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The concept that coronary heart disease (CHD) can be prevented has increasingly become
a driving force in cardiovascular medicine. For many years, the field gave lip service to
prevention but neglected to take it seriously. The possibility of effective prevention was met
with skepticism from many quarters. Gradually, however, the tide has turned, and prevention is
getting the upper hand. Widespread acceptance of the benefits of prevention came first in the
area of secondary prevention, i.e., preventing recurrent coronary events in patients with
established CHD (1). Secondary prevention stands at the boundary between prevention and
freatment. Many cardiologists consider secondary prevention to be treatment of coronary artery
disease; others see it as prevention of recurrent coronary events. There is a more uniform
agreement that prevention of new onset CHD should be called primary prevention. This article
examines some of the major issues currently under scrutiny for primary prevention of CHD.
Without question, the area of primary prevention is complex and contentious; some of the issues
will not be easily resolved. On the other hand, if the burden of CHD in industrialized and
developing societies is going to be substantially reduced, effective strategies of primary
prevention must be put in place.

Medical Prevention of Acute Coronary Syndromes

Major advances have recently been made in understanding the pathogenesis of acute
coronary syndromes (unstable angina, myocardial infarction, and coronary death). Of great
importance was the recognition that rupture of vulnerable plaques leading to coronary thrombosis
accounts for most acute coronary syndromes (2,3). Equally important was the discovery that the
risk of plaque rupture and its consequences can be substantially reduced by medical intervention.
For example, cigarette smoking almost certainly predisposes to plaque rupture, and smoking
cessation rapidly lowers risk for coronary thrombosis (4). Meta-analysis confirms that blood
pressure lowering in hypertensive patients will reduce acute myocardial infarctions (5). Low-
dose aspirin therapy likewise lowers the danger of acute coronary events (6,7). Finally, recent
clinical trials (8-12) demonstrate that cholesterol-lowering therapy will reduce risk for major
coronary events beyond previous expectations. Thus, preventive medical therapies are now
available to intervene on coronary atherosclerotic disease before it becomes clinically manifest.
Appropriate selection of patients for aggressive primary prevention thus emerges as a critical
issue.

Concept and Categories of Risk

At the core of primary prevention lies the concept of risk. The general notion has evolved
that the intensity of preventive efforts should be adjusted to a patient’s risk for developing CHD,
e.g., the higher the risk, the more aggressive should be the intervention (13). This strategy seeks
to achieve a reasonable balance among three factors-- efficacy, safety, and costs of intervention.
The need for this balance especially pertains in the clinical setting where professional and
financial resources are constrained. The place of clinical management in primary prevention, in
contrast to secondary prevention, remains to be clearly defined. Two functions of clinical
involvement nonetheless can be visualized. First, by promoting healthier life habits, clinicians



link the public health strategy to individuals; and second, by instituting specific risk-reducing
therapies, clinicians move secondary-prevention strategies across the boundary into high-risk
primary prevention. The first step in primary prevention in the clinical setting is to estimate a
patient’s risk. Appropriate application of measures to reduce risk in primary prevention requires
a full understanding of the categories of risk. Among these categories, three can be
distinguished: absolute risk, relative risk, and attributable risk. Each deserves brief mention to
introduce both risk assessment and treatment strategy.

Absolute risk defines the probability of developing CHD over a finite period. According
to probability of CHD, risk can be qualified as high risk or low risk. According to period, it can
be either short-term (e.g. < 10 years) or long-term. Thus, high risk can be divided between high
short-term risk and high long-term risk. Treatment regimens in the two high-risk categories may
differ by intensity, but both categories need attention by clinicians (14). Just what probability of
developing CHD qualifies a patient for being at high short-term risk has been a matter of some
dispute (14,15). One standard could be the likelihood of suffering a major coronary event that is
similar to that of patients known to be high risk, i.e., those with established CHD. The projected
10-year risk in the placebo groups of the major cholesterol-lowering trials provides one example.
Patients on placebo of the Cholesterol and Recurrent Events (CARE) study (9) and the Long-
Term Intervention with Pravastatin in Ischaemic Disease (LIPID) study (10), who should be
representative of American patients with CHD, had a projected 10-year risk for major coronary
events of about 26%. A related standard could be the patient with stable angina pectoris; recent
analyses (16,17) project an average risk of fatal or nonfatal myocardial infarction in patients with
stable angina to be about 20% in 10 years. Thus, for primary prevention, a high short-term risk
might be defined as a probability of developing a fatal or nonfatal myocardial infarction of >
20% in the next 10 years. High risk for CHD in the short term can be identified by the presence
of clinical atherosclerotic disease in other arterial beds, by the presence of subclinical
atherosclerosis, or by multiple risk factors.

High risk in the long term can be defined by an elevated risk for CHD over a longer
period (even over a lifetime) (18). In this document the term intermediate risk will be used to
define patients whose 10-year absolute risk for fatal and nonfatal myocardial infarction is in the
range of 10-20%. Several risk factors may contribute to intermediate risk, but even single risk
factors if left untreated for many years can hasten the onset of CHD. Thus, patients with single
or multiple categorical risk factors even if at only intermediate risk should not be ignored by their
physicians; primary prevention is for the long term as well as the short term. Patients at
increased risk in the long term deserve risk reduction under medical supervision.

Finally, a lower risk can be ascribed to patients who are largely devoid of risk factors. For
instance, investigators of the Framingham Heart Study (19) recently defined low-risk individuals
as being nonsmoking, nondiabetic persons who have a desirable level of LDL-cholesterol (100-
129 mg/dL), an optimal blood pressure (<120/<80 mm Hg), and a relatively high HDL-cholesterol
(>45 mg/dL for men and > 55 mg/dL for women). Even low-risk persons by these criteria deserve
some attention by physicians. Periodic monitoring is needed to assess whether risk status has
changed. Also, because absolute risk rises with advancing age, risk-reduction messages should be
conveyed to low-risk persons in accord with the public health effort to reduce risk in the general
population.



