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PREFACE

v

This second edition reflects the very rapid advances that have been made in our understanding
and management of cardiovascular disease since the first edition was published in 2001. All of the
chapters have been extensively reviewed and rewritten. There are now two chapters on acute
coronary syndromes, reflecting the modern classification: one on unstable angina pectoris and
non-ST-segment elevation myocardial infarction, and the other on ST-segment elevation
myocardial infarction. Otherwise the format of the first edition has been retained, to include
sections on epidemiology, cardiovascular function, examination and investigation of the patient,
disorders of rhythm and conduction, heart failure, congenital heart disease, coronary artery disease,
valvular heart disease, hypertension, and other conditions affecting the heart. I am also very happy
to welcome Drs. Arnold M. Katz, Martin M. Goldman, David Benditt, Edward K. Kasper, and
Roger J. Hajjar as new senior authors.

I wish also to thank Pedro Perez for his superb contributions to the artwork, my assistants,
Maria Anthony and Anitra Collins, and Paul Dolgert, John Morgan, Patricia Cleary, and Donna
Niethe, and the editorial, production, and composition departments of Humana Press for their
encouragement and hard work.

Clive Rosendorff, MD, PhD, FRCP



PREFACE TO THE FIRST EDITION

“A big book,” said Callimachus, the Alexandrian poet, “is a big evil!” Not always. There are
some excellent, very big encyclopedias of cardiology, wonderful as works of reference. There are
also many small books of cardiology, “handbooks” or “manuals,” which serve a different purpose,
to summarize, list, or simplify. This book is designed to fill a large gap between these extremes,
to provide a textbook that is both substantial and readable, compact and reasonably comprehensive,
and to provide an intelligent blend of molecular, cellular, and physiologic concepts with current
clinical practice.

A word about the title. “Essential” is used here not in the sense of indispensable or absolutely
required in all circumstances, for there is much more here than the generalist needs in order to
practice good medicine, especially if there is easy access to a cardiology consultant. Rather, the
word as used here denotes the essence or distillation or fundamentals of the mechanisms and
practice of cardiology. The “Principles and Practice” subtitle affirms the idea that theory without
a practical context may be academically satisfying but lacks usefulness, and practice without
theory is plumbing. Good doctors understand the basic science foundation of what they do with
patients, and great doctors are those who, as researchers or as teachers, see new connections
between the basic sciences and clinical medicine.

I have been very fortunate to be able to assemble a team of great doctors who are outstanding
physicians and scientists, most of them internationally recognized for their leadership position in
their areas of specialization. They represent a careful blend of brilliance and experience, and, most
of all, they all write with the authority of undoubted experts in their fields. They have all been asked
to write up-to-date reviews of their respective areas of expertise, at a level that will be intelligible
to noncardiologists as well as cardiologists, to medical students, internal medicine residents,
general internists, and cardiology fellows. I believe that they have succeeded brilliantly, and I
know that they are all very proud to have participated as authors in this project, the first textbook
of cardiology of the new millennium. I am deeply grateful to all of them for the care and enthusiasm
with which they carried out this task.

The organization of the book reflects pretty much the key issues that concern cardiologists and
other internists at present; I have no doubt that the field will develop and change in time so that
many of the modes of diagnosis and therapy described here will become much more prominent
(such as gene therapy), while others may diminish or even disappear. This is what second or later
editions of textbooks are for.

Clive Rosendorff, MD, PhD, FRCP
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COLOR PLATES

Color Plates follow p. 268.

COLOR PLATE 1 Apical four-chamber images with color-flow Doppler during diastole and
systole. Red flow indicates movement toward the transducer (diastolic filling);
blue flow indicates movement away from the transducer (systolic ejection).
RA, right atrium; RV, right ventricle; LV, left ventricle. (Chapter 9, Fig. 5; see
full caption discussion on pp. 143–144. From ref. 1, with permission.)

COLOR PLATE 2 Parasternal long-axis image showing a multicolored jet (indicating turbulent
flow) of aortic regurgitation in the left ventricular outflow tract.
The jet is narrow in width, suggesting mild regurgitation. AO, aorta; LA, left
atrium; LV, left ventricle. (Chapter 9, Fig. 11A; see complete figure and
caption on p. 151 and discussion on pp. 150–151. From ref. 1, with permission.)

COLOR PLATE 3 Parasternal long-axis view in a case of severe mitral regurgitation. The color
Doppler jet is directed posteriorly and is eccentric (black arrows). The jet
“hugs” the wall of the left atrium (LA) and wraps around all the way to the
aortic root (white arrows). LV, left ventricle. (Chapter 9, Fig. 13; see full
caption on p. 154 and discussion on p. 152. From ref. 1, with permission.)

COLOR PLATE 4 Apical four-chamber view of an ostium secundum atrial septal defect. On the
left, a defect in the mid-atrial septum is present (arrows). On the right, there
is color flow through the shunt. RA, right atrium; RV, right ventricle; LA, left
atrium; LV, left ventricle. (Chapter 9, Fig. 22A; see complete figure and
caption on p. 164 and discussion on pp. 162–163. From ref. 1, with permission.)

