair (1960).
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An attempt will be made to answer the following
two principal questions:
1. Is reduction of elevated plasma lipids to levels
present in healthy individuals likely (a) to benefit
patients with ischaemic heart disease or (b) to postpone or to prevent the development of ischaemic
heart disease?
2. How is correction of elevated plasma lipids best
achieved and what practical and social problems
are likely to be encountered?
Before answering these questions, it is necessary
to outline the nature of the association of lipids
with ischaemic heart disease. Morbidity and mortality from coronary heart disease are due to myocardial ischaemia of varying degrees and the basic lesion
leading to myocardial ischaemia is atheroma of the
coronary arteries. Fibrin formation can contribute
to the development of atheroma, and intravascular
thrombosis is usually the immediate cause of myocardial ischaemia. Thus, two major and mutually
dependent processes leading to the development of
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ischaemic heart disease are those which result in
the formation of atheroma and those which lead
to intravascular thrombi. The influence of lipids on
these processes will be considered briefly.
LIPIDS AND THE FORMATION OF ATHEROMA

The simple fatty streak is regarded as the earliest
lesion which can be recognized either grossly or
histologically. Fatty streaks are present in many
children at the age of 5 years and in the majority of
10-year-olds (Holman et al., 1958). These lesions
are gradually converted into fibrous plaques, at
the base of which a core of lipid usually remains,
and as accretion of lipid and fibrin proceeds a
complex atheromatous lesion develops. Studies of
these phases of development of atheromatous
lesions have been made in many animals and birds
by the experimental production of arterial lesions.
Unfortunately most of the regimes necessary for
the production of lesions are highly artificial and
often the resultant lesions are not histologically
similar to human lesions. Furthermore, there are
many differences within a given species and between
species in the ease with which arterial lesions can be
produced experimentally. In terms of the understanding of human atherosclerosis, the relevance of
experiments in which arterial lesions are produced
in various animals by the feeding of high fat diets
requires much further consideration.
Phospholipids, cholesterol and triglycerides are
present in the early fatty streaks in man. With
increasing atheroma in the aorta, the content of
esterified and unesterified cholesterol increases at
the expense- of the phospholipid and triglyceride
content. There are, however, quite marked differences between the aorta and coronary arteries which
are at present unexplained; for example, the concentration of triglycerides is much greater in the
coronary than in other arteries and exceeds that of
cholesterol esters. Cholesterol and its esters have
been regarded, perhaps fortuitously, as the most
important lipid group in atheroma formation and
little attention has been paid until very recently to
the relative proportions of the various lipid groups
in plasma or in atheromatous deposits, or to the
kinds and proportions of saturated and unsaturated
fatty acids present in each lipid group in either case
(Hilditch & Jasperson, 1959). Major improvements
in techniques have now made this possible. Results
of the application of these techniques are appearing
and indicate the complexity of the relationship
between lipids in the plasma and in the arteries.

For example, Bottcher et al. (1960, 1961) have
shown that, with advancing atherosclerosis, the
degree of saturation of the fatty acids esterified
with cholesterol decreases and that the content of
linoleic acid and of other polyethenoid fatty acids
increases. In contrast, the unsaturated fatty acid
content of phospholipids, particularly the content of
arachidonic acid, decreases with increasing degrees of
atheroma.
This is a rapidly advancing area of investigation.
Obviously the precise lipid composition of atheromatous lesions will be important to our understanding of how lipid accumulates in arterial tissue.
Consideration will next be given to the origin of the
arterial lipids.
Since the pioneer experiments of Anitschkow &
Chalatow (1913), it has been known that the feeding
of cholesterol in the diet leads to the development
of atheromatous lesions. Experiments using 14C- or
tritium-labelled cholesterol have shown both in
animals and in the human that cholesterol passes
from the plasma into the arterial wall and many
believe that lipid material can enter the wall between
intimal endothelial cells. Indeed, it is generally true
to say that experimentally the height and duration of
induced hypercholesterolaemia determines the extent and degree of atheromatous arterial lesions.
Although the aorta is able to synthesize cholesterol,
this property probably decreases with advancing age
and it is not thought that much arterial cholesterol
is so derived. In contrast, phospholipids are synthesized in the arterial wall in considerable quantity.
Dietary triglycerides enter the blood from the
thoracic duct and leave the circulation extremely
rapidly, much faster than cholesterol and phospholipids. How triglyceride present in particles of the
size of chylomicra is moved so rapidly from the
blood is not understood. One possibility is that
chylomicra leave the circulation unchanged either
by crossing the capillary wall or by direct contact
with certain tissue cells. Another possibility is that
chylomicra triglyceride is hydrolysed to unesterified
fatty acids before its removal from the blood; this
process would provide an ideal mechanism for
distribution of dietary lipid to the tissues.
In summary, fatty streaks are the earliest recognizable arterial lesions in man. They contain cholesterol,
phospholipids and triglycerides and the proportions
of these lipids and of their esters change with the
increasing complexity of the lesion. The distribution
of these lipids varies in different arterial systems.
Cholesterol and triglycerides in the arterial wall are

