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Epidemiological basis for the prevention of
coronary heart disease M. G. MARMOT1

Epidemiological studies have laid the basis for a preventive approach to
coronary heart disease (CHD). On balance, present evidence indicates that the
following should form the basis of a preventive programme: low-fat diet, cessation
of smoking, and control of blood pressure. Other factors likely to produce a
beneficial effect on CHD occurrence include reduction of obesity and increased
physical activity. Although psychosocialfactors are most likely to be causally related
to CHD, it is not possible at present to provide clear guidelines as to their role in a
preventive programme.

Trials are being conducted to investigate the possibility ofpreventing CHD by a
variety of approaches: a doctor-centred approach or health education in certain
sectors of a community or in whole communities. These trials have shown that it is
possible to achieve behavioural changes and a reduction in the levels of risk factors
in a proportion of the participants. It is not yet clear to what extent these changes in
levels of risk factors in middle-aged people will lead to a reduction in the incidence
of CHD. It can be calculated, however, that the greatest benefit is likely to come
from approaches to prevention that involve the whole community, rather than only
high-risk groups.

Coronary heart disease (CHD) is the major cause of death in most industrialized
countries, and, as the toll of infectious diseases declines, it is emerging as an important
source of morbidity and mortality in many non-industrialized countries. It is a disease
that affects not only old people; it is also important as a cause of premature death and
disability in middle age. There is therefore a great need for measures to control this mass
disease-particularly to prevent its occurrence.
A great deal of evidence, largely epidemiological, suggests that CHD is preventable.

The present article is not intended to be an exhaustive review of this evidence, but,
rather, a discussion of some of the controversies concerning the links between life-styles
and behavioural factors and the risk of CHD. It will attempt to show that despite the
uncertainties in the evidence, a reasonable judgement can be made and plans formulated
for preventive programmes. The World Health Organization has been active in
promoting pilot studies and trials of prevention. The current status of these trials will be
reviewed.

I Department of Medical Statistics and Epidemiology, London School of Hygiene and Tropical Medicine, Keppel Street
(Gower Street), London WCIE 7HT, England.
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THE CASE FOR PREVENTION

The need for prevention

Modem treatment for coronary heart disease, such as coronary care units and aorto-
coronary bypass surgery, is expensive and has limited beneficial effects on mortality.
Obviously, the benefits of treatment are also limited to those patients who survive long
enough after the onset of clinical disease to reach medical care. A series of WHO-
coordinated community studies of the incidence of myocardial infarction, has shown that
40% of attacks of myocardial infarction proved fatal within 28 days. Of these deaths, up
to 60% occurred within one hour of onset of the attack, i.e., before medical treatment
could be sought. Thus even the most effective treatment could do nothing to prevent a

large proportion of the deaths attributable to myocardial infarction. Further, people who
survive the first year after an infarct continue to have a greater mortality than the average

for their age and sex. This greater than average mortality is also true for men who report
angina or who have electrocardiograms suggestive of ischaemia.

There is therefore a need to prevent the onset of clinical disease-primary
prevention.

Is CHD preventable?
If CHD were genetically deter-

mined or if it were an inevitable con-

sequence of aging, it would not be
easily preventable. The epidemiologi-
cal evidence suggests, however, that
the rate of occurrence of CHD is
largely determined by the environ-
ment. Two types of evidence may be
mentioned.

(1) Geographical variation

There are marked international
differences in the occurrence of CHD.
For example, in one study in seven

countries, among men aged 40-59
years initially free of CHD, the aver-

age annual incidence rate for CHD
varied from 15/10 000 in Japan to
198/10 000 in Finland. The mortality
rates shown in Table 1 for 37 coun-

tries illustrate clearly the marked in-
ternational differences. That these dif-
ferences are likely to be environmen-
tally determined is shown by the ex-

perience of migrants. For example, it
has been shown that men of Japanese
ancestry living in the USA experience
a higher rate of CHD than do the
Japanese in Japan.

Table 1. Mortality per 100 000 population from
arteriosclerotic heart disease, 1965a

Death rates/100 000
Country

Males Females Both sexes,
55-64 55-64 all ages
years years

Jordan 49 19 6
El Salvador 51 28 6
China (Taiwan) 58 53 10
Philippines 89 40 14
Guatemala 115 84 18
Mexico 122 65 18
Greece 162 61 88
Japan 165 92 58
Panama 170 76 36
Spain 171 71 68
France 206 59 82
Colombia 218 130 31
Costa Rica 224 150 44
Romania 255 152 141
Portugal 259 114 116
Yugoslavia 267 184 121
Poland 281 114 83
Chile 321 184 68
Mauritius 322 98 47
Venezuela 342 230 49
Italy 387 152 205
Switzerland 395 68 229
Belgium 419 124 149
Hungary 453 234 254
Austria 478 150 244
Uruguay 485 173 167
Sweden 490 152 313
Netherlands 503 136 188
Federal Republic

of Germany 549 175 220
Norway 583 138 248
Denmark 586 172 290
Israel 626 306 169
United Kingdom 743 208 322
Canada 832 253 247
New Zealand 889 309 251
USA 933 301 316
Australia 942 303 339
Finland 1037 252 272

' Data taken from: Masironi, R. Bulletin of the World Health Organiza-
tion, 42: 103-114 (1970).
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(2) Variation with time

The CHD rate experienced in a particular country is not fixed. In most industrialized
countries, there is fairly strong evidence of a marked increase in the 20th century.
Changes in frequency may also occur over short periods: for example, during the Second
World War there was a decline in CHD mortality in some European countries and this
has been attributed to changes in diet. In the USA between 1968 and 1975, there was a
decline in CHD mortality of about 20 %.a Such comparatively rapid changes make an
environmental explanation likely.

The evidence summarized below indicates which features of the environment are
likely to be causally related to the occurrence of CHD.

ETIOLOGY OF CORONARY HEART DISEASE

Risk factors and causal factors

Epidemiological studies have been crucial in identifying factors that are correlated
with the subsequent development of clinical coronary heart disease-these have been
termed risk factors. The distinction between such risk factors and causal factors depends
not only on the strength of the evidence linking the factor to CHD, but also on the
reasons for making the distinction. From the point of view of prevention, a factor may be
regarded as causal if a change in the level of the factor is accompanied by a change in the
frequency of the disease.b Thus a raised plasma cholesterol level is a risk factor because it
is associated with the development of CHD. It may be considered " causal " if a lowering
of the plasma cholesterol leads to a decreased incidence of CHD.