COLOR PLATE 5 Exercise (Ex) and rest (R) 99mTc- sestamibi and exercise 18FDG (Isch) images
of a 67-yr-old man with angina and no prior myocardial infarction. There is
a large area of partially reversible perfusion abnormality involving the septum,
anterior wall, and apex (small arrows). Intense 18FDG uptake is present in
these areas (solid arrowheads). Coronary angiography showed 90% stenosis
of the left anterior descending coronary artery and a 60% stenosis of the left
circumflex artery. (Chapter 13, Fig. 10; see full caption on p. 239 and
discussion on 238. Reproduced with permission from ref. 71.)

COLOR PLATE 6 Right atrial electroanatomical mapping of automatic atrial tachycardia. Timing
of atrial electrograms is color-coded. Red areas represent sites of early
activation. Application of radiofrequency current (blue dots) at the earliest
site lead to termination of tachycardia. (Chapter 17, Fig. 2; see full caption on
p. 311 and discussion on p. 310.)

COLOR PLATE 7 Color-flow Doppler echocardiography demonstrates the high-velocity jet
entering the left ventricle (arrow). (Chapter 30, Fig. 4; see full caption on p.
551 and discussion on p. 550.)
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From: Essential Cardiology: Principles and Practice, 2nd Ed.

Edited by: C. Rosendorff © Humana Press Inc., Totowa, NJ

1 Multivariable Evaluation of Candidates
for Cardiovascular Disease

William B. Kannel, MD, MPH

INTRODUCTION

A preventive approach to management of atherosclerotic cardiovascular disease (CVD) is needed

because once CVD becomes manifest, it is often immediately lethal and those fortunate enough

to survive seldom can be restored to full function. Prevention of the major atherosclerotic CVD

events is now feasible because several modifiable predisposing risk factors have been ascertained

that when corrected, can reduce the likelihood of such events occurring (1,2). Multivariate risk

formulations for estimating the probability of cardiovascular events conditional on the burden of

a number of specified risk factors have been produced to facilitate evaluation of candidates for CVD

in need of preventive management (3–6).

The risk factor concept has become an integral feature of clinical assessment of candidates for

initial or recurrent cardiovascular events. These risk factors represent associations that may or

may not be causal. Most factors associated with an initial cardiovascular event are also predictive

of recurrent episodes. The risk of a recurrent event is usually dominated by indicators of the

severity of the first event, such as the number of arteries occluded or the amount of ventricular dys-

function, but other predisposing risk factors continue to play an important role. Risk factors enabling

assessment of risk may be modifiable or nonmodifiable. The presence of nonmodifiable risk fac-

tors may nevertheless assist in risk assessment, and also may affect the degree of urgency for cor-

rection of modifiable risk factors (e.g., a strong family history of CVD).

Absent evidence from clinical trials, observational studies can provide evidence supporting a

causal link between risk factors and CVD. Strong associations are less likely to be due to confound-

ing and a causal relationship is more likely if exposure to the risk factor precedes the onset of the

disease. Likewise, a causal relationship is likely if the association is dose-dependent and consis-

tently demonstrated under diverse circumstances. Finally, the association should be biologically

plausible.

Risk of CVD events is usually reported as a relative risk or as an odds ratio. Risk can also be

expressed as an attributable risk by subtracting the rate in those without the risk factor from the

rate in those who have it. For coronary disease risk factors, the absolute attributable risk increases

with age, whereas the relative risk tends to decrease. The population-attributable fraction takes

into account the prevalence of the risk factor as well as the risk ratio, assessing the impact of the

risk factor on the incidence of disease in the population and the benefit of removing it from the pop-

ulation. An unimpressive risk-factor risk ratio can have a major public health impact because of its

high prevalence in the general population.

Four decades of epidemiological research have identified a number of modifiable CVD risk fac-

tors that have a strong dose-dependent and independent relationship to the rate of development of

atherosclerotic CVD (2). Importantly, these risk factors can be readily ascertained from ordinary
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office procedures. Framingham Study epidemiological research has documented several classes

of risk factors such as atherogenic personal traits, lifestyles that promote them, signs of organ dam-

age, and innate susceptibility. Most of the relevant risk factors are easy to assess during an office

visit and include systolic blood pressure, blood lipids, glucose tolerance, cigarette smoking, and

left ventricular hypertrophy on the electrocardiogram (ECG) (2,7).

DISEASE-SPECIFIC EFFECTS

The impact of the standard established risk factors on atherosclerotic CVD events is displayed

in Table 1. All the standard CVD risk factors contribute powerfully and independently to the rate

of subsequent coronary disease in all its clinical manifestations. For atherothrombotic brain infarc-

tion, hypertension and ECG-left ventricular hypertrophy predominate and lipids appear to play

a lesser role. For peripheral artery disease, glucose intolerance, left ventricular hypertrophy, and

cigarette smoking are paramount, whereas cholesterol is less important. For heart failure, hyper-

Table 1
Risk of CVD Events According to Standard Risk Factors Framingham Study 36-Yr Follow-Up