ELEVATED PLASMA LIPIDS AND ISCHAEMIC HEART DISEASE

mostly derived from the plasma, while phospholipids are synthesized in the arterial wall.
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the plasma lipids. This is probably due to the fact
that in man the atherosclerotic process begins
spontaneously at a very early age and by adult life
LIPIDS AND INTRAVASCULAR THROMBOSIS
all of us have developed some arterial lesions. Since
The formation of thrombin and of fibrin is pro- we are unable to detect those who have very few or
bably a continuous physiological process balanced only early lesions, it is impossible to say with cerby continuous thrombolysis and fibrinolysis. Du- tainty that any particular plasma lipid pattern
guid's (1946, 1949) careful histological studies have represents or is near to normality. Until the normal
clearly indicated that microscopic films of fibrin is known, degrees of abnormality cannot be recogcontribute to the formation of atheroma. Larger nized. Yet, in patients who have developed features
thrombi often lead to the development of myocar- of ischaemic heart disease, divergence of the plasma
dial ischaemia but, unfortunately, studies of the lipids from the expected pattern is often found.
formation of intravascular thrombi are not possible Plasma triglycerides, plasma cholesterol, certain
in man, although the recent development of certain in beta-lipoproteins, or low-density lipoproteins, and,
vitro systems may overcome this difficulty (Connor to a lesser extent, plasma phospholipids may all be
elevated. Since these lipid groups are dependent
& Poole, 1961).
their elevation probably reflects the same
variables,
Extensive studies have been made of the effect
of various fats on blood coagulation and fibrino- metabolic abnormality. Many studies are being
lysis. These have taken two forms; the study of made of the concentrations and significance of
certain clotting tests before and after a fatty meal, various fatty acids in plasma lipid esters in patients
and the effect of the in vitro addition of various fats with ischaemic heart disease; Schrade et al. (1961)
to plasma. The most consistent finding is that fatty have recently shown that in each ester group satumeals shorten the clotting time in the presence of rated and mono-unsaturated fatty acids increase
Russell's viper venom. Poole (1958) has shown that and poly-unsaturated fatty acids decrease when
the active substance is contained in chylomicra and hypercholesterolaemia, hyperphospholipidaemia or
is ethanolamine phosphatide; both saturated and hyperlipidaemia are present.
unsaturated fats shorten the stypven time but the
It is important to appreciate that elevation of
degree of saturation of the ingested fats appears to these plasma lipids is dependent on age and sex.
be immaterial in this respect. Fibrinolysis is de- They are elevated in the majority, perhaps in as many
creased by postprandial hyperlipaemia and pro- as 80%-90% of men who develop ischaemic heart
bably more so by that induced by saturated fats disease under the age of 40. With advancing age,
than by that resulting from the ingestion of unsa- these plasma lipids are more "normal " and by
turated fats. Some observations have suggested that 60 years of age it is only a minority of men who have
fibrinolytic activity may be inversely related to the elevated levels. By contrast, a different situation
level of plasma cholesterol. Platelet stickiness may obtains in women and yet there is also a close correbe a more useful index of a thrombotic tendency lation between elevated plasma lipid levels and the
and is increased after myocardial infarction and to development of coronary disease. Ischaemic heart
a lesser extent in patients with angina (McDonald & disease is rare in women before the menopause and
Edghill, 1957); however, at present, there is little during their reproductive years the plasma lipids
evidence that platelet stickiness is influenced by undergo regular cyclical reduction with ovulation
dietary fat.
(Oliver & Boyd, 1953). With the menopause, there
In summary, it must be emphasized that at pre- is an abrupt and significant rise in plasma lipids
sent so little is known. about the relationship of and at the same time there is a rapid increase in the
in vitro tests of coagulation and fibrinolysis to the incidence of ischaemic heart disease-indeed, the
formation of intravascular thrombi that the relevance rate of increase is three times that for men between
of any effects of dietary fat cannot be judged with the ages of 40 and 60. Further support for the
confidence.
suggestion that this post-menopausal hypercholesterolacmia can be correlated with an enhanced
PLASMA LIPIDS IN PATIENTS WITH ISCHAEMIC
incidence of ischaemic heart disease can be obtained
HEART DISEASE
from the finding that bilateral ovariectomy perSo far a specific abnormality indicating the formed under the age of 35 followed by hyperpresence of atherosclerosis has not been found in cholesterolaemia is associated with the premature

