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Primary prevention of ischaemic heart disease:
WHO coordinated cooperative trial
A summary report *

Elevated serum cholesterol concentrations are known to be predictive of ischaemic
heart disease. It remained to be proven, however, whether reduction of clinically manifest
ischaemic heart disease could be achieved by the lowering of elevated serum-cholesterol
levels. In order to create a clear and simple unifactorial study design, a lipid-lowering
substance (clofibrate) was administered to this effect in a double-blind trial to middle-aged
male volunteers whose serum cholesterol levels were within the upper third of the
distribution in their respective populations (Budapest, Edinburgh, Prague). After an
average of 5.3 years of observation, and with a reduction ofsome 9% of the initial serum
cholesterol levels, the incidence of ischaemic heart disease was reduced by 20% in the
intervention group as compared with the placebo group, thus demonstrating the preventive
value of lowering this plasma lipid. There was, however, a significant increase in total
mortality and in non-cardiovascular mortality in the clofibrate group, precluding the
community-wide use of this drug for reduction of serum cholesterol. The explanation of
this is not clear, but possible mechanisms are discussed.

Prevention of ischaemic heart disease remains a
major challenge to public health in societies with a
high incidence of this disease. Although descriptive
epidemiological studies had demonstrated beyond
any reasonable doubt the value of serum lipid
concentrations in predicting ischaemic heart disease,
and there were sufficient grounds to assume that
reduction of serum lipid concentrations could reduce
the likelihood of clinically healthy individuals de-
veloping coronary heart disease, formal proof of this
was lacking in 1965-67 when the present study was
planned. The World Health Organization therefore
undertook the task of coordinating a study initiated
by M. F. Oliver, of the effect of reducing elevated
serum cholesterol levels on the incidence of is-
chaemic heart disease. In order to achieve a simple
unifactorial study design, lipid lowering by phar-
macological means was adopted.
The results of the trial, which have been published

in full elsewhere (1) confirm that the incidence of
ischaemic heart disease can be reduced by the
lowering of serum lipids and thus support the " lipid
hypothesis" of (coronary) atherogenesis. These re-
sults are, however, rather complex and do not allow
any simplistic interpretation. In the present paper,
only the major findings of the study are summarized

* This summary report was prepared by the persons listed on
pages 804-805.

and discussed; the methods used were reported
earlier (2).

Clinically healthy, male, informed volunteers, in-
itially aged 30-59 years, were studied in three
centres (Budapest, Edinburgh, Prague) for a total of
83 534 observation-years. The 15 745 participants
in the trial were volunteers recruited from a total of
22 519 men selected on the basis of their serum
cholesterol levels, from among 52 519 men
screened, after those with predefined diseases had
been excluded. Men from the upper and lower thirds
of the distribution of serum cholesterol values were
selected ("high" and "low" cholesterol groups) and
the high-cholesterol group itself was randomly di-
vided into an intervention and a control group. Both
the " high control " and " low " groups received olive
oil as a placebo, while 1.6 g of clofibrate, a widely
tested and clinically safe, lipid-lowering substance
with few side effects, was given daily to the interven-
tion group, in a double-blind study. The age dis-
tribution of the different groups, which is described
in detail in the full report, was similar in all respects
except that the average age of the "low" placebo
group was 1.7 years lower than that of the "high"
group.
Central data processing and analysis were carried

out by the United Kingdom Medical Research
Council's Social Medicine Unit at the London
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Table 1. Incidence of various events. Numbers and age-standardized rates (per 1000
per year)