Relative risk is the ratio of two levels of absolute risk. The numerator is the absolute
risk of the individual under consideration; the denominator is the average absolute risk of a
baseline population, e.g. either a low-risk group or an average-risk group. The low-risk state, as
defined by Framingham investigators (19), makes an attractive denominator for evaluating the
impact of risk factors in given individuals. Estimates of relative risk carry certain advantages in
risk assessment. For instance, a high relative risk in a young adult signifies a high level of
absolute risk over the long term; such may call for early, intensified risk reduction. Moreover
because of a rising absolute risk with advancing age, a high relative risk after age 65 signifies a
particularly high absolute risk and suggests the need for more aggressive intervention on risk
factors.

Attributable risk is the difference in absolute risk between an individual under
consideration and that of a control group. Attributable risk typically is low in young adulthood
and rises with age. This rise illustrates the continuing importance risk factors in older age
groups, even though relative risk declines with aging.

Coronary Endpoints

Risk estimates must be linked to specific endpoints. Previous prospective studies and
clinical trials have employed a variety of endpoints. For instance, Framingham investigators (19)
recently related risk factors to total CHD. This outcome combined several coronary endpoints—
angina pectoris, coronary insufficiency (unstable angina), nonfatal myocardial infarction, and
coronary death. The summation thus included both soff and hard coronary endpoints. Diagnoses
of angina pectoris and coronary insufficiency however depend on clinical judgment and not on
objective data; this softer endpoint is open to some question because it overestimates risk for
clinically solid CHD. As mentioned before, most clinical trials (8-11) have defined outcomes in
terms of hard coronary endpoints—nonfatal myocardial infarction and coronary deaths. It might
be noted that joint European societies (15) recently set cutpoints for initiation of aggressive
primary prevention on earlier Framingham estimates of total CHD (20); this inclusion of soft
CHD in risk estimates seemingly sanctions aggressive medical therapies for many intermediate-
risk patients.

Concept and Categories of Risk Factors

The identification of measurable correlates of CHD constitutes one of the foremost
advances in cardiovascular medicine. These correlates are named risk factors (19,21). Coronary
risk factors are important both for assessment of risk and as targets for intervention. For these
two purposes, a mechanistic classification of risk factors is helpful. Four categories according to
mechanism emerge: (a) causal risk factors, (b) conditional risk factors, (¢) predisposing risk
factors, and (d) plaque burden as a risk factor. Each category requires some explanation.

Causal risk factors. The major causal risk factors are cigarette smoking, high blood
pressure, elevated serum cholesterol (or LDL-cholesterol), low HDL cholesterol, and high
plasma glucose (19). Categorical levels of these risk factors are shown in Table 1. Although the
precise mechanisms whereby these five risk factors promote atherosclerosis and predispose to




CHD are not fully understood, abundant evidence supports a directly causal role. Moreover they
act independently of one another. Even so, some elevation of serum LDL cholesterol seemingly
is required for atherogenesis; when LDL-cholesterol levels are very low, atherogenesis proceeds
slowly even when other risk factors are present (22). Once the serum LDL cholesterol reaches a
“permissive” level, the other causal risk factors come into play and independently accelerate
atherogenesis. The causal factors further are called major risk factors because they occur
commonly and act powerfully in societies that have high rates of CHD.

Conditional risk factors consist of factors that are associated with an increased risk for
CHD, but their causal link to CHD however remains to be documented with certainty. Because
of uncertainty about their role in atherogenesis, the conditional risk factors are not universally
accepted as being major, causal risk factors. Two reasons could account for a failure to
document causality: (a) the atherogenic potential of these factors may be relatively small as
compared to the major risk factors, and/or (b) their frequency in a population may not be high
enough for a major, independent effect to be detected in prospective studies. The conditional risk
factors include elevated concentrations of serum triglycerides, lipoprotein (a) [Lp(a)], small LDL

particles, homocysteine, and coagulation factors (e.g. fibrinogen and plasminogen activator
inhibitor-1 (PAI-1) (21).

Predisposing (underlying) risk factors consist of obesity (23,24), physical inactivity
(25,26), family history of premature CHD (27), male sex (19), and possibly, behavioral,
socioeconomic, and ethnic factors. Their association with CHD is complex. In one way or
another all of them contribute to the major, causal risk factors. One view holds that their
influence on CHD risk is due almost entirely to intensification of the causal risk factors. Some of
the predisposing (underlying) factors also affect the conditional risk factors and potentially raise
risk in this way. They also might act through unidentified causal risk factors. When the claim is
made that predisposing risk factors are independent risk factors, what is meant is that their
influence on CHD risk is mediated in part through unidentified but causal mechanisms.

Another predisposing risk factor appears to be insulin resistance, a condition in which
cellular action is impaired by metabolic aberration. Many investigators (28-30) contend that
insulin resistance predisposes to several of the causal (and/or conditional) risk factors. The
major predisposing risk factors—obesity (31,32) and physical inactivity (33,34)--worsen insulin
resistance, and their impact on causal and conditional risk factors may be mediated largely via
this mechanism.