Age 35–64 yr Age 65–94 yr

 Rate/1000     Rel. risk         Rate/1000   Rel. risk

CHD Risk Factors Men Women Men Women Men Women Men Women

High chol. 34 15 1.9
c

1.8
b

59 39 1.2
a

2.0
c

Hypertension 45 21 2.0
c

2.2
c

73 44 1.6
c

1.9
c

Diabetes 39 42 1.5
c

3.7
c

79 62 1.6
b

2.1
c

Smoking 33 13 1.5
 b

1.1
d

53 38 1.0
d

1.2
d

ECG-LVH 79 55 3.0
c

4.6
c

134 94 2.7
c

3.0
c

ABI

High chol. 3 2 1.0
d

1.1
d

10 12 1.0
d

1.0
d

Hypertension 7 4 5.7
c

4.0
c

20 17 2.0
c

2.6
c

Diabetes 7 4 3.0
c

2.4
a

20 28 1.6
d

2.9
c

Smoking 4 1 2.5
b

1.0
d

17 20 1.4
d

1.9
c

ECG-LVH 13 13 5.1
c

8.1
c

44 51 3.6
c

5.0
c

PAD

High chol. 8 4 2.0
b

1.9
d

18 8 1.4
d

1.0
d

Hypertension 10 7 2.0
c

3.7
c

17 10 1.6
a

2.0
b

Diabetes 18 18 3.4
c

6.4
c

21 16 9.7
a

2.6
b

Smoking 9 5 2.5
c

2.0
b

18 11 8.5
b

1.8
a

ECG-LVH 16 17 2.7
b

5.3
c

36 14 23.7
b

2.2
a

CHF

High chol. 7 4 1.2
d

1.1
d

21 18 1.0
d

1.0
d

Hypertension 14 6 4.0
c

3.0
c

33 24 1.9
c

1.9
c

Diabetes 23 21 4.4
c

8.0
c

40 51 2.0
c

3.6
c

Smoking 7 3 1.5
c

1.1
d

23 22 1.0
d

1.3
a

ECG-LVH 71 36 15.0
c

13.0
c

99 84 4.9
c

5.4
c

CHD, coronary heart disease; ABI, atherothrombotic brain infarction; PAD, peripheral artery disease; CHF, heart

failure.

Rates are biennial per 1000 and age-adjusted. Risk ratios are age-adjusted.

Risk ratio, relative risk for persons with a risk factor versus those without it. For cholesterol >240 compared to <200

mg/dL. Hypertension >140/90 mmHg.

a
p < 0.05.

b
p < 0.01.

c
p < 0.001.

d
NS.

Source: ref. 41. Copyright 1996; with permission from Elsevier.
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tension, diabetes, and ECG-left ventricular hypertrophy (LVH) are all important, whereas total

cholesterol appears to be unrelated (unless expressed as a total/HDL-cholesterol ratio). The standard

risk factors also influence CVD rates with different strengths in men and women (1,8,9). Some of

the standard risk factors tend to have lower risk ratios in advanced age, but this reduced relative risk

is offset by a high absolute incidence of disease in advanced age, making the standard risk factors

highly relevant in the elderly.

REFINEMENTS IN STANDARD RISK FACTORS

The atherogenic potential of the serum total cholesterol derives from its LDL-cholesterol frac-

tion, whereas its HDL component is protective and inversely related to the development of coro-

nary disease (10,11). The strength of the relation of total cholesterol to coronary disease declines

after age 60 yr in men but the total/HDL-cholesterol ratio continues to predict events reliably in

the elderly of both sexes (Table 2). It also predicts equally well at total cholesterol values above

and below 240 mg/dL. This ratio has been found to be one of the most efficient lipid profiles for

predicting cardiovascular events (12,13). Comparing age-adjusted fifth to first quintile lipid CVD

risk ratios for the individual lipids and their ratios it is evident that the total/HDL and LDL/HDL

cholesterol ratios are much more powerful predictors of CHD than the individual lipids that com-

prise them (Table 3).

Table 2
Development of Coronary Heart Disease

by Total/HDL Cholesterol Ratio Versus Total Cholesterol
According to Age 16 Yr Follow-up Framingham Study

                                     Total/HDL-C ratio                        Total cholesterol

                                   (Quintile 5/Quintile 1)                     (>240/<200 mg/dL)

AGE 49–59 60–69 70–81 35–64 65–94

Men 3.4
a

2.9
a

2.3
a

1.9
c

1.2
d

Women 3.7
a

6.7
a

3.3
a

1.8
b

2.0
c

a
p < 0.05.

b
p < 0.01.

c
p < 0.001.

d
NS.

Source: ref. 41. Copyright 1996; with permission from Elsevier.

Table 3
Efficiency of Blood Lipids

and Ratios in Predicting Coronary Disease
Framingham Study Subjects Ages 50–80 Yr

                           Age-adjusted Q
5/

Q
1

                            risk ratios

Men Women

Total cholesterol 1.9 2.5

LDL cholesterol 1.9 2.5

HDL cholesterol 0.4 0.5

Total/HDL cholesterol 2.5 3.1

LDL/HDL cholesterol 2.5 2.8

Q, quintiles of blood lipid distribution.

Source: ref. 42. Copyright 1992; with permission from Elsevier.
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Evaluation of hypertension now places more emphasis on the systolic blood pressure compo-

nent and recognizes isolated systolic hypertension as a hazard for development of CVD. At all

ages in either sex, for all the atherosclerotic CVD outcomes, systolic blood pressure has been

shown to have a greater impact than the diastolic pressure (Table 4) (14). Isolated systolic hyper-

tension by definition denotes increased pulse pressure and risk of CVD increases stepwise with

the pulse pressure at all ages in each sex (Table 5). Framingham Study data suggest an important

role of the pulse pressure at any level of systolic blood pressure (15). Reliance on the diastolic

blood pressure to evaluate the risk of CVD in the elderly with an elevated systolic blood pressure

can be misleading because counter to expectations of those who do, risk increases the lower the

accompanying diastolic pressure (15).

