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Introduction
R. B. D’Agostino, Sr, I. M. Graham

‘It is better to be healthy than ill or dead. That is the beginning and the end of the only real argu-
ment for preventive medicine. It is sufficient.’ [1]

Imagine, if you will, that you will be Minister for Health for your country, starting next
week. Apart from finding out how much money you have to spend, you will probably wish
for certain key information –

� What is the age and sex structure of the population that you are looking after?
� What are the major causes of death and disability?
� What is known of the social and environmental determinants of health and disease in

this population?
� For each cause of death and disability, how should resources be allocated between

promoting changes in nutrition, exercise and tobacco consumption, screening for
risk factors, early disease detection, and therapy of those with established disease?

The management of diseases with a single cause such as hypothyroidism or scurvy is
straightforward. While infectious diseases such as malaria or tuberculosis appear to have
one cause, the actual development of the disease in an individual may be determined by
environmental, immunological and social factors.

With regard to the clinical manifestations of atherosclerotic disease (coronary heart
disease, stroke, peripheral vascular disease and aneurysm) the situation is more complex
again in that atherosclerosis represents the product of multiple interacting genetic and envi-
ronmental influences. Epidemiological and migrant studies clearly suggest a major lifestyle
contribution to aetiology, whereas within a population, genetic factors may influence
both the occurrence of atherosclerosis and an individual’s reaction to environmental and 
lifestyle factors.

It is perhaps unlikely that major new single gene determinants of atherosclerosis as impor-
tant as familial hypercholesterolaemia will emerge. So far, the realization of the concept of
defining a ‘cocktail’ of multiple polymorphisms to define an individual’s total genetic risk
has proved elusive. What is certain is the relentlessness with which age, male sex, rising
blood pressure, rising blood cholesterol and cigarette smoking determine the mass occur-
rence of cardiovascular disease in multiple international studies. It will be appreciated that
age is a measure of exposure time to risk factors, rather than a causal factor as such.

The term ‘risk factor’ was first used in the context of coronary heart disease 45 years ago
by the Framingham investigators [2]. A risk factor may be defined as a characteristic of an
individual that is associated with a subsequent development of disease. The criteria to
decide that, beyond reasonable doubt, the relationship between a risk factor and a disease
is one of cause and effect were defined by Doll and Hill [3–5] with regard to cigarette

© Atlas Medical Publishing Ltd



smoking. These criteria were also applied to cardiovascular disease risk factors notably by
Stamler in defining the causal relationship between blood cholesterol and coronary heart
disease [6, 7].

The Framingham investigators also demonstrated graphically that combinations of risk
factors often exert effects that are greater than additive. This is also illustrated with data
from the Systematic Coronary Risk Evaluation (SCORE) project [8] in Chapter 11. This crit-
ically important observation has led to the common factor underlying all current guidelines
on the prevention of cardiovascular disease: that the management of risk in an individual
requires an assessment of the combined effect of all major risk factors. This philosophy has
underpinned the European recommendations on cardiovascular disease prevention from
1994 onwards [9, 10]. In the United States, while the concept of total risk is heavily stressed,
its acceptance may have been impeded somewhat by the establishment of single risk factor
task forces such as the National Cholesterol Education Program.

In this book, we outline the concepts of risk estimation that are summarized above, and
offer simple and practical suggestions for the clinician with regard to rapid, practical total
risk estimation. We then explore the lessons from major epidemiological studies of risk in
more detail, and focus on the specifics of risk management, again striving to find common
ground between different guidelines to, as far as possible, simplify the process of risk eval-
uation and management for the hard-pressed health professional.
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Estimated rate of coronary heart disease over 10 years according to various combinations of risk factor levels
for men and women [8].
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1
Cardiovascular epidemiology: background and
principles of cardiovascular disease prevention
T. Leong, C. McGorrian, I. M. Graham

INTRODUCTION

This chapter discusses the evolution of the concepts of risk factors for atherosclerotic cardio-
vascular disease (CVD) and how the criteria for causality developed. The critical roles of
Ancel Keys, Jeremiah Stamler and classical epidemiological studies such as the Seven
Countries Study and the Framingham Heart Study are presented. The primary importance
of total risk estimation in clinical management is explained and the aspects of cardiovascu-
lar risk prediction in special groups are considered.