412

M. F. OLIVER

development of ischaemic heart disease (Oliver & tion of the normal homeostasis of blood coagulaBoyd, 1959a). Thus, there is a positive correlation tion and fibrinolysis. A more likely source of disbetween the presence of elevated plasma lipids and turbance of plasma lipids is an exogenous one and
the development of ischaemic heart disease in young it is necessary, therefore, to consider in more detail
men and post-menopausal women; moreover, there some of the known relationships between dietary
is a positive correlation between the infrequency of fat, the plasma lipids and the incidence of coronary
ischaemic heart disease in women during their heart disease.
reproductive years and the low fluctuating levels of
In summary, all one may conclude with certainty
the plasma lipids.
is that some form of association exists between the
This relationship of plasma lipid levels with ischae- presence of abnormal plasma lipid patterns and of
mic heart disease receives support from epidemio- ischaemic heart disease. There is little to indicate
logical surveys. Men in populations known to have the nature of this association. Yet there is evidence
a high incidence of ischaemic heart disease have a that a causal relationship may exist between hyperhigher average plasma cholesterol level than men cholesterolaemia and the early development of
of the same age in populations that suffer a low atheroma.
incidence of disease (Keys et al., 1958). Familial
hypercholesterolaemia, whether xanthomatosis is
RELATION OF DIETARY FAT TO PLASMA LIPIDS
present or not, is associated with an increased
AND ISCHAEMIC HEART DISEASE
susceptibility to ischaemic heart disease (Epstein et
al., 1959). The Co-operative Study of Lipoproteins Experimental evidence
(Circulation, 1956) indicated that elevation of plasma
In human nutritional studies it is not possible to
cholesterol precedes the development of coronary
one dietary component without influencing
alter
heart disease and is not merely associated with the
onset to clinical features. From the study of healthy others. Thus any change in the intake of fat nemiddle-aged men in progress in Framingham, Mass. cessarily results in a change in the calories or, if the
(Dawber et al., 1957), it is clear that there is an diet is to remain isocaloric, in a change in the intake
increased risk of ischaemic heart disease in those of protein or carbohydrate. In consequence, experiindividuals who have antecedent elevation of plasma mental studies of the effect of altering the intake of
cholesterol; the eight-year figures (Kannel et al., dietary fat are influenced by other variables and
1961) support the earlier findings that the higher the interpretation of the results is often difficult.
plasma cholesterol level and the higher the blood
intake
pressure, the greater the risk of ischaemic heart Caloric
Overfeeding resulting in a gain in weight is accomdisease. These, and other studies, have indicated
that when middle-aged American men are grouped panied by elevation of serum cholesterol but overinto an upper and a lower category according to feeding without weight gain is not; for example,
their plasma cholesterol levels, those in the upper twice the usual caloric intake does not produce any
category prove to have, during the next few years, rise in serum cholesterol in healthy young men
about three times more risk of developing ischaemic provided the surplus energy is expended as heat and
physical activity. Although there is no close relationheart disease than those in the lower category.
ship between obesity and ischaemic heart disease,
elevato
cause
be
Several factors may operating
tion of the plasma lipids. It is, for example, con- patients with atherosclerotic heart disease have a
ceivable that deposition of a film of fibrin on the greater caloric intake than normal individuals.
arterial intima could act as a selective filter and Cholesterol intake
prevent the passage through the arterial wall of
In man, the serum cholesterol is independent of
large lipoprotein molecules from the lumen and
or moderate increases in dietary cholesterol,
and
slight
of
the
lipids
to
disturbance
plasma
lead
hence
to accumulation of lipoproteins at the point of fibrin even over long periods. Yet, large amounts of
deposition. It is also possible, indeed it is probable, cholesterol, particularly if taken after a period of
that an alteration in the normal endocrine balance relative cholesterol deprivation, cause elevation in
could lead to a disturbance of the plasma lipids, plasma cholesterol. Reduction of dietary cholesterol
to a change in the permeability of the connective alone does not produce a signficant change in plasma
tissue of the arterial wall and possibly also to altera- cholesterol.
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Total fat intake

Many measurements of the plasma lipids have
been made in patients receiving diets rich or poor in
fat. It used to be assumed that the plasma levels of
lipids are related to the total fat content of the diet,
but in 1952 it was recognized that saturated and
unsaturated fats have different effects.

