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Prevention of coronary Neart disease:

putting theory 1nto practice

ABSTRACT?The two main approaches t© delivering
preventive care for coronary eart disease, ie to reduc-
ing its causal risk factors, depend upon a» understand-
ing of the pajor causes of this disorder. One is popula-
tion based and involves educating the public in
healthier pehaviour and making changes in the envi-
ronment to facilitate this. In the other, persons at hlgh
risk are identified and provided with individual coun-
selling and ongoing care; the diagnostic @nd therapeu-
¢ components ©f this gpproach must proceed i par-
allel, and resources will be needed to permit this. Both
strategies @< necessary: they =r< complementary; they
are not competitive either conceptually == £or funding.
Personal risk varies widely., Hence a gystem of priori-
ties is required for phasing the provision ©f care
according to need. ngh risk is most often due to the
presence ©f multiple risk factors but also results from
single, pronounced risk factors. Those in greater need
include persons With coronary disease, those with mul-
tiple sources of rigk, and those with severe hyper—
cholesterolaemia, hypertension, or diabetes. So-called
selective testing differs little, in practice, from such a

prioritised system ©f comprehensive risk factor con-
trol.

Preventive gtrategies against coronary heart disease
(CHD) are based on reducing its modifiable causes.

Such an approach has a sound theoretical foundation.
The epidemiology ©f the major risk factors?high

serum cholesterol, cigarette smoking and raised blood
pressure?shows characteristics which indicate that

they are causes of coronary heart disease [1,2]; in the
case of cholesterol, even Koch's pogtylates =re ful-
filled.

Studies in which risk-factor levels are modified pro-

vide gyupporting findings. Persons who give up

cigarette smoking axe 1ess likely to develop coronary
heart disease than those who continue to smoke. Trials

of serum cholesterol reduction show a decrease in
coronary heart disease incidence and mortality [2,3]
and, in the few in which an extended follow-up has

been reported, in total mortality [4,5]; = favourable
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effect is seen on the rate of progression of atheroscle-
rosis in man [§,7] and in several animal models [8,9].
These trials establish that it is possible at least partially
to reverse the risk of coronary heart disease.

Since a causal role for these risk factors has been
established, efforts are be:i.ng made to translate theory
into preventive practice in most countries in which

heart disease is common . FOY more than two

coronary

decades public health education has been under way

together with such giatytory measures as health warn-

ings == cigarette packets a@nd advertisements; in many
countries at least part of the downward trend in coro-
nary mortality rates is probably attributable to such
measures [10]. There are cwo complementary

approaches to the delivery ©f this package °f preven-
tive measures [11]., One is population based and aims,
by improving health-related behaviour in the popula-
tion at large, to decrease the level and prevalence of
risk factors in the community. Thus the goal is to shift
the distribution of serum cholesterol, blood pressure,
and body weight in the direction of lower rigk, and to

decrease the preyalence ©F cigarette smoking. The fun-
damental importance ©f this strategy is that it is direct-

ed against the underlying societal causes of coronary
heart disease.

The second approach is individual based, and in

practice chiefly patient based. It comprises the identifi-
cation, by systematic testing, ©F persons With high lev-
els of risk for whom jpgjyvidually supervised manage-
ment is pecessary, R4 the provision of such care, with
follow-up, by the doctor and/or health care team. This

'high-risk strategy' recognises that the measures com-
prising the public-health approach may Pe inadequate
to reduce risk substantially in such persons; supervised
care, on the other hand, with follow—up to evaluate the

response, 15 likely t° provide = greater beneficial
change in risk-factor levels.