BACKGROUND

A risk factor may be defined as a characteristic of an individual that is associated with an
increased risk of the development of a specific disease such as CVD. The roles of raised
blood pressure, increased cholesterol level and smoking as risk factors for CVD are now
firmly established. Multiple randomized controlled trials have proven that treatment of
raised serum cholesterol and blood pressure reduces mortality, and observational studies
indicate that those who do not smoke or stop smoking are at greatly reduced risk.

It was Ancel Keys (1904–2004) who initiated what was probably the first prospective
study of CVD in 286 clinically healthy businessmen and professional men aged 40–55 in
Minneapolis, St. Paul, Minnesota in 1945 [1]. This was done after the observed fall in coron-
ary heart disease rates in Northern Europe during and after the Second World War. These
Minnesota businessmen were followed up for 15 years and Keys observed high levels of
myocardial infarctions amongst the higher socioeconomic groups. These findings were also
found in comparative observational studies done on contrasting populations, particularly in
terms of diet, in Italy, Spain, England and New Zealand. The link between diet and choles-
terol was made when low cholesterol levels were found in studies of firemen in Naples and
of the poor in Madrid, whereas a study of 50 professional men in Madrid revealed high
cholesterol levels on a par with their American counterparts. Other important findings in
Keys’ early studies included the high prevalence of coronary heart disease observed in
Finland and its relative rarity in Mediterranean countries such as Crete.

Tora Leong, MB, MRCPI, Senior Reseach Fellow, Department of Cardiology, The Adelaide and Meath Hospital, Dublin,
Ireland

Catherine McGorrian, MRCPI, Senior Research Fellow, Department of Cardiology, The Adelaide and Meath Hospital,
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Ian M. Graham, FRCPI, FESC, Consultant Cardiologist; Professor of Cardiovascular Medicine, Trinity College, Dublin;
Professor of Preventive Cardiology, Royal College of Surgeons in Ireland
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Keys’ early work and his interest in diet culminated in the famous Seven Countries Study
[2]. This is widely accepted as the beginning of modern cardiovascular epidemiology. The
Seven Countries Study was the first study to systematically examine the relationship of diet,
lifestyle and risk factors with coronary heart disease and stroke in contrasting populations.
The study included 16 cohorts from seven countries – the United States, Finland, the
Netherlands, Italy, Yugoslavia, Greece and Japan. Perhaps more than any other study, the
Seven Countries Study has documented differences in risk factor levels, in particular chol-
esterol and diet, between populations and their corresponding differences in CVD rates.
Keys was also among the first to use mathematical regression and prediction equations in
biology in the 1920s – the relationship betweeen weight and length of fishes [3]. This is the
basis for modern cardiovascular risk prediction equations.

Another investigator who has devoted his career to cardiovascular epidemiology and pre-
vention is Jeremiah Stamler [4], who examined the role of cholesterol and other risk factors
such as blood pressure, smoking, obesity, physical inactivity, adverse eating patterns and dia-
betes [5]. Stamler’s pioneering work consolidated the concept of risk factors, and established
the possibility of using interventions such as better nutrition, exercise and non-smoking in
order to reduce CVD. His early work in the 1940s showed that feeding cholesterol and fat to
chickens produced atherosclerotic lesions [6], while raising blood pressure concomitantly
resulted in intensified atherosclerosis [7]. Stamler demonstrated that multifactorial lifestyle
intervention, especially diet, can reduce risk factor levels in both the Chicago Coronary
Prevention Evaluation Program [8] and Multiple Risk Factor Intervention Trial (MRFIT) [9].

RISK FACTORS

It was the Framingham Heart Study that confirmed raised blood pressure, serum cholesterol
and smoking as risk factors of coronary heart disease [10]. This landmark study was under-
taken by the United States Public Health Service in order to investigate possible biological and
environmental factors that might explain the epidemic of CVD in the United States during the
1930s [11, 12]. The town of Framingham, Massachusetts was chosen and 5209 healthy residents
between the ages of 30 and 60 were recruited in 1948. The Framingham Heart Study was also
the first major cardiovascular study to enrol women recruits. Later, in 1971, the Framingham
Offspring Study recruited 5124 men and women between the ages of 5 and 70, consisting of the
spouses and children of the Framingham Heart Study. The Third Generation Study in 2002
enrolled about 3900 grandchildren of the original cohort to provide data on three generations.
The Framingham Heart Study has constantly evolved to study potential new risk factors,
including genetics, in partnership with local, national and international partners.