Saturated and unsaturated fat intake
In 1952, it was shown independently (Groen et
al., 1952; Kinsell et al., 1952) that vegetable fats
reduce plasma cholesterol. Subsequently, it has been
confirmed by many authors that vegetable fats, such
as corn oil, sunflower seed oil, safflower oil and
peanut oil, decrease certain plasma lipids while
animal fats, such as butter, beef dripping and lard,
elevate these levels. It is not, however, simply the
animal or vegetable origin of the fats which determines their effect on the plasma lipids. Certain
vegetable oils, such as palm, coconut and tung-seed
oil, elevate the plasma lipids and certain marinemammal oils behave like vegetable fats and lower
plasma cholesterol. Moreover, hydrogenation of
vegetable fats, as in the production of margarine, so
alters the property of vegetable fats that they then
act like animal fats and elevate serum cholesterol
levels. Hydrogenation is the process by which
hydrogen is added across double bonds to produce
saturated from unsaturated fatty acids. The consumption of hydrogenated fats has increased rapidly
since the introduction of margarine about forty
years ago.
The lipid-reducing action of these unsaturated oils
has been the subject of intensive investigation and is
not yet satisfactorily resolved. This is not the place
to consider in any detail the evidence in favour or
against the various hypotheses which have been
postulated. It is sufficient to comment that three
main interpretations have been put forward. Ahrens
et al. (1957) relate the action of unsaturated oils
directly to the length of the chain of the fatty acids
and to the total degree of unsaturation. Keys et al.
(1959) believe that saturated fatty acids specifically
raise plasma cholesterol, and that a balance exists
between saturated and poly-unsaturated fatty acids
with mono-unsaturated fatty acids playing a neutral
role. Sinclair (1956) and Kinsell et al. (1958) believe
that the different effects of different fats can be
related to the ratio of essential fatty acids and nonessential fatty acids present in them.
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Epidemiological evidence
The incidence of ischaemic heart disease is not
uniform all over the world and both the incidence
and rate of increase are undoubtedly greater in
countries with a high standard of living. Many
studies have therefore been made in widely different
racial groups and in communities of similar race but
differing habits. These surveys relate vital statistics
of ischaemic heart disease to figures for fat consumption. It would seem valuable to comment
briefly on the difficulties of interpretation of such
studies.
First, epidemiological surveys of the incidence
of ischaemic disease in different races and populations
are likely to be less reliable than similar surveys of
the incidence of communicable disease, trauma and
nutritional disorders. In these, one group of the
population is clearly affected and the other is not
whereas all adult men and women have a greater
or lesser degree of atheroma. Unfortunately, the
incidence of angina and that of myocardial infarction
is not a precise measure of coronary atheroma.
Secondly, the vital statistics in different countries
depend greatly on the level of medical sophistication
and on problems of reporting and classification.
Accuracy of diagnosis is very variable. The collection of figures concerning the incidence of ischaemic
heart disease often depends on the returns of busy
doctors who are unaware that an unconfirmed
clinical diagnosis of coronary thrombosis or myocardial infarction is wrong nearly as often as it is
right (Paton, 1957). Even in hospitals, an electrocardiogram is sometimes regarded as superfluous,
or it may be inadequate or misinterpreted. Autopsies are often believed to be unnecessary in patients
presumed to have died from myocardial infarction or they are precluded by racial or religious
prejudices. The awareness of ischaemic heart
disease varies greatly between countries. In some,
the medical profession and public are probably too
alert to the possibility of ischaemic heart disease
as an explanation of certain clinical features, while
in others the diagnosis is made too seldom. It is a
great disadvantage that there is still no standardized
nomenclature for describing the clinical features of
ischaemic heart disease. Not only does this vary
from country to country, but it has also altered
within several countries during the last twenty years.
Thirdly, a further problem is the accurate estimation of diet. National returns usually give an inadequate account of the habits of particular groups
of the community, of local customs, of physical
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activity and of the effect of climate and racial prejudices. Moreover, the reliability of the sources of
information is not the same in all countries. Much of
the information concerning food consumption is
derived from food available at the retail level and
this is not necessarily synonymous with consumption.
Thus, comparison of the incidence of ischaemic
heart disease and of the dietary statistics between
two communities or between two countries has many
potential fallacies, which are, of course, greatly
increased in areas with a low standard of living.
Despite these shortcomings, there is much evidence
to indicate that dietary fat, plasma lipid levels and
ischaemic heart disease can be positively correlated.
Where fat contributes about 40 % or more of the
daily caloric intake, high plasma cholesterol levels
and ischaemic heart disease are common. This
conclusion-which may require modification, as
will be explained shortly-is largely a result of the
enthusiastic investigations of Keys (1956) and his
associates, who are acquainted with many of the
shortcomings of field investigations and have done
much to improve the accuracy of diagnosis and the
precision of dietary data.
Yet, a correlation between the intake of total fat,
plasma lipid levels and coronary disease cannot be
accepted unreservedly for the following reasons.
First, Keys's conclusions were based on intensive
studies of six countries and this choice of six countries may not be entirely representative; indeed, when
more countries are considered the significance of
the association is greatly reduced (Yerushalmy &
Hilleboe, 1957). Secondly, comparatively few of
those who have attempted any correlation between
diet and the incidence of ischaemic heart disease
have considered the quality of fat. Of all the dietary
factors, the intake of saturated fats is the most
important in accounting for the differences in deathrates between countries (Jolliffe & Archer, 1959).
Indeed, analysis of the epidemiological data gives
good support to the experimental evidence, quoted
above, that the quality of fat may be one of the most
important etiological components in the development of ischaemic heart disease. The intake of
animal protein accounts for a large proportion of
the explained variance in death-rates, although this
correlation may merely reflect the association of
relatively saturated fats with animal protein.
Thirdly, genetic characteristics cannot be entirely
excluded in any consideration of the differences in
coronary disease in different racial groups. For
example, there is a greater incidence of ischaemic