It is useful to make another distinction. If a high level of serum cholesterol is the
result of consuming a high-fat diet, then the diet should be considered the cause of CHD
and the high level of serum cholesterol a pathological reaction to this diet. The relevance
of this distinction should be clear. Unless cholesterol-lowering drugs are to be used, the
aim of the preventive strategy should be, if possible, to alter diet in order to prevent
disease. The lowering of serum cholesterol may be an intermediate step, but is not the
primary goal. Ideally, the causal factors that we seek should be related to life-style or
environment and be susceptible to change.

Diet

Considering the much-studied relationship between dietary fat and coronary heart
disease, a recent article concluded that there were sufficient defects in the evidence to
warrant discarding the diet-heart theory.c In fact, the article declared that the " end of an
era" of research had been reached. However, many national expert committees,
reviewing the same evidence, had previously concluded that the evidence linking a fatty
diet to risk of CHD was sufficiently strong to recommend that immediate steps should be
taken to lower the fat content of the national diet of many affluent countries. When faced
with such divergent views what should one conclude? With any scientific theory, one

STAMLER, J. Lifestyles, major risk factors, proof and public policy. Circulation, 58: 3-19 (1978).
LinENFELD, A. Foundations of epidemiology. London, Oxford University Press, 1976.

'MANN, G. V. Diet-heart: end of an era. New England journal of medicine, 297: 644-650 (1977).



never has certain proof. In the case of coronary heart disease, we are not dealing with a
disease caused by a single factor, and it is thus difficult to demonstrate a simple
diet-CHD relationship. Nevertheless, despite the uncertainties one must reach a
judgement. One must decide whether the danger of not making dietary recommenda-
tions is greater than the danger of making recommendations on the basis of incomplete
data. The evidence is summarized below.

Plasma lipids and CHD

There is a clear and consistent relationship between the level of plasma cholesterol
and the subsequent incidence of coronary heart disease. Several studies in different
populations have shown that the risk of CHD increases throughout the range of plasma
cholesterol levels; there have been few exceptions-it is true in Japan, as it is in Finland.

It should be noted in passing, that the question "what is a normal level of plasma
cholesterol?" is difficult to answer, as there is a continuous relationship between CHD
risk and plasma cholesterol. From the viewpoint of "intervention or not", the decision
must balance the risks associated with intervention against the risks of doing nothing.
Most authorities would consider that this point comes at a plasma cholesterol level of
6.7-7.1 mmol/litre, but that it would be desirable to lower the distribution of plasma
cholesterol of the whole population, if this could be achieved by hygienic measures.

Diet, plasma lipids, and CHD

The next steps in establishing the chain of evidence have been tolink dietary fat with
plasmalipid levels and finally to link dietary fat intake with CHD incidence and
mortality. The evidence for theselinks has been the subject of some controversy.

International studies have shown a strong positive correlation between the mean
intake of saturated fat of a population and the mean level of plasma cholesterol, and
there is also a strong correlation between the mean saturated fat intake of a population
and that population's risk of CHD. These correlations, although strong, do not by
themselves prove a causal relationship between dietary fat and coronary heart disease. In
international comparisons, there are also strong correlations between CHD mortality and
sucrose intake, protein intake, per capita income and other factors, i.e., countries with a
high intake of saturated fat and high CHD rates, also show high levels of these factors.
These correlations must therefore be evaluated in the light of other data.

When it comes to studies of individuals within a single population, there is a paradox.
Such studies have consistently failed to detect a relationship between an individual's
intake of saturated fat and his level of plasma cholesterol or his risk of CHD. This lack of
relationship is surprising because of the international correlations and also because it is
possible, by manipulating the fat content of the diet experimentally, to induce a change in
an individual's plasma cholesterol level.

Several explanations have been put forward to account for this lack of relationship in
population studies. First, the methods used to assess diet are very crude. Given that
individuals may vary markedly from to day to day in their fat intake, it is difficult to
characterize precisely a person's diet. This variability of methods would certainly make
less apparent any association between diet and plasma cholesterol but it seems unlikely
that it would completely abolish such an association if one existed. Second, within
populations, the range of fat intake is much narrower than between populations. One
would therefore expect to see a lower-order correlation between dietary fat and plasma
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cholesterol within a single population. Third, dietary fat is only one of many factors that
influence plasma cholesterol.

It seems clear that there is some truth in all of these explanations. A reasonable
judgement would be that: (a) the mean level of saturated fat in the diet of a population
influences the mean level of plasma cholesterol in that population; (b) an individual's
plasma cholesterol level changes with the amount of saturated fat he consumes; but (c)
factors other than dietary fat also influence plasma cholesterol. Thus, other factors must
be sought to explain interindividual variations in plasma cholesterol. What these factors
are remains unclear: they may be genetic, dietary (i.e., other components of the diet,
such as dietary fibre), psychosocial, or other environmental factors.

Similar conclusions apply to the relationship between saturated fat and incidence of
CHD. The mean level of saturated fat intake of a population is closely related to that
population's risk of CHD. Within a population, factors other than saturated fat are
clearly important in determining which individuals are most likely to suffer from CHD. It
should be mentioned that the level of saturated fat in the diet may influence coronary risk
factors other than plasma cholesterol. A study of two communities in France has shown
that tendency to thrombosis is closely related to the level of saturated fat intake (S.
Renaud, unpublished data, 1978). This in turn may be related to risk of CHD.

Are the data linking saturated fat intake to the occurrence of CHD strong enough to
form the basis for dietary recommendations to the population? J.N. Morris (personal
communication, 1978) has formulated the problem as follows:

- it is most unlikely that a diet rich in fat (e.g., 40% of energy from fat) is beneficial;
- the balance of evidence would indicate that a diet rich in fat is harmful;
- it is most unlikely that lowering the fat content of the diet (to 30-35 % of energy

from fat) would be harmful;
- there is some evidence (see below) that reducing the fat intake of the diet would be

beneficial.
The data from preventive trials, reviewed in the next section suggest that a preventive

approach to CHD should include, as an essential component, recommendations to lower
dietary fat. There is still some debate about the role of dietary cholesterol. However, a
diet rich in saturated fat is usually a diet rich in cholesterol, and thus reduction in one will
be accompanied by a reduction in the other.

