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    Preface to the Third Edition   

 This third edition re fl ects the very rapid advances that have been made in our understanding 
and management of cardiovascular disease since the  fi rst (2001) and second (2005) editions. 
All of the chapters from the second edition have been extensively reviewed and rewritten. 
There are new chapters on Cardiovascular Disease in Women, Diabetes and the Cardiovascular 
System, and Cardiovascular Disease in Cancer Patients, re fl ecting an increasing awareness of 
the special features and needs of these populations. With the very rapid developments in the 
molecular and cell biology of cardiovascular disease, the previous chapter on Cardiovascular 
Gene and Cell Therapy has been split into separate chapters on Cardiovascular Gene Therapy 
and Cardiovascular Cell Therapy. Otherwise, the general format of the second edition has been 
retained, to include sections on epidemiology, cardiovascular function, examination and inves-
tigation of the patient, disorders of rhythm and conduction, heart failure, congenital heart dis-
ease, coronary artery disease, valvular heart disease, hypertension, other conditions affecting 
the heart (cardiomyopathies and myocarditis, pericardial disease, pulmonary vascular disease, 
diseases of the aorta), and special populations (women, pregnancy, elderly, renal disease, dia-
betes, cancer) and miscellaneous (preventive cardiology, peripheral vascular disease, preop-
erative assessment, gene therapy, cell therapy). 

 I am very happy to welcome Drs. Ralph B. D’Agostino, Rhian M. Touyz, Mark Crowther, 
Patrick T. O’Gara, Bruce B. Lerman, Francis E. Marchlinski, Martin R. Cowie, Michael A. 
Gatzoulis, John M. Canty, Jr., Arthur S. Leon, Ronald Victor, Bernhard Maisch, Nanette K. 
Wenger, Jolien W. Roos-Hesselink, Jorge Plutzky, Edward T. H. Yeh, and Piero Anversa as 
new senior authors. My thanks to all contributors for their part in producing an outstanding 
learning resource. 

 I also wish to acknowledge my assistant Indrawattie Naipal, the production editor Michael 
D. Sova, and the editorial, production, and composition departments of Springer, for their 
encouragement and hard work.   
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    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  fi ll a large gap between these 
extremes, to provide a textbook that is both substantial and readable and compact and reason-
ably 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 abso-
lutely 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 mecha-
nisms and practice of cardiology. The  Principles and Practice  subtitle af fi rms 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 outstand-
ing physicians and scientists, most of them internationally recognized for their leadership posi-
tion 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  fi elds. 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, medical students, internal med-
icine 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. 
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 re fl ects pretty much the key issues that concern cardiologists 
and other internists at present; I have no doubt that the  fi eld 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 
later editions of textbooks are for. 

 Clive Rosendorff, MD, PhD, DScMed, FRCP, FACC, FAHA    
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      Introduction    

 A preventive approach to the management of atherosclerotic 
cardiovascular disease (CVD) is needed. Once CVD becomes 
manifest, it is often immediately fatal. It is the leading cause 
of death in the USA and across most of the world  [  1,   2  ] . 
Further, those fortunate enough to survive can seldom be 
restored to full function. Extensive epidemiologic research 
and controlled randomized clinical trials have identi fi ed 
modi fi able predisposing risk factors which, when corrected, 
can reduce the likelihood of the occurrence of CVD  [  3–  5  ] . 
Further, because it is a multifactorial disease with the risk 
factors interacting multiplicatively over time to promote 
CVD  [  6–  8  ] , the risk factors need to be assessed jointly. To 
accomplish this, multivariate risk prediction functions (algo-
rithms) which estimate the probability of cardiovascular 
events conditional on the burden of speci fi ed risk factors 
have been produced to facilitate evaluation of candidates for 
CVD in need of preventive management  [  9–  16  ] . 