In the target group ©f the high-risk strategy, genetic
factors often play = major role in determining risk, eg
leading t° hypertension, hyperlipidaemia, <= obesity.
Oone recently identified example is familial hyperlipi-
daemia associated with hypertension [12]. Among the
hyperlipidaemic segment ©f the population of Western
countries seme persons Pave well defined, usually pro-
nouncedl 1lpld disorders caused by Single mutant
genes Which ggy not be clinically distinguishable from
common hypercholesterolemia [13]; me=e result
from the interactions between polygenic predisposi-
tion and environmental factors such as diet. As an

example ©f the latter, apo E, = protein component °f

several plasma 1ipoproteins, is inherited in three
forms. Persons with the E4 isoform have higher mean
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serum cholesterol levels than those bearing the E2 iso-
form [14]. The former absorb dietary cholesterol

more efficiently and show larger changes in serum
cholesterol in yegponse t° changes in diet [15]. It is
well recognised that individuals yary ywidely iR respon-
siveness to diet [16]; regponse is consistent on repeat-
ed testing [17] and is gnalogous te that seen in labora-
animals.

some

One consequence is that
individuals, for genetic reasons, are likely t° respond
less well than others to dietary measures intended to
reduce sexrum cholesterol levels [18]. Similarly, individ-
uals differ in their blood

tory

pressure regulation in

response t© dietary sodium, probably 2180 on a familial

basis [19]; this too may prove to be clinically relevant.
The high-risk strategy Pas been codified in recent

recommendations designed te assist general practi-

tioners and other nop-gspecialised physicians i® manag-
ing patients with high levels of risk factors. The recom-

mendations have focused on the management of

hyperlipidaemia, because the oxpert panels responsi-

ble perceived = particular need for educating doctors
in this area. Now that this deficiency is being made

good, the next set of recommendations should include
more guidance on the control of cigarette smoking
and ghesity, and o= pon-pharmacological 2nd drug
treatment Of hypertension. The most efficient ways
both of detecting and treating high risk are multifacto-

rial: the jmportance of eme factor depends critically =
its context. At present, medical practice tends to be

1arge1y unifactorial.

Whose regpongibility?

Both the population strategy @nd the high-rigk strategy
considerable 111714 on the individual to
place responsibility

learn, accept, @nd act ypon the necessary preventive
This is self-evident in the former approach;

but in the latter, too, the patient must complement the
role of the medical team. The high-risk strategy does

measures.

not in allow the individual to abdicate respon- :

any way
Sibility for his or her own health.

Interplay between the high-risk @nd population
approaches

The population #n<d high-risk strategies ultimately
share the same preventive objectives and deliver many
of the same measures; Put they depend °= different
though overlapping areas of expertise, the latter clini-
cal, the former educational, epidemiological, and
political. Hence those practising these skills have
sometimes perceived the twe gpproaches == competing
options. This perception is false; they 2r= i? many ways
synergistic @2d complementary.

By shifting the distributions of blood pressure and

serum cholesterol in the population downward, the
population approach Pas = potentially large effect in

decreasing the number of pergons who require indi-
vidual clinical care ([20]; thus reducing the mean by

one-third of a standard deviation yill, for a normally
distributed variable, lead to a 50% fall in the number
of people with values above the top decile point. The
cost and clinical workload of the high-risk approach
will then decrease in proportion to the success of pop-
ulation measures. It is clear that application of the two

approaches must be co-ordinated.

The high-risk strategy ¥ predicated o= the need for
supervised management ©f individuals at high risk; for

such persons population messures are inadequate Put
still valuable. A man with familial hypercholestero-

lemia requires medical care but also benefits from
the wider ayailability of suitable food, anti-smoking
education, and exercise facilities. In the patient-orient-

ed setting of the high-risk approach all these elements
are concentrated in a particularly effective manner.

The interaction between the two strategies is espe-

cially important for the many people Whose risk of
coronary heart disease is moderately above the aver-

age. For them the high-risk approach offers risk-factor
testing in a clinical setting and indicates to them their

overall risk-factor status and hence both the need and
motivation to comply With guidance <= diet, smoking,
and exercise. The patient's motivation then comes
from knOwledge of his or her own risk status based on
direct measurement of weight, blood pressure, and
serum cholesterol, enhanced by the doctor patient
relationship, the individualised counselling, and the
follow-yp measurements [21]. For this section of the

population, the high-risk approach serves = general
educational role: diffusion of information and aware-

ness enhances the population approach' This is well
understood in Finland where the systematic use of
cholesterol testing i regarded == = component ©f the