heart disease among Jews than among Italians in a
large number of clothing workers in New York, yet
there is little difference in the nature of the fat or
of the total fat intake between these two groups.
Fourthly, the influence of reduced physical activity
has received scant attention in many of these studies.
The degree of physical activity has an inverse relationship with myocardial fibrosis although it does
not influence the incidence of coronary atheroma
(Morris & Crawford, 1958).
This relationship between physical activity and
ischaemic heart disease is independent of dietary
factors. The importance of other non-dietary
factors must also be remembered. Excessive smoking
and undue emotion both lead to elevation of plasma
lipids, and there is good evidence for a positive
correlation between the former and the incidence
of ischaemic heart disease. Occupational and seasonal variations also occur in the plasma lipids and
in the incidence of ischaemic heart disease and more
investigation of these factors is required to determine
how much they are independent of dietary differences.
In summary of this section it may be said that the
intake of fat influences the plasma lipids; one
important effect is that unsaturated fats lower
elevated plasma lipids. Despite obvious shortcomings of many epidemiological studies, certain
environmental factors can be positively correlated
with ischaemic heart disease and one of these is the
intake of saturated fat.
METHODS OF REDUCING ELEVATED PLASMA LIPIDS
IN PATIENTS WITH ISCHAEMIC HEART DISEASE

The argument implicit thus far is that a high
intake of saturated fat may contribute to elevation
of certain plasma lipids and possibly to their deposition in the arterial wall and possibly also to a thrombotic tendency. Existing evidence, including that
obtained from animal experiments, is insufficient to
allow us to conclude that this is a causal sequence
in the development of ischaemic heart disease in
man. Yet, because apparently healthy men with
elevated plasma cholesterol levels are more liable to
develop ischaemic heart disease than others and
because elevation of the plasma lipids is often found
in men who develop ischaemic heart disease at a
young age, it is widely assumed that it is desirable
to reduce these values. While this is not an unreasonable assumption, it is extremely important to
emphasize that it is no more than an assumption and
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that the hypothesis has not been adequately tested.
Many of the investigations of dietary regimes, and
of other agents designed to lower elevated plasma
lipid levels, have been short-term in nature and have
been made primarily to test the adequacy and
efficiency of the particular regime under study and
not to test their influence on prognosis.
Dietary methods
Unsaturated fatty acids. It has been clearly
established that the addition of unsaturated fat to
the diet (cotton-seed oil, corn oil, sunflower-seed
oil or certain fish oils) will reduce the level of the
plasma lipids provided there is simultaneous reduction of the saturated fat intake. It is quite a simple
matter to devise a palatable diet along these lines.
Low fat diet. Reduction of the fat calories to
below 20% of the total caloric intake will reduce
elevated plasma lipid levels in the majority. This
gives an unpalatable diet which is monotonous and
unlikely to be observed for any length of time.
Plant sterols. The addition of various plant
sterols, mostly sitosterols, to the diet may reduce
the absorption of fat. Sitosterols should be used
only as a supplement to some other regime for
reducing elevated plasma lipid levels.