Plaque burden as a risk factor. Once an atherosclerotic plaque reaches a certain stage of
development the plaque itself becomes a risk factor for major coronary events. This is because
existing coronary plaques can undergo rupture or erosion, causing an occluding coronary
thrombus (2,3). Of critical importance, the more extensive is the burden of coronary
atherosclerosis, the greater is the frequency of plaque rupture. Follow-up studies (35-37) on
patients undergoing coronary angiograms reveal that the probability of future coronary events
relates to the extent of coronary atherosclerosis. The usual way of estimating plaque burden in
the clinical setting is to use age as a surrogate marker (19). The severity of coronary
atherosclerosis rises with age; hence older persons on average have a greater plaque burden than




do younger persons. This fact accounts for the well-known claim that "age is a risk factor" for
CHD. Later in this article the possibility of estimating coronary plaque burden by noninvasive
techniques will be examined. Introducing the concept of plaque burden as a risk factor may be
“pushing the envelope” of primary prevention into the territory of secondary prevention. Many
investigators believe that there is a gray zone between primary prevention and secondary
prevention. Use of age as an indicator of plaque burden generally has been acceptable for
primary prevention (19); however, once significant coronary atherosclerosis has been definitely
identified, the patient is often designated as having coronary artery disease, even without anginal
symptoms. In this paper, the attempt will be made to integrate plaque burden into risk
assessment in asymptomatic patients. An essential hypothesis of the paper is that for purpose of
primary prevention, asymptomatic coronary artery disease (in the absence of myocardial
dysfunction) can be viewed as a risk factor for coronary heart disease. Once clinically
significant myocardial dysfunction supervenes in a patient with coronary atherosclerosis, the
patient must be said to have coronary heart disease, even if asymptomatic.

Risk Assessment

Identification of risk factors. The first step in the assessment of risk is to identify the
major, causal risk factors. This requires taking a smoking history, recording blood pressure,
estimating cholesterol in total serum, LDL, and HDL, and measuring glucose in fasting plasma.
The patient’s age represents a first approximation of plaque burden as a risk factor. Predisposing
risk factors--overweight and obesity, physical inactivity, family history of premature CHD, and
likely insulin resistance — can be detected by history and physical examination. Body habitus is
assessed by body weight, body mass index, and waist circumference. Body mass index
approximates total body fat, but waist circumference gives a better estimate of the degree of
insulin resistance (24). A waist circumference of >102 cm (>40 in) in men and > 88 cm (>36 in)
in women usually denotes the presence of significant insulin resistance (24,38). Finally,
measurements of conditional risk factors--triglycerides, small LDL, Lp(a), homocysteine, and
fibrinogen--may provide some information about a patient's risk beyond the causal risk factors;
their presence also may modify therapeutic strategy.

Clinical assessment of risk. Exploring all classes of risk factors allows for a clinical
synthesis of risk. A high-risk status will be obvious when a patient has multiple categorical risk
factors. The National Cholesterol Education Program (NCEP) (14) and the National High Blood
Pressure Education Program’s Joint National Commission (JNC) (39) recommend the counting
of categorical risk factors as the first step in clinical risk assessment. There is a growing
consensus within the cardiovascular community however that more precision in absolute risk
assessment is needed. Indeed, large epidemiological studies (40,41) have quantitatively defined
the relation between the causal risk factors and incidence of CHD. The Framingham Heart Study
(19,20) systematically creates this quantitative link and provided a scoring system derived largely
from the Caucasian population of Framingham, MA. Framingham scores probably are valid for
most other populations in the United States (42); population patterns of CHD incidence are
similar although not identical among Americans of Caucasian, Hispanic and African origin (42).
Framingham projections however may not be reliable in some ethnic groups; for example, they
almost certainly underestimate risk in South Asians living in the United States (43-45).




The Framingham technique (19) grades the major risk factors and summates these
gradations to obtain aggregate risk. Risk points are assigned according to the severity of the risk
factor. The total number of points defines absolute risk. One set of scores pertains to men,
another to women. The points for each grade of risk factor, for men and women, are listed in
Table 2. Gradation of scoring here has been slightly modified to accord with categories of NCEP
(14) and JNC (39); in addition, points here are assigned to impaired fasting glucose (110-126
mg/dL) because of evidence that it is an independent risk factor (46,47). Risk projections shown
in Table 2 denote the 10-year likelihood of developing hard CHD. Projections for hAard CHD are
approximated from the published Framingham data (19). They equate to total CHD minus stable
angina pectoris. Framingham’s kard CHD includes some endpoints not used in most clinical
trials. The latter typically list documented myocardial infarction plus coronary death as the
primary endpoint (8-11); Framingham estimates for Aard CHD go beyond these by including
coronary insufficiency (unstable angina) and electrocardiographic evidence of silent myocardial
infarction. Compared to absolute risk estimates for the placebo group of major clinical trials,
Framingham’s more liberal definition of hard CHD will give a somewhat higher estimate for the
absolute risk for fatal and nonfatal myocardial infarction.

Framingham investigators (19) assign no quantitative scores to either predisposing risk
factors or conditional risk factors. If these additional factors are independently causative,
Framingham scoring will underestimate the true absolute risk. The Framingham team (19)
contends that most of the risk associated with predisposing risk factors is mediated through the
major risk factors, whereas conditional risk factors seemingly carry little independent risk. In
spite of the great interest in a variety of other risk factors, the Framingham Heart Study (19) and
other prospective studies (40) reveal that most of the excess risk for CHD occurring in high-risk
societies can be explained by the known causal risk factors; according to these studies (19,40),
the incidence of CHD is extremely low in the subgroup of the population that is completely
devoid of the major risk factors.

One weakness of Framingham-type scoring is that age becomes the overriding risk factor
in older persons. Certainly coronary plaque burden increases with age; moreover, advancing
coronary disease increases the danger of plaque rupture and acute myocardial infarction. Age
alone however is not a particularly good indicator of the severity of coronary atherosclerosis for
individuals; this is so even though age predicts average coronary atherosclerosis in populations.
Quantitative risk assessment for individuals thus should be improved if coronary plaque burden
could be assessed more directly.

Noninvasive measures of coronary plaque burden. In recent years, noninvasive
techniques for estimating the severity of atherosclerosis have been investigated. Most promising
are two techniques: sonography of the carotid arteries and electron-beam computerized
tomography (EBCT) of the coronary arteries. Sonography measures intimal-medial thickness of
the carotid arteries, an indicator of carotid atherosclerosis. EBCT measures coronary calcium, a
correlate of coronary atherosclerosis. If either method could be made practical, their
measurements of atherosclerotic disease burden might replace age as a surrogate for plaque
burden (48). This replacement should reduce uncertainty as to the extent of plaque burden in
particular persons.