population strategy [22].
In an audit of persons referred to the St Thomas's

Hospital lipid clinic with cholesterol levels in the
range 5.2-6.5 mmol/1, and followed up, ©™ average,
on 1.4 further occasions in one year, diet counselling
achieved target cholesterol levels in all (B, Lewis,
unpublished data). This attests the effectiveness of

counselling in a clinical getting. Similarly, =ve= = gingle
counselling session on cigarette smoking may be effec-
tive in which the doctor provides =» explanation
together With a firm jnjunction t° stop smoking [23].
The concern is sometimes expressed that the costs
of the high-risk approach Will erode gpending o= the
population strategy, ©F vice versa. We do not share this
view. The two strategies largely make use of different
resources (on the one hand Clinical, and on the other
educational, commercial, and political). These
resources are not generally transferable and hence not

in direct competition. The two strategies =r< mutually
supportive, ©3ch enhancing the other's effectiveness;
and each, by stimulating public somcern and under-
standing, creates pressure fOT greater overall commi t -
ment to health promotion. Spending o= care £OT per-

sons at high risk is clinically @n9 ethically necessary.
Provided that jnappropriate wse °f drugs is avoided,
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the main extra cost is in staff time and training £ pro-

vide personal health advice. For the population
approach, few or no direct costs are involved in its
Main components (eg £0°d labelling, marketing ©f
preferred food products, restraint of tobacco promo-
tion, changes " government and EEC policies ©= agri-
culture and food pricing) . Others are anyway accepted
as desirable, on general social and health grounds (eg
j_mprovements in childhood nutrition and access to
exercise facilities).

The costing of = comprehensive health gtrategy has
been studied in some detail [24], Whatever the esti-

mates, the need to treat patients with major risk fac-
tors is dictated by Hippocratic considerations, not by
cost-effectiveness. Nevertheless, recent estimates sug-
gest that the cost per year of quality-adjusted life saved
by the treatment of hyperlipidaemia is in the same
range =° that of jocepted procedures Such as mam-
mography and cervical cytology, and is less than that of
relevant thergpeutic measures such as coronary bypass
grafting [25].

In some countries coronary heart disease is striking-
ly uncommon, attesting the role of environment,

notab]_y diet, in its aetiology. The wide difference in
mean serum cholesterol between black and white

South Africans is almost completely reversed by
exchanging their diets [26]. It is possible that suffi-
Ciently extensive Changes in a population's diet would
reduce coronary mortality to low levels. The limits to
this approach are set by powerful cultural determi-
nants of dietary, smoking, and exercise habits; and
within every population the existence of genetic and
partly genetic seureces of high risk (severe hyperten-
sion, some hyperlipidaemias, diabetes mellitus) would
still require Supervised medical care.

Drug therapy in the high-risk strategy

The primacy ©f dietary management ©f hyperlipi-
daemia cannot be gyeremphasised. A7 adequate triel
of diet involves retesting and reinforcement over a
period of 6-12 months [21], unresponsive patients
being referred to a trained dietitian and/or lipid spe-
cialist. In experimental conditions a lipid-lowering diet
exerts itg Complete effect in about three weeks, but the
time course of the behavioural change needed for life-

long diet therapy is far longer,

Currently many hypertensives and diabetics, and
most hyperlipidaemic individuals, remain ypdiag-
nosed and untreated; effective case-finding will
inevitably increase the prescription ©f drugs for those
patients Who prove resistant to gimpler management.
Nevertheless, the high-risk strategy is not co-extensive
with drug therapy. On the contrary, the main thera-
peutic instrument of the doctor practising this preven-
tive strategy i the informed, response-monitored insti-
tution of healthier living habits. The doctor is using

knowledge of the patient's rigk-factor levels to pre-
scribe, in the individual mode, recommendations simi-
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lar to those of the population strategy. The recommen-
dations are, in this ¢age, tailored to the patient's needs,
and are re-emphasised == indicated Ly opgerving the
response 2t follow-up. The recommendations, mewe-
over, are multifactorial: in managing moderate hyper—
tension or hypercholesterolaemia, cessation of smok-
ing is just 25 pecessary 2° therapy directed to the
specific risk factor.