Other dietary components
The role of carbohydrates in the etiology of CHD has been studied much less than

that of fats. It has been suggested that CHD may result from an excess of refined
carbohydrate or from a deficit of unrefined carbohydrate or dietary fibre. These two
hypotheses are consistent with much of the observed geographical variation in CHD. In
general, countries with a low CHD rate are countries where the consumption of sucrose is
low and that of dietary fibre high. However, further study of these questions is required
before specific dietary recommendations can be made.

Smoking

A second major factor that has been incriminated as a causal factor in CHD is
smoking. Several prospective studies in many different countries have shown that
smokers have a greater CHD risk than non-smokers and that there is a dose-response
relationship. An analysis of data from American studies showed that men who smoked
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more than 20 cigarettes per day had more than three times the CHD incidence in 10
years than men who had never smoked. It should be noted, however, that in countries
where other risk factors are lacking and the overall level of CHD is low, smoking appears
not to be a risk factor for CHD.

Further evidence that the association between smoking and CHD is causal is provided
by the experiences of ex-smokers. Studies in Sweden, the United Kingdom, and the USA
have all shown that ex-smokers have a lower risk of CHD. The longer the interval since
stopping smoking, the closer the CHD risk becomes to that of people who have never
smoked.

It has been argued that the association between smoking and CHD is not causal but is
a result of certain individuals being predisposed both to smoking and to CHD. To hold
this view, one would have to argue that this "predisposition" shows a dose-response
relationship to both smoking and CHD. One would also have to argue that people who
give up smoking are differently "predisposed" to those who continue, and that this
difference in predisposition is related to length of time since stopping smoking. In the
absence of any demonstration of what this "predisposition" might be, it seems
reasonable to conclude that smoking is causally related to CHD.

The case for including advice to stop smoking in a programme for CHD prevention is
strengthened by the knowledge of the possible benefits in reducing the frequency of other
diseases-notably lung cancer and chronic bronchitis.

Blood pressure

The risk of developing CHD is strongly related to the level of blood pressure. Even in
a country such as Japan, where the overall risk of CHD is low, there is nevertheless a
strong association between blood pressure and CHD risk. As with plasma cholesterol, so
with blood pressure, there is no clearly defined cut-off point below which a blood
pressure could be defined as "normal". The lower the blood pressure, the lower is the
risk. This is true for men and women and for all ages.

The decision as to when a blood pressure should be labelled " hypertension " depends
on what action is to be taken. If the action to be taken is treatment with hypotensive
drugs, one must worry about the side effects of the drugs and the costs of treatment. In
other words, one must weigh up the possible benefits of treatment against the social,
medical, and personal costs. On the benefit side, the Veterans Administration trial
carried out in the USA showed that treatment of men with a diastolic blood pressure of
>14.0 kPa (>105 mmHg) reduced their subsequent risk of vascular disease. This was
true particularly for stroke and cardiac failure and possibly for CHD. On the cost side,
one must consider the number of people that would need to be treated. For example, in
the United Kingdom, if everyone with a diastolic blood pressure above 15.3 kPa (115
mmHg) were put on hypotensive therapy, this would include 2-3 % of the population. By
contrast, if the aim was to treat everyone with a casual diastolic blood pressure of 12.0
kPa (90 mmHg) or more, perhaps 30 % of the middle-aged population would receive
drugs-which would not be desirable even if it were feasible. When the diastolic pressure
is higher than 15.3 kPa (115 mmHg) the dangers of non-treatment are so high that there
is no question that treatment is warranted. At a level of 12.0 kPa (90 mmHg), the picture
is less clear. The risks of non-treatment are known, but the benefits of treatment are less
certain and the possible side effects must be taken into account, as must the large
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proportion of the population that would be treated. This question is now under study in a
number of trials of treatment of "mild hypertension",'and recommendations as to the
benefits and costs of treating "milder" hypertensives must await the results of these
studies. In the meantime, most authorities would agree that treatment is warranted if the
diastolic blood pressure is 14.0-14.7 kPa (105-110 mmHg) or greater.

The picture would be quite different if a simple hygienic measure were available for
lowering blood pressure. The determinants of high blood pressure are not well
understood but the two strongest candidates at the moment appear to be obesity and salt
intake. Both have been shown to be related to blood pressure, although the data on salt
intake and blood pressure are somewhat controversial. Attention is urgently needed to
this question of lowering blood pressure by hygienic means. Although drug treatment
may not be warranted for the individual with a diastolic blood pressure of 12.0-13.9 kPa
(90-104 mmHg), he is still at increased risk of CHD and stroke. Efforts should therefore
be made to reduce the blood pressure by non-pharmacological means and to reduce the
level of other coronary risk factors.

Interaction of the three major risk factors

Each of the three major risk factors considered above-plasma cholesterol level,
smoking, and blood pressure-contributes independently to the risk of CHD. The more
risk factors an individual has, the greater is his level of risk. It is therefore especially
important, for example, that a hypertensive stop smoking, as well as attempt to lower his
blood pressure.

Limitations of knowledge about risk of CHD

The three risk factors considered have been designated major risk factors because of
their strong and consistent relationship to CHD occurrence. Given present knowledge, it
is reasonable that they should form the basis of a preventive programme. However, these
risk factors only account for part of the known variations in occurrence of CHD. For
example, in a study of CHD in seven countries, Keys et al. compared the predictive
power of the known risk factors in Europe and the USA.' They found that the same risk
factors predicted the occurrence of CHD in both areas, but that the higher CHD rate in
the USA was only partly explained by differences from Europe in levels of risk factors.
When account was taken of variations between Europe and the USA in levels of risk
factors, the North Americans had an unexplained two-fold excess in CHD incidence. In
other words, some other factors were operating to put the North American men at higher
risk. Similar results have been found from other international studies.