Before the Framingham Heart Study, the role of cholesterol in CVD was neither fully
understood nor widely accepted. In particular, the Framingham Heart Study established a
strong association between low density lipoprotein (LDL) cholesterol and coronary heart dis-
ease, and the protective effect of high density lipoprotein (HDL) cholesterol. The Framingham
Heart Study also established the role of blood pressure in the development of CVD, and dis-
pelled the myths that blood pressure may be less harmful in women, and that the elderly may
tolerate higher blood pressures. Smoking was also found to be associated with increased risk
of myocardial infarction in the Framingham population, and the risk increased with the num-
ber of cigarettes smoked. The fact that filters in cigarettes gave no protection for coronary
heart disease was also another finding from the Framingham Heart Study. Other important
findings also associated with the Framingham Heart Study are summarized in Table 1.1.

THE RATIONALE FOR THE PREVENTION OF CARDIOVASCULAR DISEASES

CVD remains the leading cause of death worldwide, accounting for 16.7 million deaths
(29.2% of total mortality) worldwide in 2003 [13]. It is now recognized that atherosclerosis is

6 Therapeutic Strategies in Cardiovascular Risk



Background and principles of CVD prevention 7

the background disease process which culminates in CVD – the clinical presentation of
which includes acute coronary syndromes, ischaemic stroke and peripheral vascular
disease. Once CVD manifests itself, e.g. as myocardial infarction and stroke, it is associated
with high morbidity and mortality.

Significant atherosclerosis has been demonstrated in fit and healthy young men in
autopsy studies such as those of the veterans who died during the Korean [14] and Vietnam
Wars [15]. This process begins early in life as autopsies done on children as young as
9 months old have shown fatty streaks in their coronary arteries. The Pathological
Determinants of Atherosclerosis in Youth (PDAY) study showed that significant atheroscle-
rosis is associated with risk factors such as cholesterol and smoking [16]. The Bogalusa
Heart Study further showed that the extent of atherosclerosis in the aorta and coronary
arteries is related to the number of risk factors present [17]. These risk factors include body
mass index, systolic blood pressure (SBP), LDL cholesterol, triglycerides and smoking. Does
this matter, one may ask, as arteries have a great ability to adapt to atherosclerotic changes?
Findings from the Framingham Heart Study, Chicago Heart Association Detection Project
[18] and multiple other studies suggest that risk factors present early in life predict future
coronary heart disease events. Primary prevention studies such as the Air Force/Texas
Coronary Atherosclerosis Prevention Study (AFCAPS/TexCAPS) have shown the mortality
benefit of reducing cholesterol in the primary prevention setting [19].

CRITERIA FOR CAUSALITY

In 1965 Austin Bradford Hill suggested nine viewpoints to consider before an association
can be considered causal. Hill’s guidelines are commonly referred to as the Bradford Hill
criteria for causality [20] and are summarized in Table 1.2. Although Hill himself did
not consider these criteria as indisputable for cause and effect, they nevertheless provide
us with a framework to examine an association. Perhaps Hill’s greatest contribution to
epidemiology was the pioneering use of the randomized controlled trial design to study the

Coronary heart disease
Smoking (1970)
Cholesterol (1971)
Blood pressure (1971)
ECG abnormalities (1971)
Diabetes (1974)
Menopause (1976)
Triglycerides (1977)
Psychosocial factors (1978)
Type A behaviour (1988)
Isolated systolic hypertension (1988)

Stroke
Blood pressure (1970)
Atrial fibrillation (1978)
Smoking (1988)
Left ventricular enlargement (1994)

Possible new risk factors for coronary heart disease
Fibrinogen (1978)
Homocysteine (1990)
Lipoprotein (a) (1994)
Apolipoprotein E (1994)

Table 1.1 Some associations found in the Framingham Heart Study [10, 11]



treatment of tuberculosis using streptomycin in the 1940s [21]. The randomized controlled
trial is now considered the highest level of evidence in cardiovascular epidemiology. Austin
Hill, along with his protégé Richard Doll, was also best known for being the first to show
the association between cigarette smoking and lung cancer in the 1950s [22, 23].