Control groups
Intervention

Event group High Low
cholesterol cholesterol

No. Rate No. Rate No. Rate

Major ischaemic heart diseases

All major IHD 167 7.4 208 8.9 62 3.3

Non-fatal myocardial infarction 131 5.8 174 7.2 46 2.5

Fatal acute IHD (including sudden death) 36 1.6 34 1.8 16 0.3

Other ischaemic heart diseases

Angina pectoris with abnormal ECG 60 2.6 48 2.4 31 1.4

Abnormal ECG without chest pain 223 7.9 260 10.6 176 8.8

Angina pectoris without abnormal ECG 212 7.4 226 9.6 181 8.4

Other vascular diseases

Hypertension 192 7.5 242 9.9 146 6.3

Stroke (non-fatal) 18 0.9 13 0.8 14 1.0

Intermittent claudication 184 7.5 184 8.3 108 4.8

Diabetes 129 5.1 102 4.0 67 3.4

School of Hygiene and Tropical Medicine. In gen-
eral, serum cholesterol was the only lipid determined
(serum triglycerides were also measured in some
subjects) since, at the beginning of this study, the
roles of the various lipoprotein fractions were not
fully recognized.

Lipid determinations were standardized by the
WHO Regional Reference Centre for Blood Lipid
Research in Atherosclerosis and Ischaemic Heart
Disease, Prague, and the WHO Collaborating
Centre for Reference and Research in Blood Lipids,
Atlanta.

In order to monitor the occurrence of important
side effects, as well as to detect a positive outcome a
before the end of the planned five-year intervention
period, the study had a sequential design that would
have allowed the trial to be interrupted at any time
had undesirable effects been recorded at the 10%
significance level or as soon as the results were
shown to be favourable at the 1 % level of signifi-
cance.
The study was thus planned as a multicentre,

double-blind, sequentially monitored, single-risk
factor, ischaemic heart disease intervention trial.

a Defined as a 33% reduction in ischaemic heart disease
incidence in the intervention group.

RESULTS

Since there was not any indication during the trial
of significantly positive or negative results, the study
was terminated after the planned number of events.
The average observation time was 5.3 years.

In comparison with earlier clinical experience with
this lipid-reducing substance in the treatment of
patients with hyperlipidaemia, the reduction in
serum cholesterol in the intervention group was
rather small. The mean decreases in serum choles-
terol concentrations in the intervention group, ex-
pressed as proportions of the mean pre-intervention
level, for the five years of the trial were 9.7, 9.1, 9.0,
8.9, 8.8 (these proportions having been adjusted for
inter-centre differences with the high-cholesterol
control group serving as a reference, see 1). There
were quite large intra-individual and inter-centre
variations.
The incidence of all major ischaemic heart dis-

eases was 20% lower in the intervention than in the
high-cholesterol control group (P <0.05) and, as
expected, the incidence was considerably lower in
the low-cholesterol control group than in either of
the two high-cholesterol groups (Table 1). When
broken down into fatal and non-fatal cases, it
became clear that the lower rate in the intervention
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Table 2. Mortality. Numbers and age-standardized rates (per 1000 per year)

Control groups
Intervention

Category group High Low
cholesterol cholesterol

No. Rate No. Rate No. Rate

lschaemic heart disease 54 2.1 48 2.1 20 0.8

Other vascular diseases 14 0.5 14 0.6 9 0.5

Malignant neoplasms 58 2.2 42 1.7 41 2.5

Other medical causes 16 0.8 5 0.2 7 0.4

Accidents & violence 17 0.6 18 0.6 15 0.6

All causes other than IHD 108 4.1 79 3.1 73 3.9

All causes other than cardiovascular,
accidents & violence 77 3.1 47 1.9 49 2.9

Total all causes 162 6.2 127 5.2 93 4.7

group was due to an approximately 25% lower
incidence of non-fatal myocardial infarction and that
there was little difference in the rates of fatal
ischaemic heart disease (including sudden death) in
the two high-cholesterol groups.

Differences in other manifestations of ischaemic
heart disease were not very obvious. There was no
difference in the rates of occurrence of angina
pectoris with ECG abnormalities, but the rates of
both abnormal ECG without chest pain and angina
pectoris without ECG abnormalities were lower in
the intervention group. Hypertension occurred at a
lower rate in the intervention group than in the high-
cholesterol control group, but stroke rates were
similar and intermittent claudication differed only
slightly between the two groups. The apparently
higher rates of " diabetes " in the intervention group
are now being explored.