 The risk-factor concept has become an integral feature of 
clinical assessment of candidates for initial or recurrent car-
diovascular events. These risk factors represent associations 
that may or may not be causal. Most risk factors associated 
with an initial cardiovascular event are also predictive of 
recurrent episodes  [  17  ] . While the risk of a recurrent event is 
usually dominated by indicators of the severity of the  fi rst 
event, such as the number of arteries occluded or the amount 
of ventricular dysfunction, other predisposing risk factors 
continue to play an important role  [  18  ] . Risk factors enabling 

assessment of risk may be modi fi able or non-modi fi able. The 
presence of non-modi fi able risk factors may assist in risk 
assessment and also may affect the degree of urgency for 
correction of modi fi able risk factors (e.g., a strong family 
history of CVD). 

 Much of the information on CVD risk factors come from 
prospective observational studies such as the Framingham 
Heart Study. Absent evidence from clinical trials, observa-
tional studies can provide evidence supporting a causal link 
between risk factors and CVD. Strong associations are less 
likely to be due to confounding, 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 consistently demonstrated 
under diverse circumstances. Finally, the causality is further 
supported if the association is also 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 attribut-
able risk by subtracting the rate in those without the risk fac-
tor from the rate in those who have it. For CVD 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 bene fi t 
of removing it from the population. An unimpressive risk-
factor risk ratio can have a major public health impact 
because of its high prevalence in the general population. 
Physicians and patients often have dif fi culty interpreting 
relative risks and the other measures listed above  [  19–  22  ] . 
For example, a relative risk of 20 sounds high, but if the inci-
dence rate in the referent group is close to zero, the incidence 
rate will also be close to zero in the group with relative risk 
of 20. In contrast to this, a relative risk of 1.2 may sound 
small but could be very important when the incidence rate in 
the referent group is high. Responding to this dif fi culty, 
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researchers and policy makers have shifted to absolute risks, 
that is, the absolute probabilities of developing CVD within 
a given time interval, when using risk prediction functions. 
These are easier to interpret and can be used for recommen-
dations for interventions when individuals exceed unaccept-
able risk thresholds  [  14,   19–  22  ] . 

 Over six decades of epidemiological research have 
identi fi ed a number of modi fi able CVD risk factors that have 
a strong dose-dependent and independent relationship to the 
rate of development of atherosclerotic CVD  [  5,   9–  17  ] . 
Importantly, these risk factors can be readily ascertained from 
ordinary of fi ce procedures. Framingham Study epidemiologi-
cal research has documented classes of risk factors such as 
atherogenic personal traits, lifestyles that promote them, and 
innate susceptibility. Most of the relevant risk factors are easy 
to assess during an of fi ce visit and include systolic blood pres-
sure, blood lipids (total and HDL cholesterol) diabetes status, 
and current smoking  [  5,   23  ] . These above listed risk factors in 
addition to age and sex are the standard CVD risk factors that 
are basic components in most risk prediction functions. 

 In the following, we summarize the data that established 
the standard risk factors. We then present the justi fi cation 
and need for multivariate evaluation and prediction functions 
along with some of its history. We illustrate them using 
examples of existing functions. Then we discuss the evalua-
tion of the performance of the functions and the validity and 
transportability of existing functions. Then we end with the 
discussion of adding new variables (novel biomarkers) to 
risk prediction.  

   Establishing and Evaluating the Standard 
CVD Risk Factors 

   Disease-Speci fi c Effects 

 CVD in this chapter is de fi ned as coronary heart disease 
(CHD, consisting of myocardial infarction (MI), angina, cor-
onary insuf fi ciency, and angina), cerebrovascular disease 
(including stroke and transient ischemic attack (TIA)), periph-
eral artery disease (PAD), and congestive heart failure (CHF). 
Epidemiological cohort studies including the Framingham 
Study, which started in 1948, deliberately set out to identify 
the variables that relate to the development of CVD  [  6,   7  ] . 
The search was fruitful, and in 1961, William Kannel coined 
the term risk factors for what was identi fi ed  [  24  ] . These risk 
factors  fi rst were focused on CHD and then extended to the 
other components of CVD. Table  1.1  displays the event rates 
and age-adjusted relative risks of the dichotomized versions 
of the standard major risk factors (high cholesterol, hyperten-
sion, diabetes, and smoking) on various CVD events. Most 
relative risks are statistically signi fi cant. For CHD, all CVD 