RISK ESTIMATION SYSTEMS

A healthy individual’s risk may be estimated on the basis of various risk factors present.
Although many risk estimation systems exist, the risk equations based on the Framingham
Heart Study [24, 25] and the SCORE (Systematic Coronary Risk Evaluation) project [26] are
recommended by the American Third Adult Treatment Plan (ATP III) of the National
Cholesterol Education Program (NCEP) [27] and the European Fourth Joint Task Force on
Cardiovascular Disease Prevention in Clinical Practice [28], respectively. The Framingham
risk equation suggested by ATP III uses age, gender, total cholesterol, HDL cholesterol, SBP,
smoking and antihypertensive treatment as risk factors to estimate an individual’s 
10-year risk of developing coronary heart disease – the ‘hard’ coronary endpoints which are
fatal and non-fatal myocardial infarctions. The SCORE system [26] estimates an individual’s
10-year risk of death from CVD from risk factors such as age, gender, SBP, smoking, total
and/or HDL cholesterol.

TOTAL OR GLOBAL RISK

The modern approach to managing cardiovascular risk is to reduce an individual’s total or
global risk, rather than grading risk on individual risk factors alone. This is because risk fac-
tors may interact to produce a greater than additive risk, and because risk factors tend to
cluster together. The European Fourth Joint Task Force on Cardiovascular Disease Prevention
in Clinical Practice [28] stresses the need for total risk estimation, and has shifted from coron-
ary heart disease to total atherosclerotic CVD prevention, since the same risk factors may
result in coronary heart disease, stroke, peripheral vascular disease or aneurysm. Situations
may arise where management decisions based on single risk factors may be misleading,

8 Therapeutic Strategies in Cardiovascular Risk

(1) Strength: A large increase in risk when exposed to a factor is easier to detect and supports
causation. However, it does not follow that a modest association excludes causality

(2) Consistency: Findings which are repeatedly observed by different persons, in different places,
circumstances and times make the association less likely due to chance and strengthen the
likelihood of an effect

(3) Specificity: Causation is more likely if only a certain population exposed to the risk factor
develops the disease, assuming that that population does not have any other reason for
developing the disease

(4) Temporality: The effect has to occur after the cause, and this is particularly important if there
are several factors involved

(5) Biological gradient: The association is more likely to be causal if there is a dose-dependent
response of the disease to dose of the risk factor exposed. Lack of this relationship may weaken
but does not exclude causality

(6) Plausibility: A biological plausible mechanism between cause and effect is helpful but this
could be limited by present knowledge

(7) Coherence: New findings on the association of the risk factor should not seriously conflict
known facts about the disease

(8) Experiment: If an intervention to reduce the risk factor in question prevents the disease, then
this may be the strongest argument in favour of causality

(9) Analogy: In some circumstances, it may be possible to judge through previous similar
experiences

Table 1.2 Bradford Hill criteria for causality



with some instances described in Table 1.3 above. For instance, a male smoker with a cho-
lesterol of 6 mmol/l, and SBP of 160 mmHg can be at four times higher risk than a female
non-smoker with a cholesterol of 8 mmol/l and SBP of more than 120 mmHg (10-year
absolute risk of CVD death at age 60 using the SCORE system is 9% vs. 2%) (Table 1.3). If
risk had been assessed by using cholesterol alone, then a woman with a cholesterol of
8 mmol/l would have been treated with higher priority than that of a man with cholesterol
of 5 mmol/l when clearly the man had the higher global risk. Figure 1.1 further illustrates
how individuals with a single cholesterol level can have a range of cardiovascular risks
depending on the presence of other risk factors, and how smoking and hypertension can
override the risk advantage of being female.