Within populations, there are marked variations in occurrence of CHD that are not
explained simply by variations in blood pressure, smoking, or plasma cholesterol. Male
and female differences, regional differences, and social-class differences (at least in the
United Kingdom) appear to be explained only partly by variations in the known risk
factors.f These areas provide fertile ground for research into other etiological factors.

d HATANO, S. ET AL. Hypertension and stroke control in the community. Geneva, World Health Organization, 1976.
' KEys, A. The probability of middle-aged men developing coronary heart disease in five years. Circulation, 45: 815-828

(1972).
fMARMOT, M. G. ET AL. Grade of employment and coronary heart disease mortality in British civil servants. Journal of

epidemiology and community health, 32: 244-249 (1978).
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Such research should take place at the same time as preventive efforts are mounted to
deal with the known risk factors. Other factors incriminated in the etiology of CHD are
discussed below.

Physical activity

Several early studies showed an inverse association between the degree of physical
activity required at work, and disease of the coronary arteries and clinical CHD. Men in
the most active jobs had the lowest CHD risk. There is some question as to the selective
forces that determine the type of job a person chooses, e.g., a man who is less "fit" and
who is at greater risk of CHD for other reasons may choose to enter a less active
occupation. For example, it has been shown that bus conductors in the United Kingdom
(who climb stairs frequently to reach the top deck) had a lower CHD incidence than the
less physically active bus drivers; however, the bus drivers were more obese at entry into
their occupation. A later analysis showed that this difference in obesity and differences
between the drivers and conductors in known coronary risk factors, could not account for
the higher CHD risk among the less active drivers. A study of dock workers in California
also showed that, although men with early symptoms of cardiac disease may often change
to a less active job, changes in jobs were unlikely to account for the lower CHD risk in
the more active men.

In affluent societies where CHD is most common, fewer jobs require much physical
activity. It is therefore the amount of physical activity in leisure time that discriminates
more active individuals from those less active. In a recent study of British civil
servants-all men with sedentary occupations-those who pursued "vigorous" exercise
during their leisure time, had less than half the CHD incidence of their less active
colleagues.!

There have been studies that failed to show an association between physical activity
and CHD risk. These negative results may have been partly a result of the difficulties in
accurate classification of degree of physical activity. For example, the study of sedentary
civil servants suggested a "threshold" effect, i.e., only vigorous activity appeared to be
protective. Failure to appreciate this phenomenon may have accounted for negative
results in other studies.

Once again, it is necessary to draw conclusions in the absence of final proof. The
balance of evidence indicates that a sedentary life-style is likely to be harmful. A
programme of regular physical activity, provided it is begun prudently, is likely to be
beneficial and without risk. Not only may it be protective in respect of CHD, but it is
likely to have other positive effects: the control of obesity and improvement in the
general sense of wellbeing. For these reasons, although definite proof of its beneficial
effects is lacking, promotion of physical activity should be included in a general health
education programme for the prevention of CHD.

Psychosocial factors
It has long been believed by clinicians and lay people that psychosocial factors,

including stress, are important in the genesis of CHD and much epidemiological evidence
has been presented to support this notion. With one or two exceptions, however, there
has been great difficulty in defining precisely the nature of the psychosocial factors and
whether they arise from the personality of the individual or from his social and cultural

' MORRIS, J. N. Vigorous exercise in leisure-time and the incidence of coronary heart disease. Lancet, 1: 333-339 (1973).
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environment. From the point of view of prevention, the crucial issues are (a) the
definition of the factors involved and (b) their potential reversibility.

For example, one of the strongest pieces of evidence linking psychosocial factors to
risk of CHD comes from the studies of the so-called type-A, or coronary-prone,
behaviour pattern. Type-A behaviour is characterized by striving, aggressiveness, feeling
of time-urgency, and struggle to get ahead. A prospective study in the USA showed that
in men whose behaviour was described as type-A the incidence of CHD, over an 8 1/2-
year period, was twice that in men whose behaviour was not type-A. This increase in risk
was independent of the major coronary risk factors. However, although this association is
important, it is not clear to what extent the behaviour pattern is an integral part of the
individual's personality, and to what extent it is promoted by the social environment.
Such understanding might lead to strategies for reversal of the behaviour pattern.
Whether the behaviour pattern is reversible and whether such reversal would lead to a
reduction in CHD risk is not known.

Other factors such as social mobility, stressful life events, and level of emotional
support have been associated with the occurrence of CHD.h When considering
preventive strategies, however, the problem is the precise definition and the reversibility
of the factors.

"Stress" is possibly an important risk factor for CHD, but there are great practical
and ethical barriers to the formulation of general health policies aimed at changing
personality, emotional supports, or social structure. Nevertheless, it may be possible for
individuals to reduce their risk by certain simple practices. For example, various
biofeedback and meditation techniques have been shown to lower blood pressure.i This is
at least circumstantial evidence that modification of psychosocial factors may affect CHD
risk.

Obesity
Although, in prospective epidemiological studies, obesity has been shown to be

associated with an increased incidence of CHD, it is also associated with higher blood
pressure, elevation of serum lipids, diabetes, and hyperglycaemia, and it seems likely that
the effect of obesity on CHD occurrence is related to its effect on these risk factors,
rather than some independent pathway. There is some indirect evidence that a reduction
in obesity will reduce blood pressure and plasma lipids. This adds some encouragement
to the view that reduction in obesity should be an important part of preventive
programmes.

Other factors
A wide variety of other factors have been proposed as being possibly associated with

CHD occurrence. These include living in a soft-water area, caffeine consumption,
diabetes and hyperglycaemia, oral contraceptives, salt consumption (via an effect on
blood pressure), and climatic factors. Some of these, such as oral contraceptives, are
relevant to very specific groups; others, such as hardness of water, have not yet been
studied to the point where preventive action can be recommended. The fact that they will
not be considered further here does not preclude the possibility that, in the future, these
factors may be taken account of in a preventive strategy.

I GROEN, J. J. Psychosomatic aspects of ischaemic (coronary) heart disease. In: Hill, O., ed. Modem trends inpsychosomatic
medicine, London, Butterworths, 1976, vol. 3.