risk factors contribute powerfully and independently to all its 
clinical manifestations. For atherothrombotic brain infarction 
(ABI), hypertension and diabetes predominate and lipids play 
a lesser role. For PAD, diabetes and cigarette smoking are 
paramount, with cholesterol being less important. For CHF, 
hypertension and diabetes are important, whereas total cho-
lesterol appears to be unrelated. The standard risk factors also 
in fl uence CVD rates with different strengths in men and 
women  [  4,   26,   27  ] . Some of the standard risk factors tend to 
have lower risk ratios in advanced age, but this reduced rela-
tive risk is offset by a high absolute incidence of disease in 
advanced age, making the standard risk factors highly rele-
vant in the elderly. Data such as these provided convincing 
evidence of the importance of these risk factors.   

   Re fi nements in Standard Risk Factors 

 The atherogenic potential of serum total cholesterol was 
determined to be derived from its LDL cholesterol fraction, 
and its HDL component proved to be protective and 
inversely related to the development of coronary disease 
 [  28,   29  ] . The strength of the relation of total cholesterol to 
coronary disease declines after age 60 years in men, but the 
total/HDL cholesterol ratio continues to predict events reli-
ably in the elderly of both sexes (Table  1.2 ). 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 
ef fi cient lipid pro fi les for predicting cardiovascular events 
 [  30,   31  ] . Comparing age-adjusted  fi fth to  fi rst 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 more powerful predictors of CHD than the indi-
vidual lipids that comprise them (Table  1.3 ). However, 
knowledge of the individual (total and HDL-C) components 
is important, and in risk assessment and treatment recom-
mendations, both are examined as two separate, but related, 
risk factors  [  14–  16  ] . Also the joint consideration of HDL-C 
and non-HDL-C cholesterol is now common.   

 Evaluation of hypertension shifted from emphasis on 
 diastolic blood pressure to the systolic blood pressure 
component 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  1.4 )  [  34  ] . Isolated  systolic 
hypertension by de fi nition denotes increased pulse pres-
sure, and risk of CVD increases stepwise with the pulse 
pressure at all ages in each sex (Table  1.5 ). Framingham 
Study data suggest an important role of the pulse pressure 
at any level of systolic blood pressure  [  35  ] . Reliance on the 
diastolic blood pressure to evaluate the risk of CVD in the 
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   Table 1.1    Risk of CVD events according to standard risk factors    Framingham Study 36-year follow-up   

 Age 35–64 year  Age 65–94 year 

 Rate/1,000  Rel. risk  Rate/1,000  Rel. risk 
 CHD/risk 
factors  Men  Women  Men  Women  Men  Women  Men  Women 
 High 
cholesterol 

 34  15  1.9 ***   1.8 **   59  39  1.2 *   2.0 ***  

 Hypertension  45  21  2.0 ***   2.2 ***   73  44  1.6 ***   1.9 ***  
 Diabetes  39  42  1.5 ***   3.7 ***   79  62  1.6 **   2.1 ***  
 Smoking  33  13  1.5 **   1.1 a   53  38  1.0 a   1.2 a  
 ABI 
 High 
cholesterol 