Non-dietary methods
Thyroid hormones. It is obvious that any substance
administered to reduce the plasma lipid levels in
patients with ischaemic heart disease must not at
the same time stimulate myocardial metabolism
and increase myocardial oxygen requirements. Much
study has been given to the development of analogues
of thyroxine which will retain the property of
reducing elevated plasma lipid levels but have no
metabolic stimulant action. Although considerable
progress has been made, complete dissociation of
the myocardial stimulant action from the lipid
depressant action has not yet been achieved.
Oestrogenic hormones. Oestrogens produce marked and continued depression of elevated plasma
lipids and attention has therefore been directed to
the possibility of dissociating the feminizing effects
of oestrogens from their lipid-depressant action.
No complete dissociation of these actions has been
produced and oestrogen analogues that have a
weakly feminizing effect also have only a weak
effect in reducing plasma lipids.
Inhibitors of cholesterol synthesis. A large number
of investigations are at present being made towards
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the development of inhibitors of cholesterol synthesis. One of these is at present being used fairly
widely and, although it reduces the plasma cholesterol, it also causes considerable accumulation of
desmosterol, the immediate precursor of cholesterol.
Since it is probable that desmosterol is also atherogenic, this reduction of plasma cholesterol is of
little advantage. None is yet suitable for continued
reduction of elevated plasma lipids.
Nicotinic acid. The administration of nicotinic
acid in large doses reduces elevated plasma lipid
levels. These doses produce erythema which is
often not well tolerated and sometimes gastrointestinal irritation. Nicotinic acid does not lower
the plasma lipids in all individuals and resistance
may develop.
SIGNIFICANCE OF REDUCING ELEVATED PLASMA
LIPID LEVELS IN PATIENTS WITH ISCHAEMIC
HEART DISEASE

There have been very few studies of the effects of
reducing elevated plasma lipid levels for more than a
year and there are only two groups of studies, one
altering the diet and the other using oestrogens, of
which mention must be made.
Dietary studies
The first point to emphasize is that so far there has
been no report of an adequately controlled dietetic
study. Indeed, so far as the author is aware, no
adequately controlled study of a diet rich in unsaturated fatty acids and low in saturated fatty
acids, which is the ideal means of reducing elevated
plasma lipid levels at present, has been in progress
for more than a year. A carefully controlled study
of the effects of a diet low in animal fats has been
in progress for 2 years at the Central Middlesex
Hospital in London; the morbidity and mortality
rates from myocardial infarction are unchanged, although the plasma lipid levels have been significantly
reduced in the low-fat-diet group (Ball-personal
communication). The effect of replacing butter fat,
margarine and lard by vegetable oils has been
studied in patients between the ages of 65 and
90 years in an old-age home; a comparable control
group received animal fats (Geill et al., 1960). There
was significant reduction in venous and arterial
thrombosis in the group receiving unsaturated fatty
acids, but it should be pointed out that the groups
were studied for an average time of 4.7 months only
and no information is given concerning the com-
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parability of the two groups. Studies of prisonerof-war and concentration-camp victims (HelwegLarsen et al., 1952) indicated the rarity of atherosclerosis and advanced atheromatous lesions, but
it is, of course, impossible to conclude that these
findings can be related either solely or primarily to
restriction or alteration of dietary fat.
Thus, our present knowledge of the long-term
benefits are too incomplete to recommend any major
dietetic change for the prevention and treatment of
ischaemic heart disease.
Oestrogen studies
Two long-term controlled trials of reducing
elevated plasma lipids, by means of oestrogen therapy, have recently been completed in Edinburgh and
Chicago. In the Edinburgh investigation (Oliver &
Boyd, 1956b, 1961), 100 men who had survived first
myocardial infarction were selected from a larger
group of patients with myocardial infarction in order
to represent as homogeneous a group of the coronary
population as possible, and, on a random basis of
selection, 50 of these were given a moderately large
dose of ethinyl oestradiol and 50 were given lactose.
In the oestrogen-treated group, continued and significant reduction of the plasma lipids occurred
throughout the five years of treatment; in the control
group, there was no significant change in the plasma
lipids. Despite this reduction of elevated plasma
lipids, there was no significant difference in the
morbidity or mortality between the two groups
during the five years of study; 18 men in the oestrogen group and 18 men in the control group had
further myocardial infarction. Analysis of morbidity
and mortality according to age, pre-treatment level
of plasma cholesterol, site of the first myocardial
infarct, presence of obesity, or the subsequent
development of hypertension, angina and congestive heart failure showed no difference between
the groups. The study of the Chicago group (Stamler
et al., 1959, 1960) was very similar in design although
a different oestrogen was used. They studied 165 men
with myocardial infarction regarded as having a
good long-term prognosis; in these, the mortality
rates from further myocardial infarction were
similar in the oestrogen- and placebo-treated groups
despite sustained depression of elevated plasma
lipids.
Thus, these two independent studies have reached
the same conclusion continued reduction of the
plasma lipids does not improve prognosis once myocardial infarction has occurred. This suggestion