'PATEL, C. H. & WoRTH, W. R. S. Randomised control trial of yoga and biofeedback in management of hypertension.
Lancet, 2: 93-95 (1975).
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PROGRESS IN PREVENTION

Epidemiological studies have laid the basis for a preventive approach to CHD. First,
they have established that the rate of the disease is not a fixed characteristic of
populations; second, they have shown that it is possible to predict the occurrence of the
disease well in advance; and third, they have pointed to potentially reversible causes. As
a result of these epidemiological studies, several national bodies have made recommen-
dations as to preventive strategies, and, at the same time, trials have been instituted to
assess the efficacy of different modes of intervention. That recommendations should be
made before the results of the trials are known is not illogical. It reflects a judgement that
the evidence linking diet, smoking, high blood pressure, and other factors with CHD is
sufficiently strong to warrant action being taken without delay. This is especially relevant,
as prevention trials require many years to produce results. The early results from some of
these trials are summarized in the next section.

Intervention trials

Trials of a preventive approach to CHD may shed light on two questions: first, can
people be motivated to change their behaviour and thereby reduce their levels of
coronary risk factors? Second, will such a change in risk factors reduce the incidence of
ischaemic heart disease?

Several trials have shown that reducing the fat content of the diet will lead to a
reduction in plasma cholesterol, but trials attempting to show an effect of modifying
dietary fat on CHD incidence have been inconclusive, largely owing to methodological
faults. Two randomized controlled trials on this issue, the Los Angeles Veterans Trial,
and the Finnish Mental Hospitals Study, were not conclusive. However, the results of
both were in the direction of showing a reduction in CHD following a reduction in dietary
fat.

One difficulty with these studies of a single factor is that the study subjects are likely
to modify more than the one factor under study. In the US National Diet-Heart Study,
for example, 50% of the men who took part in the study reduced their cigarette
consumption. For this reason, and because CHD is a multifactorial disease, other
controlled trials have been instituted that rely on a multifactorial approach to prevention.

The World Health Organization has been active in promoting trials of various types.
Three different approaches to prevention may be contrasted. (a) A doctor-centred
approach, as in the collaborative trial of clofibrate-a cholesterol-lowering drug.I This is
the only single-factor trial to be considered here. (b) A health education approach, as
typified by the WHO European multifactorial prevention trial,k in which the intervention
is conducted by local personnel, nurses and doctors, at the place of work. (c) An
approach to the whole community, as is being tried in the North Karelia project in
Finland', where the strategy is a multiple effort at the community level involving
education, training, organization of services, and environmental change.

iA co-operative trial in the primary prevention of ischaemic heart disease using clofibrate. Report from the committee of
principal investigators. British heart journal, 40: 1069-1118 (1978).

k WHO European Collaborative Group. An international controlled trial in the multifactorial prevention of coronary heart
disease. International journal of epidemiology, 3: 219-244 (1974).

I PusKA, P. The North Karelia project: an attempt at community prevention of cardiovascular disease. WHO Chronicle, 27:
55-58 (1973).
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It should be emphasized that the questions under study are practical ones: to what
extent can people be motivated to change? What is the best strategy? Will a reduction in
incidence follow? These trials, of themselves, cannot answer scientific questions of
etiology, for example, whether the coronary risk factors are causally related to CHD. If
the trials fail to achieve a lowering of CHD incidence in adults, this will not be convincing
evidence against the causal nature of the coronary risk factors. A negative result from a
trial carried out over 5 years should lead to the conclusion that " change in risk factors in
adults over this period does not affect their CHD risk" rather than that " smoking, diet,
etc., are not causally related to CHD ". These factors may be causally related to CHD,
but the risk associated with them may not be easily or quickly reversible.

In the same way, a positive result in a preventive trial does not finally settle the
etiological question. This is particularly true if a reduction in incidence is achieved by
pharmaceutical means. If a drug lowers blood pressure, it is not necessarily justified to
conclude that its effect on CHD incidence is the result of its effect on blood pressure.
Similarly, if individuals change their dietary fat consumption, their smoking habits, and
their physical activity patterns, one should be wary of concluding that any subsequent
change in CHD incidence is due only to these changes.

This does not negate the importance of the trials. They have been set up to provide
answers to important public health problems, not purely basic scientific questions.

Intervention on high-risk groups or everyone?

A basic question to be considered is whether intervention should be aimed only at
high-risk groups or at the total population. Concentration only on high-risk individuals
has the disadvantage that it entails some form of screening or case-finding to detect the
people at high-risk. A further obvious disadvantage is that it limits the potential benefit
of the intervention to the high-risk group. This may be illustrated by the following. The
high-risk group might be defined, on the basis of smoking habits, and blood pressure and
plasma cholesterol levels, as the top 15 % of the distribution of these factors in the
population. Of the subsequent CHD events in the total population, one would expect
that 30% would occur in this high-risk group. If, for example, intervention were
successful in achieving a 50% reduction in risk in those who participated, this would lead
only to a 15 % reduction (50% of the 30% of cases that occur in the high-risk group) in
the rate of CHD in the whole population. In other words, by concentrating efforts only
on the 15 % of the population at highest risk, we could do nothing to prevent the 70% of
cases that occur in the rest of the population not classified at "high risk".

Clearly, if it were possible to lower the risk level of the whole population, this could
have potentially a much greater impact on the population rate of CHD. For this latter
strategy to be acceptable or feasible, a simple means must be available to lower the risk
characteristics. It would not be acceptable, for example, to place a whole population on
cholesterol-lowering drugs or hypotensive medication.

(1) Doctor-centred approach
The results from the primary prevention trial of clofibrate coordinated byWHO have

been recently reported.m This was a single-factor trial that used drug treatment to lower
plasma cholesterol levels in men in the upper one-third of the cholesterol distribution.

m A co-operative trial in the primary prevention of ischaemic heart disease using clofibrate. Report from the committee of
principal investigators. British heart journal, 40: 1069-1118 (1978).
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Over 5 years, men in the treated group showed a 20% decrease in CHD incidence
compared with untreated controls. This benefit was limited to non-fatal events. The
results of the trial made clear that there are costs involved in one-third of the apparently
healthy male population being put on long-term drug treatment, and being turned into
patients. There was a higher overall death rate in the clofibrate group than among the
controls and a higher incidence of gallstones. Thus, the authors conclude that "...
reduction of high serum cholesterol levels, even in middle age can reduce the incidence of
IHD." but that, because of its unwanted effects, clofibrate "... cannot be recommended
as a lipid-lowering drug for community-wide primary prevention of ischaemic heart
disease."