Diabetes and obesity are now conceptualized as components of an “insulin resistance or meta-

bolic syndrome” consisting of abdominal obesity, elevated blood pressure, dyslipidemia, hyperin-

sulinemia, glucose intolerance, and abnormal lipoprotein lipase levels (16). The National Choles-

terol Education Program (NCEP) Adult Treatment Panel (ATP III) guidelines identify the metabolic

syndrome as a target for therapy in the management of dyslipidemia (17). The diagnosis of meta-

bolic syndrome is designated when three or more of the following risk factors are present: waist

circumference exceeding 88 cm in women or 102 cm in men, triglycerides of 150 mg/dL or greater,

HDL-C under 40 mg/dL (men) or under 50 mg/dL (women), blood pressure of 130/85 mmHg or

greater, and fasting plasma glucose of 110 mg/dL or greater. Using this definition of the metabolic

syndrome, analysis of National Health and Nutrition Examintion Survey (NHANES) II data sug-

gest a 23.7% age-adjusted prevalence of this syndrome in the US (18).

Table 4
Increment in Risk of CVD Events Per Standard Deviation Increase in Blood

Pressure Components Framingham Study 30-Yr Follow-Up

Standardized increment in risk

                     Men                     Women

Pressure component 35–64 Yr 65–94 Yr 35–64 Yr 65–94 Yr

Systolic 41%
a

51%
a

43%
a

23%
a

Diastolic 35%
a

30%
a

33%
a

9%
b

Pulse Pressure 29%
a

42%
a

36%
a

22%
a

Mean Arterial 41%
a

44%
a

42%
a

18%
a

a
p < 0.001.

b
p = NS.

Source: ref. 43. Copyright 2000; with permission from Elsevier.

Table 5
Risk of CVD Events According to Pulse Pressure

30-Yr Follow-Up Framingham StudyAge-Adjusted Rate Per 1000

                 Age 35–64                Age 65–94

Pulse pressure (mmHg) Men Women Men Women

<40 9 4 2 17

40–49 13 6 16 19

50–59 16 7 32 22

60–69 22 10 39 25

>70 33 16 58 32

Increment per 10 mmHg 19.7% 20.9% 23.4% 10.5%

Source: ref. 43. Copyright 2000; with permission from Elsevier.
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RISK FACTORS IN WOMEN

CVD risk factors are highly prevalent in middle-aged and elderly women. Two thirds of such

women have at least one major risk factor. The national burden of atherosclerotic CVD is pro-

jected to increase substantially as elderly women constitute a progressively greater proportion of

the US population. Women and men share the same CVD risk factors but some are more prevalent

or exert a greater impact in women than in men. There are also some that are unique to women, such

as early menopause and multiple pregnancies. With the exception of diabetes and ECG-LVH, the

absolute risk for most risk factors is lower in women than men.

Because of the lower incidence of CVD in women than men, the most cost-effective preventive

approach requires global risk assessment for targeting of high-risk women for preventive mea-

sures. Intensive risk factor screening is particularly needed for elderly women, African American

women, and those of lower socioeconomic status. High total/HDL-cholesterol ratios, ECG-LVH,

and diabetes markedly reduce the female coronary disease advantage (9). Diabetes is clearly a

greater CVD hazard for women than men virtually eliminating their advantage over men for coro-

nary disease, heart failure, and peripheral artery disease (Table 6). Women with diabetes require

comprehensive screening to detect the usually accompanying elevated triglyceride, reduced HDL

cholesterol, hypertension, and abdominal obesity. Minority women and those with gestational dia-

betes, who are prone to develop an adverse coronary risk profile, deserve particular attention.

Reduced HDL cholesterol predicts coronary disease even better in women than in men. Women

on average, have HDL-cholesterol levels that are 10 mg/dL higher than those in men throughout

life so that it seems more appropriate to characterize “low” HDL cholesterol as under 50 mg/dL

rather than 35 mg/dL, as was recommended in ATP II guidelines. Despite controversy about hyper-

triglyceridemia as an independent risk factor, it is an important marker for increased vulnerability

to CVD for women as well as for men, and the combination of low HDL and high triglyceride,

reflecting insulin resistance and presence of small-dense LDL, imparts an increased CVD risk. The

majority of elderly women have hypertension, and isolated systolic hypertension is more prevalent

in elderly women than in men. Its concordance with risk-enhancing high pulse pressure, obesity,

dyslipidemia, and insulin resistance should be noted.

Risk factors unique to women include early menopause and bilateral oophorectomy. Estrogen

replacement therapy has failed to eliminate the more than twofold increase in risk of coronary

disease in this subgroup of women. Women who undergo early menopause require close surveil-

lance for development of an adverse cardiovascular risk profile.

Table 6
Impact of Diabetes on CVD Events in Men and Women 36-Yr

Follow-Up Framingham Study  Subjects Ages 35–64 Yr

                      Age-adjusted biennial                  Age-adjusted                      Excess risk

                      rate per 1000                      risk ratio                      per 1000

CVD Events  Men  Women Men Women Men Women

CHD 39   21 1.5
a

2.2
b

12 12

PAD 18  18 3.4
b

6.4
b

13 15

CHF 23   21 4.4
b

7.8
b

18 18

STROKE 15  6 2.9
b

2.6
b

10 4

Total CVD 76  65 2.2
b

3.7
b

42 47

CHD, coronary heart disease; PAD, peripheral artery disease; CHF, heart failure.

a
p < 0.01.

b
p < 0.001.