Several studies reveal that a moderately high correlation exists between severities of
atherosclerosis in carotid and coronary arteries (49-52). Measurement of carotid atherosclerosis
by sonography thus might be used to estimate coronary plaque burden and to replace the
surrogate of age. Recent reports (53,54) further claim that measurements of intimal medial
thickness by sonography predict major coronary events independently of other risk factors.
These reports add support to the connection between carotid and coronary atherosclerosis.
Carotid sonography however has not yet been standardized for routine clinical usage; recent
studies nonetheless reveal the potential utility of this technique.

Even more promising is the direct measurement of coronary plaque burden by quantifying
the calcium content of coronary arteries. Coronary artery calcium measured by EBCT correlates
positively with the extent of coronary atherosclerosis, whether the latter is determined by autopsy
or coronary angiography (55-60). Coronary scores therefore promise to yield a reliable measure
of coronary plaque burden. Coronary calcium scores likewise could replace age as a risk factor
(48). Use of calcium scores for this purpose will require the wide availability of reproducible
and standardized techniques for measuring coronary calcium; in addition clinicians must have
access to population-based cutpoints for calcium scores according to age and sex. Neither of
these needs has been met, but they should be soon. The first requirement for employing either
calcium scores or sonographic measures is a set of distributions of scoring in the general
population as a function of age and sex. Such distributions have not been published.

Detection of subclinical myocardial ischemia in risk assessment. The discovery of
myocardial ischemia during exercise testing in asymptomatic patients is another indicator of
plaque burden. Several large studies (63-67) found that a “positive” exercise tolerance test
predicts an increased risk for acute coronary events. A review of previous studies by Froelicher
et al. (68) indicate that a positive versus negative exercise test imparts a risk ratio for total CHD
(including angina pectoris) of about twelve, whereas for hard CHD, the ratio is at least four.
According to Froelicher et al. (68), the major studies show that a positive exercise test remains a
powerful predictor for myocardial infarction even after correcting for the standard risk factors.
Exercise testing in asymptomatic people currently is not recommended for diagnosis of
“subelinical coronary artery disease” (68). One concern is that “false positive” tests will lead to
many unnecessary invasive evaluation (e.g. coronary angiography); the undeniable possibility
exists that inappropriate invasive procedures would proliferate because of indiscriminate
screening. Therefore, any use of exercise testing as a part of risk assessment as a guide to
primary prevention carries an important caveat: most asymptomatic patients having a positive
test should not be referred for further diagnostic procedures for “subclinical coronary
atherosclerotic disease”, because no evidence indicates that invasive intervention in
asymptomatic patients with a positive exercise test causes a reduction in major coronary events.
Nonetheless, the potential utility of exercise testing for risk assessment and institution of
preventive medical therapies for primary prevention should not be ruled out. If exercise testing is
done in middle-aged to older people who have risk factors, a positive test probably justifies
adding at least two points beyond age to the Framingham risk score. Again this is a conservative
estimate.




Therapeutic Approaches to Risk Factors

Causal risk factors. These risk factors are the primary targets of preventive therapy. A
fundamental tenant of primary prevention is that all causal risk factors must be treated, once
they reach a categorical level (Table 1). Any single categorical risk factor if left untreated for
long periods can produce major cardiovascular events. Treatment of the causal risk factors is best
carried out by physicians. Examples of the dangers of unattended risk factors abound. Many
years of cigarette smoking predispose to chronic lung disease and lung cancer, as well as to
atherosclerotic cardiovascular disease (69). Cigarette smokers therefore must be encouraged to
by their physicians to quit the habit (70). Untreated hypertension can cause stroke, CHD, renal
failure, and hypertension; categorical hypertension therefore must be treated, with drugs if
necessary (39). Persistent hypercholesterolemia raises the long-term risk for CHD (71,72); an
elevated LDL cholesterol needs to be lowered, the extent to which and by what means depends
on a patient’s risk status (14). Categorical hyperglycemia (diabetes mellitus) predisposes to both
microvascular and macrovascular disease; thus hyperglycemia in patients with diabetes should be
treated adequately to achieve near normal concentrations of hemoglobin Alc (73). Finally, low
HDL levels are a powerful risk factor (19); and if possible, HDL levels should be raised--
preferably by changes in life habits (14). Global risk assessment, with its emphasis on short-term
dangers of multiple risk factors, must not be allowed to obscure the long-term dangers of single
risk factors.

Predisposing risk factors. The foremost modifiable risk factors of this type are
overweight (and obesity) and physical inactivity. These conditions occur commonly in our
society and predispose to multiple risk factors, both causal and conditional. Because the latter
risk factors accompanying obesity and physical inactivity result from metabolic aberration and
often cluster in individuals, their clustering has been called the metabolic syndrome. Many
investigators (28-30) believe that the risk factors that constitute the metabolic syndrome derive
largely from insulin resistance. Certainly obesity (31,32) and physical inactivity (33,34) are the
dominant causes of insulin resistance, although genetic factors undoubtedly affect its severity.
The most effective therapies for insulin resistance are weight loss and increased physical activity
(74,75). Efforts to achieve a desirable body weight and to enhance physical activity are essential
components of primary prevention--both in public health and clinical arenas. Pharmacological
treatment of insulin resistance also may become a reality before long. Metformin (76) and
thiazolidenediones (77) are first-generation agents for reducing insulin resistance; however they
are not ideal agents and their use in insulin-resistant patients without diabetes is problematic.
Undoubtedly improved agents will be developed in the future.