Under most systems of medical practice, a doctor-centred approach commonly means
treatment rather than promotion of a healthy life-style. While this has a place in
prevention, for example in the treatment of blood pressure, its place is limited.

(2) Health education approach to certain sectors of a community

Doctors may play other roles in the prevention of ischaemic heart disease: they may
be important in health education. In the WHO European multifactorial prevention trial,
doctors and nurses are involved in health education programmes, which take place in
factories. The trial is being carried out in, Belgium, Italy, Poland, Spain and the United
Kingdom. Pairs of similar factories are selected. Within each pair, one is allocated
randomly to intervention and the other serves as control. A screening examination is
carried out on all the male employees aged 40-59 years in the intervention factories and
on a 10% sample in the control factories. The intervention takes two forms: (a) general
progaganda, letters, booklets, films, posters, etc., aimed at everyone in the intervention
factories, and (b) more intensive individual counselling for the 10-20% of men at highest
risk.

The health education includes: (i) dietary advice aimed at reducing total fat intake
and increasing the ratio of polyunsaturated to saturated fats; (ii) anti-smoking advice;
(iii) encouragement of physical activity-a daily minimum of 20 minutes brisk walking or
its equivalent; (iv) advice on weight reduction for men who are 15% or more above the
standard for their height; (v) information on hypertension.

Men with a mean systolic blood pressure of 21.3 kPa (160 mmHg) or above are
started on hypotensive therapy. This is the only part of the intervention based on drugs.

Altogether 78 factories have been recruited into the trial, involving 60 000subjects.
The incidence of coronary heart disease in intervention and control factories will be
compared over a five-year period. These results should be available from the trial in the
United Kingdom by the beginning of 1980. In the meantime, the results are available of
changes in risk factors after 4 years in the United Kingdom and after 2 years in Belgium.n
These results are summarized in Table 2. The change is expressed as the percentage
reduction (relative to level at entry) in the intervention factories minus the percentage
reduction in the control factories. For example, in the United Kingdom, among men who
were found at screening to be in the top 10% of risk, the decline in plasma cholesterol
was 6.9% greater in the intervention factories than in the controls. The difference was
smaller (4.1 %) for the men unselected as to risk. These results may at first appear to be a
little disappointing. With dietary manipulation under controlled conditions, it is possible

nData kindly made available by Dr G. A. Rose, Dr H. Tunstall Pedoe, and Dr R. F. Heller in London, and Dr M.
Kornitzer, Dr C. H. Tilly, and Dr G. de Backer in Belgium.
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to reduce plasma cholesterol by as Table 2. Changes in risk factors in the United Kingdom
much as 15 %. In the United Kingdom and Belgium in the European multifactorial prevention
trial, although a large proportion of trial
people claimed to have changed their Percentage change
diets it seems likely that there was
poor compliance with the recom- Risk factor

High-risk Random High-risk Randommended diet-hence the small change High_risk_Randomple s_____Rample
in plasma cholesterol. The greater the
reported change in diet, the greater Plasma cholesterol 6.9 4.1 4.3 3.8

was the decrease in plasma choles- Systolic blood pressure 2.1 1.8 4.3 4.4
terol. Perhaps with more intensive Cigarettes/day 19.8 16.9 27.5 11.9
efforts at health education a greater % of smokers 6.2 0.7 6.5 -0.1
change could have been achieved. It Weight 0.5 0.1 0.9 -0.3
should be emphasized, however, that
this study was specifically designed to Numbers screened
test a programme that was realistic Intervention 736 324 1268 327

enough in size and cost to be instituted Control 59 538 203 800
by the existing health services. A more

aPercentage change waa calculated as:complex and more costly mode of absolute fall in intervention - absolute fall in control x 100
intervention like that used in the initial intervention level

b Percentage change was calculated aa:American Multiple Risk Factor Inter- % change in intervention -% change in control.
vention Trial would not be easy to
implement on a large scale.

Although the changes in individual risk factors have been small, the potential effect
on CHD incidence is not negligible. If it is assumed that the risk of coronary heart disease
is fully reversible, one can estimate the potential effect of the degree of risk-factor
reduction observed in the WHO trial, using the multiple logistic function. If the risk is
reversible, in the United Kingdom trial one might expect a 19% reduction in incidence of
coronary heart disease in the high-risk intervention group relative to the corresponding
control men, and a 13 % reduction in the total group. Here we are faced with a problem.
A reduction in CHD of 10-15 %, if achieved by simple cheap means, would be of great
public health importance. However, the trials do not have the statistical power to detect a
difference as small as this. Put another way, the WHO European trial may not show any
significant difference in incidence between the intervention and control groups, and miss
a difference as important as 10-15 %.

In assessing the importance of reducing CHD rates by 10-15 %, two factors should be
borne in mind: (i) such a reduction would have a major impact on population mortality;
and (ii) a reduction of 15 % for the whole group would conceal a much larger benefit for
those who comply with the recommendations. Thus if only half the subjects take the
advice and they achive a 30% reduction in risk, but the other half do not change their
habits, the resultant figure for the whole group would be 15 %.
(3) Community approach

Finland has the highest mortality from CHD in the world and the county of North
Karelia is an especially high-risk area. The North Karelia project was set up in response
to community demands to do something about the high rate of cardiovascular disease and
involves a "references" county and the "intervention " county of North Karelia. The
intervention involves the whole community and includes:

(a) training in health education for health personnel;
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(b) increased health information (press, radio, leaflets, etc.);
(c) organization of special services; and
(d) environmental changes (smoking prohibition in public places, low-fat dairy

products and sausages, changed diet in institutions, promotion of vegetable growing).
The changes in risk factors and some aspects of health-related behaviour that have

been recorded after 5 years are shown in Table 3. Many factors changed in both the
intervention and reference counties, but the reduction in risk factors and changes in
behaviour were greater in North Karelia. Overall it was estimated that if this change in
levels of risk factors was reflected in a change in disease rates there would be a 34-39%
lower incidence in North Karelia than in the reference county. Comparisons of the actual
disease rates in the two areas are not yet available.