receives some support from a study of five-year
mortality rates of survivors from myocardial infarction in relation to the levels of plasma lipids; this
indicated that once myocardial infarction has
occurred, there is no relationship between survival
and the concentration of elevated plasma lipids (Roe
et al., 1960). The prognosis of patients with features
of ischaemic heart disease may be far more closely
related to the presence of a thrombotic tendency,
or to poor myocardial efficiency, or even to some
other factors, than to the mere association of hypercholesterolaemia. Nor would it be particularly
surprising if subsequent and more comprehensive
studies show that reduction of the serum lipids does
not improve the prognosis of patients once they have
developed the clinical features of ischaemic heart
disease. There is no good correlation between
plasma cholesterol levels during life and the extent
of atherosclerosis at autopsy (Paterson et al., 1956,
1960). One only has to consider the extensive
structural changes which are present in the coronary
arteries of such patients to wonder how reduction
of the lipid level in the plasma could possibly make
much difference at this stage of their disease. These
patients may have many coronary occlusions, often
with extensive destruction of the internal elastic
lamina; some arterial segments are stenosed and
others dilated and the media shows hyaline degeneration and often calcification. Alternatively, it could
be argued that reduction of plasma lipids reduces a
thrombotic tendency. This would be a more pressing
reason for reducing elevated plasma lipids, but at
present this hypothesis has insufficient experimental
support.
CONCLUSION

In the introduction two questions were asked, and
it is now appropriate to reconsider these.
1. Is reduction of elevated plasma lipids to levels
present in healthy individuals likely (a) to benefit
patients with ischaemic heart disease or (b) to
postpone or prevent the development of ischaemic
heart disease?
As indicated in the last section, long-term trials
using oestrogens as a means of reducing elevated
plasma lipids suggest that this is not beneficial to
patients once ischaemic heart disease has developed.
It is important to regard these trials as pilot studies
and to emphasize that similar trials using dietary
means for lowering elevated plasma lipids have not
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been reported. While there is no reason to doubt
the conclusions of the oestrogen trials, the method
used for reducing elevated plasma lipids cannot be
regarded as physiological.
There is no available evidence to answer the second
part of this question. Healthy young men with
hypercholesterolaemia have an increased risk of
developing ischaemic heart disease, and, since it is
reasonable to believe that early and relatively uncomplicated atheromatous lesions will be more
readily inhibited or reversed than more advanced
lesions, studies of the effect of controlling of the
plasma lipids at an early age are desirable.
2. How is correction of elevated plasma lipids best
achieved and what practical and social problems
are likely to be encountered?