Source: ref. 41. Copyright 1996; with permission from Elsevier.
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THE ELDERLY

The major modifiable risk factors remain relevant in the elderly. The strength of risk factors

associated with CVD diminishes with advancing age, but this lower risk ratio is offset by a higher

absolute risk. This makes risk factor control in the elderly at least as cost-effective as in the middle-

aged. Epidemiologic research has quantified the impact of the standard CVD risk factors in the

elderly (19). Dyslipidemia, hypertension, glucose intolerance, and cigarette smoking all have smaller

hazard ratios in advanced age, but this is offset by higher absolute and attributable risks. Diabetes

operates more strongly in elderly women than men, further attenuating their waning advantage

over men in advanced age (Table 1). Insulin resistance promoted by abdominal obesity in advanced

age is an important feature of the CVD hazard of diabetes in the elderly. Hypertension, particularly

the isolated systolic variety, is highly prevalent in the elderly, and is a safely modifiable hazard.

Dyslipidemia, particularly the total/HDL cholesterol ratio, remains a major risk factor in the elderly

that, in contrast to the total cholesterol, continues to be highly predictive in advanced age (Table 2).

Left ventricular hypertrophy remains an ominous harbinger of CVD in the elderly, indicating an

urgent need for attention to its promoters including hypertension, diabetes, obesity, and myocardial

ischemia or valve disease. High-normal fibrinogen, C-reactive protein (CRP), and leukocyte counts

in the elderly may indicate the presence of unstable atherosclerotic lesions. As in the middle-aged,

all the major risk factors in the elderly tend to cluster so that the hazard of each one is powerfully

influenced by the associated burden of the others. Multivariate risk assessment can quantify the joint

effect of the burden of risk factors making it possible to more efficiently target elderly candidates

for CVD for preventive measures (3–6).

ATHEROSCLEROTIC COMORBIDITY

Atherosclerotic CVD is usually a diffuse process involving the heart, brain, and peripheral arte-

ries. The presence of one clinical manifestation substantially increases the likelihood of having

or developing others (20). The major risk factors tend to affect all arterial territories and clinical

atherosclerosis affecting the heart may also directly predispose to strokes and heart failure. Mea-

sures taken to prevent coronary disease should have an additional benefit in preventing atheroscle-

rotic peripheral artery and stroke events as well as heart failure.

Coronary artery disease places a patient at considerable risk not only for a myocardial infarc-

tion, angina, sudden death, or heart failure, but also for transient ischemic attacks, strokes, and

intermittent claudication because of concomitant atherosclerotic disease in the other vascular ter-

ritories (20). The incidence of other cardiovascular disease accompanying coronary disease is sub-

stantial (21). The Framingham Study found that in men and women, respectively, an initial myo-

cardial infarction is accompanied by intermittent claudication 9% and 10% of the time, by strokes

or TIAs 5% and 8% of the time, and by heart failure 3% and 10% of the time (21). Persons in the

Framingham Study with intermittent claudication had a two- to threefold increased risk of devel-

oping coronary disease. Over 10 yr, 45% developed coronary heart disease. After an initial myocar-

dial infarction, strokes and heart failure occurred at three to six times the rate of the general population.

The 10-yr probability of a stroke or TIA was 16% in men and 24% in women, a rate three to four

times that of the general population. Heart failure occurred in about 30% of patients who had experi-

enced an MI, which represents a four- to sixfold increase in risk. After sustaining an atherothrom-

botic stroke, 25% to 45% developed coronary disease, a twofold increase in risk.

After an MI coexistence of intermittent claudication increased age-adjusted coronary mortality

1.7-fold in men and 1.5-fold in women, and of recurrent MI increased twofold in men and 1.6-fold

in women (21).

NOVEL RISK FACTORS

Because CVD often occurs in persons with what is considered acceptable or average standard

risk factor values, novel risk factors are being sought. Among these are lipoprotein (a) (Lp[a]), homo-
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cysteine, fibrinogen, small-dense LDL, insulin resistance, fibrinolytic function assessed by tPA

and PAI-1 antigens, platelet function, and inflammatory parameters such as CRP (22–24). The novel

risk factors under consideration are characterized as emerging because information about their

relevance is incomplete. There is no consensus about sensitive and specific diagnostic tests for

many of these risk factors so that it is difficult to make recommendations for screening to detect

high-risk persons. For some there is lack of consistent prospective epidemiologic evidence indicat-

ing that the novel marker can be detected in healthy persons prior to the onset of an initial cardio-

vascular event. Fibrinogen, Lp (a), CRP, and homocysteine may increase after a myocardial infarc-

tion, making interpretation of retrospective data speculative. To date, consistent prospective data

are available for fibrinogen, CRP, tPA, and PAI-1. Prospective studies for Lp (a) and homocys-

teine have been both positive and negative. It is also not clear whether these novel risk factors add

to our ability to predict events over and above that already achievable using the established cardio-

vascular risk factors. To date, data demonstrating the additive value of Lp (a) and homocysteine

are inconsistent, whereas the inflammatory parameters such as fibrinogen and CRP have been shown

to improve prediction. An additional uncertainty relates to whether the novel risk factor is modi-

fiable and whether such modification reduces the likelihood of a cardiovascular event. Random-

ized trials are needed to determine whether specific therapies to modify these novel markers actually

reduce the risk of CVD events. Enthusiasm for screening for these emerging risk factors must be

tempered and should not supersede the need to deal more effectively with the established risk factors

where there is a widely available methodology of measurement, a high population prevalence of the

risk factors, a consistent prospective connection with the rate of development of CVD, and demon-

strated benefit of correction in terms of reduced morbidity and mortality.