Conditional risk factors. Since the atherogenicity of the conditional of risk factors
remains uncertain, the benefit of their modification is open to question. Limited evidence
nonetheless suggests some benefit from intervention. For instance, treatment of
hypertriglyceridemia with fibrates and/or nicotinic acid appears to reduce the risk for major
coronary events (78,79). Dietary folic acid lowers an elevated homocysteine, and in this way
may reduce CHD risk (80,81). Low-dose aspirin should mitigate a prothrombotic state; in
accord, clinical trials demonstrate efficacy in primary prevention of CHD (6,7). Use of low-dose
aspirin in high-risk patients having a prothrombotic state thus seems reasonable. High Lp(a)




concentrations resist currently available lipid-lowering drugs; a high level of Lp(a) nonetheless
may justify more aggressive modification of other lipid risk factors.

HIGH-RISK PRIMARY PREVENTION
(CONCEPT OF CHD RISK EQUIVALENTS)

Patients are at high risk in the short term when their likelihood of experiencing a major
coronary event is similar to that of patients with established CHD. As previously noted, risk in
patients with established CHD is at least > 20% per decade (9,10,16,17). The concept has
previously been set forth by NCEP (14) of CHD risk equivalents. Patients with CHD risk
equivalents are those without symptomatic coronary disease in whom absolute risk for new major
coronary syndromes is equivalent to that for recurrent major coronary events of patients with
established CHD. The following proposes three categories of patients who qualify as having a
CHD risk equivalent: (a) patients with non-coronary forms of clinical atherosclerotic disease, (b)
asymptompatic patients with type 2 diabetes, and (c) non-coronary patients who have multiple
risk factors and an absolute risk for hard CHD of > 20% per decade. Each of these categories can
be examined briefly.

Patients with Clinical Atherosclerotic Disease (Other Than Coronary Disease)

In patients with clinical atherosclerosis in non-coronary arteries, absolute risk for major
coronary events approximates that of patients with established CHD. Three diseases in this
category include symptomatic peripheral arterial disease, symptomatic carotid artery disease, and
abdominal aortic aneurysm (14). The most common cause of death in patients with each of these
disorders is CHD. Thus, patients having these other forms of atherosclerotic disease can be said
to have an absolute risk equivalent to that of CHD patients. For such patients, the general
approach advocated in secondary prevention can be employed.

There is growing evidence that subclinical peripheral arterial disease also carries a high
risk for CHD, and if detected, it can elevate a patient to the category of a CHD risk equivalent
(82-86) . One method for detecting high-risk, subclinical peripheral atherosclerosis is by
measurement of blood pressure in the arms and legs. This measurement is called the ankle-
brachial blood pressure index (ABI). This test detects a discrepancy in blood pressure between
upper and lower extremities. The usual cause of such a discrepancy is advanced atherosclerosis
in arteries of the lower extremities. The ABI can be determined with an ordinary blood pressure
cuff and a Doppler ultrasonic velocity detector. The Doppler probe reads the blood pressures in
the anticubital fossa and over the posterior tibial and dorsalis pedis arteries. The ABI is
calculated for each leg. A value of <0.90 in either leg can be considered abnormal and equates
to significant peripheral arterial disease. If the test is abnormal, a CHD risk equivalent is
established.

The inclusion of atherosclerotic disease of the peripheral arteries and symptomatic
disease of the carotid arteries among CHD risk equivalents will require increased attention on the
part of vascular surgeons and neurologists to the primary prevention of CHD. These specialists
may be inclined to focus on the diseases of their primary interest; in so doing however they may
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overlook the opportunity to reduce the risk for CHD through aggressive medical intervention.
For example, the observation that cholesterol-lowering drugs will reduce the risk for stroke as
well as CHD offers a new opportunity for prevention of stroke (8,10). Nonetheless, a lack of
clinical trials of cholesterol-lowering therapy specifically designed for test for stroke reduction
makes many neurologists reticent to adopt cholesterol-lowering drugs in patients with
symptomatic carotid artery disease for the express purpose of preventing stroke; it must not be
forgotten nonetheless that these same patients deserve aggressive cholesterol-lowering therapy to
reduce risk for new coronary events as well. This same justification for cholesterol control in
various forms of atherosclerotic disease extends to the treatment of other risk factors for CHD as
well.

Patients with Type 2 Diabetes

There is a growing recognition that patients with type 2 diabetes who do not yet have
clinical CHD carry a risk for major coronary events roughly equivalent to that for recurrent
events in non-diabetic patients without CHD (87,88). This is particularly the case for patients
with diabetes who are from ethnic groups at high baseline risk for CHD (87,88). High-risk
populations living in the United States seemingly include nonHispanic whites, Hispanics, blacks
and South Asians. The excessively high risk for development of CHD in patients with type 2
diabetes derives from an aggregation of metabolic risk factors that together are called the
metabolic syndrome (89). This syndrome consists of the following risk factors: atherogenic
dyslipidemia, hypertension, glucose intolerance, and a prothrombotic state (90). Atherogenic
dyslipidemia consists of raised serum triglycerides (>150 mg/dL), small, dense LDL particles,
and low HDL cholesterol (< 35 mg/dL). The root of the metabolic syndrome appears to reside in
a state of insulin resistance, which almost is always present in patients with type 2 diabetes
(91,92). Not only do patients with type 2 diabetes carry a high-risk for CHD (87,88), once they
develop overt CHD, their prognosis for survival is much worse than that for CHD patients
without diabetes (93,94). All of these factors have led the American Diabetes Association to
position type 2 diabetes as a CHD risk equivalent (95).