Mortality data are presented in Table 2. The
numbers of deaths and the mortality rates for both
ischaemic heart disease and accidents and violence
were the same in the intervention and high-choles-
terol control groups. Deaths due to malignant neo-
plasms were somewhat more frequent-though not
significantly-in the intervention group than in the
high-cholesterol control group. Deaths due to
"other medical causes"-a category representing
only 7.3% of all deaths-were significantly higher in
the intervention group. When summed up, the rate
of all causes of death other than cardiovascular
disorders and accidents and violence was higher in

the intervention group than in the high-cholesterol
control group, the difference being statistically sig-
nificant (0.05> P >0.01). However, there was no
statistically significant difference in comparison with
the rate observed in the low-cholesterol control
group.
The gall-stone promoting effect of clofibrate has

been described earlier (3); this was confirmed by the
finding that 59 cholecystectomies were performed in
the intervention group compared with 24 such
operations in the high-cholesterol group, and 25 in
the low-cholesterol placebo group.

DISCUSSION

The question of whether primary prevention of
clinically manifest ischaemic heart disease can be
achieved by the lowering of elevated serum choles-
terol values in middle-aged men is answered by the
present study in the affirmative-but with a quali-
fied "yes".
The 20% reduction obtained in the ischaemic

heart disease incidence rate, with statistical signifi-
cance at the 5% but not at the 1 % level,b corre-
sponds to a 9% fall in the average serum cholesterol
concentration. The low fatality rates from acute
ischaemic heart disease in both the clofibrate and

I It should be remembered, however, that this result was
obtained in middle-aged males, the overwhelming majority of
whom carry anatomically demonstrable atherosclerotic changes in
their coronary arteries (4).
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high-cholesterol control groups were lower than
those found in community studies (5); this may
explain why there was not any difference between
the incidence rates of fatal acute ischaemic heart
disease in the two groups, especially if one bears in
mind that the mechanisms in sudden death may
differ from those in non-fatal myocardial infarction
and that serum cholesterol levels are a poor predic-
tor of sudden death.
The reduction obtained in non-fatal myocardial

infarction would be of great public health signifi-
cance if it had been achieved at a reasonable cost in
terms of unwanted biological effects. However, the
total mortality rate from non-cardiovascular and
non-violent causes was higher in the clofibrate group
than in the high-cholesterol placebo group, while
there was no statistically significant difference be-
tween these rates in the clofibrate and the low-
cholesterol placebo groups. In this context, it should
perhaps be mentioned that although the total
number of man-years observed was fairly large, the
number of endpoints finally analysed-in terms of
both IHD and total mortality-was relatively small.
When the higher mortality rate from non-

cardiovascular causes is considered together with the
higher number of gall-stone operations performed in
the clofibrate group, the "cost" in terms of path-
ology associated with the use of clofibrate for
primary population-wide prevention of ischaemic
heart disease exceeds the benefits.
Should this conclusion be extended to other ways

of lowering elevated serum cholesterol levels? Rela-
tively simple dietary measures may result in serum
cholesterol changes equal to or even exceeding those
observed in the present study, and, unless or until
any harm caused by such measures is documented,
the association between the reduction of serum
cholesterol and reduction of ischaemic heart disease
incidence rates, shown in the present trial, favours
dietary intervention. Since the risk of ischaemic
heart disease is directly proportional to the level of
serum cholesterol, the higher the cholesterol levels,
the greater the expected benefits of an intervention.
In cases of very high lipidaemia values, where
dietary measures alone may not suffice, the expected
cost-benefit ratio may be altered in such a way that a
combination of dietary measures with a lipid-lower-
ing chemical may still be considered as a useful
intervention.

It is reasonable to assume that the "final proof"
of the preventability of IHD should be based on
careful scrutiny of the whole body of evidence

accumulated from all studies performed so far,
instead of relying on any one single investigation. In
viewing the results of the present study with this kind
of common sense, the positive aspects, even though
of borderline significance, are reassuring.

Finally, in such a context, the general conclusions
derived from this trial suggest that serum-lipid
lowering is an effective component of primary pre-
vention of IHD, but that it should preferably be
achieved by means of appropriate nutrition rather
than by chemicals. It may be assumed that efficient
primary prevention should also encompass the other
known major risk factors and should start earlier in
life, instead of in the fifth decade.