 3  2  1.0 a   1.1 a   10  12  1.0 a   1.0 a  

 Hypertension  7  4  5.7 ***   4.0 ***   20  17  2.0 ***   2.6 ***  
 Diabetes  7  4  3.0 ***   2.4 *   20  28  1.6 a   2.9 ***  
 Smoking  4  1  2.5 **   1.0 a   17  20  1.4 a   1.9 ***  
 PAD 
 High chol.  8  4  2.0 **   1.9 a   18  8  1.4 a   1.0 a  
 Hypertension  10  7  2.0 ***   3.7 ***   17  10  1.6 *   2.0 **  
 Diabetes  18  18  3.4 ***   6.4 ***   21  16  9.7 *   2.6 **  
 Smoking  9  5  2.5 ***   2.0 **   18  11  8.5 **   1.8 *  
 CHF 
 High chol.  7  4  1.2 a   1.1 a   21  18  1.0 a   1.0 a  
 Hypertension  14  6  4.0 ***   3.0 ***   33  24  1.9 ***   1.9 ***  
 Diabetes  23  21  4.4 ***   8.0 ***   40  51  2.0 ***   3.6 ***  
 Smoking  7  3  1.5 ***   1.1 a   23  22  1.0 a   1.3 *  

  Based on data from Kannel and Wilson  [  25  ]  
 Rates are biennial per 1,000 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 
  CHD  coronary heart disease,  ABI  atherothrombotic brain infarction,  PAD  peripheral artery disease,  CHF  heart failure 
  *  p  < 0.05 
  **  p  < 0.01 
  ***  p  < 0.001 
  a NS  

   Table 1.2    Development of coronary heart disease by Total/HDL cho-
lesterol ratio versus total cholesterol according to age:16-year follow-
up Framingham Study   

 Total/HDL-C ratio 
(quintile 5/quintile 1) 

 Total cholesterol 
(>240/<200 mg/dL) 

 Age  49–59  60–69  70–81  35–64  65–94 

 Men  3.4 *   2.9 *   2.3 *   1.9 ***   1.2 a  

 Women  3.7 *   6.7 *   3.3 *   1.8 **   2.0 ***  

  Based on data from Kannel and Wilson  [  25  ]  
 Quintile 5/quintile 1: ratio  fi fth risk quintile to  fi rst for total/HDL-C 
  *  p  < 0.05 
  **  p  < 0.01 
  ***  p  < 0.001 
  a NS  

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  [  35  ] .   

 Diabetes and obesity are now conceptualized as 
 components of an “insulin resistance or metabolic syndrome” 
consisting of abdominal obesity, elevated blood pressure, 
dyslipidemia, hyperinsulinemia, glucose intolerance, and 

   Table 1.3    Ef fi ciency of blood lipids and ratios in predicting coronary 
disease Framingham Study subjects ages 50–80 year   

 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 

  Reprinted from Kannel and Wilson  [  32  ] . With permission from 
Elsevier 
  Q  quintiles of blood lipid distribution  
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abnormal lipoprotein lipase levels  [  36  ] . The National 
Cholesterol Education Program (NCEP) Adult Treatment 
Panel (ATP III) guidelines identi fi ed the metabolic syn-
drome as a target for therapy in the management of dyslipi-
demia  [  14  ] . The diagnosis of metabolic 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 de fi nition 
of the metabolic syndrome, analysis of National Health and 
Nutrition Examination Survey (NHANES) II data suggests 
a 23.7 % age-adjusted prevalence of this syndrome in the 
USA  [  37  ] .  

   Need for Multivariable Evaluation 

 As the above demonstrates the relations of the standard 
modi fi able risk factors to CVD are striking and important. 
Also as the above shows the relations are not uniform across 
sexes and ages. A closer look at risk factors in the individual 
sexes and across ages demonstrates the need to consider the 
risk factors jointly. This is increased further in the presence 
of comorbidity (i.e., already having a CVD condition). Below 
we illustrate this by looking at risk factors in women, in the 
elderly, and in those with comorbid CVD events. These and 
the clustering of risk factors in individuals as is also  presented 
below supply ample evidence of the need to consider the risk 
factors jointly. Along the way is also the indication that 

maybe more than the standard risk factors would be helpful 
in risk prediction.  