The Stanford programme also di-
rected health education activities at
the whole community0 in two towns in
northern California by means of news-
papers, radio, and television. One
other town served as a control. The
campaign emphasized diet, smoking,
and the screening and treatment of
high blood pressure. After two years,
changes in risk factor levels were com-
pared for the intervention and control
towns. The intervention towns showed
a significantly greater change (in the
healthy direction) in saturated fat in-
take, daily cigarette consumption,
plasma cholesterol level, and systolic
blood pressure. As with the European
multifactorial trial there was no im-
provement in relative body weight.
The potential change in risk was esti-
mated using the multiple logistic func-
tion. There was a greater change in the
intervention towns than in the control
towns, of the same order of magnitude
as that seen in the differently designed
European multifactorial trial.

Table 3. Changes in risk factors and some related
aspects of health behaviour in North Karelia and the
reference county in 1972-77 among people 25-59
years of age (preliminary data)a

North Karelia Reference country
Item

Males Females Males Females

Proportion of current
smokers -17% -22% -13% -13%

Mean serum cholesterol
(mmol/l) -0.26 -0.18 +0.025 -0.10

Proportion of persons who
use fatty milk -29% -30% -22% -26%

Proportion of persons who
use more than 10 g of fat
on one slice of bread -37% -55% - 1% + 1%

Proportion of persons who
use butter on bread -16% -14% -10% -11%

Mean systolic blood pres-
sure (kPa; in paren-
theses mmHg) -0.4 (3) -0.4 (3) +0.4 (3) +0.4 (3)

Mean diastolic blood
pressure -0.27(2) -0.4 (3) 0 -0.27(2)

Proportion of persons
with elevated diastolic
values (>12.7 kPa or
95 mmHg) -25% -45% +3% -7%

' Data taken from: Puska, P. et al. In: Proceedings ofthe Intemational
Symposium on Primary Prevention in Childhood of Atherosclerotic and
Hypertensive Diseases, Chicago, 18-20 October 1978 (in press).

CONCLUSIONS
As is usual, one is forced to reach conclusions on the basis of incomplete information.

All the intervention trials are at an interim stage. No data are yet available on whether
the reduction in risk factors will reduce the incidence of ischaemic heart disease. Some
lessons have been learnt, however.

1. By a variety of approaches it is possible, on a community scale, to achieve a change
in health behaviour that leads to a change in coronary risk factors.

2. Compliance is not good and the overall change in risk factors is not great. This has
important implications for the preventive trials. The reduction in risk in those who do

°FARQUHAR, J. Er AL. Community education for cardiovascular health. Lancet, 1: 1192-1195 (1977).
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change their behaviour may need to be of the order of 50% before a significant result for
the whole group would be detected.

3. If reduction of risk factors is effective, one can expect a 10-20% reduction in
CHD incidence. This would be an important public health benefit, but it would not
eradicate the severe burden of CHD from industrialized societies.

Three strategies may be suggested to increase the potential benefits of prevention:
1. Start intervention earlier in life-prevent the formation of bad habits before

pathological changes commence.
2. Promote more intensive efforts at the social and political level aimed at improving

habits related to tobacco, food, and physical activity.
3. Intensify efforts to identify other etiological factors in the epidemiology of

ischaemic heart disease, in order to improve our ability to predict and prevent the
disease.

RItSUME

Prevention des myocardiopathies ischemiques 'a partir de donnees epide-
miologiques

Chez 40% des sujets frappes d'infarctus la mort survient dans les 28 jours et pour
plus de la moitie de ces cas dans l'heure qui suit l'attaque. Les possibilites modernes de
traitement n'apportent donc qu'une solution tres limitee au probleme et tous les moyens
possibles de prevenir le mal doivent etre essayes. Le present article passe en revue les
hypotheses, fondees sur les donnees epidemiologiques, selon lesquelles le style de vie et
l'environnement jouent un role dans l'etiologie des myocardiopathies ischemiques, ainsi
que les resultats provisoires des essais de prevention menes a l'instigation de l'OMS.

Diverses enquetes epidemiologiques ont montre que la prevalence des affections en
cause est influencee par l'environnement. La situation geographique elle-meme joue un
r'le a cet egard puisqu'on a constate une augmentation de l'incidence chez des migrants
ayant quitte un pays a prevalence relativement faible pour un pays a forte prevalence. En
ce qui concerne les variations de la prevalence dans le temps, on peut penser que le risque
a augmente avec l'industrialisation, mais une regression a ete enregistree au cours de la
Deuxieme Guerre mondiale a la suite d'une modification des conditions d'alimentation.

Selon le resultat des enquetes, les trois facteurs de risque principaux sur lesquels il
devrait etre possible d'agir sont le type d'alimentation, le tabagisme et la pression
arte'rielle.

II existe une relation evidente et constante entre le niveau du cholesterol dans le sang
et l'incidence ulterieure d'une myocardiopathie ischemique, et ceci est vrai dans toutes
les populations etudiees, quel que soit le taux de prevalence de cette affection. Mais le
taux des lipides sanguins est-il lie a la quantite de graisse absorbee dans l'alimentation?
La encore, une forte correlation a ete observee dans une population determinee entre la
consommation moyenne de graisses saturees et le taux moyen de cholesterol, ainsi
qu'entre cette consommation et le risque de maladie coronarienne (MC) pour la
population consideree. Toutefois, et c'est la une chose surprenante, des relations de cet
ordre n'ont pas ete etablies au niveau individuel, bien qu'il soit possible de reduire le taux
de cholesterol chez un individu en modifiant sa consommation de graisse. Ceci peut
s'expliquer par l'irregularite des habitudes alimentaires a ce niveau, d'oiu la difficulte de
caracteriser le regime. D'autre part, la consommation de graisse varie moins au sein
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d'une meme population qu'entre diverses populations, et l'etablissement d'une correla-
tion est donc plus aleatoire a ce niveau. Enfin, d'autres elements du regime ou des
facteurs genetiques peuvent egalement agir sur le taux de cholesterol. Des constatations
semblables sont faites a l'egard de la relation entre la consommation de graisses saturees
et l'incidence de MC. On peut toutefois raisonnablement penser qu'un regime riche en
graisses est a eviter et que la reduction des graisses consommees n'est aucunement
prejudiciable, bien au contraire.