* *
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RtSUMt

ESSAI COLLECTIF COORDONNE PAR L'OMS POUR LA PREVENTION PRIMAIRE
DE LA CARDIOPATHIE ISCHEMIQUE

Pour 6valuer l'effet de I'abaissement d'un taux de
cholesterol serique initialement eleve, on a eu recours a
15 745 volontaires d'age moyen et en bonne sante, habi-
tant Budapest, Edimbourg et Prague. Cet essai represente
un nombre total d'ann6es d'observation de 83 534. On a
selectionn6 dans les trois populations des hommes se
situant dans le tiers le plus bas et le plus eleve de
cholesterolemie, et ceux appartenant au groupe a taux
eleve de cholesterol ont ete r6partis au hasard entre un
groupe d'intervention et un groupe temoin. Le groupe
temoin, ainsi que le groupe a faible taux de cholest6rol, ont
requ un placebo constitu6 par de l'huile d'olive, et l'on a
administre au groupe d'intervention, selon la m6thode a
double insu, une dose quotidienne d'1,6 g de clofibrate,
medicament provoquant une r6duction de la lipid6mie avec
peu d'effets secondaires.
Au cours de la premiere ann6e, une reduction du taux de

cholesterol s6rique de 9,7% par rapport au taux initial a
et6 constatee dans le groupe d'intervention; la cinquieme
ann6e, cette reduction n'6tait plus que de 8,8 %. Le r6sultat
le plus positif de cette etude a ete une reduction de 20%
dans le groupe d'intervention, par rapport au groupe
temoin A cholesterolemie elevee, de l'incidence de tous les

types majeurs de cardiopathie ischemique (CI) (P<0,05).
Le taux des cas non mortels d'infarctus du myocarde s'etait
abaisse de 25 % dans le groupe d'intervention, mais le taux
de mortalite par cardiopathie ischemique (y compris la
mort subite) n'avait pas subi de r6duction. Le taux de
mortalite g6nerale (toutes causes), ainsi que le taux de
mortalite par cause autre qu'une CI, ont ete plus 6lev6s
dans le groupe d'intervention que dans le groupe temoin a
forte cholest6rol6mie (0,05>P>0,01). Les deces dus a un
n6oplasme malin ont ete legerement plus nombreux dans le
groupe d'intervention. La mortalite par maladies vascu-
laires autres que la CI et par accident et violence a ete la
meme dans les deux groupes, alors que celle due a
d' autres causes m6dicales * a depass6 de maniere signifi-
cative, dans le groupe d'intervention, la mortalite de meme
origine dans le groupe temoin. Cette categorie ne represen-
tait toutefois que 7,3% de l'ensemble des d6ces.

Les chercheurs ont conclu qu'en cas de lipid6mie elev6e,
la reduction de celle-ci pouvait contribuer a la prevention
primaire des myocardiopathies ischemiques, mais qu'il etait
pref6rable de susciter cette reduction au moyen d'un
r6gime alimentaire approprie plutot que par l'administra-
tion de medicaments abaissant la lipidemie.

REFERENCES

1. GEIZEROVA, H. ET AL. A co-operative trial in the
primary prevention of ischaemic heart disease using
clofibrate. British heartjournal, 40: 1069-1118 (1978).

2. HEADY, J. A. A cooperative trial on the primary
prevention of ischaemic heart disease using clofibrate:
design, methods, and progress. Bulletin of the World
Health Organization, 48: 243-256 (1973).

3. COOPER, J. ET AL. Clofibrate and gallstones. Lancet, 1:
1083 (1975).

4. KAGAN, A. R. ET AL. Atherosclerosis of the aorta and
coronary arteries in five towns. Bulletin of the World
Health Organization, 53: 485-645 (1976).

5. Myocardial infarction community registers. Copen-
hagen, World Health Organization Regional Office
for Europe, 1976 (Public Health in Europe, No. 5).