High-Risk Middle-Aged Patients with Multiple Risk Factors

Recent guidelines of the European cardiovascular societies (15) have classified another
group of patients under the category of a CHD risk equivalent. These patients do not have
clinically manifest atherosclerotic disease, nor do they have diabetes; instead, they manifest
multiple risk factors that raise their risk to the level of a CHD risk equivalent. A high absolute
risk for major coronary events can be identified from Framingham risk scores (19). This scoring
can be recommended up to age 65. A modified version of published Framingham scoring is
given in Table 2. Risk scoring should not be carried out at the first encounter with the patient. A
stable baseline of risk factors should be achieved before absolute risk is projected. To this aim,
the LDL cholesterol level should be scored after 3 months of maximal dietary therapy (14);
scoring for blood pressure should be done after 3 months of appropriate blood-pressure therapy
(39). According to the European guidelines (15), a CHD risk equivalent is defined as an absolute
risk for developing CHD of > 20% per 10 years. Although European guidelines identify a
combined CHD end point including stable angina, major coronary events, and CHD death as the
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definition of CHD, a preferred definition may be one limited to nonfatal and fatal myocardial
infarction alone. This latter definition has been employed as the major endpoint in secondary
prevention trials of cholesterol-lowering therapy (8-10). Thus, an absolute 10-year risk of > 20%
for a major coronary event (nonfatal and fatal myocardial infarction) will define a CHD risk
cquivalent in the current document. The European guidelines apply up to age 65. It was
recognized by European investigators that risk assessment in older patients is more complex and
requires special considerations. This is a prudent approach. The issue of primary prevention of
CHD in older patients will be considered separately in a later section.

Risk Reduction Therapies in CHD Risk Equivalents

For asymptomatic patients with a CHD risk equivalent, general therapeutic
recommendations for secondary prevention can be employed (1) (Table 3). Smoking cessation
has a high priority. Blood pressure should be normalized, by medication if necessary (39). Low-
dose aspirin is warranted in high short-term risk, and its use is supported by primary prevention
trials (6,7). Glucose levels and hemoglobin Alc levels should be reduced to near normal in
patients with type 2 diabetes (73). Life habits should be modified to minimize risk (1). Finally,
the LDL-cholesterol goal is a level > 100 mg/dL (1,14); this is the goal designated by NCEP (14)
for patients with established CHD. This goal was equated to NCEP’s assessment of the optimal
LDL-cholesterol level as it relates to CHD risk. This assessment was based on evidence derived
from epidemiological studies, coronary angiographic studies, and randomized clinical trials (14).
Most patients with baseline LDL-cholesterol levels > 130 mg/dL will require cholesterol-
lowering drugs to achieve the optimal LDL cholesterol (85). The favored drugs are the statins;
the utility of stains has been demonstrated both for patients with established CHD (8-10) and for
those at high short-term risk without CHD (11). When LDL-cholesterol levels have been
reduced in the range of 100 to 129 mg/dL on standard doses of statins, several clinical options
are open: to increase the statin dose (or to add a different cholesterol-lowering drug) to achieve
an LDL-cholesterol < 100 mg/dL, to add another lipid-lowering drug (e.g. nicotinic acid or
fibrate) to reduce triglycerides and to raise HDL-cholesterol levels, or aggressively modify the
nonlipid risk factors. NCEP (14) favors the first option; some investigators opt for the latter two.

INTERMEDIATE-RISK PRIMARY PREVENTION

Middle-Aged Men

Many men between ages 45 and 65 will be found to be at intermediate risk by
Framingham scoring, i.e., their 10-year absolute risk for major coronary events will be in the
range of 10 to 19%. In truth, some of these men will be at higher risk than estimated by standard
risk factors (Table 2); this is because of undetected but advanced coronary atherosclerosis.
Therefore, if such atherosclerosis can be identified by noninvasive methods, its presence would
elevate an intermediate-risk patient to a high-risk category. Such patients could then be
classified as having a CHD risk equivalent and thus would be good candidates for aggressive
risk-reduction therapies.
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Noninvasive testing for subclinical atherosclerosis has been a contentious area. Many
investigators are concerned that a diagnosis of subclinical “coronary artery disease” will be used
inappropriately. For instance, its finding may provide a temptation for some cardiologists to
perform invasive coronary procedures on patients found to have advanced subclinical coronary
atherosclerosis. Such patients could be subjected to coronary catheterization and even to
coronary angioplasty despite their being are asymptomatic. Those who fear this consequence
believe it would be better not to do perform noninvasive testing in the first place, i.e. better to let
sleeping dogs lie. On the other hand, if patients at high risk can be identified by such testing,
they could benefit from aggressive risk-factor reduction with medical therapy. If noninvasive
testing were to be made acceptable to the cardiovascular community, the preventive cardiologist
could be the “gatekeeper” for noninvasive procedures. This role would put the preventive
cardiologist at the center of high-risk primary prevention. Thus, the potential utility of different
modalities of noninvasive testing for subclinical atherosclerosis can be reviewed. Figure 1
suggests a strategy for the work up of a patient in this category.

Ankle-brachial blood pressure index (ABI). The first noninvasive test to perform in
middle-aged men found to be at intermediate risk by standard risk factors is the ABI. Most
patients will have a negative test. However, if the test is positive, the patient's risk will be
elevated to the category of CHD risk equivalency and high-risk prevention can be instituted.

Exercise ECG. Patients at intermediate risk who have a negative ABI are candidates for
an exercise ECG. Several prospective studies (63-68) indicate that an abnormal exercise ECG
provides an independent estimate of CHD risk in middle-aged men with risk factors. In middle
aged men with standard risk factors, an abnormality is strongly suggestive of advanced coronary
atherosclerosis. Therefore, a positive exercise ECG in a middle-aged man with standard risk
factors will elevate the patient to a category of a CHD risk equivalent. Aggressive risk reduction
therapy can be instituted.

Noninvasive estimates of coronary plaque burden. If the ABI and exercise ECG are
negative in a middle-aged man of intermediate risk, the option is available to further stratify risk
by noninvasive testing for coronary plaque burden. Two methods are options for such testing: B-
mode ultrasound of the carotid arteries and electron beam computerized tomography (EBCT) of
the coronary arteries. Use of ultrasound of the carotid arteries is based on evidence that severity
of atherosclerosis in the carotid arteries correlates positively with that in the coronary arteries.
Carotid sonography thus is an indirect measure of coronary atherosclerosis. EBCT in contrast is
a direct measure; it determines the calcium content of coronary arteries, which correlates highly
with the severity of coronary atherosclerosis.