   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 projected to increase substantially as elderly women 
constitute a progressively greater proportion of the US popu-
lation. 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, 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 measures. Intensive risk-factor screening is par-
ticularly needed for elderly women, African American 
women, and those of lower socioeconomic status. High total/
HDL cholesterol ratios and diabetes markedly reduce the 
female coronary disease advantage  [  27  ] . Diabetes is clearly a 
greater CVD hazard for women than men virtually eliminat-
ing their advantage over men for coronary disease, heart fail-
ure, and peripheral artery disease (Table  1.6 ). Women with 
diabetes require comprehensive screening to detect the usu-
ally  accompanying elevated triglyceride, reduced HDL cho-
lesterol, hypertension, and abdominal obesity. Minority 

   Table 1.4    Increment in risk 
of CVD events per standard 
deviation increase in blood 
pressure components 
Framingham Study 30-year 
follow-up   

 Standardized increment in risk 

 Men  Women 

 Pressure component  35–64 year  65–94 year  35–64 year  65–94 year 

 Systolic (%)  41 *   51 *   43 *   23 *  

 Diastolic (%)  35 *   30 *   33 *   9 a  

 Pulse pressure (%)  29 *   42 *   36 *   22 *  

 Mean arterial (%)  41 *   44 *   42 *   18 *  

  Reprinted from Kannel  [  33  ] . With permission from Elsevier 
  *  p  < 0.001 
  a NS  

   Table 1.5    Risk of 
CVD events according 
to pulse pressure 30-yr 
 follow-up Framingham 
Study age-adjusted 
rate per 1000   

 Pulse pressure (mmHg) 
 Age 35–64  Age 65–94 

 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 

  Reprinted from Kannel  [  33  ] . With permission from Elsevier  
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women and those with gestational diabetes, who are prone to 
develop an adverse coronary risk pro fi le, 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, and it is appropriate to characterize “low” 
HDL cholesterol as under 50 mg/dL. Despite controversy 
about hypertriglyceridemia 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, re fl ecting 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 resis-
tance 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 sur-
veillance for development of an adverse cardiovascular 
risk pro fi le.  

   Risk Factors in the Elderly 

 The major modi fi able risk factors do remain relevant in the 
elderly. The strength of risk factors associated with CVD, 
however, diminishes with advancing age, but this lower risk 
ratio is offset by a higher absolute risk  [  14,   15  ] . This makes 
risk-factor control in the elderly at least as cost-effective as 
in the middle-aged. Epidemiologic research has quanti fi ed 
the impact of the standard CVD risk factors in the elderly 
well over 20 years ago  [  38  ] . 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  1.1 ). 
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 iso-
lated systolic variety, is highly prevalent in the elderly and is 
a safely modi fi able 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  1.2 ). As stated 
earlier, the joint evaluation of total cholesterol and HDL-C is 
important. Left ventricular hypertrophy is also an ominous 
harbinger of CVD in the elderly, indicating an urgent need 
for attention to its promoters including hypertension, diabe-
tes, obesity, and myocardial ischemia or valve disease. High 
normal  fi brinogen, 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 in fl uenced 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 ef fi ciently target elderly candidates for CVD for pre-
ventive measures  [  9–  16  ] .  

   Atherosclerotic Comorbidity 

 Atherosclerotic CVD is usually a diffuse process involving 
the heart, brain, and peripheral arteries. The presence of one 
clinical manifestation substantially increases the likelihood 
of having or developing others  [  39  ] . The major risk factors 
tend to affect all arterial territories and clinical atherosclero-
sis affecting the heart may also directly predispose to strokes 
and heart failure. Measures taken to prevent coronary disease 
should have an additional bene fi t in preventing atheroscle-
rotic peripheral artery and stroke events as well as heart 
failure. 