Background and principles of CVD prevention 9

Table 1.3 Impact of combinations of risk factors on 10-year risk of cardiovascular death

Blood SCORE
Sex Age Cholesterol pressure Smoker 10-year risk (%)

Female 60 8 120 No 2
Female 60 7 140 Yes 5
Male 60 6 160 No 9
Male 60 5 180 Yes 21
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THE DEFINITION OF HIGH RISK

A 10-year risk of developing ‘hard’ coronary heart disease (fatal and non-fatal events) of
greater than 20% using the Framingham risk score is considered high risk. Individuals with
a 10-year risk of fatal total cardiovascular death of 5% or greater, now or extrapolated to age
60, estimated using the SCORE system are considered to be at high risk. The European
Fourth Joint Task Force suggests the following individuals as priorities for risk evaluation
and management:

(1) Those with established CVD.
(2) Those who have a SCORE risk of 5% or greater, markedly raised levels of individual

risk factors and those with Type 1 diabetes or Type 2 diabetes with microalbuminuria.
(3) Close relatives of those with premature CVD or asymptomatic individuals at particu-

larly high risk.
(4) Those encountered routinely in clinical practice.

THE STRATEGY OF PREVENTION – THE POPULATION AND HIGH-RISK APPROACH

It is natural for clinicians to direct treatment to those at greatest need. In the case of CVD,
those who have established CVD deserve the highest priority. However, while the ‘high-
risk’ approach is efficient, preventive efforts in CVD should also be complemented with the
mass or ‘population’ approach, because a large number of people exposed to a small risk may gen-
erate many more cases than a small number exposed to a high risk. This means that a measure that
can bring large benefits to the population as a whole often offers little to each individual –
the ‘prevention paradox’ described by Geoffrey Rose [29, 30]. Figure 1.2 illustrates this
point.

Those with an estimated 10-year risk of cardiovascular death of 5% or greater under the
SCORE system are considered high-risk, and thus, prioritized to receive intervention in the
form of either lifestyle changes or drugs. This is highly successful and efficient at an indi-
vidual level. However, a substantial number of deaths from CVD occur in those who have
a predicted risk of less than 5% – those classified as ‘low risk’ – simply because they are
much more numerous.

In the example in Figure 1.2, where men aged 50–59 in the SCORE cohorts are concerned,
a substantial number of deaths from CVD occur in those who have a predicted risk of less
than 5%. Therefore, the high-risk strategy in this situation will miss a significant proportion
of cardiovascular deaths. These individuals will have cholesterols or blood pressures that
are slightly above normal, and may be smokers who may not get the prevention advice that
they need. Although their individual risk may be low, their cumulative contribution to the
total population risk is high. Therefore, effective CVD prevention should be approached at
both the high-risk [27, 28] and the population [31] levels.

The other difficulty with the population approach is that most of us are generally moti-
vated by a benefit that is visible. In the case of CVD, the effects of reducing cholesterol and
blood pressure are not immediately visible or tangible, as the conditions are asymptomatic
in the vast majority of individuals.

RISK ESTIMATION AT THE EXTREMES OF AGE

Special problems in cardiovascular risk assessment arise in both extremes of age – the young
and the elderly. For example, the SCORE system presents its results in the form of easy-to-
use risk charts which start at age 40 and end at 65. In the case of young adults, their absolute
risk of CVD is extremely low, and hence, they have relatively few cardiovascular events.
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Although at low absolute risk, this group may have markedly different relative risks, which
may be important for stimulating early preventive lifestyle advice.

The fourth European Task Force recommendations on the prevention of CVD [28] deal
with this issue by using a relative risk chart which can be used to show a younger person
that, although at low absolute risk, they may be at high relative risk if they carry a heavy bur-
den of risk factors. If not managed, this will translate into a high relative risk as the person
ages. These issues are discussed in chapter 11 and in the sections on management. A risk
score for coronary heart disease risk in young adults (aged 15–34) was recently published
based on data from the PDAY study [32]. This risk scoring system estimates the probability
of having atherosclerotic lesions in the coronary arteries and abdominal aorta using risk fac-
tors such as age, gender, non-HDL and HDL cholesterol categories, smoking, hypertension,
obesity and hyperglycaemia [32]. Another solution used by many clinical trials is the use of
carotid intima–media thickness measurement as a surrogate for early atherosclerosis. It is
known that cardiovascular risk factors in childhood influence arterial changes leading to the
development of atherosclerosis [33, 34].