As mentioned before, several studies (49-52) show that IMT scores correlate positively
with severity of coronary atherosclerosis. In addition, recent reports (53,54) indicate that IMT
scores predict major coronary events independently of other risk factors. Thus, if B-mode
ultrasonography could be established routinely in vascular laboratories, it should better define the
absolute risk of a patient found to be at intermediate risk by standard risk factors. For example,
an IMT score between the 50™ and 74™ percentile for age and sex justifies adding one point to
the Framingham score for age; likewise, between the 75" and g9t percentile, two points can be
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added, and above the 90" percentile, three points. By the same token, percentiles of IMT below
the 50™ percentile justifies a subtraction of points (Figure 1).

EBCT provides a direct measure of coronary atherosclerosis, using coronary calcium as
the indicator. As discussed before, coronary calcium correlates positively with the extent of
coronary atherosclerosis, as shown by both autopsy studies and coronary angiography (55-60).
Preliminary studies (61-62) further suggest that coronary calcium scores carry independent
predictive power for estimating absolute coronary risk. The coronary calcium score thus should
refine the estimate of coronary plaque burden according to age. The literature does not report
coronary calcium scores according to age and sex. However, one large data base is available on
the internet (Harbor-UCLA Medical Center Website: http://heartct.humc.edu). For a calcium
score between the 50" and 75" percentile for age and sex, one point can conservatively be added
to the age score, whereas two points can be applied between the 75 and 9o percentile; higher
calcium scores warrant three points (Figure 1) (48). Below the 50™ percentile for calcium
scores, points can be subtracted (Figure 1).

A recent study by Detrano et al. (96) compared the standard risk factors to coronary
calcium scores as predictors of major coronary events. This report has received considerable
attention, and its apparently negative results have been put forth as an argument against use of
EBCT in noninvasive testing (97). However, even this small, short-term study (96) suggested
that coronary plaque burden estimated by EBCT alone predicts coronary events as well as do all
of the standard risk factors combined. EBCT and risk factors combined seemingly did not
predict CHD events independently of one another. Because this was a small study (96), it almost
certainly underestimated the independence of the two types of risk factors--the standard risk
factors versus plaque burden. With little doubt, age (as a surrogate for plaque burden)
contributes to risk estimation independently of the other risk factors; plaque burden undoubtedly
will do the same. However, even if we take the study (69) at face value, the power of coronary
calcium as a single measure of risk becomes apparent. In addition, the coronary calcium score
has an advantage over risk factors that should not be overlooked. The calcium score is a “hard”
risk factor, whereas the standard risk factors are soft “risk factors”. The calcium score should be
an unchanging number for a particular individual. To obtain reliable baseline values for the
standard risk factors, multiple measures will be required; generally “average” baseline values are
difficult to obtain in clinical practice. Thus, a similarity in predictive powers of standard risk
factors and calcium scores for a group will not necessarily hold for individuals in whom
measures of risk factors can vary from day to day. One way to view the calcium score is that it
represents a summation of the impact of all the risk factors over a lifetime. An analogy might be
the relation between glucose levels and hemoglobin A1C. In prospective studies on groups, the
plasma glucose level predicts diabetic complications as well as hemoglobin A1C; but for
individuals, the hemoglobin A1C measure has utility over glucose testing because it integrates
multiple glucose levels. For the same reasons, calcium scores should provide a more reliable
estimate of risk in the clinical setting than can be obtained from the standard risk factors.

Some investigators have speculated that use of EBCT to determine plaque burden in

intermediate-risk patients is not “cost effective”. Before this hypothesis can be accepted,
however, several points must be kept in mind. First, the cost of testing must be weighed against
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the costs of life-time therapy with medication for patients in whom testing would proscribe
therapy. Second, the test is used to define risk with respect to a life-threatening condition, i.e.,
coronary atherosclerosis. And third, if EBCT were to be widely accepted for global risk
assessment, the cost per individual measurement would decline. Regardless, if coronary calcium
scores offer a definite advance in global risk assessment, it undoubtedly will become increasingly
used. Certainly concerns about cost should not stand in the way of further development and
evaluation of this technique.

Once patients are assigned a risk equivalent to that of CHD patients, they become
candidates for aggressive risk-reduction therapies. Not only should appropriate efforts be made
to achieve smoking cessation in smokers and blood pressure control in hypertensive patients, but
low-dose aspirin and cholesterol-lowering drugs can be considered. Just as in CHD patients,
those with a CHD risk equivalent are candidates for a goal for LDL cholesterol in the optimal
range, i.e. < 100 mg/dL.

Elderly Patients

The predictive power of standard risk factors is lessened in older patients (> 65 years);
there are two reasons for this. First, relative risk imparted by the major risk factors declines with
aging; and second, age becomes the dominant risk factor in older persons. There is no question
that advancing age becomes the most powerful “risk factor” in older people. As people age,
atherosclerosis progressively accumulates in the coronary arteries; further, the risk for having a
major coronary event increases with increasing severity of coronary atherosclerosis. As
mentioned before, patients having a heavy burden of coronary plaques also have an increased
number of plaques that are prone to rupture. Thus, in older persons, coronary plaque burden
becomes the predominant risk factor. However, the severity of coronary atherosclerosis varies
greatly in the older population. To define more precisely the absolute risk in older persons, a
direct measure of plaque burden could be helpful. Preventive cardiologists have an opportunity
to participate importantly in risk assessment in the older population by making use of
noninvasive testing for subclinical atherosclerosis. For practical purposes, it may be prudent to
divide older patients into younger elderly (65-75 years) and older elderly (> 75 years).