Les effets de l'habitude de fumer sur l'incidence relative de MC sont evidents dans les
pays oui la prevalence de cette maladie est elevee, et cette association est confirmee par
les etudes faites sur des fumeurs repentis- le risque decroissant progressivement apres
la renonciation au tabac pour rejoindre finalement celui qui s'etablit pour les individus
n'ayant jamais fume.

Une pression arterielle elevee est un facteur predisposant a la MC, meme dans les
pays oui le risque moyen est faible, comme au Japon. Sur le plan de l'intervention, il faut
cependant evaluer le niveau auquel le traitement de l'< hypertension >> par des hypoten-
seurs presente des avantages qui l'emportent sur son coiut et ses possibilites d'effets
secondaires. Selon que le niveau de pression diastolique justifiant une intervention serait
fixe a 15,3 ou 12,0 kPa (115 ou 90 mmHg), le pourcentage de population a traiter au
Royaume-Uni varierait de 2-3 % 'a 30% ! On peut affirmer que le traitement s'impose
au-dessus de 15,3 kPa (115 mmHg) et, pour la plupart des specialistes, meme des
14,0-14,7 kPa (105-110 mmHg). Quant aux moyens <<naturels >> de faire baisser la
pression, il semble que la lutte contre l'obesite et la reduction de la consommation de sel
puissent figurer parmi ceux-ci et il est urgent d'intensifier les recherches a cet egard.

Chacun des facteurs de risque considere s'ajoute naturellement aux autres pour
accroitre le risque auquel est expose un individu. Les etudes internationales montrent
que les facteurs ci-dessus, tout en jouant un role constant, ont une influence plus ou
moins grande selon les regions. D'autres facteurs entrent donc en ligne de compte pour
expliquer les variations de prevalence de la MC selon le sexe, la region et la classe sociale.

Un certain degre d'activite physique professionnelle a pu sembler reduire le risque,
mais il se peut que le choix d'une profession a activite physique importante soit lui-me
influence par une meilleure << forme >> ou predisposition personnelle au depart. Dans les
societes opulentes oiu le risque est eleve, les professions exigeant une depense physique
sont plus rares et c'est donc l'activite pendant les loisirs qui est determinante. De toute
facon, un programme d'activite physique reguliere ne peut avoir que des effets
benefiques, et la reduction de l'obesite devrait faire partie de tout programme de
prevention car celle-ci est associee 'a de nombreux facteurs de risque (pression arterielle
et lipides seriques eleves, diabete, hyperglycemie).

Quant aux facteurs de comportement, il est difficile de distinguer entre ceux qui se
rattachent a des caracteristiques individuelles et ceux qui sont lies a l'environnement
social. Autre facteur psycho-social mis en cause, le <(stress>> est egalement difficile a
definir.

Enfin, l'opinion a ete emise que l'eau douce, la cafeine, les contraceptifs oraux et
certains facteurs climatiques pouvaient constituer des facteurs de risque, mais ils n'ont
pas ete suffisamment etudies pour qu'il en soit tenu compte dans une strategie
preventive.

Des essais d'intervention ont ete entrepris et sont encore en cours. Les resultats dej"a
acquis sont generalement de nature 'a justifier une action preventive immediate. Sur le
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plan etiologique, le jugement doit encore etre reserve car les effets de certains facteurs de
risque peuvent n'etre pas aisement ou rapidement reversibles.

I1 est naturellement difficile de conduire des essais portant sur un seul facteur de
risque, car les sujets de l'etude modifient souvent plusieurs de leurs habitudes a la fois.
Un essai portant sur une approche multifactorielle a donc ete institue a l'echelon
europeen sous l'egide de l'OMS. I1 porte sur 60000 sujets travaillant dans 78 usines de
divers pays appariees aux fins de controle des resultats de l'intervention. La duree de
celle-ci a ete fixee a 5 ans, dont 4 se sont deja ecoules au Royaume-Uni et 2 en Belgique.
Les resultats provisoires (tableau 2) n'ont pas tout a fait repondu a l'attente- peut-etre
en partie en raison d'un regime alimentaire insuffisamment modifie- mais les ambitions
etaient modestes quant a l'ampleur et au cout de l'intervention afin qu'un programme de
ce type puisse etre realise par des services de sante existants. En outre, le degre de
precision statistique prevu pour l'essai n'etait pas suffisant pour que des reductions
d'incidence de 10-15 % - pourtant importantes sur le plan de la sante publique
puissent etre enregistrees.

Un essai portant sur l'ensemble d'une population a ete mene dans un comte de
Carelie du Nord (partie de la Finlande oiu le risque est particulierement eleve) et un
comte de reference. Aux mesures d'education sanitaire et d'information se sont ajoutees
des prestations medico-sanitaires speciales et des modifications apportees a l'environne-
ment (interdiction de fumer dans les lieux publics, mise sur le marche de produits
alimentaires a teneur reduite en graisse, promotion de la culture de legumes). Si les
changements intervenus dans les facteurs d'incidence des myocardiopathies ischemiques,
cette incidence pourrait etre de 34 'a 39% plus faible en Carelie du Nord que dans le
comte de reference, mais on ne dispose pas encore des donnees epidemiologiques qui
permettront la comparaison effective des taux d'incidence. Un essai du meme type
effectue en Californie a donne des resultats comparables apres 2 ans d'intervention.

On peut conclure que les essais entrepris ont demontre la possibilite d'agir au niveau
communautaire pour promouvoir une modification des habitudes nocives. Le refus de
certains individus de changer leur comportement fausse les resultats a l'echelon de la
collectivite. Si la reduction des facteurs de risque obtenue agit efficacement sur
l'incidence des cardiopathies en cause, on peut esperer une diminution de cette incidence
de 10 a 20 %. I1 faudrait en tout cas que la prevention commence plus tot dans la vie des
individus avant que les mauvaises habitudes se soient installees et aient des consequences
pathologiques, et que l'action psycho-sociale soit plus vigoureuse. Les recherches pour
identifier tout facteur etiologique s'ajoutant a ceux deja connus devraient etre
intensifiees.
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