In high-risk countries, virtually all men aged 65 years or older are at ‘high risk’ as defined
by the SCORE system and, of course, on the day of one’s death, absolute risk becomes 100%.
Conventional and other risk factors may operate differently in the elderly; e.g. a raised
plasma homocysteine may also predict dementia or osteoporosis. Randomized controlled
trials have confirmed the benefit of cholesterol lowering to 82 years of age [35, 36]. However,
the age at which risk factor modification becomes useless is still unknown. Both new cohort
and intervention studies in the elderly are still needed.
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Figure 1.2 The expected number of CVD deaths in men aged 50–59 in the SCORE Project cohorts at
increasing levels of predicted risk: Illustration of the fact that a significant number of deaths occur in low-risk
subjects (Courtesy of Dr Anthony P Fitzgerald).



GENDER AND CARDIOVASCULAR RISK

In general, women are less likely than men to receive adequate risk evaluation [37] and
treatment [38, 39]. While the SCORE risk charts suggest that women are at lower risk than
men, this is misleading. Risk in women is delayed by 10 years compared to men but even-
tually, more women than men die of coronary heart disease [40, 41]. In contrast, women
with single risk factors are at low absolute risk and may be subjected to unnecessary drug
treatment but insufficient help with regard to nutrition, exercise and avoidance of tobacco.

ETHNICITY AND CARDIOVASCULAR RISK

Middle-aged Caucasian men have been the most studied group in cardiovascular studies.
There can be ethnic differences both in the relative effect of risk factors, and in response to
therapeutics. For example, the role of the renin–angiotensin system in hypertension is prob-
ably less important in Afro-Caribbeans than Caucasians, and hence the use of �-blockers
and angiotensin-converting enzyme (ACE) inhibitors is less efficacious in this group. Even
cut-points for the relationship of body mass index to cardiovascular risk may be different in
different ethnic groups. This has led the International Diabetes Federation to suggest a
lower waist circumference cut-point when detecting the metabolic syndrome in South Asian
or Indian, Chinese, and Japanese populations [42].

We also know that the Framingham risk score which is derived from a predominantly
Caucasian population has tended to over-predict risk in some southern European populations
and a Chinese population [43]. There are also important population differences in CVD inci-
dence to consider, as the Seven Countries Study and the World Health Organization (WHO)
MONitoring trends and determinants in CArdiovascular disease (MONICA) study have
shown. One of the main reasons for this is the differences in risk factor levels between popu-
lations. There is evidence that the Framingham functions can be recalibrated by adjusting for
incidence levels resulting in valid risk functions [24, 43].

The predominant types of CVD are also different in different parts of the world. Some
Southern European countries have a higher proportion of stroke than coronary heart disease,
as with most Asian countries. Stroke is a more common form of CVD than coronary heart
disease in China. In Asian countries, the proportion of haemorrhagic stroke is also greater
than ischaemic stroke. Haemorrhagic stroke carries a higher mortality than ischaemic stroke.
These differences are important because it means that preventive strategies that work in one
region may not be equally as effective in another. The Omni Study, which started recruitment
of Framingham’s minority community in 1995, will allow investigators to examine whether
the risk factors for CVD are the same in this group compared to the other Framingham
cohorts. Other worldwide studies which may help answer these questions may include stud-
ies done in Asian populations such as the Asia Pacific Cohort Studies Collaboration.
Nevertheless, the INTERHEART case–control study shows that the major classical risk fac-
tors are strongly associated with CVD in diverse populations in 52 countries [44].

THE ISSUE OF BLOOD SUGAR AND DIABETES

The current WHO definition of diabetes is a fasting plasma glucose of 7.1 mmol/l or more,
or a 2-h post-prandial blood glucose of 11.1 mmol/l or more. Having a cut-point is useful for
clinicians to direct treatment but, in fact, the relationship of glucose with cardiovascular risk
is continuous, and a 2-h post-prandial blood sugar is an even better predictor of risk than
fasting glucose. The definition of diabetes has changed over time and the heterogeneity of
definitions of diabetes makes it hard to quantify its contribution to risk. Nevertheless, there
is general agreement that diabetes doubles the risk in men and increases it three- to five-fold
in women.