For any old patient found to be a high-or-intermediate risk by standard risk factors (Table
4), consideration should be given to testing for subclinical atherosclerosis. Such testing could
prove valuable in the selection of risk-reduction therapy. As a first step, patients in the age range
of 65 to 75 years should receive periodic measurements of ABI (Figure 1). An abnormal ABI in
a person in this age range justifies aggressive risk-reduction therapy. If the ABI is negative in
men up to age 75, exercise ECG can be used to identify subclinical myocardial ischemia and
hence advanced subclinical atherosclerosis. The utility of this test in men > 75 years and
postmenopausal women has not been determined. A positive exercise ECG in men 65-75 years
almost certainly warrants the designation of a CHD risk equivalent. Noninvasive assessment of
coronary plaque burden by either carotid sonography or EBCT provides a third level of testing
for the elderly patient. Extra points for plaque burden can be added or subtracted to Framingham
age scores according to the scheme outlined in Figure 1. If the results of IMT or EBCT places
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the patient in the category of a CHD risk equivalent, aggressive risk reduction therapy is
indicated.

For patients in the age range of 65-75 years who are found to be at intermediate risk (10-
year risk for hard CHD = 10-20%), by combined risk scoring and non-invasive assessment, risk
factor management is still prudent. Smoking cessation and blood pressure control receive high
priority. Weight reduction and regular physical activity may delay the onset of type 2 diabetes.
LDL-cholesterol levels should be lowered to below 130 mg/dL. Cholesterol-lowering drugs can
be considered if life-habit changes are insufficient to achieve this goal. Some authorities
consider aspirin therapy to be appropriate in intermediate-risk patients in this age group. In
patients over age 75 who do not have established atherosclerotic disease, maximal non-drug
therapy within the bounds of safety is indicated (Table 1). This includes an effort to eliminate
cigarette smoking if present. Blood pressure must be controlled appropriately in accord with the
patient’s general health status. A reduction in both CHD and stroke has been documented from
treatment of hypertension in older patients. If the projected 10-year risk is >20%, low-dose
aspirin and cholesterol-lowering therapy probably are indicated. However, a reasonable target
for LDL cholesterol in patients in this age range is a level of < 130 mg/dL.

Implications for Preventive Cardiology

If noninvasive testing for subclinical atherosclerosis and coronary plaque burden become
an integral part of global risk assessment, a new expertise must be developed. This expertise
could come largely from physicians with training in preventive cardiology. Interpretation of
results of noninvasive testing and integrating the findings into global risk assessment requires an
understanding of the principles of risk analysis. One argument against the introduction of
noninvasive testing is the potential for misuse of the results. Well-informed preventive
cardiologists can serve as arbiters of whether patients should undergo intensive medical therapies
or require invasive testing. This arrangement appears preferable to leaving interpretation of
noninvasive testing in the hands of busy primary-care physicians. Further, if the patient with an
abnormal noninvasive test is referred directly to an invasive cardiologist, the chances of
undergoing invasive procedures may will be increased. The danger of inappropriate procedures
will be diminished by allowing the preventive cardiologist to be the link between the primary
care physician and the invasive cardiologist by providing an interpretation of noninvasive testing.
'The preventive cardiologist also can play a vital role in the institution of appropriate medical
therapies in high-risk patients.
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Table 1

Categorical Levels of Major,
Causal Risk Factors

Risk Factor Categorical Level
Cigarette smoking Any current
Blood pressure > 140 mm Hg systolic

> 90 mm Hg diastolic

LDL cholesterol > 160 mg/dL
HDL cholesterol <35 mg/dL
Plasma glucose > 126 mg/dL (fasting)
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Table 2
Scoring for Global Risk Assessment

(Modified Framingham Scoring)

Risk Factor Risk Points
Age Men Women Adding up the Points
Age ~ Cholesterol
40-44 1 0 Diabetes ~ HDL Cholesterol
45-49 2 3 Smoker ~ Blood Pressure -
50-54 3 6
55-59 4 7 Total -
60-64 5 8
65-69 6 9
70-74 7 10
Absolute Risk
LDL cholesterol (mg/dL) Risk Points (Hard CHD)
(on dietary therapy)* Men Women
130-159
160-189 2 2 1 2% 1%
> 190 3 3 2 3% 2%
3 4% 2%
4 5% 2%
HDL cholesterol (img/dL) 5 6% 2%
6 7% 2%
35-44 1 2 7 9% 3%
<35 2 3 8 13% 3%
9 16% 3%
10 20% 4%
Blood Pressure (mmHg) 11 25% 7%
(on treatment)t 12 30% 8%
13 35% 11%
130-139/85-89 1 | 14 45% 13%
> 140/90 2 2 15 15%
16 18%
17 20%
Baseline Fasting Plasma Glucose (mg/dL) 18 20%

110-126 12
Current Smoker?

No 0 o0
Yes 2

o

* Patient should be on maximal dietary therapy for 3 months before risk scoring (LDL-cholesterol should be average of 3
values)

+ Patient should be on appropriate blood pressure therapy for 3 months before scoring. Blood pressure reading
should be the average of 3 measurements.

+ Current smoking means any cigarette smoking in last year.



Figures

Figure 1. Strategies for non-invasive assessment of subclinical atherosclerosis. The first test in this
approach is the measurement of the ankle/brachial blood pressure index. If positive, the patient is
designated to have a CHD risk equivalent; if negative, the patient proceeds to an exercise ECG. If the
latter is abnormal, the patient has a CHD risk equivalent; if normal, consideration can be given to either
carotid sonography or electron beam computerized tomography (EBCT). The patient's age score from
Table 4 is adjusted according to the results of either test. Points are subtracted from the age score when
age and sex adjusted scores are less than the 50" percentile, whereas points are added for scores greater
than the 50™ percentle, as shown in the figure.
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