   Table 1.6    Impact of diabetes on CVD events in men and women 36-year follow-up Framingham Study subjects ages 35–64 year   

 Age-adjusted biennial rate per 1,000  Age-adjusted risk ratio  Excess risk per 1,000 

 CVD events  Men  Women  Men  Women  Men  Women 

 CHD  39  21  1.5 *   2.2 **   12  12 
 PAD  18  18  3.4 **   6.4 **   13  15 
 CHF  23  21  4.4 **   7.8 **   18  18 
 Stroke  15  6  2.9 **   2.6 **   10  4 
 Total CVD  76  65  2.2 **   3.7 **   42  47 

  Based on data from Kannel and Wilson  [  25  ]  
  CHD  coronary heart disease,  PAD  peripheral artery disease,  CHF  heart failure 
  *  p  < 0.01 
  **  p  < 0.001  
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 Coronary artery disease places a patient at considerable 
risk not only for a myocardial infarction, angina, sudden 
death, or heart failure but also for transient ischemic attacks, 
strokes, and intermittent claudication because of concomi-
tant atherosclerotic disease in the other vascular territories 
 [  39  ] . The incidence of other cardiovascular disease accom-
panying coronary disease is substantial  [  40  ] . The Framingham 
Study found that in men and women, respectively, an initial 
myocardial infarction is accompanied by intermittent claudi-
cation 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  [  40  ] . 
Persons in the Framingham Study with intermittent claudica-
tion had a two- to threefold increased risk of developing 
coronary disease. Over 10 years, 45 % developed coronary 
heart disease. After an initial myocardial infarction, strokes 
and heart failure occurred at three to six times the rate of the 
general population. The 10-year 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 experienced an 
MI, which represents a four- to sixfold increase in risk. After 
sustaining an atherothrombotic stroke, 25–45 % 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 two-
fold in men and 1.6-fold in women  [  40  ] .  

   The Clustering of the Standard Risk Factors 

 While the  fi rst two sections above focused on woman and the 
elderly, the clustering of the standard risk factors is not lim-
ited to these. The standard risk factors tend to cluster together 
in men and women four to  fi ve times the rate expected by 

chance so that when one confronted with any risk factor, one 
is obliged to seek out the others. Isolated occurrence of the 
standard risk factor is uncommon ranging from 11 to 38 % 
(Table  1.7 ).    

   Multivariate Risk Strati fi cation 

   Risk Scores/Risk Pro fi les 

 The standard CVD risk factors have strong relations to the 
development of CVD, they cluster together, and, while the 
effects vary, they are valid for both sexes and across age 
groups. The Framingham Heart Study recognized these 
facts and addressed the question of whether the individual 
risk factors could be combined into multivariate functions 
to give an assessment (i.e., the probability or risk) of devel-
oping CVD events over speci fi c time periods (e.g., 
10 years). In particular, attention was focused on the devel-
opment of primary events (e.g., a  fi rst CVD event in a per-
son who had no history of CVD at the time of evaluation). 
The study did produce these functions and continues to do 
 [  9–  16,   42,   43  ] . These multivariable risk functions (also 
called Framingham risk functions, Framingham Risk 
Scores, or Framingham risk pro fi les) are for estimating the 
probability of a particular CVD event conditional on the 
burden of a number of speci fi c risk factors and can be used 
for the evaluation of candidates for CVD in need of 
 preventive management. 

 Major Framingham risk functions exist and have had 
widespread use for global CVD  [  16  ] , CHD  [  9,   12  ] , hard 
CHD events (MI and coronary deaths)  [  42  ] , stroke  [  10,   43  ] , 
CHF  [  13  ] , and PAI  [  11  ] . The cholesterol treatment guideline 
for the Adult Treatment Panel III is based on a Framingham 
risk function for hard CHD events  [  14,   15,   44  ] . 

   Table 1.7    Risk-factor clustering in the Framingham Study offspring cohort subjects ages 18–74 year   

 Index quintile variable (sex 
speci fi c) 

 Percent with speci fi ed no. of additional risk factors 

 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 

  Based on data from Kannel  [  41  ]  
 Risk factors: upper quintile of distribution of all variables except HDL-C (lowest quintile)  
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