Who, then, requires drug therapy foF controlling
cardiovascular risk factors? The present management
of hypertension i¢ largely pharmacological. In the case

of mild-to-moderate hypertension this emphasis may
shift in the 1ight of evidence that substantial blood-

pressure reduction is attainable in some patients by
weight reduction and restricting sodium and alcohol
intake; such measures have substantial drug-sparing

effects. Dietary management may Pe improved by bet-
ter understanding of apparently heritable sub-sets of
hypertensives With differing responses to sodium
intake [19].

Among metabolic indications for drug therapy are
non-insulin-dependent diabetes and hypercholestero-
laemia that have proved resistant to an adequate trial
of diet. Some genetic hyperlipidaemias are characteris-

tically resistant to diet therapy, notably familial hyper-
cholesterolaemia which in most communities affects

about two persons per thousand, ie some 120,000 peo-
ple in the UK. Remnant hyperlipidaemia (type III in
the Fredrickson claggification) 15 somewhat less com-
mon. It is more regpongive to diet but the majority °f

patients require additional drug treatment to achieve
proper control. Both these disorders are frequently

associated with coronary atherosclerosis (the latter
also with peripheral atherosclerosis), often pregenting
early in adult life [27]., A study of 692 patients with
heterozygous familial hypercholesterolaemia has pred-
icated that angiographically demonstrable coronary
narrowing I present 2t an average age °f 17 years in
men and 25 years in women [28]. Severe familial
hypertriglyceridaemia, = relatively rare disorder, usual-
ly requires medication to avert recurrent pancreatitis.

Familial combined hyperlipidaemia, a common groyp
of disorders strongly associated with coronary heart

disease [29], leads to comparatively mild elevation of
serum 11p1ds and is often controllable by diet; some
patients require drug therapy. I» = subset of such
patients, lipid abnormalities and hypertension coincide
on a strongly familial basis [12]., A further dominantly
transmitted form of hypercholesterolaemia results from
= single amino-acid substitution in apo B [13]; it varies
in severity and can resemble familial hypercholestero-
laemia but may require different therapy,

Common hypercholesterolaemia is the term used to
describe the condition of most persons with elevated

cholesterol levels who do not have the features of the
genetic diseases mentioned. The great majority
respond adequately te a determined and prolonged
trial of dietary control including weight control if nec-
essary. Drug therapy is considered in non-responders

1January 1991 23



B. Lewis and G. Rose

who are judged to be at substantial risk of coronary
heart disease; this is a small minority but, as the disor-
der is so prevalent, this indication is not a rare one.
Therapeutic audit on 148 referrals to the St
Thomas's Hospital lipid clinic (B. Lewis, unpublished)
showed that drug therapy was needed in 8% of those
referred with cholesterol levels in the range 6.5-8
mmol/1l, and in 45% of those with initial levels >8
mmol/1l in order to achieve or approach target levels
[21]. In this study the period of observation was one
year ©* longer, and since this clinic was a tertiary refer-

ral centre there was a probable bias towards seeing

patients With resistant hyperlipidaemia; £or example, =
positive diagnosis of familial pypercholesterolaemia

was made in one-half of the group with levels >8

mmol/1, and all such patients required medication.
There is no greater need for good clinical judgment
than in striking the correct balance between profligacy
and austerity in the use of drugs t° decrease risk fac-
tors for coronary heart disease. For example, recom-
mendations codifying the indications for lipid-lower-
ing drugs greatly assist therapeutic decision-making,
but jydgment is essential to their pyopey use. In the
UK, and probably in most countries, the great majority
©f patients with familial hypercholesterolaemia =*e

unrecognised and untreated. The age-specific risks of
myocardial infarction and sudden cardiac death are

about 20 times greater in affected men than in
matched controls [27].

age-

Detection of risk factors

Risk detection is only of value if it is linked with proper
facilities for management . This will involve additional
training ©f practice nurses, eg by practice facilitators
[30], and an increased number of referral centres.
Hence risk detection and risk management must be
instituted in parallel == = comprehensive programme.