MULTIVARIATE RISK STRATIFICATION

Atherosclerotic CVD events can be efficiently predicted from risk factors that are readily ascer-

tained through routine office procedures and laboratory tests (3–6). Optimal risk predictions require

quantitative synthesis of the various independently contributing risk factors into a composite

estimate. For this purpose, multivariable risk formulations are employed to quantify the combined

effect of these interrelated risk factors. This concept takes into account the multifactorial elements

of CVD risk and the continuous gradient of response. This allows identification of high-risk per-

sons with multiple mild to moderate risk factor aberrations, from whom most of the coronary events

emerge. Categorical assessment of risk by assignment of arbitrary values to designate the point

at which a continuous risk variable is to be considered a “risk factor” has some pragmatic utility,

but this approach is inefficient because it overlooks the substantial high-risk segment of the

population with multiple marginal abnormalities. Global risk assessment is also essential because

the major risk factors tend to cluster together at four to five times the rate expected by chance so

that when confronted with any particular risk factor one is obliged to seek out the others. Isolated

occurrence of the standard risk factors is uncommon, ranging from 11% to 38% (Table 7).

 Multivariable risk formulations can quantify the global risk based on the actual risk factor values

over a wide range. For office use, scoring systems have been devised based on Framingham Study

multivariable risk formulations that provide estimates of global risk for any combination of risk

factors. The standard risk factors to be ascertained are total and HDL cholesterol, systolic blood

pressure, cigarette smoking, diabetic status, and age for each sex. From the estimated rate of disease,

based on the risk-factor makeup of the patient, compared to the average rate for persons of the same

age, the urgency for treatment can be estimated without needlessly alarming patients with only

one “risk factor” in isolation or falsely reassuring patients at high risk because of multiple marginal

abnormalities. These risk formulations have been shown to accurately predict disease in a variety

of population samples (25–27).

Other risk factor information, important in implementing therapy, includes triglycerides, weight,

physical activity, and family history, but does not greatly enhance risk estimation. Weight gain

and abdominal obesity are particularly important because they are major determinants of risk factor
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clustering by promoting insulin resistance. The average number of standard risk factors acquired

increases with body mass index in both sexes (Table 8).

Coronary Risk Profile

Coronary heart disease is the most common outcome of the standard risk factors, equaling in

incidence all the other atherosclerotic CVD outcomes combined (Fig. 1). Because it is the most

common and most lethal of the atherosclerotic sequelae of the standard risk factors, prevention

of coronary disease deserves the highest priority. Multivariable coronary risk formulations have

been developed based on continuous variable relationships to coronary disease outcome, and more

recently integrating categorical approaches that have become part of the framework of blood pres-

sure (JNC-VII) and cholesterol (NCEP) programs in the US (28). This enables physicians to pull

together all the relevant risk factor information into a composite estimate of the risk of having a

coronary event and compare this to the average or optimal risk for persons of the same age and sex

(Tables 9 and 10). The risk of developing coronary disease for any particular risk factor can be

seen to vary widely depending on the burden of other associated risk factors in Fig. 2.

Table 7
Risk Factor Clustering in the Framingham Study

Offspring Cohort Subjects Ages 18–74 Yr

Percent with specified no.

Index quintile variable

of additional risk factors

(sex-specific)    Sex None Two or more

High cholesterol Men 29% 43%

Women 26% 57%

Low HDL-cholesterol Men 27% 45%

Women 38% 36%

High BMI Men 23% 48%

Women 15% 54%

High systolic BP Men 25% 46%

Women 19% 53%

High triglyceride Men 11% 61%

Women 20% 50%

High glucose Men 23% 45%

Women 29% 44%

Risk factors: upper quintile of distribution of all variables except HDL-C (lowest quintile).

Source: ref. 44.

Table 8
Risk Factor Clustering According to Body Mass Index in the Framingham Study

Offspring Cohort With Elevated Blood Pressure Subjects Ages 18–74 Yr

Men Women

BMI (kg/m
2)

Avg. no. risk factors BMI (kg/m
2)

Avg. no. risk factors

<23.7 1.68 <20.8 1.80

23.7–25.5 1.85 20.8–22.3 2.00

25.6–27.2 2.06 22.4–23.9 2.22

27.3–29.5 2.28 24.0–26.8 2.20

>29.5 2.35 >26.8 2.66

Risk factors are top quintiles of systolic blood pressure, total cholesterol, triglycerides, and glucose; and bottom

quintile of HDL-cholesterol.

Source: ref. 43. Copyright 2000; with permission from Elsevier.
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Fig. 1. Incidence of cardiovascular events by age and sex: Framingham Heart Study 36-yr follow-up. TIA, tran-

sient ischemic attack. (From ref. 41. Copyright 1996; with permission from Elsevier.)

Stroke Risk Profile

A stroke, the most feared of the atherosclerotic diseases of the elderly, can also be risk-stratified

in relation to the standard risk factors plus knowledge of the presence of coronary disease, heart

failure, or atrial fibrillation (Table 11) (4). The chief risk factor for a stroke is hypertension, but

the risk associated with an elevated blood pressure varies over a 10-fold range depending on the

degree of its coexistence with other risk factors that commonly accompany it (Fig. 3). Using the

stroke risk profile table, it is possible to estimate the joint effect of any combination of the major

predisposing factors in terms of the absolute and relative risk.