The substitution of unsaturated fats for saturated
fats is at present the best method of correcting
elevated plasma lipids.
The second part of this question has not yet been
answered. Well-designed, long-term studies of the
effect on prognosis of reducing elevated plasma
lipids are so difficult to establish and maintain that
it might be argued, if the results of the oestrogen
studies in men with manifest ischaemic heart disease
can be accepted even tentatively, that the next stage
is to study the effect of reducing elevated plasma
lipids in otherwise apparently healthy individuals.
One of the main objections to this line of thought is
that an intensive study of a large number of men who
have hitherto regarded themselves as healthy is
ethically unjustifiable. While this criticism demands
respect, there is probably a stronger case on moral
issues for implementing just such a study. If it can
be shown that reduction of elevated plasma lipids in
healthy men reduces the incidence of ischaemic heart
disease, then ischaemic heart disease in early middleage might be significantly decreased. If reduction of
elevated plasma lipids is of no apparent benefit, then
it can be concluded with certainty that the finding of
elevated plasma lipids has no significance in terms of
prevention or treatment of ischaemic heart disease.
Marked elevation of the plasma lipids above the
"normal" levels is present in about 10% of the
apparently healthy, early middle-aged male population in most westernized countries. In order to
obtain statistically significant results, it can be calculated that about 2000 such men (1000 in a treated
and 1000 in a control group) should be studied over
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a four- or five-year period. Thus, a total population
of some 20 000 early middle-aged men would have
to be screened for the presence of elevated plasma
lipids. The organization of such a large trial will be
difficult.
Personal experience with the five-year study
already mentioned has indicated that the relationship
of the doctor with the patient is one of the most
important aspects of the trial. It is suggested that
any large-scale trial should be conducted by a few
reliable and conscientious doctors rather than by a
large number of centres where there are different
shades of interpretation of the most standardized
techniques and diagnostic criteria. There is no
doubt that many men would refuse to co-operate
and also there is no doubt that of those who initially
agree to co-operate a large number would fail to do
so for the whole period of study. While it is comparatively easy to substitute unsaturated fats for
saturated fats and many conscientious individuals
will observe such a diet for a while, it is probable that
they will become slack and gradually allow themselves a more liberal regime. The inclusion of some
marker, which can be measured in the blood or
urine, with the supplement of unsaturated fats
would give a crude index of their consumption. Such
a trial would be more reliable and easier to conduct
if it were possible to give an active and an inactive
tablet to two groups without alteration in diet, but
unfortunately this is not possible at the present time.
A further and difficult problem is the establishment
of a satisfactory control group, since in some countries, particularly in the USA, an unknown number
of healthy men have already made alterations in
their diet as a result of intensive canvassing and
publicity about ischaemic heart disease.
These are not insuperable problems and should
not prevent the early establishment of a large-scale
five-year trial of the effect of reducing elevated
plasma lipids in healthy men between 35 and 45 years
of age by the substitution of unsaturated for saturated fats. By the age of 35, atheromatous lesions
may be too advanced for reduction of the incidence of ischaemic heart disease and, if this trial
has a negative result, then it will be necessary to
establish a longer trial in younger men with hypercholesterolaemia. Until either or both of these
trials have been completed, the significance of
elevation of the plasma lipids in relation to the
prevention of ischaemic heart disease cannot be
settled.
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RP-SUMPf
L'objet de cette etude est d'examiner la signification
de la lipidemie dans les cardiopathies ischemiques, et le
r6le, dans la prevention de ces maladies, d'une r6duction
de la lipidemie. Seules certaines relations evidentes entre
les lipides sanguins et ce groupe de maladies sont pris en
consideration dans ce rapport. Jusqu'a maintenant, on
n'a trouve aucune donnee anormale dans la teneur en
lipides du sang indiquant avec certitude la presence
d'ath6rosclerose. Cela peut s'expliquer par le fait que
chez l'homme I'atheroscl6rose apparait t6t dans la vie, et
que, a l'age adulte, l'homme est deja porteur de lesions
arterielles. Vu l'impossibilite o'u l'on se trouve de deceler
les le'sions peu nombreuses et 'a leur debut, on ne peut
d6finir la normalit6 de la lipidemie de facon certaine.
Toutefois, chez les ischemiques, on observe parfois que le
tableau lipidique differe de ce qui est considere comme
normal. L'elevation des lipides plasmatiques est en
rapport avec l'age et le sexe. Bien que les enquetes epidemiologiques semblent indiquer un rapport entre le niveau
des lipides plasmatiques et les cardiopathies ischemiques,
on ne sait pas grand-chose sur la nature de cette relation.
Qu'il existe une relation causale entre l'hypercholesterolemie et le developpement precoce de l'athe-rome est
beaucoup plus certain.
Des etudes di6tetiques montrent l'influence nette de
l'absorption des graisses sur la lipid6mie, et celle des
graisses non saturees sur l'abaissement de la lipidemie.
Malgre les lacunes des enquetes epidemiologiques,
celles-ci ont cependant revele avec certitude que certains
facteurs du milieu sont en relation avec les cardiopathies
ischemiques - l'un d'eux est la consommation de
graisses saturees.
L'idee selon laquelle la reduction de la teneur du

plasma en lipides pourrait prevenir les cardiopathies
ischemiques repose sur deux observations: a) le fait que
des hommes apparemment en bonne sante, ayant une
lipidemie elevee sont plus enclins que les autres aux accidents ischemiques, et b) qu'une lipidemie elevee se
rencontre souvent chez des hommes qui, jeunes encore,
sont affectes de cardiopathies ischemiques. Ce n'est la
certes qu'une supposition, il faut le souligner, que rien
encore n'est venu prouver. Les recherches dietetiques et
les etudes de substances tendant A abaisser le niveau de
la lipidemie ont ete de courte duree. Les regimes et la
chimiotherapie ont e e'tudies essentiellement dans le but
d'evaluer leur efficacite sur la baisse de la lipidemie et non
en fonction du pronostic.
II n'existe en ce moment aucune m6thode absolument
satisfaisante pour faire baisser la lipidemie pendant une
periode indefinie. On sait seulement que le meilleur moyen
est de remplacer les graisses saturees par des graisses non
saturees.
On peut conclure des connaissances actuelles qu'une
baisse continue de la lipidemie n'ameliore pas le pronostic une fois declare, l'infarctus du myocarde, ce
qui n'a pas de quoi surprendre si l'on se rappelle les
modifications profondes de la structure des arteres qu'entraine un tel accident. On peut penser cependant qu'un
abaissement de la lipidemie diminue les risques de
thrombose.
II semble que l'etape suivante, et la plus fructueuse, des
recherches devrait consister a abaisser le niveau de la
lipid6mie chez les sujets apparemment en bonne sante,
plut6t que chez les ischemiques declares. L'auteur discute
l'organisation de ces recherches.
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