The greatest benefit will result from a multifactorial
approach to risk reduction; this will be more effective
in the community than selective attention to individu-
als with h:i.gh values of Single—risk factors, though such
individuals will continue to be underdiagnosed and
undertreated unless the programme encompasses
their needs.

Several determinants (Table 1) contribute to the
estimation of an individual's excess risk of coronary
heart disease. Simple schemes have been developed t°
interpret these data. In one such scheme the presence
of any two risk determinants (mgle sex being counted
as one) is an indication for more vigorous care and for
setting mexe gtringent targets f£or lipid reduction; in
another, anpy one risk factor present in marked degree
(examples === heavy smoking, pronounced family bis-

tory °f premature coronary disease, and prolonged
diabetes) has the same connotation as two co-existing

risk factors [21]. The latter scheme has the virtue of

recognising the graded nature of p5n, risk factors.
Such schemes are Simple to use but fail to take into

Table 1. Determinants of risk of

coronary heart disease

Information mandatory t° risk assessment and appropriate
management of corrective risk factors

History Personal higtory of

coronary
heart disease

Personal history of diabetes
mellitus

Family history of cardiovascular
disease

Cigarette smoking

Examination Overweight

Elevated blood pressure

Corneal arcus xanthelasmas
appearing before age 50; xanthomas

Laboratory Elevated serum cholesterol

Information of value but has cost implications and should
be obtained in patients shown to be at high risk

Elevated serum triglyceride

Low HDL cholesterol
(At research Jlevel, elevated

fibrinogen and Ip(a) levels)

account that the interaction between risk factors is
multiplicative rather than additive; mox do they allow,
even gemiquantitatively, for the graded nature of many
risk determinants. To assist clinical decisions on the
need for ]ipid-lowering ©* antihypertensive medica-
tion, there is goope for the development Of easily used

but more accurate measures of risk. As an eXample a
I

nomogram °* simple calculator incorporating the
non-linear interaction between risk factors and allow-
ing for the grading of continuously variable risk deter-
minants has been prepared (H. D- Turnstall-Pedoe,
personal communication). Among the latter, for
instance, cigarette wse could be graded == nil, 1-20 per
day °* 20+ per day; HDL cholesterol (now taken into
account Only when it is <0.9 mmol/1) would be more
informative 1if the ranges <0.8, 0.9-1.3, and over 1.3
mmol/1l were considered.

Which risk factors to measure?

If the goal of risk assessment is to identify reversible

risk factors for which gypervised management s likely
to be beneficial, such risk factors should be directly

and systematically measured in the adult population of

countries in which the incidence of coronary heart dis-

ease 1is high (subject to the proviso, stated earlier, that
facilities for gcreening 279 management must develop

in parallel). In the case Of lipid-mediated risk, selective
cholesterol testing has been considered as a means Of
age and sex
very cost-effective [31]. However, other criteria

cost containment. Prioritisation based on
can be
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for selection are necessarily wide and the goope for fur-

ther be modest.

economy may

Priorities in the assessment and management of risk

From the Whitehall Study (unpublished results) it has
been calculated that 59% of men aged 40-64 would
qualify £or tegting o= the basis of a pergonal o= family
history ©f coronary heart disease, o= a personal history

°f diabetes, or cigarette smoking, ©* obesity (body
mass index ;30), or gystolic P1o0d pregsure >160 mm

Hg. On the other hand, 88% 0f men and 81% of
women gged 25-59 would be selected [32] on the basis

Of one or more of personal or family history of coro-
nary heart disease, cigarette smoking, ©100d pressure
>140/90, body mass index >25, presence °f xanthoma,
xanthelasma, or arcus. Thus high sensitivity i* possible
only at the price of low selectivity, if risk factors are
treated as dichotomous variables.