Heart Failure Profile

Heart failure is a lethal terminal stage of cardiac disease, with a survival experience resembling

that of cancer (29). A substantial reduction in the incidence and mortality from heart failure can

be achieved only by the early detection and treatment of persons prone to left ventricular dysfunc-

tion so that it can be corrected before overt failure ensues. High-risk candidates for heart failure

must be cost-effectively targeted for echocardiographic evaluation to detect the presence of left

ventricular dysfunction. The Framingham Study has identified and quantified major contributing

risk factors for the development of heart failure (30). Using these, multivariable risk profiles have

been developed that efficiently predict failure, providing risk estimates in those with the major

predisposing conditions such as hypertension, coronary disease and valvular heart disease (6). The

ingredients of the profile consist of ECG-LVH, cardiomegaly on chest film, reduced vital capacity,

heart rate, presence of heart murmurs, systolic blood pressure, and diabetes (Fig. 4). Using this

risk assessment it is possible to identify high-risk candidates for heart failure who constitute good

candidates for echocardiographic examination with a high likelihood of positive findings. Such per-

sons stand to benefit from vigorous preventive measures such as therapy with angiotensin-convert-

ing enzyme (ACE)-inhibitors, cardiac revascularization, or valve surgery.

Profile for Peripheral Artery Disease

Using 38-yr follow-up data from the Framingham Study a risk profile for intermittent claudi-

cation was developed (5). The variables needed are age, sex, serum cholesterol, blood pressure,

cigarette smoking, diabetes, and coronary disease status (Table 12). Computation of multivariable

risk using this risk profile allows physicians to identify high-risk candidates for development of

peripheral artery disease and to educate such patients about modification of the cardiovascular risk

factors. Identification of persons at risk of intermittent claudication is important not only because

it limits mobility, and can lead to limb loss in those who develop it, but also because it is associated

with a two- to fourfold excess of mortality, predominantly from CVD. The standard risk factors

predict intermittent claudication even better than they predict coronary disease. Physicians can

readily determine the probability of developing peripheral artery disease for each patient using

a point score based on these risk factor data (5).
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Risk Stratification of Existing Coronary Disease

Based on Framingham Study data, risk formulations have also been developed for predicting

another coronary event, a stroke, or a death from cerebrovascular disease in persons who have

already sustained a coronary event (31). Risk of these adverse outcomes can be estimated from the

The scoring uses age, TC (or LDL-C), HDL-C, blood pressure, diabetes, and smoking and estimates risk for CHD

over a period of 10 yr based on Framingham experience in men 30 to 74 yr old at baseline. Average risk estimates are

based on typical Framingham subjects, and estimates of idealized risk are based on optimal blood pressure, TC 160 to 199

mg/dL (or LDL 100 to 129 mg/dL), HDL-C of 45 mg/dL in men, no diabetes, and no smoking. Use of the LDL-C categories

is appropriate when fasting LDL-C measurements are available. Pts indicates points. (TCA, total cholesterol; LDL-C, low-

density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; CHD, coronary heart disease.)

Source: ref. 45. With permission from Lippincott Williams & Wilkins.

Table 9
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Scoring uses age, TC, HDL-C, blood pressure, diabetes, and smoking and estimates risk for CHD over a period of 10

yr based on Framingham experience in women 30 to 74 yr old at baseline. Average risk estimates are based on typical

Framingham subjects, and estimates of idealized risk are based on optimal blood pressure, TC 160 to 199 mg/dL (or LDL

100 to 129 mg/dL), HDL-C of 55 mg/dL in women, no diabetes, and no smoking. Use of the LDL-C categories is appro-

priate when fasting LDL-C measurements are available. Pts indicates points. (TCA, total cholesterol; LDL-C, low-density

lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; CHD, coronary heart disease.)

Source: ref. 45. With permission from Lippincott Williams & Wilkins.

Table 10

joint effect of age, diabetic status, total and HDL cholesterol, and systolic blood pressure. The 2-yr

probability of these events conditional on the risk factor burden in survivors of coronary events can

be estimated over a wide range and compared to the average risk.
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PREVENTIVE IMPLICATIONS

Comparison of the profiles for each of the various atherosclerotic CVD outcomes strongly sug-

gests that correction of any particular set of risk factors imparts a bonus in reducing the risk of all

outcomes. Reliance on single-risk-factor detection and treatment may be justified on a population

basis, but is shortsighted on an individual basis. The goal in treating hypertension, diabetes, or

dyslipidemia is not to simply correct these abnormalities but rather to prevent their CVD sequelae.

They should be targeted for treatment from a multivariable risk profile and the goal of treatment

should be to improve the global risk. Because of the tendency of all the established risk factors

to cluster, it is imperative that physicians, when confronted with any particular risk factor, seek

out the others likely to be present and take these into account in evaluating the risk and formulating

the treatment regimen required.

A substantial proportion of the elderly warrant preventive measures because they are free of overt

disease and active in their retirement years. Also, because of the aging of the general population

it will be necessary to keep more of the elderly in the workforce, necessitating primary prevention

of CVD. Because of the high average risk of CVD events in the elderly there is actually a great poten-

Fig. 2. Incidence of coronary heart disease: Framingham Heart Study 1972–1984, 42-yr-old adults. Reprinted

from ref. 44.