12 Therapeutic Strategies in Cardiovascular Risk



NEWER RISK FACTORS

A significant proportion of people develop atherosclerosis and CVD in the absence of the
established conventional risk factors. Historically, it was thought that half of people who pre-
sent with acute myocardial infarctions have no discernible risk factors. Larger studies such as
the MRFIT and the more recent INTERHEART study [44] suggest that as much as 90% of
coronary heart disease and acute myocardial infarctions, respectively, may be attributable to
conventional risk factors, the definition of which may vary from study to study. Since INTER-
HEART was a case–control study it cannot generate definite population attributable risk
estimates and as such must be interpreted with some caution. The choice of cut-points used
for risk factors such as cholesterol, blood pressure and blood sugar may also affect estimates
of attributable risk. If, as in many epidemiological studies, a risk factor such as blood pres-
sure is only measured on one occasion, it may be spuriously high or low, thus reducing the
real relationship with risk, a phenomenon known as regression dilution bias [45].

On the basis of more recent epidemiological studies and new knowledge of vascular biology,
new risk markers have been sought to refine cardiovascular risk prediction. Some risk mark-
ers such as high-sensitive C-reactive protein, homocysteine, fibrinogen and lipoprotein (a)
have been extensively studied. Newer risk markers may be relevant not only because they
may explain some of the 10% or more of unexplained CVD, but they may also modify the
effects of conventional risk factors, e.g. homocysteine and cigarette smoking [46, 47], 
C-reactive protein and total cholesterol:HDL ratio [48]. Table 1.4 illustrates some other
points which need consideration before a test is used widely for public screening. This is
particularly relevant to the evaluation of newer risk markers.

UTILITY – RISK PREDICTION SYSTEMS AND GUIDELINES

Effective CVD prevention can only occur if there is a good partnership between the doctor
and the patient. Even the best risk prediction system will be useless if there is no one using
it. It should be easily accessible, easy to use and utilize risk factors that are simple and meas-
ured universally. Clear, up-to-date guidelines should be available for the clinician to man-
age modifiable risk factors as appropriate based on evidence from best practice. Electronic
risk calculators based on the Framingham risk score are available from various sources. The
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(1) Standardized and reproducible: At the moment, most diagnostic assays for novel risk markers are
not standardized, and hence, values obtained from one laboratory cannot be compared with
those obtained elsewhere, with the exception of C-reactive protein and homocysteine

(2) Added predictive value: Measurement of the risk marker should add information on top of
conventional risk factors in terms of risk assessment. At this time, this is only true for risk
markers such as C-reactive protein, homocysteine and fibrinogen

(3) Prospectively assessed: The risk markers should have been assessed in prospective cohort
studies. This is true of C-reactive protein and homocysteine

(4) Intervention produces benefit: Therapy should be available for the risk factor in question, and it
should be demonstrated that treating these risk markers will reduce the hard endpoints of CVD
such as myocardial infarction, stroke and mortality. Ideally, this benefit of treatment should
offer advantages over current methods used to treat conventional risk factors such as blood
pressure, cholesterol and diabetes. At this point in time, none of the novel risk markers have
definitive evidence in this respect

(5) Applicability: Diagnostic and treatment criteria must be applied to the correct population from
which the evidence is based. For example, secondary prevention data may not be applicable to
healthy asymptomatic individuals. The issue of applying data to different ethnic populations has
been previously discussed

Table 1.4 Criteria for widespread use of a risk marker



HeartScore® program [49] is an example of an electronic web-based risk prediction and
management system recommended for use by the European Fourth Joint Task Force. Risk
factor levels are entered by the user and the 10-year absolute risk of fatal CVD for that coun-
try is calculated based on data derived from the SCORE Project, calibrated where possible
from national mortality statistics and risk factor levels based on approved local or regional
surveys. HeartScore® is also a risk management system which gives advice on both lifestyle
and pharmaceutical intervention based on the European Fourth Joint Task Force guidelines.

Ultimately, the prevention of cardiovascular disease depends upon social and economic
factors coupled with individual knowledge and motivation. Most individuals are not
‘patients’ in the traditional setting. They do not exhibit symptoms and signs of their high
cholesterol and blood pressure, and hence, the motivation for lifestyle change is difficult for
most. Last but not least, key decision makers for the health service must take an interest in
making CVD prevention a priority.

Let Geoffrey Rose have the last word:

‘The primary determinants of disease are mainly economic and social, and therefore its remedies
must also be economic and social. Medicine and politics cannot and should not be kept apart.’
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