In practices which gystematically record non-lipid risk
factors, such information could be entered into a con-
tinuous-risk score in order to select patients in greatest
need of 1lpld measurements. The initial cut-off level
could then be set to yield the number of pergons appro-
priate to resources. The level would then be reduced so
that additional categories, including age and sex
groups, are included. Though short-term cost-effective-
ness in prevention may be greatest in middle age, pri_

mary prevention should start as ggrly in life as pogsible,
In practices in which such risk-factor data are not

readily available, an alternative basis is needed for allo-

cating priority £or entry 1Pt a programme ©Ff risk-fac-

tor testing (including non-lipid risk factors and choles-
terol) and management. Priority may then be based
on information z]ready available to the practitioner
(age, sex, receiving treatment for hypertension o= dia-
betes), plus = simple self-completion questionnaire;

the patient records family and personal cardiovascular
history and smoking habits and indicates whether he

or she wishes to enter the programme The doctor can

then rapidly assess priority, @04 appointments Will be
offered at a rate suited to the capacity of the practice

and the local Jaboratory.

To detect and treat at high risk due to

persons
major genetic hyperlipidaemias, early diagnosis s vital,
hence early comprehensive testing is called for. For
the community, the cost is high because the preva-
lence and yleld are relatively low. To reach at least a

proportion of sSuch persons early, = high priority (over-
riding age) must be afforded to all who have a family

history of early coronary heart disease, as well as to the
small number of people with a family history of known

hyperlipidaenia.

Relative and absolute risks of elevated sexrum choles-

terol

The relative risk associated with a given elevation of
serum cholesterol level is the ratio of the coronary
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event rate in people with elevated levels to the rate in
people with lower levels. In a recent report °om men
screened for entry into the Multiple Risk Factor Inter-
vention Trial (MRFIT) and then followed for six years
[33], the relative risk of cholesterol elevation was esti-
When men with
cholesterol levels in the top fifth of the distribution

mated in a large number of men.

were compared with those in the lowest fifth, the rela-

presence

or absence of gmoking and/or raised blood pressure.
But gtrategies designed to reduce the number of car-

diac events occurring in the population in a given time
must take into account that these events are deter-

tive risk was about the same regardless of the

mined by the relative risk conferred by one or more
risk factors, by the distributions of such risk factors,
and py the frequency with which multiple risk factors
coincide in the same person. In the MRFIT giydy the
excess number of cardiac events associated with being
in the top fifth of the cholesterol Jigtribution, com-
pared with being in the lowest fifth, was about 25%
greater when associated with smoking and raised

blood pressure than when these two factors were

absent. There are two practical implications. First, the
presence °f multiple factors identifies a priority need
for preventive action; but gsecond, even an isolated fac-
tor carries an increased risk and hence a degree of

need. This is particularly true of severe hypercholes-
terolaemia.

Priorities in the assessment and management of risk

Simple methods for the bedside evaluation of risk do
serve a pecessary practical role. In order to confine
the work load and annual cost of risk-factor detection

and management ¥ithin gcceptable limits, entry ©f the
adult population into such a programme 1% likely to be
spread over several years; 2 duration of five years has

often been gyggested Put the period is likely t° vary
considerably. In the private sector of health care such
testing is already well advanced.

It follows that am equitable system ©F priorities is
called for in order to target rigsk-factor detection and

management promptly to those in grearest need; for

persons 2t lower risk, testing ©=» reasonably Pe
deferred. According to this view it is the timing rather
than the availability of testing that should be selective.
While any °F all of the findings listed in Table 1 could
be used to rank pepple according t° need, simplicity i
= necessary feature of any scheme of priorities; it
should be workable by relatively untrained members of
the practice team in a primary health care setting.

If such a gystem ©Ff priorities is adopted, it will be
seen that the copcept OF universal risk-factor testing,

including serum cholesterol measurement, is not
greatly different from the view that only those with
non-1lipid risk factors require cholesterol measure-

ment. In practice, the two gpproaches =¥< likely o be
closely similar at first. The difference will emerge later

when those at highest priority =*< already receiving
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care. In the Comprehensive approach’ individuals with-
out overt risk indicators will then be entered, while the

selective approach would leave this minority untested
for hyperlipidaemia.
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