Table 11
Probability of a Stroke Within 10 Yr for Persons Age 55–85

Without a Previous Stroke Framingham Heart Study—Women

Points 0 +1 +2 +3 +4 +5 +6 +7 +8 +9 +10

Age 55 58 61 64 67 70 73 76 79 82 85

SBP 100 110 120 130 145 155 165 175 185 195 205

HypRx No M F

Diabetes No M F

Cigs No Yes

CVD No F M

A.Fib. No M F

LVH No F M

Points 10-yr. prob Age (yr) Av. 10-yr prob

23 57% 60–64 5%

24 64% 65–69 7%

25 71% 70–74 11%

26 78% 75–79 16%

27 84% 80–84 24%

Source: ref. 4; with permission from Lippincott Williams & Wilkins.
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tial benefit of preventive measures, but to avoid overtreatment it is important to assess multivari-

able risk and to take into account general heath status. There is little justification for pessimism

about the efficacy of preventive measures in the elderly. The major risk factors can be safely mod-

ified without inducing intolerable side effects or adversely affecting the quality of the last years of

life. The major risk factors remain highly relevant in the elderly not only for primary prevention but

for secondary prevention as well.

Controlled trials have provided consistent evidence of the benefit of reducing elevated blood

pressure and correcting dyslipidemia (32,33). Lowering LDL and raising HDL cholesterol have

been shown to slow progression of atherosclerosis. Primary prevention trials have shown consis-

tent benefit for coronary disease by reducing LDL and raising HDL cholesterol even in persons with

only average lipid values (34,35).

Fig. 3. The Framingham Heart Study: 10-yr probability of stroke, subjects aged 70 yr, systemic blood pressure

160 mmHg. ECG-LV, electrocardiographic left ventricular. (From ref. 4; with permission from Lippincott

Williams & Wilkins.)

Fig. 4. Risk of heart failure in hypertensive men aged 60 to 64 yr by burden of associated risk factors after

38-yr follow-up in the Framingham Study. SBP indicates systolic blood pressure; FVC, forced vital capacity;

LVH on ECG, left ventricular hypertrophy on electrocardiogram; and CHD, coronary heart disease. Plus sign

indicates that patients in this category had this condition. (From ref. 6. Copyright 1999 American Medical

Association.)
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Meta-analysis of hypertension trials indicates benefits of treatment of hypertension for overall

vascular mortality, stroke morbidity and mortality, and fatal and nonfatal coronary events. Recent

trials have also demonstrated the benefits of treating isolated systolic hypertension in the elderly

for stroke, coronary disease, and heart failure (36,37). Antiatherogenic recommendations for dia-

betes now focus on correction of the metabolically linked dyslipidemia and hypertension that

usually accompany it. Weight control appears to be an important preventive measure for avoiding

atherosclerotic CVD (Table 8). Because of difficulty in achieving sustained weight reduction,

there is as yet no direct evidence that weight reduction reduces the risk of clinical cardiovascular

events despite convincing evidence that slimming improves the entire cardiovascular risk profile.

Persons who maintain optimal weight have a 35–60% lower risk of developing CVD than those

who become obese.

Meta-analysis of the benefits of physical activity for coronary disease estimates a 50% reduc-

tion in risk that is attributable to exercise. Even moderate exercise appears to improve both the pre-

disposing risk factors and risk of developing coronary disease. Although controlled trial data are

lacking, observational data indicate that after cessation of smoking coronary disease risk declines

to half that of those who continue to smoke. This benefit is observed in a matter of months without

regard to the amount smoked or the duration of smoking. Quitting smoking deserves a high priority

in prevention of CVD because it is ranked as a leading preventable cause of the disease.

Meta-analysis of randomized trials conducted in persons with clinical vascular disease has shown

that low-dose aspirin can reduce the incidence of subsequent myocardial infarction, stroke, or

cardiovascular mortality by about 25%. In primary prevention trials initial myocardial infarctions

were reduced 33%. As a result, aspirin has been recommended for primary prevention in men who

are at high risk of coronary disease.

Two recent trials of the efficacy of hormone replacement therapy have challenged our under-

standing of the influence of the menopause and the alleged protective role of estrogen against

atherosclerotic CVD (38,39). This confirmed the 1985 epidemiological prediction of the Fram-

ingham Study reported by Wilson et al. (40) who reported that despite control for the major CVD

risk factors and a more favorable risk profile to begin with, women reporting estrogen use had a

more than 50% excess of CVD morbidity and a two-fold increased risk of stroke. Increased myo-

cardial infarction rates were also observed, particularly in those who smoked. Among nonsmokers,

estrogen use was associated with a significant excess incidence of stroke. Importantly, the Fram-

ingham Study data did not show any CVD benefit of estrogen replacement therapy and concluded

Table 12
Regression Coefficients for Computation

of Multivariable Risk of Intermittent Claudication

Variable �-coefficient Standard error

Intercept �8.9152 0.5241

Male sex 0.5033 0.1134

Age 0.0372 0.0063

Blood pressure

Normal Referent

High normal 0.2621 0.1769

Stage 1 HBP 0.4067 0.1559

Stage 2+ HBP 0.7977 0.1519

Diabetes 0.9503 0.1360

Cigarettes per day 0.0314 0.0039

Cholesterol (mg/dL) 0.0048 0.0010

CHD 0.9939 0.1160

Source: ref. 5. With permission from Lippincott Williams & Wilkins.


